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Risk of angina pectoris and plasma concentrations
of vitamins A, C, and E and carotene

R. A. RIEMERSMA D.A. WOOD C. C. A. MACINTYRE
R. A. ELTON K. F. GEY M. F. OLIVER

The relation between risk of angina pectoris and
plasma concentrations of vitamins A, C, and E and
carotene was examined in a population case-control
study of 110 cases of angina, identified by the Chest
Pain Questionnaire, and 394 controls selected from a
sample of 6000 men aged 35-54. Plasma
concentrations of vitamins C and E and carotene
were significantly inversely related to the risk of
angina, There was no significant relation with
vitamin A. Smoking was a confounding factor. The
inverse relation between angina and low plasma
carotene disappeared and that with plasma vitamin C
was substantially reduced after adjustment for
smoking. Vitamin E remained independently and
inversely related to the risk of angina after adjustment
for age, smoking habit, blood pressure, lipids, and
relative weight. The adjusted odds ratio for angina
between the lowest and highest quintiles of vitamin
E concentrations was 268 (95% confidence interval
107-670; p= 002). These findings suggest that
some populations with a high incidence of corona~
heart disease may benefit from eating diets rich in
natural antioxidants, particularly vitamin E.

Lancet 1991;337:1-5.

Introduction

There is growing interest in the possible role of free
radicals in the development of atheroma. Oxidative
modification of low density lipoprotein (LDL) particles in
the arterial subendothelium results in smuctural changes,
which are postulated to make them more atherogenic than
native LDL.l The most readily available naturally occurrkg
antioxidant in food are vitamins E and C. Vitamin E is the
major antioxidant in the lipid phase and protects
polyunsaturated fatty acids from peroxidation. Vitamin C
acts in the water-soluble compartment and has a sparing
effect on vitamin E.

We have tested the hypothesis that plasma concentrations
of vitamins with antiosridant properties maybe related to the
risk of angina and have measured the extent to which such
risk is independent of classic risk factors for coronary heart
disease (CHD).

Subjects and methods
The design of this eas~rmxrol study has bem described

elsewhere.’ Briefly, the population sampled was men aged 3$54
yearalisted on the Lothian Health Board Gnual Regkr with an
address in the aty of Edinburgh. A ayamrnaticsample of 6030men
was drawn from the register and surveyed by postal qucstiormairc,
which included a eclf-administered version of the World Health
Organisation Chest Pain Questionnaire .3 We have previously
cioeurnerneddietary &arsgcain subjects who had beerstold thm they
had CHD.4 To avoid the confounding efkt of suelrdietary changes
we included only subjects who answered positivelyto the cheat pain
questionnaire, but who had never SCMa doctor on aeeount of rhcae
WIIptotZSS.l%- MgiM CJSct were compared with mntrols
matched for age and sex drawn from the samepopulation, who gave
negative replica to the ehcet pain qucstionna@ and adsohad no
reported history of CHD.

125 cases of angina pCetOliSfound in the ~cy (response rate
83Yo)and 430 healthy controls (response rate 767.) attmdcd for
medical ssseesmmt between April, 1983, and April, 19W.
Complete vitamin &ts were obtained for 1IOeases of angina and
394 cuntrols. A self-administered qucstiormairc rcmrdcd
demographic informauon, medical history, smoking habit, almhol
intake, and diet. Haght, weight (%cea’waghing seaka model 760),
and supine blood pressure (rwo recordings; Hawkdcy random zero
sphygrnomanometcr) were measured by one observer. A blcod
sample was rakenfrom rhcantcmbitsl fosss without a tourniquet for
measurement of non-fasting plasma lipids, vitamins, and platelet
fatty aad composition, and the samples were processed
immediately in the clinic. Adipose kc was sampled under local
anaesrhctic from the anterior abdominal wall. ..

10 ml hcpariniscd blood for analysis of plasma vitamins was
cmtrifugcd immediately at 2000g for 10mirsat nxtm temperature.
05 ml plasma was mixed with 4.5 ml washed mcmphosphoric acid
for the anafysiaof vitamin C, and the rcmairkg plasma was frozen
at - 4(TC its 1 ml volumes in Eppcndorf tubrs. Vitamin C was
analysed iluorirnetrically by means of iodiracoxidation followed by
mndensation with 1$phcnylmediamine;5 the cocfficiem of
variation was 5%. vitamins A and E and the rarotenc fraction
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TABLE I—RISK FACTORS FOR CHD IN CONTROLS AND CASES

Mean (SEM)

controls Cases
— (n=430) (n=125)

A$e(w) 478 (03) 464 (06)
—1 eigarerresmokers 29% 46”/a’

cholesterol (mmOl/1) 627 (006) 619(011)
HDL cholesterol (-1/1) 118(002) 113 (003)
WeigJY@5ghPIJtg/m’) 252 (02) 259 (05)
Blind p— (mm Hg) 137(l)/ad (1) 140(2)/86 (1)

DaIa remod.ced ftom raf 2. ●p c 0.01.

@edominaotJy bera-carotene) were exrmcred into n-hexam and
analysed by automated high perfonnsmce liquid chromatography
widt a ‘Lichrobaorb Si 05 pm’eolurrm.cVharnirr A and carotene
peaks Weredetected speetrophotometrieally at 313 nrrsand 436 nm,
respeedvely. A fluoromernc deteetor (excitation 29o nm, emission
3~ run) was d for the deteerion of vitamin E. The peaks were
in-ted by means of a Perkitt-Eltner Sigma 10B system. The
coeffiaersrsof wwiationfor the esrirnations of vitamin A and E and
earotme were 3.3%,30”%, and 1.80A,respectively. Plasrnavitarnirr
E’ mncmrrarion correlated strongly with eireuladng total
cholesterol arrremtrationa (r= 0.61, p< 0031), so resuJta for
vitamin E are also expressedas vitamin E/cholesterol (~O1@llOI).

All Iaborsstory arudyses were carried out on samples from CIS=
and asrttrok sirmsttaneouaJyby laboratory staff unaware of the
S~tUSOfindividual SSttSph2s.

SratistimJ comparisons between groups were done by means of r
tests and analysisofvsrianee for more dum two groups. The analysis
of variarteefor smoking eategoties was supplemented with paimvise
r testa wirh a Bonferroni eorresdon to alJowfor the examination of
six sets of eomparimns. For vitamin C and earmene a square-root
transformation was used to compare mean values, since the
disniburion ofrhe data was positivelyskewed (log msnsformation of
these variables resulted in a negatively skewed disrnbution).
Logistic regression was used to investigate the relations among
* peesoris,vi-, fartyrscids,and risk fixrors for CHD. The
triglyceride meaaurenrents were log transformed &fore analysis.
Earh viramin was irrcJuded separately in a multiple logistic
regression with aJJ the risk facrors (whether or not they were

TABLE II—PLASMA VITAMIN CONCENTRATIONS

Mean (SEM)

Controls Cases
— (n= 394) (n=ll O) p

Virsrnio A (pmol/1) - 232 (003) 229 (005) NS
C.srmme (pmOl/1) 049 (002) 030 (003) <0001
Vltarnin c (prnol/1) 353(11) 2s1 (21) c 001
Vkamin E (pmol,U) 240 (03) 227 (06) NS
Vkanrin E/cholesmd (ymol/mmol) 386 (004) 366 (008) <001

NS= not significant!.

TABLE 111—PIASMAVITAMIN CONCENTRATIONS IN RELATION

TO REPORTEO SMOKING HABIT IN CONTROLS

Mean (SEM) in pmol/1*

Vkamin El
— Vitamin A Carotene Vitamin C Vitamin E cholesterol

Never smoked

(n= 132) 227 (O 04) 053 (003)” 409(18)t 235 (05) 388 (006)

F.x-smokers

(n= 87) 235 (0435) 050 (0.03) 426 (24)t 255 (07) 412 (Ot%)t

tlpdcigsr

srrsokcm

(n= 44) 235 (006) 053 (0435) 3s4 (34)t 243(12) 393 (013)

Cigarette

smoksrs

(n= 127) 233 (0-05) 042 (002) 241 (19) 233 (06) 363 (007)

.Excapt wtamin E/cholesterol which ISm pmollmmol
For sogniftcance of differences (pam,vise I 1A w,th Bon fenom cormctmn) from
clgarene smokers ●p <001, tp <0001 al!e, normal, salmn No data on 6 sublects

significant) and the statistical significance of the overall trend in
odds ratios is presented.

The adjusted odds ratios for angina were cskutated in relation to
the disrnbution of the vitamin amemtrations in the healthy control
population. The vitamin amemrrations of cases, expressed as a
camgorieal variable (l-5: quinrile of the control data whose limits
included the result) were fitted in a mcdel with all the risk factors.
The odds ratios were calculated as the exponential of the four
coefliamra riux resulted, and the exponential of the corrfldmee
intervals of these mefliaents were the eotildenm intervals of the
odds ratioa (95% CI). T%e possibility of an imeraerion bmvem
vitamin E and adipose Iinokic aad mntem was examined. The
statisrieal anaJyses were made by means of the BMDP package
(BDMP Statiatiral software 1983,University of California Press).

Results

Risk factors for CHD in angina cases and controls are
shown in table I. The only signifhnt difference between the
groups was in the proportion of cigarette smokers (p < 001).
The cases were significantly shorter (p< 0.05) but here was
no difference in weight or weight/height index.

Mean plasma concentrations of vitamin C, carotene
(predominant sly beta-carotene), and vitamin E adjusted for
plasma cholesterol (in view of the relation between the two)
were lower in angina cases than in controls (table II). There
was no difference in plasma vitamin A mncentrations.

We examined the relations among plasma vitamin
cmscenttations and CHD risk factors in the heaJthy controls.
C@rette smokers had significantly lower levels of carorene
and vitamin C than subjects who had never smoked (table
111). There was no S@dk21N difference in any vitamin
concentration between ex-smokers (cigarettes, pipe, and
cigars) and never smokers, but ex-smokers had significad y
higher vitamin C and vitamin E/cholesterol ctxscentrauons
than current cigarette smokers. Pipe and cigar smokers also
had significantly higher vitamin C levels than cigarette
smokers.

VItarnirs A and E concentrations were positively reJated to
totaJ cholesterol (l%arson correkttion coeffkients [r] 0.28
and 0.61, respectivelfi p <0001) and rnglycerides (r = 032
and 041; p <0001) but not to HDL cholesterol. Plasma
carotene was inversely related to non-fasting rnglyceride
concentration (r= –025; p <0001). The plasma
concentrations of vitamin E and vitamin C were positively
related to adipose linoleate content (r= 0.31 and 0.34;
p <0001), as was vitamin E/cholesterol (r= 048;
p < 04)01). Vitamin A was positively related to diasrolic (and
systolic) blood pressure (r= 0.24; p < 0031). There were no
significant correlations with age or weight)heighr index. The
concentrations of all the vitamins showed significant
seasonaJ mends (table Iv).

The odds ratios for angina, relative to the highest quintile
of the disrnbution of plasma vitamin concentrations in the
control population are shown in table v. The odds ratio for
angina in the lowest quintile of vitamin E distribution rose
from 2.51 to 268 after adjustment for cholesterol and other
Cl-ID risk factors and the overaJl trend was significant
(p= 002). The results were similar when vitamin E‘

TABLE IV—SEASONAL TRENDS IN PLASMA VITAMIN

CONCENTRATIONS IN CONTROLS

— Highest Lowest Dlffere~ce

Vkarnin A November May 1?”/0(p <0001 -
Csrotene timmnbrr hiay 37% (p <001)
Vltamirlc AUSUSI Fcbruap 48°/o(p<OOOl;
vitamin E Deccmbcr June 15”’0 (p <0.001;
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TABLE V—OODS RATIOS FOR ANGINA PECTORIS BY tlUINTILES OF PLASMA VITAMIN CONCENTRATIONS IN CONTROLS, WITH AND

—

Ouintile 1
Unadjumcl

Adjusted

Ouintile 2
Unadjusted
Adjusted

Ouintile 3

Umdjumd
Adjusted

Ouintile 4

Unadjusted
Adjusted

Ouinfile 5

Umdjustcd
Adjustsd

WITHOUT ADJUSTMENT* FOR CHD RISK FACTORS

Vitamin A

pmol/1

<1.93

.,

19~216

217:237

.

2.G268

.

.
>2.69

. .

. .

Odds ratio

(95% cl)

167 (086-326)

273(124+02)

Ill (0.53-233)

134 (06CP298)

111 (054-227)
158 (072-345)

139 (070-275)
1+14(0%8-388)

1J20
14)0

Carotene

pmol/1

<026

02&J.37

0.38G49
. .

0.ti67
. .
.

>068
. .
. .

Odds ratio

(95% cl)

264 (1 32-529)

141 (063-313)

142 (06@-2.95)

ICO (044-223)

130(07&217)

098 (043-222)

1 16 (05>253)

095 (04>212)

1co

100

VOtamin C

pmolll

<13.1

131:23.8

23=1 4

.,

41L573

.

. .

>57.4

.

.

Odds ratio

(95% cl)

235( 11W78)

1.63 (076-349)

1+6 (080-342)

132(06&238)

175 (079-3.92)

156 (072-336)

0431(036-1$1)
0.87 (07G204)

14?0
100

Vitamin E

pmolll
—

<18 9—

19ti218

. .

21~242

.

24~28 1

.

..’

J

>282

.,

.,.

Odds ratio

(95% cl)

251 (1.24-510)

268 (1 07-670)

1)4 (044-244)
169 (072+00)

1)0 (04>235)
1.18(04%281)

163 (0.77-343)
164 (076-351)

la
1co

----
‘By Iogmlc mgresston for age. SYS1OIICand diaatolic Wad pfeaaure, cholaatafol, H DL cholesterol, non-fasting triglycerides relawa weight. smokmg namt ana season tor 105
cases and 382controlswithcompletedata, Linear trand after adjustment in logistic regreaaion not srat!stically significant. except for vitamin E (p = 002)

cholesterol ratios were used (adjusted odds ratio 2.21
[105-467]; overall trend p< 001). The unadjusted odds
ratios for angina subjects with the lowest concentrations of
vitamin C and of carotene were 2.35 (1.16-4-78) and 2+4
(1.32-529), respectively, but the strength of these inverse
relations was reduced and they were no longer sign&ant

(P= 009 rand O“Q respectively) after adjustment for
smoking and other risk factors. The odda ratios for angina by
vitamin A and vitamin A/cholesterol (not shown)
concentrations were not significant.

We have previously reported an inverse relation between
adipose linoleic acid and platelet eicosapentaenoic acid
content and the risk of angina for this Population.z The
inverse relation between plasma vitamin E concentration
and the likelihood of angina was therefore examined in
relation to these farty acids. When they were included in the
logistic analysis for vitamin E, adipose tissue linoleate
content (p< 0001 ) and platelet eicosapmtaenoate content
(p< 001) each made m independent conrnbution to the
explanation of angina, but plasma vitamin E concentration
did not @-= 009). Them wss no si~at ~temfion
between adipose Iinoleic acid and vitamin E (p = 052). ,

Discussion

In this population case-control study low plasma
concentrations of vitamins E and C and carotene were
related to an increased risk of angina pectoris in men. For
plasma vitamin E concentration the relation remained
significant after adjustment forage, blood pressure, total and
HDL cholesterol, non-fasting triglycerides, relative weight,
and smoking starus. The asstxiation between low plasma
vitamin C levels and angina was confounded by agarette
smoking. Vkamin C levels are, as we confirmed, lower in
cigarette smokers than in non-smok~. In the National
Health and Nutritional Examination Survey’ vitamin C
intake and plasma concentrations were lowest in those who
~oked most cigarettes. Furthermore, smoking may
interfere with vitamin C absorption and increase vitamin C
requirernenrs.a

We found no sigrsiflcant cMerence in vitamin E/
cholesterol between cigarette smokers and non-smokers,9
though ex-smokers had significantly higher vitamin E/
cholesterol ratios than current cigarette smokers. One
explanation for this finding could be a change in dietary

habit after stopping smoking; a dietary swey in this
popuknion showed that ex-smokers ate more
polyunsaturated fat (vitamin E rich) than those who were
sti~ ~o~g ~gettm.N our agarerte smokers also had

significantly lower concentrations of carotene than non-
smokers, which confirms the iindirags of Sttyker and
~U=Wm.ll The Concmmtion of vitamin E, which is

transported in the bloodstream by lipoprotein particles, was
closely correlated with that of total cholesterol and derived
LDL Cholesterol.” There were no smong correlations
between plasma concentrations of antioxidant vitamins and
other classic risk Lwtots.

Adipose tissue Jinoleic acid and platelet eicosapentaenoic
acid content are inversely related to the risk of angiria
pectoris in this population? PlasmavitaminE was positively
correlated with adipose tissue liraokate,13 but not with
platelet eicosapentamoic acid. So subjects with low plasma
vitamin E concentrations also rend to have low adipose
tissue linoleate, reflecting long-term low dietary intake of
this polyunsaturated essmaal fatty acid. A dietary survey in
Scotland showed that middle-aged men have low
consumption of polyunsaturated oils and cereal fibre,10J4
but vitamin intake was not measured. Although adipose
Iinoleate and plasma vitamin E were both inversely related to
likelihood of angina in our study, the relation between low,
vitamin E and angina is important since it is indepmdmt of
the gmerally accepted CHD risk factors.

Our angina cases were defined by a self-a&nirsistered
WHO chest pain questionnaire and were unaware of the
nature of their chest pain. They were therefore unlikely to
have changed their dietary habits. Of course, a positive
response to d3e WHO questionnaire is not the same as a
doctor’s diagnosis of angina, but nor are patimts diagnosed
by their general psacdtioners necessarily represmtative of all
patimts with angina. We used the WHO questionnaire as a
valid and reproduable measure of angina in the population
which is not subject to the bias of self-referral or the large
variation between and within observers associated with
doctors’ diagnoses. Some of the subjects positive on this
questionnaire will not have CHD, but this is a conservative
bias in the study. If there is a true inverse relation between
plasma vitamin concentration and risk of angina, the
inclusion of subjects without angina will dilute this
estimate.
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The evidence from cross-cuhurd studies Iiig low
plasma antioxidants with CHD has been equivocal. our
study13 of heakhy middJe-aged men in Scodand, Finland,
and Italy showed no consistent relation between plasma
concentrations of carotene or vitamins A, C, and E and
CKO mortaJity statistics for these populations, though the
vitamin E/cholesterol ratio was gmeraJly lower in northern
Europe, where CHD mortality is higher. These studies are
beiig extended within the MONICA framework. This
study was carried out over severaJ years and repeat analyses
of men in FinJand have shown pronounced rises in pJastna
vitamin E and C concentrations between spring 1983 and
spring 1987.

Within-population studies have shown an inverse relation
betvveen vitamin omsumption and cardiovascukwmortality.
In the USA, industrial vitamin C production is invemely
related to CHD momlity over the past 20 years.’s RegionaJ
standardised momdity ratios for CHD in the UK relate
inversely to calculated vitamin C intake (NatiottaJ Food
Survey), reflecting a long-established regional gradient in
Jifestyle and social circumstance.i6 There is a similar inverse
and powerfuJ relation between the consumption of fresh
fkuit and green vegetables and mortaJity from all
cerebrovasuksr disease, independent of sociaJ class.”
Middle-aged Scottish men eat very little fruit and green
vegerablm.ls However, rnatetid deprivation predicts CHD
mortality better than sociaJ cld~a and preliminmy data
have shown that the relations between dietary factors and
rnaterisd deprivation are not identicaJ to those that correlate
with sod class.

There have been onJy a few other studies of vitamins and
their reJation to CHD in individuals. Rgmiiez and Flowet&l
found that men with significant coronary artery
obstructions and regional waJJ kinetic abnormalities had
lower leumcyte ascorbic acid levels than those with normaJ
arteriograms, irrespective of smoking status. On the other
hand, Salonen and colleagues= found that neither pJasrna
vitamin C nor cholesterol-adjusted vitamin E difked
between those with and without CHD defined on the basis
of symptoms, a history of CHD, or objective evidenct of
ischaemia on a bicycle ergometer exercise test. The fact that
liver vitamin A content does not differ signifiqirdy between
subjects dying from CHD and from accident#3 and the
possibility that patients with established CHD may change
their diet, makes the interpretation of necropsy and chronic
CHD srudies diffkult, if not impossible. Prospective studies
of the relation berween vitamin levels and CID mortaJiry in
individuals, both men and women, have found no
significant relations.wzs

We should emphasise that the inverse relation we found
may not apply to orher communities with a high incidence of
~$13

How couJd low plasma and (presumably) low tissue levels
of naturally occurring antioxidant relate to CHD?
Formation of foam cells from monocyte+nacrophages is
favoured when LDL is in the oxidised or modified form.’
Probucol, a lipid-lowering drug with antioxidant properties,
protects LDL against oxidative modification by endothelial
cells in cukur~ and reduces aornc atheromatous lesions in a
rabbit model of hyperlipidaemia, an effect not expJaiied by
changes in lipoprotein cmtcentrations.” Whether a low
concentration of naruraJly occurting antioxidants favours
the formation of oxidised LDL has yet to be shown, but the
addkion of vitamin E to cell cultures blocks the oxidative
modification of LDL.B

‘b increased tendency to peroxidation of
polyunsaturated i%ry acids resuJting from a reduction in
antioxidant availability tnighr favour thrombosis by
allowing saturated fatty aads, which are more thrombotic,w
to have an unbalanced effect. The myocardium may also be
adversely aflkcted after periods of ischaernia if tissue
concentrations of k radical scavengers, such as vitamins E
and C, are low. During ischaemic reperfusion, oxygen fix
radicals are produced and these may lead to further tissue
damage and reperfusion rnjury,3’ the development of
arrhythmias,= and depression of myocardial contractility.33

The importance of oxidative modification of LDL and
increased atherosclerosis, thrombosis, and myocardiaJ
ischaemic damage in leading to CHD may depend on the
fhty acid composition of the diet. Polyunsaturated fatty
acids are very vulnerable to he radicid attack. Lipid
pemxidation can become autcadytic, but the chain-
reaction can be prevmted by the action of vitamin E.
Vkarnin C has a sparing activity on vitamin E. Diets low in

linoleic acid tend to be low in vitamin E (and aJso C).

Our study cannot of course elucidate the mechanisms
whereby low plasma vitamin E and C may predispose to
CHD. The evidence from our retrospective study is
Sufficiency Suong to justify further studies of ewm-lrid
antioxidant. An intervention triaJ with vitamin
supplements is the most conclusive way to test the nature of
the association between low plasma antiotidants and CHD.

Antioxidants are more easily destroyed by food
processing than polyunsaturated fatty acids.~ This fact,
combined with a habitual low intake of vitamins E and C,
suggests that some populations with a high incidence of
CHD should supplement their earing habits with more
cereaJs, vitamin-E-rich oils, vegetables, and fruit.

This study was suppxtrxf by the Bridsh Hcarr Foundation, the Welfmrne
Trust, Scotdsh Home and HsaM Dcpanrnmt, and the Scordsh Chest Heart
d .hOke Assc&dc4s. A pdiMilXy report Ofthe vimrninE tidings WS.S
presented to the New York Academy of Sciences (Am NY Amd Sti 1989;
57(k291-95).
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Rapid diagnosis of tuberculous meningitis by
polymerase chain reaction

P. SHANKAR N. MANJUNA17-J K. K. MOJ-IAN K. PR.ASAL3

M. BEH.ARJ SJ-IRmWAS G. K. AHUJA

The polymerase chain reaction (PCR) in
cerebrospinal fluid was compared with conventional
bacteriology and an enzyme-linked immunosorbent
assay (ELISA) for cerebrospinal fluid antibodies in
the diagnosis of tuberculous meningitis (TBM). PCR
was the most sensitive techniquq it detected 15
(75%) of 20 cases of highly probableTBM (based on
clinical features), 4 (57%) of 7 probable cases, and 3
(43%) of 7 possible cases. ELISA detected 11 (55%)
of the highly probable cases and 2 each of the
probable and possible cases. Culture was positive in
only 4 of the highly probable cases. Among the
controls (14 pyogenic meningitis, 3 aseptic
meningitis, 34 other neurological disorders), 6
subjects tested early in the study (2 pyogenic
meningitis, 4 other disorders) were PCR positive.
Second DNA preparations from their stored
cerebrospinal fluid samples were all PCR negative,
suggesting that the false-positive results were due to
cross-contamination. 18 PCR-positive TBM
samples retested were all still PCR positive. The
antibody ELISA was positive in 3 controls despite the
use of a high cutoff value.

Lancet1991;337:5-7.

Introduction

Tuberculous meningitis (TBM), the most dangerous
form of extrapuhnonary rubercdosis, occurs in 7-12~0 of
tubercuJous patients in developing counties.’ Despite the
avdabilky of effective chemotherapy, the mortality and
morbidi~ remain high. Delay in diagnosis is directly related
to poor outcomq there are neurological sequelae in 2*25 ‘A
of patients who do not receive early treatrnknt.z
Bacteriological methods are inadequate for early diagnosis of
TIJM because there are too few organisms in the
cerebrospinal fluid for consistent demonstration by direct
smear, and cultural identification takes 6-8 weeks.
Diagnosis in the critical early stage of the disease is therefore
often presumptive.

SeveraJ new techniques for the rapid diagnosis of TJ3M
have been developed lately?~ We have developed a
detection method for Mycobactm”run tuberculosisbased on
the polymetase chairs reaction (PCR).s On initiaJ evaluation
the technique was highly specific for the M rukrcsubssk
complex. Here we report a comparison in TBM on

ADDRESS: Departments of Microbiology (P. Shankar, MD, N.

Manjunath, MD, Prof Shriniwas, MD, and Neurology (K. K. Mohan,

MD, K. Praaad, MD, M. Behari, MD, Prof G. K. Ahuja, MD), All India

Institute of Medical Sciencaa. Ansari Nagar. New Delhi-

11OO29, India. Correspondence to Dr N. Manjunath.

9

.,

,;
1!
,.



EXHIBIT B



r ......+
‘ims,*-
:2‘..; .-.

X<“’ Randomised controlled trial of vitamin E in patients with coronary

j~ disease: Cambridge Heart Antioxidant Study (CHAOS)
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,’:- Baekground Vitamin E (a-tocopherol) is thought to have a

-A>role in prevention of atherosclerosis, through inhibition of

-j’ oxidation of lowdensity lipoprotein. Some epidemiological

~” studies have shown an association between high dietary

- !’. intake or high serum concentrations of a-tocopherol and

reduces the rate of non-fatal Ml, with beneficial effects

apparent after 1 year of treatment. The effect of

a-tocopherol treatment on cardiovascular deaths requires

further study.

Lancet 1996; 347:781-86

See Commentary page 776
,; lower rates ‘of ischaemic heart disease. We tested the

~ hypothesis that treatment with a high dose of u-tocopherol Introduction
uld reduce subsequent risk of myocardial infarction (Ml) The Cambridge Heart Antioxidant Study (CHAOS) was

-:.and cardiovascular death in patients with established designed to test the hypothesis that treaunem with a high

‘ iachaemic heart disease. dose of a-tocopherol (vitamin E) wouid reduce the risk of

Methods In this double-blind, placeb~ontrolled study
myocardial infarction (MI) in patients with angiographic

stratified randomisation, 2002 patients with
evidence of coronary atherosclerosis. This hypothesis

~angiographically proven coronary atherosclerosis were
developed horn the idea that microphage-mecliated

:.,enrolled and followed up for a median of 510 days (range
oxidation of low-density lipoprotein (LDL) has a central

.,>981). 1035 patients were assigned a-tocopherol
role in atherogenesis and the extensive experimental and

., (capsules containing 800 IU daily for first 546 patients;
epidemiological evidence to support this view.’

‘@O NJ daily for remainder); 967 received identical placebo
Epidemiological studies of dietary intake and serum

ules. The primary endpoints were a combination of
concentrations of u-tocopherol in relation to risk of

~rbrdiovascular death and non-fatal Ml as well as non-fatal
coronary atherosclerosis have had mixed results. Three
large, prospective, nested case-control studies found no
correlation between serum a-tocopherol concentrations

F
-,.

~-: @tdlnge Plasma a-tocopherol concentrations (measured in

., subsets of patients) rose in the actively treated group
,A

. *.-. .
(from baseline mean 34.2 ~mol/L to 51.1 pmol/L with

400 IU daily and 64.5 pmol/L with 800 IU daily) but did

not change in the placebo group. a-tocopherol treatment

Significantly reduced the risk of the primary trial endpoint

Of cardiovascular death and non-fatal Ml (41 vs 64 events;

relative risk 0.53 [95% Cl 0.34-083; p= O.005). The

beneficial effects on this composite endpoint were due to a

Significant reduction in the risk of non-fatai Ml (14 VS 41;

0.23 [0.11-O.47]; p= O.005); however, there was a non-

significant excess of cardiovascular deaths in the

a-tocopherol group (27 vs 23; 1.18 [0.62-227]; P=O.61).

Akause mortality was 36 of 1035 a-tocopherol-treated

Patients and 27 of 967 placebo recipients.

Interpretation We conclude that in patients with

angiographically proven symptomatic coronary
atherosclerosis, a-tocopherol treatment substantially

%kai Pharmacology Unit, Dopsrtmerrt of Medicine
(N G Stephens ~Rcp. A parsons RN,pr~f M J B~o~n FRCp) and

~klon of Cellular Pathology, Department of Pathology,
*brtdge Unlveralty (M J Mitchinson FscPaoI); Cardiac t.ink,

paPworth Hospital, Cambridge (N G Stephens, A parsons.

p M Schofield F=ICP):Rayne hwtltute, St Thomas’ Ho@al. LOnd~
{ F Kelly P“OI; and Department of Biology and Bioehemktrx

Bmnet Unlverslty, Uxbridge, UK ( K Cheeseman Pno)

-Spondence to: Dr FJgel G Stephens, Cardiolo&y Department.

Northwlck Park Hospital, Harrow. Middlesex HA1 3UJ, UK

and subsequent myocardial infarc&on or cardiovascular
death.’” However, two studies in the USA found
significant risk ratios of 0.64 in men and 0“66 in women
between quintiles with the highest and iowesI intake.’”

The single published randomised controlled rnal of
a-tocopherol (in the prevention of lung cancer)’ found no
effect on cardiovascular mortality, with a low dose of a-
tocopherol (5o mg daily). An overview of epiderniological
data suggested that a rnal of a-tocopherol in ischaernic
heart disease would need to use large doses of a-
tocopheroi to demonstrate any rreacrnem effect.

In CHAOS, we studied the effects of a-tocopherol at
doses of 400 IU or 800 IU daily on the risk of
cardiovascular death and non-fatal MI in patients with
overt clinical and angiographic coronary atherosclerosis at
recruitment. These individuals are at higher risk of
subsequent MI &an an unselec~ed group; the higher risk
allows an adequately powered rnai with a smaller sample
than a primary prevention rnal.

Chemical evidence of lipid oxidation is evident at all
stages of atherosclerosis, especially in microphage-nch
and early atherosclerotic lesions.’ Steinber~ therefore
suggested th antioxidants might exert their greatest
effect in early lesions, with a iong lag time before impact
on clinical events in healthy subjects. However, patients
with advanced coronary atherosclerosis are at much
greater risk of MI (which generaily occurs as a result of
rupture of mature atheromatous piques’”), and are
therefore the most appropriate subjects for investigation of
the clinicai value of antioxidant treatment on prevention of
Ml. An effect of a-tocopherol in this serring would be
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support for the anriotidant hypothesis of atherogcnesis
and would have clinical implications for prevention of MI
in high-risk indi~lduals.

The regional strucrure of cardiac semices in our part of
the UK allowed us to design a low-cost, prospective study
of a-tocopherol. Papworth Hospital is a tertiary referral
centre rhat undertakes the majoriry of invasive cardiac
procedures for a population of 2.2 million, with accurate
follow-up in the seven referring hospitals that have
coronary-care units.

1 Methods
CHAOS was a prospective, double-blind, placebo-conmoUed,
randomised, single-centre trial in the East Anglian region of dre
UK Patients were retired at one centre (Papworth Hospital)
The study compared two parallel groups of patients with
~tio~p~c~ly proven coron~ atiemsclerosis. one 8TOUP
received a-tocopherol and the other placebo. The primary
outcome variables were a combined endpoint of cardiovascuk

I
death and non-fatal MI, and non-fatal Ml alone. Enrolmem
began on Ott 10, 1992, and ended on Dec 15, 1994. The analysis
included all endpoints berween Ott 10, 1992, and June 18, 1995.
The CHAOS ma] was designed 10 have 80% power (wish
2p=0.05) to detect a relative risk of the combined endpoim (non-
fatal Ml and cardiovascular death) of less than O-75 berween the
meatmem groups after median follow-up of 1.5 yeare. This
calculation assumed an accrual rate of 1000 individuals per year
for 2 years, and an event rate of 5% per year, which were
estimated from past refemtl and event rates at Papworth Hospital.
Blinded interim analysis was planned for safety reasons, with n-id
termination if the relative risk between the treatment groups was
below 0-70 with 2p<0-001 in eirher of the primary endpoints. The
prospectively defied stopping mireria were not met in the interim
snrd~is in June, 1994.(‘

c
!-

When the trial was designed, there were few data to guide rhe
;:-

,- choice of vitamin E dose. The fit 546 patients on active therapy
:!.’ took 800 II-l daily throughout the trial. When we had adequate
~i. evidence from measurements of a-tocopheml concenrrarione on

therapy that a lower dose would exceed physiological values,
[ newfy recruited subjects were allocaIed 400 fU daily. The doser

was constrained by the needs to exceed a physiological
: concenirarion of a-tocopherol and to avoid interruption ofF

recruitment through the limited supplies of study drugs available
to use. There was no attempt at randontisarion between the nvo
vitamin E dosage groups, and she study was not planned to
examine dose-response e5ects ori the primary endpoints. These
two groups are therefore not disdnguished in this analysis.

The inclusion criterion was angiographically proven coronary
atherosclerosis. More than 90°A of patients had angina, evidence
of reversible cardiac ischaemia or both features, although these
characteristics were not required. Almost all the subjects were
recrui~ed on the day of their admission immediately after elective
coronary angiography. There were no exclusion criteria except
prior use of vitamin supplements containing vitamin E. Patients
were prestratied by seven variables+ex, blood pressure (cutoff
for systolic 160 mm Hg, diastolic 90 mm Hg), age (55 yam),
body-mass index (25 kg/m’), total cholesterol (6.5 mmolI’L),

I
smoldng habit, and planned therapy (medical therapy,
percutaneous transluminal coronary angioplasty ~CA], or
coronary artery bypass grafting [CABG] ). Randomisation was
done by means of a computer progracsune, which used a random-
number database to allocate treatment by blocks of two after
chnical data had been enrered. Active treatment was capsules of
a-mcopherol (free ~4’~8’R~-tocopherol horn narurai sources
in soya oil), 400 or 800 IU daily (2ti8 or 537 mg) in one daily
dose. The idmrical placebo capsules (oil only) contained a
maximum of 0.4 mg a-tocopherol. 546 patients rook 800 fU daily
for a median of 731 days (range 3-981); 489 took 400 IU daily
for 366 days (8-96 I); 967 took placebo for 494 day (9-965).

A initial supply of 2 months’ a-tocopheml or placebo was
dispensed at recruitment. Patients were asked to request atl

rc-roeophwoi Flbc4&
(n=103S) (11=%7)

Age(years)” 618193,

M/F

Vessels with >75% stenosis

Oorl

2

3 or left mam stem
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253

393

61 S189

S-!2 :25
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Onlg rreatsmme
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402

355

257

208
59
60
34

5% (119)

338 [110)

100 (028)

135 (21)
79 (13)

102 (9.9%)

149
300
546

% (?6.6%)

352

324

265

215

50

52

30

581 (111)

332 (102)
100 10.28~

133 [20)
78 [12)

68 ,70%)

121

269

577

105 (402%)

265 (35)

697 I1O.3)

26.4 (3.4)

6.96 (105)

718 (694%]

410 (396%)

557 (53.8%)

666 (689%)

325 (337%)

556 [575%1

AepMn(~ dally)’ 82.9 [53.3] 826 (554)

●Mean(SD). 5ome totals do not readI 1035 aIW 967 because ofmssmg aata.

Table 1: Batsellne charactertatlcs of patients

follow-up study medication, which was posred 10 them. The rime
of request provided a simple index of compliance. Other
management and medication were at the discretion of the
physician responsible for the patienr’s usual care.

All patients gave informed, written consent to participation in
the study, which was approved by the Huntingdon Disrnct Local
Research Ethics Commirtee.

Two endpoints were examined-non-fatal Ml alone and a
combination of non-fatal MI and cardiovascular death (major
cardiovascular events). Non-fatal hif and dearh were
distinguished in the trial design, with a separate analysis of
treatment effects on non-fatal MI. This distinction was made
because of greater diagnostic precision in non-fatal Mf allowed
by examination of elecmocardiography, cardiac enzyme
measurements, and case notes over the hospital admission. For
these cases, definite or probable Ml was defined by a ratified
modification of the MONICA critena.1’ The certified cause of
death was judged to be cardiovascular if the cause was classified
according to the International Classification of Diseases, 9th

revision, as codes 410, 427, 428, 434, or 441. Necropsy data
were available in 21 (34%) of 62 cases. There was no information
about cause of death in one case; this patient was censored in the
sunival analysis aI rhe reported date of death and was not
included in the analysis as a cardiovascular death. All events were
classified by a member of the study warn indepmdently of the =
main analysis.

Tlsere was no planned clinic follow-up as part of the mial.
because of the large geographical area served by the study centre
(up to 120 km radius). A dedicated database was installed in
seven coronary-care units serving the region’s population, to
allow Qacking of admissions of study patients. In addition, we
sent a questionnaire to patients and their family physicians to

782 VO1 347. March 23, 1996
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up was 510 days (range 3-981). There were small
dfierences between active treatment and placebo groups
in sex ratio, serum total cholesterol, systolic blood
pressure, presence of diaberes, and the proportion taking
~-blockers. These differences arose because the~e were_ _ -
fewer women than-- men and ;O ‘some of the rarer

--——.. . .

stratification blocks were unbalanced when recruitment
stopped. All these differences weighted risk in favour of
the placebo group. Overall, the study patients were at high
risk of further cardiovas&dar events-37 .60/0 had rnple-
vessel or leh-main-stem coronary dkease and 24.6% had
moderate or severe left ventricular dysfunction.

73.2% of all prescribed ct-tocopherol or placebo were
requested as follow-up medications. There was no
difference between treatment groups in the proportion
who were 100°/0 compliant with the tial medication (48°/0
placebo, 49% a-tocopherol; p= O.76). Complete follow-up
data were available in !lfl~. of participants. There were no
dtierences between the groups in completeness of follow-
up (98.07. placebo, 97.8’% active treatment; p= O.80).

Baseline serum a-tocopherol concentration was 34.2

~mol/L (gs~o Cl 33.1-35-3; n=226). Mean serum

400 NJ dally

00
150

loa

50

0

150

100

a-tocopherol did not change on placebo therapy 32.4
(30.9-33.9; n=224) pmobl but increased to 51.1 ~moVL
(46”5-55.9; n=l 14) on therapy with 400 IU daily and
64.5 VmoVL (59%-69.5; n= 142) with 800 IU daily.
Follow-up measurements were made at 6-836 (median
266) days. There was no trend in serum a-tocopherol
concentrations with time (figure l). .

Treatment did not aHect serum cholesterol: the mean1-
0

0 00
00 ~00 0

0
00 0:.0”

0
J , *

o 200 400 800 800 1000
Follow-up (days)

follow-up concentration was 5.77 mrnolll, (5.51-6-04) on
placebo, 5.55 mmol/L (5.29-5.81) on 400 IU daily, and
5.93 rnmohl (5.60-6.24) on 800 IU daily @= O.24). The .
strong correlation between serum total cholesterol and ;

a-tocopherol reported previouslyt~,t y was seen for baseline
,.

concentrations in this study (r= O.39; p< O.000 1). The
regression equation used to predict serum a-tocopherol
(F=O 150, p<O.0001) was:

a-tocopherol(wsoL’L.)=125+3.61 (cholesterol[mmoll])
There was no significant association between baseline
measured or corrected a-tocopherol concentration and
risk of cardiovascular death or ML

There were 50 cardiovascular deaths and 55 non-fatal
MIs during the study period (table 2). 14 recipients of
a-tocopherol (3/489 on 400 IC, 11!546 on 800 Ill daily)
and 41 placebo recipients had non-fatal MIs. Of the 50
cardiovascular deaths, 27 were in the a-tocopherol group
(10/489 on 400 II-J, 17/546 on 800 IU daily) and 23 in

Figure 1: Serum a-tocopherol concentrations durltrg follow-up

find out about rhe occurrence of srudy endpoints and other
events. Compliance was measured as the ratio of days that srudy
medication was requested to per-protocol days presmiied.

Serum cr-tocopherol concentrations were measured by high-
perforrnance liquid chromatography’] at baseline in 1763
individuals and in 482 who reatmnded after 15-836 day-s(in 307
cases these patients returned for planned CA8G).

Baseline continuous variables were compared by Student’s
r test and categorical variables by Pearson’s XJ-test. Bivariate
correlation was with Pearson’s correlation coefficient. AIIOV.A
was used to compare the effect of ueatment on follow-up serum
cholesterol and a-rocopherol. A lipid-standardised serum
a-tocopherol concentration was caleulared as the ratio of the
measured serum a-tocopherol to the concentration predicted by
a linear regression equation based on serum total cholesterol.
The main analysis was by intention to rxeat. Primary-cndpoint-
free sumival curves were calculated by the Kaplan-,Meier
technique and treaement groups were compared by the log-rank
rest. A Cox proportional hazards regression model was used to
assess the influence of all potential explanatory baseline variables
on relative hazards of the primary endpoints. Ordinal variables
(Sew York Heart Association class, number of vessels diseased,
and planned management) were treated as continuous in the
model. Eighteen variables were entered stepwise into a model,
with significance levels for bachards removal and entry of 0.4
and 0.2. A separate per-protocol analysis was done by treating

compliance with active therapy as a timedependen[ variable in a
CtJx rcgrtssi,,n m{dcl. llw difference bcnvecn treatmcn! groups
in 311-CJUWm{wtali~ \vas tested with x’. The difftrcnce in side-
ct~ccts benvccn groups was tesred by Pearson’s x’ test. t!-Ichodds
ratios calculs[ed by the approximation of Woolf,

Results
Of the 2002 patients recruited, 1035 were assigned
u-~ocophcrol and 967 placebo (table 1). .Kiedimt follow-

IC*9 coda a.me+hard
uOlaD[II=103S)

PraeaeOgroup
[n=sa7)

Uomtai#Ml

ea@wmwkdaass
Fatal Ml

Left vsntncular Iatlure

Stroke

Ruptured MA

Card,ac arrhythmia

Total Cardmvascular deaths

410 14 41

410
42a
434
441.3

427

18
5
1

13
a
1
0
1

*

2
1

27 23

athafceuaaeoedeath
P.lmonary embo,, am

Sepr,caem8a

aOwel carcinoma

Unknown

315

3a

150-159

3
2
4

0

1

0
1
1

Wtal 4eatste 36 26
AAA. aooommal aoruc aneurysm.

Table 2: Dlstribertlon of non-fatal Ml and deaths by certlfiad
cause In each treatment group
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Figure 2: Kaplan-Meier survival analysis for major
cardiovascular events, non-fatal-Mi, and cardiovascular deaths

the placebo group. Total mortality was slightly but not
significantly greater in the a-tocopherol group than in the
placebo group (36 [3.5?!.] m 26 [2.7%], p=031).

Kaplan-Meier survival curves for the combined primary
endpoint and separately for non-fatal MI and
cardiovascular death are shown in figure 2. Treatment
with a-tocopherol significantly reduced the rares of major
cardiovascular events (log-rank ‘p+O.O 15), and of non-
fatal AII (p=0,0001 ) bu~ had no effect on cardiovascular
deaths (p= O.78). There was a delay in the onset of
treatment benefit, with divergence of the ~plan-Meier
curves after about 200 davs.

In tie Cox model, trea~ent with a-tocopherol reduced
the risks of a major cardiovascular event (relative risk 0.53

varlati Rdsuv-e 7iSk (95%Cl) P
o.toccore~olbsplacebo 0531034-0 83! 0025
NYHA C7aSS 171 (1 17-249 ox;

Age 10-1101-107 00:
>ace:es 193 .104-3 cc
C.ve~:smoke:

0.04
1 9-!,102-3.69, Ood

41e~olcl b’sno p-blocker 214 (0.W534 010

NYHA.Nee York Hear! Assoclaf,on.

Table 3: Risk of cardiovascular death or nowfatal Ml

[95% CI 0.34-0.83], p= O.005) and of a non-fat~ ~
(0.23 [0.1 1-0.47], p< O.001) but had no effect on -

!
cardiovascular death (1. 18 [0.62-2.27], p=O.61 ). Table 3 ~
shows the results for major cardiovascular events, with
data for the other variables in the model for which the ~
probability value associated with the Wald statistic was .
less than 02.

In a separate Cox regression analysis, compliance with . I
a-tocopherol was treated as a time-dependent variable to ;
assess the benefits of Uearmenf taken as prescribed. The -; ~

1results were similar to those of the intention-to-meat “- .
analysis. The relative risk of a major cardiovascular event
was 053 (0.35-0.81, p= O.003) and that of a non-fatal Ml
0.32 (0. 17-0.59, p< O.001) for individuals who were C
compliant with a-tocopherol treatment.

Treatment was well to!erate~ only 11 (055%) of the
2002 patients discontinued therapy because of diarrhoea, ~1
dyspepsia, or rash. There was no signi.6canr difference . c

I

between the treatment groups for these side-effects ~ .
(rx-tocopherol w placebo relative risk 1.12 [0.34-3.69], ‘~~
p=o.85).

.- .. >“>.*,. .

Discussion
+@

4

“~ $.The idea that lipid oxidation within the atierosclc~tic”~~:,.:c
-“’-’*lesion might contribute to atherogenesis was raised dtr.ting T@

the 1980s.’&” Support for this idea has come kcsm”-~}”a.
laboratory studies”~o that showed oxidation of ~L “’‘“?~~,
particles (particularly their polyunsaturated cholesterol .+$ ~~
estersz’) by macrophagess in atheromatous plaques, Thc ,:-~~
oxidation products of these reactions have various eff~- : +“

-:$ ;
that may promote plaque progression and instability’h)’

The CHAOS rnal design took advantage of the Mm ___ ,.~
cardiac service of a large health region to examine rhe
effects of a-tocopherol on the rate of major cardiac events
in a homogeneous and stable population with established
corona~ disease. We found that a-tocopherol, in a higher
dose than in previous studies, reduced the risk of the
primary trial endpoint (a combination of death and non-
fatal ~~) by qi?.. This benefit was due to a reduction in
the risk of a non-fatal myocardial infarction of 77~0 and
this treannent effect was apparent after about 200 days.
The effects on the combined endpoint were nor due to a
reduction in cardiovascular death; indeed, there were
more cardiovascular deaths among a-tocophercrl
recipients than among placebo recipients. By contrast
with the delayed effects of non-fatal MI, this increased
risk was due to an excess of early events (before 200
days).

Because of the study design, this rnal did not have ‘_._—
sufficient power -for us to form ‘conclusions ‘about the
reason for the disparity in treatmenr effects on fl-
cardiovascular death and non-fatal MI. The discrepancy

I

i
may be due to chance alone or it may reflect a difference _ -
in antioxidant effect? on the biological processes lesc@
to death and those Ieadmg to non-fatal Ml. Most of the ~.~ ~a
deaths occurred in the early part of the follow-up ~~ “-2J
perhaps before any putative beneficial cff~ ~

.$
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atheromarous plaques could have occurred. Furthermore,
the deaths certified (most without necropsy evidence) as
due 10 ischaemic heart disease will include deaths ,due to

causes less likely to be responsive to a-[ocopherol
treatment (eg, arrhythmias, progression of heart faiJure,
or perioperarive complications). Yi%ether r-here $ a true
adverse effect on early mortali~ cannot be ascertained

‘- from these data and must awrrir the results of longer-term
mt.dticentre trials designed with mortaliry as a primary
endpoint.

We did not plan to study rrearment effects on endpoints
such as unplanned CABG, hospital admission with
angina, or restenosis after PTCA. These endpoints are
appropriate in prospective studies in heakhy populations
that seek to find out the subsequent incidence of
ischaemic heart disease,’ but lack precision its a
population who already have severe atherosclerosis and
symptomatic cardiac ischaemia at baseline.

Despite tie randomisation process, there were small
but significant differences in dre distribution of five
conventional coronary risk factors between the active
treatment and placebo groups. However, all these
differences weighted risk in favour of the placebo group
and so posed a more rigorous test for a-tocopherol
treatment. This rnal was not designed to examine dose-
response relations in terms of the primary endpoints. l%e
use of two doses of a-Iocopherol does not obscure
interpretation of the effects on primary endpoints; a
simiksr approach in randomised controlled rnaJs of drug
treatment for hypertension allowed analysis of effects on
definable cardiovascular endpoints.m The lipid oxidation
hypothesis might predict a greater benefit for
a-tocopherol in patients who smoke, who are diabetic, or
who have vascular hypertrophy due to hypertension. This
study does not have sufficient power to allow us to draw
firm conclusions about these patients, but we hoped that
stratification before randomisation would reveal any
trends towards greater benefit in these subgroups. Direct
comparisons of this type were, however, precluded by the
small number of women recruited and the consequent
imbalance in stratification subgroups.

This srudy could not directly address the mechanism by
which a-tocopherol reduces the risk of. myocardial
infarction. The extem of the risk reduction suggests that
r-he benefit may be due to more than one mechanism,
such as a-tocopherol-mediated reductions in platelet
adhesion and aggregation,2],z4 inhibition of vimrnin-K-
dependem clorting factors by the oxidised moiery
vitamin-E-2 -quinone,~~ and oxidised-LDL-mediated
stimulation of endothehn production and inhibition of
nitric oside production.” However, we believe that
inhibition of oxidation is likely to exert its main effects by
modification of plaque enlargement or plaque rupture.

We carried out this study because of evidence that even
advanced atherosclerotic lesions may be influenced by
antioxidant.:’ The presence of large numbers of
microphage foam cells in advanced lesions may be an
index of progression.:g Akhough their numbers are
variable. macrophages me found main] y at the periphery
of advanced lesions, which suggests continuous peripheral
recruitment of mmmcyres and enlargemem of the lesion.:’
.\i.lcrt,phJyriCh intcrmediatt and advanced ]csic~ns and
r-he ptmpheral parl of ulcerated advanced Icsit>ns show
chemical mldence of enhanced lipid oxidation.’;’” The
enhancement of lipid oxidation may bring about further
microphage recruitment” and progressive death of

microphage foam cells, enlarging the lipid core. Occlusive
thrombosis, leading to MI, probably results horn rupture
of the plaque at the soft, microphage-rich periphery.=

There is a striking contrast berween the clinical benefit
on non-fatal AH in our study and the modesr effects of
a-tocopherol intake on the severity of carotid and
coronary atherosclerosis as assessed by uh.rasonography
and mqgiography.~.31 -This dispariry suggests that .rhe
beneficial effects of antioxidant therapy are on the lipid
composition of atheromatous plaques rather than their
volume.

Our findings are the first from a prospective clinical
trial to be consistent with the lipid oxidation theory of
human coronary artery disease. Our findings suppor[ the
use of a high dose of sx-tocopherol to prevent non-fatal
MI in patients with angina and coronary atherosclerosis,
although there was no benefir in terms of cardiovascular
death or total mortaliry. Further studies will be required
to show the patient groups for whom these findings are
applicable.

This srudywas supportedby the East AngliaRegion locally organised
research scheme. WCthank rhe Henkel Corporation (La Grange, Illiiois,
USA) for supply of d+-rocopherol and placebo capsules; the Council for
Responsible Nutrition, Thamca Dirron, ~, Janinc ?@llehcr for
re.muirment of pauen~ Michael Pcmb, Leonard Shapiro, and Datid Stone
for pcrmisaion to rccnai: patients in their care; Iinda Sharples (MRC
Biostasksrics Unit, Cambridge) and Bianca de Stavola (Landon School of
Hygiene and Tropical Medicine) for scacisriml advice and critical
comments on she manuacripl.
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Cyclical variation in paroxysmal supraventricular tachycardia in
women

Giuseppe M C Rosano, Filippo Leonardo, Philip M Sarrel, Carolyn M Bea/e, Fabio De Luca, Peter Collins

Summary

~.~ Background Paroxysmal supraventricular tachycardia (SVT)

; in premenopausal women is often judged to be related to:
.:

anxiety, and may be associated with the menstrual cycle.;:
The aim of this study was to determine whether a cyclical

:: variation of episodes of SVT exists and to correlate such,..
:, variation with cyclical variation in plasma ovarian
:.

hormones..;
?>
?-, i Methods 26 women (mean age 36 [SD 8]) years; with

paroxysmal SVf were screened; those with regular menses

who experienced at least three episodes of paroxysmal SVT

in two consecutive 48-hour ambulatory ECG recordings

were included. 13 patients (aged 32 [6] years) met these

criteria. patients underwent 48-hour ambulatory ECG

monitoring and determination of plasma concentrations of

oestradiol-17~ and progesterone on day 7, 14, 21, and 28

of their menstrual cycle.

Findings An increase in the number and duration of

episodes of paroxysmal S/l was observed on day 28 as

compared to day 7 of the menstrual cycle. A significant

positive correlation was found between plasma

progesterone and number of episodes and duration of SVT

(5.6 [2.2] ng/mL; r=O.83, p=O@O04; and RO.82,

P=O.0005). whiie a significant inverse correlation was
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found between plasma oestradiol-17~ and number of

episodes and duration of SVT (155 [22] pg/mL; 1=489,

p<O@OOl; and r==.81, p===Q007).

Interpretation Women with paroxysmal SVT and normal

menses exhibit a cyclical variation in the occurrence of the

arrhythmia with their menstrual cycle. There is a close

correlation between the episodes of paroxysmal SW and

the plasma concentrations of ovarian hormones. These

data suggest that changes in plasma levels of ovarian

hormones (and their interaction) may be of importance in

determining episodes of arrhythmia in such patients. The

mechanisms of these effects are unknown.

Lancet 1996:347:786-88

Introduction
Paroxysmal supravenrncular tachycardia (SVT) can occur
in the absence of cardiac disease. Ovarian hormones
exhibit a cyclical variation in their plasma concentration
during the menstrual cycle. These changes appear to be
associated with changes’ in plasma catecholamine levels
and adrenergic activity. Oestrogens play a role in
neuromansmitrer synthesis, uptake, and degradation
involving receptors at both presynaptic as well as
postsynaptic sites. ‘J Decreased or progestin-opposed
oestrogen production is associated with increased
adrenergic acnviry and vasomotor instability. J An increase

~ plasma catecholamines may cause or facilitate the
occurrence of episodes of paroxysmal Sm.

. . . . . . -

In addirion, ovarian hormones may have direct effects
on the cardiovascular system. H}-pet-polarisation of
vascular smooth muscle in dog coronary arteries afier
treatment with oesrradiol- 17f3 has led to the suggestion
that the hormone acts by increasing potassium
conductance,’ while recent studies on isolated cardiac

786 Vol 347. March 23, 1996
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Vitamin E supplementation enhances ceil-mediated immunity
in healthy elderly subjects’-4

Simin Kikbin ,tfe}dani, M Pawicc Barkl)tnd. Sandra Lilt. .llohsr}~ ,Veydani. Richard A Miller,
Joseph G Cannml. Frank D Morrow. Ross Rocklin, and Jejrq B Blt(tnberg

.\ BSTRACf The effect of vitamin E supplementation on

the immune response of healthy older adults was studied in a
double-blind, placebo-controlled trial. Subjects (n = 32) re-
sided in a metabolic research unit and received placebo or vita-
min E (800 mg dl-a-tocopheryl acetate) for 30 d. Alpha-to-
copherol content of plasma and peripheral blood mononuclear
cells (PBMCS), delayed-type hypersensitivity skin test (DTH),
mitogen-stimulated lymphocyte proliferation. as well as inter-
Ieukin (IL)- i, IL-2, prostaglattdin (PG) E2, and serum lipid per-
oxides were evaluated before and after treatment. In the vita-
min E-supplemented group 1) a-tocopherol content was sig-
nificantly higher (p < 0.0001) in plasma and PBMCS, 2)
cumulative diameter and number of positive antigen responses
in DTH response were elevated (p < 0.05), .3) IL-2 production
and mitogenic response to optimal doses of concanavalin A
were increased (p< 0.05), and 4) PGE2 synthesis by PBMCS (p

c 0.005) and plasma lipid peroxides (p < 0.001) were reduced.
Short-term vitamin E supplementation improves immune re-
sponsiveness in healthy elderly individuals; this effect appears
to be mediated by a decrease in PGE2 and/or other lipid-peroxi-
dation products. Am JC1in Nwr 1990;52:557-63.

KEY WORDS Vitamin E, immune response, aging, pros-
taglandin

Introduction

Considerable evidence indicates that aging is associated with
altered regulation of the immune system ( 1). Age-related func-
tional changes have been well characterized for both humoral
and cell-mediated immune responses (2-4). Although all cell
types of the immune system show age-related changes, the ma-
jor alterations occur in the T cells (5).

In vivo, T-cell-dependent cell-mediated functions, such as
delayed type hypersensitivity skin test (DTH) (6, 7), graft vs
host reaction (2), and resistance to challenge with syngeneic
and allogeneic tumors and parasites (5), are depressed with age.
In vitro the proliferative response of human and rodent lym-
phocytes to phytohemagglutinin (PHA) and concanavalin A
(Con A) become depressed with age (2). Several groups showed
that antigen- and mitogen-stimulated interleukin (lL)-2 pro-
duction declines with age and contributes to the T-cell-medi-
ated defects observed with aging (8- 11). Cooperation between
monocytes and lymphocytes is essential in antigen recognition,
lymphocyte differentiation and eventual antibody production.
and development of the effecter state of cellular immunity, ie,

the DTH phase ( 12). In addition to presenting antigen, macro-
phagcs synthesize IL-1 which induces the production of IL-2
by the activated T cells.

hlacrophages have a high concentration ofarachidonic acid
in their membrane phospholipids. Upon stimulation, macro-
phages release up to 50% of their arachidonic acid content in
the form of oxygenated metabolizes, eg, prostaglandin (PG),
hydroxeicosatetraenoic acid (HETE), and Ieukotriene (LT)
( 13. 14). PGEZ was shown to suppress lymphocyte proliferation
and Iymphokine synthesis ( 15-17), Other oxidative metabo-
lizes of activated macrophages, such as H202, was also shown
to suppress lymphocyte proliferation (18, 19). Increased PGE2
production by macrophages from aged rats (20) and mice(21)
was reported.

Vitamin E was shown to decrease PG production in immune
cells (21, 22) and enhance cell-mediated immunity in young
(22) and old (21 ) animals. A significant decrease of PGE2 syn-
thesis in spleen in old C57BL/6J mice was associated with
an enhanced DTH, in vitro spleen mitogenic responses to Con
A but not to PHA, and IL-2 formation (2 1). one of the ~~ologic
changes associated with aging is an increase in free radical for-
mation with subsequent damage to cellular processes. Several
studies investigated the free radical theory of aging and the role
of antioxidants. including vitamin E, on the life expectancy of
rodents (23). Vitamin E supplementation was shown to be pro-
tective against age-associated diseases such as cancer (24-26)
and amyloidosis (27). An increase in the average life span of
short-lived autoimmune-prone NZB/NZW mice receiving vi-
tamin E supplements was reported by Harrnan (28). Further-
more, a community-based survey by Chevance et al (29, 30)
showed a positive correlation between plasma vitamin E con-
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centrations and DTH responses and a negative comelation be-
tween plasma vitamin E and the number of recent infections.
Therefore, we investigated the effect of vitamin E supplementa-
tion on in vivo and in vitro indices of cell-mediated immune
response in healthy elderly subjects.

Subjects and methods

Stud~’subjects and experimental design

Thirty-two healthy men and women, = 60 y of age, with no
known medical illness and receiving no prescription medica-
tion, were recruited from the Boston area. Those using vitamin
supplements and/or any nonsteroidal antiinflammatory drugs
were excluded. All subjects passed a complete physical exami-

nation and had normal weight-for-height. Blood and urine
samples from each subject were obtained for complete blood
and differential counts, clinical chemistry profile, and routine
urinalysis before subjects were admitted. The study was ap
proved by the Tufts University/New England Medical Center
Human Investigation Review Committee (HIRC). All volun-
teers signed a HIRC-approved written consent form.

Volunteers were randomly assigned to a placebo or vitamin
E-supplemented group. All subjects resided and consumed
their meals in the Metabolic Research Unit of the USDA Hu-
man Nutrition Research Center on Aging at Tufts University.
A 3-d-cycle menu consisting of foods typical to the American
diet and adequate in all nutrients was served throughout the
study. The basal 34 menu contained 20 k 1.570(X f SD) pro-
tein, 31.5 i Z.8~0 fat, with a mtio of polyunsaturated to satu-
rated fatty acids (P:S) of 0.41 & 0.09, and 49 ~ 2T0 carbohy-

drate. The amounts of fat and protein, the P:S, and all other
dietary components except for carbohydrates were kept con-
stant for all subjects. The total calorie content provided by the
basal 3-d menu (1768 * 46 kcal/d) was adjusted by changing
the carbohydrate content to meet each subject’s calorie require-
ment and to maintain the subject’s weight.

Subjects were weighed weekly and their vital signs were mon-
itored daily. Subjects were advised to continue their normal
activity and to avoid excessive sun- exposure. This precaution
was taken because membrane lipid peroxidation and PGEZ for-
mation have been implicated as major components of ultravio-
let-induced skin inju~.

During the first 2 wk of the study all subjects received a pla-
cebo capsule with breakfast and with dinner. On days 8. 10,
and 12, 40 mL fasting blood and 24-h urine samples were ob-
tained for different in vitro immunologic tests and PGE2 analy-
ses m baseline or presupplementation values. On day 12, 30
m L additional blood was collected for biochemical measures.
Subjects were then administered a DTH. Upon completion of
the 48-h evaluation of the skin test, the placebo group contin-
ued consuming two placebo capsules containing soybean oil
whcrcm the vitamin E group consumed two vitamin E capsules
containing 400 mg dl-a-tocopheryl acetate in soybean oil
(HotTnlann-LaRoche. Inc. Nutley, NJ) daily for 30 d. At the
completion ofttie test period three fasling blood and 24-h urine
somplcs were collected even other day for postsupplemcnta-
[ion :Inulyscs (cscep[ for the first 10 subjec[s for whom one
t>]t),d S:IInplCwss COllCCIedI j d after suppkmenwion md the
rc’nl:lining two samphx w’erccollccwd .30and 32 d atler supplK-
mcn[a[ion. “lh umount of blood Nith~irmvn \vas similar [o th:lt
collcctcd al hmclinc.

The study was conducted in a double-blind fashion with the
codes broken only after all data collection had been completed.
The average of three baseline and three postsupplementation
values for immunologic tests and PGE2 were used in analyses.

Procedures

DTH was assessed with multitest CMI (Merieux Institute,
Inc, Miami), a single-use, disposable applicator of actylic resin
with eight heads loaded with a glycerine control and the follow-

ing seven recall antigens: tetanus toxoid, diphtheria toxoid,
streptococcus (group C), mycobacterium tuberculosis, candida
(albicans), tricophy-ton (metagrophytes), and proteus (mira-
bilis). The diameter of positive reaction was measured 24 and
48 h after administration of the test. The antigen score was cal-
culated as the total number of positive antigens and the cumu-
lative score was calculated as the total diameter of induration
of all the positive reactions. According to the manufacturer’s
instructions, an induration of> 2 mm was considered positive.
If a positive reaction to the glycerine control was observed, the
diameter of its induration was subtracted from all the other
posilive reactions. The test was administered by the same nurse
before and after supplementation for each subject and the di-
ameter of induration was measured by the same person before
and after supplementation.

Peripheral blood mononuclear cells (PBMCS) were separated
from heparinized blood according to the procedure of Boyum
(31 ). PBMCS were removed from the interface and washed
twice in RPMI 1640 supplemented with 100 mg/L penicillin,
100 g/L streptomycin, 2 mmol Lglutamine/L, and 25 mmol
HEPES/L (Gibco, Grand Island, NY). Cells were resuspended
in medium and counted under a light microscope. Cell viability
was assessed by using the trypan blue exclusion method. Cells
were then suspended at appropriate concentrations for mea-
surement of mitogenic lymphocyte proliferation, IL-2, IL-1,
and PGE2 formation.

Lymphocyte proliferation was measured by [3H]thymidine
incorporation after stimulation with T-cell and B-cell mito-
gens. Dilutions of mitogens between I and 100 mg/L for PHA
(PHA-P, Difco, Detroit) and Con A (Sigma, St Louis) and
0.0159. to O. 15% for Staphylococcus aureus Cowan I (SAC; Zy-
sorbin, Zymed, San Francisco) were prepared in RPM I 1640
with 100 mL fetal bovine serum (FBS)/L and optimal dilution
for each mitogen was determined. One hundred microliters of
each mitogen was plated in triplicate into 96-well, flat-bot-
tomed microtiter plates (Becton Dickinson, oxnard, CA).
PBMC were suspended at 1 x 109cells/L in RPMI 1640:100
gL of the cell suspension was plated with and without mitogens
and incubated for 72 h at 37 “C in an atmosphere of 57. CO~
and 959. humidity. Four hours before termination of incuba-
tion. 18.5 GBq of [3H]thymidine (specific activity 247.9 GBq/
mol. New England Nuclear. Boston) in 20 yL was added to
each weil. Cells were harvested onto glass microtiter filter paper
by use of a cell harvester (PHD, Cambridge. MA). Fil[er disks
were placed in minivials and counted in a liquid-scintillation
counter (Beckman Instruments. Palo Alto. CA). The results are
reported m correc[ed counts per minute (ccpm). the average
cpm of mitogen-stimulated cultures minus the average cpm of
cultures Jvithout mitogens.

Cells ( I x 10g/L) in RPMI with 100 mL FBS/L were cultured
in ?-!-\vcll ll~t-bottorned plates (Becton Dickinson) \\ith Con .A

(10 mg/L for -N h). Ccl I-free supermttant was stored ut –70 “C
f{wkltcr :Inul>sis o!’ IL-2. IL-2 ac[ivil! \vas nlCLMUrCL!with o
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TABLE 2
Effect of vitamin E supplementation on plasma and peripheral blood
mononuclear cell (PBMC) a-tocopherol concentration
in elderly subjects*

Plasmaa-tocopherol PBMCti-tocopherol

Group Before After Before Afler

pmol/L nmo[

Placebo 26.221.7 23.9 * 1.4 0.14*0.04 0.19 t 0.03
(n= 14) (n= 14) (n=6) (n= 6)

Vitamin E 25.6 k 1.4 70.9 * 6.3t o.I2 * 0.02 0.39 * 0.05$
supplemented (n= 17) (n= 17) (n=5) (n=5)

“.F+SEM.

t+ Significantly different from before-treatment values tp < 0.0001,
$p <0.oo1. ‘

statistical si@tificance was the same regardless of which values
were analyzed. The cumulative score significantly increased in
vitamin E-treated group whereas no change in cumulative
score was observed in the placebo group (Table 3). Seventy-one
percent of the subjeets in the vitamin E-supplemented group
had an irtcrease in their cumulative score, with a mean increase
of 52.8 k 20.0% in the vitamin E-supplemented group, com-
pared with a 3.7 f 3.7% increase in the placebo group. Percent
change in the supplemented group is significantly higher than
that in the placebo group at p = 0.04. The antigen score (total
number of positive responses) was also significantly increased
in the vitamin E-supplemented group (2.5 t 0.38 before vs 3.1
* 0.48 after, p c 0.05) whereas no change was noted in the
placebo group (3.2 t 0.45 before vs 3.3 f 0.42 after placebo).

Table 4 shows the mitogenic response to optimal concentra-
tions (10 mg/L) of Con A. A significant increase in Con A-
stimulated mitogenic response was observed in the vitamin E-
supplemented group. No significant change in response to Con
A was observed in the placebo group. No significant change
was observed in response to PHA or SAC in either placebo or
vitamin E-supplemented group (data not shown).

IL-2 formation in response to Con A was significantly in-
creased in the vitamin E-supplemented group (p < 0.05) (Ta-
ble 5). [n contrast, no significant change-in IL-2 production was
observed in the p[acebo group. Although 29~0 of subjects in the

placebo group showed an increase in IL-2 formation, 649. of
the subjects in the vitamin E-supplemented group had an in-
crease in IL-2 concentration (p <0.0002 by chi-square analy-
sis). The percent change in IL-2 concentration in the vitamin

TABLE 3
Effect of vimmin E supplementation on DTH in ekterly subjects”

Cumulative index

Before After

Group trcatmcnl lrcatmcnt

TABLE 4
Effect of vitamin E supplementation on con A-induced lymphocyte
proliferation by PBMCS from elderly subjects*

Before After
Group treatmenl treatment

ccpnr

Placebo (n= 14) 24478 ~ 2729 21 954? 2908
Vitamin E supplemented

(n= 18) 20551 ~1927 23770 ?2991?

*F? SEM.
‘tSignificantly different from before treatment values, p <0,05

(paired Wilcoxon signed-rank test).

sis). The percent change in IL-2 concentration in the vitamin
E-supplemented group (67 f 24’%)was significantly (p E 0.025)
higher than that in the placebo group (–7 + 20?o). Further-
more, in the vitamin E-supplemented group, a positive corre-
lation (r= 0.50, p = 0.056) was noted between changes in IL-2
concentration and changes in plasma a-tocopherol concentra-
tion. No significant change in endotoxin-stimulated IL- I pro-
duction was observed in either group (data not shown).

No significant change was observed in serum immunoglobu-
lin concentrations in either the placebo or the vitamin E-sup-
plemented group (data not shown).

Table 6 shows PGE2 production by the placebo and vitamin
E-supplemented groups before and after supplementation.
There was no significant change in unstimulated cultures in
either group. However, in the vitamin E-supplemented sub-
jects but not in the placebo group, a highly significant decrease
was observed in PHA-stimulated PGE2 formation (Table 6).
The percent decrease in the vitamin E group was significantly
(p< 0.005) higher than that of the placebo group (Fig 1).

A highly significant decrease in plasma lipid peroxides was
observed in the vitamin E-supplemented group with no sig-
nificant change in placebo group (Table 7).

Discussion

This study represents the first double-blind, placebo-con-
trolled trial of the effect of vitamin E supplementation on the
immune response of healthy elderly individuals. Supplementa-
tion of healthy elderly individuals with 800 mg d/-a-tocophe~l
acetate/d for 30 d significantly improved DTH, an in vivo mea-

TABLE 5
Effect of vitamin E supplementation on Con A-induced IL-2
production by PBMCS from elderlysubjects*

Before Afwr
Group treatmenl Ireatmcnl

Plir,.ctlo ( )1= I3) 16,5f 2.2 16.9~Zl
Vitamin E supplemerr~ed (n = 16) ,4.? ~ 1,9 1s.9 t 3.st

kL7L

Plw-cbo [11= 14) 31.8 *8.3 37.5 * 12.5
Vit~min F?supplcmcntcd ( n = 1S) 35,6 ?9,1 49.6 z 12.6t

* .rt sm.
+ .Signilicdntlj different from before-treatment values p < ().05

(piiircd ~~’ilcoxmrsigned-rank tcs[).
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TABLE(>
EITw[ (~fsltomin 1: supplumcnt:itioll on PGE: formation

b} PB\lCs.ofddcrl> sutIJccK”

Control cultures pH.\.sLim”laled cull UreS

Bciore After Before .Ailer

C,ruup trca:mcn[ lrcatmen[ treslmenl irealmcnl

In Pm[I//L

Plscebo (n = 14) 7,3< 1.6 6.6 t 1.7 8.3* 1.6 8.4 ? 1.6

Vlumln E

supplemented

{n= 18) 7.8 ~ 1.6 7.7 ? 1.6 9.1? 1.6 8.5* 1.5t

w.~f SEM
+ Slgnificantiy diferenl from before-lreatment values. p c 0.0004 (paired SIu-

dent”s t test).

sure ofcell-mediated immunity, and enhanced the in vitro mi-
togenic response to the T-cell mitogen Con A but not to PHA
or the B-cell mitogen SAC. Furthermore, a significant increase
in IL-2 formation in response to Con A was observed after vita-
min E supplementation. The increase in IL-2 concentration
was positively correlated with changes in vitamin concentm-

tion. No effect on IL-1 formation was noted. Decreases in
DTH, mitogenesis to Con A and PHA, and IL-2 production
are well documented in both senescent rodents and older adults
(44-46) whereas changes in B-cell response (47) and IL-1 pro-
duction are equivocal ( 10, 46-48). The results of this clinical
trial closely parallel our earlier studies in aged mice where vita-
min E supplementation significantly improved DTH, mito-
genic response to Con A (but not to PHA), and IL-2 forma-
tion (21).

It is interesting that the majority but not all of the vitamin
E-supplemented subjects showed an enhancement of immune
response. However, the responders showed improvement in all
indices. The quantitative change of the immune indices was
variable in the responders depending on the individual and the
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FIG 1. Effect of vitamin E supplementation on PHA-stimulated
PGE: production by PBMCS of elderly subjects. Each circle denotes
one subject.

T-\BLE 7
EITCC[ of, iusmin E supplcmcntolicln on plasma lipid pero\idc

conctnIrNirm In elderly sutyccls”

Before After
Group lre~tment treatment

“ .T? SEhf.
t Significantly di~erent from before-treatment values. p < 0.00 I

(paired Student’s f test).

type of test. The variability in response could be partly due to
differences in plasma or PBMC concentration of tocopherol
after supplementation. The greatest relative change after vita-
min E supplementation was observed in IL-2 production fol-
lowed by cumulative DTH score and mitogenic response to
Con A. Changes in IL-2 were directly correlated with changes
in plasma vitamin E concentration. The lack ofa larger average
change in Con A and PHA responses might be due to the
greater variability inherent in these assays. In addition to large
interindividual variation, substantial intraindividual differ-
ences were also observed in mitogen-stimulated lymphocyte-
proliferation tests. All in vitro culture assays were performed
in the presence of FBS, a poor source of tocopherol. This me-
dium may diminish the effect of vitamin E during the longer
culture periods used in lymphocyte-proliferation assays rela-
tive to shorter culture periods utilized for the IL-2 assay. In
both our previous animal experiment (2 1) and the present
study, vitamin E supplementation improved Con A- but not
PHA-induced lymphocyte proliferation. This implies specific-
ity of the vitamin E effect because these mitogens stimulate
different T-cell populations.

The immunostimulatory effect of vitamin E might be medi-
ated by decreases in PGEz production and/or decreases in other
Iipid-peroxidation products. PGE2 suppresses lymphocyte pro-
liferation and IL-2 production. Increased PGE2 production
and lipid peroxidation have been found in aged animals (21,
23). Lymphocytes from elderly individuals are also more sensi-
tive to the inhibitory effect of PGE2 (49). Of particular interest
is our observation that PBMCS from healthy elderly subjects
synthesize significantly more PGEzthan do those of young sub-
jects (unpublished observations, 1990). In this study we ob-
semed a significant reduction in PGEz production by PBMCS
and in plasma lipid peroxides (TBAR) of elderly subjects sup
plemented with vitamin E. Because malonaldehyde is pro-
duced as a by-product of arachidonic acid metabolism, the rela-
tive contribution to the reduction in total plasma TBAR by
decreases in arachidonic acid metabolism and decreases in the
formation of other lipid peroxides is not clear.

PGE2 was shown to decrease IL-l production by monocytes
(50). In this study no significant increase in IL-1 production
was observed. However, vitamin E can inhibit the synthesis of
lipoxygenase products (51, 52) including LT Bd, which was
shown to enhance endotoxin-stimulated IL- 1 production (53).

Except for a small but statistically significant increase in
plasma zinc concentration, the status of other nutrients was
unaffected by vitamin E supplementation. Although supple-
mentation of elderly subjects with 440 mg zinc/d (-30 times
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the recommended dietary allowance) was shown to improve
DTH response (54), the increase in plasma zinc concentration
in our subjects was minor ( -570) compared with the threefold
increase in plasma and PBMC a-tocopherol concentrations.
Furthermore, a change in plasma zinc concentration does not
indicate a propofiionate change in the tissue concentration of
the mineral (55). A recent double-blind, placebo-controlled
study by Bogden et al (55) showed no significant effect of zinc
supplementation on immune response of elderly subjects.

In conclusion, our data indicate that short-temt supplemen-
tation of most healthy elderly subjects treated with 800 mg dl-
a-tocopheryl acetate significantly improves several indices of
cell-mediated immunity. In view of the known effects of PGE2
on immune function, it is plausable that the immunostimula-
tory effect of vitamin E is due to a reduction in PGE2 synthesis
and a conco”rnmitant increase in IL-2 production. Epidemio-
logic studies indicate a lower incidence of infectious disease in
elderly subjects with high plasma tocopherol concentrations
(30). Population groups maintaining high plasma tocopherol
concentrations were also noted to possess a lower incidence of
cancer (25, 56). Improved DTH response in hospitalized pa-
tients was shown to decrease sepsis and mortality (57). How-
eVer, Harman and Miller (58) were not able to show a differ-
ence in antibody development against influenza virus vaccine
or the incidence of infectious disease in elderly patients from a
chronic-care facility supplemented with 200 or 400 mg tocoph-
erol/d for I y. Unfortunately, data on the health and nutrition
status, medication use, antibody concentrations, and other per-
tinent indices were not reported so it is difficult to interpret
their findings.

It was demonstrated in young rodents that a higher than
standard intake of tocopherol is necessary to promote optimal
immune responsiveness (59). Although our study suggests that
many elderly individuals might benefit from a supplemen~r-y
intake of vitamin E, such public health recommendations can
on]y be considered after longer-term studies with lower
amounts oftocopherol are completed. This point will be espe-
cially important in determining if the immunostimulatory
effect observed is due to pharmacologic or physiologic effect of
vitamin E. Nevertheless, it is encouraging to note that a single
nutrient supplement can enhance immune responsiveness in
healthy elderly subjects consuming the recommended amounts
of all nutrients. This is especially significant because dietary
intervention represents the most practical approach for delay-
ing or reversing the rate of decline of immune function
v+ith age. E3

We thank the sta~ of the USDA-HNRC Metabolic Research Unit
and Nutritional Evaluation Laboratory for their assistance with this
sludy. We would also like to thank Nadine Sayhon for formulating the
diets. Paul Bizinkauskas and Gary Hendelmwr for their technical assis-
[ancc. and Gerald Dallal for help in smtistical analysis of the data. The
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of our wonderful elderly volunteers
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THE EFFECT OF VITAMIN E AND BETA CAROTENE ON THE INCIDENCE OF LUNG
CANCER AND OTHER CANCERS IN MALE SMOKERS

THE ALPHA-T• COPHEROL, BETA CAROTENE CANCER PREVENTION STUDY GROUP*

Abstract Background. Epidemiologic evidence indi-
cates that diets high in carotenoid-rich fruits and vegeta-
bles, as well as high serum levels of vitamin E (alpha-
tocopherol) and beta carotene, are associated with a
reduced risk of lung cancer.

Methods. We performed a randomized, double-blind,
placebo-controlled primary-prevention trial to determine
whether daily supplementation with alpha-tocopherol,
beta carotene, or both would reduce the incidence of
lung cancer and other cancers. A total of 29,133 male
smokers 50 to 69 years of age from southwestern Fin-
land were randomly assigned to one of four regimens:
alpha-tocopherol (50 mg per day) alone, beta carotene
(20 mg per day) alone, both alpha-tocopherol and beta
carotene, or placebo. Follow-up continued for five to
eight years.

Results. Among the 876 new cases of lung cancer
diagnosed during the trial, no reduction in incidence was
observed among the men who received alpha-tocopherol
(change in incidence as compared with those who did not,
–2 percent; 95 percent confidence interval, – 14 to 12
percent). Unexpectedly, we observed a higher incidence
of lung cancer among the men who received beta caro-

PREVIOUS studies have suggested that higher in-
takes of vitamin E (alpha-tocopherol) and beta

carotene may be associated with a reduced risk of
lung cancer. In particular, epidemiologic studies have
linked the intake of vegetables rich in beta carotene
with a lower risk of cancer (especially lung” cancer)
and have suggested that certain micronutrients are
inhibitors of cancer. 1,2The Alpha-Tocopherol, Beta

Carotene Cancer Prevention Study was a randomized,
double-blind, placebo-controlled primary-prevention
trial undertaken to determine whether supplementa-
tion with alpha-tocopherol, beta carotene, or both
would reduce the incidence of lung cancer in male
smokers. A secondary outcome of interest was the in-
cidence of other cancers. Lung cancer was deemed a

0ss. Olli P. Heinoncn and Dcnwtrius Albanes assume rcsfmnsibllity for the
in!egrity of this manuscript on bchatf of the Alpha-Tocopberol, Beta Carotene

Cancer prevention Study Group. Address reprint rcquess to Dr. Heinonen at the

Nwiond Prab]ic He~th [nstitrne, Mm”erheimintie 166, He]si& FfN~~, ~,n.

land; or to DI. Afbams at the Cancer Prevention Studies Branch, Dkision of
C~er ~ve”tion @ Control, National Cancer bWiN@ Executive Pkw.s N..

Rm. 211, 90CSI Rcckville Pike, Bethesda, MD 20892.

Supported by a contract (NO I-CN-45 165) with the National Cassccr Insfitufc.

“The panicipants in the study group are tisred in the Appmdix.

tene than among those who did not (change in incidence,
18 percent; 95 percent confidence interval, 3 to 36 per-
cent). We found no evidence of an interaction between
alpha-tocopherol and beta carotene with respect to the
incidence of lung cancer. Fewer cases of prostate cancer
were diagnosed among those who received alpha-tocoph-
erol than among those who did not. Beta carotene had
little or no effect on the incidence of cancer other than lung
cancer. Alpha-tocopherol had no apparent effect on total
mortality, although more deaths from hemorrhagic stroke
were observed among the men who received this supple-
ment than among those who did not. Total mortality was
8 percent higher (95 percent confidence interval, 1 to 16
percent) among the participants who received beta caro-
tene than among those who did not, primarily because
there were more deaths from lung cancer and ischemic
heart disease.

Conclusions. We found no reduction in the incidence
of lung cancer among male smokers after five to eight
years of dietary supplementation with alpha-tocopherol or
beta carotene. In fact, this trial raises the possibility that
these supplements may actually have harmful as well as
beneficial effects. (N Engl J Med 1994;330:1 029-35.)

particularly appropriate target for this trial because of
its high incidence, its generally poor prognosis, and
the existence of a well-defined high-risk population
(i.e., smokers).3 In this report we describe the initial
overall results of the study, which was conducted in
Finland as a joint project of the National Public
Health Institute of Finland and the U.S. National
Cancer Institute.

METHODS

Study Design

The rationale, design, and methcds of the study, the characteris-
tics of the participants, and the measures of compliance have been
described in detail elsewherefl Briefly, the participants (n = 29,133)
were male smokers who were 50 through 69 years old at entry; they
were recruited from the total male population of this age group in 14
geographic areas in southwestern Finland (n = 290,406). The par-
ticipants were randomly assigned to one of four srspplcmernarion
regimens: alpha-tocopherol alone (n = 7286), alpha- tocopherol and
beta carotene (n = 7278), beta carotene alone (n = 7282), or pla-
cebo (n = 7287). Thus, a total of’ 14,564 men rcccivcd alpha-
tocopherol, and 14,560 received beta carotene. The daily dose of
alpha-tocopherol was 50 mg and that of beta carotene, 20 mg.
Follow-up continued for 5 to 8 ycara (median, 6.1 ), until death or
April 30, 1993, with a total of 169,751 person-years contributed by
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the sucviving participants. This study was approved by the institu-
tional review boards of the participating institutions, and all sukr-
Jccts provided informed consent before randomization.

Eligibility

Participants were recruited in 1985 through 1988 from tbc rc-

$pondcnrs tO a postal SUCVCY(n = 224,377) who lived in the desig-
nated study region. To bc eligible, they had to bc smokers (five or
more cigarettes per day at entry), 50 to 69 years old, and willing to
give informed written consent. Potential participants with a history
of cancer or serious disease limiting their ability to participate,
those takbsg supplements of vitamin E, vitamin A, or beta carotcnc
in excess of predcfined doses, and those being treated with anticoag-

+ant agents were excluded. Before their enrollment, the partici-
pants were intemicwed at 1 of J4 local study centers to obtain
details of their medical, dietary, smoking, and occupational histo-

1.nes and information about other risk factors for cancer. Each par-
ticipant’s dietary intake of alpha-tocopherol and beta carotene was
estimated from the diet-history questionnaires; levels of alpha-
tocophcrol and beta carotene were measured in serum samples by
high-performance liquid chromatography.6 Participants identified
after randomization as ineligible (n = 113) were equally distributed
among the four intervention groups; they included men with preex-
isting cancer other than nonmclanoma skin cancer (n = 64), men
with lung cancer identified on the base-line chest film (n = 33),
users of vitamin supplements in excess of the study limits (n = 15),
and 1 nonsmoker.

Randomization and Blinding

The participants at each of the 14 study sites were randomly
assigned to onc of the four intervention groups. Treatment assign-
ments were based on a two-by-two factorial design that permitted
assessment of the effects of the two supplements independently.
Thus, half the participants received alpha-tocopherol (n = 14,564)
and half did not (n = 14,569). Similarly, haff received beta car~
tent (n = 14,560) and half did not (n = 14,573). The proportion of
participants who reported yellowing of the skin at any time during
active follow-up was 34 percent in the two groups that received beta
carotene, as compared with 7 percent in the groups given no beta
carotene; persistent yellowing of the sk]n (during two thirds or more
of the follow-up visits) was reported by 8.8 percent of the partici-
pants who reccivcd beta carotene, as compared with 0.3 percent of
those who did not. Parricipan ts and aIl study staff involved in the
ascertainment of cnd points and the assignment of final diagnoses
remained blinded to the participants’ treatment assignments
throughout the trial.

Delivery of Supplements and Assessment of Compliance

The study agents were formulated as synthetic dLalpha-tocoph-
eryl acetate (50 percent powder) and synthetic beta carotene (10
percent water-sohsblc bcadlets); all formulations were colored with
quinolinc :cI1ow. Capsules were packaged in coded blister-pack
wallets in calendar format provided by HoITmann-LaRochc (Bascl,
Switzerland). All participants took a single capsule daily. The par-
ticipants received a new supply of capsules at each of their thrice-
ycarly follow-up visits. Visits began in April 1985 for some partici-
pants and were concluded in April 1993 for all. Compliance was
assessed by counts of the remaining capsules at each visit, by meas-
urcrncrrt of serum alpha-tocophcrol and beta carotene lCVCISafter
three years of supplementation, and by measurements in random
serum samples throughout the study.’

Assessment of End Points

Cases of lung cancer were identified through the Finnish Cancer

Rcgist~.; .All cases knowm lo have been diagnosed up to .April 30,
1993, are included in [his report. To enhance the ascertainment of
cases, a chest film tvas olxainccl aI a study visit el,cry 28 months and
at each participant’s exit from the study. For various rcasmrs, the
final chcsI film WJS not availablr for 494 of thr suwivin~ men.
There were no cfiffrrcnccs mnong IIIC intcrvcnti{m ?roups in the

proportion of exit chest films ni,xilatslc for analysis or m the rcasrrns
.,.h,. “~ film ,,,., = ~hqir,Pd 411 di. wnn. t;c infnvmati,,ll for par}> rmr

of lung cancer was reviewed by the clinical Review Committee for
confirmation and staging. Clinical diagnoses were based on histo-
logic features in 77 percent of the cases. on cytologic analysis alone
in 15 percent, and on cfinical data alone in 8 percent.

Cancers other than lung cancer were also idcntiticd through the
Finnish Cancer Registry, with medical records rcvicwcd by clini-
cians at the central swdy office.

Monitoring of Safety and Efffcacy

Possible side effects of the intcmentions were assessed at each
follow-up visit by mcarrs of a qurxwionnairc covering symptoms and
an intcmiew focusing on illnesses since the most recent visit that had
led to a visit to a doctor or to hospitalization. Information on mor-
bidity unrelated to cancer was also obtained from the Firmisb Na-
tional Hospital Discharge Regist~. Deaths (n = 3570) were idcnt]-
fied from the National Death Registry, a branch of Statistics
Finland. The underlying cause of death was coded by trained nosol-

. .
o~sts using tbe hfsmational (h@dion OJ D.WUJCS,ninth re~,ision
(ICD-9), and reviewed at the study coordinating ccntcq the death
certificate was not available for four parti~ipants. In 91 pcrccnt of
all deaths, the cause was based on the autopsy findings (54 percent),
tbc inpatient dia~osis, or both.

A data and safety monitoring committcc was corrvcned twice
annual] y throughout the study to rc~icw its progress and intcgri [}
and to evaluate unblindcd data relevant to safety and efficacy.

Statistioel Analysis

Analyses of trial results focused on estimating the overall effect
of the two supplements on the incidcncc of cancer and on
mortality duc to cancer or other causes. Analyses were based on
the intention-to-treat principle; that is, follow-up and case ascer-
tainment continued regardless of whether participants continued
in the trial. We tested for an interaction between the effects of
aipha-tocophcrol and beta carotene by means of a proportional-
hazards model.n

Kaplan-Meicr cumulative-incidence plots and two-sided nomi-
nal P values derived from the unwcightcd log-rank statistic8 arc
presented for each intervention separately: alpha-tocophcrol as
compared with no alpha-tocophcrol, and beta carotene as compared
with no beta carotene. The ctTect of intervention is expressed
as the percentage change in the incidence of an end point and
its 95 pcrccnt confidence interval. Computations of confidence in-
tervals were based on the binomial distribution, derived from cw-
ditioning on the number of cases and adjustment of probabili!i(s
for the number of person-years of follow-up in the two com-
parison groups.gg

Tbc preliminary data on cancers other than lung cancer are pre
scnted in the form of counts and rates of incidence according co

intervention group. Two or more of the five primary cancers in a
single participant were counted as separate cases in each catcgov.
but were counted only once within each catcgo~ (even in the catc-
gocy “other cancers”). Thus, the cancer counts are not mutuaili
exchtsivc. Cases of carcinoma in situ of the lung (n = 6) and !Ii..ii-
celi carcinoma of the skin (n = 217) were cxcludcd from the JII.I!, -

sis. Cause-specific data on deaths arc prcsen tcd in the form (II’
counts and mortality rates in mutually exclusive cmrsc-of-death mt-
egories according [o intervention group. The categories arc based m
the fO1lOwing ICD-9 codes: cancer (140 through 208), ischemi(
heart disease (410 through 414), hemorrhagic s[roke (43o throu$ll
432), ischemic stroke (433 through 436 and 438), other cardiovascu-
lar rfiscase(390 through 405,415 through 429,437. and 440 [hroudl
459), injuries and accidents (800 through 999), arrd other C:VW
(001 through 139, 210 through 389, and 460 through 799). {j;;]’
cm.es in which cmrccr was the underlying cause of droll! u [:,” ‘;;-
chsded among the deaths duc to c~ncer.

RESULTS

Characteristics of the Participants

At study entry, the men in the cohort at’erag~(l 5~2
years of age, smoked an average of 20.4 cig:lr~’[1”~

dailv. and had smoked for an average of S5.9 YII!”’
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rc were no differences among the intervention
ps with respect [o any characteristic or risk factor
.]ng cancer that we evaluated at base line (Table
r during follow-up, escep[ those directly related to
cementation. A total of6131 participants stopped
king during the trial; the numbers who quit in the
ous intemention groups differed by less than 26.
iiarly, 9061 participants left the study for any rei-
ncluding death; the groups differed in the num-

of such dropouts by less than 37.

g Cancer and Base-Line Alpha-locopherol and Beta
~rotene Levels

then the placebo group was divided according to
rtiles with regard to the base-line serum alpha-
]pherol or beta carotene concentration, the inci-
ce of lung cancer was higher among the subjects
he lowest quartile group than among those in the
lest (incidence per 10,000 person-years, lowest
highest quartile group: alpha-tocopherol, 56.8
41 .8; beta carotene, 53.3 vs. 43.1). There was,
.eover, an inverse association between dietary
ke of alpha-tocopherol and beta carotene at base

and the risk of lung cancer during the trial
idence per 10,000 person-years, lowest vs. high-

alpha- tocopherol, 61.4 vs. 40.6; beta carotene,
J vs. 39.9).

Ipliance

ompliance, estimated on the basis of residual-cap-
counts, was excellent, with four out of five active

.icipants taking more than 95 percent of their cap-
s. In addition, there were no differences in capsule
jumption among the intervention groups (median
entage of capsules taken, 99.0 percent in each).
:icipants receiving active treatment accounted for
,ercent of the total follow-up, whereas the remain-
14 percent was contributed by men who died or
)ped out and therefore did not consume capsules.
lpliance with intervention was confirmed by the
tantial increases in serum alpha-tocopherol and

carotene concentrations in the groups receiving
ictive agents, whereas the levels changed little in
e who did not receive the agents (Table 2).

ence of Lung Cancer and Mortality

total of 876 newly diagnosed cases of lung cancer
564 deaths due to lung cancer were identified in
.ntire cohort. There was t-mevidence of an interac-
between the two supplements in their effect on
cancer (incidence per 10,000 person-years: al-

tocopherol alone, 47.3; alpha- tocopherol and
carotene, 55.3; beta carotene alone, 57.2; and

ebo, 47.7; likelihood-ratio test for interaction: chi-
.re = 0.04, P = 0.84). Our findings regarding the
ience of lung cancer and mortality from that dis-
according to intervention are shown in Figures 1,
]d 3. For alpha-tocopherol recipients, the small
ction in incidence (2 percent) during the entire
was not statistically significant (P = 0.8 by the
ilnk test). Among the men who received beta

Table 1. Median Base-Line Characteristics of the Participants,
According to Whether They Recewed Alpha-Tocopherol

and Beta Carotene. *

.ALPHA- S0 ALPt,,. BF1. ,\IJ BE,,

CHARACTERISTIC TCCOPNEROL TWOPI+EROL C .ROTEXE C .ROTE.E

No. of subjects 14,564 14,569 14,560 14.573
Age (yr) 57.2 57.1 57.3 57 0

Cigarctcessmoketiday 20 20 20 20

Yam of smoking 36 36 37 36

Serum cholesterol (mmol) 6,2 62 6,2 62

Bcdy-mass indcxt 26.0 25.9 26.0 26.0

Total energy intake (kcWday) 2.725 2.715 2,717 ?,722

Total fat intake (g/day) 117.7 116.9 117.4 I 17.2

Alcohol intake (#day) 11.1 10.9 109 11 I

●This wasa [wo-by-nvostudy, witha totalof 29, 133pamc]pants The numbcrcWMIdata on
the di~-intake variables are as follows. alpha-tocophcml, 13,536 no alpha-uxopherol,
13,57$ Ma carotene 13.521: znd no Ma canxenc. 13.590

Whe weight in kilograms diwdcd by the cquarcor the height m maers

carotene, an excess cumulative incidence of lung can-
cer was obsemed after 18 months and increased pro-
gressively thereafter, resulting in an 18 percent differ-
ence in incidence by the end of the study (95 percent
confidence interval, 3 to 36 percent; P = 0.01) be-
tween the participants who received beta carotene and
those who did not. The results were essentially identi-
cal when the analysis was restricted to men who had
no yellowing of the skin or to those with lung cancers
detected radiographically during the study. Mortality
due to lung cancer was also apparently higher in the
groups that received beta carotene than in those that
did not (P = 0.08). No difference associated with the
presence or absence of beta carotene supplementation
was observed in the case fatality rate or in the length
of time from diagnosis to death.

The six cases of carcinoma in situ that were ex-
cluded from these analyses were distributed as follows:
three each among participants who received alpha-
tocopherol and those who did not, and two cases
among participants who received beta carotene and
four among those who did not. There was one new

Table 2. Serum Concentrations of Alpha-Tocopherol and Beta
Carotene before and after Supplementation, According

to Intervention. *

No. OF Zom 8(JTH
INDEX AND GROW sUL!7E~5 MEDIAh PERCENTILE PERCEVT;LE

mdlt~ranu per fiwr

Atpha-tocopherol level

AI base line

Alpha-tocopheml 14,472 11.5 9.3 14.2

No alpha-mcopherol 14,469 11.4 9.3 14.1

At fhmc years

Alpha-tocopheml 11,332 17.3 14.3 21.1

No dpha-tocopheml 11,258 t2.4 10.2 15.1

Stern carotene level

At base line

Beta carotene 14,460 0.17 0.10 0.29
NObeta carotene 14,460 0.17 0.10 o,~9

AI three yCaIS

Beta carotene I I .276 3.0 1.6 4.5

No beta carotene 11,314 0.18 0.10 0.30

WTOcmwen values fm rdpha.mcophcmlm millimoks pm liter. muluply by 2.322 TrI
conver! values for beta camtcne to milhmoles per liter, muhtply by I 863

I
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case of lung cancer among the 113 participants ex-
cluded after randomization; the man was assigned to
receive alpha-tocopherol.

Other Cancers

A total of 1415 first cancers other than lung cancer
were identified in 1331 subjects during the trial (basal-
cell carcinoma of the skin was excluded, as were sec-
ond cancers at a given site). Figure 2 shows the num-
ber of first cancers and their incidence, according to
intervention group, at the five most common sites
and at all other sites combined. The participants

..who received alpha-tocopherol had fewer cancers of
the prostate and colorectum than those who did not
receive alpha-tocopherol, whereas more cancers of

‘ the bladder, stomach, and other sites combined were
diagnosed in the participants who received this sup-
plement. The participants who received beta carotene
had more cancers of the prostate and stomach and
fewer cases of other cancers than those who did
not receive beta carotene. There were two cancers
other than lung cancer (melanoma and astrocytoma)
among the participants who were excluded after
randomization.

Mortality

Altogether, 3.570 deaths occurred during the trial.
Among participants receiving alpha-tocopherol, there
were fewer deaths caused by ischemic heart disease
and ischemic stroke than there were among those who
did not receive alpha-tocopherol, but more deaths due
to cancers other than lung cancer or due to hemor-
rhagic stroke (Fig. 3). Overall mortality was 2 percent
higher in the alpha-tocopherol groups than in the
groups that received no alpha-tocopherol (95 percent
confidence interval, -5 to 9 percent; P = 0.6). There
were more deaths due to lung cancer, ischemic heart
disease, and ischemic and hemorrhagic stroke among
recipients of beta carotene (Fig. 3), Overall mortality
was 8 percent higher among the participants who re-
ceived beta carotene than among those not given beta
carotene (95 percent confidence interval, 1 to 16 per-
cent; P = 0.02).

DISCUSSION

Our results provide no evidence of a beneficial effect
of supplemental vitamin E (alpha-tocopherol) or beta
carotene in terms of the prevention of lung cancer. In
fact, men who received beta carotene were found to
have lung cancer more frequently than those who did
not receive beta carotene. These results are sufficiently
strong that it is highly unlikely that 20 mg of beta
carotene per day confers any material protective effect
against lung cancer among smokers over a period of
about six years.

The lack of reduction in the incidence of lung can-
crr among themrm given supplemental beta carotene
may bc explained hy bias, an inadequate duration of
supplcmcntaticm, the usc of the wrong dose, or an
inappropriate study population. Bias can ix discount-

I
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Figure 1, Kapian-Meier Curves for the Cumulative incidence of
Lung Cancer among Participants Who Received Alpha-Tocoph-
eroi Supplements and Those Who Did Not (Upper Panel) and
among Participants Who Received Beta Carotene Supplements

and Those Who Did Not (Lower Panel).

Data are shown only through 7% years of follow-up because of
the small numbers of participants beyond that time,

ed, since the intervention groups were balanced in
terms of all the relevant characteristics we s[udied.
The study population was large, and case ascertain-
ment was essentially complete. In addition, the men in
the various intervention groups sought treatment at
virtually the same time for lung cancer, as measured
by the length of time from diagnosis to death. and
even for such minor problems as yellowing of the skin,
Moreover, analyses of the incidence of lung cancer
that were restricted to participants who did not report
yellowing of the skin or to cases diagnosed on the chest
flm obtained at the study examination yielded results
similar to those for the entire cohort; this similarity of
results essentially rules out bias caused by self-selec- “
tion or by differences in diagnostic procedures.

It is plausible that the intervention period~fas[LX)
short to inhibit the development of cancers resultiiig
from a lifetime of exposure to cigarette snloke and
other carcinogens. Beta carotene ma}>not bc the active
cancer-inhibiting component of the fruits and \cgtta-

bles identified as protective in observational studies,
or the intake of beta carotene ma} bc Otliy a nonspecif-
ic marker for lifestyles that protect against cancer.
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Figure 2. Number and Incidence (per 10,000 Person-Years) of
Cancers, According to Site, among Participants Who Received
Alpha-Tocopherol Supplements and Those Who Did Not (Upper
Panel) and among Participants Who Received Beta Carotene

Supplements and Those Who Did Not (Lower Panel).

.Wthough it is conceivable that the dose we used was
too low, this seems unlikely, since that dose exceed-
ed by many times the dietary intake of beta carotene
in epidemiologic studies that found a strong inverse
association between the consumption of carotene-
rich foods and the incidence of lung cancer. ‘~)1 Fi-
nally, study findings regarded as showing supplemen-
tation to be beneficial or harmful may occur by
chance,

The lack of benefit of beta carotene is particularly
surprising given the substantial and consistent epide-
miologic evidence of an association between a higher
beta carotene intake and a lower incidence of lung
cancer, ]‘“15including the results of the cohort-based
analysis in this study. Furthermore, a recent large trial
in China found a significant reduction in mortality due
[o cancer among persons whose diets were supple-
mented daily with the combination of beta carotene
(15 mg), alpha-tocopherol (30 mg), and selenium (50
Pg) for 5 YJ years. ‘b

\Ve also observed no beneficial effect of alpha-
tocopherol on the incidence of lung cancer or on mor-
tality due to this disease. At the start of the trial, the

a priori evidence that alpha-tocopherol prevented

lu~lg cuncer \ras less substantial than that for beta
carotene, and since then little additional evidence has
been accumulated.’;”lg Possible explanations for the
lack of effect are similar to those for beta carotene,
although the relatively low dose and the short dura-
tion of supplementation merit greater consideration
in the case of alpha-tocopherol. Furthermore, we
observed no interaction between alpha-tocopherol and
beta carotene in their effect on the incidence of
lung cancer.

The apparently protective effect of alpha-tocopher-
01 against prostate cancer and, to a lesser extent,
against colorectal cancer is intriguing. Although there
was little or no evidence linking alpha-tocopherol
to the incidence of cancers at either of these sites
when the trial started, limited observational data
consistent with these findings have now been pub-
lished.20-2~Although these results are suggestive, many
comparisons with these two agents were made in these
analyses, increasing the possibility that some of
the apparent benefits may have occurred by chance
alone. Additional data from the continued follow-up
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Figure 3. Deaths and Mofiality Rates (per 10,000 Person-Years),
According to Cause of Death, among Participants Who Received
Aipha-Tocopherol Supplements and Those Who Did Not (Upper
Panel) and among Participants Who Received Beta Carotene

Supplements and Those Who Did Not (Lower Panel).

The cause of death was unknown for four participants.
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of the participants in this and other intervention
studies are needed before conclusions can be drawn
about the role of alpha-tocopherol in preventing
these cancers.

Our results raise the possibility that supplementa-
tion with beta carotene may be harmful in smokers.
The higher mortality due to ischemic heart disease
and lung cancer among the beta carotene recipients
requires more detailed analysis, and information from
other studies is also needed. We are aware of no
other data at this time, however, that suggest harmful
effects of beta carotene, whereas there are data indi-
cating benefit. “’23Furthermore, there are no known or
described mechanisms of toxic effects of beta caro-
tene, no data from studies in animals suggesting beta
carotene toxicity, and no evidence of serious toxic
effects of this substance in humans. 2+ In the light of
all the data available, an adverse effect of beta caro-
tene seems unlikely; in spite of its formal statis-
tical significance, therefore, this finding may well be
due to chance.

The higher mortality due to hemorrhagic stroke
among the participants receiving alpha-tocopherol
also requires careful review. Alpha-tocopherol has ef-
fects on platelet function 25,26that could conceivably

underlie this observation.
In summary, we found no overall reduction in the

incidence of lung cancer or in mortality due to this
disease among male smokers who received dietary
supplementation with alpha-tocopherol, beta caro-
tene, or both in this large trial in Finland. The results
of this study raise the possibility that these substances
may have harmful as well as beneficial effects. Longer
observation of the participants in this trial and data
from other studies of people at normal riskz”za or high
riskm for cancer will be required to determine the full
spectrum of effects of !hese agents. Public health rec-
ommendations about supplementation with these mi-
cronutrients would be premature at this time.

APPENDIX

The participants in the Alpha-Tocopherol. Beta Carotene Cancer
Prevention Study Group were as follows: Prirrcifxdirrwdiguton —
O.P. Heinonen and J.K. Huttuncn, National Public Health Insti-
tute, Helsinki, Finland, and D. Albanes, National Cancer Institute,
Bethesda, Md.; .ferrior irstwtigdor~ — J. Haapakoski, J. Palmgrcn,
P. Pietinen,J. Pikkarainen, hf. Rautalahti, and J. Virtamo, Nation-
al Public Health Institute, and B. Ii. Edwards, P. Grcenwald,
A.M. Hartman, and P.R. Taylor, National Cancer Institute; lrrrmti-
ga/or~—J. Haukka, P. Jiminen, N, Malila, and S. Rapola, National
Public Health Institute; Data marragemenf— P. Jokinen, A. Karja-
lainen, J. Lauronen, J. Mutikainen, M. Sarjakoski, A. Suorsa,
M. Tiainen, and M. Verkasalo, National Public Health Institute,
and M. Barrett, Information Management Seniccs, Silver Spring,
Md.; L40mtov measwemmh — G. Alfthan, C. Ehnholm, C.G. Gref,
and J. Sundvall, National Public Health Institute; Nufri/ioni.rh —
E. Haapa, M.L. ovaskaincn, hf. Palva-.+lhola, and E. Roos, , a-

— E. Pukkala ~ndtional Public Health Institute; Cancer Rcgi~fEl

L. Teppo, Finnish Cancer Registry, Helsinki; Dafa and Sa~e~Y ,lioni-

foring Commiffec — H. Fcick (chairman), Ursiversiry of Helsinki,
Helsinki, A. Pm.ternack, University of Tampere. Tampere, Fin-
land, B.\\’. Brown, Jr., Stanford University. Palo Alto, Calif., and

D.L. DcMets, University of \Visconsin, \fadison: CoI/ubora:ing }m~-
pifrrh in Finland — Coordinators: K. Kokkola, Xational Public

HeaIth Institute, and E. Tala, Turku University Central Hospita],
Paimio; H2rm2 Hospital, Alah~rmh: E. Aalto, V. Maenpia,
and L. Tlenhaara; Kanta-Himc Central Hospital, Hameenlinna:
M. Jar-vinen, I. Kuuliala, L. Linko, and E. Mikkola; Keski-Suomi
Central Hospital, JyvMkylii: J. Nyrhinen, A. Ronkanen, and
A. VuorelA Kiljava Hospital, Nurrnijbi: S. Koskinen, P. Lohcla,
and T. Viljanen; Kotka Health Center Hospital: K. Godenhjelm,
T. Kallio, and M. Kaakinen; Kymenlaak.so Central Hospital,
Kotka: M. Havu, P. Klmes, and K. Taubert; Laakso Hospital,
Helsinki: H. Alkio, R. Koskinen, K. Laine, K. MNtitalo, S. Rastas,
and P. Tani; Meltola HospitaI, Karjaa: M. Nicmist5, T.L. Seller-
gren, and C. Aik5.s; Pomm Regional Hospital, Poswoo: P.S. Pek-
kanen and R. Tatwal% P2ijit-Hame Central Hospital, Lahti:
K, Alanko, K. M2kipaja, and S. Vaara; Satalinna Hospital, Harja-
valta: H. Siuko and V. Tuomincn; Sein5joki Central Hospital, Sci-
najoki: L. Ala-Ketola, A. Haapanen, M. Havcri, L. Keski-Nisula,
E. Kokko, M. Koskenkaci, P. Linden, A. Nucmenniemi, R. Ra-
nincn, T. Raudaskoski, S.K. Toivakka, and H. Vierola; Tampere
Health Center Hospital, Tampcrc: S. KyrfMrpalo-Kauppinen and
E. Schoultz; Tamperc University Hospital: M. Jaakkola, E. Leh-
titsen, K. Rautaseppa, and Nf. Saacikoski; and Turku Univcrsi[y
Central Hospital, Turku: K. Liippo and K. Rcunanen; (Yirubd Rr-
view Comrrrittre— Lung cancc~ K. Liippo and E.R. Salomaa, Turku
University Central Hospital, and J. Virtamo? National Public
Health Institute; random sukgmatp review of lung cancer: D. Et-
tinger. Johns Hopkins University, Bakimorc; Genirounnary and
gastrointestinal cancers: P. Hietanen, H. Macnp5a, and L. Tee-
renhovi, Helsinki U niveraicy Central Hospital; and random sub-
group review of gcrtitourinaq cancers: G. Prout, Hatvard Medi-
cal School, Boston; R@rolo.g RrujewCommittzr— Lung cancer:
L. Teppo, Finnish Cancer Registry, E. Taskinen, University of
Helsinki, and F. Askln and Y. ,Erozan, Johns Hopkins University;
Genitourinary cancers: S. Nordling and M. Vimlainen, University
of HeIsinki, and L. Koss, Montefiore Medical Center, Bronx, N. Y.;
Gastrointestinal cancers: P. Sipponcn, Jorvi Hospital, Espoo, and
K. Lewin, University of California at Los Angeles; Other cancers:
K. Franss.iIa and P. K5rkkiincn, University of Helsinki; FomLcmrrpo-
sition rewarch — M, Heinoncn, L. Hyv6rtm, P. Koivistoinen,
V. Ollilainen, V. Piironen, and P. Varo, University of Helsinki; and
Cap+rukdcud+merrt and distribution — W. Bilhuber, R. Salkeld,
W, Schalch, and R. Speiser, Hoffmann-LaRoche, Basel, Swit-
zerland.
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Dietary Antioxidant and the Risk of Lung Cancer

P$ul Knekt.’sRitva Jarvinen?s Riwa Seppmsn.’ Ala fl!~,’ Arpo Arorrw’
CM P. HeInOnan,2 Defnamus AIbanes,’ Manna Hemonan,’ Eero PukkaIa,* and
Lyfy TePPOc

me ralatii between the rntake of mtinoids, oarotmoicts, vitamin E, vitamin C, and
Sebniunl and the subsequent M of lung ~ was studied anlmg 4,s3a maily
oanaK-frae Finnish men qxf 2049 Pam. CMng 8 @OWUP of 20 years beginning m
19S6-1972, 117 lurrq -r cases were diagnowd. Invwae gradients were observed
twtween the intake of cuotenokk vitamin E,andWarninCendUw”Xw@19weof lung
Ganararnmg nonsmokem, for wttorn the apad@Dd rsAative risks of lung ~noH m

ma lowest t- of k’We u3TIwad witfI that in fh highest t- we 2.5 (p vatue
forWand= 0.04),3.1 (p - 0.12).and 3.1 (p< 0.01) for the three htakes. respectwsly.
Mjusbnent for va-s potential confounding factors dii not mateWy alter the rasults,
andthaassocAsW$ dicfnotmtoh cfuetopad-~.lnwtiti-.
&Wmwssaninver$a aasuSaum batween rntakeofmSrg@W and fruiiandnakof
~w~. ~-hensk of~~fmti-t~~m~~t
tertib of msrgarlna intake was 4.0 (p < 0.001), end that for ftuits was 1.8 (p = QDl).
These ssaocxations ~sted sttefr adjustment fw the nt&onuUiaW intakes and wwe .
stronger among nonsmokers. lW resufts suggestthatcarotms, vftamin E. and
vitamm C may be protective against lung oancar amng nmsrnok~. Food ~S
m in these micronuments may afso have othef ocmsmuents ~ i@epmdm t protac-
tive effects against lung cancar. Am J Epkfenriol1991 ;134:471 -9.

diet; bngitudhcd studies: w noc@iaams; eakmiurn; viwnin A; vharnin C; vitamm E

h has been hypothesize Lhal vitamin A
has anticanmr effects by controlling cellular
diffcrmniation and growh and thal its pR-
cunor bctaarotene, vitamm C, vitamin E.
and seknium have anticancer efks bc-
caux of their antioxidant and other prop
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ertics ( 1, 2). Some, bu~ not all, cpidcmiolo@c
studies on the association between tkc xni-
cronutrients and the occutnna ofhmg can-
cer SR in line With these hypotk$= (2-7).

The most reliable evidena of an aswcia-
tion bcw~n these micronutricnts and can-
cer comes from cobo~ studies. In addiuon,
these have given ccmflicing results. Most
cobon studies on the intake of carotene or
of foodstuffs rich in carotene as well as fol-
1OW-UP studks based on *lating bcts-
arotenc kvels suppon the hypothesis that
carotene promas again~ lung =n=r (7). In
CQntra% most studies Mu! either on di-
etzq intakes or on semm tttinol levels have
ttportcd no proteaive cfkt for rmino] (4).

Them is miativcly little information tkm
~hOn smdks on the tiation tin

lung canar and vitamins C and E and sck-
nium. The findings conctming the rdat.ron
bcnwn vitamin C and lung GXKSr arc in-
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consistent. An invcmc association between
the occurnmct of lung cancer and the intake
of either vitamin C or fruits rich in Vitamin
C has been reported in some, but not all,
studies (5). The tesults of cohon studies on
vitamin E and lung cancer tisk arc also
somewhat discttpant. A significant protec-
tive effect of vitamin E against lung =ncer
was found in one of the scntm studies, but
other studies have shown only weak or no
associations (6). Similarly, studies based on
P-tic serum selenium simpks have
rcpotled a significant inwrsc association, a
nonsignificant inverse ascciation, or a non-
significant positive association (4).

Some of the studies concerning intakm of
various micronutrients and lung cancer arc
based on food frequency questionnaires
which only pa.nially cover the total diet of
the subjects. For examination of the relative
impcmances of micronuttients and their
main food sources, however, comprehensive
dietary intake &ta art needed. Using dietary
inuke &ta Ixased on dietag histo~ inter-
tim we studied the-simultaneous relation
bctwan dietary intakes of major WOI-
cnoi&, rctinoids, vitamin C, vitamin E. and
selenium, and that of the major fbod sources
of these micronttttients and the subsquent
development of lung cancer in a cohort of
Finnish men followed up for 20 years.

MATERIALS AND ME7HODS

- During 1966-1972, the Mobile Health
finic of the ScciaI Insurana institution
-cd out multiphasic screening examina-
tions in several regions of Finland (8). Al-
together, 62.440 men and women aged 15
years or older were invited to take part in

the stud~ the participation rate was 82.5
percent. As pan of the main study, dietary
histories were obta,incd from a random sub
sample of I0,054 participants (9, 1O). This
study coven the 4,538 men aged 20-69 years
from whom die- histories wem obtained
and who had never had caccr.

Food consumption was estimated at the
txsciine examination by the dietap histoty
method covering the total habitual diet of

the subjects during the previous year (9. 1I).
The amounts of rclinoids. Carownoids. and
various tocopherol and tocotncnol com-
pounds and the content of selenium in the
diet, were based on analyses of Finnish foods
( 12-15). The vitamin’E activities of different
tocopherols and tocotnenols in idpha-
mcophcrol quivalents were estimated by
using the factors in the paper by Mcbughlin
and Wcinrauch (16). The intake of pre-
formed vitamin A and the vitamin A activil}
of different provitamin A =rotenoids were
calculated in ret.inol equivalents according
to the Food and Nutrition Board (17). The
vitamin C contem and that of other nu-
trients in food items were derived from sm.
em.1sources, mainly from intematiomd foot
composition tables. Energy intake was al

culatcd on the basis of the amounts of pro
tein, fat. and available carbohydrate con
sumcd. The nutrient intakes repmscn
amounts in raw foodstuffs. Bccausc few me:
(1.4 pmccnt) used vitamin supplements. thI
association with lung cancer could nol t
studied.

In this cohort, vegetables provided on a’
eragc 70 percent and dairy produas 26 PC
cent of dietary carotenoids (i.e., protitami
A carotenoids). Daiv products and liw
supplied the largest proportions of retinoi(
(i.e., preformed vi~min A). M* avcm,
proportions of 53 and 35 percent. rcqx
tively, C)n average, 33 ~rcent of vitamin
was derived from potatoes.. 36 percent fro
fruits and bmies, 18 percent from vcge’
blcs, and 12 percent from dai~ produc
Cereals provided 32 percent of the die~
vitamin E. dairy products provided 20 p

cent, and margarine provided 13 pcrct
On average, 85 pcrmnt of the selenium v
supplied by animal produm (i.e., m
products, fish, eggs, and dairy produm), a
12 percent by arcds.

The short- and long-term rcpcatabti
of the daily consumption of the pen.in
foodstuffs and micronutien~ were c
mated by rcpting the dietary interview
8 months and 4-7 y- after the in]
intm’iews. Ovemll, the Shon-tem rcp
ability was high, with the intmcl= cmrr
tion coefficient (r) mnging from 0.47 to [

,.
. . .._
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for the food groups and, with one exception,
from 0.53 to 0.78 for the nutrients. The
tq@abi.lity of rctinoid intake was low (r =

O.16), mainly as a result of the low mpcata-
bility of liver intake. ~e coefkient of ]ong-
tcrm rcpc.atabiSity, with one exception,
tanged from 0.28 to 0.55 for the food groups
and horn 0.29 to 0.58 for the nutrients.
Although the shofl-tertn redatability of
m~ne intake was high (r = 0.83), the
long-term repeatabil.it y was very low (r =
O.IO), mainly because of a tapid incrcasc in
margarine usc in Finland during the follow-
Up.

All pmicipants campletcd a prcmailcd
qucstionnain checked at the baseline ex-
amination. The questionnaire yielded infor-
mation about rcsidcncc, social class, occu-
pation, use of drugs (e.g., vitamin supple-
ments), and smoking The classification of
scxial class was made on the basis of occu-
pational esteem (18). Subjects were clasifmd

according to smoking status as never smok-
ers, ex-smokers, and current smokets. The
two limt claws were a.b combined to form
a class of nonsmokem. Body height and
weight were measured at the badine ex-
amination, and the body mass index (weight
O@/height (m2)) was calculated.

1~.. WCsl pio~rtions of rctinoids

I
Information concaling subsequent can-:+

2 Id ~~min A), ~th average ox incidena, available through the nation-
~f 53 and 35 &cenL RW&-

9
;-,..,.

A“,,,

-.33 pcn+m of vitamin C
kom potatoes. 36 pxccm from
tics. 18 pc~nt from vcgeta-
Eant from dairy products.

idcd 32 pc~nt of the dietary
W products provided 20 pcr-
Wnne provided 13 percent.
85 ~rmnt of the ~ienlum w=
animal products (i.e., meat

1.~. and dairy products), and
! atis.
- and long-term mpcatabilities
consumption of the pcrtinenl
nd , onutnents were csli-
~ting the dietary interviews 4-
nd 4-7 V- after the initial
3Wa11. the sbon-term rcpcal-
‘idl with the inuaclass corrcla-
“fu(r) mn@ng from 0.47 to 0.83

-wide Finnish Canar Registry (19), was
linked to the dimq data in order to smdy
the association bc~cen the intake of various
tnicrcmutrients and the incidena of lung
mnar. During the 20-year follow-up period
1967-1986, 117 lung cancu cases (lnrerna-
tional C1assiJcarion ofDiseases, Seventh Re-
vision, c-odes 162- 163) (20) were diagnosed,
inciuding I8 small alJ arcinom~ 41 squa-
mous cell carcinomas, I 1 adenocarcinomas,
and 47 other carcinomas.

The age-adjusted m-n ICVCIS of several
descriptive and potential cotiounding fac-
tors among cancm cases and nottcascs were
estimated using the geneml linear model
(21). The COx proportional hazards model
was used to estimate the asxiation bctwczn
the dietary factors and risk of lung mar
adjusting for agc and other possible am-
founding factom (22). Relative risks were

I

computed for tertilcs of intake by using the
lowest textile as the reference category. Sta-
tistical significanccs were tested by using the
likelihood ratio test bawd on Cox models.
The repeatability of the reported intake of
micronutrients and foods was estimated
with the intmclass cotmiat.ion cocfflcien’
(23).

RESULTS

The baseline characteristics of lung cana
cases and noncascs arc prcscmed in table 1
Men who subsequently devclo@ lung car
ar were older, thinner, mom often am-m
smokem, and from lower social cl- I&
the other men.

The man daily intake of energy and di
fcrcnt food items at the baseline among su:
sequent lung canar cases and noncascs, a
justed for age, is shown in table 2. Amo~
the cases, the intake of energy was high(
but the intakes of vegetables, fruits and lx
ris and margarine WCRlower. In additic
the mean daily intakes of various car.
enoids were lower, but the intake of ret.ino
was higher among the cases than among:
controls (table 3). Them was a signk
inverse gradient bcnvccn the age-adjus
daily intake of tits and margarine and
incidcna of lung cancs~ the relative E
bctwccn the 10WCSIand highest tcni.lcs
intake of these focds were 1.8 (p value
trend = 0.01) and 4.0 (p < 0.001), m?
lively. Adjustment for smoking did not

tcrially alter the rmdts. The micronutri
pr=nti only nonsiticant associat
with lung cancer risk.

The pos.iblc m@ng eff~ of
smoking social class, and energy or fa
take on the relation &tween micronur
intake and occurrena of lung canar
also studied. Rtc strongest interaction
obsem!d with respect to smoking ?’%c
adjusted relative risk of lung cancer bet
tertiics of intake of carotenoib, Vitim
and vitamin C showc.dan inverse associ
among nonsmokers+ but no~ among sm
(table 4). Adjustment for several pot
cxmfounding factom (ge~Ptic Q
class, Ix!y mas index, heigh~ and ~
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TA8U 2 ~adlumod mom (* 8tanderd
~)datty lrnakaofenqy mdvarioustuodx
*aeeeendmm—ee:mcsmef~
baow-lQofmemfwMwwm
Siww. W67-W66

Fe @/my) -
(1!- 117) (n - 4.421)

Efu&(wdaY) 3,093 z 1.016 3,W0 * 925
334*162 335 i 147

Potatoes 262 * 149 275 % 141
vq8taM!8 94*71 103273

47*36 46236
Ywwm 32%36 S*4O

fnmsti~ 120s64 144*117

- Fntta 71*66 92%%
14217 14 * 19
5*O 8*14

mw~ 1,1652574 1.0622467
912*659 w * 471

62*31 64*3 I
Mealwldmwt~ 169*123 176= 112

m 4*8 4*6
Fmh 43*52 39249
Ems S*27 37%32

and fat intakes) did not materially change
the results. When the untxr cases diagnosed
during the first 2 years of follow-up we=
excluded from the anal- the results were
not notably altered. The relative risk of can-
-r ●mong nonsmokem in the IOWCSItenik
of intake com~ with that in the highest

was 2.0 (95 pcnznt cotilden~ intcwal (
0.5-7.7) for carotcnoids, 2.6 (95 pcment
0.7-9. 1) for vitamin E, and 2.7 (95 ~
Cl 0.7-10.0) for tiuin C.

Few other intmctions were oh

Tberc was an interaction between vim

C intake and age in tbal tbe dative risk

lung cancer between the 10WCSIand higl
tics of intake was 1.8 (95 pcrant Cl C
3.7) among men under age 50 y- and
among tbc older men. Them was *
suggestive nonsignificant interaction
twan intakes of energy and micronutrie
The relauve risk of lung cancer between
and high intakes of varioux micronurn(
nmgcd horn 1.6 to 2.4 in the lowest tm
and from 0.5 to 0.7 in the highcs tmih
energy intake.

ka~ scvcml oftbe mxh.d micrmw
ems had common dietary sources and t
related intaka with the amdation ax

aents mnging fim 0.14 to 0.58, the *
ciation bcrwan each micronutrient i
lung cancer was also examined aftrr adj
mcnt for intakes of tbe other micronurne
This additional adjustment did not da
the remits appreciably, suggesting indq
dent efkts of arotcnoids vitamin ~ ;
vitamin C on lung mar tik among E
smokm. The age-adjusted dative rid
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r- and 2.7 (95 pcram
4. .0 c.
aclions wcm obscmcd.
don bctwan vitamin
I that the relative xisk of
Hthe lowest and highest
s 1.8 (95 percent CI 0.9-
ldcr age 50 ycan and 1.0
men. Them was also a
ticant int.ctaction bc-
ugy and mimom,uncnts.
lung cancer between low
f various micronuuients
12.4 in the lowest tenile
?i,athchigh**eof

flhc studied micronuti-
dietiuy sou~ and mr-
11the C4xdat.iot) u#fi-
I 0.14 to 0.58, the s
ad micronutrient and
0 examined af!~ adjust-
thc other micronutrimu
~ent did not cktgc
hly, su~ng ind~-
*noids, vitamin E and

%= tik among nom
.JUstC(j d,MiVC A of

I
I
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Tow ~ AM) (RE~ 1.626* 1.515 1,667*965
~ W (W 1.671i 1,463 1,395*M5
~ W (W 255z 257 292 z 301
MHar’otms (*J t,4al* 1,466 1.697* 1.737
~ (w) 51:96 66=116
~ (#@ 39s46 40250
L~ (E9) 6M*650 718 * 695
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0.7 * 0.3 0.7304
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-~ {m) 0420.7 0.6 z 1.3

~ c (m) 81*36 33*36
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TABLE4. AgHd@dmi@ v06sk*ofkmgoonoof botwoon—ofhmkaof~~
by ellwklng rows: m anaf ktddena foifow-up of Um FhrMh M C&w Marul aunvy, lDs7-laa

~- (n - 2.121)
1.0 1.0 1.0 1.0 1.0
140 3.60 1.W 2.36 1.13

-t 1,47 2.54 3.06 3.11 1.Q3

p v- (m 0.72 0.04 0.12 4.01 0.63
Smkus(n=2.417)

~ 1.0 1.0 1.0 1.0 1.0
0.95 0.99 0.78 o.a3 Ow
0.73 1.06 0.60 0.81 0.63

Pwm 0.06 0.91 0.56 0.36 0.63
“-mmbx~~ wmmm~=m~ ~la81L80um~

lung canar for men with low (tcrtile) intakes
of all time mimonutricnts compared with
men with no intake in the lowest smile m
3.7 (95 percent Cl 0.9-16.7) among non-
smokersand 0.7 among cu.ncm smokcn.

An inverse association W okmed bc-
twan margarine intake and the incidene
of lung ~ncm among both smokers and
nonsmokers (table 5). A similar association
was also observed &wan lung cancer and
intakes of foods from plant sou- rich in
mlcronutrien% especially fmits and bcrncs
and pocamcs, among nonsmokcn, but not
among smoken. The ovemll association bc-
twcm imakc of vegetables and canar risk

was not sig.nificanL but a relatively suo
relation wzGokrved tith regard to inut
of yellow and red vcgctabl~ with a Aan
risk of 2.6 (95 percent Cl 0.8-8.3) _
the lom and bigkt tenilcs of inta
among nonsmok~, The correspond
risks for green and other vegetables wcm 1
(95 percent Cl 0,7-5.6) and 0.9 (95 P
~ 0.3-2.4), ~VCly. No 9mik =

ations m obcmcd for foods from ani.z
so- rich in these micronuticnts (da
produ~ meat produ~ m, ~d -). ?
=Ldts were not changed tier adjwtm
for vtious confounding factom (age, =
c]+ g~phic ~ en~ and ~t

. .
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Cuaals 1.0 2.25 2.50 0.51 1.0 1.04 125 041
Fotatws 1.0 1.17 2.06 0.06 1.0 0.89 0.81 0.36
Vapatamas 1.0 0.91 012 1.0 1.13 0.98 0.81
Fruits andeamas 1.0 2.92 :.; <0.001 1.0 0.62 0.98 0.89

1.0 8.75
w -MS 1.0

12.50 0.03 1.0 1.86 2.50 0.03
0.27 046 0.35 1.0 0,77 0.86 024

Ma! proeucts 1.0 0.72 0.66 0.74 1.0 0.71 0..75 0.47
Fsh 1.0 0.64 0.50 0.75 1.0 1.01 0.66
EWS 1.0 0.52 1.37 0.57 1.0 0.81

;:)
0.65

“tixtmM mamgapmammubam wTImInfanwmiommacmmmgsuIUS

cakes. N! mass index. and height) or for
all foodstuffs o~her than the one under con-
sideration.

To shed more light upon the nature of the
observed associations Ixtwccn food intake
and risk of lung cancer. we included the
micronutnents and the foodstuffs tha[ were
their nchcs~ sources in the regression model
simultaneously. The relative risk of lung
cancer bc!wccn the lowest and highest tcr-
tilcs of intake of fmits and bcrnes was 8.1
(95 percent Cl 1.8-37.2) among nonsmokers
and 1.1 (95 pcrccn! Cl 0.6-2. I ) among
smokers. and Ihe comesponding risks for
margarine were 16.2 (95 percent Cl 2.1-
126.8) and 3.1 (95 ~rcent Cl 1.5-6.1). re-
spectively.

DISCUSSION

In agrmmem wi~h several previous studies
(7), this stud} demonstrit:ed an inverse as-
sociation bctwccn lung cancer incidence and

intakes of carotcnoids and of red. yellow.
and green vegetablm. This association was
apparcm among nwsmokem. but nol
among smokcm. Some previous studies have
rcponed a similar association only among
persons with low exposure 10 cigarette
smoke. i.e.. nonsmokers. ex-smoken. and
light smokcn (24-28). These findings sup
pcm the hypothesis thal the amount of car-
otene in common diets is not sutlicient to
provide a defense swong enough to protect
~gainsl hca~ y clposure 10 ci~rettc smoke.

11.should lx noted that Ihc intake of c
cnoid sources was much lower in Fin
than in other coumries during the !960s
!970s (29) and that the intake among sr
ers in this study was especially low. On
other hand. an invcrw association bcw
intake of foodstuf?l rich in catotenoids
risk of lung cancer has also been ttpo
among cutnm smokers. including h{
smoke= (30-32). The possible modif
effect of smoking on the association bcw
carotene intake and lung cancer risk
Ihus van. depending on other, still
known conditions.

The intake of prcfomted vi!amin A
not related to lung cancer risk in this st
This finding is consistent with most, bu!
all. previous studies (4). Funhermore,
some exceptions (33 ). little association
&en mponcd between the intake of vita
A supplement and cancer risk (26, 28.
The lack of association in this study r
however. also arise from the fact that in
of retinoids may bc inaccurate bccaus
unrdiablc information about intake ofk
the richest source of retinoids.

WC ObSCWd an invem gmdient arr
nonsmokem bctwccn the occunmct of.
cancer and the intake of vitamin C as
as with the intake of fruits. potat-
vcgetablcs: together the ●ccounted for I
80 percent of the entire vitamin C intak
the study population. Scveml prior sw
have rcponcd similar results. but diver,
rcsuhs have also kn published (5). Ir
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ng on other, still un-

Jonned vitamin A was
anccr risk in this study.
stcnl with mos~, but nol
. (4). Funhermore. with

~), Intk association has
a the mtakc of vitamin
anccr risk (26. 28, 34).
tion in this study may.
from the fact tha~ intake
: inaccumte Ixcausc of
on abm intake of liver,
[ rnino]ds.
invcm gmdicnt among
n the occu~n~ of lung
kc Of vi~rnin C ZI WCH

of fru i~, potat~, and
~= accounwd for over
IIWCviumin C intake Of

~VCml prior studies
-. ftsul Is. but divergent
m publi~d (s). In in-

tcmational comparisons, the intake of vita-
min C was rather low in FMand (29), and
our results therefore suppcrt the hypothesis
that vitamin C may have a protective effect
in populations with a datively low intake
of this vitamin (24).

In this study, wc found a strong ini-
tiation bcrwccn maq@ne intake and
risk of lung canar among Mb smokers and
nonsmokcn. A significant correlation bc-
twan mugarine intake and serum alpha-
tocaphcrol level has prctiously bocn re-
ported in this study cohort (35), raising the
possibfiKy thattheprotective effect of mar-
garine might dctive from vitamin E. How.
ever, an inve= association bctwccn scntm
vitamin E (36) and dietary vitamin E and
tisk of lung canar was obsmcd only among
nonsmoken in this study population. Only
some of the previous studies on the associa-
tion bctvms dietqI or mm vitamin E
and tik of lung cancer have found an in-
vmc association (6), suggesting that vitamin
E may exen its protective effect against can-
cer only in cenain circumsutnccs. The strong
mociation bctwccn the intake of margarine
and reduced risk of cancer might also be due
to fadon other than vitamin E. In particu-
lar, people consuming margarine at the time
of the study Ix@ine may have ban more
health conscious than othc= Md *CY may
therefore have ban exposed to fewer lung
cancer risk factors. The fact that the long-

term repeatability of ma.rpinc intake was
low in this cohort supports this hypothesis
tather than a direct association berwan
some substans of margarine and lung cars-
cxr risk. Diets low in margaine may also
contain high Ievcls of butter and other fa~
which may possibly incrcasc lung cancer risk
(37). Howevcr, in M study the association
bctwan margarine intake and lung can=
occmcna was not duc to an interaction
with or confounding by ingestion of animal
fat.

The indevndcnt tiations ob~
bctwan the intakes of carotenoids, vitamin
C, and vitamin E and incidcna of lung
cancer among nonsmokcn persisted after
adjustment for scverd confoundcm includ-
ing intake of different nutritional facLom

such as fats and energy. It is nevdm]=
~blc that the titions Obsmwd WcK
caud by differences in hors not COXP

trolled for in the attal~. One such famor
is alcohol cxmsumption. Our results suggest
that vitamin C cannot hlly account for the
●ntiancer effect obscmc! for its main food
sources (e.g., hits and bcrncs and potamcs).
SirnilarIy, the diminished risk of lung cancer
among m~ne uscn did not appr to bc
entirely due to vitamin E intake.

Tberc am several possible explanations for
our obsemation that the known timonuti-
CDLSin vcgctablcs, fnsis and margarine
ftilcd. to account fully for the obacrvcd
strong associations between the mnsump
tion of these foodstuffs and cancer risk.
Fruirs and vegetables contain nonnutitivc
substanm such as urpcnu, fkvons and
pheno~ which may bc anticarcinogcnic
(38). It is also posible that Other healthful
bchation associated with high intake of
these focdstufk may ruiua * of lung
cancer. An ahrnativc explanation is ~that
the nonsmoking lung cancer ~ with low
intake of several micronurnents suficmd
from some kind of poor diet spedkdl)
pang them to unccr. Finally, it &
possible that bccausc of low rcliabtity of the
intake estimates of the micronuuiens the
adjustment was not effcaive enough to eiim.
inatc the association due to the micronutri”
ents.

We failed to ~ an invctsc association
bctwen aclcnium intake and lung caxse
risk in this study, a!though a strong inv-
aswciation has bun demonstrated betwcI
serum selenium level and lung axtm rid
in this cobon of men, which had an unusu
ally low serum selenium level (39). The Iad
of htion may bc due to the fact tha
~flcd dictaty intake ttflects aclenium ala
rus less well than semm Ieve! does (2), s
-y in FMand WhCR COnsi-
changes in the dictaJY intake of *cniuI
have rccatly oczurtd (40).

The findings of this longitudinal study u
bsscd on dietary histories coilcacd up to 2
ya prior to the diagnosis of canm
thereby avoiding the ptcntial influena c
* on eitbcr acrual or ~poficd intil

.—
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The muhs did not notably change when the
cancer cases occurring during the first years
of follow-up wcrt exclud~ and it was thus
improbable that the olxcrvcd usociations
were influmad by the effccs of preclirkd
cancer on dietary rcsall. However, scvcd
points should be made cxmarning the ma+
suremmg analysis, and intcrptation of the
dietary data presented here. F~ the dietary
history method has its Iitnitatiou and the
consequential miscia@.t5cation of subjects
tends to diminish obsmable associations
Mwecn dietary cxpostut and outcome(41 ).

The strength of the associations &wan
micronutxicnt intake and risk of lung canar

may also be underestimated in this study
because dietary habits such as cmsumption
of margmine have changed ansidcrably in
Finland during the 2&ycar follow-up period
(42). For example, the consumption of mar-
gatine has increased greatly during this
pmiod. The problem is compounded by the
fact that the mimonutrimt content of food
may have changed over time; most impor-
tantly, the selenium content of food has
inmcasc.d @lJdy during tie fo~ow-up
period (40, 43). Futicxlnorc, in This study
micronutricnt intake was dxlatcd solely
from food sources, ignoring the cormibution
of vitamin supplements. Although supple-
ment u was uncommon ax the time of the
baAine examination, it has incmtscd dur-
ing the follow-up period (44).

ID summary, we found an invcnc relation
bctwm the dietary intake of carotcnoids,
vitamin C, and vitamin E and the ixxidcna
of lung cancer among nonsmokcn. we also
found that the intake of food.wtis rich in
vitamins Canal Ewasamociatcd titha
rCdUCXd risk Of lUDg can=, but that this
could not be fully attributed to the protective
effect of the mimcmutrimts. Futm studies
should focus on the effects of different di-
w patterns and modifying f-rs on the
possible association bctwocn micronutrients
and lung mar.
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EXHIBIT G



CONSUMPTION OF CAROTENOID-RICH VEGETABLES
INCREASES T-LYMPHOCYTE PROLIFERATION AND
PLASMA LEVELS OF CAROTENOID OXIDATION
PRODUCTS.

Author(s):

CLEWDENCE BEVERLY .4
KR4MER TIM R
KH.ACHIK F
NAIR PADNLANABHAN P
WILEY EUGENE R
BROWNELLEND
CAO G
PRIOR R L
MOREL D W
STONE W

Interpretive Summary:

Cancer, cardiovascular disease, anda~e-related macular degene~atjon.are less common inpeople.— —.
who eatdietsriin fmlfs and vegetables. Many scientist believe that carotenoids (the prominent
yellow, orange m~~~eiit=p~t f~~~~iiii=nith=prant components providing

—- .-

protection. We studied 12 men and women who ate ~serv=-c~enbid~-riclivegetables a
—.

day fo~tfiee weeks to determine whether 1.) food carotenoids could be increased in plasma and
in a tissue (colon cells), 2.) immune status would be improved, 3.) DNA and plasma lipids would
be protected from damage caused by oxidation. The vegetables (sweet potato, kale, tomato juice)
provided three major carotenoids -- beta-carotene, lutein, and lycopene, respectively. The level of
total carotenoids in-iii.igcia~ed .ab~ut 6 fold .gver levels typically consumed in the
Americana di_ti.‘L;vels of all t~ee carotenoids increased in subjects’ plasma and in their colon
cells. Immune status, measured as the ability of T-lymphocytes to proliferate when challenged,
was improved during the time of treatment. This effect remained for three weeks after the
treatment ended suggesting prolonged benefit. However, the carotenoid-rich vegetables did not
protect DNA and plasma lipids from normal, oxidative processes. We conclude that caroteniod

>

from common vegetables are absorbed and incorporated into tissues. Carotenoids or other-lant.-. ——..
components appear to boost the immune system. This information will-=uiul to consumers,—..- -— -. . ----
planrs%iEiillstx “andnutrltlomsts interested in promoting health through diet.

Keywords:

carotenoid beta carotene lycopene Iutein vegetables fruits diet nutrition bioavailability transport
humans adults cancer heart disease antioxidant oxidation oxidative stress lipoproteins disease
prevention
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EXHIBIT H



asAgricultural TE,KT~N
Research
Service

BETA-CAROTENE AND LUTEIN PROTECT THE
PLASMA MEMBRANE OF HEPG2 HUMAN LIVER CELLS
AGAINST OXIDANT-INDUCED DAMAGE

Allthor(s):

M.4RTIN KEITH R
FAILLA M.ARK L
SMITH JR JAMES C

Interpretive Sm.wnag’:

This research addressed the question of how carotenoids might lower the risk for ceflain chronic
diseases by testing the antioxidant activity of beta-~xe (BC) <nd lutein (lut). BC and lut are
found in all human blood in relatively high concentrations. The test model was a human liver cell
line, HEP-G2. The cells were exposed to several conditions of potential injury due to “oxidati\e”
stress. The results~~~~ncept that both BC=md Iut protect hums.ce!l~ against damage.-— —.-—
In some of the tests, the caroteno]ls were as effectwe as the reference substance, vitamin E
(alpha-tocopherol), which is recognized as ~ effective .qe~l.~r@c!@r (antioxid~~~sults
also demonstrated that tfieyrotectwe=fect o.f_B.C._W_dI.ut.ein.w.as.not due to being converted to.——..
vitamin A (VA) since lut (unlike BC) has no sucLp@_n$al. Thus, this research involving human
cell~ovides data wh= supports the general hypothesis that, B-C and lut protect cells by sewing__..=——
as antioxidant. These findings will benefit other~lentlsts working in the area. In addition, the
resui=add to our knowledge which in the fiture may help prevent or delay chronic diseases
in our aging U.S. population as well as other individuals.

Ke~worfis:

zinc ph}~ate carotenoids beta carotene gene expression retinol human cell lines cell culture
molecular biology micronutrients requirements interactions antioxidants lipid peroxidation
retinol-binding protein hnrim 121422

Contact:

10300 B.4LTIMORE BLVD.
RM 117, BG 307, BARC-EAST
BELTSVILLE
MD ~0705
FAX: 301/504-9062
Email:

ARS Report Number: 0000069264
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EXHIBIT I



Homocysteine and Coronary Artery
Disease in French Canadian Subiects:

Re[ation With vitamins k, E6J

Pyridoxal Phosphate, and Folate
Karl Dalery, MD, Suzanne Lussier-Cacan, PhD, Jacob Selhub, PhD,

Jean Davignon, “MD, Yves Latour,

termined plasma levels of homacysteine in 584
I sub@s (380 men and 204 women) from a
Jtility company in the province of Qu&c, Cana-
{in 150 sub@s (123 men and 27 women] w“th
raphically documented coronary ariery disease
age 40 years). Plasma levels of vitamins B121
idoxal phosphate (a vitamin B6 derivative), and
were also determined. Mean homocysteine lev-
e higher (p 4.05) in the bottom quati”les for
vitamin B12, and pyridoxal phosphate. A signifi-
rrelation was noted between homocysteine lev-
folate and vitamin B1 levels. No signi6cant cor-

1I was found between p asma homocysteine levels
]e, lipids and lipoprotein cholesterol, glucose,
? presence of hypertension or cigarette smoking
*y subiects or in patients with CAD. Control men
;her homocysteine levels than control women (

1’;). Men and women with CAD had higher leves
ocysteine ittan conhols (1 1.7 t 5.8 vs 9.7 f 4.9
nl [p 4).001] and 12.0 k 6.3 w 7.6 t 4.1
n], p 4.01, respectively). Women and men with
ad similar homocysteine levels. The propotiion
mts with CAD having homocysteine levels #Wth

MD, and Jacques Genest Jr, MD

vrcentile of controls was 18.1 “A for men and 44.4”A
or women (both p <0.01 ). Significantly lower pyridoxal

phosphate levels were seen in sub@s with CAD, men
and women combined (27.7 & 29.5 vs 42.1 * 38.4 ng/
ml, p <0.005). No significant differences were obsemd
for B12, folate, or total B& Muhivariate ana is reveals

tthat an elevated homocysteine level is a ris factor for
CAD in French Canadian men and women and that
reduced levels of pyridoxal phosphate, folate, and vit-
amin Bl~ may contribute to elevated plasma homocys-
teine levels. We conclude that in our subiects of French
Canadian descent, plasma levels of homocysteine are
influenced b levels of folate, vitamin B12, and pyri-

idoxal phos ate. In healthy men, mean homocysteine
[levels are igher than in healthy women. Men and

women w“th CAD had si nificantfy higher homocysteine
~levels than controls an this elevation is independent

of traditional risk factors. Prospective studies are need-
ed to determine the role of horn

T
@ine in CAD. The

influence of treatment of elevated omocysteine levels
on cardiovascular morbidity and mortality must be
assessed.

(Am J Cardiol 1995;75:1 107-1111)

nocysteine is a sulfur-contig amino acid formed
u-ing the processing of methionine. Mild to mod-
Ievations of homocysteine (in its reduced form,
Iocystine or the homocysteine-cysteine mixed di-
, free or protein bound, collectively referred to m .
yst[e]ine) have been associated with vascular dis-
retrospective case-control studies. 1-9The strength
ciation with peripheral vascular or cerebrovascu-
ase appears stronger than for coronary artery dis-
UAD).’O In 1 prospective study, elevated homo-

cardiova~ular Genetics laboratory and the
T

riipidemia

~!as-&ro5i5 Resm(ch Group, clinical Researc Institute of
1,ond the &prtmen) of /vfecjicine and Cardiology Sefvices,

‘J ~a~pital, ~n&l, Que&-, Canada, and he ~tarnin
~AVL&mrotory, Human Nutrition Research Center on Aging
Jniversty,Boston, Massachusetts, This stu was supported

3?za Medical Reswrch Council of Cana a scholarshipto
~S %est Jr, and by a grant from the Fondotian des McJ
I Coeur du Que& Qu&ec, Canada, and ~ Grant UI

‘cm the Medical Res&rch Council of Canada/CIBA-GEIGY
~d., Mntr&l Que&, Canada. r’vbnuscript r-eived

er 16, 1W4; ~evis~ manuscript received and accepted
4, 1995,
feSS for reprints: Jacques Genes/ -h., MD, Cardiovascular
~~ralory Chn,cal Research Instjiute of lvb-itr%l, 110 Pine

‘est, Mon’tr&d,Quebec, Canada H2W 1R7,

cysteinelevels (>95th percentile)were associatedwith
a threefoldincreasein relativerisk of developingCAD.U
However, in a prospective stuc@of Fkmish subjects,
homocysteinelevels in CAD cases were not significant-
ly higher than those in controls.12 Plasma homocysteine
levels are modulated by the rate of sulfoconjugation of
homocysteine to produce cysteine through a series of
steps in the pyridoxal phosphate-dependent cystathion-
ine (3-synthase pathway, or by re-methylation to methio-
nine, involving vitamins B 12and folic acid as the methyl
donor.’3 Deficiencies of several enzymes involved in
homocyst(e)ine metabolism are associated with homo-
cystinuria, a genetic disorder characterized by severe
necrologic manifestations, widespread vascular throm-
bosis, and premature death.’4 It has been suggested that
partial deficiencies of cystathionine ~-synthase, or 5’,
10’-methylene-tetrahydrofolate reductase are associated
with vascular disease and, in some cases, with mild to
moderate elevations of homocysteine. A genetic basis
for elevated homocysteine levels has been suggested
from family studies of patients with CAD.15’]6The study
of a large cohort of subjects from the Framingham Study
has shown that folic acid and vitamins T3J2and B6 me
important determinants of plasma homocysteine levels
in a healthy population. ”
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TABLEI Characteristics of Heolthy Control Sublects ond Patients With Coronary Artery
Disease

Men Women

Controls CAD Controls CAD

(n - 380] (n = 123] (n = 204] (n = 27]

Age [yr] 38.6 A 7,7 48.6 * 7.0’ 36.3 * 6.9 50.5 * 7.3”

Body moss index 24.4 * 2.4 27.8 t 3,7* 22.5 ~ 2.5 27.2 k 4.9”

ki/m2)
Cholesterol 5.10 * 0.96 6.12* 1.48* 4.77 i 0.74 6.24 * 1.6*

(mmol/L]
LDL cholesterol 3,19 * 0.85 3.95* 1.31’ 2.77 t 0.67 4.18* 1.55*

(mmal/L]
HDL cholesterol 1.22 i 0.28 0.8B * 0.19” 1,51 * 0.33 1.07 * 0.35”

(mmal/L)
Triglycerides 1.33 * 0.78 2,64 i 2.09’ 0.94 * 0.48 2.17* 1.55”

(mmol/L)

●Stgnikantly different from corresponding volues in control groups at p <0.001, by gender.
Values ore expressed os mean t SD.
CAD - coronrs~ artery disease; HD1 - higbdensi~ lipoprotein; LDl - Iowdensity lipoprotein.

This study examineshomocysteinelevels in patients
with prematureCAD and a group of healthy subjects,
and determines the relation between plasma levels of vit-
amins B12,Bb (and its metabolize pyndoxal phosphate),
folic acid, and homocysteine.

METHODS
Healthy su~h A sample of white-collar workers

aged between 20 and 59 years, employed by a major

utility company, was used as a reference group. Screen-
ing proceduresfor this group are detailed elsewhere. 1s

Subjects were selected on the basis of being healthy and
free of major CAD risk factors except for cigarette smok-
ing. plasma smples were stored at –70°C until analy-

sis of homocysteine and related vitamins was performed.
On the basis of the exclusion criteria and the availabil-
ity of stored plasma samples, 584 persons (380 men and
204 women) formed the reference group.

Patients with coronary artery disease: Patients were
selected from the cardiology clinic of the Clinical Re-
search Institute of Montr6al or referred from the cardi-
ology services of the H6tel-Dieu Hospital in Montr6al.
All study subjects selected were 60 years of age at the
time of sampling and had angiographically documented
CAD (>50% stenosis of a major epicardial coronary
artery) or a documented myocardird infarction by enzy-
matic and electrocardiographic criteria. 19Patients under-
went blood sampling according to a strict protocol. All
CAD subjects (123 men and 27 women) had blood sam-
ples drawn as outpatients 28 weeks after discharge from
the hospitaI for elective cardiac catheterization, myocar-
dial infarction, coronary angioplasty, or coronary artery
bypass surgery.

Clinical variables Data were obtained on cigarette
smoking, the presence of hypertension, diabetes, and a
family history of premature CAD as defined by the
National Cholesterol Education Program.20 The use of
medications was recorded; patients taking lipid-lower-
ing medications were asked to discontinue their use for
a period of 22 months before blood sampling. A fami-
ly history was determined on all patients, including age,
presence of vascular disease, hypertension, diabetes, and

for 3 generations. Height

OF CARDIOLOGY” VO1 75

;ause of death in all relatives
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TABLEIi Plasma Homocysteine and Vitamin Levels in
Patients With Corona~ Artery Disease

Men

:
.:
~ic~ -variables were noted be-
~n men and women, all results are
$ented by gender unless otherwise
@ The characteristics of control
bjectS and CAD patients are listed in Controls CAD

ble L .~ere were 380 men and 204 Foiate (ng/mI) 3.8 * 2.3$ 4.1 t 2.9

~men m the control group, and 123 (378) [118]

;n and 27 women m the CAD group. Vitamin B1~ 323 * 139 296 A 130

~ age was 38.6 * 7.7 and 48.6 * (pg/rnl] [379] [122)

) years for men in the control and
Pyridaxal 42 * 38 29 i 32*

~ group, respectively (p <0.001).
phosphcste (331] (94]

(pmol/ml]

,vj~ age was 36.3 * 6.9 and 50.5 * Homocysteine 9.7 * 4.95 11.7 * 5.8t

X? years for healthy women and wo- (pmol/1) [380) {1 23]

log
;n with CAD, respectively (p 4.001).

0.94 * 0.205 1.03 * 0.181

tdymass index was 24.4 & 2.4 and
(homocysteine] (380] (123]

,8 i 3.7 for control and CAD men, Values ore expressed as mean * SD; numbers of patients in

,5 i 2.5 and 27.2 * 4.9 for control
Differencefromconirol subgroup: ‘p <0.01; tp <0.031.
Difference between control women and men: $p <0.05; sp

rJCAD women,respectively (p 4.05 CAD - coronay artery disease.

:men and women). Because these
rnographicvtiables were Significmtly differentbe- with CAD (42 k 38 vs 29 ~
&n patientsand controls, we analyzed the data tirst
univariate analysis and then by stepwise discriminant
ilysis.
‘As documented in many previous studies, plasma
bprotein levels differed significantly between CAD
dcontrol subjects. We did not correct for age or oth-
confounding variables (medication, weight, or diet)
en calculating the lipid and lipoprotein cholesterol
h.Totalcholesterollevelswerehigherin patientsthan
hontrols(5.10* 0.96 vs 6.12 &1.48mmol/Lfor men
~econtroland CAD groups,respectively;4.77t 0.74

!4* 1.6mmol/Lfor womenin the control and CAD
)tips,respectively). Siarly, low-density lipoprotein
~!esterollevels were higher in patients than in con-
!’(3.19 ~ 0.85 vs 3.95* 1.31 mmol/L for men in the
NIOland CAD groups, respectively; 2.77 * 0.67 vs
8 k 1.55mmol/L for women in the control and CAD
)ups, respectively). HDL cholesterol levels were high-
kt healthy men and women (1.22 * 0.28 mmo1/L and
I t 0.33 rrunol/L, respectively) than in men and
ken with CAD (0.88 ~ 0.19 and 1.07* 0.35 mmol/L,
pectively).Triglyceride values were 1.33 ~ 0.78 and
$ * 2.09 mmol/L for men in the control and CAD

jfJFsS, respectively. Healthy women had triglyceride
tls of 0.94 ~ 0.48 vs 2.17 t 1.55 mmol/L for women

!CAD group. Significant differences were found for
~ese variables when comparisons were made by gen-
! ktween patients and controls (p d3.001). Healthy
mand women differed significantly with regard to age,

mass index, and every lipid trait measured (p
!fJl ), whereas the only difference observed between
~ and women with CAD was the higher plasma HDL..

sterol levels in women (p CO.02).
Me II lists plasma homocysteine and vitamin lev-

;k healthy subjects and patients with CAD (men and
enanalyzed separately), Folate levels did not differ

~cantly between control and CAD subjects (p = NS,
~Ysubjects vs patients with CAD, by gender). Sim-
, vitamin B,. and Bb levels were nOt signific~dy
ent betwee~ healtiy subjects and patients with
‘(vitamin Bb data not shown). Healthy men had sig-

~tlY higher pyridoxal phosphate levels than men

Healthy Control

w

Subjects and in

omen

Controls

4.3 :2.9

(204)

320 * 157
(204)

42 ~ 51
(1 90)

7.6 k 4.1
(204)

0.84 * 0.19
(204)

parentheses.

<0.0001.

CAD

4,4 * 3.3

[27]

369 t 168

(27]
28 * 30

(21]

12.0 * 6.3*

(27)
1.03 * 0.227

(27)

:32 pmolhn.1,respectively, P
<0.01). A similar trend was seen in women (42 &5i &
28 * 30 pmolhl, p = NS). When patients with CAD
were pooled and compared with controls, pyndoxal
phosphate levels differed significantly (p cO.005).

The mean & SD plasma total homocysteine concen-
tration for the group of healthy subjects (n = 504) was
8.97 A 4.71 pmoVL (median 7.67, range 2.00 to 35.25),
and for patients with CAD (n = 150) the mean homo-
cysteine level was 11.7 t 5.8 pmol/L (median 10.49,
range 4.40 to 43.27). The frequency distribution for the
overall groups, healthy subjects, men and women, and
men and women with CAD was skewed in both groups
(F@ure 1). Analyses were therefore conducted on log-
transforrned as well as untransformed data and separat-
ed by gender. Homocysteine levels were 9.7 t 4.9 and
11.7* 5.8 Amol/L for control and CAD men, respec-
tively (p <0.001), and 7.6 t 4.1 and 12.0 * 6.3 pmol/L
in control and CAD women, respectively (p <0.01). In
addition, healthy men had higher homocysteine levels
than heahhv women (L)<0.001), but no such difference,.
was observ&.d betwee~ CAD men and women.

25 r l+EALTiY CAD
(n= 150)

II 11[ I

2 8142026323644’2 8142026323844

Homocystsine ( pmol I L )

FIGURE 1. Won plosmo homocystsine levels in healthy sub-
@s ond in patients with corono~ orhsry disease (CAD).
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TABLEIll Correlations Between Homocysteine levels and Biologic Pyrometers in Heolthy S.~ects and in Patients With Coranary AtleV I
Diseose

Controls CAD 7

All Men Women All Men Wamen
[n = 584] (n = 380] [n = 204] (n = I 50] (n = 123] (n=2~~

Age 0.083 0.074 0.006 0.053 0.087 -0.09s
Body moss index 0.111” 0.065 -0.015 -0.014 -0.018 0.003,,
Glucose 0.023 -0.017 4.003 0.000

Cholesterol 0.113*
0.019- -0.012.

0.052 0.157 -0.031 0.015 -0.213 ~
lD1 cholesterol 0.115* 0.056 0.111 -0.058 -0.030 -0.163 ‘j
HDL chalesteral 4.048 0.002 0.122 -0.080 -0.076

Triglycerides 0.090 0.033 0.049 -0.031 0.0s2
Folate -0.1847 4.165* -0.183” -0.223* 4.198
Vitomin B12 -o173t -0.1871 4.169 -0.009 -0.0s7 0.127”
Pyridoxol phasphote -0.002 -0.075 0.107 -0.043 -0.023 4.131:

“n 4.01: tD <0.001.
Akbrevia~o~s as in Table 1.

,.-
correlation was found in the pooled control gr&Ips. No
significant correlation was found between homocysteine
and lipoprotein cholesterol levels. Plasma homocysteine
levels were significantly and negatively correlated with
folic acid in patients with CAD, whereas homocysteine
was negatively correlated with folate and vitfin B12
levels in control subjects.

The 90th percentile level for homocysteine in con-
trol subjects was used to defie an elevated homocys-
teine level in patients with CAD. The 90th percentile in
women and men was 12.16 and 15.55 pmoUL, respec-
tively. The prevalence of CAD patients—men and
women with homocysteine levels >90th percentile-was
18.1% for men and 44.4% for women. A significant num-
ber of patients with high homocysteine levels had low-
er folate levels than those with normal levels; no such
difference was observed with vitamin B 12.

To ascertain whether homocysteine was a risk factor
for CAD, independent of lipoprotein cholesterol, body
mass index, and glucose, we performed a stepwise dls-
criminant analysis using a forward selection procedure.
The results reveal that even after taking into account age,
lipoprotein parameters, and the presence of other risk
factors, homocysteine was stiIl an independent risk fac-
tor between patients and controls (chi-square = 5.85, p
= 0.0155).

DISCUSSION
Our data suggest that homocysteine levels in a healthy

population are modulated in part by plasma levels of vit-
amins B,2, folate, and pyridoxal phosphate. In control
groups (both men and women), the overall effect of vita-
min levels on homocysteine levels was seen in the bottom
quartileof vitamins B12, folate, and pyndoxal phosphate.
Our previous workl’ reveals that the relation between
homocysteine levels and the various vitamins involved
in its metabolism is not linear, but rather that low levels
of these vitamins may be a major determinant of homo-
cysteine levels in populations. Population norms for
homocysteine may therefore have to be based on nor-
mal levels of these 3 vitamins as was done by Selhub et
al. 17We were unable to show significant differences in

Table III lists correlation coefficients between homo- folate and vitamins B12and Bb between patients a
cvsteine and other biochemical variables. A significant CAD and control subjects, partly because of the k;

biologic variability noted in our study subjects (heal_
and CAD combined). A significant difference was d
served in pyridoxrd phosphate levels between CADs
jects and controls (levels were lower in CAD subjec
This effect was seen predominantly in men. Despite ~
findings, it is premature to recommend nutritionals
plementation in vitamins B6, B12,or folate on the bi

of their potential beneficial effect of decreasing eleva
homocysteine levels. Our current concept is that a pi
er diet should supply the daily requirements of the@
amins.

4

~-
Homocysteine and voscular disco= With reg ~

previous studies of the association between hom~
teine levels and CAD,6”9’Uour case-control studyT
vides data on a large number of well-characterized Q
trol subjects and patients with CAD.

Several groups of investigators have reported ~~
ciation between the presence of elevated plasma]
of homocysteine and the presence of CAD, and cel

4
..

vascular and peripheral vascular disease. 1-9Most.,
tigations have used a retrospective case-control d%
Until clinical measurement of baseline levels of h

$cysteine became feasible by sensitive methods, th?-

3nosis of abnormal metabolism of homocysteine j
on methionine loading. Our previous studiesbo?~
performed in a population of patients with Cm ?
controls. As seen in other studies, no &sociatio~
seen between homocysteine and any of the c0nv9j
al risk factors for CAD (age, cholesterol, HDL C]
terol, LDL cholesterol, triglycerides, smokin!k or ~
tension). Art inverse relation was observed wi~
and vitamin B 12levels. From a reviewof publish+
ies on homocysteine and vasculw disease, an e!!
homocysteine level appears to be a greater n?
penpheml vascular and cerebrovasculm disetie ~
CAD. 10In the present study we have determin~,
ma homocysteine levels in 150 patients with P~
CAD and 584 control subjects of French w
descent. Our data reveal that control men have~
cantly higher homocysteine levels than con@ ~
We also determined that men and women ‘?
ture CAD had significantly higher homocYste~~

1110 THE AMERICAN JOURNAL OF Cardiology* VOL. 75 IUNE 1, 1995



EXHIBIT J



[1 High dose B-vitamin treatment of hyperhomocysteinemia in
$., dialysis patientsi‘

ANDREW G. BOSTOW DOUGLAS SHEMP+KATE L. LAPAISE, ANNE L. HLIME, D~viD YOBURN,

MARIE R. NADEAU, ADRIANXE BENDICH, JACOB SELHUB,and IRWIN I-L ROSENBERG

1.:. .:\,.. ,1, (“,1’ ““ . . . . .,, ..,,., .. >,. I \.!

A!hcrt~lhr,lnl~t.tl. .SC;IC.: WI<!I ,0 nvtx. irdi.:1 Irrf.I-::Iur? !31!)

and Wukc rtm.sin the ic.JLJIn~ cmw or’ nturlxlip us erwf-wage

rcn~l &c,IW (Esf.to) p,l!icti(s on mwntcncrno! diid!ws [ 1]. DC.

spIw their rqor!cdl? high prtva!cnce [~]. the prcdicuw vaiuc d
Traditional Cardiwmcufdr di$caw (CVD) risk Iacbm irr de!ennm-

ing CVD ou[comcs in ESRD rtmams Iimitcd [3].

Homoqs[einc (I-fey) IS a srslfur-cumaining ?mino acid product
of me [hionine mctdw[iwr. A review [4] of 20 rc[rospectivc case
conrrol Snrdlcs involving -1 W paucn[$ and an equal number Of
controls indica[cd [hat moderate hyperhrxrmqstcincmia. cirhcr

fasting Or ●her oral mc[hioninc Iotding, was an mdepcndcnr risk

factor far premature coronary hear!, ccrebruvascular. or periph-

errsl vascular disease. T*o lzrgc prospective studies subscqucmly

confirmed lha~ rnoderatc hyrcrhomocys(cinemla was an mdcpcrr-

derrt predictor of incldcnt Ml. af!tr controlling for a wide range O(

known CVD risk factors IS. 6]. hIost recenlly. population-based

dala from the original Frarningham %rdy cohort revealed that

pIasma Hcy levels in Ihc upper quarlilc were assoeia[cd With a

Rcccivcd for publicatiorr May ??. 1995
and in remscd[mm Augusr 1. i~5
Acs~~ted b pvblicu:iwr AU,CWI3. 1995
C 1996 by the lntcrrtatiofial Srxiery of Nephrcdogy

Di.>-!,dd lncr:,]>~d rkk tur uUtnsOu dwrxr.mi.11 cJrotd .sr!crw-

.:l:n)vs. which pvr~i$lcd .~ftcr mjpistnwn~ lvr Jg,c. wnokirsg,

t.?wrr..nw,m. JIILi d>*!lplJcmi.1 [7J

f’1.l~nl.t Hcy Iotl. Ucrcrrnlncd ;II IlnJ JcI&soluble mixed d;sul.

ti& hl)mt)~?.tc)nc-c:<ttinc were ?ir.: .houn (v M mcrcascd in
~h,ronlc rcn;l{ t;lilurc % W’ilckcn ;Ind Guptir (St Suh+cquenl CJSI!

c~mrr{d $iudles hind r&sJcd m:lrkcdl} clevalctl pknxr !ekeh Of

Jm.f-wiuhic [91. prwcln-hnund [1111.or totiIl }Icy [ 11. II] in WRD

p~tiruls on peruon~al ur hcnlodmlysis, and non-dlalyzul uremic

patlenrs with varying degrees of renal impairment. We rccenlly

confirmed these case control findings. and also d~monstra!ed Ihat

h! pcrhomt-x?skuwmia was more prIZVdlcII[. wilh a dramatically

greater preva[encc odds km any of the traditional CVD n-sit

factors- m maintenance dml~~rs patients [13, 14]. Furthermore,

h}perhomucywmcmla pcrsisrfd in the diatyws pmirms despite

dnily neur physiuk+yc dose supplcmcntallon ([hot is. ? to 5 x rhe

L’S RDA ) *ith tie B-vmmin co-tactors’subsw.ltcs for H.? mc -
[~t-dism (f@aIe, B-(x & 12). and normal or supcrmwnxd pkt$rna

.;,IIu. !-,i !F.ctr ~lt,~mms ( 15. IJ!.

Fr.dic wd supplcmcmarm ir? doses of bcrwccn 065 and 50 mg

per day rouurwly norntnlizes fasting total p!asma F@ m pcrcons
who have Intact renal func~ion. and arc not U.(? dcficicn! [ l>i7\,

B-6 supplentenralion is requwed 10 reduce or normalize the

posI-mcthioninc Iotrding mcremc m FICy levels abm r fasting
lewels [18]. These findings are consistent with *ha! is underwood

about the mctabdisrn of Hq via the remethylatlon and trarrssul-

furarion pa[hways [19]. In remcthyla!iorr. the primary methyl

donor for the conwsion of Hcy to mcth)onine is provided by the

rcductlon of methylcnetcrrahydrofola[e to 5-methjltclrahydrofo.

late. the ma~or circulating form of folalc. by the crrzyme merhyl.

cnc[ctrahydrofolatc rcductasc (fWfHFR). 5.Mcthyke!rahydrofo-
Iare serves .ssa onc-mrbofs donor for the vilamut ~. 12.dependent

remethyldtiofl of I{cy LO mcthioninc catalyzed by methiortine

syruhase. The rcmethylatiors crtzymcs have a Iw Km for Hey,and
furrctton [o rnairnain normal fasting homocyWebserrtia. In the

trarsssrdhrratmn palhway, Hcy condenses with mine to form

cystalhioninc in an wrcversible reaction caralyzcd by the pyridox

al-5 ‘-phosphate (PLP)-conrainirtg enzyme. cysta!hioninc beta syn-
thasc (CBS). CBS has a h@ & for Hey, and furrctions to
main!ain normal postprandial or Post-mcthioninc losding homo.
cystcinem,a [191. These pa!hways appear to be disrup~cd most
commonly by dcficicncics of three micronutricn[s [4. 5, Z 15-1S,

. . ,,
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20], two of which are cofactors (vllarnirn B-6 and B-12), and one
which is a sub~tmlc (folale).

A comprehensive review of the published clinical lrial Iiwrarure

failed m uncover a single report In which mean fa$ting tolal HCY

levels were reduced to within fhe normal range (that is, c 15

prnoLlilcr; [20]) by any combination of B-vitamins in hyperhomo-
cys~einerrdc maintenance diaIysk pa!icnss [21-23]. In addition,
none of the= studies [21-23] were placcbwonirolled so their

inkrnal validity may have been compromised by regression to !hc
mean. Awrdingly, we mnduc~ed a randomized cighl-week trial
of the effecl on plasma Hcy of adding supraphysiologic dose fohc
acid, alortg whh B-6, and B.12, versus pIacebo,10the usual dialysis

dosirsg of these vhamins in hyperhomocystcirsemic main~cnance

dialysis patients.

Methods

St@ population

Thirry-hvo maintenance dialysis patmts mvol~cd man ongoing

cme-conlrol studies of hypcrhomocplcmcmia and traditional
cardjwascular di$ca$e risk facrors [13, 14] were recruited from

four Brown University.affiliated ou~palicnt dialysis centers for \hc
prcws! C!ud? fExclu~irmcritcrla included uge > ‘5 or K 30 !c~:~
old. rn~lnu~rltion (that S. albumur c 2.0 m~dl or pro(cm crtlitbohc

ralc < 0.8). rejcctiocs of a cadavenc or living-related donor krdncy
[ransplam within six months 01 the currcm surd~. and currcn: usc

of wttifolarc or anticonvulsam medications. All parliclpmrts had
fasting total plasma Hcy Ievefs z 16 PmoLliler when determined

ss W of the Istilid mse+mmrol studies. Nearly 50W, of those
patienss with screetti~ HV levels = 16 #moLliter [32 of 63)
●greed to participate. The study protocol %s 8pproved by the
Rhode Isfand Hospi[al Institutional ReviewBoard, and all par-
ticipants gave their wrillcn informed consenl prior 10 parlicipa.

[ion. individuals were block randomized in[o two groups of 16 on

the basis of fasling Hcy >30 ~ob’htcr. fasting fol~lc <6 ng’ml.

sex, mode of dialysis (peritoneal vs. krrochal!sls). and mm.
Subscquenl [o randomizanon. but prior 10 acural lnmauon of tire
mrcmen(lors study, four suby?cls m [he placebo crmsp druppcd OUI

due lo lack of ccminucd inreresr. while one s~b]ccI ic Ihc tici)vc

wcauucn! group could not par[icipa{c due 10 mmcurrren; cmr-

nary artery bypass graft surgery Twemy-seven subjccls cumplacd
four or eigh! wedis of the study, 12 randomized 10 the pbrcbu
group. and 15 randomized to the acti~c treatment ycu~ One
subjccr m the placebo group missed lhc hlord draws ~flcr :\IUT

weeks of treatment due to hospitalization for a bcloi~ LImC

ampu~aticm, but remained in the study, and trndcrw cnl {he

post-eight week blood draws. An additional subject in the JL-111c
tscatmem ftroup hospitaftid for an exacerbation of chronic

~ptic ulcer diseasewasunavailablefor the post-eight week bbocf

drew% but underwent the blood draws after four sveeks of
creatmers[. C%ar?creristics of tho (N = 27) participants who

mmpteted ?11or part of the Intervemion study were: (a) nrcan age

(* SD) 56 (Z J3) years, range 351073 yearn (b) eliology of
ESRD diab@ic ttephzopathy (N = S), hyperwnsive nephroscle-

ence in basehne l-icy levels between the 4 dropouts and the 27

patients who completed all or part of Ihe study (30.6 pmobliter vs.

29-5 ~mol%tcr, rcspcciively, P = 0.638 by Mann-W’hitney U-res[).

LabarrrIoy and ciuricalda!a acqutiirion

Phlebotomy was performed non-fasting, p~cdi+is (hcmodi-

aIysis) or random dwell (pe ritoncal dialysis), twice 48 to 72 hours

apart at baseline, and afler four weeks and eish~ weeks of aciivc
or placebo trcatmcm, Three or these six blood draws were
synchronized with the palienu’ routine monthly phlebotomy 10
decrease parlicipam burden. All whole bloods were immediately
cooled ar 4°C. and the plasma or serum separated within four

hours in a refrigerated centrifuge. To~al hom~reine (I-@), [he
sum of the acid-soluble (thal is. reduced Hey. homocystinc
disulfide, and homocptcincqstcinc mixed disuIfide) and protein-

bound moieties, was determined in EDTA plasma by a mocfifica-
tion Of the ffuorimetric high performance liquid chromatography}
(HPLC) mc[hod originally described by Araki and Sako 124]. In
brief, this assa! involves the following s!cpY reducuon or ihc

sample WIltr Irwr-bu[ylphosphirw. prccipit-[ion of pro[cirw. alka-

hruzation of ~hc supcrnamni w lth sorhrn twrir!c. dcriwiiiza(ion
with SBDF (7-fluoro-2+~a- 1.? dlazolc-4.sulvhen alcl. rrdlowd ~
.4~TS !~-;ljllin,~n.:~::,~lcnc. ].-:.f~-lrlsulfoni. .KIJ, qdiur; S;III I

and }iPLC scpirr~mm with ftuorcsccncc dctcctwn SBDF IS a
fluorcscertcc pmbc for rumpvunds contammB SH groups, dnd

AXTS IS u=rd as ~n m~trrrtd wanddrd bcciruw of IIS ni+!ur~l

ffuorcsccncc at 515 nanomcwrs when cxcjtcd al 3$!5 nanomc!cm.

the same wavelenglht used for the detcct!on or the SWSBDF

adducts. The inter. and mwia.assay ccrcfficwnts of suriatlorr for [hi>

assay are rouuncl> < 59. Plasma pyridt.xd -$ ’-phsssphalc ([he

aclivc mcu+hohc form of B.61 mm ameswd enqnmllc,dly uwng
prosine demrhcmylase [25] Plasma foliilc wijs mcawrcd b} a
96-well plate microbial (~acfobacihs m.vci) nssa) [M]. ~nd

pkwma B. 12 wltk a (31ir~ic} rdm~m~} from CIB.+-C(II ninS T,}

rnimmjze inlcra+~~ ~.mubthli. th< }Icy ijnd \ ll~rslin ~>~il~~ w~.w

pcrforrrwd “-ba\c!s&”” for cuch p.ilwm from 411lil SIU+ ,IwI, III

Ihnwed pla.(mil :IIIquo!. lh~l hod hCLn cmopruwsm~-tl J( -7[~”~ f~v

S ii wcuh~ R,lJ~int monl!;h ~crunl clmwd ;ht nylslri pr, )liit.
:Iflcj ?L llli, i,). r;l JilLrnlt!]31],!!i. NL1. p~rj,lrll:,~ lj.ir,~ \~,lllL!,LrL!

n]::h(liji A \>rn;>ItmI> ~{1..,l..:lj),:]r.. jt,:s ,J,lmln!.li,r;,! I() KJr!t

pdr!lC1tlJll! .ii lhc crt~ (II Lhc .lud! Eight ltsbk \“!,fllplI.,llLc NII]l
Ihc yc<$;m<p: .L,>k~~:,,i,.h . ,<, E. L:. t. .,. .t...’.~.,! . pil’..ujnl \l
dd!a C(,!lcc:,(m WI. ~~:-’<rn. .! P!l:l.!.,1 1, if~., ii;?.:, [ QI,,::r J..lxfr.

mini

,’), ,, i.,;, t , ,, .,. )), LI!.

The I:c,::I-L.1}:J, SI; : . r,,.., ! ,..,4!,,,! .,:...! ~,.., . h, .; ,,,:. !,:l, .!

and \hc ircatrnsnl giou~t .m>,g:mwrll cwfc *J} ntN btokun unlll

data emry and analysw were compteted. Treatmcm consisted of

15 mg folic acid, 100 mg B-6, 1 mg B.12, and ccllulosc fiber. or

ma[chcd placebos containing only ccthslosc fiber, orally admini=

iered in sin~Ie lablcls Iakcn once daily in the evening. All
participants continued their prescribed daily oral supplementation
wi!h 1 rng relic acid. 210 mg f3.6,and 12 pg B-12, througl~oul lhc

study.

Stalislical ana&

.4 J?rrorf,wc estimated tha! Ihe smdy had > 90% paver 10 detect

Use expected cfccf size of 0.30 (that is, B 30% lowering of plasma
Hcy with ac{ive trea;ment JclaIive 100% lowering with placcb
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T@blt L KeybsselinePalicrrtctramrcruda
—-—

Placebo Activa
(N = 12) (N i- is) P Valuag

—-. .

t Icy (#nlQ/viIcr) 29.6 z 6 J“ 29.s :10.0 0733
Folate (w’nif) 4932 2s,6 32.S :251 O.m
N (%) Hcmodid’ysis 8 (66.7) 12(MM) 0,731
N (’%) MrI-I 7 (583) 7 (46.7) o.a30
N f%) White 10 (63.3) 12(80.0) o.~az

- Meao or wo bmdinc values t standard dcviatlon
‘ Two-$ailcd value based on kbnn-Wh#trsey U-test or chi square test

wilh conunuity corrtc~ion

Rtsults

Key baseline ci-mrackrisrics m the rwo groups uere comparable.
indcwing that block risnclomiz~tion was successful (Tdbk 1).

Eigh~ week compliance by pdl counr wms 75,1% in the acrite

lrcatmcnC and *6.7’%0 in the pidCCbO groups, respcctwely. Signlfi.

c.ia[ incrc.lwj \TJMc 2) in mc~n plasmJ B,\lmrrlin le~ck m the
aclivc trratmcrrl group pro~~ded &frrmation of the pill coum
compliance dam Acuve *ersus placebo ttea!mem also resulted m

a significant mean reduction in [olal plasma Hcy of -29.8C6
versus - 2.0% (P = 0.0024) at four weeks, and -25.8% versus
+0.6’ZO (P = 0.0009) at eight wee~ by unpaired r-[~ts (Table 2).
These findings were cmsfirmed by Marrts-Whitney U-tests (4

weeks, P = 0.CD28, 8 weeks, P = 0.0012). Linear regmsion
analyse} further demonstrated Ihal” acti%e rrcatmcnt was lhc

stronge$l independent predictor or both bascfine minus four
weeks (beta = -7.21, t==3.3.$8: P = 0.003) or eight weeks (beta

= -6.32, t = 3.833: P = O.CKI1)Hcy levels in ttsodcls that irtcluded

trcatmcn~ group assigrtmenr, and mean baseline fola[c, PLP, and

l-fey. This indicates that after adjustmcn~ for weatmcnt group

assigrrmcnt and mean baseline titamin status and Hq levels, Hey

ievels were 7.21 #moL’lherIowcral four weeks and6.32WoLflitcr
lower at eight weeks in the active ireatmerst groupcompared wilh

the wntrol group, and tlsk effect was highly $ignifscam. A trend
(P = 0.056 chi square with cotwinuity cmection) for “normal-
ization” (that is, reducrion to <15 gsnotAirer)of plasma Hq waa

observed in the actiwe treatment (5 of 15)versusplacebo group (O
of 12). Active srea(mcnt was not associated with an increased
frequency of any specific symptoms (Table 3), or adverse changes
in hcmatcscrit, AST, ALT, Or creatinine (Tab[c 4).

i

pre.hcmodiaJysis or random dwell (peritoneal dia)ysia~ ptasma

Hcy is a stable outcome measure. llte data reported here provide
UK fh pkscebo-conmollcd demonstration that much Iargcr da~y

doses of B-vitamins (that I& fofic acisL B-6, and B-12) can
sigrriffcatrtly augment the Hcy-lowcrirtg effect of tbe rt~ar physio.

logic dose B-vitamin supplements usualty given lo maintenance

dialysis patients. furthermore, we found no evidcrsce of toxicity

assccia~cd with Ihii ~upraphyaiologic dose B-vitamin treatment

regimen, based upon bIindcd analyses of routine mon[hly clinicai
chemistry profiles and resporrscs to a comprchcrsswe symprums

questionnaire. More prolonged smdics of comparable or high<r
dose folic acid-based Hey-lowering rcgurrcns need 10 tIc pr-

formcd m larger groups or maintenance dialysis p~lienu to
ccmfirm and cxrcnd the currenr findings.

.As anticipated due to Iheir routmcly prcscrjbcd new phyw-

iugic dose supplementation. mean baseline folate kveis m b[~th
groups of patients (treated 32.5 rig/ml: placeba 49.3 rtg ml) far

cxmcdcd the !XYti percentile fo[ate levels in age. sex, and race

matched Framtngham Study con~rols with normai renal funciion

[ 13, 14]. It rcmams unclear why hyperhomwyslcine mic m~mw

nance dialysis paricnts of[ca respond inadequa~cly [ 10-14:2 I -23]

to dosca of folic acid alone, or in combination with B-6 and B- 12,

Iha! consistently normalize plasma Hcy in ts~rhornoqstcmcmic
persons with intact reaal fun~h who are not bomozygous ror
severe Jfq-merabtizing eqtse de ficJenci& [13-18). Given the

mteosive p[aartta protein-binding (-70 to 80% of total [28]) and

resuhant limi[ed renal fikratioss Of unbound Hsy, toss of urimrry
Hcy excretion rs probably nor rcsponsibk for this rcfmctory
hyperhomocymemernia. Indeed. there is evidence that loss of the
norma[ly avid rubukrr reabsorp~irm of the frtcly Iihcr.lbic UI,-

00URJ irw:wn o? licy o~sets the dcclmc m its glomerulw

filtration its ESRD [12]. Subslamiation of the hypot.hcsu thal

thtrc may be considerable metabolism of Hcy by normal renal
parenchyma [28) has rcccntly been provided by in vi~o data from

an established rat model [29]. Dclcrroinarion Ot ar[crimertous

Hcy differences acre= the rat kidney, alotsg with sirnultarrcws
assessment or renal plasma flow, urine floy, and urinw WY
conccrtfration. revealed srrbsrantial Hcy up[ake by rsorma~ rar

Itidncfi and coniirmcd that urinary Hcy cxcrcrion M minimal [29].

These data suggestthat lossof the large Hcymctabolizing capac-
ity of normal kidrtcys may be an imponant sfetcrminant of lhc

refractory hypcrhommystcmcmiacommonly obsemcd in ESRD.

Livant cl al [30] recently reported sizable folate losses into the

dialpte, and rhe presence of an urrldenliticd bca[-s[able inhibi-
tor(s) of folatc conjugase in hcmodialysis patients. Folate cooju. i

gttsc cleaves glutamyl residues of polyghtamylfoh~esand[his
alteration of chain lengths is believed to be crucial to the function I
of both folate requiring, and perhaps o~her co-factor dc~ndent ~

co-enzymes [31]. lrrhlkition of folatc canjugssc may result in the
accumulation of lorsgchain length polyghrtamatcd folatcs despite ‘
folare $upplerncntation in ESRD pa~icnts. Maintenance of a high
ratio of long *ersus short chairs length folales cuulrl advcrxfy
alfcct the activity Of Hcy-metabolizing enzymes (such as CBS.



Table 2. EffecI of arlwe vs placcka) treatment on plasma homoq%leinc and B-vi(amin Ie,cls

44 Week+

Group
8-Owee~

Oweeks 4 weeks % change 8 weeks % choege
—— — -—

Treated (N= 15)
Hcy @itter 29.5 t JO.O’ 20.7 :8.0 -29.8b
Folmc rrglml 32.5 z 25.1 926.8 = 574.9 +~75~.~

PLP pmollmf 672: 81.0 2U).6 z 204.2 +J98Y
B-12 pgl’ml 45$6 e 306.6 1271.7:4667 + ]71.4’

Plwcbo (N - JZ)
Hqr 29.626.3 29,? z e 2’ -2.0
Fola~e 49.3 z 2S.6 47.1 z 31.9 -45
PLP 1J2.6= 888 J33.3 a 91.4 +Jr3d
B.J2 649.7 z 244.0 638.9 z 26J.9 -1.7

‘ M* : slandard dewalton for the average of two values ●I each [irnc poirr(
p Two-ta!lcd P = 00024 w. placebo change m 4 weeks baaed on unpalr~d I.ICSI
SOne s.bjccf in lhe \rcalcd group had blood drawn ●t 4 weeks but no! 8 WAS, so (h’ = 14)
‘ ~Iailed P = 0.W19vs.~laabo draavgeats weeksbasedon wvpaircdr-Icu
‘ T’wrxailed P = 0.000J w plaabo change at 4 weeks basal on urrpamd MS .
‘Two-tailed P -0 @ +s placebo change ● 8 week} bawd on unpairedGlesl
? Two-tai!rd P s 0.070 vs placebo change ST 4 weeks btiscd on unpaired I-WS[
‘ 7ko-!ailcd P = 0.045 vs. plcccbo chmsge at 6 WAS bavcd on unpamcdr-m!
‘Two-[adcd F = 0.000] WSplacebo change a! 4 weeks bawl on unpaired f.{es!
k Two-wiled P = (I,W13~s. placebo change al 8 SCCJ.Skuscd on unpaird r-tcs!
10rrc subjccl in the placebo group had blood drawn at S weeks bu~not g wclrs. w [h’ = 11].

AcLwe s%cch~
SYmDlom (h = M) (.K - ]2) P \alue”

which is Pl,I’-dcpcndcrn. CJt c. Krtlmdicck.. UnJ-L!’ll .!:L t! t):l.cr-

va[iorr). Accordingly, supraphykdc~g.lc dust kh o~w ~ui~l~l. :lwII-

tation might be required to replace dialysarc IOSWS of folalc,
favorably elre; the folatc chain lcnglh ratio, and promote HV

metabolism In ESRD. Flrtally, WShbcrg et a! [}2] have shown that
post-melhionine load Hcy leveIs arc increased in ESRD palients

versus corswol$ suggesting s possible defect in B-6 dependent
transaulfuration of Hcy In E$RD. An increased B-6 requirement
in ESRD Would be lessdiscernible by evaluatingfastingHcyleiels
f]9]. ●t =- done in prcviovs emo control [J3. 14] and intervention
{21] studies.

;;. ‘t.$ ~@PX@tg amount of experimental data have Iinkcd hyper-
‘h-eirscmia to Olhcrothromboais [32-39]. Putative pa!ho.

! ‘d&aMs@$ irrchsdc ersdollsclial till injury [32, 33], cnhanccd low
density Iipcaprolclrs oaldation [34]. increased thromboxane.mcdi-

21.9 z 7.7
707.6 s 507.2
183.6a 146.4

1348.4= 563.9

298 =6.3
S>.8z 67.2

134.9z 100●

527.3 z 1s9.0

+0.6
49.1

+ 19.8
-18.8

Tab)e 4 Cr:urpw m )i*cr tr~rrwrwrase~. crealinmc and i?cm.rmcrtt
m er c:;h[ %Ccks10[hc aCIIVei> placch~ lr~almcrri groups

—__. —___ . —-.. . —. . . . __ _____

Acm c Placebo
(l’ = ]$) (.V = 12) P value”

—-— - —-.-——__—. .

A ASr ntgid{ -1.325$ -2> =72 0.700
A ALT mgkfl -19:]02 -:>=~~ 0.900
J }Jcmalncru % -rr J :1.5 -0.w :1.6 0.614
A Crcalinme nqdl ~1.7 z 1.4 -U?=l(i 0.390

JIt J plJIultI a~~r<y~tion [:5] m!litltitm of CCIIwrf~cc thron~lw -

rn:v-tuhn LUPK.WW ,4nd pn,!ciu f.’ ac~nalmn 136] cnhanccmcnl of

Iipupr,,! cin (,: )-;ihrln hindmg !.~?]. and pronx,l Ion t~f smooth
,ll,~,c~~.~..:!ilr,,, .r.L,,~r.lll[m [.:s] 11.,’l.iil~ ([ JI I I”] r.’a cth bc;ibcd

illl CIL’$,IC: Pxd(! (14 JIL.I .m-m,!~lcc~ I h\pt.rhvnlt~~sic;nL.n~!~ dnd
~,wcul.t- d,IIY.d.JL in Ilw ml:::-jwy Futur’t •[udic~ LI;III: this mode!
11...I\ L.Iu..;L... ih IV iI~,1 r.h. t:mcr LIf (hc SIU6:L - cll~.d atww
~~::.:\: l~.::l.,:’; . . (!: IF,L..i,..cl:,: ;l,llht~n~,.cllan:sm{ s). prospcc-

1,, ,. -., :. .,,..:.,’ ,!., :,, (. II; JLI,! 1{.,-l,,,,,[lng AI;IC ml~.rv~n-

11.~... I ‘.’:.:: :.. ii-~1~.!c.11> .IIIL , II b. ::linc wppldmcntirrlun. und
:. .;:; ; ;Ii,I! II{ :1. f!-ItmIII, In!.i L..) J;I:, I {X)! qXLW Iha! hypcrho-
l\l,7.\.\\ ll;.l?:,. t t. J\.,ILIJIKd u ilk .m nlcr<a%d Incldvflcc of
alhcro[hrornbollc cvcnls m rson-uremic populations. Preliminary
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Ihromhosis in renrd transplant recipients [41].

Despi~c a group mean Iowcrhsg of -26 to 30% m plasma F@,

only 5/1S of the to[al ssumbcr of treated patients. end 3 of 12
whose basclirse H~ was > 20 ~mob’lite r had their HLy levels

reduced 10within the accepted “’rtormmiveranges’ (that ls, c 1S

Urnoh’li{cr; [20]) in thepresent study. Prcvakrtcc d~ta from the
Framingham Study have revealed that there la already ●n ifs.

crcascd risk for cxlracranial cmotid sr!criosclcmais ~ 2?% (a
marker for significant gcncrrslizcd arlcrlosclcros}s [42]) at phtsma
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“-hColloquium: Homocyst(e)ine, Vitamins and
Arterial Occlusive Diseases “i..-.!!
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—

RelationshipbetweenPlasmaHomocysteine,Vkam~ ~“’~~

~~ 8

Statusand ExtracranialCarotid-ArteryStenosisinth~.
Framingham StudyPopulationl’2 .-....;-.:

JACOB SELHUB, * PAUL F. JACQUES, * ANDREW G. BOSTOM, )

s

::?
:-’ ,

RALPH B. D’AGOSTINO, * PETER W. F. WILSON, f ALBERT J. BELANGER, f j:>
DANIEL H. O’LE4.RY,8 PHILJP A. WOLF,ll DAVID RUSH, ● E~sT J. SCHA~* . ‘ -’

ABSTRACT Recent studiei demonstrated assocfa-
tiorss between occlusive vascular dfseaae and hyperho-
mocyateinemis of both genetic and nutritional odgfn. in
the present study we ar@zed plasma samples from the
20th biannual examrnatbn of the Fmningham Hat
Study cohort to determfne dbtriMm. n of plasma honw
cystefne concenbadoata with emphasis on refatbnships
to B vftamfstsand prevaknce of cardd artery stenosis.
Results showed that homocystefne exhfbited strong ira-
verse association with plasma foiate and weaker associ-
ations with plasma vitamin B-12 and pyrkbxai-5’-phos-
phate (PLP). Homocystetne was also inversely associ-
ated with intakes of foiate and vftarnin B-6, M not
vitamin B-12. Prevalence of high homocystelrte (>14
~moi/1) was 29.3% in thfs cohort, and inadequate
plasma concenbatkrns of one or more B vitamins appear
to contribute to 67% of the cases of high homocyateine.
Prevaknce of stenosis A?5% was 43% in men and 34%
inworncn witftan oddaratbof 2. Oforfndfviduais inthe
hfghest homocysteine quartfk (=14.4 ~moi/1) com-
pared with those in the bwest quartile (s9.1 #moi/1),
after a@ztntent for sex age, hfgh density ffpoprotern
choksteroi, systolic M&d pressure ahd cigarette smok-
ing (Pti e 0.001). Pfasma concentrations of fofate and
p@dorrai-5’-phosphate and foiate Make were inversely
associated with Odracmmlai carotid stenosis after ad-
justment for age, sex and other risk factors. J. Nutr.
126: 1258 S- 1265S, 1996.

INDEXING KEY WORDS:

● homocysteine ● folic acid ● pyridoxa[ phospha [e
● vitamin 56 ● vitamin 512 ● arten”osclemsis
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Almost 2.5 years ago McCully (1969] r~
a child dying of homocystinuria, cystath.i~u
methylmalonic aciduria, secondary to abnopi$
cobalamin metabolism, exhibited arterial la
were strikingly similar to those seen in pati’%
cystathionine beta synthase deficiency. ~~
tions led to the proposal that the mark=
plasma homocysteine concentrations found]
with homocystinuria were responsible fort
ment of premature occlusive vascular disca&
years this association between plasma hom.

-{

concentration and atherosclerosis has become
ject of a number of studies with growing c~-

.i
.’,,
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PLASMA HOMOCYSTEINE AND
.-

: (for reviews see Mudd et al. 1989, Ueland and Ref-
m 1989, Ueland et al. 19921. A literature survey by
land et ~. (1992) identified a total of 21 studies in-
lving over 1500 patients with occlusive [cardiovascu-
, peripheral and cerebrovascular) vascular disease
d over 1500 respective controls. Sixteen of these
dies reported significantly higher mean plasma ho-
xysteine concentrations in patients than in respec-
‘e controls (P < 0.05 to <0.001 ). The mean patient:
ntrol homocysteine ratio according to this survey
u 1.31, which indicates that the elevation of homo-
steine in these patients is mild and certainly not as
vere as that seen in homocystinunc patients.
Clarke et al. (1991], who reJ.ied on the methionine
ding test to discriminate between (mildly) hyperho-
xysteinemic and normal individuals, reported that
e prevalence of hyperhomocysteinemia was 42%
Iong patients with cerebral vascular disease, 28%
long patients with- peripheral vascular disease and
% among patients with cardiovascular disease. They
served the risk of premature occlusive vascular dis-
se to be about 30 times greater for people with hyper-
mocysteinemia relative to normal controls. A recent
xpective investigation of participants in the Physi-
ms’ Health Study showed that the risk of myocardial
iarction within 5 years for individuals with no prior
story of vascular disease was 3.4-fold greater for those
th elevated plasma homocysteine concentrations
an for those with normal plasma homocysteine lev-
~[Stampfer et aL 1992). The association between ho-
Xysteine and vascular disease in this study and in
rlier studies (Clarke et aL 1991, Genest et al. 1990)
s independent of other known vascular disease risk
:tors, such as age, diabetes, hypertension, body mass
.kx, total and high density lipoprotein (HDL] choles-
d. b addition, carotid ultrasound has previously
en used to examine the association between homo-
steine and arteriosclerosis. obligate heterozygotes
- cystathionine ~-synthase deficiency were shown to
ve a greater prevalence of carotid arteriosclerosis
m normal controls {Rubba et al. 1990), and postme-
Ionine load plasma homocysteine levels were associ-
:d with asymptomatic carotid arteriosclerosis in a
~, bined sample of obligate heterozygotes for cysta-
lo~e ~-snhase deficiency and a similar number

controls [Clarke et al. 1992]. A third study of asymp-
matic inditidu~s in a middle-aged, population-based
hort demonstrated that those with carotid artery
~ thickness above the 90th percentile of the popula-
m distribution had significantly higher fasting
~sma homwy5te~e ]eve15 thm controls With C=otld

N thickness below the 75th percentile [Malinow et
19931.

This paper is a summary of our studies (Sclhub et
!‘-J93,Selhub et al. 1995) on the elderly SUrVlvOrS of

~ Framingham Study cohort. We examined, in this
~erly population, the distribution of plasma homo-
steme levels, the relationship between plasma homo-

CAROTID ARTERY STENOSIS 1259S
.-— ———- —

cysteine concentration and plasma and intake levels of
folate, vitamin B-12 and vitamin B-6 and the relation
between carotid stenosis and plasma concentrations of
homocysteine, folate, vitamin B-12 and pyridoxal-5’-
phosphate.

MATERIALS AND METHODS

Subjects. Participants were members of the original
Framingham Heart Study cohort, a population-based
sample of 5209 men and women originally examined
in 1948-1952 (Dawber et al. 1957] and followed pro-
spectively to the present to assess the occurrence of
vascular disease. This study was based on 1401 survi-
vors of the original cohort who participated in the 20th
biennial examination (1989- 1990]. Homocysteine and
carotid ultrasound measures were available for 1041
individuals (418 men and 623 women), aged 67-96 y
old at the time of data collection. h-donned consent
was obtained from all participants. The protocols for
this study were approved by the Human Investigations
Review Committee at New England MedicaJ Center
and by the Institutional Review Board for Human Re-
search at Boston University Medical Center.

Biocbernieal detemtinations. Blood was drawn non-
fasting and plasma total cholesterol and HDL choles-
terol were determined in the Frarningham Heart Study
laboratory using enzymatic methods (McNamara and
Schaefer 1987, Wamick et al. 1982). Low density lipo-
protein cholesterol was not determined because the
blood samples were taken in a nonfasting state. Plasma
samples stored frozen at -80°C were used for the deter-
mination of total homocysteine by the method of %aki
and Sako (1987), plasma folate by a microbial assay
using a 96-well plate and manganese supplementation
as described by Tarnura et al. (1990), vitamin B-12 using
a [Magic) radioassay kit from Ciba-Coming [Medfield,
MA) and pyndoxal-5’-phosphate by the tyrosine decar-
boxylase method as described by Camp et aJ. (1983].
Because of insufficient plasma volume, vitamin mea-
sures were not available for all subjects.

Nutrient intake. Members of the Framingham co-
hort received a semiquantitative food frequency ques-
tionnaire (Willett et al. 1985) by mail when they were
scheduled for their 20th biennial examination. Sub-
jects returned the completed questionnaire at the time
of their examination. Estimated folate and vitamin
B-6 intakes corresponded well to the respective folate
and PLP plasma concentrations. Vitamin B-12 intake
was not, however, correlated to plasma vitamin B-12
(Jacques et al. 1993, Willet et al. 1985].

Measurement of carotid stenosis. At the 20th bien-
nial examination, participants underwent a carotid
doppler examination with Ultrasonic, high resolution,
real-time scanner equipped with a 7.5-MHz imaging
transducer, a 4-MHz pulse wave Doppler transducer
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and a 4-MHz continuous wave transducer. For this re-
port, we classified individuals into two categories based
on the maximum percent diameter stenosis of the more
diseased artery: O’-24?’fO stenosis or 25-100’%. stenosis.

Statfsticd methods. To describe the associations
between plasma homocysteine concentrations and the
B vitamins, we grouped subjects into deciles of plasma
vitamin concentration and vitamin intake. We calcu-
lated the geometric mean plasma homocysteine con-
centrations in each vitamin decile and plotted these
values and their 95 ‘If. cor&dence internals (CI) at the
median vitamin level within each decile. We adjusted
mean homocysteine levels for age, sex and concentra-
tion or intake of the other B vitamins by analysis of
covariance (Kleinbaum et al. 1988] with all covariates
set to their respective sample means. We also adjusted
all vitamin intakes for energy (Willett 1990).

To examine the association between the occurrence
of high plasma homocysteine concentrations and
these vitamins, we defied high liomocysteine as con-
centrations >14.0 pmol/1 (the 90th percentile for ho-
mocysteine among those subjects whose three plasma

“, vitamins levels were above the 70th percentile]. We
‘.- developed a B vitamin index to describe the joint rela-

tionships of the three vitamins included in these anal-
yses to homocysteine levels. The indices had five cate-
gories based on percentile values for each nutrient.
We classified individuals with all three vitamins
above the 70th percentile into the reference category
(Category 1]. CategoV 2 included individuals with all
three vitamins above the 50th but at least one below
the 70th percentiles; Category 3 included those with
at least one vitamin above and one vitamin below the
50th percentile; Category 4 included those with all
three vitamins below the 50th percentile but at least
one above the 30th percentile and Catego~ 5 in-
cluded individuals with all vitamins below the 30th
percentile. We determined mean homocysteine con-
centration, the prevalence of high homocysteine, the
prevalence rate ratio for high homocysteine and attrib-
utable proportion (attributable risk percent) [Rothman
1986) within each vitamin index category. We also
estimated population attributable proportion, which
represents the proportion of cases with high homocys-
teine in the population that can be attributed to low
plasma vitamin concentrations or vitamin intake.

To graphically describe the relation of homocysteine
to stenosis, we classified men and women into quartiles
of homocysteine concentration. Within each quartile,
we computed the prevalence of carotid stenosis =25%
and plotted the prevalence estimates at the sex-specific
median homocysteine concentration for that quartile.
To adjust for other risk factors for carotid stenosis, lo-
gistic regression was used with stenosis =25 ‘%. as the
dependent variable. Homocysteine quartiles were mod-
eled by using indicator variables to represent the three
highest quartiles, and relative risk of stenosis for each
quartile compared with the lowest quartile was esti-

mated as the odds ratio derived as the antflogm

of the logistic regression coefficients. To e- %
e~

association between the nutritional deteeb ~
plasma homocysteine and stenosis, we also ~ .

wsubjects into quartiles for each vitamin m~~.’~ Y
represented them in the regression models as -4variables using the highest plasma vitamin q-.
the reference category to estimate the relative ~k ~
lower nutrient levels. If not otherwise noted, SU~
significance refers to P <0.05. .:<.,.

. ...=<
.4$:$:

RESULTS ..@w.;
:+&

Homoeysteine distribution and prevalence of ~~h
homocgsteine concentrations ,:

...$-.T
..

The mean homocysteine concentration for ~’:~
jects was 11.9 ~mol/1 (median = 11.6 pmol/1]. V-
ranged from 3.5 to 66.9 ~mol/L Homocystetie -
tration was higher in men than in women and in

4
with age [Table 1). The increase with age r - “ ~

highly sign.iflcant (P <0.001 ] for men and worn<

%$adjustment for plasma vitamin concentrauo%, ‘7*7”*

3

difference between men and women was no l+
tistieally significant. ..

We deiined high homocysteine as conceri’&
greater than the 90th percentile among subj~: , :
all plasma vitamin levels greater than the 70th “
tile [14.0 pmol/1). Prevalence of high homocyste

m.

%!?

29.3% for the entire cohort and over 40% for in. ~ ‘“”
als aged 80 years and older. .: .,,:

:. .*.::
-~

&<&

Mean homocysteine concentration by uitamfn :;$;.,,+.,.
status and intake . .. ....

—

Fohrte. Mean plasma homocysteine concentrations
for subjects in the two lowest deciles of plasma folatc
(below 4.8 nmol/lJ were 15.6 and 13.7 gmol/1. ~?c

T
were significantly greater than the mean for s
in the highest decile, which was 11.0 pmolfl {P“<~“~1]
(Fig. la]. Mean homocysteine concentrations for sub
jects in the three lowest deciles of folate intake [<2S
~g/d) were 13.7, 12.9 and 13.2 p-iolfl, respectively, “id
were significantly greater than the mean for sub-
in the highest intake decile, which was 10.4 pm~
(P< 0.01) (Fig. 2a).

Vitamin B-12. Mean homocysteine_ccmcxm!m&@L
were significantly elevated for subjects in the low-
decile for vitamin B-12 relative to subjects in the h@.
est decile (P < 0.01]. Mean hornocysteine concep-
tions were 15,4 and 10.9 pmol/1 for subjects i.TI*. :.
lowest and I@est vitamin B-12 deciles (Fig. lb). $#?@j
jects in the lowest vitamin B-12 decile had vi~$~ ~md~
B-12 concentrations below 139 pmolfl. Vitti Bj~ ‘“ ad p
intake appeared unrelated to mean homocysteine ~ :J c
centration even though subiects in the fifth decile ~d ‘“



TABLE 1

Meao homoeysteiae arsdB ritqsin status arrd intake by age and sex

Nutrient intake/
PIasma concentrations 4200 k]

Vitamin vitamin _— ..
Age n Homocysteinc Homoc ysteine Folate Virarnin B-12 PLP Folate B-12 B-6

Y #rrtoIfl % elevated rrmol/1 pmolfl nmoJ/1 M M mg

67-74 ZJ9 11.8 25.3 9.3 265 52.6 174 3.7 1.4
75-79 110 11.9 26.7 9.5 260 49.6 180 3.8 1.3

80+ 1(I8 14.1 48.3 10.0 255 47.6 204 4.8 1.4

trend
Jge] — <0S)01 <0.001 0.41 0.62 0.36 0.02 0.02 0.81
en 67-74 310 10.7 19.5 10.4 302 59.9 214 4.0 1.6

75-79 204 11.9 28.9 10.2 289 52.2 220 4.4 1.5
80+ 189 13.2 41.4 9.7 290 52.1 199 4.9 1.5

trend
age) <0.001 <0.001 0.60 0.47 0.13 O.u 0.03 0.55

d — <0.003 <0.09 0.19 0.001 0.08 <0.001 0.07 0.02

e~
5101520253035a45 50

Plasma Folate (nncUL)

e~
o 203

Plasma VItamIrIB-f2 (PTIOW)

a~
Plaarna PLP (nmoUL)

FIG~M I Mean plasmahornocyswkconcentrations
nd 9570 CI] by &C1ies of plasmafo]ate(u),vitamin B-12 (b)
)d pLp [c) concentrations. Means are adjusted for age, sex
id other plasma vitamins. ●Significantly different from
.ean in the highest declle, P <0.01.

18
1

b

vtal-m-&12ktaiqug%ry)

Warms-sktae(*)

FZGURE 2 Mean plasma homocysteine concentrations
(and 95% CI] by deciles of intake of folate (a), vitamin B-6
lb) and vitamin B-12 (c]. Means are adjusted for age, sex and
other vitamin intakes. ‘Significantly different from mean in
the highest decile, P < 0.05; ● “significantly different from
mean in the highest decile, P <0.01.
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~
TABLE 2

Elevoted homoc~teirre concmtrotions by B m“taminstatus

-
B vitamin Mean Prevalence Popula*
index 1 n homocysteine Prevalence rat e ratio Attributable attribu~k

.
prrsolfl % 70 %

Highest 1 89 9.4 10.1 1 0.0 0.0
2 128 9.8 12.5 1.2 19.2 1.0
3 534 11.9” 28.7” 2.8 64.8 33.7
4 144 14.9” 52.1” 5.2 80.6 20.6

Lowest 5 70 16.5* 58.6” 5.8 82.8 ~
[total] 669

1 ~dex Combfies plasma folate, vitro B-12 and pyridoxal-5’-phosphate [PLPI concentrations: High (1) = d three B vit~s > 7~
prcentile; 2 = all vitamins > 50th, at least 1 < 70th percentile; 3 = vitamins above and below the 50tb percentile; 4 = all mtamins < ~
percentile, at l=st 1 > 30th percentile; low (5] = all three vitamins < 30tb percentile.

‘ Significantly different from Category 1, P <0.01.

significantly higher homocysteine concentrations than
subjects in the highest decile [P K 0.05) (Fig. 2b].

Vitamin B-6. Mean homocysteine concentrations-...-.->.. were significantly elevated for subjects in the lowest
.-.. decile for PLP relative to subjects in the highest decile

for this vitamin (P c 0.01). Mean homocysteine con-
centrations were 14.3 and 10.9 pmol/1 for subjects in
the lowest and highest PLP deciles (Fig. 1c). Subjects
in the lowest decile had PLP concentrations below
18.1 nmol/1. For vitamin B-6 intake, mean homocys-
teine concentrations were significantly elevated in the
lowest two deciles (P < 0.01) and the third decile
(P c 0.05). Mean homocysteine concentrations were
13.4, 12.4 and 12.3 pmol/1 for subjects in the lowest
three deciles; the mean in the highest decile was 10.1
pmol/1 (Fig. 2c). Subjects in the lowest three intake
deciles reported consuming less than 1.75 mg/d.

Homocysteine concentrations bg overall

vitamin status

Mean homocysteine and the prevalence of high ho-
mocysteine increased dramatically across categories of
the B vitamin index (Table 2). Mean homocysteine con-
centration was 75 and 5570 greater in the lowest rela-
tive to the highest index category for the plasma index.
The prevalence of high homocysteine was almost six-
fold greater among subjects in the lowest index cate-
gory compared with subjects in the highest category
for plasma index. Sixty-seven percent of the cases of
high homocysteine in this cohort of older subjects were
associated with at least one vitamin concentration be-
low the 70th percentile. Although the prevalence of
high homocysteine was substantially greater in lower
vitamin categories (4 and 5) than in the middle cate-
gory, this latter category contributed the largest share

r ,, .,, .,, .,,

I

Relationship between plasma homocysteine and
prevalence of uracranial stenosis

-.-A:..

The prevalence of extracranial carotid stenti
..-

a25°A was approximately 43 and 34°A in men ad
women, respectively. Figure 3 shows the age-adju&d
prevalence of stenosis across quartiles of plasma ho~
cysteine levels. In men, the prevalence of stenti
=25 Yo was 27% (95 ‘?40CI: 17-38 YO) in the lowest horn~~
cysteine quartile and 58!4. (95~0 CI: 49-67VO) in the
highest quartiles (P,,..d < 0.001). The relation, ‘m
women was not as striking as that in men; prevalence
of stenosis =257. ranged from31 YO(95Y0 CL 24-38%)
to 39% (95 Y. CI: 31 -L17Yo) across homocysteine
quartiles (p...d = 0.03). Although the risk of stenosis
appeared to increase in the second homocysteine
quartile (9. 1-11.3 pmol/1) among men, it did not appear

707

Stawsis > 25%
(??)

so-

50-

40-

30-

20-

#

Plssm Homocynsins
(UmobL)

FIGURE 3 Age-adjusted prevalence and 95% CI of _
mum extracranial carotid anery diameter stenosis =X% b
quartile of plasma homocysteine concentration in men (s]
and women (.1. Homocvsteine quartile cutoff values we~. .- -,. n, f..
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TABLE 3

Odds ratio of maximal extracra.nial carotid artery diameter stenosis =2$% by quartile of plasma bomocysteine conceirtration

Age and sex adiusted Multiple risk factor ad~ustrnentl
—-i-brrsoeystetie

quartile Odds ratio 95% C[2 P va3ue Odds ratio 95% c1 P va3ue

prnolll

S9,1 1.0 1.0
9.2- 11.3 1.1 0.8, 1.6 0.60 1.1 0.8, 1.6

11.4-14.3
0.58

1.6 1.1, 2.4 0.009 1.6 1.1, 2.3 0,02
Z14.4 2.1 1.5, 3.0 <0.001 2.0 1.4, 2.9 <0.001
p~end <0.001 <0.001

1Ad@Sted for sex, age, totfl:~L cholesterol ratio, smotig status and systolic blood pressure for 1041 individuals.
2 CI = cofidence irsterv~,

to increase until the third homocysteine quartile (11.4–
14.3 pmol/1) among women. Although the prevalence
of stenosis appeared somewhat greater among men
than women in the upper quartiles of homocysteine,
a test of interaction between sex and homocysteine
indicated that the trends for prevalence of stenosis
z25Y0 were not significantly different for men and
women [P = 0.07).

.,~e age and sex adjusted odds ratios for men and
women combined were significantly increased in the
@ (odds ratio = 1.6; 95% co~dence ~terv~: 1.1-
~4) ad fourth (odds ratio = 2.1; 95% confidence inter-
vak 1.5-3.0) quartiles of homocysteine (a 14.4 #molfl)

relative to the lowest quartile (s9. 1 pmol/1) (Table 3).
Adjustment for other risk factors had little effect on
the odds ratios.

The associations between ~otid stenosis and the
plasma vitamins are shown in Table 4. The prevalence
of stenosis a25~0 was inversely associated with both
folate (~~cnd< 0.001] and pyridoxal-5 ‘-phosphate [Pti=.d
= 0.03) after adjustment for age, sex and other risk
factors. The odds ratio for stenosis was 1.9 (95% CI:
1.3-2.7) in the lowest folate quartile and 1.6 (95% con-
fidence interval: 1.1-2.4) in the lowest pyridoxal-5’-
phosphate quartile. Plasma vitamin B-12 exhibited a
weak association with stenosis (pw..d = 0.11 ). The odds

TABLE 4

Odds ratios of nsaxismd extracra”al arrotid artery diameter stenosis =25% by quartile of plasma vitamins

Multiple risk factor adjustment
Multiple risk factor adjustment I plus homoeysteine

Odds 95% Odds 95’70 P
vl~ n ratio Cn P value ratio CI value

blare, pg/13 1027 -
<2.51 1.9
2-51-4.31

i .3, 2.7 O.ml 1.5 1.0, 2.3 0.04
1.4 1.0, 2.0

432-792
0.08 1.3 0.9, 1.9 0.24

1.2 0.8, 1.8 0.28 1.2 0.8, 1.8 0.35
~7.93 1.0
‘trend

1.0

‘i- B-12, ng113
<0.001 0.05

881
<290
290-405

1.4 0.9, 2.1 0.11 1.2 :::, ;:: 0.41
1.4

~-572
0.9, 2.0 p.14 1.2 0.36

1.3 0.9, 2.0
*573

0.16 1.3 0.9; 1.9 0.24
1.0 1.0

‘Uersd 0.11 0.47
%doti-5’.Phosphate, nmolll 967

S31.91
31.91-52.19

1.6 1.1, 2.4 0.02 1.3 0,9, 2.0 0.15
1.1 0.7, 1.6 0.67 1.0

‘Hfl_~9,go
0.6, 1.4 0.80

1.2 0.8, 1.7 0.48 1.1 0.7, 1.6 0.71
c89,81
P

1.0 1.0
trend 0.03 0.23

1Adjusted for XX, age, tot~:~L cholesterol ratio, smobng status, and systolic blrmd pressure.
2 CI = cotidence interval.
3 TO eonvem to S[ units, multiply folate values by 2.266 to get values in nmol/1 and vitamin B-12 values by 0,7378 to get values in pmol/1.
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ratio for stenosis was 1.4 [%Yo confidence interval:
0.9-2. 1] in the lowest vitamin B-12 quartile compared
with the highest quartile. Adjustment for homocys-
teine diminished the strength of plasma vitamin asso-
ciations, but the elevated prevalence of stenosis in the
lowest plasma folate quartile remained evident [odds
ratio: 1:5; 95~0 CI: 1.0:2.3J.

DISCUSSION

These data suggest an important role for nutritional
status in homocysteine metabolism. We have demon-
strated SHOW nonlinear, inverse associations between
homocysteine concentrations and plasma concentra-
tions of folate, vitamin B-12 and vitamin B-6. We ob
served that individuals with low levels of ezwh of these
vitamins had high plasma homocysteine concentrations,
whereas those with moderate vitamin levels had dramat-
ically lower bomocysteine concentrations. Homocys-
teine levels did not differ substantially between individu--.

“J ala with moderate and high vitamin concentrations.
.. The results for folate and vitamin B-6 intake data

are consistent with those for the plasma vitamins. Al-
though it is risky to attribute discrete quantitative val-
ues based on this method of dietary assessment (Willett
et al. 1985), it still maybe worth noting that homocys-
teine concentrations were elevated among individuals
with folate intakes up to 280 pg/d, which is higher than
the current RDA of 200 and 180 pg/d for adult men
and women, and vitamin B-6 intakes as high as 1.92
mg/d, which is less than the RDA of 2.0 mg/d for men
but greater than the RDA of 1.6 mgld for women.

Adequate levels of all three vitamins maybe needed
to obtain an optimal homocysteine concentration. Us-
ing the index based on levels of all three vitamins, we
estimated that approximately two thirds of the cases
of elevated homocysteine concentration in this cohort
were associated with low or moderate plasma levels of
one or more of the three vitamins.

Our data also provide evidence that plasma homo-
cysteine levels are associated with extracranial carotid
stenosis in a population-based, elderly cohort. We ob-
served that risk of stenosis >25 ‘Yo was increased at
homocysteine concentrations previously believed to be
normal based on levels of homocysteine among norma-
tive samples. As in our previous analysis, we defined
elevated plasma homocysteine as concentrations >14
pmol/1 (90th percentile among individuals with appar-
ently adequate folate, vitamin B-12 and vitamin B-6
status). Stampfer et al. [1992] defined elevated homo-
cysteine as concentrations >15.8 pmol/1 (95th percen-
tile among nondiseased conuol subjects!. Joosten et al.
(1993) defhed elevated homocysteine as concentra-
tions >13.9 pmol/1 (mean plus 2 SD among healthy
young controls). Genest and co-workers (1990) reported
90th and 95th Dercenti]e values nf Is o and 10 n ,,_mI 1

1 among their normal controls. In the present study ~=
observed that risk of stenosis was elevated at leve~ ~
homocysteine between 11.4 and 14.3 pmol/1. ~~
data will require us to reconsider the cuent &~%

regardbg standards for elevated homocysteine.
We have also examined the relations betwem ~

cific nutritional determinants of hyperhomocyst~
mia and stenosis in this elderly cohort. We further d~.
onstrated that folate and pyridoxal-5 ‘-phosphate ~~
linked to stenosis, in large part, because of their re~.
tion of plasma homocysteine levels as indicated bY &
diminished odds ratios between stenosis and th~ ~ti.
reins after adjustment for homocysteine levels. ~.
though there was some residual association be~~
plasma folate and stenosis after adjustment for ho-
cysteine, the likelihood ratio test statistic would ~.
gest that addition of folate to a model containing home
cysteine did not add any significant contribution. It ~
likely that measurement error and biological vm~.
ity in both folate and homocysteine might expl~ &
residual folate association.

We demonstrated that the majority of these el~
individuals with elevated homocysteine con&&
tions have insufficient status of folate, vitamin B-12”&
vitamin B-6, and others have demonstrated that iru.&
uous vitamin supplementation regimens (i.nclu~~”
late, vitamin B-12 and vitamin B-6) effectively la
moderately elevated plasma homocysteine levels t61&
normal range (Brattsrom et al. 1988, Brattstrom ti%~
1990, Dudman et al. 1993, Franken et al. 1994, Glu&
et al. 1995, Lindgren et al. 1995, Ubbink et al. 19g~,
Ubbink et al. 1994). Results of our present study pm
tide the rationale for a randomized, controlled trial of
the effect of homocysteine lowering vitamin therapy
on vascular disease morbidity and mortality in hyper-
homocysteinemic, elderly individuals.
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Relationshipamong Homocyst(e)ine,VitaminB-12 and
CardiacDiseaseintheElderly:Associationbetween
ViiaminB-12 Deficiencyand DecreasedLeftVentricular
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ABSfRACT We ewsfuated the association of moderate
-mcqat(e~memfa and vitamfn B-12 status with
~ artery dbease (CAD) and kft ventrieubr qjee-
tbn bactbn kt 367 efderly patknts undergoing coronaty
~phy. The extent of CAD was scored, kft venbic-
dW -n fraction was assessed and vitamins B-12
ti fobte and the metabolizes homoeyst(e)fne, tneth-
~ add and 2-methyfciRrie acfd were measured.
ti was no sfgrdffcant trend In change fn homoeys-
t(e)hse as Me dent of w increased. 7here was an
a550ebtbn between vitamfn B-12 defickney, i.e., vita-
mfn B-12< 221 proof/f and homocyst(e)ine >16 nmti
tstfand bw kft ventricular qjectfon fraction (P = 0.01 4).
~ 105 ~mpks,~~cd for vitamin B- 12<221 proof/
1w ~ no~al ~m~ B. 12 and folate kvefs, metabo-

ks hcfudirsg methyinsalonk acid reveakd a spechlc df-
_ of vitamin B-12 defickney in 18 patients. The
~ among these vftamin B- 12-deffcknt patknts and
b. kft ven~cufar -on ficljnn was significant (P =
O.0~). ~ ~ SWK5 on ~t h- m~ferJ that rdb-rsus
o%de fn the ~sence of 200 @/l methbnfne reduced
ccsrtti~ of tie h~~. ~ conclusion, vitamfn B- 12-
ddcient patkn~ had si@ficantty tower kft ventrkufar
% fraetbns than nonvftamin B-12-dsfieiestt ps-
%t.s. Whe&r 10. feft venbhbr qjectfon frsetirxs S’C-
ti bt mabbw@on of VftamfnB-12 and vitamrn B-
12 &I&q, or c~ver~, ~e~ ~nsin B-12 and
fb ~er, ekvated hom~t(e~~, dSpmSS ~ VeSl-
~ function warrants further evafuatbn. J. N*.
126: 1249 S- 12~S, 19%.

~EXlfYG KEY WORDS:

“ hornocgst(e)ine ● t~itarrrin B-12
“ cardiac dis~a~e ● e~derly ● methg Irnalonic acid
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Homocysteine is a sulfur-containing amino acid that ~

is metabolized by transulfuration to cysteine via cysts- z
thionine or by remethylation to methionine. Interest
in homocysteine was greatly enhanced by the discovery
of an inborn error of metabolism that resulted in homo-
cystinuna and premature death. Blood homocyst(e)ine
levels are extremely elevated in homocystinuria and
may attain 200 nmol/ml (Malinow 1990). Characteris-
tic imterial changes include intimal hyperplasia and fi-
brosis, degeneration of the internal elastic Iamina and
medial hyperplasia. Thrombosis commordy occurs in
arteries and veins, and thromboembolism is a frequent
cause of death (McCU1lY 1969!.

Moderate hyperhomocyst(e)inernia, characterized by
homocyst(e)ine levels in the range of 14 or 16-30 nmol/
ml, may result from a variety of causes. These include
heterozygote enzyme deficiencies, such as cystathio-
nine Beta synthase deficiency [Beers et al. 1985), ther-

‘ Presented as part of the colloquium “Homocysc(elinc, V1t-s
and Anenal Occlusive Diseases” grvcn at the Expcrirnene.af Biology
’95 mcedn& Adartra, GA, on April 13, 1995. This symposium was
sponsored by the Amcncan Institute of Nutrition. Guest editors for
the symposium were M. R. Malinow, Oregon Regional Pnnsate Re-
search Center, Bczwerron,OR, and M. J. Stampfcr, Harvard School
of Pubhc Hcafth, Cambridge, MA.

z Supported by a grant from the Maimonidcs Research and Devel-
opment Foun&tlon snd NIH grams AG09834 and RROO163.

‘ To whom concspondencc should be addressed: Mairnomdes
Me&cal Center, Depanmmt of Me&cine, 4S@. Tenth Avenue,
Brooklyn, NV 11219.

‘~231&5/96 $3 CMc 199(1Amencm lnstltUtC Of NuwitiOn



molabile methylenetetrahy drofolate reductase [Kang et
al. 1993), vitamin B-6 and early vitamin B-12 and folate
deficiency and renal insufficiency [Sons et al. 1990). In
late vitamin B-12 and folate deficiency, levels reach
those in the range of severe h}-perhomocyst( e)memia.
Multiple studies have associated moderate hyperhomo-
cyst(e]inemia with premature cerebrovascular, periph-
eral and corona~ artery disease [CAD] ~Brattstrom et
al. 1984, Clarke et al. 1991, Coull et al. 1990, Genest
et aL 1990, Israelsson et al. 1988, Kang et al. 1986,
Malinow et al. 1989].

The aim of this study was to evaluate whether mod-
erate hyperhomocysde) inemia and vitamin B-12 status
were associated with CAD and left ventricular ejection
fraction among a group of elderly patients.

MATERIALSAND METHODS

Data were collected on 367 patients undergoing coro-
nary angiography at Maimonides Medical Center. The
extent of CAD was scored using proximal and diffuse
indices (Fnesinger et al. 1970, Ringqvist et al. 1983). The
coro~ artery pro~al score index ranged from I to
7. A score of 1 was assigned when pro-al disease was
< 7(Y7o diameter stenosis, in each of the thee ma]Or cor-
onary arteries: the left anterior descending {LAD],4 the
left circumflex (CX) and the right coron~ artery IRCA)
as well as <5070 stenosis in the left main coronq at-
tery (LMCA]. A score of 2 was given for single vessel
proximal disease [=70% stenosis] in either the CX or
RCA, 3 for proximal dkase in the LAD, 4 for CX and
RCA disease, 5 for LAD and CX or RCA disease, 6 for
LMCA disease [=507. stenosis) and 7 for triple vessel
disease with or without LMCA disease. The coronary
artery diffuse, or Friesinger score index ranged from O
to 15. Each of the three major coron~ arteries was
scored separately. The scores are as follows: O: no arte-
nographic abnormalities; 1: trivial lumenal irregularity;
2: localized narrowing in the lumen between 50 and
9070; 3: multiple narrowing in the same vesseli 4: nar-
rowing gxeater than 90%; and 5: tod obstruction. Ejec-
tions fractions were qualitatively assessed in patients
undergoing contrast ventriculograms [n = 349) by the
intementional cardiologist at the time of the study.

At the time of the angiograrn, fasting blood was col-
lected on icej plasma and serum were separated and fro-
zen at –200c. The protocol was approved by the hstitu-
tional Research Committee. Plasma homocyst(e)ine lev-
els, which include free and protein bound homocysteine,
homocystine and the homocysteine-cysteine mixed di-
sulfide were measured by Malinow by high performance
liquid chromatography using electrochemical detection

“ Abbreviations used CAD, coronary arteq &aeascj CI, con&
dence incerwal; CX, circurnilex; LAD, left anterior descendm&
LMCA, left main coronary artery; RCA, right coronaq arm~.

[Cenest et al. 1990, Malinow et al. 19891.Serum vi~,. ---
B-12 and folate were measured by radioassay (&ctor<
Dlckirtson, orangebur~ NY) or by fluorometric en
zyme-linked assay (BaxterDiagnostics,Deefield, IL
The correlation between assays was 0.97 and 0.9 !O~
vitamin B-12 and folate, respectively. One hundred fiv.
serum samples, selected for vitamin B-12 < 221 pmol~
1 (n = 66) or for high normal ‘fiurnin B-12 and folak
levels, were assayed for methylmalofic acid and 2-me~.
ylcitric acid at the University of Colorado by Stile
and Allen by gas chromatography and mass Spectrome.
~ [Allen et al. 1993, Subler et al. 1986].

Possible direct effects of L-methionine and nitmu,
oxide on heat-t ftmction were evaluated by monit~
the changes< in responses of the isolated rat heart, US~
an in vitro heart chamber IPagala et al. 1992). The h-
was isolated from artestbetized rats and eontinuo~
perfused with oxygenated solution at 10 ml per minute
at 37”c. The heart was mounted vertically irt the ~.
&r between a f%ted hook at the bottom and a mov~lc
hook attached to a force transducer at the top. The ~
ducer monitored the tension generated by the spon~c.
ously beating heart. The electrwmliogram was mom.
tored by using the perfusing solution touching the ~
of the ventricle as an active electrode and a platin-&
wire touclung the auricular re@on as a reference eke.
trode. Left ventricular pressure was monitored using a
War rnicrotip catheter introduced directly into the left
venrncle. The protocol was approved by the ItIstitu-
tional Research and Animal Care and Use Comrnittrxa.

Smtisrics. Mearts were cormsted using Student’s t
teatand analysis of variarm. Spearman rank co@ated
continuous and ordinal variables. Ejection fractions ~
categorized as low (c40Y. ],moderately low [40-49%1 ad
normal (AOYO). Muhivariate adjusted odds ratias wuc
obtained from unumditional logistic regression moddx

RESULTS

The mean age of the patients was 73 t 6.7 (SD]y
and 51.5% were men. Forty nine percent had a history
of hypertension, 26% had a history of diabetes and33%
had a history of hypercholesterolernia; 147. were cur-
rent smokers. Plasma homocyst[e)ine level was
14.5 ~ 10.8 nmol/rnl. The mean creatinine was
1.1 z 0.4 mg/dL The mean proximal coronary score
was 2.5 z 2.0, indicating on avera~ significant singk
vessel disease. The mean Friesinger score was 6.8 = 4.5,
suggesting that the average patient had a moderate de-
gree of diffuse CAD. The average left ventricular ejec-
tion fraction was 50 = 15Y0, which is low normal. The
mean hematocnt was 39.7 z 4.8%, and the mean se-
rum vitamin B-12 and folate levels were 384 z 232
pmol/1 and 24.5 z 12.9 nrnol/1, respectively.

The mean homocyst(eline level by proximal ~~
nary disease score ranged from 14.2 in patients with a

.— -



—. .—
HOMOCYSTIE]I~, VITAMIN B-12 AND CARDIAC DISEASE 1251S I

TABLE 1

Meat lsomocyst(efie by coronary disease index

No. of patwnts Mean homocyst[elme

nrnol/ml

- index scores}
1 170 14.2

2 66 13.5

3 37 18..7

4-5 38 12.4

6-7 49 15.2

Frrednger index scoresz
o-1 68 15.0

2-6 101 13.6
7-11 111 15.3

12-14 87 14.1

1 P =0.17.
2 p = o.67.

score of 1, to 15.2 nmol/rrd in patients with scores of
6 to 7 [Table 1]. There was no significant trend in
change of 130mocyst(e)ine as the extent of CAD in-
creased The mean homocyst(ehne by Fnesinger (dif-
ti) CAD score ranged from 15.0 in patients with
scores of Oto 1, to 14.1 nmol/ml in patients with scores
of 12 to 14 (Table 1). There was no significant change iD
homocyst[e)tie as the extent of diffuse coron~ artery
disease increased.

SpearmaII correlation coefficients between plasma
homocyst[e)~e ~d several variables are shown in Ta-
ble L The &ta demonstrate a sigr@cant inverse corre-
lation ~~een pl=ma homocyst~e)ine and vitamin B-
12 and folate ad a sl@ficat direct correlation be-
tween plasma homocyst{e]~e md creatinine and age.
Ths ~melatlonS Me consistent with findings in other
StU&$ Iselhub et ~. 1993, ~b~ et ~. 1993). We &O
io~d a slaficat inverse Conelatlon between plasma
hom~st(e)~e and left ventnc~a ejection fraction.
There was no Conflation between homocyst(eline ad
mmnay artery scores.

TABLE 2

Speamsmr wrrelation Coe?j?ciesst.s
—

LV e!ecnosr PLssma
fraction homocyst(elcnc

&ntamm B.12 0.03 -0.351
~ folatc 0.02 -0.331
‘v elecuon fraction

Pmlrlaf score

-o.11~
–o~9i 004

cT1e$mgerScore _o 371 0.03
““vmn,ne -0 ]J; 04<1
\ ~~ -0.01 0 Iol

~P < o.~j

~ p <0.05

‘P<ool.
~brewatlon “Sed LV = left ventricular

TABLE 3

RelationshipbetweenvitaminB-12 deficiency and ej~”on
jroctfon @F) categories

No. of deficient patients P

tOraI no. of PatIersrs Deficient vatue

%
i

VicarninB-12
deficiency] 1

I
Low EF (<40%) 14/79 17.7
Moderately ]OW

EF (40-49%1 5/54 9.3

Normal EF (=501 14/216 6.5 0.014

Vit.amirs B-12
deficiency?

law EF [<407.1 8/29 27.6
Moderately low

EF [40-49%) 5/17 29.0
Normal EF (250) 5/59 8.0 0.028

[ Vltmh &12 <2.2 I pmoI/f and homocyst(elsne>16 rsmol/rsd. ~
2 Metiylsssakmic acid > 271 nmolfl and 2-methylcitric acid ,?

(nmol/1)C methylmafotic acid- U-J
.%
3

Spearman correlation coefficients between left ven- ;
tricular ejection fraction ~d ~ver~ vfiabl~ me show ‘;
in Table 2. I% expected, there was a signi.6cant inverse
correlation between the extent of CAD and left venrncu-
lar ejection fraction. Left ventricular ejection fraction did
not comelate significantly with serum vim B-12, f~
late or age. Left ventricular ejection fraction did correlate
inversely artd significantly with serum creatinine.

We considered patients with vitamin B-12 levels
<221 pmol/1 and homocyst(e)i.ne levels >16 nmol/ml
to be vitamin B-12 deficient. Nine percent of the pa-
tients were vitamin B-12 deficient. The mean vitamin
B-12 level was 160 pmolfl and the range was 39 to 220.
The mean homocyst(e)ine was 28.7 nmol/ml and the
range was 16.2 to 138. The mean hematocnt was 38.1
z 5.0°L. For nonvitarnin B-12-deficient patients, the
mean hematocrit was 40.4 z 4.8. Folate deficiency, de-
fied as folate c 10.4 nmol/1 and homocyst[e)ine >16
nmol/ml, occurred in 3.3~0 of the patients.

TABLE 4

Cnsde ond nssdtivm’me odissated relm”onships berwezn rksmin
B-12 def3ciwcyl and low TS. nomsaf ejm”on froetions2

Model Odds ratio 95% c1

Unadwsted 3.1 1.4-6.9

Admsted for Age, Sex 3.0 1.3-6.7

Multwanatc adwsted~ 4.0 1.4-11.3

I Vlrarnln B.lz <221 pmol/1 and homocystlelsne >16 nmo]/ml.

~ Low EF 1<:40%1 compared wh normal EF 1>50%1}.
-{Adwsted for age, sex, creatnusse, Fncsmgcr index, history of hy-

Percholestem!emla, ddwtes melhcus and hypertension.
Abbrewarion used: Cl = confidmscemtewal.
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FIGURE I Effect of L-Methionine (200 uMI, nitrous oxide NO, 507.1 and methvlcobalamin 1100 uM} on km-art ra~ti~fi

.. ,....

QRS amplitude (B!,left ventricular sys;olic pre&re [C) and tenki;n [D) responses of the isolated rat he.&t. Each bar ~-~
the mean = SE obtained from eight experiments. Significance of difference from control [Q] was calculated by Student-%
for paired variates and is indicated as ●P <0.05, ‘P <0.01, and 5P <0.001.
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The relationship between vitamin B-12 deficiency
and ejection fraction categories is shown in Table 3.
Founeen of 79 patients (17.7%) with low ejection frac-
tions were vitamin B-12 deficient. Five of 54 patients
(9.3%] with moderately low ejection fractions were vi-
tamin B-12 deficient. Fourteen of 216 patients ~6.5%]
with normal left ventricular ejection fractions were vi-
tamin B-12 deficient. The trend between left ventricu-
lar ejection fraction and percent of patients with vita-
min B-12 deficiency was signifkant [P = 0.014). Of
105 selected serum samples assayed for methylmalonic
acid and 2-methylcitric acid, 18 were determined to be
vitamin B-12 deficient and 4 were folate deficient.
Eight of 29 patients [27.6%] with low ejection fractions
were vitamin B-12 deficient, 5 of 17 patients (29.0?’. ]
with moderately low ejection fractions were vitamin
B-12 deficient and 5 of 59 patients (8.OYO)with normal
ejection fractions were vitamin B-12 deficient (Table
3]. The trend between left ventricular ejection fraction
and percent of patients who were vitamin B-12 defi-
cient was signilkant {P = 0.028).

The crude and multivariate adjusted relationships
between vitamin B-12 deficiency and low vs. normal
ejection fractions are shown in Table 4. The odds of a
vitamin B-lZ-deficient patient having low vs. normal
ejection fraction are 3.1 [95 % confidence interval (CI]
1.4-6.9]. When adjustment is made for age and sex, the
odds ratio equals 3 (CI 1.3-6.7]. When the data are
adjusted for multiple factors, the odds ratio equals 4.0
(C1 1.4-11.3).

4
The data in Figure 1 were obtained from rat ~~ ~~

ments. After perfusion with normal salt soluti , ‘
mean heart rate was 208 beats per minute, the ~ ~
amplitude was 7 mV, the left ventricular systolic ~
swe was 93 mm Hg and the peak tension Wm .L .

After 30 mirs perfusion with solution con “ .
~mol/1 methionine, there were small reducti~ ,-
heart responses. After perfusion with solution
brated with a gas mixture of 507. nitrous ori&,””,,
oxygen and 5“A carbon dioxide with 200 ~mol/1 rnk&
onine, the heart rate decreased by 21 YO (P < 0.05),_W
left ventricular systolic pressure by 28% (P< 0.0S) ad
the tension by 43 Y. [P < 0.05). These reductions-~
not reversed by perfusion with 100 Wmol/1 methflc&
balamin. Ort wash with normal solution, the dep-
sion in heart rate was reversed, but the other paratw
ters did not recover. In a separate experiment, perfiraim
with nitrous oxide [50% ], oxygen (45% J and carbon die
oxide (57.), significantly reduced the left ventrieitk
systolic pressure by 2T% [P < 0.05), but not the*
parameters of the heart function. These studies i@
cate that nitrous oxide, an inhibitor of methionine ~
thase [Errnens et al. 1991], in the presence of methi@
nine, reduced contractility of the bean.

.-..,,.. .

DISCUSSION
.

Homocyst(e]ine is a vasculotoxic’ and throme
amino acid that has been associated with prema~

I
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EFFECT OF CALCILTM AND VITAMIN D SUPPLEMENTATION ON BONE DENSITY
IN hfEN AND WOMEN 65

BESS DAWSON-HUGHES, M. D., SUSAN S. HARRIS, D.SC.,

ABSTRACT

Bac&ti;j#d Inadequate dietary intake Of calcium

and vitamin D may contribute to the high prevalence
of osteoporosis among older persons.

Metlwds We studied the effects of three years of
dietary supplementation with calcium and vitamin D
on bone mineral density, biochemical measures of
bone metabolism, and the incidence of nonvertebral
fractures in 176 men and 213 women 65 years of age
or older who were living at home. They received either
500 mg of calcium plus 700 W of vitamin ~ (chole-
calciferol) per day or placebo. Bone mineral density
was measured by dual-energy x-ray absorptiometw,
blood and urine were analyzed every six months,
and cases of nonvertebral fracture were ascertained
by means of interviews and verified with use of hos-
pital records,

lbswfzs The mean (zSD} changes in bone mineral
density in the calcium-vitamin D and placebo groups
were as follows femoral neck, +0.5024.80 and
-0.70 t5.03 percent, respectively (P= 0.02); spine,
+2.12 t4.06 and +1.2224,25 percent (P= O.04); and
total body, +0.06=1.83 and -1.0911.71 percent (p<
0.001 ). The difference between the calcium-vitamin
D and placebo groups was significant at all skeletal
sites after one year, but it was significant only for to-
tal-body bone mineral density in the second and
third years. Of 37 subjects who had nonvertebral
fractures, 26 were in the placebo group and 11 were
in the calcium-vitamin D group (p= O.02).

COndwbM In men and women 65 years of age
or older who are living in the community, dietary
supplementation with calciuntand vitamin D moder-
ately reduced bone loss measured in the femoral
neck, spine, and total body over the three-year study
period and reduced the incidence of nonvertebral
fractures. (N Engl J Med 1997; 337:670-6.)
@1997, Massachusetts Medical Sociery.

I
X.U3EQLTATE intake of calcium and vitamin D
leads to reduced calcium ~bsorprion, increased
serum parathyroid hormone concentrations,
md bone loss. Loiv bone m~ss is a strong pre-

dictor of frxture.1 Supplemental calcium reduces
bone loss in middle-aged, postmenopausal wromen~”s
and lowers rates of vertebral fracture in women \vith
pre~”ious vertebral fracrurcs? Supplementation ~vith

vitamin D done reduced bone loss from the femoral
neck in poscmenop~usa! \somcn/”.l I but it did not
reduce the rare of hip fracrure among elde:l: Dutch
men and women.’: ~nual intramuscular m]ections

YEARS OF AGE OR OLDER

ELI-BETH A. KRALL, PH.D., AND GERARD E. DALIAL, PH.D.

I

I

I

I

I

I
1

i
I

,

I

I

of vitamin D did, however, reduce rates of arm frac-
ture among elderly Finnish subjects.13

There is a rationale for supplementing the diets of
elderly subjects {vith a combination of calcium and
virarrun D. Absorption of caiciuml~ and possibly of
vitamin Dls and production of vitamin Dld by the
skin decline with aging. Diets that are deficienr in
calcium tend also to be deficient in vitamin D because
a single food, & is the principal dietaq’ source of
both these nutrients. Combined calcium and vitamin
D supplementation has reduced rates of nonvertebral
fracture among elderly \vomen living in retirement
homes.1~ In the one available study of men (mean
age, 58 years) \vho lived at home, calcium and vita-
min D together did not reduce bone 10SS.18The role
of combined supplements in elderly men and wom-
en living at home is unknown. We examined the ef-
fects of combined calcium and vitamin D supple-
mentation on bone loss, biochemical measures of
bone metabolism, and the incidence of nonvertebral
fractures in men and women 65 years of age or older
who were living in the community.

METHODS

subjects

Wc studied only healthy, ambulatorymen and women 65 years

of agc or older who were rccnsitcd through direct mailings and
prcscntarions in the community. The criteria for exclusion ‘mchsd-
cd current cancer or h}pcrparathyroidism; a kidney stone in shc
past 6VCyears; renal disease; bilatcrd hip surgcn; rhcrapy with a
bisphosphonatc, calcironin, csuogcn, tamoxifcn, or tcstosrcronc in
rhc past six months or tluoridc in the past two years: fcmoml-neck
bone mincrd density more than 2 SD below rhc mean for subjects
of the sarnc agc and SCX:dietary calcium intake cxcccdirtg 1500
mg pcr ally; and laboratory midcncc of Lidncy or /ivcr disca.sc.

WC prcscrccncd 848 subjects by means of a qucsrionn2irc wd
invircd 545 for scrccning. Of chcsc, 51 were found to bc mcligi.
blc, 49 were porcnriall! eligible but were nor enrolled, anc 443
( 199 mcn and 246 women) were enrolled. Thtrc \vcrc +30
whites, 11 blacks, and 4 .%ians. The protocol ~vasapproved by the
Human hwcstigarion Review Committee at Tufts Univcrsitv, and
wrincn informed consent was obtained from each subject.

Study Design and Supplements

1ssthis three-year, doublcblind, placebo-controllccl trial, the
subjects were randomly assigned to either the placebo or tht cd-
cium-vimmin D group with stratification according to sex. r3ce.-. .
and dccadc of age. At snsdy entry, wc pcrforrncd physical cx~mi.
nations and mscsscd the subjects’ medical histon, &et, and phys-

1

From the km Slmcr U S Dcpmmcnr of.+griculturc Humxr Xummm
Research Ccnrcr on .%$!ng x Tuti> Umvcrsir!-, 711 \\-whinglon St,. Bos -
ron, hi.+ 02111, uhcrc rcpnnr requests should Ix JMrcsscd to Dr. D~w.
son-Huglscs. .
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ical.ac[ivirv Icvcl: andrzcd blood and unnc; and mc~wrcd bone
mmcral de”nsi~.The sub]ccts vtre wh iscd to maintain their usual
dicrs and to avoid raking supplemental calcium and vitamin D on
their otvn for n~o month~bcfo~c, and throughout th.c-study. At
bedtime, the subjects rook separate pills containing 500 mg ofel-
emcntd calcium in the form of calcium citrate malarcl~and 700
IU of cholccalcifcrol or separate placebo tablets conr.aining mi -
croc~stallinc ccllulosc.

Calcium citrarc malatc (Procrer & Gamble, Cincinnati) ~vas
prcpmcd in ttvo batches; assaysconiirmcd that the conrcnrs ivcrc
as cxpccred. The vitamin D tablets used iniriaily conraincd 707
IL!; nvo years larcr, the taldcts ~vcrcfound ro contlin 563 H-’ (80
pcrccnt ) of the planned dose of700 IV; a second lot initially con-
taimng 768 IL’ was used during the second halfofthc study. The
tablets were stored in opaque bottles at room tcmpcraturc.

Status of Subjeets and Compliance

During the trial. 127 subjectsdiscontinued trcarmcnr; 4 died,
40 sroppcd for personal reasons (e.g., they lost inrcrcst or moved
aivay], 46 wirhdrmv bccausc of illncs+ 17 srartcd estrogen or glu -
cocorticoid therapy, and 20 withdrew because of problems w’ith
the medication. The majority of subjccrs who discontinued trcar-
mcnt did so in rhc firsr year. These subjects were encouraged to
return for all subsequent follow-up maluacions, At the last visir,
389 subjects (87 percent of tic 445 cntollcd) were evaluarcd and
were included in the main intcnaon-tomrcat analyses, The 318
subjccrs who remained in the two study groups (i .c., those who
cook the supplcmcnrs throughout the studv period) were includ-
ed in rhc arralyscsof subjects who complctcd rhc study according
to the protocol.

The mean (ZSll) race of compliance with trcacrncnt, assessed
on dsc basis of pill counW was 92 z 10 pcrccnr for rhc calcium or
placebo tablets and 93 z 10 pcrccnt for the vitamin D or placebo
tablcrs among the 318 subjccrs who complctcd the study.

Measurements

The subjccrs came to the ccntcr mr~ ix months for mcasurc-
mcrm of bone mineral dcnsirv, bkochcmical assa!~ and other
mcasurcmcnts. Their calcium and \itamin D intake was cstimarcd
on the basis of a food- fi-equcncy qucsrionttaire.lo During the
study, 44 of rhc subjeecs who completed the smd~ treatment (23
in rhc placebo group and 21 in the ca.lcium-virarnmD group) re-
ported taking products that contained some calcium or vitamin D.
They were asked to stop taking these products, and the intake from
supplcmcnrs was added to rhcir dic~ ir@c during the relcvam
period. Leisure, household, md occupational acriviryuas csrimat-
cd IITth usc of the Physical .ActivicyScale for rhe Elderly qucstion-
nasre. 21Tobacco usc was dctcrmincd by questionnaire. Height was
mcasurd with a stadiomcter, and weight with a digital scale.

The subjects were asked to send in a Poslcard aficr my fill \$’hcn
such a posrcard was rcccivcd, a stfi member called the subject to
Ycrifi the circumswrccs. Sublccrs rcporccd any additional tills at
each fo!lo\wup Iisit. Xonvcrtcbral h.mrcs were identified during
intcniews at the same ~isirs. The principal invcscigmor.Ivho um
unmvare of the subjects’ study-group assignmcnrs, classiticd the
fractures as nonosrcopormic (resulting from severe traum~ ] or os-
rcoporcstic(resulting from modcrarc-ro+rsinor trauma — i.c,, a fall
from sranding hcighr or Icssi. .+II bur onc nonvcrtebral fracrurc
(a presumed roc fracture that was nor rrcarcd ) were verified by
rcmc~vo!’x-ray reports or hospital records.

Analytic Methods

Bone mineral density in the hip. spree, and tor.d body \vas me~s-
ured by dual.energy x.ray absrsrpriomctn \vith usc of J DIW-L

~;.lnncr I Lwur R.sdi~rmn. .\lwiiwr. ~~7s.I Scmmcr sofifv~re wr
slims 1 2 and 1 .?} u crc LIKLIfor JJ!J xqulvrt~m mki .III.IIVWS.rc.
SpCitl\ cl!. The c(wt?kimsrs f)t’vwiJ;]( m for the mcmurcmcnr~ \\crc
2.0 fwccnt {.icm(walneck i. 1.0 per:tnt tqwnc), A 0.6 pcr(cnr
{!(ud hod! I. The wmu of rhc hlp were prti)rmcd in Jupilcatc,

I

I

\vith rcposirioning hemvccn scans. and the Iaiucs ~vcrcaveraged. .+
phmrom consisting of bone ash embedded in J 12.cm block Nas
scanned every orhcr ~vcckas a control; chc bone mineral dcnsi~
of rhc phantom wm stable throughout the study. _

Blood was dmn bcmvccn 7:00 and 9:30 a.m. afrcr the s~bjccts ‘-
had fasted for ar Icasr cighr hocrm. Vrinc mcasurcmcnrs were made
in 24-hour collections. Plasma 25 -hydrox??itamin D was meas-
ured by the method of Prcecc cc d. ,~zplasma 1,25-dih!.drox}~ira-
min D by a compcritivc protein-binding mcthod,~~ serum par~thy-
roid hormone b!aimmunomctric assay (Nichols Irtsrirurc, San Juan
Capistrano, Caht. ), serum ostcocalcin b! immunor~diomctric as-
say (Nichols lnstirurc ), unn~ .N--tclopcpridc cross-links by cn -
qmc-linked immunosorbcm assay (ostcx Inrcmarional, .!icatdc),
and serum iordzcd calcium and urinary calcium and mcarininc as
reported prmiously.zoThe cocfficicncs of variarion for these assays
rarsgcd from 5.6 pcrccnr ro 7.7 pcrccnt. Arralyseswere performed
as the samples were collcctcd, cxccpt for the plasma l,25-dlhy-
droxyvitarnin D and urirr~ N-tclopcpridc assay%for which inirial
and find sampics were analyzed at the same rime.

Statistical Analysis

Comparisons bcrwccn the study groups were made with mvo-
samplc r-rcsrs and, when adjustmcrtts were required, uith analysis
of cowriancc, Terms for the intcmction of sex and study group in
analysis-of-variartccmodels of the change in bone mineral density
tvcrc scatisricailysignificant only at chc femoral neck in the sub-
jcm in drc intention-ro-treat analysis; shis tctm did nor remain
significant a!%cr adjusrmcnt for the duration of trcatnscnr. The
relative risks of fracture among the subjects “mthe calcium-vita-
min D and placebo groups were compared by means of the chi-
squarc test. Ana@cs were conducrcd with SPSS (SPSS Inc., Chi-
cago) and S,4S (S.4S Instirmc, ~, N,C.) sofrwarc. AI] P values
arc rwo-sided. Irstcntion-to-trcar analyses were conducted accord-
ing to the principles described by NewcllZ~;sclcctcd secondary
analyacswere restricted to subjcm who complcrcd tic study.

RESULTS

The base-line characteristics of the 389 subjects
are shown in Table 1. As compared ivith placebo,
supplementation with calcium and vitamin D had a
significant positive effect on the change over three
years in bone mineral density measured at the fem-
oral neck, spine, and total body in all subjects to-
gether and in the men (Table 2). The women in the
calcium-viramin D group had significantly less totd-
body bone loss than those in the placebo group; the
differences in the changes at the femoral neck and
spine \vere smaller and not sratisricall!. significant.
Adjustment for differences benveen the study groups
in base-line bone mineral densi~ and calcium intake
did not alter the results.

The time course of the response to treatment \vas
examined in the 318 subjects i~’ho completed the
studv. Their clinical characteristics and bone mineral
dens-iry at base line did not differ significantly from
those of subjects \vho discontinued the study treat-
ment, except that smoking was more prevalent in the
latter group (10 percent, as compared vith 4 percenr
among those \vho completed the study; P = 0.02).
During the first year there \vas significantly less bone
loss at the hip, spine. and total body in the calcium-
~itmlin D gr~ntp; durin? the second and third ye~rs,
houmer, rhcrc n.as sign]ficant]y less loss only in the
total body (Table 3).
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cHARacrERlsTlc MEN WMEN

l’L\L’EB<? GROL’? LLC]LW-ITT.LW [> D
(X=112) GRIEL-l’(s= 101,

Agc (y]

Ht,ght (cm)
Weight (kg I

Dietary mkium intake Img/d~Y)
DIcrwy wtarnm D inmkc (1~1/d~y)

Smoker ~%)

f’hysicd.tcriviry score

Bone mmcrd Jcnsity (g/cm’)
Femoral neck
Spmc
Toml body

7125 70=4
173.8=6.9 174.3=6.2
81.5= 12.8 82.4=11.3
673z 349 748=391
1973117 202=104

4.4 7.0
127=56 (89) 124=60 (85)

72=5 71=4

159.5= 6.6 159.2:6-1

68 1=12.4 67.6= 12.1

798=366 689=286

184=110 174=90

54 5.9

108=54 105:48

0.95=0.12 0.99Z0.14
1.27=0.20 ,891 1.32=0.21
1.19z0.09 !89) 1.22=0.09

0.81:0.11 0.80:0.11
1.05=0.20 (109) 1.03=0.18 (97)
1.022009 102:0.10

●Plus-minus values arc means zSD. when rhcrc WCKmissing data. rhc number of subiccts for whom dsr~ were awil-
abk IS shown m parcmhcscs

TABLE2. CHWGE IS BONE MINEKU DEXStIT OIZR THREE YEW IX .WL SUBIEaS A..D m SUBJECTS
W’HO COMPLETEDTHE STLTDY.*

Sus.xcls ANo W’s ALL Sus.sm’s (N=3B9) SuwsCl?acoMnEimG !hJDY (N=318}
PL\CEBO GROVP CNCILIM-\lT.WIS D P PL4CEB0 GROUP C.U.CIL’M-~lTWlY4 D P

(N= 202) GROUP [N= 1B7) VNL!E (N=170) GKOLT (N= 148) V.U~E

percent change pwcenr change

All subjcm
Femoral neck ‘-0.7025.03 (201)
S@c [L2-L4) +1.22x4.25 (197)
To[al body -1.09 ZI.71 (199)

hlcn
Femoral neck -1.3524.70 (90)
s@nc (t2-L4) +1.74=3.85 (89)
Total body -0.85=1.53 (88)

Women

Femoral neck -0.]7=5..25 (111)
spmc IL2-L4 ) -0.78=4.54 (108)
Toml twdy -1.29 =1. S2 (111)

+0. S024.80 (185) 0.02
+2.1224.06 (180) 004
+0.06 Z!.83 (186) <0.001

-0.45 z5.07 (170)
+1.27=4.31 (166)
-1.04=1.71 (168)

+0.81 ~4.44 (148}
+2.5623.93 (1451
+0.30=1.58 (148)

0,02
0.006

<0.001

+0,95=4.07 (85) <0001
+2.93=3.42 (84) 0.03
+0.34=1.40 (861 <0001

-0.8824.59 (77)
+2.03=3.69 (76)
-0.67=1.47 (75)

+0.9123.92 (71)
+3.3423.33 (70)
+048:1.34(71)

0.01
0.03

<0.001

+0.11=5.34 1100) 0.70
*1 41=4.45 \96i 0.32
–0.17=2.11 (100) <0.001

–0.09:5.43 (93)
+0.632+.71 (90)
-1.34:1.84 (93)

+0.71=490 (77)
+1.85=4.32 (75)
+0.14=1.76 (77)

0.31
0.09

<0,001

“SW-mm us dues me means zSD The number of sub)wrs for whom Jw wcrr ~wil~blc is shoum in parcnthcscs. An inrcracuon of scI
with SEUAgroup WU.sratmicdl! slgnilicmt on]! Jr the fcmoml neck m JII subIccts ~P= 0.05I: the P due for th}s inrcr~ct ion m sub]ccu

who wmplctc-d the srud! was 0.36.

Among the 31S subjects \vho completed the srudy,
those treated ~vith calcium and vitamin D had sig-
nificantly greater chmges in a number of biochemi -
CQImeasures of bone nvmbolisrn (Table 4). Serum
osteocdcin concentrations and urinq excretion of
N-teiopeptide ~vere significantly Io\ver in the men
than in the w-omen throughout th:_study (P: 0.005J.

.%rtong the 389 study subjects, 37 (5 men and 32
wm-nen) had at least one noni.ertdmd fracture dur-
ing the study period. The cumulative incidence of a
first fracture at three years \va.s 5.9 percent in the cal-

cium-vitamin D group and 12.9 percent in the pla-
cebo group (re12tive risk, 0.5; 95 pcrcenr confidence
intend, 0.2 to 0.9; P= O.02) (Table 5 and Fig. 1).
.%-rtong the tvomen in the placebo group, the inci-
dence of fractures at three years tvas 19.6 percent.
T\venw-eight subjects (76 percent) had liacrures $
classifi~d & osreoporotic; th; three-year cumulative

-~incidence of ~ first osteopororic fracture in the calci- .
um-vit~min D group w-aslo\ver thm that in the pla- ‘:
cebo group (relative risk 0.4; 95 percent confidence ~:,

I

interval, 0.2 to 0.8; P =0.01). Only two men, both

+>

-.
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TABLE3. R\TE.S OF CEWSCE IS BOSE \fISERU DESSITYIS 318 SL’BIECTSW’HO COMPLETEDTHE STUDY, .ICCOROIM TO
THE DL’K\TIOSOF TRE.+TMEST.●

— . —-— —

.%JWECTSAND $JTE VW 1 YEuEs2Am3
CALCIL’M-VT.WIX D P cuc IL’M-\?T.4w s D P

TrAcEEiOGROL’P GROt’P V.UL’E PL\CEBO GROLVI GROL’P ‘.XLCE

percent changmear percenl changefyear

All
Fcmonl neck -0.2223.65 (168) +0.64 z3.96 (145) 0.05 -0.08=2.42 (1681 +0.18=1.90 \145) 0.30
Spmc(L2-L4) -0.29=2.92 (165) +1.09=2.59 (145) <0.001 +0.79 Z1.90 (166) +0.7321.50 (144) 0.75
Tmal body –0.7621.2S (168) -0.16=1.11 (l%) <0.001 –0.1420,68 (168) +0.23:0.70 (146) <0,001

Mcn “
Fcmord neck –0.55=3.61 (76) +0.56:3.36 (69) 0.06 -0.12=2.22 (76) +0.36>1.72 (69) 0.1S
Spine(L2-L4) +0.31=2.83 (76) +1.29z1.95 (71) 0.02 +0,87:1.59 (76) + 1.00=1.54 (70) 0.61
Total body –0.3321.11 (76) -O.1OZ1.14 (70) 0.22 -0.17 z0.65 (76J +0.30=0.59 (70) <0.001

WOmen

Fcmonl neck +0.05 Z3.68 (92) +0.72 z4.46 (76) 0.30 –0.04:2,60 (92) +0.01=2.04 (76) 0.88
Spine (L2-L4) -0.80=2.91 (89) +0.90=3.08 (74) <0.001 +0.72=2.13 (90) +0.46=1.43 (74) 0.36
Total body -1. IIz1.30 (92) -0.22~ 1.08 (76) <0.001 -0.11=0.71 (92) +0.18=0.79 (76] 0.02

“Plus-minus values xc means =SD. The number of subjects for whom data were avsilablc is shown in pzrcnchcses.

TASU 4. INITIALLABORATORYVALum ANDCHLNGESATTHREEYEARSIN313 SUBJECTS
WHO COMPLITI_EDTHE STUDY, ACCORDIXGTO STUDYGROUP.*

kESkm SNDYGROW

Sm&&izcd calcium(mg/dl)

Calcium-viurniIZD
Plzsma 25-h@cosyiumin D

(rig/ml)
Placebo
Calciurzz-vismzinD

Plasrnz I,2S-dihvdroxyvimrrsinD
J:c?p$

Calcium-viramin D
Scmm parxh}mid hotmonc

(Pg/~)
Placctxl
Calcium-ticamin D

Serum osrcocdcin (ng/nzl)
Placebo
Calcium-virnin D

24-hr urinaq cdcium:cmatininc
ratio (mg/g)

Placebo
Calcmm+iramm D

24-hr urinq ?t-telopcpudc:cmti
nine ratio (nmOl/mmOl )

Placebo
Calcmm+immin D

MENIN= 146)
rNrrtAL
m.wa CSLWGE

5.0=0.2 +0.oto.l
5.OtO.2 +o.lto.2.

33.6z12.7 -2.68 Z1O.2
33.0=16.3 +11.8=11.6t

33.326.7
33.6z7.O

34.8=13.6
38.0z19 1

5.7:1.9
5.3=1.3

98=46
98=50

32=16
29=9

–4,8?8.7
–6.3=11.0

+6.2%11.2
-7,0= 12.9~

A0.2X1.6
-0.521 4t

+1=10
–2=11

W(XWJ[N=167)
INITIAL
VALUE C+ANCE

5.020.2 +o.oto.2
5.120.2 +0.1to.1

24.5210.3 +0.7= 8.1
28.7x13.3$ +16.lz14.3t

37.3=8.0 -6.7= 8.7
36.5=7.3 -s.8=9.5

42.6z189 +S..7: 15.0
37,4215.3$ -5.5=13.21

7.0%2.4 +0.0= 2.1
6.9=2.5 –0.931.9T

119=55 +9=62
113Z64 +67=64t

48=30 -2=32
45Z17 –2=16

“Plus-minus vduss am means 2 SD. To conven values for calcmm to millimolcs per Iitcr, multiply

by 0.25; to cocwcm WJIJES for 25 .hydro~mamin D co nanomolcs w hrcr. muhipl? by 2.50: IOcOn
Ycrt values for 1.25 -dihydro~~i ram in D m picomolcs per lirer. multiply ~ 2 40; ro convert values

for parathyroid homsnnc m plcomoles per Iircr. multiph ~ 0.106; co cotwerr vslucs for osrmdcm
to nmomolcs per hter. multqdy by 0.172; to corzvcmvalues for the 24-hour urmW calcium: cmznmnc
rmio m millimolcs pcr mule. multiply by 2.81. [nmal or tind Ialwra ton ralucs were mm.sing for h~c
Suhlccts

tl’.’ O 005 tiIr the c<mlpm!wm kruccn [h< .tudf gn,up. *

$1’%005 tix thu .I,mp.rwt,n Iwwccn the wILI\ Srmqm

$l%al mmsurcmcnts ucrr mmk at 18 m,mths.
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TABLE 5, XL ifRFR o! FIK,T X(l\YERTFRRiI
FRWTL”R!. UIML, .+I.I SL’KIF(-T,.

.+( (“(lRllIxG TO SW I i+T.A[ SITE.

tiLCiUM-
Pumao VrrMIMD
GROW Gmw

.%5 OFFRAC7VRS IN=2021 (N= 1871

hcc 1 1
Shoukicr, hum.w+ or davick 4 3

Radms or ulna 5 I

Hand 1 1

kbs 2 2

PAis 2 0

Hip 1 0

Tibia or tibuh 1 1

AnkJc or fbot 7 2

Muitiplc s]rcs 2 0

Total 26 11

15-

lo-

5-

+ Placebo
. Calciu-vitamin D

/

o
0 6 12 18 24 30 36

Month

Figure 1. Cumulative Percentage of All 389 Subiects with a First
N&vertebral Fracture, According to Study Group.

By 36 months, 26 of 202 subiects in the placebo group and 11

of 187 subjects in the calcium-vitamin D group had had a frac.
ture [P= O.02).

-. —

I I

674 . Scprcmbcr 4, 1997

in rhe plwebo group, had osteopororic fractures, and
the best prcdicror of osteoporotic Frxrure NM female
scs tP< O.001 ). .%nong dw 318 sulljwts \\”ho conl-
pleted the stud!:, the rel~tive risk of any first non\er-
tebrd frxmm m the calcium-~-itmnin D group as
compmd i~ith the placebo group Ivm 0.4<95 per-
cent confidence intend, 0.2 to 1.0; P = 0.03), and
thar for fractures classified as osreoporotic was 0.4
(95 percent confidence interval, 0.2 to 1.1; P = 0.06).
There was no significant difference between the treat-
ment groups in the percentage of subjects who fell;
among women, the number of falls per subject who
fell \vas sommvhat higher in the calcium-vitamin D
group than in the placebo group (data not shown).
T\vo women (one in each study group) had a second
osteoporotic fracture during the study.

The supplements \vere generalJy well tolerated, but
11 subjects discontinued treatment because of diffi-
CUIVswallo~vingthe pills and 9 discontinued because
of other side effects (in the placebo group: 2 because
of epigmtric distress and 1 because of flank pain; in
the calcium-vitamin D group: 3 because of constipa-
tion, 1 because of epigastric distress, 1 because of
s~veating, and 1 because of hypercalciuria).

DISCUSSION

In this study, dietary supplementation with calci-
um and vitamin D reduced bone loss moderately in
men and women 65 years of age or older who were
living in the communiry. Among the men, there was
a significant effect of treatment at the hip, spine, and
total body. In an earlier study by Orwell et al., a
similar regimen of calcium and vitamin D had no ef-
fect, perhaps because the men in that study were
younger and had a higher mean calcium intake than
the men we studied (1160 vs. about 700 mg per
day).ls The reduction in total-body bone loss in
women in this study was similar to that jn o~er ~j -

als of calcium supplementation alone.s.~ The esti-
mated differences in bone mineral density at the
femoral neck and spine among the women in the
t~vostudy groups \vere similar to those found in oth-
er studies,~~b.loll.ls although tht difkences did not
reach sraristical significance in our study. The effect
of supplementation in all subjecrs \vas similar to that
in the subjects who completed the study, as would
be expected, given the high degree of overlap be-
mveen the t~vo groups. Treatment caused fe\v symp-
toms or side effects.

In both men and women, calcium-vitamin D sup-
plementation reduced total-body bone loss not only
in the fhw year (an effect that could bc ascribed to
the closure of bone-remodeling spacd~), but also in
the second and third yearn, suggesting long-term ef-

fecri-veness of surinlementation- in tetis of ‘the skele--<.,
ton as a \vhole. The initial eflicts of supplementation j
at the hip and spine during ymr 1 \vert maintained
but not increased during the ensuing r~voyears of the .>~

-’[

t
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Mer three years of calcium-vitamin D supple-

? scud!. CMers hme reported a cumulative benefit in
k terms ofrotal-bodvg+ and femoral-neck~ bone densiq

..-.+ith d-te.LI.w.of I-&her doses of calcium in younger
postmenopausal \vomen. Spinal bone mineral density
increased in both studv group% probably because of

~ increases in ostcoarthr~tis and sonic calcification.l~.ls

mcntation, serum osteocalcin concentrations were
9 percent lo\ver in the men and 14 percent lower in
the \vomen than at bwe line, indicating that supple-
mentation led to a sustained reduction in the rate of
bone remodeling. The lack of change in urinary
N-telopeptide excretion may reflect the variability of
this measurement. Our study confirms previous ob-
semations that the rate of bone turnover, as meas-
ured by urin~ excretion ofpyridinoline cross- lirk+q
and serum osteocaicin concentrations,j” is lower in
men than in \vomen...

~!
k The reduction in the incidence of nom’ertebral

k
.-fractures in the calcium-vitamin D group should be
.. interpreted with some caution, because of the small

b’~.. number of study subjecm Nonethcle% the magni -
~:.
* tude of the reduction in the risk of fi-acture was sim-
i ilar to that reported in a study of more than 3400
t elderly French women treated with 1200 mg of cal-
~ cium plus 800 IU of vitamin D or placebo each
A. day.lp In a study of 2600 elderly Dutch men and,..,. women, there was no reduction in the incidence of}.
> fractures among those given 400 IU of vitamin D
::. daily (without calcium), as compared with those giv-

en placebo.11 Our results differ from those of the
Dutch srudy, possibly by chance (we studied fewer
subjects) or because the treatments dHered. When
comparing the three-year rates of notwertebral frac-
tures among women assigned to placebo in several re-
cent trials, w-efound that the 19.6 percent rate in this
study was intermediate between the 9 percent report-
ed for \vomen \vho \vere, on average, 7 years younger
than our subjecrsJl and the “27 percent reponed for
women who were 13 years older.l; We do not knotv
the individual contributions of calcium or vitamin D
to the results in our study.

The limited effect of calcium and vitamin D on
bone mineral densiq, which was evident primarily in
year 1, seems urdikely to account for the constant de-
cline in the rate of nonvertebral fractures during the
three-year study. A treatment-induced reduction in
the incidence of falls does not appear to account for
the reduction in the rate of tlactures, since the num-
ber of falls \vas similar in the wo groups. The reduc-
tion in the tare of bone turnover may have influenced
the fracture rate by reducing the porential for trabec-
ular pert-oration and reducing cortical porosir!.

In conclusion. calcium and vitmlin D supplemcn-
r,~ti{m ]Udi to J modcr3re rcducri~m in bone lm.s
Jnd n~~ysulmt~nri311yrcc.iucc rhc risk O( n{m\trtchr.d

fracrurcs ~mon: men and women 65 ycm of age or
older who lii.e In the communiry.

I
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tion on the bone response to changes in dietary calcium
and vitamin D comes from intetventiort studies in
which change in bone mineral density (BMD),not frac-
ture incidence, is the end point. Although anti.fracture
efficacy is of primary interest, change in BMD is widely
used in clinical trials because BMD is a strong predictor
of fracture risk, and with its use, a far smaller sample
size (or study duration) is required.

Calcium abso@ion t=strvgen and aging

At low to moderate calcium intakes, intestinal cal-
cium absorption occurs largely by active transport, a
process mediated by 1,25-dihydrozYvitamin D [1,25-
[OH]ZD].As intake increases >500 mg/d, passive diffu-
sion accounts for an increasing proportion of calcium
absorbed [Ireland and Fordtran 1973].Calcium absorp-
tion efficiency declines at menopause (Heaney et al.
1989)and also with aging (Bflamore et al. 1970~.Estro-
gen enhances calcium absorption indirectly by enhanc-
ing 1,25(OH)ZDproduction in the kidney. It also pre-
serves a normal intestinal responsiveness to 1,25-
(OH)2D (Gcnnari et al. 1990), perhaps by modulating
the function of the intestinal vitamin D receptor
(VDR]. The age-related decline in calcium absorption
efficiency may be related to increasing intestinal VDR
resistance to the action of 1,25(OH)ZD (Ebeling et al.

‘ Presentedss part of the Symposium:“NutritionalAdvances in
Human Bone Metabols.sm” given at the Expcrimentsl BIO1OSY’95
meet@ Atlanta, CA, on April 11, 1995. l%is symposium was spnn-
aorcd by tie knerimn Institute of Nutrition and supported in part
by the National Dairy Council. Guest editor for the symposium
publication was John J. B. bderaon, University of Nonb CarolSM,
chapel ?fill, NC.

2T& contents of this pubhcation do not necessarily refkct the
views or pohciea of the U.S. Department of Agncufture, nor does
mention of tradenarne, cornsnercd products or orxctons imply
endorsement by the U.S. government.
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1992) and also to reduced 1,25(OHI:D production ca-
pacity [Slovik et al. 1981]. Because the loss of estrogen
and aging affect the active transpon mechanism, it is
likely (though never demonstrated) that the decline in
intestinal calcium absorption after menopause and
with continued aging would be most pronounced in
subjects with low calcium intakes.

Calcium intake and bone loss

Loss of estrogen triggers bone loss that in turn pro-
vides skeletal calcium to the extracellular fluid. This
subtle increase in circulating ionized calcium sup-
presses ~ secretion, lowers 1,25[OH]2D levels and
reduces calcium absorption. Accordingly, one might
anticipate that supplemental calcium would have a rel-
atively modest effect on the skeleton in early meno-
pause. This in fact has been the finding in a number of
controlled calcium trials in early menopausal women
[Dawson-Hughes et al. 1990, Elders et al. 1991), al-
though the skeletal responsiveness to calcium does ap.
pear to vary some by skeletal site. A modest curnula.
tive benefit from calcium supplementation is seen at
the radius but not at the spine. Fewer data are available
for the hip but in an important 3-y study, Aloia et al.
(1994) found that combined dcium (1700 mg/d] and
vitamin D (400 I’U/d] supplementation retarded bone
loss from the femoral neck.

A role for calcium in reducing bone loss in late post-
menopausal women is appatent from controlled trials
(Dawaon-Hughes et al. 1990, Reid et al. 1993]. For
women in this age group, calcium reduces bone loss
from the hip and radius, and the benefit is greater in
those with lowest dietary calcium intakes. As with
the early menopausal women, cortical sites are more
responsive than trabecular sites to calcium. A recent
ND-l Consensus Conference on Calcium considered op-
timal intakes of calcium to be 1000mg/d for postmeno-
pausal women taking esirogen and 15(XI mg/d for
women not taking estrogen (Optimal Calcium Intake
1994). Women in the United States typidly consume
f- less than is recommended, -500-600 mg/d.

Vitamin D metabolism and aging

Vitamin D is central to the issue of presemtig skele-
ton mass because its active metabolize, 1,25(OH)ZD,
stimulates calcium absorption. By the same regulatory
system described above, vitamin D insufficiency causes
reduced calcium absorption, a subtle fall in blood ion-
ized calcium, a rise in circulating PTH and increased
bone resorption. The serum concentration of 25-hydro-
xyvitamirr D (25(OH)D) is the best clinical index of
vitamin D status because it reflects contributions from
dietary and skin sources of the vitamin and because its
serum concentration fluctuates the least after an acute
change in sun exposure or dietary intake. With aging,
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FIGURE 1 Change in femoral neck bone mineral density
(BMD)over 2 years in 243 women txeated with 700 IU/17.s

—J and 100 IU (2.5 p~ ----]of vitamin Dper &y. AU
%rnen received 500 mg of supplemental calcium per day.
Baseline measurements in all women were made in June and
July so that the first 6-mo interval of each study year was
summer-fall and the second was winter-spring. Overall per-
cent change in BMD differed signiiieantly by treatment group
f~ = 0.003]. [Reprinted with permission from Dawson.
Hughes et al. 1995).

sem 2S(OH]D tlecbes as a result of less efficient
skin synthesis of vitamin D, less efficient irttestirud
absorption and possibly also reduced sun expos~e ad ‘
intake of the vitamin.

In much of the heatiy populated temperate zone,
season influences 25(OH]D levels (Webb et al. 1988).
For example, in Boston, latitude 42”N, skin synthesis of
vitamin D does not occur between October and March
because the ultraviolet B ravs that trhotoconvert 7-dc-
hydrocholesterol to previta&in D’do not reach the

1

earth’s surface. During the winter and early spfig, -
therefore, peopIe at this latitude rely entirely on dietary .:
sources of vitamin D. Individuals who have limited
sun exposure or who use sunscreens depend on dietaq
vitamin D year round. Ln 1991 we found that a 400-Iu .1
vitamin D supplement prevented wintertime declines
in serum 25(OH]D and rises in serum PTH concentra-
tions in healthy ambtdatory postmenopausal women
consuming -100 NJ/d of vitamin D in their diets [Daw-
son-Hughes et al. 1991].

Vitamin D, bone 10SS and fractures

4

h the l-y study just cited (Dawson-Hu&es et al.
199 I), the 4(x1-Iu vitamin D supplement reduced wiII- -
tertime bone loss from the spine and provided a net
benefit at this site. To test other vitamin D doses, _we
enrolled 247 healthy women, meari- age 64 y, in a 2-y
trial, Volunteers were randomtied to treatment with
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100 IU or 700 U Ofvitami.n”D/d. The wornen consumed
-lfX1 IU in their diets so that total vitamin D intakes of
-~ IU [the current Recommended Dietary Allowance
(RDA)] and 80fl IU were being compared. All women
received supplemental calcium, which brought their
mean intakes to just over 1000 mg/d. At the spine,
change in BMD was similar in the two groups. At the
femoral neck, however, loss was greater in the low vita-
min D supplement group [see Fig. 1]. Seasonal fluctua-

tion in Bh4D is also apparent in Figure 1. From this
study, we conclude that the RDA of 200 I’U/d is not
aufllcient to minimize bone loss from the hip in healthy
postmenopausal women residing at latitude 42°N.

Two recent studies assessed the effect of vitamin D,
with and without calcium, on fracture rates in the very
elderly. Chapuy et al. (1994] found that combined cal-

4 eitun (1200 mg] and vitamin D (8f10 ~1 supplementa-
--ticm reduced hip and other nonvertebral fracture rates

‘fn French nursing home residents. Supplementation
.V ~th 400 IU of vitamin D done did not alter hiD frac-/

“ture rates sign.&cantly in f-ree-litig elderly ‘Dutch
i , ~<,vomen (Lips et aL 1994). Collectively, these studies?.
J L-,$kt to place the vitamin D intake requirement at

s &4&800 I’U/d in postmenopausal women who have

k

‘ ~@q~te ~clm ~tak=.,+
. “%3. ~+h conclusion, supplemental calcium can reduce

~;~e 10SS ti postmenopausal women. Added calcium
~~” more effective at cortical than at trabecuhr skeletal

)
-;. ~~, and women wi~ the lowest dietary calcium in-
~,~-es benefit the most from supplementation. Intakes
‘~ of lfllfl mg/d for estrogen-replete and 1500 mg/d for

estrogen-deficient women are considered optimal. Ade-
1 quate vitamin D is needed to achieve the full benefit

from calcium. AII intake of MKI-&XJ IU/d appears to
be needed for healthy postmenopausal healthy women
who have optimal calcium intakes and limited skin#
Wnthesis of vitamin D. Skirs synthesis is limited in the
wintertime in women who reside in the temperate
me and is limited year round for those who wear sun-

# ~ns and for those who are home or institution
krtd or for other remons avoid sun exposure.

I
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Elevated Intakes of Supplemental Chromium
Improve Glucose and InsulinVkriablesin
IndividualsWith ‘lJpe 2 Diabetes
Richard A. Anderson, Nanzheng Cheng, Noella A. Bryden, Marilyn M. Polansky, Nanpirtg Cheng, Jiaming Chi,
and Jinguang Feng

Chromium is an essential nutrient involved in normal
carbohydrate and lipid metabolism. The chromium
requirement is postulated to increase with increased
glucose intolerance and diabetes. The objective of this
study was to test the hypothesis that the elevated
intake of supplemental chromium is involved in the
control of type 2 diabetes. Individuals being treated
for type 2 diabetes (180 men and women) were divided
randomly into three groups and supplemented with: l)
placebo, 2) 1.92 pmol (100 pg) Cr as chromium picoli-
nate two times per day, or 3) 9,6 pmol (500 pg) Cr two
times per day. Subjects continued to take their normal
medications and were instructed not to change their
normal eating and living habits. HbAIC values improved
significantly after 2 months in the group receiving 19.2
pntol (1,000 pg) Cr per day and was lower in both
chromium groups after 4 months (placebo, 8.5 * 0.2%;
3.85 PO1 Cr, 7.5 * 0.2%; 19.2 ~mol Cr, 6.6 * 0.1%).
Fasting glucose was lower in the 19.2 -pmol group after
2 and 4 months (4-month values: placebo, 8.8 * 0.3
mmol/l; 19,2 pmol Cr, 7.1 * 0.2 mmol/1). ‘IWo-hour glu-
cose values were also significantly lower for the sub-
jects consuming 19.2 pmol supplemental Cr after both
2 and 4 months (4-month values: placebo, 12.3 * 0.4
mmol/l; 19.2 pmol Cr, 10.5 t 0,2 mmol/1). Fasting and 2-
h insulin values decreased signiilcantly in both groups
receiving supplemental chromium t@ter 2 and 4 months.
Plasma total cholesterol also decreased after 4 months
in the subjects receiving 19.2 pmol/day Cr. These data
demonstrate that supplemental chromium had signifi-
cant beneficial effects on HbAIC, glucose, insulin, and
cholesterol variables in subjects with type 2 diabetes.
The beneficial effects of chromium in individuals with
diabetes were observed at levels higher than the upper
limit of the Estimated Safe and Adequate Daily Dietary
Intake. Diabetes 46:1786-1791, 1997
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Conclusive evidence of the role of trivalent
chromium in human nutrition was reported in
1977(1) when the severe diabetic symptoms of a
female patient on total parenteral nutrition were

alleviated by supplemental chromium. Diabetic symptoms, in
addition to elevated blood glucose, included unex~ected
weight loss, impaired nerve conduction, and abnolmal res-
piratory quotient that were refractory to exogenous instdin.
Upon the daily addition of 4.81 pmol supplemental Cr to her
total parenteral nutrition solution for 2 weeks, the diabetic

mpto~ Were ~e~ted ~d tie exogenow insulin require-
ment dropped from 45 U/day to zero. This work has been ver-
ified on many occasions and documented in the scientific lit-
erature on three occasions (2-4). Chromium is now routiely
added to total parenteral nutrition solutions(5). However, the
chromium concentrations in total parenteral rumltion solu-
tions may not be adequate, since the normalization of nen’e
conduction occurred in a patient on home parenteral nutri-

tion after the administration of supplemental chromium (6).
Signs of chromium deficiency in humans are not limited to

subjects on total parenteral nutzition. Improvements in glucose
and/or lipid concenmations have been reported in chilckn with
protein calorie malnutrition (’7,8); the elderly (9); and indi-
viduals with type 1 and type 2 diabetes (10-13), hypoglycemia
(14,15), and marginally impaired glucose tolerance (16,17).

Individuals with diabetes have altered chromium metab~
lism}compared with nondiabetic control subjects, with higher
chromium absorption but also greater chrortiium excretion
(18). Hair and tissue chromium levels of individuals with dia-
betes are lower than those of nondiabetic control subjects.
Depending on the stage of diabetes, individuals with diabetes
tend to lose the ability to convert chromium to a ttseab]e fom~
(18). Diabetic nuce also lose the ability to convert inorganic
chromium to a useable form that potentates insulin (19),

We conducted a double-blind placebo-controlled study
involving 180people with type 2 diabetes to detemti~e the role
of supplemental chromium in the control of diabetes. Our
hypothesis was that the elevated intake of supplemental
chromium is involved in the control of type 2 diaberes. The
study was conducted in China to obtain a relativel}- hon~oge-
neous study group free of nutrient supplementation.

RESEARCH DESIGN AND METHODS
Subjects. A total of 303indi~iduds being treated for diabetes at hVO hcqitak in
Be@~g, China, were screened to obtain 1S0 subjects meeting the selwcion Criu+
ria To be eligible for the study, subjects had to be free of disc.a.se other rhan Upe

P1%P1-Tf-< 1,,, $ . ..% . ‘- -



2 dmbelesand ~HS Yearsof age and have a fastingblood glucose concenrnztion
of 7.2-15.5nuno~, a 2-h blwd gfucose concentration of 9.4-16.7 mmoll md an
Hb.\l, level of S.~1~.@A .%bJecrswere informed of the purpose of the Sndy. ~~~
there wre no hmow’Zrrisk asscdated with the study other than the minimal risk-s
associated with blood dsawing, and that they were free ro drop out of the study
with no effect on their present health care. Subjects were not reimbursed for their
panicipadon. Subjects were motivated to participate because of the possible
benefits of the study. Compliance appeared to be ve~ good and was assessed by
pemonal communication and pill count. The study was approved by the BeUing

Medical Review Committee with concurrence from the L_.S. Department of .\gri-

cufture Human Studies Retiew Board.
A total of 160 individuals Mth diabetes were randomly dhided into thee

groups. Si~ subjects received placebo, 60 received 1.92 pmol Cr as chromium
picolinate (furrdshed by Nutrition 21, San Diego, CA) 2 times per day, and the
remainder received 9.6 pmol Cr as chromium picotinate mice per day. Subjects
were instructed to take one tablet in the morning and one in the evening between
reeds. Subjem were also urged to maintain their nomml eating and exercise
habits. Subjects condnued their normal visits to monitor their diabetes. A fasting
blood sample and a bloodsampleaftera2-h glucosechaflenge(75g ghscose)were
obtained at tie beginning of the study and after 2 and 4 months. Subjects were
middle-aged healthy subjects of normal heigh~ weigh~ and BMI with diabetes for
<10 years flsble 1).Nineteen subjects did not complete all three tesdng dates, and
six subjects had misstng values for at le~ one variable: their results were not
included in the final analyses. Datafromthesesubjectswereomittedto maintain
a complete homogeneous data set with alt subjects represented during each
study period. Data for all subjecrs who completed att phases of the study were
included in all of the respective analyses, and there were no samples omitted. Of
the 155subjects who were included in the final analyses, most of the subjects (92)
were &g stionylurea drugs (ie., gtibenclamide, glinclaid gkpizide). SL13WIW
were on phenformin, 36 were on traditional (ltirtese medicines, 22 were on no
medication, and nine were on tnsulim Severat subjects were taking more than one
medication. Medications were corwrnt during the study.

Study design was double btind and placebo controlled. Placebo tablets were
indistinguishable from those contairdng either level of chromium. Measured
chromium content of the placebo capsules was 0.01 z O.001prnol and was 2.04
* 0.16 and 11.0 * 1.2 IZMOIfor the 1.92-and 9.&prnol capsules, respectively, Data
are means * SD for AX capsules from each batch. A crossover study design was
discarded because of the possible carryover effects of l,WO pg Cr/day.

Glucose was anidyzed by ghzcose oxidaae method (20), and insulin was an~
IWed by radioimrmmoaasay (21). HbAICvalues were measured using BloRad

Hb.\lC columm (BioRad, Richmond, CA). Total cholesterol was determined by
chemical hydrolysis (22), HDL cholesterol by phosphotungstateMg precipitation
(23), and trigl~cendes by direct e~mic memurement (24). Blood urea nitrogen
was detem~ined by a direct method (25). Analyses presented were completed in
China Several dozen samples were exchanged between the U.S. and China lab
omtones to errsure accuracy and reproducibility of the data

The \-ariables HbAiC, totaJ cholesterol, blood urea nitrogen, HDL cholesterol,
uiglycerides, fasting and 2-h glucose, and insufin were anal}zed as three-factor
repeated-measures rrdxed linear models, using PROC MIXED (SAS frrsritute, CW,
SC). Since the variables were measured at O,2, and 4 months for each subject,
repeated measures analyses were used. Several covariance structures were
modeled, and the unstructured model was found to fit best, except for triglyc-
erides and total cholesterol, where the compound symmetry model was best For
fib.+,,, choleateml, amd triglycerides, the Iog,o transformed values fit the model
better and were used “mthe analyses. Data in the table and figures are means ~
SE for the nontranafonned data

RESULTS

Fasting blood glucose concentrations were significantly
lower in the group receiving 19.2 prnol Cr daily after both 2
and 4 months (Fig. 1). Similar results were observed for
blood glucose concentrations 2 h after the ingestion of 75 g
glucose (Fig. 2). Fasting and 2-h glucose concentrations of the
subjects in the placebo group also decreased, but the
decreases in the subjects receiving 19.2 pmol supplemental
Cr were much larger. The chromium X time interaction was
significant at P c 0.0001.

Fasting insulin concentrations were significantly lower in
the group receiving 3.85 prnol Cr daily with a mean fastirtg
insulin concentration of 95 * 2 pmold after 4 months, which
was identical to that of the group receiving the higher level
of chromium, compared with 118 * 3 pmoVl in the placebo
group (Fig. 3). Fasting insulin concentrations were also sig-
nificantly lower after 2 months in both of the groups receiv-
ing supplemental chromium. Similar results were obsemed for
the insulin 2 h after a glucose challenge (Fig. 4). The fasting

TABLE 1
Characteristics of control and chromium-supplemented subjects at the beginning of the study

Supplemental chromium (pmoL/day)
o 3.8.5 19,2

Height (meters)
All
Women
Men

Weight (kg)
All
Women
hfen

BNII(kglm~)
All
Women
Men

Duration of diabetes (years)
All

1.67 * 0.01 (50)
1.61 * 0.01 (17)
1.70 i 0,01(33)

69.1 * 1.3
66.4 t 2,5
70.5 i 1.4

24.8 * 0.5
25.8 i 1.1
24.3 * 0.5

5.4 * 0.7+

1.67 t 0.01 (53)
1.60 * 0.01 (20)
1.71 * 0.01(33)

69.0 * 1.5
63.4 * 2.5
72.6 * 1.5

25.0 * 0.5
25.0 t 0.9
25.0 * 0.5

8.0 t 1.0*

1.65 + 0.01 (52)
1.59 * 0,01 (26)
1.70 * 0.01 (26)

67.8 + 1.4
63.4 * 1.6
72.0 * 1.8

24.8 t 0.4
25.0 * 0.6
24.6 * 0.6

5.3 * O.’m
.&m Women

L~

5.6 A I.0* 8.4 * 1.6*

I ““
Men

6.8 * 1.1*
~,~ * ().9*~ 7.8 * 1.2* 3.7 * 0.7+

,.. Age (yews)
All 55.5 * 1.2
Women

55.7 * 1.2 54.6 * 1.4

Men
56.4 * 1.S 53.8 * 1.8 54.1 t 2.3

~ 55.1 * 1.5 56.8 * 1.7 55.2 * 1.8

“: ‘umber in parentheses denotes number of subjects who completed all phases of the study artd had no missing experimental a.n~Y- ~
‘ ‘es. *+ Values in the same row with different superscripts are significantly different at P c 0.05.L-
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FIG. 1. Supplemental chromium effects on fasting serum glucose.
Chromium was taken in two doses between meals. There were 50 sub-
jects in placebo group, 53 in the 3,85 -pxnoI group, and 52 in the 19.6-
pmol group. Bars with different letters are significantly different
from other groups for the same time period at P <0.05.

and 2-h insulin values of the placebo subjects also decreased
over the duration of the study, but the decreases in the
chromium groups were much larger. The chromium X time
interaction was also significant at P c 0.0001.

Decreases in blood glucose and insulin concentrations
due to supplemental chromium (Figs. 1-4) were reflected by
decreases in HbAIC values, with significant effects of
chromium in both chromium groups after4 months and in the
19.2-pmol group after 2 months (Fig. 5).

Supplemental chromium at 19.2 pmol/day also led to
decreased total cholesterol (Fig. 6). The total cholesterol of
the men was higher than that of the women, and both sexes
responded to supplemental chromium similarly. There were
no chromium x sex or time x sex interactions. The
chromium X time interaction w~ significant at P <0.02.
There were no significant effects of supplemental chromium
on HDL cholesterol, triglycerides, blood urea nitrogen,
weight, or BMI (data not shown).

DISCUSSION

These data demonstrate significant effects both statistically
and clinically of supplemental chromium at 3.85 and 19.2
pmol/day on glucose and insulin variables in indi~iduals
With type 2 diabetes. Improvements in fasting glucose and
insulin concentrations as well as those after a glucose chal-
lenge document the role of elevated intakes of supplen~en-
tal chromium in the control of type 2 diabetes. The in~prove-
ments due to chromium are not due to changes in body
weight, since weight did not change significantly over the
duration of the study.

The chromium intake of these subjects is not knom~, but
total dietary chromium intake does not accurately reflect
chromium status since other factors affect chromium
requirements. For example, different forms of stress inchld-
ing diet, exercise, and diabetes all increase chromium
requirements (26). Increased intake of simple sugars also
increases chromium losses (?7). LTMay chromium losses are
correlated with the stress holm~one cortisol (2S), and
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FIG. 2. Supplemental chromium effects on 2-h glucose concentrations.
Subjects were given a 75-g glucose challenge at time O, and blood was
drawn 2 h later. Conditions are described in Fig. 1.

chromium’s effects on morbidity and immune function are

ortly observed in stressed anim~s (29).

There are no methods to predict chromium status. The

only method is to measure glucose, insti, and lipid ~ariables

before and after chromium supplementation. Chromium con-

centrations in blood, hair, urine, and other tissues or body flu-
ids have not been shown to reflect chromium status.

There have been several studies involving chromium sup-
plementation of people with diabetes. The results of these
studies are varied, but in retrospect may be consistent
(10-13,30-35). The majority of the studies involving daily
chromium supplementation with 4.81 pmol Cr as chromium
chloride or less to individuals with diabetes reported no sig-
nificant consistent improvements (31-33). Improved glucose
tolerance and blood cholesterol were reported in roughly
half the subjects supplemented daily with 2.89-4.81 prnol Cr
as chromium chloride (!3-10).Mossop (12) reported significant
improvements in fasting blood glucose in 13 people being
treated for diabetes. Fasting blood glucose concentrations
decreased from 14.4 to 6.6 mmol/1 after 2 to 4 months of 11.5
prnol supplemental Cr as chromium chloride daily. Fasting
blood glucose, glycosylated hemoglobin, total cholesterol,
and LDL cholesterol all improved significzintly in 11 individ-
uals with type 2 diabetes who consumed 3.85 prnol/day Cr as
chromium picolinate for 6 weeks (35). Ravina et al. (13) also
reported improved glucose control in 162indhiduals with dia-
betes after daily chromium supplementation with 200 pg Cr
as chromium picolinate.

The reasons for the discrepancy in the response to sup-
plemental chromium appear to be due to the amount and form
of chromium consumed. In this study, we used chromium m
chromium picolinate, which is utilized more efficiently than
chromium chloride (36), used chromium h~lce per day, and
used higher levels than most pre~ious studies. The beneficial
effects of 19.2 pmol/day Cr, compared with 3.85 pmol,
demonstrate that 3.85 prnol Cr is not sufficient to elicit nmx-
im.alsignflcant improvements in diabetic subjects.

Chromium picolinate is a convenient form of chromium
that is used more efficiently than some other forms of
chromium. The active compound is chromium, not picolinate,
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FIG. 4. Supplemental chromium effects on 2-h insulin concentrations.
Conditions are described in Fig. 2.

FIG. 3. Supplemental chromium effects on fasting insutin concentra-
tions. Conditions are described in Fig. 1.

since other studies have shown beneficial effects of
chromium as chromium chloride. Chromium chloride is usu-
ally the least available of the chromium compounds tested
(36). Patients on total parenteml nutrition and individuals with
glucose intolerance, hypoglycemia, and diabetes have all
been shown to respond to chromium as CrCl~. Several dif-
ferent forms of chromium are likely to elicit similar effects but
at different intakes due to the varying absorption, transport,
and utilization of the different chromium compounds.

The measurement of glycated proteins, such as HbAIC,is the
most reliable method of assessing long-term glycemic contiol
in individuals with diabetes (3742). HbAICvalues were ori-
ginallypostulated to reflect the simple mean plasma glucose
level over a certain period, and considering the erythrocyte
life span, glycated hemoglobin was thought to be uniformly
accumulated in erythrocytes over 120 days. However, the~
retical and experimental evidence demonstrates that fol-
lowing a consistent drop in blood glucose, HbAICvalues
change rapidly in the first 1 to 2 months; followed by a
steady-state le~-elafter 4 months (41,42). Half of the HbAIC

level is determined by the plasma glucose values during the
preceding l-month period and an additional 25%of the HbAIC
level in the preceding month (42). Therefore, 75% of the
HbAIClevel is proportional to the changes in blood glucose
over the preceding 2 months. In our study, we saw a rapid
drop in HbAICvalues in the first 2 months with HbAlc values
of 7.4 * 0.2% for individuals receiving 19.2 prnol Cr daily,
compared with 8.6 * 0.2% for those receiving placebo. The
drop in HbAICvalue in the group receiving 3.85 prnol Cr daily
after 4 months was accompanied by a decrease in both fast-
ing and postprandial insulin, but differences in blood glu-
cose for the corresponding subjects were not significant.
However, there were significant drops from the glucose con-
centrations determined at the onset of the study. Similar
results were observed in both male and female subjects.

Changes in serum lipids in this study are consistent with
those observed in our previous studies (14,16,17), namely
that the effects of supplemental chromium are greater for glu-
cose and insulin than for lipid concentrations. The delayed
response of supplemental chromium on blood lipids is con-
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FIG. 6. Supplemental chromium effec@ on fasting serum cholesterol
concentrations. Conditions are described in Fig. 1.
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FIG. 5. supp]ementd chromium effects on HbAiC values. Conditions =
described in Fig. 1.
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sistent with the study of Abraham et al. (30) that reported no
significant effects of supplemental chromium on blood lipids
after 3 months but significant decreases in triglycerides and

increases in HDL cholesterol after 7–16 months. Similar
chromium effects were observed in nondiabetic control sub-
jects and individuals with diabetes.

We did not detect an effect of drug therapy for the control
of diabetes and response to supplemental chromium. Diabetic
therapy included, in addition to hypoglycemic drugs, tradi-
tional Chinese medicines, insulin, and diet alone. Ravina et al.
(13) also did not observe an effect of insulin, sulfonylure% or
metiormin on improvements in glucose control in diabetic
patients receiving 3.85 pmol G as chromium picolinate. Sup-
plemental chromium (600 pg/day) was also shown to
increase the HDL cholesterol of men taking (+blockem (43).
In a sepzmate study, there was a larger effect of chromium on
blood lipids of subjects not taking thiazides (44). Martinez et
al. (45) also reported no clear effects of 200 pg Cr as
chromium chloride daily in women taking medications that
affect glucose tolerance but significant effects in 2-h blood glu-
cose concentrations in nonrnedicated subjects.

The mechanism of action of chromium on the control of
blood glucose concentrations is the potentiation of insulin
action. In the presence of chromium in a useable form, much
lower levels of insulin are required. In the epididymal fat cell
assay, near maximal insulin response can be achieved by
adding chromium in a form that potentates insulin (46). Inor-
ganic chromium is without effect in the epididymal fat cell
assay. Supplemental chromium leads to increased insulin
binding to cells due to increased insulin receptor number
(14). A direct binding of clwomium to insulin is postulated
(47), and a direct binding of an insulin potentiating form of
chromium to insulin has been observed (48). Chromium was
also shown to affect p-cell sensitivity measured in eugly-
cemic clamp studies (49). The overall effect of chromium is
to increase insulin sensitivity, which is associated with
decreased glucose intolerance, decreased risk factors asso-
ciated with cardiovascular diseases, improved immunity, and
increased life span (50).

Trivalent cl-u-omium,the form of chromium found in foods
and nutrient supplements, is considered one of the least
toxic nutrients. The reference dose established by the U.S.
Environmental Protection Agency for chromium is 350 times
the upper limit of the Estimated Safe and Adequate Daily
Dietary Intake of 3.85 pmol (200 pglday). The reference dose
is defined as “an estimate (with uncertainty spanning perhaps
an order of magnitude) of a daily exposure to the human
population, including sensitive subgroups, that is likely to be
without an appreciable risk of deleterious effects orer a life-
time” (51). This conservative estimate of safe intake has a
much larger safety factor for trivalent chromium than almost
any other nutrient. The ratio of the reference dose to the
Estimated Safe and Adequate Daily Dietary Intake or the
Recommended Daily Allowance is 350 for chromium, com-
pwed to <2 for zinc, roughly 2 for manganese, and >7 for sele-
nium (51). Anderson et al. (52) demonstrated a lack of toxi-
city of chromium chlolide and chromium picolinate in rats at
Ie\’els seveml thousand times the upper limit of the estimated
safe and adequate daily dietary intake for humans (based on
body weight). There was no evidence of to-xicity in this study,
and tll{ve have not been any reported toxic effects in atly of
the human studies involving supplemental chromium.

17!)[)

In summaIY, supplemental chromium W-S shown to ha~~e
pronounced effects on glucose and insulin variables in indi-
viduals with type 2 diabetes. A toti of 200 pg Cr day (3.8.5
prnol) did not appear to be stilcient for the reversal of dia-
betic symptoms over the4-montidurationof the study, since
larger consistent effects were observed in subjects recei~ing
1,000 pg (19.2 pmol) supplemental Cr daily. Additional stud-
ies are needed to establish the form and amount of supple-
mental chromium required to elicit maximal responses in
individuals with diabetes and in the prevention of diabetes.
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For Immediate Release

USDA STUDY DEMONSTRATES SAFETY
OF CHROMIUM SUPPLEMENTS
New York, NY, March 18, 1996 -- A new study conducted by Dr. Richard
Anderson, the lead scientist for trace minerals at the U.S. Department of
Agriculture’s Human Nutrition Research Center, Beltsville, Md., found no
harmfhl effects in animals supplemented with two widely used forms of
dietary chromium: chromium chloride and chromium picolinate. This study
adds to the large body of data supporting the safety of nutritional
chromium. Further, these results help consumers place into proper
perspective the results of a study published in December 1995, which
attempted to link chromium picolinate with chromosomal damage in
cultured hamster cancer cells.

Dr. Anderson’s research team fed rats a stock diet to which was added O, 5,
25, 50 or 100 micrograms (mcg) of chromium per gram of feed for six
months. The supplements were added to the feed in the form of chromium
chloride or chromium picolinate, with the highest supplemented level
measuring approximately 1500 mcg/day per kilogram of body weight. In
human terms, a 150 lb (70 kg) individual would have to consume 1.05
million micrograms, or more than 5,000 capsules containing 200 mcg of
chromium, each day for six months to equal the rat intake.

Presented on March 14, 1996 in Anaheim, CA, at the Society of
Toxicology’s annual meeting, the results of Dr. Anderson’s study showed
no statistical differences in any measured parameter among animals fed
none, high or low doses of supplemental chromium. For example, both
body weight and blood chemistries were comparable between the groups
when examined at 11, 17 and 24 weeks into the study.

At the end of the study, microscopic evaluation of the liver and kidneys of
the rats fed the highest doses of chromium chloride or chromium picolinate
did not show any detectable differences from the control or low-dose
groups. The tissue concentrations of chromium for both compounds
increased in a proportional manner, with higher concentrations associated

http: //www.chromium. edu/press/prl .htm 2/1 4/98
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with chromium picolinate. Chromium picolinate appeared to be more
biologically usefil than chromium chloride.

“These results are significant in that we started supplementing these rats
with a range of chromium doses at an early age. When we continued
supplementation for about one quarter of their natural lifespans, we found
no toxicity associated with either chromium compound -- even at extremely
high dosages,” said Dr. Anderson. “The results reaffirm the extraordinary
safety of this essential trace mineral. ”

This safety study comes at a time when researchers are beginning to
understand how chromium enhances the activity of insulin and helps the
body improve its metabolic efficiency. “We are now able to pinpoint some
of the enzyme systems that affect the action of insulin and are beginning to
see how chromium is involved at the molecular level,” Dr. Anderson
added.

“The biologic defect that leads to the most common form of diabetes also
appears to play a key role in coronary artery disease risk. This defect,
known as insulin resistance, refers to a type of blockage that prevents
insulin from working normally,” says Barry Mennen, M. D., Executive
Director of the Chromium Information Bureau. “Aside from high blood
sugar levels and diabetes, insulin resistance can lead to abnormal blood
cholesterol and triglyceride levels and perhaps high blood pressure -- all
risk factors for coronary artery disease.”

“Conversely, there is evidence that lowering insulin resistance can reduce
the risk not only of diabetes, but of coronary artery disease as well. There
are three proven ways to lower insulin resistance: prudent dietary choices
to achieve or maintain ideal weight, regular exercise and correcting
chromium insufficiency,” Dr. Mennen adds.

A recent study reported at the annual meeting of the American College of
Nutrition last fall demonstrated the clinical efficacy and safety of
chromium picolinate in pregnant women. These women suffered from
gestational diabetes, a common manifestation of increased insulin
resistance during pregnancy. The double-blind, placebo-controlled study
found that as little as 4 mcg/kg/day of chromium picolinate (300 mcg/day
for a 154 lb pregnant woman) significantly improved blood sugar
measurements. The study was conducted by diabetes researcher Lois
Jovanovic-Peterson, M.D. in Santa Barbara, CA.

Dr. Anderson will be reporting the results of his study on chromium
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supplementation in patients with diabetes at the American Diabetes
Association meeting in June.

This clinical trial was done jointly with the USDA and a medical team from
China. “Some of the earlier clinical trials with chromium had too few
patients or suffered from design flaws,” Dr. Anderson noted.

“We expect that these recently completed trials will provide more definitive
data on the therapeutic benefits of chromium supplementation.” The
Chromium Information Bureau, which is headquartered in New York City
and staffed by physicians, nutritionists and registered dietitians, is an
industry-supported organization. It was created to educate consumers, the
media and health professionals on the actions of dietary chromium and
provide a clearinghouse for the latest research findings and educational
material on this essential trace element.

To contact the CIB, please address inquiries to Chromium Information
Bureau, PO Box 189, 1562 First Avenue, New York, NY 10028, or send
E-mail to editor@chromium. edu.

Home IAbstracts IResearch I Press ILinks IEx~ert IFAO

Questions or comments ?-D)op us a line.
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Chromium May Reduce Diabetes Risk

NEW YORK, NY, 6/27/97- A new study presented at the 57th
Annual Scientific Session of the American Diabetes Association
Meeting in Boston, MA, on June 23 demonstrates that daily
supplementation with 1,000 micrograms of chromium picolinate
significantly enhanced the action of insulin. The study enrolled
moderately obese people with a high risk of developing type II
(adult-onset) diabetes.

The study was a randomized, double-blind, placebo-controlled
clinical trial directed by William Cefalu, M. D., Director of the
Diabetes Comprehensive Care and Research Program at Bowman
Gray School of Medicine, Wake Forest University. The study
enrolled 29 overweight individuals with a family history of diabetes.
The patients received either a placebo or 1,000 micrograms (1 mg)
of chromium per day.

After four months of treatment, insulin resistance among chromium
recipients was reduced a statistically significant 40°/0. This
improvement was maintained at the end of eight months, Cefalu
reported.

The researchers also evaluated the patients’ abdominal body fat
before and after treatment using a sophisticated imaging technique.
The placebo group showed a gain of six percent, compared with a
gain of one percent in the chromium group. This difference was not
statistically significant.

“Even though only a small number of subjects were studied, the
improvement in insulin sensitivity in chromium-supplemented
subjects was quite significant and impressive, ” noted Dr. Cefalu.
“This is a potentially ’important finding in light of the fact that insulin
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- resistance often precedes type II diabetes. Chromium picolinate is a
nutritional supplement that can reduce risk factors for the
development of diabetes.”

Richard Anderson, Ph. D., Senior Scientist at the USDA’s Human
Nutrition Laboratory in Beltsville, Md, and a leading authority of
dietary chromium added, “Dr. Cefalu’s findings are exciting and
could prove to be of great importance if replicated in fhture studies.
They are cefiainly consistent with our findings which were reported
at last year’s ADA meeting: We found improved blood sugar control
in a group of Chinese patients with type II diabetes who were
supplemented with chromium”

Insulin is the master metabolic hormone in the body, regulating
blood sugar. Chromium is an essential trace mineral required by
humans in order for insulin to work properly. In persons with the
most common form of diabetes, the effects of insulin on lowering
blood sugar are reduced. This decrease is referred to as insulin
resistance and is now believed to be the primary defect in type II
diabetes. Years before any signs or symptoms of diabetes are seen in
at-risk individuals (including those with a family history of
diabetes), insulin resistance begins to take it toll on blood sugar
control.

Related Links

● Cefalu Abstract
● American Diabetes Association
● USDA China Studvd

● Backw-ounder
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The CIB is a non-profit, industry supported organization created to provide information
to nutrition researchers, health care providers, the media and consumers

on the functions, actions and clinical effects of dietary chromium.

Questions or comments? Drop us a he.

@ 1996, @ 1997 Chromium Information Bureau
August 1997
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Chromium May Reduce Diabetes Risk

Washington. DC (November 1, 1997)- Chromium supplements
appear beneficial in the treatment of type II diabetes, suggest the
results of a placebo-controlled clinical trial conducted in China. The
final results of a study appear in the current issue of the medical
journal Diabetes.

The USDA sponsored study was designed to determine whether
supplemental chromium could help in the control of type II
(non-insulin dependent) diabetes. One-hundred and eighty men and
women in China who were already being treated for type II diabetes
received either placebo, 100 mcg (micrograms) of chromium
picolinate two times per day, or 500 mcg of chromium two times
per day. The volunteers continued to take their normal medications
and were asked not to change their normal eating and living habits.

Glycosylated hemoglobin (HbA 1c) values improved significantly
after 2 months in the group receiving 1,000 mcg/day of chromium.
The test is a measure of how well glucose is metabolized, and is
considered a gold standard in medicine. These values were lower in
both chromium groups afier 4 months. Fasting glucose levels were
lower in the high-dose group afier 2 and 4 months. Two-hour
glucose values were also significantly lower for the high dose
chromium group afler both 2 and 4 months. In addition, fasting and
two-hour insulin values decreased significantly in both groups
receiving supplemental chromium after 2 and 4 months. Moreover,
plasma total cholesterol also decreased after 4 months in the subjects
receiving the high dose of chromium.

“These data demonstrate that supplemental chromium had significant -
beneficial effects on FIbA 1c, glucose, insulin, and cholesterol

http: //www.chromium. edu/research/prl 197.html 2/1 4/98
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variables in subjects with type 2 diabetes. The beneficial effects of
chromium in individuals with diabetes were observed at levels
higher than the upper limit of the Estimated Safe and Adequate Daily
Dietary Intake,” the researchers note

Both the high- and low-dose chromium groups had a significant drop
in plasma insulin just two months after beginning the supplements
and a further drop at four months. People with type II, or
maturity-onset, diabetes produce more insulin than normal in the
early stages of the disease, because the insulin is less efficient at
clearing glucose fi-om the blood. Chromium apparently makes the
hormone more efficient.

The study was a collaboration between USDA investigator Dr.
Richard Anderson and Dr. Nanzheng Cheng. Cheng--a former
visiting scientist in Anderson’s laboratory--and her sister Nanping
Cheng, a physician in Beijing. The study participants were recruited
at three Beijing hospitals.

In the U. S., it’s possible that people with diabetes would need higher
levels of chromium to realize similar improvements because
Americans are larger than the Chinese and eat more fat and sugar.
All of these factors raise the requirement for chromium. No other
studies have seen consistent improvements with 200 mcg.

Anderson also said he has maintained rats on daily doses of
chromium picolinate or an inorganic form of the mineral several
thousand times above the highest suggested intake for humans with
no adverse effects. on the sensitive organs.

There is no Recommended Dietary Allowance for chromium. The
estimated safe and adequate dietary intake is between 50 and 200
mcg daily. Most Americans consume less than 50 mcg, Anderson
said. He has analyzed well-balanced diets prepared by dietitians and
found them to contain only about 33 mcg per day.

The study results appear in Diabetes, November 1997, Volume 46,
Number 11 For further details contact Richard A. Anderson,
nutritional biochemist, BeltsviIle Human Nutrition Research Center,
USDA, Agricultural Research Service, Beltsville, A4d.20705;
telephone (301) 504-8091.

Related Links
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Ttme Between End of
Trial and Follow-up Differences in B}Ill Between

Follow-up Repoti Original Trial (months) Supplemented Subjects and controls

Leeelal,l’ Lee et al,s NS’
Slemenda et al,’0 Johnston et al,~ ;:, 36 NS
Lee et al ‘~ Lee e! al.’ 18 NS
Bonjour et al,’ 12 Mean BMD lower in conmols @s 0.05)

“ho wgruficant differences

mentation is discontinued, Unfortunately, no effect ofcal-

cium on linear grov-th has been shown in other clinical

rnals, e~’en when baseIine calcium intake was low (e.g..

Lee e[ al.’).

Although calcium-enriched foods appeared to im-

prove bone mineral accretion in girls w;th spontaneous

calcium intakes below 900 mg’day, fi,trther work is needed

to determine the Iong-tem effects of increased calcium

intake on bone. AS well. more evidence is required to con-

firm an effect of calcium on bone modeling and whether

any positive effect would be translated into decreased

risk of osteoporosis later in life.

1. Institute of Medicine, Food and Nutrition Board, Di-

etary reference intakes” calcium, magnesium, phos-
phorus, vitamin D, and ffuoride. Washington, DC:
National Academy Press, 1997.

2 Johnstor CC Jr, Miller JZ, SIemenda CW, et al, Ca!-
cium supplementation end increases in bone minerai
density in children. N Engl J Med 1992; 327:82-7

3. Lloyd T, Andon M, Rollirtgs N. et al Calcium supple-
r,entatlon and bone mineral density in adoles~ent
gI-IS, J Am Med Assoc 1993; 270:841+l

4. Lee WTK, Leung SSF, Wan~ SH, et al. Double-blind,
controlled calcium supplementation and bone min-
eral accretion in children accustomed to a low-ca;-
cium diet. Am J Clin Nutr 1994;60:744-50 ,

.* :
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Confirmation: Chromium Levels in
Age

A study of tissue chromium concenfr~tions

measured in 40,872 subjects in the United

Kingdom with modern, va//dated ana/ytica/
techniques confirms previous reports of the
continuous decline in chromium concentrations
with age.

This review was prepared by Walter Mertz, M. D.,
former Director of the U.S. Department of Agricuttiire
Human Nutrit]on Research Center at Beltsville, MD,
USA. Reprint requests should be addressed to
Nutrition Reviews, 711 Washington Street, Boston,
MA 02111, USA.

N~”tion Reviews, Vol. 55, No. 10

5.

6.

7.

8.

9.

10

11,

12

Lee WT_K Leung SSF, Leung DMY, et al. A ‘random-
ized double-blind controlled calcium supplementa-
tion trial, and bone and height acquisition in chil-
d?ep,. Br J Nutr 1995; 74:125-39
Chan GM, Hoffman K, McMurry M. Effects of dairy

products on bone and body composition in puberta!
girls. J Pediatr 1995; 126:551-6
Kerstetter JE, Insogna K. Do dairy products improve
bcne density in adolescent girls? Nu:r Ret
1995; 53:328-32
Bonjour J-f? Carrie A-L, Ferrari S, e! al Calc!um-
ennc%d foods and bone mass growth in prepJbe~-
tal girls: a randomized, double-blind, placebO-COn-
trolled trial. J Chn Invest 1997;99: 1287-94
Matkovic V, Heaney Ri? Calcium balance during hu-
man growth: evidence for threshold behavior Arn J
Clin Nutr 1992:55 :992-6
Sp’nenda CW, Peacock M, Hui S, et al. Reduced
rates of skeletal remodeling are associate with in-
creased bone mineral density during the develoP
ment of peak skeletal mass. J Bone Miner Res
1997; 12:676-82
Lee WTK. Leung SSF, Leung DMY, Cheng JCY A fol-
low-up study on the effects of calcium-supplement
withdrawal anc pube~ on bone acquisition Of C~i~-
cfren. Am J Clln Nutr 1996; 64:71-7
Lee VW(. Leuna SSF, Leuna DMY, et al. Bone min-
eral acquisition-in low calc~um intake children foi-
Iowing the withdrawal of calcium supplement Acts
Paediatr 1997 :86:570-6

Serum, Hair, and Sweat Decline with

Vv%en the essential ro]e ofrnva]ent chr~rnjurn jn m[l}n!~in-

ing g]ucose tolerance and jt~ c]ose interaction WI III insu-

lin were established in the late 1950s and early 19b~s.1’:

atomic absorption spectrometry had jusr begun [o rc}}lnce

older colorimernc methods for determining nce elements

in biologic materia]s. hforeo\,er, it took approxirmstel! 20

years of anal>ncal developments for a cotmnmus dc:lme

in reported chromium levels in blood and urine to finfdly

stabilize at one one-thousandth of values earlier consid-
ered “normal. -’ Although this developmem affcctcd the

accumcy of analyses in the range below 1 ng’grain mSe-
rum and urine much more than in tissues and foods with
more than 10 times higher concentmtion5, it Crenlcd con-
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slderable doubt as to the valldlty of ail chromium analyti-

cal data published during those 20 years.

Among those potentially questionable data was the
report by Schroeder et al.’ of chromium concentrations in

1018 human tissue samples obtained in the United States

at autopsy and analyzed by emission ~~ctrography, Chro-

mium le~els, reported on the basis of ash weight, declined

markedly during the first 10 years of life in all tissues ana-

lyzed (kidney. liver, lung, aorta, bean. pancreas, spleen,

testes), followed by a slower but continuous tate of de-

cline during the following years, except for the lungs,
which, in middle age, began 10 accumulate the element.

This unexpected finding set chromium span not only from

the ‘toxic” elemen~ that tend to accumulate with 3ge in

the organism but also from other essential elements that

maintain their tissue concentrations after an initial decline

following birth.

These dam together w-ith the ftmt reports of benefi-

cial effects of chromium supplementation in subjects with

impaired glucose tolerance,>’ raised challenging ques-

tions as to the adequacy of habitual chromium intake, but

remained unconfined for many years. More recently, im-

pressive technical improvements in instruments, the use

of ’’absolute” analytical mc:hods such as isotope dilution

spectrometty.t and most of all, the availability and use of

standard reference matmais’ hay-e provided a solid. reli-

able basis for chromium analysis in biologic material. These

developments. however. require special training of the

analyst in all prw:dures (from sample collection and prepa-

ration to final analysis), expensive instrumentation, and

work areas of clean :oom qualiry. For these reasons, chro-

mium analysis is no( J routine procedure. The fact that it is

reliably performed in only a few laboratories worldwide

accounts for the deanh of analytical data for blood and

urine in large numbers of subjects.

The recent repofi by Davis et al.’” has changed that

situation and met an urgent need for data. These authors

collecled approximately NM, 18,00@. and !2.000 samples
of hair. swea~ and serum, respectively. from almost 41.000

human subjexns. ranging in age from 1 to more than 75.

who were refer-red by their physicians for a wide spectrum

of complaints. Dia-ytostic details of complaints are not

pro~ided. but ‘Yhe data pr:sented in this report are de-

rived from a broad, ambulatory, nonhospitalized popula-

tion. and, on the basis of the referal patterns to this unit,

it is extremely unlikely -hat a significant proportion of the

subjects were moribund or malnourished.”lo Thus, the data

do not describe an ideal, healthy population but a more

realistic mixture of people who sought medical advice for

prevention or thempy. Sample collection, preparation, and
analysis were well controlled, according to the authors,

and their results are well within the ranges obtained by

other modern methods and are considered accurate.

The authors divided their subjects into 16 age groups

from 1 to 4 years to 75 and omer and iouna a bgmy s~g-

niflcant negative correlation between age and chromium

concen~tion in a]! three tissues studied. Levels in serum

declined from 0.51 ng~gram in those 14 yean old (n=49)

to 0.29 ng/grm in those 75 years old and older (rr=289).

The corresponding values for hair were 980 n@ztrn(n=553)

and 500 n~’gram (n=292), and those for sweat were 3.86
n~’grarn (n–=124)and 2.04 n~’g (n=256). The decline con-
tinued in all tissues into old age without any noticeable

break. Midd!e-aged females had slightly but significantly

higher chromium concentrations than males, but these

differences di~ppeared after menopause. Chromium con-

centrations in the three tissues were highly correlated with

each other.

This is the first s~~dy using reliable analytical meth-

ods in a very large number of subjects to dernon.m-me a

marked, continuous decline otchromium in three tissues.

A decline in the internal organs with age has been dermm-

strated in “he past,’ but questions of anal~ical accuracy

have tempered the impact of these findings. Similar ques-

tions ~a~e been raised with regard to the va!idi~~ of ~-

~Ram cariy studies of hair chromium in chil~~].’z and
women.1~ A]I of these early results and several more re-

cent ones are validated, directly or indirectly, by Da~is et
3!.’s studv. Their demonstration of a si=qificant decline of

chromi’um in a very large number ofsubjec-~ in the United

Kingdom emphasizes the need to inves:igata the cause~s)

for that decline. The authors speculate. as others ha~e,

that poor nutrition, especially excessive consumption of

refined carbohydrate. may be to blame, and this opinion is

consistent with several studies of chromium metabolism. ”

There may be additional causes. because il appears un-

likely that a large population ~oup from a cotmry with-

out severe malnutrition would uniformly de~e!,:p a defi-

ciency entirely because of inadequate intake of a micro-

nutnent. The individual variation of dietary habits would

afford protection to at least some indiviciuals. as we kow

from past experience in the goiler belt of No*. .<merica

and the Keshan area of China. Comparing chromium in-

takes of populations with national or international recom-

mended intakes is of little help, because [he Iarkr are no

more !han estimates.

An answer to this ve~ Important questmn could come

from a well-controlled study of a populatioti that could be

shown to maintain its tissue chromium concentrations

throughout ‘d-Ielife span. Thailand or South .+ffica maybe

a promising area. according to Schroeder’s early autopsy

data.’ If a study could provide such evidence, it w-ould

suggest an enormous public health problem in the United

Kingdom, the United States, and probably other Western

countries. Lacking such evidence, the queslion raised al-

most three decades ag~whether the decline is a normal

physiologic development or due to poor”nurntion)J-is

still unanswered.
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The data of Davis at al. prov]de a valuable and accu- L.

rate yardstick of what is considered normal in children,

men, and women at different ages in the United Kingdom
and most likely in other countries with similar nutritional 3.
habits. They also demonstmte a close correlation between
the values in the three tissues studied, rehabilitating to a

degree hair analysis that, in the past, has been misused.)b 4“

There is no doubt the data can and should be used as

standards with which to compare data pertaining to groups 5.
of subjects. Comparisons between groups can provide
valuable information by identifying risks of chromium de- 6.

ficiency in certain populations. The difference in hair chro-

mium concent.mtions in children from the Unitec King-

dom and Turkey, u where chromim deficiency has been
7.

proved by supplementation ti,als,” is one example.
The remaining question of whether analysis in serum,

hair, or sweat individually is capable of diagnosing the

chromium starus of individuals is more diff]cuh to answer. 8.

The only reliable test at this time is the diagnostic supple-

mentation ma!, in which an indi~-idual with impairec! glu- 9.
cose tolerance and normal or elevated insulin Ieve!s does

or does nol respond to a chromium supplement with im-
provement. Although deviations of individual levels from

the standards established by Davis et al. do not prove
10.

chromium deficiency, they may indicate a risk that should

be followed up.

Future progress in speciation analysis may well in-

crease the power of data from indi~lduals. R:e know of the

large differences among chromium compounds in their in
11.

vitro activity on epidid>mal fat tissue or cells, which have

led to the theory that dieta~ chromium must be converted

in the organism into its biologically active form, called 12.

glucose tolerance factor. If that species could be isolated

and analyzed in serum and other tissues. the results would 13.

have much .geater diagnostic significance than the deter-

mination of toral chromium. h would be similar to the power 1 14.

of v;tamin B-12 ar,alysis compared with that of total co- s

bait. Notwithstanding these fitture needs, Dr. Davis and

his associates deserve thanks for the great effort and care

dedicated to their study. It will have a substantial impact
15.

on the field of chromium research. 16.
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Normal SubjectsConsuming Physiological Levels of
18:3(n-3)and 20:5(n-3) from Flaxseed or Fkh Oils
Have CharacteristicDifferences in Plasma Lipid and
LipoproteinFattyAcid Levelsl’2

KIM s. LAYNE, * YEOW K. GOH, * JACQUELINE A. JUMPSEN, * EDMOND A. RYAR
PETER CHOW** AND MICHAEL T. CLAND1iYIN’tt3

*Nutrition and Metabolism Research Group, ‘Department of&riCU~tUral,FOOdandNutriti
Science, ‘Department of Medicine, UrtiuersityofAlberta,Edmonton, Alberta,Canada, T6G
and **The (lniuersity of Lethbndge, Lethbridge, Alberta, Canada, TIK 3M4

ABSTRACT The study assessed the effect of low
doses of fatty acids from fish or flaxseed oil on plasma
lipid concentrations in normal humans consuming
diets with either high (0.87, n = 11) or low (0.48, n
= 15) dietary polyunsaturated/saturated fatty acid (P/
S) ratios. The dose of (n-3) fatty acids reflected an (n-
3) intake that could easily be attained by selection of
foods in a normal diet. The individuals were initially
supplemented with ofive oil [35 mg 18:1 /(kg body
weight - d)], and then were randomly assigned to either
flaxseed or fish oil [35 mg 18:3(n-3) or 35 mg 20:5(n-
3) + 22:6(n-3)/(kg body weight :d), respectively]
treatments, Participants consumed each oil supple-
ment for 3 mo. Blood samples were drawn for analysis
at the end of each 3-mo period. Plasma triacylglycerol,
total, LDL and HDL cholesterol concentrations, and
lipoprotein fatty acid concentrations are shown. Fish
oil reduced plasma trfacylglycerol and .mcreased lipo-
protein levels of 20:5(n-3) and 22:6(n-3). The flaxseed
oil did not alter plasma triacylglycerol level and pro-
duced small changes in 20:5(n-3) and 22:6(n-3) con-
centrations. Total, LDL and HDL cholesterol levels
were not affected by either (n-3) fatty acid. Significant
differences in plasma triacylglycerol concentrations
and totaI and LDL cholesterol levels were found be-
tween the two dietary P/S groups after all oil treatment
periods. Levels of 18:3( n-3), 20:4(n-6), 20:5(n-3),
and 22:6(n-3) in LDL were also different in high vs.
low dietary P/S groups for all oil treatments and in the
VLDL for the olive oil and fish oil supplementation.
This study indicates that low intake of purified fish oil
induces changes in plasma triacylglycerol, 20:5(n-3)
levels in VLDL, LDL, and HDL, and 22:6(n-3) levels in
LDL and HDL that are apparent after 3 mo and which
might influence atherogenicity of lipoprotein particles
in normal free-living individuals. J. Nutr. 126:2130-
2140, 1996.
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Epidemiological evidence indicates that E
populations consuming high levels of [n-3] fatty
display a reduced incidence of coronaw heart d
regardless of total fat {Dyerburg et al. 1975j and c
terol intake {Bang et al. 1976). Inuit adults co]
-4.o g/d of eicosapentaenoic acid, whereas the a
Canadian ingests less than 0.1 g/d [Holub 1988:
finding has prompted both animal and humans
designed to assess the effects of (n-3) fatty acid
would be typical of intakes possible when cons:
normal foods [reviewed by Schmidt et al. 1993,
plicini and Valli 1994), The (n-3) fatty acids affect
bolic variables, including plasma triglyceride
VLDL concentrations (Saynor et al. 1988], celhda
acid content, 20:4[n-6) utilization, eicosanoid ba
thromboxane Az synthesis, platelet aggregation (
and Leaf 199 1], and cell-lipoprotein interaction
and DiCorelto 1988, Hostmark et al. 1988, Shim
and Vanhoutte 1989).

Generally, normal individuals fed marine (n-?
acids demonstrate a reduction in plasma triacylgl
and VLDL levels. These effects are dose dependt
mons et al. 1985) and reversible (Goodnight et al.
A variety of mechanisms have been suggested
plain the hypotriacylglyceridemic effect of (n-3
acids (Harris 1989, Lang and Davis 1990, Rust:
Drevon 1989, Rustan et-al. 1988, Sanders 1991]. “+

Although the effect of 18:3(n-3], 20:5 (n-3), @
22:6(n-3) on plasma cholesterol levels is debatable,~..:

..
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&aISfed large amounts of marine fish display re-
~onS m LDL cholesterol (Connor 1988 J. These re-

~ are due to changesin diet and increases in the
~saturated/saturated fatty acid [p/S) ratio, but the
~ts fad to accurately reflect the specific effects of
~)fatty acids on serum lipid levels.
Mmal studies indicate that the efficacy of (n-3)
~ acids in lowering plasma triacylglycerol, choles-
~]Ievelsand arachldonate levels depends on the rela-
~mounts of Iinoleic acid and saturated fatty acids
he diet (Garg et al. 1988, 1989a and 1989b]. Because
j attributes of (n-3I fatty acids ~e limited tO the
$ti.chain forms, it is important that conversion of
3(n-3]to 20:5[n-3] and 22:6(rI-3) occur. In rats, the
~ersion of 18:3(n-3 ) to 20:5(n-3) and the inhibition
~nversion of 18:2[n-6) to 20:4{n-6) is maximized by
~ replacement of dietary 18:2(n-6) with saturated
~ acids (Garg et al. 1989a). This suggests that [n-3)
~ acid supplementation for humans may be more
@ive when the dietary P/S ratio is low. This hy-
$esis deserves investigation because many Canadi-

$.normally consume dietswith a lower P/S ratio.
TOdate, the effects of /n-3) fatty acids have been
~sed in a variety of short-term placebo-controlled
- long-term uncontrolled studies (reviewed by
~dt et al. 1993). However, the effect of low doses
@3] fatty acids on quantitative pool sizes of plasma
b.“’rotein fatty acids has not been assessed in a longer-
~ 1>30 d), randomized, double-blind controlled
ossoverdesign. The objective of this study is to deter-
~e the long-term effects of purified (n-3] fatty acids
%plasmatriacylglycerol, cholesterol and lipoprotein
tty acid content in normal individuals. The effect
~,18:3(n-3)vs. 20:5[n-3) and 22:6(n-3] was assessed by
~viding a purified flaxseed or fish oil supplement to
#tiduals who normally consume a low P/S ratio diet
~pared with individuals who normally consume a

~ plS ratio diet.

:.
&

MATERIALS AND METHODS
. .

~~)leri oj~s. Chrornatogaphically pure triglycer-

‘~ of olive oil, flaxseed oiland fish oilwere provided
~ Lipidteknlk, Stockholm, Sweden. These oils were
~~~ed by commercial-scale physical and chromato-
raphic fractionation procedures to prepare a triglycer-
‘e ~action free of other polar or nonpolar lipids, perox-
~ and hydroperoxides that characterize many com-
~~cially available fish oils. Major fatty acid
‘~tituents of the purified oils were analyzed and are
‘~trated (Table 1). Artificial vanilla extract was
‘ded at a concentration of 0.05 g/100 g of olive oil and
‘-2@100 g of flaxseed and fish oils to blind participants
0 ‘ie tYPe of oil treatment. Flavored oils were encapsu-
latedin O 5-g capsules under nitrogen by Banner Gela-
m ~Oldsj Alberta, Canada) and stored in nitrogen-

TABLE 1

Major /atcy ucid composition of purified oilslP2

Fatty Acid Olive Fish Flaxseed

g/100 g fatty acid

14:0 0.2 9.6 0.2
16:0 16.1 16.6 8.6
16:1 [n-7) 0.1 8.9 —

16:1 (n-5) I ,5 0.2 0.1
18:0 2.6 2.3 3.3
18:1 62.7 14.2 5.8
18:2 (n-6) 13.0 1.6 14.2
18:3 (n-3) 0.9 1.3 57,5
20:0 0.1 — —

20:2 (n-6j — 0.2 —

20:3 (n-9) — 0.2 —

20:4 (n-6] — 1.9 —

20:5 [n-3) — 20.8 —

22:4 (n-6) — 0.1 —

22:5 [n-6] — 0.2 —

22:5 (n-3] — 1.6 —

22:6 [n-3) — 12.6 —

1 Oils were flavored with artificial vanilla extract and encapsu-

lated in O.S-g capsules.
2 The fatty acid composition was determined by gas liquid chro-

rnatograph y using fused silica capillaq columns.

flushed brown bottles at -20”C. Participants were in-
structed to store oil capsules in the freezer. Peroxide
analysis was performed every 1–2 mo to ensure that
there was no increase in oil peroxide level over the
course of the study (Turini et al. 1991).

Partr”cipants and experimental design. The study
protocol was approved by the Human Ethics Review
Committees of the Faculty of Home Economics and
the Faculty of Medicine, University of Alberta, Canada.
Participants were recruited through advertisements
posted at the University of Alberta campus. An initial
visit was arranged to outline the project, review partici-
pant responsibilities and obtain informed written con-
sent. Free-living individuals were instructed to docu-
ment all food and drink consumed on a daily basis for
a period of 7 d. This record was taken over 1 wk to
establish normal dietary patterns and was repeated at
3-mo internals [total of five dietary records of 7 d each).
Dietary intakes were calculated using a nutritional da-
tabase derived from the nutrient data bank set up
within the computer system at the University of Al-
berta. The values used were based on Nutritional Val-
ues of Some Common Foods (1988) and revised to in-
clude an updated fatty acid composition of foods. Parti-
cipants were grouped into higher or lower P/S groups
based on this’ analysis.

The physical, dietary and clinical characteristics of
participants in the low and high P/S groups are illus-
trated (Table 2]. Percentage of ideal body mass was cal-
culated using Metropolitan Life Insurance Company
tables (1983] and fell within normal ranges for all parti -

..

I



Descriptive data /or subjects on entryl,2 “

Dietary PJS group: Low [n = 15) High(n = 11)

Physical data
Age, y
% Ideal body mass

Dietary data
Energy, k/
Protein, YOenergy

Carbohydrate, % energy
Fat, Y. energy

Saturated
Oleic acid
Linoleic acid

Cholesterol, mg
Pjs3

Clinical datad
Triglyceride

[0.6-2.3 mmol/L]
Total cholesterol

(3.2-5.2 mmol/L]
LDL cholesterol

(1.7-3.4 mmol/Ll
HDL cholesterol
JO.9-2.20 mmol/L)

Glucose [3.5-6.4 mmol/L)
HbAlc5 [0.040-0.063 % Hb]
Insulin (5-20 mU/L]
C-peptide [0.5-3.0 mg/L)
Glucagon (>60 rig/L]

33.7 t 10.1
104.3 z 1.6

8245.0 z 2773.0
14.8 ? 3.4
48.7 ? 7.5b

34.3 z 7.6
13.02 3.5a
9.7 ? 2.0
5.3 ? 1.4

257.8 % 84.9
0.48 t O.15b

1.02 t 0.46

4.44 ? 0.84

2.49 t 0.77a

1.49 t 0.35
4.78 z 0.31

0.042 t 0.01
6.07 ? 2.66
0.70 t 0.39

38.73 ? 8.71

27.1 z 3.9
97.7 t 7.8

7717.9 ? 3008.5
14.1 t 1.4
54.7 ~ 7.3a
30.2 ? 6.7

9.5 ~ 3.ob
8,4 z 1.5
6.4 z 2.3

190.6 t 100.0
0.87 z 0.38a

0.82 t 0.23

3.86 z 0.76

1.86 t o.W

1.62 z 0.27
4.88 ? 0.36

0.043 t 0.01

5.55 ? 2.21
0.7150.37

38.27 t 8.49

] values are means ~ SD of base-line measurements.
2 Wlthln a row, values without a common superscript are signifi-

cantly different (IJ < 0.05]. Significant differences between high and
low P/S subjects were determined by a two tailed ttest.

3 polyunsaturated/saturated fatty acid ratio.

4 Normal ranges for clinical data according to University of Al-
berta Hospitals standards are given in parentheses.

5 GIYcosylated hemoglobin.

cipants throughout the study. The participants were
free from any known metabolic diseases and were not
on any drug therapy. Initially, 32 individuals were re-
cruited into the study, with 16 participants in each
dietary group. The low P/S group consisted of individu-
als with a dietary P/S ratio of 0.74 or less (range of
0.25 to 0.74), while the high P/S participants had a
minimum P/S ratio of 0.43 when assessed by the two
dietary records (range of 0.43 to 1.52).

Final analyses were based on results from 15 partici-
pants consuming low P/S diets and 11 participants con-
suming high P/S diets. These 26 subjects exhibited con-
sistent intakes of fat, protein and carbohydrate ex-
pressed on a % energy basis (not significantly different
for the five dietary records collected). Of the initial 32
participants, one individual was unable to comply with
the oil supplement protocol, and five of the remaining
participants were not included in the final data analysis
because they altered their fat intake and did not remain
within their initial dietary P/S group. Participant com-
pliance was based on regular contact and on counts of

. . ‘.-.

returned oil capsules, Compliance was also evidt

plasma fatty acid changes. Initial fasting blood sa%
Were drawn at the Metabolic Day Care Centre, U~

sity of Alberta Hospitals, to ensure that particip
had normal lipid profiles and were free of metaL

complications. Participants were counseled at
time and throughout the study to keep Withk ~
usual fat intake level and P/S grouping. A follou

phone call was made approximately once a tnon~
reinforce advice, assess compliance and answer
questions.

A controlled, randomized, double-blind crosy
study design was used in this study. Ml particip
were initially supplemented with olive oil (placelxj

a period of 3 mo and were instructed to consume
same number of olive oil capsules that they would I
sume during the flaxseed oil treatment perio~.
dose of olive oil during this period was -35 mg 18:1
body weight” d]. Blood samples and diet records \
collected and analyzed at O, 3, 6 and 9 mo. Follo~
the placebo phase, participants were randomly assi{
to either flaxseed oil or fi~h nil fnr q rnn and fir

crossed over to the alternative [n-3] fatty acid trea
for the last 3 mo. Throughout the experiment,
ment refers to either the fish oil or flaxseed oi
fatty acid] treatment. Flaxseed oil was supple
at a dose of 35 mg of 18:3(n-3)/(kg body weight od);
fish oil at a dose of 35 mg of 20:5(n-3J and
{total combined)/(kg body weight” d]. For exa
a 70-kg subject, the oil supplementation le
be -4.3 g/d for flaxseed and olive oils and -7 g/d
fish oil. This (n-3] intake could be achieved while
suming a normal diet by selection of appropriate fo”

Plasma and biochemical analysis. All p
biochemical analyses were done by investigators
were unaware of the treatment group. Blood samp!
were drawn into tubes containing disodium EDT
after participants fasted for 12-14 h. Cholesterol ‘,
triacylglycerol concentrations were determined US’,

triglycerides and cholesterol determination kits man
factured by BMC (Boehringer Mauhein, Laval, Qu~b,,
Canada] on a Hitachii 911 Analyzer (Boehri
hein, Laval, Qu6bec, Canada). The enzymatic metho+
used for the assays are as described in the literati
(Allain et al. 1974, Bucolo and David 1973). Plas~
lipoprotein fractions [VLDL, LDL and HDL) were seP*<
rated by sequential ultracentrifugation at 356, 160 x6
and 20”C in a Beckman TLA- 100.2 angle head rot .
(Beckman Instruments, Palo Alto, CA) (Cl
al. 1995]. VLDL, the upper layer with a density ran~.
of 0.96– 1.006 kg/L after ultracentrifugation for 3 h,@,
removed by micropipetting. To the remaining sarnP*e’.
1.3199 kg/L solution was added at a volume ratio of 1:$
and the solution was mixed well. This was followed.b~
layering on top with 1.063 kg/L NaBr solution. Tb$
sample was ultracentrifuged for 4 h, and the top L%
layer was removed. HDL isolation followed a simil~
process, with the exception that 7.593 mol/L NaBr sr

t
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>; (v/v I:Z) was added to adjust the density of the
~Uofi,‘and the mix was layered with 2.973 mol/L
~ solution. The samples were ultracentrifuged for
,, LDL and HDL samples were placed in dialysis
~g into 0.196 mol/L NaCl overnight at 40C to re-

,C, anY extraneous density gradient that may h~ve
~taken up with the sample. The purity of the lipo-
e~ fractions separated was checked by electropho-
;to ensure that fractions were not cross-contan~i-

,,~ (Nobel 19681.
~tipoprotein lipids were extracted by a modified
ilch method lFolch et al. 1957) using chloroform/

hanol (2:1 v/v) solution containing 0.05% (v/v)
~quinas an antioxidant. Phospholipid, triacyl-

_ol and cholesteql ester fractions were separated
pica G plates (Analtech, Newark, DE) using a sol-
~rsystem of petroleum ether/diethyl ether/glacial
ic acid 80:20:1 [v/v/v). Triacylglycerol and cholest-
?~ter fractions were saponified with 0.5 mol/L

nolic KOH in a 11O“C sand bath for 60 and 90

P
.=.-,

“K:respectively. Following saponification, samples
‘”‘methylated with 14 g/100 g boron trifluoride in

!<~anol and hexane (Morrison and Smith 1964). Tri-
~~cende supplements were methylated with boron tri-
*@~de. A known amount of standard (tripentadeca-
b$itand cholesterol pentadecanoate) was added to the

&

} id extract prior to thin layer chromatography for
~ ,~6tMcation of the fatty acid content of the tnacyl-K

h
f ,~ol and cholesterol ester fractions. Heptadecanoic

d was added prior to methylation for quantific~tion
~@ fatty acid content of the phospholipid fraction.
‘~samples were stored at – 70°C.
~#Fatty acid methyl esters were separated and quanti-
Utedby automated gas liquid chromatography using a

MO capillary column (Supelco Canada, Mississauga,
btario] [Hargreaves and Clandinin 1987), Peaks for
:btty acid methyl esters were identified by comparison
.,tith authentic compounds and standards (PUFA 1 and
:$~cterial Methester MIX CP, GLC MIXES 10 to 100
~~dmethylester MIX- 14) purchased from Supelco Can-
@? and Sigma Chemical [St. Louis, MO] and with
kown samples of biological source (MaxEPA oil) as
~cribed earlier (Hargreaves and Clandinin 1987).
:-~~e GLC operating conditions separate methyl esters
~ all saturated, ci,s-monounsaturated, and cis-polyun-
‘~rated fatty acids from 14 to 24 carbons in chain
.@th.
7 St@isticaJ analysis. Food intake records were com-
~ed by repeated measures ANOVA (SAS Inc., Cary,
‘c). The effects of (n-3) fatty acids on plasma triacyl-
tiYcerol, total LDL and HDL cholesterol levels, and
‘~Protein fat’ty acid levels were assessed by repeated
‘ti~sures ANOVA procedures. Significant differences
,heen treatments were determined by Duncan’s
Wtiple rangete5t(steeland Torrie 1980). Statistical
,*fiCance was set at P <0.05. Significant overall
‘UP effects were tested for plasma triacylglycerol and
!tal, LDL and HDL cholesterol by two-way ANOVA

(diet P/S group, oil treatment] and in plasma lipopro-
tein fatty acids by three-way ANOVA (diet P/S group,
oil treatment, lipoprotein fraction]. To test if (n-3) fatty
acid treatments lowered plasma triacylglycerol, choles-
terol and 20:41n-6) levels, and increased 20:5(n-3] and
22:6(n-3) levels to a greater extent in participants con-
suming low P/S diets than in participants consuming
high P/S diets, changes in these parameters were com-
pared by ANOVA. In this analysis, the order of treat-
ment and time elapsed from the placebo period was
also considered. Changes in plasma triacylglycerol,
cholesterol and lipoprotein fatty acids were also calcu-
lated and compared by subtracting placebo {olive oil)
values from (n-3) fatty acid treatment values. Signifi-
cant differences in lipid changes between high P/S par-
ticipants and low P/S participants were determined by
two-way ANOVA (diet P/S group, oil treatment for
plasma triacylglycerol and total, LDL and HDL choles-
terol, and three: way ANOVA (diet P/S group, oil treat-
ment, lipoprotein fraction) for plasma lipoprotein fatty
acids.

RESULTS

Participants’ weights and dietary intakes did not dif-
fer significantly among the three oil treatment phases
and were therefore considered to be consist ent through-
out the study. Significant dietary differences between
the high and low P/S groups were evident in carbohy-
drate and saturated fatty acid intakes only (Table 2].
Initial blood samples indicated that plasma triacylglyc-
erol, total, LDL, and HDL cholesterol, glucose, glyco-
sylated hemoglobin, insulin, C-peptide, and glucagon
fell within normal ranges for all participants and re-
mained normal during (n-3) fatty acid supplementation.
Base-line LDL cholesterol concentration, the only clin-
ical variable that differed significantly between the two
dietary groups, was lower in the high P/S group.

Effect of (n-3) fatty acids on plasma triacylglycerol
and lipoprotein cholesterol levels. Plasma triacylglyc-
erides were significantly reduced by the fish oil treat-
ment in the low P/S group (Table 3). The flaxseed oil
treatment did not reduce triacylglycerol levels in either
dietary group. Plasma total, LDL and HDL cholesterol
were not significantly affected by dietary supplementa-
tion with fish or flaxseed oils in either P/S group.

Plasma lipoprotein fatty acid concentrations. Tria-
cylglycerol Fish oil significantly increased 20:5(n-3)
and 22:6( n-3 ) in VLDL and LDL fractions for both P/S
groups (Table 4). In the HDL fraction, 20:5(n-3J and
22:6(n-3J levels were also elevated in the HDL fraction
of participants with high dietary P/S intakes. In the
low dietary P/S group, only 20:5 (n-3) HDL was in-
creased (Table 4). The level of 20:4(n-6) was elevated
only in LDL particles for participants consuming a low
P/S diet. Participants consuming high P/S diets dis-
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TABLE 3

Plasma triocylglycerol and lipoproteins cholesterol levels in subjects consuming high or low PfS diets
after olive, frsh or fi’axseed oif treatments

Oil treatment

Diet P/S2 Olive Fish Flaxseed

mmol/L

TG Low 0.995 0.08a 0.72 z o.04b 0.99 z o. 10.s
High 0.87 t 0.10 0.66 z 0.03 0.93 t 0.14

TC Low 4.79 ? 0.23 4.85 z 0.26 4.81 z 0.18
High 4.25 ? 0.24 4.30 z 0.19

LDL cholesterol
4.29 z 0.25

Low 2.83 ? 0.18 3.01 % 0.20 2.87 z 0.15
High 2.2020.19 2.35 z 0.17 2.31 z 0.19

HDL cholesterol Low 1.50 t 0.09 1.48 t 0.10 1.47 ? 0.09
High 1.60 ~ 0.08 1.64 z 0.09 I .55 z 0.09

1 Values are means 3 SE, n = 15 and n = 11 for low and high P/S groups, respectively. Signifkant oil treatment effects were detel
by repeated measures ANOVA. Within a row values without a common superscript are significantly different [P < 0.05].

2 Abbrevlatlons used p/S, po)Wnsaturated/satuated fatty acid ratio; TG, triacylglycerolj TC, totaf cholesterol.

played no change in 20:4(n-6) levels, reduced 18:1 and
elevated 18:3[n-3) levels in LDL. Fish oil supplementa-
tion lowered 16:0, 18:0 and 18:1 in the HDL of the high
P/S group and 16:0 and 18:0 in the HDL of the low
P/S group. Flaxseed oil supplementation significantly
increased 20:5(n-3) levels in the HDL triacylglycerol of
participants consuming high P/S ratio diets (Table 4).
The flaxseed oil treatment did not affect 20:5(n-3) or
22:6(n-3) levels; however, 20:4(n-6) was increased sig-
nificantly in the HDL triacylglycerol fraction of partici-
pants consuming a low P/S diet. Flaxseed oil supple-
mentation increased triacylglycerol 18:3[n-3) levels in
all participant lipoproteins, with the exception of the
HDL triacylglycerol fraction for participants consum-
ing a high P/S diet. The low P/S group displayed an
elevation in VLDL 14:0 and a reduction in HDL 18:0.

Chole.steryl ester. The fish oil treatment increased
20:5(n-3) levels in all lipoproteins of both dietary P/S
groups (Table 5). Substantial incorporation of 20:5(n-3)
into the cholesterol ester fraction confirmed partici-
pant compliance to fish oil supplements (Glatz et al.
1989]. Lipoprotein 22:6(n-3J levels were elevated in the
LDL and HDL fractions of both dietary groups (Table
5]. Fish oil supplementation did not significantly alter
the 20:4(n-6j concentration of any lipoprotein. The
level of 18:3(n-3J was elevated in the LDL fraction of
participants in the low P/S group and the HDL fraction
of participants in the high P/S group, Fish oil reduced
14:0, 16:0, 18:0 and 18:1 in the VLDL of participants
consuming a low P/S diet. Participants consuming high
P/S diets displayed reduced VLDL 14:0 and 18:0 and
elevated HDL 18:0.

Flaxseed oil supplementation increased 20:5(n-3)
levels only in the VLDL cholesterol ester fraction of
participants consuming high P/S diets (Table 5]. Levels
of 22:6[n-3 ) and 20:4(n-6J were not significantly af-
fected. Participants supplemented with flaxseed oil dis-

played increased 18:3(n-3J levels in the VLDL par
of participants consuming a high P/S diet and i
LDL particles of participants in both dietary P/S gr
In low P/S participants, flaxseed oil reduced the 1
14:0 and decreased 18:0 in all lipoproteins.

Phosphofipid. In both dietary P/S groups, fis
increased 20:5[n-3) in all lipoproteins (Table 6!.
level of 22:6(n-3) was also elevated in the LDL and
of both P/S groups [Table 6), and 18:3[n-3jwas ele
in the LDL fraction of participants consuming a hi
S diet and the HDL fraction of participants consutr
low P/S diet. In both dietary P/S groups, LDL 14:[
18:0 levels increased, and VLDL 18:1 level was red]

Participants consuming high P/S ratio diets su
mented with flaxseed oil displayed increased 20:$
levels only in the VLDL fraction [Table 6). Lev(
22:6[n-3) and 20:4[n-6) were not significantly affe
The flaxseed oil treatment elevated 18:3fn-3]in all
proteins and both dietary P/S groups. .

D1SCUSS1ON

LOW doses of fish oil significantly reduced pli
triacylglycerol concentrations in participants witl
intakes of polyunsaturated to saturated fatty a

This suggests that, in normal free-living indivi~
consuming a typical North American diet, the h~
acylglyceridemic effects of marine (n-3) fatty acids
be sustained for 3 mo, particularly in those consul
a diet relatively high in saturated fats, e.g., dairy
Short-term studies (Bronsggeest-Schoute et al. ~
Sanders and Roshanai 1983, Sztern and Harris !
confirm this finding. Participants in the present :
demonstrated 24-27’% reductions in triacylgly
levels after 3 mo of fish oil treatment, and this fir
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TABLE 4

Fatty acid concentration of plasma triacylglycerol fraction of VLDL, LDL and HDL born subjects consuming high or low
polyunsaturated/saturated fatty acid (P/S) diets after olive, fish or flaxseed oil treat.rnentsl

Composition

oil ueatment Olive Fish Linseed

p/SGrOuP Low P/S High P/S Low P/S High ?/S Low P/s High P/S

mg fatty acidlL plasma

yLDL

‘tiL

$18:1
“;182 (n-6}
; 18:3(n-3]
r~~4 {n-6]
4205 in-3]
““2Z6in-3)

4.02 z 0.55a

60.65 ? 7.49ab
7.07 ? 0.84

102.243 12,7ab

41.30 z 6.61

1.15 ~ 0.32a

2.01 ~ 0.32

0.52 ~ O.lla

1,21 t o.27a

1.22 t 0.15
20.36 z 1.92

4.5720.70
37.48 ? 3.43
10,92 I 1.29
0.54 z O.lla
1.132 0,12a
0.28 * 0.04a
0.56 ~ O.10a

0.91 t 0.10
10.56 ~ 0.86b
2.27 t 0.16b

19.82 ~ 1.30
5+76 ? 0.45
0,27 z 0.04a
0,39 z 0.05a
0.13 t o.02a
0.31 t o.05Ab

3.85 f 0.77
49.20 z 7.52xY

5.58 ? 0.53
85.52 z 10.72xY
43.66 ? 6.23

0.85 ? 0.32x
1.48 I 0.19
0.27 z 0.04x
0.803 0.llx

1.39 f 0.23
19.77 ? 3.27
3.92 ? 0.62

40.14 ~ 6.22x
15.71 z 2.32
0.29 z O.l IX
1.18 z 0.21
0.19 z 0.03X
0.47 ? 0.09X

0.94 ? o.19
12.092 1.55Y
2.07 ? 0.19Y

24.11 ? 2.36Y
8.89 t 1.14
0.36 ? 0.09
0.51 t 0.07
0.13 t 0.02X
0.25 ~ 0,04x

3.94 z 0.55a
47.46 ? 6.Ola

5.75 ? 0.71
68.14 t 8.17a
32.30 ? 5.77

2.43 ? 0.35a
1.76 t 0.24
1.94 * o.44b
3.35 t o.71b

1.60 t 0.21
19.12 I 1.30
3.62 ? 0.20

33.07 ? 2.00
13.35 Y 1.16
0.94 z 0.12a
1.60 f 0.16b
1.69 I o.29b
2.04 ? 0.38b

0.86 z 0.12
7.30 ? 0.82a
1.67 z 0.17a

15.50 t 1.86
5,37 ? 0.61
0.37 ? o.09a
0.47 t o.05ab
0.44 z 0.09C
0.45 I 0.07a

3.29 ? 0.48
34.23 t 3.49X

4,44 ? 0.50
54.07 ? 3.89x
33.35 z 2.89

2.68 z 0.37x
1.15 t 0.07
1.37 t 0.17Y
2.80 z 0.28Y

1.15 I 0.08
15.68> 1.02
3.07 ? 0.18

26.46 z 1.29Y
14.99 z 0.83

1.03 t 0.19Y
1.40 t 0.13
1.54 t 0.18Y
1.952 0.22Y

0.67 ? 0.05
7.39 ? 0.55X
1.48 ~ O.IOX

13.55 t 0.95X
7.58 ? 0.56
0.51 z 0.08
0.50 t 0.04
0.50 x 0.06z
0,61 ? 0.07Y

6.45 t 1.08b
70.79 ? lo.79b

7.66 = 1.43
120.56 I 20.59b
49.17 z 3.76

6.37 t 1.5ob
2.34 ? 0,43
0.90 z 0.25a
1.382 0.25a

1.39 t 0.22
20.92 z 3.38

3.42 z 0.48
37.09 z 6.83
13.18 * 2.31

1.61 z o.42b
1.45 * o.2oab
0.45 z 0.05a
0.51 t 0.08a

0.96 ~ 0.18
10.28 t 1.52b

1.662 0.18a
18.75 ? 2.26
7.41 z 1.25
0.83 = o,12b
0.58 t 0.06b
0.20 t o.02b
0.27 ~ o.04b

5.14 z 1.49
57.082 12.35Y

5.99 * 1.16
99.07 ? 21.15Y
34.61 Y 6.15

5.23 t 1.29Y
1.86 z 0.39
0.55 Z 0.09x
1.00 t 0.15X

1.17 z 0.16

16.25 z 1.89

2.86 z 0.30

30.00 z 3.22Y

12.81 t 1.88

1.14 ? 0,17Y

1.06 t 0.14

0.33 ? 0.00

0.442 0.07X

0.91 t 0.13
8.57 z 1.3w
1.98 t 0.24XY

18..57 ? 2.42xY
6.52 = 0.95
0.59 ? 0.09
0.45 * 0.06
0.32 z 0.06Y
0.21 t 0.05X

~ J Values are means ~ sE ~ = 15 for low and n = 11 for high P/S groups of subjects. Significant oil treatment effects were determined by

~ted measures ANOVA~ abcIndicate oil treatment effects within subjects in the low dietary P/S group (P < 0.05). xMndicate oil treatment
~ts within subjects in the high dietary P/S gTOUp(P < 0.05].
..;>
,.

~~tinned by other studies (Blonk et al. 1990, Sanders
~ d 1989, Schmidt et al. 1993].
:LThe lack of a flaxseed oil effect on triacylglycerol
~ek has been obse~ed by others (Sanders and Rosha-
~ 19831, and it suggests that 20:5(n-3) and 22:6(n-3)
w responsible for the hypotriglyceridemic effect. The
‘uIts of the present study suggest that either the
heed oil intake was not great enough to produce
‘ficient amounts of long-chain [n-3) fatty acids (Ta-
‘=4 and 5) or the conversion of 18:3(n-3) to 20:5(n-
‘)Was limited even in participants consuming a low
us diet. This ~imitation in conversion of 18:3(n-3J to
‘sin-31 was apparent in the changes in fatty acid
~centration of the lipoproteins after each oil treat-
~mt (Fig. 1, 2). Although the flaxseed treatment ele-

1$
~.

,.~
L.-

vated 18:3(n-3J levels of lipoprotein fractions more
than the fish oil treatment (Fig. 1), no changes oc-
curred in the 20:5{n-3) levels when consuming flax-
seed oil [Fig. 2J.

Plasma total and LDL cholesterol levels were
slightly (P <0.1 ) but not significantly elevated by fish
oil and flaxseed oil supplements in participants in both
dietary P/S groups. Other investigators (Brown et al.
1990) have reported similar increases in plasma total
and LDL cholesterol levels when humans were supple-
mented with lower doses (1.5 –2.0 g/d) of marine (n-3)
fatty acids for shorter periods of feeding. In contrast,
some researchers (Illingworth et al. 1984) report that
ten-fold higher doses (24 g/d) of 20:5(n-3) and 22:6(n-3)
reduce total and LDL cholesterol levels. Studies that



TABLE 5

Fatty acid concentration of plasma cholestevl ester fraction of ~DL LDL ad HDL kOIISsubiects conshg high or IOW
polyunsaturatedlsaturated fatty acid (PIS)diets afker olive, fish or flaxseed oil treatments

Composition
-

Oil treatment Olive Fish Linseed

P/s group LowP]S HighP/S LowP/S High P/S Low P/S Hip.h p

VLDL
14:0
16:0
18:0
18:1
18:2 [n-6]
18:3 in-3]
20:4 (n-6)
20:5 (n-3)
22:6 [n-3]

LDL
14:0
16:0
18:0
18:1
18:2 (n-6J
18:3 (n-3]
20:4 (n-6]
20:5 [n-3]
22:6 [n-3J

HDL
14:0
16:0
18:0
18:1
18:2 (n-6]
18:3 (n-3J
20:4 (n-6)
20:5 (n-3)
22:6 (n-3)

0.59 I o.~ob
4.89 ~ o.61b
1.96 z o.49b
9.34 I 1.14b

13.71 * 1.46
0.29<0.05
1.6220.28
0.32 z 0.08a
0.31 * 0.08

2.17 t o.21ab
30.96 z 2.o@

3.25 z o.27b
54.95 ? 3.60

138.39 z 7.68
1.532 0.22a

16,68 ~ 1.48
2.17 * 0.53a
1.57 ~ o.16a

1.48 ~ 0.16
19.2021.51
2.27 % o.29b

33.23 I 2.82
83.72 ? 6.34
0,942 0.13a

10.47 z 0.96
1.402 o.34a
0.99 ? o.09a

0.41 t 0.07Y
3.57 ? 0.53Y
1.35 ? 0.35Y
9.7651.78

11.56 ? 2.20
0.192 0.07X
1.21 x 0.25
0.09 t 0.03X
0.33 t 0.11

1.44 ?0.17
22.97 z 2.66x

2.61 ? 0.27
42.37 ? 4.85

113.90211.47
1.13 t 0.19X

12.44 t 2.10
0.78 t O.1OX
1.03 t 0.14

1.24 = 0.09
20.33 Y 1.60

2.09 z 0.31
36.4422.37

102.37 z 7.44
1.02 z 0.13X

11.89 t 1.58
0.90 * 0.17X
0.96 z 0.13x

mg /a tty acid/L plasma

0.28 t o.04a
3.192 0.29a
0.71 ? o.04a
6.31 * 0.65a

11.15 t 1.40
0.32 z 0.06
1.2620.14
0.65 z o.lob
0.34 ? 0.08

2.66 z o.2ob
35.15 t 2.95b

2.83 t o.17b
54.70 ? 4.12

137.48 ? 9.47
1.96 t o.14b

17.19 t 1.97
10.53 Y 1.A
2.66 z o.32b

1.66 t 0.18
21.19 x 2,39

1.94 * o. 16ab
35.93 ? 3.76
84.46 ? 7.64

1.70 z 0.34a
11.53 * 1.65
6.46 ? 1.07b
1.57 z o.ub

0.18 I 0.02x
2.78 ? 0.22~

0.592 0.03X
4.64 z 0.39

10.58 = 1.36
0.21 * 0.03X
0.98 ~ 0.14
0.54 z 0.08z
0.24 = 0.04

1.86 t 0.23
30.13 z 2.98Y

2.25 z 0.10
45.07 t 5.11

131.08 z 9.80
1.66 z O.XW

13.31 I 2.04
8.66 z 0.81Y
2.37 ? 0.24Y

1.39 t 0.25
21.68 ~ 1.83

1.66 t 0.13
33.5723.07
97.70 t 9.21

2.01 t 0.28Y
10.23 ? 0.91
6.98 k 0.70Y
1.76 = 0.14Y

0.28 z 0.07a
3.94 t 0.58ab
0.69 ? 0.06a
7.29 t l.lwb

15.59x 2.80
0.47 t 0.10
1.62z 0.22
0.40 f 0.07a
0.18 t 0.04

1.90? 0.24~
29.29 ~ 1.73a
2.26 t 0.15a

49.11 t 3.08
133.50t 8.51

2.80 ~ 0.19c
15.95t 1.52
2.96 t 0.36a
1.25z 0.12a

1.38z 0.17
17.48z 1.87
1.53z 0.06a

31.86 Y 2.65
78.23z 8.50
2.06 ? O.sob

10.04z 1.25
1.72? 0,22a
0.88 t O.12a

0.34 t (),
4.27 ? o,
0.85 k o,
9.66 ? ~,

19.272 S.
0,62 ? o.
1.76 ~ o.
0.27 z o.
0.33 ? ().

1.65>0,
23.23 ? 2.

2.31 z O.
40.80 z 3.

111.4otl(
2.61 ~ O.

11.05 t 1.
1.63 f 0.
0.89 t O.

1.42 t O.
17.71 ? 2.

1.73 t o.
31.81 z4.<
85.46 t 11

1.77 t 0.:
8.46 f 1.
1.80 t O.:
0.76 ? O.

1 Values are means ~ SE, n = 15 for low and b = 11 for high P/S groups of subjects. Significant oil treatment effects were determin

repeated measures ANOVA. abclndicate oil treatment effects within subiects in the low dietary P/S KZOUD(P <0.051, xYZ1rsciicate011trea[..- . .
effects within subjects in the high dietary P/S group (P < 0.05].

used large doses of marine oil supplements maybe test-
ing the effect of a change in fat quality and P/S ratio
rather than the specific effects of (n-3) fatty acids. The
relative amounts of 20:5( n-3 } and 22:6( n-3 ) in fish oil
preparations may also influence the net change in
plasma lipids and lipoprotein cholesterol levels ob-
served (Childs et al. 1990J.

Although the lipid hypothesis focuses on reducing
total and LDL cholesterol levels, plasma triacylglycerol
may also be a predictor of coronary heart disease (Aus-
tin 199 1). Therefore, reductions in plasma triacylglyc-
erol may also promote a less atherogenic plasma lipid
profile (Assmann et al. 1991). The present study dem-
onstrates that low doses of fish oil, easily within the
range of normal intakes, reduce plasma triacylglycerol

levels without significantly affecting total and
cholesterol levels.

Fish oil-induced fatty acid changes in plasma
proteins may alter in vivo LDL oxidation and re
atherogenic potential [Simopoulos 1991). In rabbit
300 mg/[kg body weight. d) of purified eicospeI
noate, LDL particles were less susceptible to oxidi
modification by CU2+ than the LDL of control ral
[Saito et al. 1991]. The incorporation of 20:5(n-3)
22:6(n-3) into LDL cholesterol ester may also inC1
lipoprotein core fluidity and reduce the particle atl
genicity (Harris 1989J. These studies suggest wa~
which a change in fatty acid composition of the lipc
tein particle may also be important in determining
erogenicity of lipoprotein particles present.
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TABLE 6

Fatty acid concentration o) plasma phospholipid fraction of VLDL, LDL and HDL from subjects consm”ng high or low
polyunsaturated/saturated fatty acid (P/S) diets after olive, fish or flaxseed oil treatments

* Composition

~~atment Olive Fish Linseed
—

..

i Pup
Low P/S High P/S Low P/S High P/S Low PJS High P/S

mg fa ity acid/L plasma

DL
‘4:0
,69
80
,s1
,82 [n-d
,83 (n3)
04 [n-6]
P.!i(U3
&6(n3]
-..,
L
140
:60
‘8:0
8:1
82 /n-6)
s03[n-3)
ti4 (n-6)
05 [n3]
26 (n-3j

IL.

::
S:o
El
82 [n.6)
83 (n.3]
k4 [n-6)
O.. (n-3J
i26 hz-3)

.(

0.16 ~ 0.07a
20.10 ~ 2.80

9.4421.20
14.06 I 2.14a
14.172 1.59ab
0.15 20.05a
6.43 ? 1.06
0.54 z 0.19a
2.35 ? 0.40

0.252 0.12a
55.12 ? 3.48
22.60 ~ 1.2&
25.25 ~ 1.89
37.51 ? 2.25

0.36 t 0.05a
14,65 I 0.96

1.21 t 0.25a
6.15 ? 0.49a

1.33 t 0.11
80.47 z 6.93
35.67 z 2.93
37,16 z 3.10
62.73 ? 6.04

0.44 z 0.09a
29.98 ? 2.12

2.322 0.41a
9.67 ? 0.85a

0.11 z 0.05
17.02 ? 3.39xY

7.77 t 1.25
13.19 z 2.69x
14.31 x 2.69
0.11 t 0.05X
5.12 ~ 1.04xY
0.21 z 0.06x
1.66 t 0.23

0.15 t 0.09X
46.81 t 6.08
17.99 t 1.40’X
22.87 ? 2.74
35.21 ? 3.82

0.22 t 0.05X
12.01 t 1.84
0.56 & 0.06x
4.61 t 0.59x

1.51 * 0.11
95.42 ? 8.36
39.54 ? 1.76
41.55 ? 3.27
78.55 z 5.38

0.51 * 0.09X
33.86 ? 3.30

1.67 z 0.27x
10.51 t 1.12X

0.34 ? 0.06ab
15.59 t 2.10

7.80 = 1.12
9.37 ~ 1.18b

10.81 ~ 1.66a
0.22 t o.05ab
4.29 z 0.56
1.67 ~ 0,26b
2.70 ? 0.41

0.83 t o.14b
62.84 z 4.65
26.74 ? 1.69b
26.75 ? 1.68
38.47 ? 2.59

0.45 ? 0.06a
14.29 = 1.48
5.9 I t 0.65b
8.35 t 1.02b

1.40 z 0,18
90.24 ? 8.59
40.46 ? 3.39
42.74 ? 3.64
63.10 z 5.59

0.78 z o.llb
27.98 ? 2.62
11.19 ~ 1.77b
15.14 * 1.56b

0.25 z 0.04
13.82 t 1.81x

7.49 z 1.14
6.69 z 0.77Y

11.00 t 1.63
0.14 t 0.04X
3.28 ? 0.53x
1.37 ? 0.18z
2.29 ? 0.39

0.88 t 0.09Y
53.91 ? 5.51
23.72 ~ 1.09Y
22.71 z 2.32
38.84 ~ 2.90

0.52 * 0.08Y
11.28 ~ 1.35
5.2S z 0.48Y
7.53 ? 0.60Y

1.45 t 0.16
103.24 z 7.69
47.43 ? 3.40
45.27 z 3.41
79.46 ? 6.44
0.81 t 0.16x

27.65 z 1.45
13.66 k 0.85Y
19.16 t 0.80Y

0.39 ? 0.08b
20.93 z 2.77

9.72 f 1.23
11.792 1.63a
15.70 ~ 2.olb
0.35 z o.04b
6.23 I 0.91
0.80 z o.14a
2.17 z 0.37

0.92 ~ o.09b
59.94 z 4.11
23.94 * 1.25ab
27.58 z 1.70
42.18 ~ 2.50

0.79 z 0.08b
15.41 = 1.28

1.79 z o.18a
4.68 ? 0.42a

1.24 z 0.17
89.0227.73
36.58 ? 2.95
42.86 z 3.17
67.98 ? 6.24

1.19 t 0.17C
30.21 t 2.72

3.66 z 0.43a
9.40 z 1.09a

0.56 ? 0.28
22.50 z 4.24Y
10.53 z 2,42
12.86 ~ 2.39x
17.88 z 4.01
0.32 ? 0.07Y
6.14 ~ 1.12Y
0.78 z 0.14Y
1.96 t 0.33

0.73 ? 0.18Y
50.47 z 4.92
20.56 ~ 1.61xY
23.04 ? 2.16
35.97 t 4.12

0.71 z 0.072
11.43 t 1.04

1.14> 0.18x
3.34 z 0.36x

1.57 ? 0.31
103.05 t 14.23
42.95 z 5.47
50.40 Z 6.83
84.22 x 12.01

1.40 ? 0.26Y
30.14 t 4.04

4.16 ~ 1.40x
10.09 ~ 1.58x

:1Va]ues are means z SE, n = 15 for low and n = 11 for high P/S groups of subjects. Significant oil treatment effects were determined by
hted rnea~ures ANOVA. abcIndicate oil ~eatment effects ~i~~ ~ublects in fie low dietary P/s ~oup (P < 0.05). xyZIndicate oil treatment,.-.
~ Within subjects in the high dietary P/S group [P < 0.05).
i“

Pmicipants consuming a low P/S diet, supple-
~ted with fish oil, displayed a significant increase
M:4/n-6j levels in LDL triacylglycerol. A.rachidonic
‘dlevels in all other lipoprotein lipid classes were not
~ficantly affected by the fish oil treatment. Similar
~~ts Were reported when low (DeLanY et al 1990)
d moderate doses of long-chain (n-3) fatty acids were
‘umed by normal individuals (Bronsggeest-Schoute
‘. 1981). However, when the [n-3) fatty acid dose
b increased to 8 g/d, 2Q4(n-6) levels were signifi-
‘dJ’ reduced (DeLany et al. 1990]. In cases in which
h levels of (n.3) fattY acids are supplemented, it is
P* whether the observed reduction in 20:4(n-6) is
~lt of the dietary substitution of (n~3J fatty acids
r 204(n-6) or is an effect of the (n-31 fatty acid. In

,’
h

the present study, 20:4(n-6) levels were in general not
significantly altered, indicating that the hypotriacyl-
glyceridemic effect may be specifically attributed to
the (n-3) fatty acids supplemented.

Flaxseed oil treatment significantly increased
20:5[n-3) levels in the HDL triacylglycerol, VLDL phos-
pholipid and VLDL cholesterol ester fractions of parti-
cipants consuming a high P/S diet, suggesting that
some desaturation and elongation of 18:3(n-3) occurred.
The dose of flaxseed oil may have been inadequate to
compete for A6-desaturation, even in the low dietary
P/S group. Others (Sanders and Roshanai 1983) have
failed to demonstrate significant increases in 20:5(n-3)
when participants were fed 9 g/d of 18:3{n-3), and they
suggest that human conversion of 18:3(n-3) to 20:5( n-
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3) is limited, whereas the 18:2(n-6) to 20:4(n-6J pathway
is more efficient. This theory was recently challenged
by Emken et al. (1993), who found that high dietary
levels (30 g/d vs. 15 g/d) of 18:2(n-6) did not influence
desaturation of 18:3(n-3) or incorporation of 18:3(n-3J
into plasma lipids. These researchers found that the
conversion of 18:3(n-3J was three to four times greater
than the conversion of 18:2(n-6]; however, the total
amount of 18:3{n-3] metabolizes produced from 3.5 g/
d of 18:3(n-3) was very low (0.35 g/d), and a significantly
larger dose of 18:3(n-3) (21 -29 g/d) might be required
to provide the equivalent effects of 2-2.5 g/d of marine
(n-3) fatty acids.

It was hypothesized that plasma lipid and lipopro-
tein parameters would be affected more by a (n-3) fatty
acid treatment in individuals consuming low P/S ratio
diets than in individuals consuming high P/S ratio
diets. This hypothesis was based on the rationale that
lower levels of the Iinoleate metabolize, 20:4( n-6),
would compete less with fish oil for incorporation into
plasma lipid and lipoprotein fractions. In this regard,
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FIGURE 1 Effect of (n-3] fatty acid treatments on change in 18:3(n-3J in plasma lipoproteins of subjects receiv
flaxseed oil treatments. Values reported are means ? SE [n = 26) of differences in fatty acid levels between olive o
fatty acid treatments. ●Indicates si~ificant effect of oil treatment (P < 0.05]. L and H indicate low and high dietary pol

plasma triacylglycerol levels were signifi
duced in the low P/S group but not signi
duced in the high P/S group. Although it w
sized that the conversion of 18:3(n~3J to 20:5(n-3) W’
be more efficacious in the low P/S group, t
observed.

Presently, many human studies rely on
ronutrient analysis but do not account fo
etary fatty acids, for example, arachidona
be important When fish oil is supplemented iu’.
doses because small changes in dietary
may influence the (n-3) fatty acid effect
when the subject’s intake of (n-3J fatty a
rine sources is low.

It is apparent that modest intake of ma
acids promotes change in lipoprotein f
tent, which may affect a variety of physi
associated with atherosclerosis. Cellula
reductions in fibrinogen [Hostmark et a
activating factor [Sperling et al. 1987), platelet-den
growth factor [Fox and DiCorelto 198
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GURE 2 Effect of (n-3] fatty acid treatments on change in 20:5(n-3) in plasma lipoproteins of subjects
;edoil treatments. Values reported are means * SEof differences in fatty acid levels between olive oil al

U,=.....J significant effect of oil treatment [P < 0.05]. L and H indicate low and high dietary
.W~c~atty acid ratio (P/S) groups, respectively.
:5;;~.J,,;;
I:tiue plasminogen activator and endothelial-de-

~.~ relaxation factor (Shimokawa and Vanhoutte
~]“have been induced by fish oil supplementation
may augment the cardiovascular benefits of 20:5( n-
d 22:61n-3). It is important for future studies to

*the effects of (n-3) fatty acids with regard to lipo-
?fP composition, eicosanoid production, platelet
cgation, lipid-dependent erizymes, endothelial and

~~~ti muscle cell interactions, and other factors in-,.. ,
‘id in the atherogenic process in relation to the
ke of specific dietary saturated fats currently per-
td to imfill~m~~ th~ nthern.w-.lerrttic twocess.
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Effect of garlic and fish-oil supplementation on serum lipid
and lipoprotein concentrations in hypercholesterolemic
menl-3

Admn J Adler and Bruce J Holub

ABSTRACT This study examined the effects of garlic and
fish-oil supplementation (alone and in combination) on fasting
serum lipids and lipoproteins in hypercholesterolemic subjects.
After an initial run-in phase, 50 male subjects with moderate
hypercholesterolemia were randomly assigned for 12 wk to one of
four groups: 1) 900 mg garlic placebo/d + 12 g oil placebo/d; 2)
900 mg garlic/d + 12 g oil placebo/d; 3) 900 mg garlic placebo/d
+ 12 g fish oil/d, providing 3.6 g n–3 fatty acids/d; and 4) 900 mg
garlic/d + 12 g fish oil/d. In the placebo group, mean serum total
cholesterol, low-density-lipoprotein cholesterol (LDL-C), and tria-
cyl,glycerok were not significantly changed in relation to baseline.
Mean group total cholesterol concentrations were significantly
lower with garlic + fish oil (– 12.2%) and with garlic (– 11.5~o)
after 12 wli but not with fish oil alone. Mean LDL-C concenua-
tions were reduced with garlic + fish oil (–9.5~0) and with garlic

(– 14.2%) but were raised with fish oil (+8.5%). Mean- triacyl-
glycerol concentrations were reduced with garlic + fish oil
(–34.3%) and fish oil alone (–37.3%). The garlic groups (with
and without fish oil) had significantly lower ratios of total choles-
terol to high-density-lipoprotein cholesterol (HDL-C) and LDL-C
to HDL-C. In summary, garlic supplementation significantly de-
creased both total cholesterol and LDL-C whereas fish-oil supple-
mentation significantly decreased triacylglycerol concentrations
and increased LDL-C concentrations in hypercholesterolemic men.
The combination of garlic and fish oil reversed the moderate
fish-oil-induced rise in LDL-C, Coadministration of garlic with
fish oil was well-tolerated and had a beneficial effect on serum
lipid and lipoprotein concentrations by providing a combined
lowering of total cholesterol, LDL-C, and triacylglycerol concen-
trations as well as the ratios of total cholesterol [o HDL-C and
LDL-C to HDL-C. Am J Clin Nutr 1997;65:445-50.

KEY W_ORDS Garlic, fish oil, total cholesterol, low-den-

sity-lipoprotein cholesterol, high-density-lipoprotein choles-

terol. triacylglycerol

INTRODUCTION

The role of elevated serum total cholesterol and low-density-
lipoprotein cholesterol (LDL-C) as well as reduced high-den-
sity-lipoprotein cholesterol (HDL-C) in the development of
coronary artery disease is well-established (1). Patients with
accompanying elevated serum triacylglycerol concentrations

are at increased risk of developing atherosclerosis and coronary
artery disease (2). Both the PROCAM study (3) and the Hel-
sinki Heart Study (4) suggested that hypertriglyceridemia is a
powerful additional risk factor of coronary artery disease, par-
ticularly when excessive triacylglycerol concentrations coin-
cide with a high ratio (> 5.0) of LDL-C to HDL-C. In addition,
recent studies have shown that triacylglycerol is independently
related to coronary artery disease risk (5) and to the extent of
coronary atherosclerosis (6).

Effective and safe treatment to reduce the simultaneous
elevation of total cholesterol and triacylglycerol concentrations
is limited (7). The use of nutritional supplements either alone
(8) or in combination with a drug (7, 9) has been shown to be
effective in lowering total cholesterol and triacylglycerol con-
centrations in hyperlipidernic subjects. Recently, Contacos et al
(7) showed that pravastatin and fish oil, in combination only,
effectively lowered both total cholesterol and trkscylglycerol
concentrations in subjects with both elevated cholesterol and
triacylglycerol.

Fish oils rich in the n –3 fatty acids eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) have been shown to
effectively reduce elevated triacylglycerol concentrations ( 10).
Fish oils may also raise HDL-C to a modest extent (10),
However, supplementation with fish oil has been found to
increase serum LDL-C concentrations (10, 11). To provide a
more complete management of hyperlipidemia with fish oil, it
may be beneficial to use an additional nutritional supplement to
simultaneously lower LDL-C concentrations. Supplementation
with garlic alone has been found to significantly reduce total
cholesterol concentrations (8, 12). The purpose of the present
study was to determine whether garlic powder, when given in
combination with fish oil, could provide an effective and
well-tolerated nutritional regimen for simultaneously reducing
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elevated total cholesterol, LDL-C, and triocylglycerol concen-

trations in hypercholesterolemic men.

SUBJECTS AND NIETHODS

Subjects

Of 100 men screened for their total serum cholesterol con-
centration \vith a compact total cholesterol anaIyzer (Chemtrak
228; Accumeter, Sunnyvale, CA), 50 took part in the study,
with each giving written informed consent. The principal cri-
terion for entry was a total cholesterol concentration >5.2
mmol/L (200 mgML). Subjects taking lipid-altering or blood
pressure–altering medications or supplements within 4 wk of
the beginning of the study were excluded. Other medications
were allowed if they were not initiated within 4 wk of the
beginning of the study. Subjects taking part in the study did not
have diagnosed diabetes mellitus or cardiovascular disease.

The study conformed with the ethical guidelines of the
University of Guelph.

Materials and supplements

Garlic pills (Kwai; Lichtwer Pharma, Berlin) were given as
one 300-mg sugar-coated pill three times daily with meals.
Garlic placebo pills (also from Lichtwer Pharma) were identi-
cal in appearance but contained no garlic powder. Fish oil
containing n–3 fatty acids (Nupulse; Nu-Life, Markham, Can-
ada) was given as four l-g capsules (each containing 180 mg
EPA and 120 mg DHA) three times daily with meals. Evening
primrose oil (Bioriginal; PGE Canada, Saskatoon, Cartada)
containing n –6 fatty acids was used as a control oil supple-
ment; it was given as three 1.3-g capsules three times daily
with meals. Garlic pills were administered in a double-blind
fashion. Fish oil and oil placebo were given in a single-blind
fashion,

Study design

This randomized, placebo-controlled trial began with a 3-wk
run-in phase in which baseline total cholesterol concentrations
were confirmed by standard enzymatic techniques (procedure
no, 352; Sigma Diagnostics, St Louis). At baseline (week O).
subjects with serum total cholesterol concentrations >5.2
mmol/L (200 mg/dL) were randomly assigned to one of four
treatment groups for 12 wk (week O to week 12). The four
study regimens were as foIlows: 1) 900 mg garlic placebo/d +
12 g oil pIacebo/d; 2) 900 mg garlic/d + 12 g oil placebo/d: 3)
900 m: garlic placebo/d + 12 g fish oil/d, providing 3.6 g n–3
fatty acids/d; and 4) 900 m: garlic/d + 12 g fish oil/d.

Subjects provided overnight (12-14 h) fasting blood samples
at weeks O, 3, 6, 9, and 12. Sitting blood pressure and resting
heart rate were taken at each visit by a digital blood pressure
monitor. Compliance was assessed by capsule or pill count and
serum phospholipid atudyses (see belolv). Blinding to the sup-
plements and their respective pl~cebo~ was checked at the end
of the study by a simple questionnaire. Side effects were
monitored [hroughout the study period. Two J-d estimated
dietary records (two weekdays, one ueekend day) were ob-
tained from each subject: one during the 3-wk period before
baseline (week O). the other bettveen \\eek 9 and week 12 of
the study. Dietary wdysis wm performed on the CanWest Diet
Analysis Plus program {Urest Publishing Co, St Paul). F~sting

blood samples were analyzed for total cholesterol, LDL-C,
HDL-C, and triacylglycerol concentrations at all time points
between week O and week 12. Additionally, fatty acid compo-
sitions of total serum phospholipid were analyzed at week O
and week 12.

Laboratory analyses

Blood was drawn by venipuncture into esactmted tubes
(Vacutainer; Becton Dickinson. Rutherford, NJ), allowed to sit
for 1 h, and then centrifuged (?500 rpm, 1000 X g) for 15 min
at 30 “C to recover serum. Serum fractions were divided into
aliquots and stored at – 20 “C until assayed in one batch. Total
cholesterol and triacylglycerol were determined by standard
enzymatic techniques (procedure nos. 352 and 339; Sigma
Diagnostics). HDL-C was determined in serum after precipi-
tation of apolipoprotein B-containing lipoproteins (procedure
no. 352-3; Sigma Diagnostics). LDL-C was calculated with the
Friedewald equation (13) except if tnacylglycerols were >4.6
mmof/L (400 mg/dL) at one or more time point in the study, in
which case LDL-C was determined directly (procedure no.
353-A; Sigma Diagnostics) at all time points for [hat subject.
Fatty acid analyses were performed by capillary gas-liquid
chromatography of the isolated phospholipid (by thin-layer
chromatography) after transmethylation using procedures sim-
ilar to those cited elsewhere (14).

Statistical analyses

Statistical tests were performed with the SAS computer
program (SAS Institute Inc. Cary, NC). After logarithmic
transformation of the data, efficacy parameters were analyzed
by analysis of covariance. Pair-wise comparisons between
treatment groups were performed with protected least-sigtifi-
cant-difference techniques. Paired r tests were used for within-
group effects on difference scores from baseline. All statistical
analyses were two-tailed, with a = 0.05.

RESULTS

Of the 50 people originally randomly assigned to treatment.
4 withdrew (2 from the garlic placebo + fish oil group. 1 from
the garlic + oil placebo group, and 1 from the garlic placebo +
oil placebo group) for personal reasons or because of unrelated
medical conditions. The baseline characteristics of the 46 re-
maining subjects are listed in Table 1. There uere no si.sgnifi-
cant differences between the bnseline clmracteristics of the
ofiginal 5(I subjects and the renl:~illing 46 subjects (dat:~ no(

showm).
Dietary int~kes and body weights ut entry and ;tfter nutri-

tional supplementation for all subjects are shown in Table 2.
No significant differences (P > 0.05) \vere found in dietar>
composition or body weigh~ betlveen treatment groups either at
baseline or after 12 uk of treatment (dat:i not shm~n).

In the placebo group. mean serum total cholesterol. LDL-C.
triacylglycerol. and HDL-C ntm nw signit-[c-untlyclxmged in
relation to baseline. Mtmn ~rcmp total cholesterol concentra-
tions \vere significantly Imver with garlic + 11s11oil (– 12.2’%)
md \rith garlic alone (– 1I ,57c) b! \veeli 12 (Table 3). Sig-
nificant reductions in total choles~erol widl garlic wd garlic +
fish oil iverc seen starting at ueek 9. In the group faking fish oil
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TABLE 1
Baseline demogmphig ch:micterlst]cs by supplementation group’

Ch.mc[ermric
Plocebo Gmhc Fish oil Gwlic -r fi>h oil TuI:Il

(,I = 11) (J1 = 12) (), = 10) (/?= 13) (H= 46)

Age (y) 45,4 ? 9.9 45.9 T 12.6 45.4: 9.3 46.7 z l?. I 45.9z 1 [.1

W’eigh[ (kg) 85.0 I I 1.3 85. I z S.ti s-!.?t 21.7 84.6 t I 1.9

Bhll (k@l:)

84.s T 13.’$

26.4 z 3.5 27.2 3 3.0 26. S 3 6.4 26.9 z 3.5 26.S z 4.1

To[sl cholesterol (mnlol/L) 6.46 ~ 0.85 6.54 t 0.SS 6.54 z 1.06 6.51 z 1.06 6.5 I z 0.93

LDL cholesterol (mmolm) 4.32 z 0.s3 4.39 t 0.62 4.42 z 0.s8 4.47 ? 0.96 4.39 t 0.80

HDL cholesterol (mmob’1-) 1.20 z 0.34 1.26 z 0.22~ 1,1220.34 1.13 to.19 1.18 :0.?7

Triacylglycerol (mmoljL) 1.95> 1.63 1.983 1.10 2.34 z 1.76 2.17z 1.54 2.10: 1.47

Total cholesterol~DL cholesterol 5.80 t 1,823 5.38 I 1.29’ 6.3S z 2.18 5.94 z 1.56 5.8521.69

LDL cholesteroUHDL cholesterol 3.833 1.18~ 3.64 t 0.902 4.34 * 1.60 4,08: 1.[? 3.96= 1.19

‘.f I SD.

~ Significantly differen[ from fish oil and garlic + fish oil, P <0.05.

~ Significandy different from fish oil, P <0.05.

alone, mean group total cholesterol concentrations were not
significantly changed.

Mean group LDL-C concentrations were significantly re-
duced with garlic + fish oil (-9.5%) and with garlic (– 14.2%)
by week 12 (Table 4). In the fish-oil group, mean LDL-C
concentr~tions were significantly raised (+8.5%) by week 3
and persisted until week 12. Significant LDL-C reductions in
both groups takinS garlic (garlic and garlic + fish oil) were
achieved by week 9. There was no significant difference in
reductions of LDL-C between the garlic + fish oil and garlic
alone groups although the garlic alone group did show a
consistent trend toward larger reductions in LDL-C throughout
the study.

Mean group fasting serum triacylglycerol concentrations
were significantly decreased with garlic + fish oil (–34.37o)
and with fish oil alone (– 37.370) (Table 5). Reductions in
tnacylglycerol with fish oil (garlic + fish oil and fish oil alone)
were noted by week 3. There was no significant difference in
the triacylglycerol reduction seen between fish oil and garlic +

TABLE 2
Daily dietar} in[akes and body weight at entry and after
supplemen[arion’

fish oil. In the garlic group, mean tnacylglycerol concentra-

tions were not significantly changed.

Although the fish-oil and garlic + fish oil groups showed
significant increases in HDL-C in relation to baseline. there
were no significant differences between the four groups at
week 12 (Table 6). However, there was a consistent trend of
higher HDL-C increases in both fish-oil groups (fish oil alone
and garlic + fish oil) compared with both non-fish-oil groups
(placebo and garlic alone).

Compared with placebo, for which no significant change was
found (by week 12) in the ratios of total cholesterol to HDL-C
and LDL-C to HDL-C, the ratio of total cholesterol to HDL-C
was significantly reduced in the garlic =~oup (– 12.57G)and in
the garlic + fish-oil group (– 16.2%) but not in the fish-oil
(alone) group. The reduction in the ratio of total cholesterol to
HDL-C in the garlic + fish-oil group was significantly greater
than in the garlic only group (P < 0.05). The ratio of LDL-C
to HDL-C was significantly decreased in the garlic group
(– 15.3%) and in the garlic + fish oiI group (– 19.0%) with no
change (F’ > 0.05) in the other two groups.

Mean systolic, diastolic, and anerial blood pressures for all
subjects at entry were 120.1, 80.9. and 94.0 mm Hg, respec-
tively. By week 12, reductions of 2.4-4.2% (P K 0.05 or P <

Variable
Entry Supplemen[a[ion

(week 0) (week 12)

Protein

(% of energy) 17.3 t 0.6 16.920.5

(g) 10324 Io’! t-!
C~rbohydrate

(% of energy) 50.03 1.5 50.221.3
(:) 298 t 14 307t 13

F:II

(% of energy) 30.43 1.2 30.9 t 1.3
(:) 86.9 ? 5.3 89.5 t 5.7

.%mmtecf til (g) 29.9 ? 2.4 31.2 *2.3
Llnnnunsllumted t’a[ (g) 3?.4 22.0 33.? ? 2.2
PL)I)unwurwxl fal (g) 16.5= 1.] 17.3t II

Dietary fiber (:) 23,6 2 ].5 24.7 t 1.5

Choles[er{>l ( rng) 337 ? 25 348 z 24

Bixfy \veight (kg) 84.8 * 2.0 84.9 z 10
Alcohol (% ot’ energy’) 2.46:0.65 2.00 * 0.52
TmIl inI:lke (LJ) 9905 z 383 10196 z 35S

‘ .f z SENI: n = 39 for dietmy variables. )] = 46 t’or body. wei~h[.

TABLE 3
Effect of nutritional supplementation on total serum cholesterol

concentrations{

Supplemenlalion group

Time Placebo Garlic Fish oil Garlic + fish oil

rrlmrWL

Week O 6.46 t 0.26 6.54 L 0.25 6.54 z 0,34 6.51 J 0.29
Week 3 6.4] * 0.31 6.62 t 0.29 6.59 t 0.32 6.46 x 0.26
Week 6 6.33 I 0.28”b 6.333 0.27”h 6.49 I 0.29’ 6.15 x 0.25’:
Week 9 6.43 t 0,33” 6.23 z 0.30b’ 6.6720.37” 5.81 z 0.2?J

W’eek 126.49 f 0.31a 5.79 ~ 0.23M 6.51 z 0.38” 5.71 Y 0.20W

(0.5 z 1.8)~ (–11.5 = 2.1}”’’ (–0.5 3 2.1) (-1?.? z 1.3)-”

I ,r ~ SE values ~lth different superscript letters me si~nificws[lY

differen[ from other groups at Ihe corresponding time. P <0.05.

‘4 Significrmdy different from bueline: 2 P <0.01, J P <0.05.4 P <
0.001.

s Percentage chwrge t’mm week O in pwentheses.

‘ Significantly different from placebo and fish oil. P C 0.01.



TABLE 4
Effect of nu[ri[iomd supplementation on serum LDL-cholesterol
concenlralionsJ

Supplement group

Time Placebo Garlic Fish oil Garlic + fish oil

mmoUL

Week O 4.32 Z 0.25 4.3910.18 4.42 t 0.27 4.47 z 0.27
Week 3 4,19 ~ 0.25” 4.26 x 0.23” 4.75 t 0.32b2 4.68 z 0.29b

Week 6 4,16 ~ 0.?7’ 4.26 ~ 0.27’ 4.78 t o.41b2 4.47 t o.28a
Week 9 4.19 z 0,28” 3.90 * 0.28bJ 4.94 ~ 0.43c~ 4.19 x 0.28ti
Week 12 4.26 A 0,31’ 3.77 x 0.2-lb’ 4.81 t 0.4tY2 4.06 t 0.24’5

(– 1.1 1 2.8)4 (– 14.2 t 2.6)2.6 (8.5 x 5.6)Z7 (–9.5 2 3.2)26

‘ f 3 SE. Values with different superscript letters are significantly
different from other groups at the corresponding time, P <0.05,

-’.3.5 Signiflcanl]y different from baseline: z P < 0.05. J P < o.W1.

5P < 0.01.
4 Percentage change from week O in parentheses.

* Significantly different from placebo and fish oil, P <0.01.

7 Significantly different from placebo, garlic, and fish oil, P <0.05.

0.005) in mean systolic, diastolic, and arterial pressures were
found for all three treatment groups (fish oil alone, garlic alone,
and garlic + fish oil) relative to the placebo group.

According to capsule or pill counts at the end of the study,
100% of subjects who completed the study took > 80% of the
supplements given. Blinding to the supplements was checked
by the use of a questionnaire at the end of the study. Garlic pills
and garlic placebo pills were identified correctly by 76% and
67’%0of the subjects, respectively. Fish oil and oil placebo were
identified correctly by 100’%0and 6190 of the subjects, respec-
tively. As a measure of compliance with the fish-oil supple-
mentation, serum phospholipid fatty acid profiles were mea-
sured at entry and after 12 wk of supplementation (Table 7).
The results are characteristic of other studies in which fish-oil
supplementation was at similar levels (14). The ratio of EPA to
arachidonic acid increased significantly (P c 0.001) in the
fish-oil groups (fish oil alone and garlic + fish oil) but did not
change significantly (P > 0.05) in the groups taking no fish oil
(placebo and garlic only groups) (Table 7).

AII supplements used in this study had relatively few re-
ported side effects. Odor due to garlic was reported in 20% of

TABLE 5

Effect of nutritional supplementation on serum triacylglycerol

concentrations)

Supplement group

Time Placebo Garlic Fish Oi] Garlic + fish oil

mnroUL

Week O 1.95 z 0.49 1.98 * 0,32 2.3420.56 2.17 z 0.43
Week 3 2.15 ~ 0,79a 2.07 Z 0.51” 1.64 t 0.43b3 1.53 z o.21b2
Week 6 1.95 t 0.51= 1.86 t 0.31a 1.62 z 0.26b2 1.49:0. 19b2

Week 9 2. I I z 0.80’ 2.16 * 0.54” 1.40 z 0.20hz 1.30 z O.18bz

Weeh 12 1.94 z 0.51’ 1.85 * 0.37’ 1.463 0.?3b7 1.36 ~ O.17b2

(–O.6 ~ 4.3)’ (–6.1 ~ 7.6) (–37.7 ~ 4.S)’5 (-34.3 = ~.8)’”5

‘ .i 3 SE. Values with different superscript leners are significantly

different from other groups at the corresponding time. P <0.05.
~’ Significantly’differen[ from baseline: 2 P <0.001, 4P <0.05.
{ Percemage chmrge from week O in parentheses.

‘ Significantly diffcrcn[ from placebo and garlic, P <0.001.

TABLE 6
Effecl of nutritional supplementation on serum HDL-cholesterol
concentrations’

Supplement group

Time Placebo Garlic Fish oil Garlic * fish oil

mmoVL
Week O 1.20t 0.10 1,26 z 0.06 1.12 z 0.27 1.1310.05

Week 3 1.19 t 0.10” 1,363 0.11b2 1.22 z 0.09bJ 1.22 z 0.08b;

Week 6 1.24 t 0.10” 1.34 ~ O.10ab2 1.20 t 0. 14Zb2 1.272 0.07W

Week 9 1.28 tO.lla 1.38 k0.09ti 1.26 t0.12@ 1.26 t 0.08=’
Week 12 1.2620.1 I’b 1.29 f 0.08’ 1.21 30.1 labz 1.24 t 0.06b3

(4.9 t I .7)5 (2.6 3 3.2) (8.5 z 4.4)2 (9.1 t 3.0)’

‘ i t SE, Values with different superscript letters are significantly

different from other groups at the corresponding time, P <0.05.
24 SignihcantlY &lfferent from baseline: 2 P <0.05, 3 P <0.01.4 p <

0001.
SPercentage charge from week O in parentheses.

the subjects taking garlic pills, and in none of the garlic placebo
group. One subject reported a slight feeling of nausea with fish
oil that did not persist throughout the study. No other serious
side effects (other than occasional belching) were reported with
either the fish oil or the oil placebo.

DISCUSSION

We evaluated the eftlcacy of single and combined therapy
with garlic and fish oil in subjects with moderate hypercholes-
terolemia. In our study, treatment with garlic or fish oil signif-
icantly decreased serum total cholesterol and triacylglycerol,
respectively; the combination of garlic and fish oil significantly
reduced both serum lipids.

Garlic supplementation alone has been reported to reduce
total cholesterol by %12Y0 without a significant effect on
HDL-C concentrations (8, 12), and in one study may have
moderately lowered triacylglycerol concentrations (8). Al-
though the reduction in total cholesterol (12% by week 12) and
LDL-C (14% by week 12) observed with garlic alone in this
study is typical for this preparation and dose, the expected
decrease in fasting serum triacyIgIycerol was not seen. The
lowering of total cholesterol observed with garlic is believed to
be largely due to a reduction in LDL-C (15), which maybe due
to an inhibition of hepatic cholesterol biosynthesis (possibly
via inhibition of hydroxymethylglutary l-Co”A reductase) by
allicin and/or other components (16). It should also be no~ed
that certain garlic preparations (eg, garlic oils) do not show the
degree of cholesterol lowering seen with specific potrdered
formulations (17).

Treatment with fish oil in this study showed a reduction in
serum fastin~ triacylglycerol (3&40%) consistent with that in
previous reports from hyperlipidemic humans (10). An inhibi-
tion of hepotic fatty acid synthesis by EPA and DHA and
impoired triocylglycerol synthesis (inchtding very-low-densi(y
lipoprotein assembly and secretion) are among some of the
mechanisms proposed for the plasma triacylglycerol -lotvering
effect of dietary fish oil (10, 18). Addition of garlic to fish oil
did not si~rtificantly change the reduction in triacylglycerol
observed ~~ith the fish-oil concentrate alone. Although our
subjects did not generally have overt hypertriglyceridemio N
entry, their mean Fis[ing triacylglycerol values (2.1 mmolll- or
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T,\tll.E 7
EWCCIof nutn[ion.,1 ‘wpplemema[ion on fa([y ~cid composition 01 serum phospholipid’

Baseline
Fmry ncid

Placebo Gtirlw F\sh 011 Gorlic + fish oil

(/1 = 46) (/1= 11) 01 = 121 ()/ = ]0) (/7 = 13)

rc by !11 of 1<111!1 /i//l\ [K’id\

16:0 ?8.3 z 0.? ?7.7 E 0.4 27,6 ? 0.42 ?7.6 z 0.4 27.8 z 0.5

1s:0 12.4 t 0.2 11.8 =0.? 1?. [ to.5 i 2.630.4’ 12.9 z 0.5”

18.1 11.8 t0.2 10.2 t o.4~ 9.9 t 0.4: 10.0 t o.s~ 10.0 z 0.32

18:2rr-6 20.0 t 0.4 21.430.6 20.8 t ().S 15.7Z 1.1” 15.511.12’”

lS:3n–6 0.08 t 0.01 0.13 t 0.02 0.14 z 0.03: 0.0630.01’ 0.02 z 0.0[2’

20:3n–6 3.1 to.1 3.6 = O.?z 4.1 t 0.;2-’ I .7 t o.?~’ 1.8t 0.12’
ZO:4n–6 (,A., A) 10.8 t 0.3 13.0 z 0.6~ 13. I t 0.7: 7.2 z o.4~J 7,9 z o.4~ ‘

20:5n– 3 (EPA) 1.220.1 1.0 =0.1 0.s z 0.1 7.5 ? 0.6~’ 7.5 z 0.61’
~~:6n–3 (DHA) 3.2 t 0.1 2.9 ? 0.2 3.1 t 0.2 7.6 z 0.4:”’ 7.3 z 0.4J’

L n–6 34.5 t 0.4 38.5 ~ O.& 38.6 z 0.5Z 24.9 z 1.2:’< 23.7 ? 2.024

Z n–3 5.9 z 0.2 5.2 z 0.3 5.2 f 0.3 [6,3 z 1.82’ 16.8 z 1.@4

n-3:n–6 0.17 t 0.01 0.14 t 0.01 0.14 Z0.01 0.74 t O.IOJ’J

EP.A:AA 0.1130.01

0.69 ~ 0.06Z4
0.08 f 0.01 0.06:0.01 1.08 t O.14Z4 0.97 ? 0.08Z4

1.t ~ SE}! for ba~e]lne~a]ue~and after ]2 Wfcof supplementation. The four supplement groups ()) = ]0-13) me compared with [h: baseline values

(n = 46), AA, amchidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

2 Significantly different from baseline, P <0.05.

-’Significantly different from placebo, P <0.05.

‘ Significantly different from placeboand garlic, P <0.05

186 m#dL) would be considered above desirable based on
some recent reports (19).

Fish-oil treatment has often been found to result in an in-
crease in LDL-C concentrations, possibly via an increased
conversion of very-low-density lipoprotein to LDL particles
(10, 11). A significant rise in LDL-C (+8.5%) was seen in this
study in the group taking fish oil alone. The addition of garlic
to fish oil not only prevented the moderate LDL-C-raising
effect of the fish oil but actually produced a significant low-
ering (–9.5%).

The rise in serum HDL-C concentrations relative to baseline
(by 9%) as observed for the two fish-oil groups (fish oil alone
and garlic + fish oil) are of interest as are the apparently
favorable shifts (decreases) in the ratios of total cholesterol to
HDL-C and LDL-C to HDL-C (including significantly lower
ratios a: week 12 for the garlic + fish oil combirmtion). The
significant reduction in the ratios of total cholesterol 10 HDL-C
and LDL-C to HDL-C with the garlic + fish oil supplement has
potential health significance in view of recent emphasis on
these ratios as important predictors for coronary artery disease
(20).

Blood pressure has been reported to be moderately reduced
by both garlic (2 i ) mrd fish-oil (22) supplements. In this study,
there was a srtxtll (?-l%) but significant reduction in mean
systolic. dizstolic. and arterial blood pressures with all treat-
ments (garlic done, fish oil alone. and garlic + tish. oil) when
compared with placebo. All treatments produced similar reduc-
tions. although this reduction in blood pressure was achieved
within 3 \vk for the groups taking fish oil (fkh oil alone and
garlic + fish oil) and by 9 wk for the garlic alone group. The
moderate lowering of blood pressure with garlic muy be due to
increased nitric oxide production and a more vasodikttoty state
(23). ~vhcrea.s the EPA and DHA in fish oil may operate. at
least in port. via altered eicosanoid synthesis (24).

The fatty acid composition of serum phospholipid has been
found to reflect intake of dietary n–3 fatty acids “tvell (?5),

Along with the capsule or pill count, analysis of serum fatty
acids confirmed high compliance with the treatment given.

In conclusion, garlic supplementation significantly de-
creased both total cholesterol and LDL-C, whereas fish-oil
supplementation significantly decreased triacylglycerol con-
centrations and increased LDL-C concentrations in moderately
hypercholesterolemic men. The combination of garlic and fish
oil prevented a moderate fish-oil-induced rise in LDL-C. Co-
administration of garIic and fish oil was well-tolerated in the
short term and had a beneficial effect on serum lipid and
lipoprotein concentrations by providing a combined lowering
of total cholesterol, LDL-C, and triacylglycerol concentrations
along with overall decreases in the ratios of total cholesterol to
HDL-C and LDL-C to HDL-C. H

We thank Margarel Berry for her help in this irwestiga!ion and our

subjects for their dedic~tion to this lengthy study.
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Dose-response effects of fish-oil supplementation
in healthy volunteers
Marion C BIonk. Henk JG Bile. Jos JP Naula. Corrie Pom-sniiders.
Cees A4tdder, andAb JA4 Donker

. .

ABSTRACI’ We performed a randomized, controlled
study on the dose-response effects of daily supplementation of
1,$, 3, and 6 g of the marine fatty acids eicosapentaenoic acid
(EPA, 205n–3) and docosahexaenoic acid (DHA, 22:6n–3) as
their ethyl esters for 12 wk in 45 healthy normotriglycendemic
male volunteers. Significant dose-related increases of the n–3
fatty acids 20:5, 22:5, and 22:6 in plasma phospholipids (p
< 0.0001) were found, corresponding roughly to decreases of
the n–6 fatty acids 18:2 and 20:4 (p< O.(Ml). Serum triglycer-
ides and HDL3-cholesterol concentrations showed a dose-de-
pendent reduction (p < 0.05) and HDLZ cholesterol increased
(p c 0.05). Results for 3 and 6 g n–3 fatty acids were similar.
No dosedependent effects were observed in the VLDL-, LDL-,
and total HDL-cholesterol subfi-actions; blood pressure; bleed-
ing time; ery-throcyte deformability; or capacity of polymor-
phonuclear leukocytes to kill S[ap/ty/ococcus aureus. This
study indicates that 3 g n–3 ethyl ester fatty acids appears to
be the appropriate supplementation dose in humans, at least
regarding lipid-profile changes and the ability to incorporate
such fatty acids in the plasma phospholipids. Am J Clin
Nutr 1990;52: 120-7.

KEY WORDS Fish oil, eicosapentaenoic acid, docosa-
hexaenoic acid, blood pressure, Iipid profile, bleeding time, vis-
cosity oferythrocyte suspensions, leukocyte function

Introduction

The observations in the mid- 1970s by Bang et al ( I ) and
Dyerberg et al (2) of the low incidence of cardiovascular disease
among Greenland Eskimos led to the idea ofa possible protec-
tive role of their diet, which consists predominantly of marine
fish and seal. Marine fattv fish is rich in n–3 polyunsaturated
fatty acids (PUFAS), espe;ally eicosapentaenoic acid (EPA. 20:
5n–3) and docosahexaenoic acid (DHA, 22:6n–3). Presum-
ably Eskimos ingest -5-IO g n–3 fatty acids/d (3).

Gro\ving interest in the subject has led to extensii>e investiga-
tions. Beneficial effects of n–3 fatty acids have been attributed
to an improved lipid profile (1. 2. 4-7). a reduced platelet ag-
gregability (2. 4, 5.8, 9). a prolonged bleeding time ( 10.1 l), a
reduced blood viscosity ( 12-14). and a fall in blood pressure
( 10. 15) as well m to anti-inflammato~ and immunological
efkcts ( 16, 17). However. resulls from the various studies \!ere
inconsistent, especially regarding lipoprotein patterns. x uas
rmxnll! confirmed by Leaf and W“ebcr( IS) in a rcvicu Of the

literature on n-3 PUFAS. This can be explained partly by th
lack of proper control groups in many studies, which make
correction for time trends, conditions of measurements, an
laboratory drift impossible. The majority of the studies showe
a reduction in serum triglyceride concentrations, with the mos
striking reductions in hypertriglycendemic patients (4,6,7, I(
15, 19-21).

Reported changes in concentrations of high-density -lipoprc
tein (HDL), lowdensity-lipoprotein (LDL), and ve~-lou
density-lipoprotein (VLDL) cholesterol are not consistent
Cholesterol-lowering effects were reported primarily in studie
with extreme doses of n–3 PUFAS ofs 30 g/d (4, 6, 2 1-23)
However, the Zutphen study suggests that the consumption o
small amounts of fish (a low n–3 PUFA intake) over a Ion!
period may reduce Cardiovascular risk (24). Whether a big}
daily intake of n–3 PUFAS is necessary to influence the cardio
vascular-risk profile remains open for discussion.

Good data are not available regarding the dose of n–3 fatt!
acids necessary for producing most of the described beneficia
effects. The purpose of the present study was to examine dose
response relationships with blood pressure, lipid and lipopro
tein patterns, bleeding time, and etythrocyte and Ieukocytt
function in normotriglycendemic healthy volunteers to fine
the appropriate dose.

Subjects and methods

Subjec~s

Forty-five healthy male volunteers aged 33.7 t 6.2 y (.F* SD.
range 22-48 y) were investigated. Body weight was 77.7 ~ 9.3
kg and a body mass index (BMI; wt/htz) was 23.2 ~ 2.0 kg/m2.
All participants gave informed consent. The study was ap-
proved by the Human Research and Ethical Committee of the
Free University.

No drugs were taken from z 4 wk before the start until the

‘ From the Depanments of Internal Medicine:Theory of Jledicine.

Epidemiology and Biostatistic~ Endocrinology: and Clinical Chemis-

try: Free University Hospital, Amsterdam,
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~~,erage of 7 cigarettes/d (range 1-20 cigaret~es/d). The fish
consumption before the siudy never exceeded one fish meal
per week. Subjects were excluded from the study when fasting
serum triglycendes-were >2.0 mmol/L at baseline. Subjects

Lept their normal diets during the experiment and a 72-h di-
eta~ recall was completed in the first month of the study. The
subjects were randomly assigned to one of four groups and took
O.3.6, or 12capsrrles/d,respectively.ofa marine-lipid concen-
trate (Super EPA, Pharmacaps Inc. Marlow, Buckinghamshire,
UK) for 12 wk. Each capsule provided 300 mg EPA and 200
rrrgDHA as their ethyl esters and 1 mg vitamin E as described
in a previous study (25). This implied that daily doses of O, 1.5,

3, and 6 g n–3 ethyl ester fatty acids (EEFAs) were adminis-

tered daily.
Measurements wereperformed before, at 12wk of, and at 12

wk after supplementation. Subjectsfastedovernight from 2100
and venous blood samples were drawn with minimal venous
occlusion between 0800 and 1000 the next morning. Before
samples were drawn, blood pressure was measured in duplicate
with a London School of Hygiene mercury sphygmomanome-
ter by the same observer after the subjects had rested 15 min in
supine position and immediately after the subjects stood up.
Blood samples were used for measurement of hemato)ogic and
biochemical variables, lipid profile, plasma phospholipids, and
leukocyte killing capacity. Erythrocyte deformability studies
and bleeding-time measurements were performed only before
and at the end of the 12-wk period of lipid-concentrate admin-
istration.

Met/rods

The fatty acid composition of plasma phospholipids was as-
sessed by capillary gas chromatography as described previously
(26). Plasma triglyceride concentrations were measured enzy-
matically (GPO-PAP method) after removal of chylomicrons
as described by Terpstra (27) as was the total amount of free
fatty acids (FFAq Nefa-C test, Wako Ltd, Tokyo), Lipoprotein
fractionation was earned out by density-gradient trltracentrifu-
gation (28). Total plasma cholesterol and cholesterol content
of the fractions were analyzed with the CI-IOD-PAP method
(Boehringer Mannheim GmbH, Mannheim, FRG). Bleeding-
time measurements were performed as described by Mielke et
al (29) with the Simplate II device (General Diagnostics, Tum-
hout, Belgium). En-throcyte filterability was studied with the
recently introduced St George’s Flltrometer (Cassi-Med Ltd,
Dorking, UK), which can discriminate between cell deforma-
bility and filter occlusion (30-32). An erythrocyte concentra-
tion of 1090 was used for filtration. The white cell contamina-
tion in the erythrocfle suspension was c 0.1 X 109/Land plate-
let contamination was not detectable. The erythrocyte
suspensions were filtered through a vertical filter (batch 5404
C34, Nucleopore, Pleasanton, CA, nominal pore diameter 5
urn, filter diameter i 3 mm, effective filtration area 0.78 cm2).
The filter-to-filter variation was K 5%. All samples were mea-
$ured in duplicate. Erythrocyte deformability was expressed as
:g-throcfie transit time.

The killing capacity of polymorphonuclear leukocytes
!PMNLs) was measured as described in detail elsewhere (33).
S[ap/rJ/ococcus ar{reus was incubated with PMNLs at 2:1 in the

* ,.. L.. ,,, ,,S L.Ipd\. .J ,Au, !..l>u&...l -- -J

bacteria at O min

KC=
– bacteria at 30 min (or 60 rein) ~ ~00%

bacteria at O min

Control tubes without PMNLs were included in each exper-
iment. Killing al\vays was found in the presence of PMNLs; no
killing was observed without PMNLs.

Slalislics

In this paper hypotheses of the form HI: POS P3 s MbS glz
or H,: ~1 > P3 > P6 > plz (with at least one strict inequality)
were investigated, with pn den”oting the theoretical mean of a
population on a diet regimen of n (n = 0,3,6, or 12) capsules of
lipid concentrate daily. These hypotheses imply dose-response
relations of the treatment on the variables of interest. To test
null hypotheses of the form Ho: I.LO= P3 = ps = P*2 against
alternative hypotheses (H, ) in which the order is specified, the
Jonckheere-Terpstra test was applied to the data (34). This test
is a nonparametric test related to the Kruskal-Wallis test. Dose-
response relations were considered significant when the two-
tailed p value was K 0.05. For the triglycerides the one-tailed
Jonckheere-Terpstra test was applied because it is known that
triglyceride concentrations decrease with n–3 EEFAs.

Observations at weeks 12 and 24 were compared with the
baseline observations. Effects of n–3 EEFAs can be expressed
as absolute or as percentage changes. Absolute changes were
studied when changes were independent of baseline values.
Under such circumstances, the Jonckheere-Terpstra test was
applied to the absolute intraindividual changes (eg, week 12
—week O) to investigate whether sample means increased or
decreased with changing doses. By contrast, percentage
changes were studied when the changes were dependent on
baseline values. In those cases the Jonckheere-Terpstra test was
applied to intraindividual quotients [eg, (week 12 – week 0)/
week O].

Although nonparametric tests were used, data for each group
were summarized by means and SEMSrather than medians
and ranges to allow comparisons with other studies of n– 3
EEFAs.

Results

The four groups of subjects were comparable for age, BMI,
smoking habits, and alcohol consumption. The amounts of fat,
carbohydrate, and protein in the diets of the groups were comp-
arable as shown by the 72-h dietary recalls. The lipid-concen-
trate capsules were well-tolerated although some subjects de-
scribed a fishy aftertaste. Body weight did not change during
the study period (0.76 t 0.49 kg, 1 * SD). All scheduled visits
were completed. The 45 volunteers completed the study suc-
cessfully with IO, 11, 10, and 14 participants, respectively, in
the O-(control), 3-,6-, and 12-capsule groups.

Supplementation with n–3 fatty acids for 12 wk resulted in
marked changes in fatty acid composition of the plasma phos-
pholipids in all groups except for the control group (Table 1).
There was a significant dose-related increase in the proportion
of n–3 EEFAs 20:5n–3, 22:5n–3, and 22:6n–3 with the use
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TABLEI
Fattyacid composition of plasma phospholipids atier various doses of fish oil ●

Ocapsules 3 capsules 6 GipSUkS I 2 capsules Pt

mole %

18:2n–6
B
F
w

18:2n–6
+ 20:4n–6

B
F
w

20:5n–3
B
F
w-

22:5n-3
B
F
w

22:6n-3
B

F
w

Total n–3
B
F
w

DBI$
B
F
w

22.56 ? 0.77
22.86 f 0.84 [0.12]
22.92 t 0.96 [0.36]

23.05 t 0.50
2[.23 * 0.92 [–1.82]
23.47 f 0.80 [0.41]

23.55 ~ 0.8 I
20.21 z? 1.40 [–3.34]
23.97 f 0.78 [0.94]

21.49 f 0.58

17.78 t0.76 [-3.71]

21.98 * 0.60 [0.18]

<0.001

29.90* 1.10
30.26 * 1.09 [0.36]
29.92 t 1.09 [0.02]

30.69 & 0.73
28.19 t 0.95 [-2.50]
30.81 A 0.69 [–0.55]

31.76 t0.61

26.80 * 1.26 [-4.96]

31.12 ~0.73[-O.19j

29.90 ? 0.53
24.27 t 0.8 I [–5.63]
29.56 t 0.47 [-0.37]

<0.0001

0.70 z 0.06

2.20 k 0.27 [ 1.50]

0.80 k 0.11 [0.10]

0.67 t 0.10
3.65 ~ 0.40 [2.98]
0.66 *o. 10 [–0.07]

1.03f0.16
4.76 t 0.46 [3.74]
0.82 &0.09 [-0.23]

0.67 ? 0.06
0.71 * 0.06 [0.04]
0.79 *o. 13[0.12]

<0.000f

<0.0001

<0.001

<0.000 I

<0.001

0.82 * 0.04
0.84 A 0.03 [0.02]
0.85 t 0.05 [0.03]

0.81 * 0.04
1.07 t 0.07 [0.26]
0.79 * [-0.01 ]

0.84 ? 0.04
1.13 t0.1010.29]
0.84 ~ 0.05 [–0.01]

0.82 f 0.02
1.29* 0.06 [0.47]

0.90 t 0.04 [0.07]

2.13*0.11

2.17 k 0.18 [0.04]

2.24 *0.17 [0.11]

2.82 t 0.19
4.00& 0.28[ 1.18]
2.77 t 0.22 [-0. 11]

2.52 ? 0.23
4.61 f 0.37 [2.09]
2.74 *O. 16 [0.06]

2.97 *O. 16
5.02 ~ 0.20 [2.05]
2.91 *0.15 [-O.13]

3.61 AO.16
3.72 t 0.24 [0.11]
3.86 t 0.29 [0.26]

4.33 * 0.20
7.25 t 0.54 [2.92]
4.44 * 0.34 [0.07]

4.04 * 0.36

9.41 & 0.80 [5.37]
4.23 &0.28 [–0.04]

4.83 ~ 0.31
11.32 &0.57 [6.49]
4.68 &0.26 [–0.26]

1.18&0.02
1.16 A 0.02 [-0.02]
1.16 t 0.02 [-0.021

1.21 *0.01
1.29 A 0.03 [0.08]
1.18 & 0.01 [-0.03]

1.20 t 0.02
1.33 * 0.04 [0.23]
1.18 * 0.02 [0.08]

1.21 *0.01

1.37 t 0.02 [0. 16]

1.19 *0.01 [-0.021

* ~ ~ SEM; change from b~line gjvenin b~cke~. B,&line; F, after 12 wk fish oil; W, 12 wk after withdrawal.

t Dose-response relationship tested two-tailed with the Jonckheere-Terpstra test. The various significant differences within’ rows for B and F
values are not indicated.

~ Double-bond index, mean number of double bonds per molecule fatty acid.

ofs 3 g n–3 EEFAs. However, 6 g n–3 EEFAs/d did not in-
crease the content of these fatty acids much further. The in-
crease in n–3 EEFAs was accompanied by a considerable.
dose-related decrease in 18:2n–6 and a minor decrease in 20:
4n–6. The dose-related changes in totaI unsaturation of plasma
phospholipids (double-bond index; DBI) also followed closely
the supply and withdrawal of dietary n–3 EEFA supplements
(Table 1). Because all these effects were independent of initial
values. they are expressed as absolute changes.

The influence of n–3 EEFAs on the concentrations of serum
triglycerides and total cholesterol and on the distribution of
cholesterol in the individual lipoprotein classes before, after 12
wk treatment, and 12 wk after withdrawal of treatment are

shown in Table 2. The effects are expressed as percent changes
because they were dependent on baseline values. The serum
triglycerides fell in a significant, dose-related manner. A sig-
nificant. dose-related increase was observed in HDLZ choles-
terol. Both triglycerides and HDLl cholesterol revealed the
most pronounced responses with 6 capsules: with 12 capsules
the response was approximately the same as with 6 capsules.
The control group showed a higher HDL@holesterol concen-
tration al 12 wk compared with fmscline ~alue. This contrib-
uted to the dose-dependent dccrcasc of the HDL3-cholesterol

fraction at the end of the treatment period. No significant
changes occurred in plasma cholesterol nor in total HDL-,
LDL-, and VLDL-cholesterol concentrations at the end of the
treatment period, although there was a tendency for HDL cho-
lesterol to increase. Accordingly, there was no significant dose-
response relationship in the ratio of HDL to LDL (HDL:LDL).
On the other hand, the 12-wk supplementation of n–3 EEFAs
caused marked, dose-dependent increases in HDLz :LDL and
HDL2:HDL3 comparable to the dose-response relationship for
HDL2 cholesterol.

Twelve weeks afier” withdrawal of treatment, triglycerides,
total HDL cholesterol, HDL2 cholesterol, HDLz :LDL, and
HDL2 :HDLJ returned to baseline in contrast to HDLJ and
VLDL cholesterol, which increased fufiher.

No changes were observed in total plasma FFAs, blood gfu-
cose, and screening tests for liver and renal function. The he-
moglobin, leukocyte, and platelet counts as well as the hemam-
crit remained unchanged. Systolic and diastolic blood pressure
after 15 miss in supine position showed a tendency to decrease
in all four groups whereas no consistent “alterations were re-
corded after subjects stood up (Table 3). The bleeding time did
no~ change in any of the groups (Table 3).

Erythrocyte deformability, expressed as e~lhrocyte transit



TABLE ?
plasma lipids and lipoproteins after v~rious doses of fish oil”

O capsules 3 capsules 6 capsules 12 capsules P

rtrnlo//L

Triglyceride
B
F
w

Cholesterol
B
F
w

VLDLcholesterol

B
F
w

LDLcholes~erol
B
F
w

HDL1cholesterol
B
F
w

HDL3cholesterol
B
F
w

HDL cholesterol
B
F
w

HDL,:LDL
B
F
w

HDLZ:HDL3
B
F
w

0.9520.09
o.90fo.lo[l .2]
0.8s to.1 I [-5.7]

4,67 t 0.25
4.76 f 0.23 [2.9]
4.74 t 0.22 [2.6]

0.32 t 0.03
0.40 t 0.09 [56.1]
0.44 t 0.07 [5 1.7]

2.99 k 0.14
2.94 to.14 [–1.0]
2.87 tO.15 [–1.9]

0.47 *0.07
0.48 t 0.08 [8.7]
0.42 * 0.05 [0.5]

0.86 t 0.05
0,90 t 0.04 [6.8]
0.93 t 0.07 [8.9]

1.32 ko.11
1.38 fO.10 [6,7]
1.34 t 0.11 [3.8]

o.15 t 0.02
0.16t0.02 [9.1]
0.15 t 0.02 [3.6]

0.52 f 0.06
0.53 t 0.09 [2.4]
0.45 t 0.05 [–2.6]

1.01 to.14
0,87 z0.12 [-11.6]

1.00t0.14 [1.6]

5.07 t 0.33

5.09 t 0.29 [0.9]
4.89 t 0.34 [–3.4]

0.39 & 0.06

0.41 t 0.07 [-4.0]

0.48 * 0.06 [36.1]

3.35 * 0.31

3.32 * 0.25 [–5.0]

3.05 t 0.25 [- 10.6]

0.49 * 0.06

0.65 k 0.15 [31.5]

0.55 * 0.14 [7.0]

0.78 z 0.04

0.80 * 0.05 [4.1]

0.80 k O.O3 [4.9]

1.27 + 0.07

1.46 t0.14 [14.5]

1.3950.13 [7.5]

o.15 t 0.02

0.23 * 0.07 [41.7]

0.19 f 0.05 [ 17.2]

0.65 k 0.08

0.88 * 025 [40.9]

0.78 f 0.27 [20,2]

0.93 z 0.07
0.70 ~ 0.07 [–23.3]
0.89 z 0.15 [–4.5]

5.27 h 0.56
5.19 f 0.58 [2.8]
4.96 t 0.51 [-5.4]

0.37 t 0.05
0.38~0.10 [13.1]
0.43 t 0.07 [33.3]

3.42 * 0.65
3.31 = 0.60 [3.1]
3.21 ~ 0.48 [9.1]

0,4120.06
0.67 ~ 0.09 [56. I]
0.46 i 0.06 [9.1]

0.83 f 0.05
0.84 t 0.03 [0.03]
0.87 a 0.03 [3.7]

1.26 ~ 0.08
1.51 tO.11 [14.8]
1.32>0.08 [2.2]

0.17 t 0.05
0.25 t 0.04 [64.6]
0.16 f 0.03 [13.5]

0.50 f 0.07
0.79 t 0.09 [62.5]
0.52 t 0.06 [12.7]

1.00 t 0.09
0.78 t 0.06 [–18.5]
1.07 &O.13 [7.8]

5.59 * 0.44
5.66 t 0.39 [1.0]
5.67 & 0.29 [3.8]

0.39 ? 0.06
0.28 t 0.04 [–6.2]
0,75* 0.16[111.3]

3.9420.40
3.99 t 0.40 [2.4]
3.35 f 0.29 [-5.7]

().44 * ().06
0.62 A 0.07 [48.7]
0.48 & 0.06 [14.4]

0.86 * 0.04
0.79 * 0.03 [–6.6]
0.90 t 0.03 [6.2]

1.30 * 0.08
1.42 t 0.07 [9.8]
1.39 A 0.07 [7.8]

0.13 t 0.02
O.18*0.03[51.0]
o.15 t 0.02 [30.5]

0.51 * 0.05
0.81 * O.1I [68.6]
0.54 * 0.06 [12.5]

<0.05 t

NS~

NS$

NS #

<0.05 +

<0.05 #

NS ~

<0.05 i

<0.0 1+

*1* SEM; percent change from baseline given in brackets. B, baseline; F, after 12wk fish oil; W, 12wk atler withdrawal.
t Dose-response relationship tested one-tailed with the Jonckheere-Terpstra test.
‘#Doseresponse relationship tested two-tailed with the Jonckheere-Terpstra test.

time, remained unaltered (Table 3). Duplicate measurements
with this method were highly reproducible with a within-assay
analytical variation (CV) of O.7T0.

The ability of leukocytes to kill S aureus reflected in the per-
centage bac~eria killed in 30 and 60 rein, after treatment and
12 wk after withdrawal, is provided in Table 3. Baseline data
are not available because of problems that we had initially with
the technique. There was no significant dose-response relation-
ship in the killing capacity after 30 min or after 60 min. The
withinday CV of duplicate measurements was 21.5% for the
killing capacity at 30 min and 17.0% for the killing capacity at
60 min.

Discussion

We demonstrate a significant, dose-dependent increase of
the incorporation of n–3 P~FAs into plasma phospholipids

at the expense of 18:2n–6 and to a minor degree of 20:4n–6,
comparable with results in other studies (9, 19, 26, 35-38).
There was only a relatively small additional increase after the
dose was doubled from 3 to 6 g, suggesting that the capacity
for incorporation into plasma phospholipids is less efficient in
higher doses, at least when EPA and DHA are administered as
ethyl esters. An incomplete absorption of n–3 PUFAS from
ethyl esters was described by Lawson and Hughes (39). How-
ever, in this single-dose study only the incorporation of n-3
PUFAS into plasma triglycerides was measured. The incorpo-
ration of n-3 PUFAS into plasma phospholipids that we found
with ethyl esters is in agreement with values found after cod
liver oil (26). The limited incorporation that we found at higher
doses seems in contrast with the results of Harris et al (22) who
after a fish diet containing 20-29 g n-3 PUFAs/d, adminis-
tered as fatty fish for 4 wk, found an increase of n-3 PUFAS
from 4%to 33%of total fatty acids in plasma phospholipids. In
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TABLE 3
Supine and standing systolic (S) and diastolic (D) blood pressure (Bp). bleeding time (BT), erythrocyte transit time (EIT), and killing capacity
(KC) of PMNLs after various doses of fish oil*

Ocapsules 3 capsules 6 capsules 12 capsulm

Supine SBP (mmHg)
B
F
w

Supine DBP (mmHg)

B

F

w

Standing SBP (mmHg)
B
F
w

Standing DBP (mmHg)
B

F
w

BT (rein)
B
F

ETT
B
F

KC at 30 min (%)
B
F
w

KC at 60 min (%)
B
F
w

120.3 * 1.6
116.9 * 2.4 [–2.7]
120.9 * 2.5 [0.5]

71.3 *2.1

69.5 * 2.7 [-2.4]
73.4 * 1.8 [3.4]

118.1 *2.7

118. I k 3.0 [0.2]
118,4 f 2.8 [0.4]

82.8 t 2.1
81.1 *2.3 [–1.7]
81.9 f2.8 [–1.0]

3.8 ? 0.55
3.7 t 0.54 [13.8]

8.75 L 0.09
8.92+0.11 [2.1]

—

31.3 * 5.7 [–14.5]
33.4 f4.1

—

50.4 * 6.1 [0.5]
54.0 25.4

119.3 * 2.6
118.5 * 3.3 [–0.7]
119.9 * 2.0 [0.9]

73.8 * 3.0
67.6 * 4.4 [-8.2]
70.6 ~ 3.7 [-3.8]

119.5 * 2.9
122.1 * 2.6 [2.3]
123.5 * 1.5 [3.6]

79.7 * 2.2
81.6 * 3.0 [2.4]
80.6 t 3.0 [1.3]

4.4 f 0.38
4.1 * 0.73 [– 10.9]

8.57 * 0.10
8.77 * 0.08 [2.5]

—

28.1 * 5.5 [–14.7]
40.6 * 5.7

—

41.9 37.1 [-37.1]
65.0 k 5.0

118.2 *2.7
117.2 & 2.6 [–0.8]
118.4 t 2.9 [0.2]

72.2 * 1.8
71.6 * 2.1 [-0.4]
72.3 ~ 2.4 [0.3]

115.5 * 3.0
115.4 A 2.3 [0.2]
117.1 *2.8 [1.7]

78.7 * 1.4
80.9 * 1.1 [3.1]
81.1 f 1.3 [3.3]

3.6 f o.50
2.7 * 0.52 [–19.0]

8.79 t 0.11
8.95 t 0.09 [1.9]

—

31.4 * 4.6 [34.3]
27.3 ~ 3.2

—

47.9 * 4.3 [10.3]
48.6 * 5.3

[21.1 ~1.8
119.O * 1.8 [-1.7]
121.4 * 2.5 [0.3]

75.6 f 1.8
73.6 f 1.8 [-2.0]
70.4 * 1.9 [–6.6]

120.8 ~ 1.9
118.2 t2.O [–2.1]
121.2 & 2.7 [0.3]

84.6 * 1.9
83.6 f 1.9 [-0.9]
84.1 z 2.2 [0.4]

2.9 t 0.30
2.7 f 0.30 [-3.2]

8.66 * 0.10
8.84 * 0.13 [2.2]

—

31.3 * 3.6 [-8.4]
35.7 * 3.0

—

47.2 t 4.9 [– 13.8]
65.0 k 5.0

* ~~ SEM; percent change from ba~line given in brackets. B, baseline; F, after 12 wk fish oil; W, 12wk after withdrawal.

t Dose-response relationship tested two-tailed with the Jonckheere-Terpstra test.

this study, however, the experimental diets used differed not
only in n–3 fatty acid content but also in content of saturated
and monounsaturated fatty acids.

The supplementation of the diet with n–3 EEFAs had a fa-
vorable influence on plasma lipid and lipoprotein patterns. In
agreement with almost every fish-oil study, the plasma triglyc-
eride concentration declined during treatment and appeared to
be dosedependent. Jensen et al (36) in an uncontrolled study
found no triglyceride-lowering effect with doses s 2.4 g EPA
and DHA but did find a definite effect with 4.9 g EPA and
DHA. It was shown that the more marked the triglyceride con-
centration at baseline. the greater its reduction by n–3 fatty
acid supplementation (4. 6, 7, 10, 19-21), which explains the
striking response especially in hypertriglyceridemic patients (7,
ZO),In the studies on healthy volunteers in which the triglycer-

ides did not decrease significantly, the mean initial value was
< 1.1 mmol/L (20. 40.41 ) or the dose of n–3 PUF.\s was very
1OW(4, 15, 19).

We were unable to demonstrate significant. dose-related
changes in VLDL cholesterol with the doses of 1.5-6 g n–3
EEFAs that we used. Becmssc the majority of the ~-LDL parti-
cle is composed of triglycerides. it seems evident that only a
large dccremc in triglyceride concentration will also lead to a
dccrcasc in VLDL concentmtion. Because we found only mod-

erate changes in triglyceride concentration, VLDL-cholest{
concentration was not expected to change much. Thus, rec
tions in triglyceride and VLDL-cholesterol concentrate
were especially striking when found in hypertriglycende
patients (7, 42, 43). The exact mechanism by which r
EEFAs induce a decline in VLDL-cholesterol and triglyce:
concentrations has not been clearly defined. The most ii}
mechanism is thought to be a reduction in hepatic VLDL:
thesis (42) and the secretion of smalier VLDL particles, wt
are more easily removed in the peripheral tissues or by the I
as VLDL remnants (7). This might explain ~he increasf

LDL-cholesterol concentrations as observed in h}pertrigfy
idemic patients (7, 20. 43) as well as in patients on continu
ambulatory phoneal dialysis (CAPD) or hemodialysis t!
apy (37, 38).

Variable results have been found for the changes in L
cholesterol in healthy subjects. Most studies. including
present one, found no effect on LDL-cholesterol concentra!
( 10.35,41, 44) whereas others found a fall in LDL cholest
(21. 22) and some found a rise (6. 4?, 4S) when ve~ high d
of n–3 PL’FAs were used.

In contrast to the effects on total HDL cholesterol, the ir
encc of n—3 PUFAS on HDL-cholesterol subkictions r~
hiss been examined. We found a dose-dependent incrms



HDLZ cholesterol and a dose-dependent decrease in HDL~ cho-

lesterol. It is doubtful whether the dose-dependent decrease in
HDLj cholesterol has any significance at all. This dose-depen-
dent decrease was PartlY caused by the rise in HDL3-cholesterol
concentrations in the control group. Therefore caution in the
interpretation of this result is necessav. The combination of a
dose-dependent increase in HDL2 cholesterol and a dose-de-
pendent decrease in HDL3 cholesterol explains why there was
no significant change in total HDL cholesterol compared with
the control group, an observation in agreement with the major-
it! of previous studies in healthy volunteers (19, 22,40, 41,46).
HDLz :HDLJ, Whichreflects the balance between cholesterol
uptake in and clearance from cells (47), showed a significant,
dose-dependent increase. The dose-dependent rise in HDLZ:
LDL shown in this study is indicative of a possible beneficial
effect of dietary n–3 EEFA (48).

A slight reduction in mean supine blood pressure after 15
min rest was noticed in the treatment groups as well as in the
control group. It was likely to be caused by habituation
to the experimental conditions as was also su~ested by van
Houwelingen et al (11). Note that a blood pressure-lowering
effect of n–3 PUFAS has been claimed mainly in studies lack-
ing a proper control group (4,41, 44, 49), although three studies
performed with a proper control group recorded a slight but
significant fall in supine (15, 46) or standing blood pres-
sure (I 0].

The increased bleeding tendency for Greenland Eskimos was
affirmed by protracted template bleedhtg times (8). However,
with the doses used by us and others (9, 43, 46), no changes in
bleeding time were observed. Only very high doses appear to
be able to show definite and consistent changes (50).

Another aspect considered in the prevention of atherosclero-
sis by n–3 PUFAS is an improvement in blood rheology that
might lower the risk on thrombotic vascular disease. Whole-
blood viscosity is decreased by n–3 PUFAS in almost every
study examining this subject (12- 14). The increased incorpora-
tion of n–3 PUFAS in membrane phospholipids is thought to
increase erythrocyte deformabilityy ( 12, 14), possibly because of
an increased membrane flexibility(51 ). An increase in erythro-
cyte deformability was also observed by investigators using fil-
tration techniques (12, 14, 46, 52). With the new St George’s
Filtrometer, changes in erythrocyte deformability could not be
seen with any dose of n–3 EEFA used. This is in agreement
with de Leeuw et al (53) who used this technique in diabetic
patients consuming 2.7 g n–3 EEFA in their tn~ycende form
daily for 10 wk. These conflicting results are probably due to
differences in filtration technique,

Blood filtration reflects not only erythrocyte flexibility but
also retention of blood components other than erythrocytes in
the filter, eg, white cells (54). The St George’s filtrometer is ca-
pable of differentiating between these two factols affecting
blood filterability by measuring the initial filtration rate as
erythrocyle variable when the filter is not yet oechtded by blood
components. By employing this method, it appeared that the
erythroc>~e deformability was not influenced by n–3 EEFAs.

Attenuation of chemotactic responsiveness of PMNLs was
demonstrated after n–3 PUFA supplementation (16). This
might & related to a reduced formation of leukotriene B4,
which is a powerful chemotactic compound ( 16). Futtherrnore,
a decrease in chemihtminescence and superoxide production
of phagocytosing PMNLs was reported as a result of fish-oil

supplementation, indicating a suppression of PMNL inflam-
matory potential (17). Knapp and Fitzgerald (55) found no
influence on the ability of PMNLs to kill .Saurcus in their study
\vith seven healthy volunteers consuming 10 g EPA/d for 4 wk.
We also did not observe the leukoc>~e killing capacity changed
by EEFAs. It should be realized. however, that in our killing
experiments with PMNLs, considerable in~erindividual and
month-to-month variations were noticed as were also observed
by other investigators (56, 57). Although no dose-related effect
could be demonstrated, minor influences of fish oil on leuko-
cyte killing capacity cannot be excluded.

In conclusion, the overall effect of n–3 PUFAS in their ethyl
ester form in this study with healthy vohtnteerx appeared to be
beneficial in a dose-related manner, especially on triglyceride
concentration and lipoprotein pattern. Doses >3 g n– 3
EEFAs/d did not result in higher efficacy concerning incorpo-
ration in plasma phospholipids artd changes in lipids and lipo-
protein concentrations. Further effects, such as a decrease in
blood pressure, might be obtained with higher doses (58). How-
ever, it has become clear that the safety or higher doses is ques-
tionable, causing unfavorable changes in lipid profile in various
groups of patients (7, 42) and higher glucose concentrations in
subjects with impaired glucose tolerance (59). We, therefore,
should focus on the possible beneficial effects of low doses of
n–3 PUFAS, which can be taken conveniently for longer peri-
ods. From our study it appears that, at least when considering
changes in lipid profile and the ability to incorporate n–3 PU-
FAs into plasma phospholipids, 3 g n–3 fatty acids is an appro-
priate dose in humans. Q

We thank Pharrnacaps Inc, Marlow, Buckinghamshire, UK, for pro-
viding the Super-EPA capsules, We thank AMJJ Venvey-van Vught
for her advice in the killing experiments and T Fonk for performing the
measurementswith the St George’s Flltrometer. We are indebted to the
participants of this study for their interest and cooperation.
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Omega-3 Fatty Acids in Diabetes Mellitus
Gift from the Sea?
LLOYD AXELROD

The potential role of omega-3 fatty acids in the
prevention of atherosclerotic disease in the
nondiabetic population currently engenders interest,
enthusiasm, and controversy. Some apparently
beneficial effects of omega-3 fatty acids on platelet
function, elcosanoid formation, plasma triglyceride
Ieveis, and blood pressure have been described in
patients with diabetes mellitus. However, enthusiasm
for the use of omega-3 fatty acids in diabetes has been
dampened by reports of potentially deleterious effects
of these agents, including increased piasma giucose,
glycosyiated hemoglobin, plasma totai cholesterol and
LDL cholesterol, and serum apoiipoprotein B ievels.
These adverse effects have been achieved with iarge,
perhaps excessive, doses of omega-3 fatty acids, in
the range of 4-10 g/day. The magnitude of these
adverse effects has been smaii (typicaiiy 10-36%). it
cannot be assumed that the effects of omega-3 fatty
acids are the same in patients with diabetes meliitus
as in nondiabetic subjects or patients with primary
hyperlipidemia. First, the biosynthesis and
composition of fatty acids is abnormal in diabetic
animais and possibly in diabetic patients. Second,
many potential mechanisms implicated in the
pathogenesis of atherosclerosis are present in diabetic
but not necessarily in nondiabetic subjects. Third, the
mechanisms of many of the risk factors in diabetic
patients differ from the mechanisms of these
abnormalities in nondiabetic subjects, reflecting the
effects of insuiin deficiency, hyperglycemia, and their
Sequeiae, Finally, because diabetes is a heterogeneous
group of diseases, the effects of omega-3 fatty acids
must be addressed separately for patients with insuiin-
dependent diabetes mellitus, non-insuiin-dependent
diabetes meiiitus, and possibiy other forms of
diabetes. Thus, it is not possibie to assess the
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potentiai risks and benefits of dietary fish and fish oils
in diabetic patients. Studies are needed to determine
the regulation of fatty acid synthesis and the fatty acid
composition of phosphoiipids in diabetic patients
under defined conditions of metaboiic controi and
diet and to determine the effects of dietary fish and
fish oiis in appropriate quantities on the fatty acid
composition of phosphoiipids, the mechanisms
invoived in the pathogenesis of vascuiar disease in
diabetes, and the incidence of microvascuiar and
atherosclerotic complications. Diabetes 38:539-43,
1989

T
he potential role of omega-3 fatty acids in the pre-
vention of atherosclerotic disease in the nondia-

betic population elicits great interest and enthu-
siasm among the scientific community and the

public at large and considerable controversy with regard
to dietary and pharmacological recommendations. The initial
enthusiasm for this gift from the sea was soon followed by
warnings about potentially deleterious effects unique to di-
abetic patients. e.g., worsening of hyperglycemia. What is
the potential role of these marine lipids in the prevention of
atherosclerotic disease and microvascular disease in pa-
tients with diabetes mellitus? The purpose of this article is
to specify the kinds of information needed to answer this
question and to assess the information available about the
rsks and benefits of omega-3 fatty acids in diabetes mellitus.

DiETARY POLYUNSATURATED FAITY ACiDS
AND VASCULAR DiSEASE
The idea that the consumption of dietary fish or fish oils rich
in omega-3 fatty acids may exert a beneficial effect on human
health first attracted widespread attention because of stud-
ies of the dietary composition of the Greenland Eskimos, a
population with a iow prevalence of atherosclerosis and an
age-adjusted mortality rate from acute myocardial infarction
that is -107. that of the inhabitants of Denmark or North
America, despite the fact that Greenland Eskimos consume
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as much fat and cholesterol as the Danes and the North
Americans (1–4). The major difference was in the compo-
sition rather than the quantity of the dietary fats (2,3). The
Danes consumed more than twice as much saturated fat
and more omega-6 fatty acids than the Eskimos. The Eski-
mos consumed -14 g/day of omega-3 fatty acids, specif-
ically eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), derived predominantly from the seals and
whales that are major components of the Eskimo diet. These
provocative observations were made while the involvement
of platelets and eicosanoids in the pathogenesis of ather-
osclerosis was being recognized.

It was quickly appreciated that dietary omega-3 fatty acids
might alter eicosanoid synthesis and decrease platelet func-

tion and thereby decrease the risk of atherosclerosis. The
appeal of the hypothesis grew with the recognition that
omega-3 fatty acids not only modify platelet function and
eicosanoid synthesis but also affect many other mechanisms
involved in the pathogenesis of atherosclerosis (4,5). In other
words, the prophylactic value of omega-3 fatty acids is po-
tentially high because they act at multiple steps implicated
in the pathogenesis of atherosclerosis (4,5). Omega-3 fatty
acids inhibit arachidonic acid synthesis and incorporation
into phospholipids, decrease platelet production of throm-
boxane Az (TX&), a potent vasoconstrictor and inducer of
platelet aggregation, and increase production by platelets
of TXAa, which lacks biological activity. EPA is used for syn-
thesis of prostaglandin 1,(PGIJ, the activity of which is added
to that of PG12,a potent vasodilator and inhibitor of platelet
aggregation. Other proposed effects of omega-3 fatty acids
include decreased platelet aggregation (and possibly other
platelet functions), decreased plasma lipoprotein levels, in-
creased deformability of the etyfhrocyte, decreased blood
viscosity, decreased blood pressure, decreased blood pres-
sure response to vasopressors, increased thrombolytic ac-
tivity, alterations in Ieukotriene production, and decreased
inflammatory cell activity. The effects of omega-3 fatty acids
in the nondiabetic population have recently been reviewed
(4-6).

Thus, a single dietary manipulation may modify multiple
mechanisms involved in the pathogenesis of atherosclerotic
disease. Because some of these mechanisms contribute to
the development of diabetic microvascular disease, it is a
reasonable corollary that omega-3 fatty acids may also delay
or prevent the development of diabetic microvascular dis-
ease.

HAZARDS OF EXTRAPOLATtON FROM NONDIABETtC
TO DIABETIC PATIENTS
It cannot be assumed that the effects of omega-3 fatty acids
are the same in patients with diabetes mellitus as in non-
diabetic subjects or patients with a primary hyperlipidemia.
First, the biosynthesis and composition of fatty acids is ab-
normal in diabetic animals and possibly in diabetic patients.
Second, many potential mechanisms of atherosclerosis, e.g.,
hyperglycemia, increased platelet aggregation and platelet
TXA, synthesis, and decreased erythrocyte deformability
(with a consequent increase in blood viscosity), are present
in diabetic but not necessarily nondiabetic subjects. Third,
the mechanisms of many of the risk factors in diabetic pa-
tients, e.g., hyperlipidemia, increased platelet aggregation,

and decreased erythrocyte deformability, differ from the
mechanisms of these abnormalities in nondiabetic subjects,

reflecting the effects of insulin deficiency, hyperglycemia,
and their sequelae, Finally, because diabetes mellitus is a
heterogeneous group of diseases, the effects of omega-3
fat~ acicfs must be addressed separately fOr Patients with

insulin-dependent diabetes mellitus (IDDM), nOn-insutin-de-
pendent. diabetes mellitus (NIDDM), and perhaps other
forms of diabetes.

ABNORMAL FAITY ACID COMPOSITION OF PLASMA AND
TtSSUE LIPIDS IN DIABETES
The biosynthesis and composition of fatty acids in phos.
pholipids is abnormal in diabetes (Fig. 1), Fatty acid com-
position is altered in the phospholipids of various tissues in
experimental animals with diabetes meliitus, including
plasma, liver, heart, kidneys, and erythrocytes (7–1 2), These
changes probably reflect decreased activities of the micro-
somal Ag-desaturase, As-desaturase .(7,8, 12), and A5-de-
saturase (1O,12) enzymes. The Ag-desaturase enzyme con-
verts saturated fatty acids into monounsaturated fatty acids.
The A’-desaturase converts Iinoleic acid to y-linolenic acid;
this is the rate-limiting step in the conversion of Iinoleic acid
to arachidonic acid, The As-desaturase converts dihomo-7-
Iinolenic acid to arachidonic acid and eicosatetraenoic
acid to EPA, which can be converted to DHA. Thus, these
enzymes are necessary for the biosynthesis of arachi-
donic acid, EPA, DHA, and other unsaturated fatty acids,

In relative terms, the arachidonic acid content is often
decreased and the omega-3 fatty acid content (including
EPA and DHA) is often increased in the tissue phospholipids
of diabetic rats (10). In absolute terms (based on measure-
ments of the fatty acids of the total lipids in the carcass of
the whole animal), all polyunsaturated fatty acids (omega-6
and omega-3) are decreased in diabetes (1O).

Insulin therapy reverses and overcorrects the diminished
A’- and A’-desaturase activities and restores the fatty acid
composition to normal, except for the decrease in arachi-
donic acid (8,12). Furthermore, the changes in fatty acid
composition in diabetes are influenced by diet, because
restriction of food intake decreases the magnitude of these
changes (8,10), Thus, the alterations in fatty acid compo-
sition in tissues from diabetic animals reflect the conse-
quences of insulin deficiency and diet, The arachidonic acid

deficiency in some tissues, e.g., platelets, could also reflect
enhanced phospholipase activity and enhanced release and
utilization of arachidonate.

These observations have been made in the rat, Studies
on the fatty acid composition of platelets derived from dia-
betic patients have produced seemingly inconsistent find-
ings. For example, arachidonic acid levels have been either
decreased (13), increased (14-16), or unchanged (17-19)
The extant studies have not been controlled for the degree

of insulin deficiency or for the composition of the diet.
These findings have several implications, First, because

fatty acid synthesis and composition are altered in diabetes
the effects of dietary modifications may be different in dia-
betic than in nondiabetic individuals, For example, if in rel-
ative terms arachidonlc acid content is decreased and
omega-3 fatty acid content IS increased in diabetic patients
(as is the case in animals), then additional supplementation
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th omega-3 fatty acids maybe of little benefit, Alternatively,

n absolute terms all polyunsaturated fatty acids (o”mega-
and omega-3) are decreased in diabetic patients (as is
: case with animals), then the net balance of omega-6 and
legs-3 fatty acids and their biologically active products

lY be unusually susceptible to dietary manipulation in di-
letic patients. Second, studies are needed in patients with
~betes to determine 1) the fatty acid composition of phos-
Olipids under defined conditions of metabolic control and
?t and 2) the effects of fish and fish oils on phospholipid
ty acid composition under these conditions.

FECTS OF OMEGA-3 FAITY ACIDS IN DIABETES
:LLITus RELATIVE TO DOSE

vwal studies of the effects of omega-3 fatty acids in di-

etes mellitus have already been performed. Some ap-
rently beneficial effects of omega-3 fatty acids on platelet

function, eicosanoid formation, plasma triglycerides, and “
blood pressure have been described (20–23). For example,
4.6 g/day of omega-3 fatty acids produced a significant ..
reduction in platelet TXBZ production in vitro and in the lag
phase of platelet aggregation but not in the extent of ag-
gregation in patients with IDDM (20). Approximately 1.6
g/day of omega-3 fatty acids administered in the form of
cod liver oil decreased TXBZ generation by clotting blood in
patients with IDDM but not in normal subjects (21). A dose
of 9 g/day of omega-3 fatty acids decreased platelet ag-
gregation and circulating triglyceride levels in’ patients with
NIDDM (22). A dose of 2.7 g of omega-3 fatty acids ap-
peared to decrease both the systolic and diastolic blood
pressure in patients with NIDDM (23).

The enthusiasm displayed initially among investigators
and in the news media for omega-3 fatty acids in diabetes
was rapidly superseded by warnings about the potentially
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deleterious effects of these agents, including increases in
plasma glucose (24-28), glycosylated hemoglobin (25,26),
plasma total cholesterol and low-density lipoprotein choles-
terol (LDL-chol) (20,27), and serum apolipoprotein B (apoB)
(23,26) levels. In general, the magnitude of these changes
has been small (typically 10–36%). The changes in glucose
metabolism are associated with increased hepatic glucose
output, impaired insulin secretion, and unchanged glucose
disposal rates (25). The total cholesterol and LDL-chol levels
did not change in some studies (23–26). The increases in
apoB levels are not specific for diabetic patients, because
they also occur in nondiabetic subjects (29). The modest
increases in plasma glucose and glycosylated hemoglobin
levels probably could be prevented by conventional treat-
ment for diabetes, i.e., other modalities of diet, oral hypo-
glycemic agents, or insulin. Thus, it may be possible to obtain
the beneficial effects of omega-3 fatty acids without a de-
terioration of metabolic control. This possibility has not been
investigated,

The putative adverse effects of omega-3 fatty acids have
almost invariably been achieved with large doses (4–1 O
g/day). (An exception to this statement is a study that em-
ployed 2,7 g/day of omega-3 fatty acids per day but lacked
a control group or a washout period [23], ) These doses
correspond to 0.33-0.83 kg (0.73–1 ,83 lb)/day of fish that
is rich in omega-3 fatty acids, assuming a content of 1.2 g
omega-3 fatty acids/1 00 g of fish (4,30). These doses are
large in terms of the amount of fish that a person can rea-
sonably be expected to eat and in terms of the benefits that
have been ascribed to fish consumption vis-&vis death from
coronary heart disease. Thus, a recent study of a group of
Dutch men described an inverse relationship between fish
consumption and death from coronary heart disease during
a 20-yr follow-up period (31). Mortality from coronary heart
disease was >50% lower among those who consumed fish
than among those who did not. The benefits of fish con-
sumption were detected among subjects who consumed
=30 g of fish per day, estimated to contain 0.2 g of EPA.
Interpretation of this study depends on a dietary history ob-
tained at the start of the 20-yr follow-up period and on the
assumption thaf fish consumption remained relatively con-
stant during this interval, Many of the effects of omega-3 fatty
acids, such as their effects on plasma triglycerides and glu-
cose metabolism, are related to dose in diabetic patients
(26). An intake of 4 g/day in patients with NIDDM appears
to have no effect on fasting plasma glucose and glycosyl-
ated hemoglobin levels (20,26).

These considerations suggest that the doses of omega-3
fatty acids used in patients with diabetes mellitus have been
excessive and that beneficial effects may be achieved and
potentially harmful effects may be averted at lower doses.
Alternatively, the beneficial effects of dietary fish may not be
due entirely to the presence of omega-3 fatty acids. This
possibility seems unlikely, because virtually all of the known
effects of fish on risk factors for vascular disease are repro-
duced by omega-3 fatty acids, but it has not been excluded
(4). Excessive doses of omega-3 fatty acids are no more
rational than excessive doses of aspirin in efforts to prevent
vascular disease. The dose of omega-3 fatty acids that will
give the optimal ratio of beneficial effects to harmful ones is
unknown, Whether small quanhtles taken over a prolonged

period will produce the same effects as large quantities con.
sumed over a brief period is also unknown, The relationship
between dose and effect, a matter of fundamental impor.
tance in nutrition and pharmacology, must be defined for
dietary fish and fish oils in patients with diabetes mellitus,
The few studies of the effects of omega-3 fatty acids that
have been performed in patients with diabetes mellitus do
not define the role of these lipids in this disorder. Rather,
they help to define the direction of future studies.

Studies are urgently needed to assess the effects of lower

and more realistic doses of omega-3 fatty acids (provided

as dietary fish or fish oils) on risk !actors for vascular disease
in diabetes to determine whether such doses will favorably
alter some risk factors, e.g., platelet function and eicosanoid
production, without having a deleterious effect on other risk
factors, e.g., plasma glucose levels and lipoprotein metab-
olism. These investigations should also be controlled for the
fat and calorie content of the fish or fish oils under study,
The quantity of fish or fish oils administered should be related
to the patient’s size (e.g., body mass index), and studies
should be performed for prolonged periods (months or
years) to determine whether any observed effects are tran-
sient or long lasting.

From this discussion, it appears that it will be difficult to
predict the effect of omega-3 fatty acids on the incidence
of macrovascular and microvascular complications in dia-
betes, because the pathogenesis of these complications in-
volves multiple variables, some that may change in an
apparently favorable direction and others in an apparently
deleterious way in response to these marine lipids. Whereas
studies of the effects of omega-3 fatty acids on the mech-
anisms implicated in the pathogenesis of diabetic vascular
complications are essential to an understanding of the bi-

ological effects of these substances, such studies probably
will not reveal the net effect of omega-3 fatty acids on the
incidence of vascular complications. There is no substitute
for direct ascertainment of the effects of omega-3 fatty acids
on the incidence, prevalence, and severity of vascular dis-
ease in patients with diabetes mellitus.

TABLE 1

Areas for future study of omega-3 fatty acids in diabetes mellitus

. The regulation of fatty acid synthesis and the tatty acid

composition of phospholipids in plasma, platelets, and other
tissues under defined conditions of r-ne:abolic control and de:

● The effects of dietary fish and fish OIISin appropriate quanthes
on:
1. phospholipid fatty acid composition of plasma, platelets and

other tissues
2 potenhal pathogenetic mechanisms

—platelet function
-eicosanoid (prostaglandir,, thromboxane and Ieukotnene)

production
—lipoprotein and apofipoprotein levels
—erythrocyte deformability
—blood viscosity
—blood pressure
—thrombolytic actwity
—inflammatory cell activity

3 incidence of vascular comp{lcations
—microvascular, retmopathy, nephropathy, and certain

neuropathic complications
—atherosclerotic



CONCLUSIONS
It IS not yet possible to assess the pclential risks and benefits
of dietary fish and fish oils in patients w[th diabetes mellitus

Studies are needed to determine the regulation of fatty acid

synthesis and the fatty acid composition of phosphohpids in
diabetic patients under defined conditions of metabolic con-
trol and dlel. Studies are also needed to defermine the ef-
fects of dietary fish and fish oils in appropriate quantities on
the fatty acid composition of phospnolipids, the mechanisms
involved m the pathogenesis of vascular disease, and the
Incidence of microvascular and atherosclerotic complica-
tions in patients wKh diabetes mellltus (Table 1)
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Can Garlic Reduce Levels of Serum Lipids?
A Controlled Clinical Study
ADESHK. JAIN, M.D., RAMON VARGAS, M.D., SANDRAGOTZKOWSKY, R.N.,

F. GILBERTMCMAHON, M.D., F.A.c.P., ~ew@/cans, Louisiana

PURPOSE To assess the effects of standardized
garlic powder tablets on serum lipids and lipo-
proteins, glucose, and blood pressure.

SUELJIWH AND METHODS: Forty-two healthy

adults (19 men, 23 women), mean age of 52 + 12
years, with a serum total cholesterol (TC) level
of greater than or equal to 220 mg/dL received,
in a randomized, double-blind fashion, either 300
mg three times a daY of standardized garlic pow-
der in tablet form or placebo. Diets and physical
activity were unchanged. This study was con-
ducted in an outpatient, clinical research unit.

RESUL~ The baseline serum TC level of 262 +
34 mgldL was reduced to 247 *40 mg/dL
(p <0.01) after 12 weeks of standard garlic treat-
ment. Corresponding values for placebo were
276 + 34 mg/dL before and 274 +29 mg/dL after
placebo treatment. Low-density lipoprotein cho-
lesterol (LDL-C) was reduced by 11?%by garlic
treatment and 3V0 by placebo (p <0.05). There
were no sign&ant changes in high-density lipo-
protein cholesterol, triglycerides, serum glucose,
blood pressure, and other monitored parameters.

CONCLUSIONSTreatment with standardized
garlic 900 mg/d produced a sigrMcantly greater
reduction in serum TC and LDL-C than placebo.
The garlic formulation was well tolerated with-
out any odor problems.

From the Clinical Research Center and Tulane University School of

Medicine, New Orleans, Louisiana.
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G arlic (A1/ium sutiuum) [1–3] has been used in
herbal medicine for centuries for various ail.

ments. In recent years, garlic has been the focus of
serious medical and clinical attention because of
reports of beneficial effects on several cardiovascu-
lar risk factors [4,5]. Garlic extracts have been re-
ported to reduce levels of serum lipids [3-18], blood
pressure [4,5,7-13,16,18], and plasma viscosity [19],
inhibit platelet aggregation [9,16,18,20,21], increase
fibrinolytic activity [9,21], and produce vasodi-
Iation [21-23]. Thus, garlic is assumed to have
antiatherosclerotic properties, although its full po-
tential in the prevention or treatment of circulatory
or vascular diseases is yet to be defined.

Garlic’s principal active agent appears to be alli-
cin, a sulfur-containing compound that with its
breakdown producti, gives garlic its characteristic
odor [1]. Allicin is formed enzyrnatically from an
odorless precursor, alliin, when garlic cloves are me-
chanically disrupted. Since the alliin content of nat-
ural garlic may vary 10-fold and the quantity of
allicin released can be influenced by specific extrac-
tion methods [24,25], standardizing garIic products
by using their potential for releasing allicin has
been suggested to ensure the accuracy of dosage and
effectiveness in long-term therapy [26].

A dried garlic powder tablet standardized to pro-
vide 1.3’%0alliin, which corresponds to an allicin re-
lease of 0.6%, has been available in Germany as a
dietary supplement over the counter (OTC) to im-
prove cardiovascular risk factors [27]. More recent-
ly, these garlic tablets have been available OTC in
the United States, but no health claims are made.

We conducted a 12-week, double-blind study
comparing the effects of standardized garlic tablets
(Kwai, Lichtwer Pharma GmbH, Berlin, Germany),
900 mg/d, with that of placebo on serum lipids,
serum glucose, blood pressure, and other parame-
ters in 42 subjects with hypercholesterolemia.

SUBJECTSAND METHODS
Subjects with known serum total cholesterol

(TC) levels greater than or equal to 22o mg/dL were
screened by a history and physical examination,
Chem-23 (serum glucose, blood urea nitrogen, cre-
atinine, sodium, potassium, chloride, carbon diox-
ide, calcium, phosphorus, TC, triglycerides [TGI )

total bilirubin, direct bilirubin, indirect bilirubin,
alkaline phosphatase, serum glutamic oxaloacetic
transaminase [SGOT], serum glutamic pyruvic

1
4

>-,,,

—
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transasninase [SGPT], ~-glutamyl transferase, lac-
tic dehydrogenase, total protein, albumin, globulin,
albumin/globulin ratio, uric acid, and iron), com-
plete blood count (CBC), urinalysis, and electrocar-
diogram (EKG) prior to the study enrollment. Pa-
tienti were excluded if they were older than 70 years
or had a history of drug or alcohol abuse, impaired
hepatic function test results (SGOT/SGPT) greater
than 20% above normal, unstable angina, myocar-
dial infarction, or coronary bypass surgery within 6
months, diabetes mellitus, known secondary hyper-
cholesterolemia due to nephrotic syndrome or hy-
pothyroidism, serum creatinine level greater than
2.0 mg/dL, or use of lipid-lowering agents within 1
month prior to enrollment. All subjects provided
written informed consent before enrollment and
were advised not to change their dietary habite or
physical activity during the course of the study.

QuaMying subjects were then instructed to return to
the clinic in a fasting state in 14 + 2 days for a lipid
profde (TC, TG, high-density lipoprotein cholesterol
~L-C], low-density lipoprotein cholesterol l’LDL-C])
and serum glucose measurement. Those with serum TC
values of greater than or equal to 220 mg/dL at two
consecutive visits were randomized to either placebo or
matching garlic tablets, 300 mg three times a day, for 12
weeks, after all baseline parameters were obtained. Dur-
ing the double-blind phase, clinic viak.a were 6 weeks
apert Lipid profile and serum glucose determinations
were repeated at Weeks 6 and 12 At the end of the
double-blind phase, each subject had an exit physical
examination, safety laboratory tests (Chem-23, CBC,
urinalysis), and EKG. llvo sitting blcmd pressure mea-
surements and a ptdse rate were obtained after 10 min-
utes of rest in the clinic using an appropriate-size cuff, a
conventional mercury sphygmomanometer, and stan-
dard recommended Wque [28]. Body weight side
effects, and compliance were also monitored at each
clinic visit, and patienta were questioned as to any
changes in diet or physical activity.

All laboratory analyses were done by a CDC-
(Centers for Disease Control) and NWLRC-
(Northwesterm Lipid Research Ctilc, Seattle) stan-
dardized laboratory, SmithKline Beecham Labs. The
serum TC [29] and TG [30] were measured by enzy-
matic procedures. HDL-C was isolated initially by pre-
cipitating LDL-C end very-low-densitylipoprotiin
cholesterol (VLDL-C) with phosphotungstate/magne-
sium chloride. An aliquot of the supematant was then
assayed for cholesterol content [31].LDL-C was calcu-
lated by the Friedewald equation, LDL-C = TC -
HDL-C + TG/5. Patienta with TG greater than 400
mg/dL were excluded.

Statistical Analysis
The average of two visits prior to randomization

represented the baseline value for the serum lipid,

TABLEI

DemographicCharacteristics

Standardized
GarlicTablets
(900mg/d) Placebo

No. 20 (j:y, y) 22 (l;5Wi ~ B)
Meanage(y)
Sex 11 M,9F 8M,14F
Bcdyweight(kg) 78:17 77214
Blocdpressure(mm Hg) 128:~~; $1/7 126/82t 917
Height(cm) 165* 13
Nonsmokers 11 20

= whie, B = black,M = male;F= female.
leant SDofmean.

glucose, blood pressure, body weight, and other na-=
rameters. The differences from baseline value at
Weeks 6 and 12 were then calculated and these
differences were analyzed for treatment effects by
an analysis of variance, followed by Mann- Whitney
and Wilcoxon U-tests [32].

RESULTS
The demographic characteristics of the study

population are shown in Table I. The two treat-
ment groups were fairly comparable for the listed
variables. Mean age was slightly lower in the garlic-
treated group and there were fewer smokers in the
placebo g-mup.

The effects of garlic tablets and placebo on levels
of serum lipids, blood pressure, and body weight at
baseline and at the end of 6 and 12 weeks of treat-
ment are shown in Table 11. Changes from baseline
for serum TC and LDL-C at the end of 12 weeks are
shown in Figure 1. No significant treatment differ-
ences in the measured parameters were seen at
Week 6 between the placebo and garlic groups. At
Week 12, however, serum TC was lowered by 6%
with garlic tablets and 1’%with placebo (p <0.01).
This reduction in serum TC was caused mainly by a
reduction in LDL-C, which was decreased by 1170in
the garlic-treated group and 3% in the placebo
group (p <0.05). There was a small, but nonsignifi-
cant, increase in TG in both groups. HDL-C, serum
glucose, blood pressure, and body weight did not
change significantly.

Only 1 of 20 patients treated with garlic tablets
complained of increased belching with garlic taste.
Two patients receiving placebo had mild abdominal
discomfort. One patient taking placebo reported
prolonged oozing from a razor cut during shaving,
and another patient had a minor rash. In general,
garlic tablets were quite well tolerated without any
significant odor problems.

COMMENTS
The hypolipeznic efficacy of garlic tablets, standard-

ized to release 0.6% all.icin, has been well studied in
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TABLEII

EfficacyVariables*

StandardizedGarlic(900 mg/d)(n= 20) Placebo(n= 22)
Before 6Wk 12Wk Before 6Wk 12Wk

TC(mg/dL)
LDL-C(mg/dLl
HDL-C(mg/dL)
TG(mg/dL)
Glucose(mg/dL)
Bloodpressure(mm Hg)

Body weight(kg)
Heartrate(beats/mirr)

262 I 35
188?37
47212

151 ~ B1
Iootll
1:; :;3

79?17
71?8

248z31
172*33
45 z 13

166~137
102* 13
1;: : ;5

79? 17
6616

247 z 40t
168t 43:
46 ? 13

165~86
98* 12

130? 17
81210
79* 17
69~6

262 %38
180? 39
48? 15

176z 107
9727

127z 12
81~7
77 t 14
6826

leant SD,
<0.01 Kwaiwmm placetmfordifferencesfrombasebnetreatmenteffects
<0.05 KwaiwrsusplaceboforMerencesirombaselinetreatmenleffects

TABLEIll

ReportedEflicacyd GarlicTreatment

Sample DoseofGarlic’ TreatmentDurafian %Redutilon
References

Dropin BP
Study Design Size (mg/d) [wk) Tc TG (mmHgl

[71
[81
[91

[101
[121
[13]
[14]

DB,standard
DB,placebo
Open
DB,placeba
DB,R,P
D8,placebo
Open

40
40

2;:
47
40
40

600
600
600
800
600
900
600

12
12
d

-i;
-11
-11.6
-12
-21
-6.4

-8
-8

;;:.8

-24
-16

6/15
9/16
B15
N/A

12/11
4/3
NtA

= blcodpressure;DE= doubl~blint R= randomiz~P = plazetq N/A = notavailable.
ivenasKwai.
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Figure l. Percent reduction inserum TCand LDL-C after 12
weeks of treatment with standardized garlic powder tablets

or placebo.

Germany, where it is available OTC as a dietary sup-
plement to improve cardiovascular risk factors [27].

In this double-blind randomized study, 12 weeks
of treatment with garlic 900 mg/d produced a mod-
est but significantly greater reduction in serum TC
and LDL-C than that with placebo. This reduction in
serum cholesterol, although somewhat lower, is con-
gruous with the data reported by others (Table III).

In a double-blind, multicenter study in 261 Ger-
man patients with hyperlipidemia, Mader et al [10]

reported a 12$?0reduction in TC and 1770decrease in
TG after 16 weeks of treatment with standardized
garlic powder 800 mg/d. The subgroup with initial
cholesterol levels in the range of 250 to 300 mg/dL
showed the greatest response, with a 14?I0reduction
in TC. The onset of the hypolipidemic effect was
evident as early as 4 weeks and became progressive
and greater with time. There was no special dietary
monitoring. Vorberg and Schneider [13] reported
even greater reductions, e.g., 21$Z0in TC and 24% in TG
following 4 months of treatment with standardized
garlic powder 900 mg/d. A low TC response in our
study may be partly related to the shorter duration of
treatment as well as to the greater body mass indices of
our population when compared with the German data
[14].Administration of 600 mgld of standard~ed garlic
for 12 weeks has resulted in reductions in serum cho-
lesterol that have ranged from &$)90 t,o 12%, tid in TG
from 8% to 12% [7-9,12,14].

In our study, there was a slight increase in TG in
both the placebo and garlic-treated groups. HOW-
ever, neither the changes from baseline nor the dif-
ferences between treatment groups were simifi-
cant. The reason for this apparent discrepancy in
our TG data as compared with that of others is not
clear. Voluntary modifications of diet may have
partly accounted for the changes in TG reported by
others [7-10,12–14].

t
.

i
I
!
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The mechanisms or active ingredienta by which
garlic lowers serum cholesterol levels are not
known. Inhibition of hydroxymethylglutaryl coen-
zyme A reductase [33] and cholesterol biosynthesis
[34] has been suggested.

Most studies with standardized garlic powder
also reported some reduction in blood pressure in
hypertensive subjects (Table III). Most subjects in
our study were normotensive and only three pa-
tienta in each group were receiving antihyperten -
sive therapy. These patienta also had normal blood
pressure during treatment. Data analysis with or
without inclusion of these three subjects in each
group showed no significant change from average
baseline blood pressure. There were no significant
changes in serum glucose levela or body weight.
Various safety parameters and EKG also showed no
significant changes.

Garlic powder, given in the form of tablets in our
study, was well tolerated and only one subject re-
ported increased be~ching and a garlic odor. Mader
et al [10] reported a 2170 incidence of garlic smell
following 800 mg/d of these garlic tablets. However,
in their study, 970of patients receiving placebo also
reported the same garlic odor. In fact, garlic odor
has been one of the major concerns of treatment
with garlic extracts. The general incidence in the
German reports appears to be about 10% to 15%.
The low incidence in our study maybe partly due to
the high “expectation” of garlic smell or taste from
ingesting garlic pills, and hence not “viewed” by the
subjects as an adverse effect.

Since 900 mg/d waa very well tolerated in our
study, higher dosages of standardized garlic powder
are worth exploring. Also, controlled clinical trials
of longer duration are needed to assess the long-
term benefit of garlic on vascular and circulatory
disease processes.

In conclusion, treatment with garlic tablets stan-
dardized to deliver 0.6% allicin, the assumed active
ingredient of garlic, produced a significantly greater
reduction in TC and LDL-C than that with placebo.
Treatment with garlic 900 mg/d for 12 weeks waa
very well tolerated with no sign~~cant garlic odor
problem. Further studies are certainly warranted.
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nypercnoles~erolemlc men m~l c~mparea me euect oT
aged garlic extract and placebo administration on blood

.k!or!ficd Sreiner, A iY&irn Kti, Don Ho!ben, d Robert

ABSTRACT A double.bhd crossover study axstparing the
effect of aged garlic extract with a placebo on blood lipids was
performed in a group of 41 modcratdy hypercboleswmlemic rnm
[cholcsreml .orIcmtious 5,7-7.5 xuMol/L (220-290 mg/dL) ],
Afrer a 4-wk brrselinc pcriwl, during which the subjects were
advised to adhere to a National CbOIeSWIOlE&cation Rogsam
Step I dim rhcy were started on 7.2 g rrgcd garlic extinct per day
or an quivaknt amount of pkcbou a dietary supplement for a
pcsiod of 6 mo. then switched to h! Other SUpplemcot for an

additional 4 mo, Blood lipids, blood cOIW$.,thyroid and liver
fuocdOiI MCaSUSCS. body Wtigh~ and blood PWSSS.UGWG1’C foi]owed
over the cnsirc study period. The major findings were a maximal
reduction in told serum chole..terol of 6.1% or 7.0% in cornpar%mn
wish tic avcmgc concerrttation Ung the pkmebo administration

or baseline evaluation perio4 respectively. Lowdensiry-lipaprc-
tern cholesterol was also &ceased by aged garlic em 4%
when comptuGd with avesagt baseline va!ues and 4.6% in com-
parison Withplaceboperiodconcmrradons.In addition therewas
a 5.5%decreasein systolicbloodpressureanda modestrcdnction
of diauoficblood pressm in response ro aged garlic extracL We
conclude chatdiera~ supplementation wish aged garlic extracr has
beneficial effGCL$on stte lipid profde and blood prcssttrc of mod-

enuly hypercholesterolemic subjecrs rim J Cliz Mur 1996;
64:86L70.

IN3?ODLXX1ON

An imaeased serum cholesterol conception is an imporram
risk facror for the &velopment of cardiovascular and possibly
ccrebrovascular disease. Similarly. cnhanccd platelet response
to activating agents rqrrcsenss it distinct risk for rhromboem-
bolic events in &e armrial circda[iort. Reduction of these turd
ocher risk factors through dkmry modification, behavjprrd

cku-gcs, and medicinal inkrwcntion ha; already substantially
dc.~ascd the incidence and mortality from coronary and cc-
rebrovscular disease. $upplemensation of the die: wish ccmin
biofac[ors may further reduce such risk facto& (1. 2). GarIjc
belongs to a group of dtcmry supplcrtmmsthat may lessen the
incidenceof cardio- and ccrcbrovascular disease by reducing
cholewrol ct-mcensrasions and decreasing plateler responsive.
ness to activating agents.

several snsdics were published over the Fast two decades
rhar ascribe a Ii}-pocho}cstcrokrrric acti$n to grdk prepamtions

1-3ran L.in

(3.14). Although there are subsunrial differences in the corn.
position of garfic preparations.many of those currently on tbc
market as well as fresh garlic have been repofled to decrease
totalchulcskml s@fkarrffy. A careful aod criticaJ review of
the dala from authentic scientific studies led one of us to
estimate thar diefaty supplementationwirh =S10-15 g coolred
gadidd or equi~aleflt amounL$of garlic oil or aged garlic
extract (AGE) can 10werserum cholesterol by ~5.V% in the
majority of hyperchokxcrokrnic persons (1). Some investiga-
tors, however, have found no chokstcrd-lowering effect of
garlic (15). There is a kick of wcl.1-contmlkd interfcntion trials
thas can Vd&l& such an GStiI@iOn. -WY trhk i.o which
vital signs, body weight. bbod ckmisfry results, and liver
functions of rhc study subjem are carefully moai[omd.
Changes in some of the variables can have substamiaf efiects
on the scrrrsxrchokskml concentration. For this reason we
rmdertook a sntdy in which all of these variables were monit-
ored during an 1I-mo study.

We performed ~ double-blind crossover stud)- in”a group of
moderately hypwcholesuxohnic men who were given AGE
over a period of 4--6mo. W-emeasured serum lipids, including

total cholescero~ low-dertsiy.lipoprotein (LDL) and high-den-
si~-lipoprotein (HDL) cholcstcrol, and txiacylglycerols, and
monitored dscir blood pressure.

SUBJECE AND M=ODS

Study population

Fifty-six men aged 32-68 y were ,enrolled in the double-
blind crossover s[udy. A Prequi$i!e for enrollment WV. nm-
mal rcsuhs from a physical examination and a Lotal cholesterol

conccntrwion between 5.7 and 7.5 mmolil (220 and 290 ~L#

dL). AH parIicipmrL$ were advised co follow the NarionaI Cho-

1Fmm the !vlcmorid Hospital of Rho<: Island. IbtIcke:, XXI Bmum

~nivcrsiry St!XWl Of $fdlcinc, Pfovi&~cG RI; F2w &&n2 L.~v~i~.

Grecwille. NC: A NfllIitiOn ~Or!.d Co. Im%ae, CA.
: AMreSS reprint ~l&51S 10M Sleiaer, us ~~lina CnivcAty. School

of Mcdicinc. Dqarrmcrtt of Mcdcxnc. Hmxdogy’OncclWgy. Brody
Building 3E-127. Gmcnvik KC 278S84354, E-mail: StcixrG-
Brody.mcd.ccu.ccIIL
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AGED GARLIC rmRK’r mm HYP.ERCt+OLESTEROLLWA

leswoI Educadon Progmm Step 1diet ( 16) for he length of the
study. During a 4-wk period baseline values of lipid profiles
(tori, HDL, and LDLchoIesterol. anduiacylglycerols) were
analyzed at weekly intcwats and the subjetz-were then ran-
domly assigned into one of two study annstomceivcehher
nine p!accbo or nine AGE capsules (Wskunaga of Amcti~ Co,
Mission Viejo, CA), which were taken in three divided doses

with meals daily as aciieury supplement. Both types of cap
sules were idcnticid in appearance and were custom-made for
this srudy, Each garlic capsule contained 800 mg AGE powder
whereas the placebo capsules contained 600 mg com starclL
993 mg rnicmcrysrdline celhdose, 0.5 mg csrameL and 3.5 mg
magnesium suware. The first intewentian period began in
week 5 and lasted for 180 & during wldch time Iipids were
analyzed six rimes. AfW thar. individuals were changed to the
suppltmcnt they did not reccivc during the fmt intcrvcnrion
period and continued the study for a total of 120 rL during
which period bled lipids were me-muredfive times. Measure-
merm were performedby MetPadI (COtig Cfinicd Labom-
tmy, New Britain, C~. Cholesterol was measured enzymati-
eally by using a cholesmoI csterase @t wittt a reproducibilhy
of 2%. L.ILcholesterol values were calculated by using the
Friedewsld equation (lT). HernogIobin, hematoaiL and white
blood cell values as well as serum creaunine and thyroid and
Iivcr functions were cbcckcd four drnes, once during rhc base-
line studyperiod, wice during the fit imerventionperi@ and
once as the end of the second intervention period. Body weight
wss checked once during tbc baseline perkd six times during
the first intervention period. and five limes duting the second
intervention @rid. ~Iood pressures were monitored by man-
ual measurement witi a sphygrnomimomewr-

This investigation wss reviewed and approved by the fiurrmn
Studies Review Board of the insrirntion where it was cort-
ducted AU volunteers signed an informed consent form before
enrollment in the study.

Statistical evahmtion

AUdat3are presented mrnans GSDs sscdofthe15
sampling points. ‘I%?latter = descrii rhfoughoutf.tte~[tir as
–4 to – 1 for the four weekly basciinc evaluations and as 1–11 for
the 11 intervention-pried mcasuremen~ &as were ~rfbrrned aL
30d interwls except for the *L which came 10 d aftm the

inter-venaon uial begam Each respo~w wtriable was aOal@

auxx-diig to ti merimds dcsmii for cmswver designs by
Cduan and Cox (18). halyses were conducted by using the
~-eml Iinm models pn.wedurv and plotting prwedtms fmn
SAS sofrw.re (19).Ftis Iat-si.tifiwntdiffcrcnce test (18)
was used to compareRXrnent regimens.P values C 0.05 WE
considered signifkanL WCevah.atcd ail data comparing the eff~t
af dietary supplementswithine.?chs[udy arm and also arms rhe
rwo smdy arms. tlmt 1 study subjam. began thcii inrmcnuon uL4
with AGFe whew am 2 study ~bjw~ - with pbcebos.

RESULTS

We scrccned 75 men. most of whom were former paxlici-
pants in the Pawtucket Heart Hcalrh Study and known so have
modcmtely high serum cholesterol concentrations. Ftity-two
met our enrrance criteria and were enrollecL Of these individ-
uals, 11 dropped out during the first M second intervention

period for a vtiety of reasons

867

that inchded ai!crgy ~0 tie

eoaring material of the capsules. various g~strointcstinal com-
plaints, difficulties in iaking tbc required number of capsuhx.,

and perception of unusuti body odor. Forry+ne men com-
pier.ed both atms of the study. Tixrc were no significant dif.

fcrences in any of the blood coum or blood chemis~ v~ues ~

tic study subjects for the placebo and AGE intervention peri-
ods nor between the laster anti baschnc. Similarly, thyroid
screening testresults were nor affected by the study supple-
ments. Note that animal experiments have shown that thyroid

uptake of [3’1]bczomes abnormal af~er i.njczrion of high doses
‘of dlyl sulfides (20). However, the AGE used in this study
contains only trace amounts of these lhiosllyl compounds.
Body weights of those who s-d with the garlic supplement
were 85.8 t 13.0, 86.3 t 10.1, and 85.7 * 10.6 kg. respec-
tively, for the bascIine, firs~ and second inkrvention periods.
Smdy participants starting with the placet!a supplcmext
weighed $S.8 * 16.3.86.82 17.0, and 86.0 z 16.$kg for the
bsselin~ I%SLand second intememiort piods.

Sysmlicbloodprrssures@wre IA andB) ShOWedSi@l&ult
reductionswirh AGE supplernmtatiodnot onIy cornpaed with

.
4i214S#7 $91011

Samplingrhm

Ssmpnngume

F?GLTT L systolic blood prwsure sdin~ in study subjects w-ho
began rhcir inrewmtion trial wirh aged gerlic exusa (AGE) (uudy arm 1:
A) or with placebo (srudy arm Z B) suppkmenu. Whhk-smdy WTT’I
comptiscrnx AGE compared with baseline, P = O.OCKI1 (boIhXUdY3LMS):
plsccbo compamd wirh ,\GE. P = 0.003WI 0.0001:and plsc:bo com-
pamd with kclin+ P = U.C045 md 0.MK13 for srudy amv. I ad ~.
respectively. Across-smdy snn comparisons: AGE cnmpsrsdWih placebo,
P _ O.MOI; AGE mmpamd witi bwehe. P = O.~1: and ptacclw
cmmparedwiti bz<eline.P = 0.00322
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bwehncbut also with ploccbo. and irr?qxxti~c ofwhethcrsuch

compa-isonswcrc made within ora.cross r~chstudv am. Simif-
ican~ mductirm vwe also nmai Mweeri bwcline and plr&bo
imemention perimk. .4t maximal reduclion during AGE udrnin-

istmtion. systolic bleed pressur=wem 5.5’Z Iowcrrhantlw aver.
age press&e during placebo supplementation. Diastolic bled
prrnrrcs (l?@.tm 2) were dW signiiicmrly reduced during the
AGE compared with the plxxbo inkrvemion period, but ~hen
differences within each study arm w!re rwaiuatcd sepamrely, it
beczme apparem that study subjects takifig AGE supplements
during dre first irrtewention period showed no si-tilcont change
in values from either baseline or the placebo period.

The Iipid profiles of study parricipms are shown in Figures ~
+6. Irrespectiveof whether the men swted the first intewcn.
tion period with AGE or placebo and whether comparisons
were made wi~tin or across study arms, total serum choles~erol

was signikan[Iy reduced with AGE administration (Figwe 3,
A and B), At the time of maximal reduction, total cholesterol
concentrations of subjects avenged id both study arms were
6.1 % below the mean concentrations of alI study participants
with placebo and 7.0% below their basclim values. LIYL-
clzoles!erol vahes for individuals Wing AGE were also re-
duced compared with those taking placebo (Figure 4). Within.
study arm analyses showed significant reductions afzer AGE in
comparison with the placebo, but only in subjects sting their
dietary intexweotion with placebo supplements did the differ-
ence between baseline and AGE become signiikant. The max-
imal reduction of LDL cholesterol was 490 when the average of
both study arms was compared with basefine values and 4.6%
compared with the avenge placebo concentrations. Lipid-low-
ering became apparrm within one to two sampling periods. i%
10-40 d. and reached a nadir *3 rno after subjects Swirched co

AGE. HDL-cholexerol and rnacylglycerol concentrations were
no[ sigifkandy changed by either of the rwo dietary supple-
ments (bigures 5 and 6, respectively). Comparisons of the
rm.ios of HDL 10 total choles[erd across study arms showed a
significant incrca.sc (F’ = 0.0145) af[er AGE compared with

41234567 8 9 10 11

Sarnpllng Urno

FIGURE 1 Diastolic btood prsure m~suremcnii in .xbjcctsof both
study .ums. Wit! colurnm denote.mems + SDS of subjcc= muting on
aged gaflic wrmct (AGE) and open CSSIWS indic~[e m=ns + SDS of
suhjccrs surling Lm plxLALM.Wf~hsrudy arm cnmparrsons: AGE cons-

pared wkh baseline, P = 0.036@ 0.0001: placebo compared wilh AGE
F’= 051 and MOW: and placebo comparedwith baseline P = 6.015 and

0.0007, for study asm 1 and 1 respectively. Amss-srudy arm compari-
sons: AGE compased wi[h pl~ccbo, P = 0.026: .4GE compared with
baseline. P = D.0C411:and plx:bu compared widl baseline, P = O.0001.

.-

,
44.2-11 234567891011

Sarr@lng Uino

L

.~
44.2.1123456 7891017

Sampling slrna

FIGtJ! 3. Se$.sm ~orzl cbokxcrol coixmmtons of subjccrs ssaning
fhcir inrcwcntion o-id wish agcsf gsrlic exhaer (AGE)(ssudyarm 1; A) or
pl.uebo (srudy ams Z B). Wtiwsmdy arm eomparisorm AGE compared
wirh trasdnrc, F’ = O.(KJOIfnr borh snsd~~ placbc ccmpamd wixh
AGE. P ==0.0005 and O.f!OO1:and pktcbo comparedwirh baseline, P =
0,50 and 0.62. for srudy arms ] and Z rmpmtivdy. Acrnss-study arm
compwismx AGE compared wik placebo.P = 0.0001;AGE compared
with bimelime,P = 0,0001; and piacebo compared with bssclinc, P =

0458.

placebo supplementation (O.19 z 0.04 compared with O.1S a
tM4).

Compliance, which was rc=ured by pill counling, was
somewhat betrer in participants who stm-tcdwith pIac:bos than
in chose sting with AGE. Among the latter, 8 of 17 subjects
showed pill counts that were within 590 of OX expected vafue.

More than onc.half Of the participams in this group had pill
counts that were 2 20% off the expecrcd value. On rhe ather
hand. 8 of 24 subjects starting with plzcebsrs hti pill counts
that were = 20% oft’ the expected vahre. A vasiery of reasons
were given for poor compliance, the most common onc was

forgetting to take lunch-time doses of the supplcmwm

DISCUSSION

Many supplemematirm u-ids with garlic have been per.
fmmcsl over the past 15 y, Recently, two mera-an+es eval-
u~md the pubtished trials on rhe basis of objcrxi~e criteria for
comparison (21, 22). The authors ot’ both srudies concluded
that garlic supplements produced a mducrion in chnlesteroi
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FIGURE 4 Smurn LQL<htsl&~l COO~&SdOaS itI ~dy subjects
srsrdog the ixtcrvcotirm uisl with @ gwlic cxuact (AGE) (study srm 1;
A) nr placcbw [study WM~ B). Withirr-sutdyarm”com~~nx AGE
armpured withbas,ehe, P = 0,179 and U,U1;placebocomparedWiUIAGFm
P = 0,015 snd 0.005S; aod pkcba comparal with basdine, P = 036 and
0.95, for smdy mms 1 and I rcspcctivcly.kross-study arm comparisons:
AGE cmrrpsred wirb pkcba P = 0.004; AGE campamd With buscline,
P = 0.031: snd pIJ~bo comparedwithbsscline, P = 0.62z.

conccntmdons ranging from 950 m 12’%.We believe Lhrdthis
range is too hig& above the WV% reduction in total serum
chokttml estirnatd by M (1) “m a titical analysis of the
existing dim. T~lglycerol mncentrations also decreased dur-
ing @iC th~py by ==13%in ci$t uids, dl of which W gzdic
powder preparations fL13Lcholesterol was not si@cantly low-
ered however. Trtone SIUrlyof 42 heaJhy adults who had chola-
teml concentrations z 5,7 mmoUL (= 220 mg/dL), LDL choles-
terol was reduced 11Tc by garlic compared with 3% by placebo
trwtrnenL but shcrc were no changes in KDL cholesterol or
triitcylglycerols (14). The nxhrccicutsin total cholesterol obtained
by nonpwdcr preparations of garlic were in general somewhat
higher than tiuse of powder prepiuatious (22).

From [he standpoint of acceptability of garlic as a dictxry
supplemen~ its campositicsrt and merhod of preparation are of
great impo~cc. Most of the garlic powder tab[ets contain
substantial amounts of odorous compounds, eg, ddlyl sultldcs
or polysulftdes res~nsible for the chancteristic aroma of
crushed and stale garlic. On the odter hand, steam-distilled
garlic oils as well as oil-rnaccmted garlic contain on!y poly -
sulfides and other volatr Ie thioallyls. Duri rtg ska.tn distillation

1
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sampling \lm

~~~~ ~. HDL-cholcuerolCOncCnU3UOtM Of study SIJbJCCU $l@ug

she kwrvcutioo uia! Witi aged gsrhc exhacr (AGE) ~ or pkICCbWS (A).

P values wme not si$mificmtr,

much of the alti is rxsnvertcd to diallyl std.tick. Many of the
thioallyl mmpounds are quite unstable. AIIicin, the oxi& of
diallyl disulfide, is only a transient constituent of garlic pr~
artions attd under physiologic conditions does not pass
rhrough he inm.s[ine and enter the blood smeam, Injected
allicin is rapidly destroyed in the blonr-i (l). Similariy, other
oxygenated rhjoallyls. such as ajoene, arc sdso unstable and
have low bioavailabiliry. The preparation wed in this study has
fewer unstable thioa.liyls but is relatively ncb in 5’-allyIcysteine
With smaller amOtrnts of Mllylmercaptocysteine. T’k.e com-
pounds are” the result of all aging process that leads to the
reduction of a]~ (S-zdly]cys[cine sulfoxide), Aged garlic

preparations are far Iess odorous thm fresh gork extracts or
garlic powders. Nevertheless, in high concentrations sornc odor

is associated with AGE capsules although it is somcwhnr
different from tie typical garlic odor. In our study most sub-
jecLs ( ==70’%)were able to clearly identify whether they were
tri.kirtggarlic supplements or placebos. This lcd to a relarivcly
high rate of noncompliance.

Dietary supplementation with AGE did not charge blued
counts or churtistry test results, nor did it affect thyroid furrc-
tion. Garlic supplementation has been reporrcd to produce a
modest reduction in bIood pressure (5, 6, 9), Our stutbcs
confirm this finding.

Consumption of AGE reduced total cholesterol and L.DL
cholesterol. which reached a maximum effect around the third

month after AGE supplementation started. Thcm wzs not a
significant difference in HDL cholesterol or trigcylglycerols
between placebo and AGE periods nor betwesn baseline and
the inmwention periods, Tle ratio of HDL to total cholesterol
was significantly higher when subjects were consuming AGE
compared with placebo. Although, in fhto~. this catiu should
be a good predictor of risk for coronq artery disewc. the
inability to provide ~cura[e HDL<holts[cml mea.w-emcnts
has caused national expert panels tocaution against use of this
mtio (23). Even though our study showed a very significant
AGE”induced reduction of tousl and LDL cholcstero~ one

wonders what effed fight have been observed in individuals
with better complimce, Whcdser a smaller dose of the aged
garlic extract could have produced greater compliance and in
turn a comparable reduction in cholesterol also remains urr-
bown. However. it is apparent that rcmovd of most of the
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FIGURE 6. Serum wIsJY-1 concentrationsin srudy subjects
startingtie inrcrvcnriontrialwirbagedgariicexu’acr(AGE)~ nrpk=bo
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odor-producing substances frosts tie garlic preparation did nor
completely eiimirut!e objections to the ingestion of garlic ex-
tracts in high doses by some of some participants. Although
comparisons berween this and other ~mlic studies are difficult
to make in view of tie differences in the garlic preparations
admi.nisteti nevcrtbel~ our results ~ mmparable with the
estimated hypocholesterolemic effects of @c supplements
(l). Ail of our smdy pardcipants were men wirlr moderately
elevated cholested concentrations, in the mnge for which
pharmaceutknl intervention is not absolutdy required.

In several animal studies in which AGE was dminkred in
conjunction with cholesterol loading or a diet conducive to
cholesterol elevation, it produced far greater reductions
(9=30%]in serum cholesterol (24). This difference in eficacy
could be due fn a difference in cholestesul hmrsm[asis, slightly
higher doses used in animal STtzdies,andk?r & dieL If the diet
is the cause of the difference, then AGE could produce a larger
cholesterol-lowering effect among individuals consuming ex-
cessive amounrs of cholesterol or a diet that is conducive to
hypercholesterolerrik I%e subjects in this study were advised
to follow the National Choksterol Educadon Rugxam Step I
diet, which is hypochoIcsterolcm.ic.

It was rcporwd that in odor-modified liquid garlic extract
produced rmnsient elevations in total cholem?rol and hiaeyl-
glyceml concenuations amr.fthe ratio of LDL to very-low-
density lipopforein during initial supplementation (7). ‘II@ was
laser followed by a significant reducdon Mow baseline values.
We did not observe this phenomenon in our study but the
average cholesterol concenrradon in our study population was
considembiy less than that nsported in the above study. Neither
did we obsrme the HDL cholesterol-elevadng effect of the
liquid gulic exrract reported by the same aurhors.

Our results show that AGE is a safe supplement over ex-
tended periods of the and that it does not alter bbod counts or
change blood chemistry or thyroid function. Furthermore, oar
doubie.biind crossover study showed that garhc supplementa-
tion can produce signifl~t reductions in total M weU as LDL
chole.steroi but did not change HDL cholesterol and triacyl-
giycerol concentrations. In addition, biood prrsmre is bersefi-

cidly affected by garlic administration. ❑
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[i:ll elk[s of +triic ‘in’ [his mk!tl. lhc improtcnl;l~[ 01
peroxide cletoxllictl[icrn was highl! signilic:lnt

2.3. D~Jt~*rilli]lttfiotl.~
Alicr asphyxia ,bloml !vas Iukn (r{)m (I)c hcJIr( Ii, r prup.1 r:i[i(~n
01”pl:lsm;l (ilddlllotl 01 clllylcllc-d i:ttlli llolclr(l:l ctl:l [c) \vhi L’h \\;i>

used for dctcrmimrtiw of [wll chulcs[crol b} the cholesterol
oxidase-peroxidase nvxhod as given by the supplier ( Bochringer
Nlannheim GmbH. M:innheim, FRG).
The carotid arteries were c:lrdull! prcporwl Jnd e\ciwJ A~Ier
s(rwching 11! their in vi\(l knglh. lht ilrl~rl~~ uurc CLII ill Ihrw

5 mm Ii)ng rings, CMc scgnkml u:ls imnlcr.i,~ll ll\uJ itl 4 p:ir6~-
Iimn:llclchjdc. cmtscJLlcd in ll.il.ill-lll dml w.LII{III. t-l Ulll ill ILk I
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Group I +- - -[- -i-
Group [[ +* ‘+ -- : -
Group Ill + - -- I *

:1:

mnia generally eflected these enzymes Ieuding to de-
crc.lwd :Ic[itrtics Only in Ii\er, GSHPOD and GSSG-
RcLi Ncrc 11(>1influenced. Hmvevcr. since the activity of
IIIC \ +DPHJ regcncr:l{in: cnzyrnc G6PDH is r:lte llmit-
ing In IIIC complcic rc;ILxIon scquencc. it is obvious that
ulldcr h! pcrcll(llcslcrLJlcllli:l pcroxi{ic dcloxilica{ion is
itnp:lircd in iill three organs. Also GST, which hus a par-
ti;ii activi[y for peroxide detoxitic;ltion is impaired under
hypercholesterolemiii.
Supplen~enti~tion with,’ garlic (group 111) caused an en-
h:inccmcn[ of Ihc ac~lvlties of these enz~mes (with the
cwcpti(>n O( CJSHPOD in iit>rlil). Yet. since the effects
~111Ihc r;ll~ llmi~ing INZyIllC G6P~H are most impor-

ILIIII. il gcncr;ll]!: imprmwi capacity ft~r cicloxilication of
h! cir~~lllpt~ptr~lxlcies ~iil~ bc evoked by garlic.

616 .!rmctm .! umdt.llhup Rc. J-I (1). Nr 5 I rW4]
!It’,!,k <1d - G.lrllc



4

Ihrw oryns hits Ihc loutsi spccilic ;lcti\ it} and thus re-
presents Ihc r;l[c limiting s[ep b! regcncr;itin: N.ADPH:.
The results shuu that h}pcrc.llolcs(cr,~lctlli:l I):Is :tI)cYJll)
illl impairing CffcC[ 011 (Ilcsc CIIZ>I1l CS in Iill Ildill’1. II) Cl”

:Ind il(~~l.1 uhicll is itl Illtl<l c:I~cx slr[}ngl! ~l~crc(lllw h)
ydr’llc. Silllikl’1). ii lc\tl)l’.l(ltJll 11) :L, ,IIL ~)1’ gill L,l!ll:, ll)L.

petoxidase. glUl;llllil)llC-S-ll; l]ll”crils~ ,IIILI ,ui~cro\idc Jl>-
111UtLISe W’;IS fOLIIld in e[hiiflO] Jmik’lmi r.1[> 120].

The mechanisms b} which garlic can inllucncc [hew tn-

zyme activities remain 10 be elucid,lted. furthermore it
should be clarified, whe~her the elTccts Utscribcd per>is~
for is long lime or ilrc onl} transient.
Nevertheless. besides [Iw Inhibiting cI?Lc[ of g;lrlic sup-
p]triletllii[iL)n On CIIZ} nlc> 0( chL)k>lL!Iol bios! ntht>is [5]
is prolecli~ effect viu imprwtd pcmxidc Litloiilic.l[illn
can be suggested, probtlbly not on]) rclc~an[ in a~hero-
genesis but also in other diseases with increased free racl-
icallperoxide production.
Therefore further invest~gations are necessilry u ith
models of atherosclerosis ]n which LDL rnodilication is
of higher importance than in the wound healing process
after deendothelializat ion by ballooning

5. References
[1]Lau. B, H. S., Adetumbi. M. A.. Sanchez. A.. Nutr. Re\. 3.
119 ( 1983) - [2] Kiesewetlcr. H.. Jung. E., Plndur. S.. Jung. E
M.. Mrowictz. C.. WIIZCI. E.. 1111.J. Clill. Ph:[rm;wnl. Thcr
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( 1991) - [j] Gebhardt, R.. Arzneilll,-Forscll ./DrLlg RCS. ([1).
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The Inhibition of Neointimr Fornl~tion in BJllL)cmed ILI[ CJ-
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Garlic as a lipid lowering aEent—
a meta=analy;is

ABSTRACT-Garlic supplecnents miIy have an in~por-
tant role to play in the treatment of h!percholcstero-
laemia. To determine the effect of garlic on serum
lipids and lipoproteins relative to placebo and od~er
lipid lowering agents, a systcmntic review. including
rneta-analysis, was undertaken of published and
unpublished ranclumisecl controlled triais of garlic
preparations of al least four wet’ks’ cluritlion. S[tdic’s
were identified by a search of NIEDLIXE and [he
ALTERNATI\’E hiEDICINE electronic dataha+es.
from references listed ill primar! and re~im~ articles.
and thro LI@~direct co!ltact with garlic nmnufacturers.
Sixteen trials, with data from 952 subjects. \rere

included in the analyses, hlan! of the trials haci
methodological shortcomings. The pooled nlefin clif-
ferencc in the absolute change (I”rc)nl bascli]le to final
measurement in mmol/1 ) of total serim cholesterol.
triglycerides, and high-density lipoprotein (H DL)-

cholesterol was compared between subjects treated
with garlic therapy against those treated uith placebo
or other agents. The mean difference in reduction of
total cholesterol between garlic-treated subjects atlci
those receiving plitcebct (or at)oiding garlic in their
diet) was -0.77 mmol/1 (95c/~ CI: -0.65, -0.89

mmol/1). These changes represent a 12?c reduction
with garlic therapy beyond the final levels achieved
with placebo alone. The reduction was ei.ident after
one month of therapy and persisted for at least six
months. III the clriccl garlir pot{ders, in uhich the
aliicin conlc!l( is slwlclnrdisccl. lhrrc was II() sigllil”icutll
difference in [he sixc of the rccltlc[ion :lw}w (Ilt’ dI1>c
rantgc of 600-900 mtg claity. I)riccl g;trlir po\\ (Icr llI-(,lI;I-
rntions also siqlificwltl! Iowcred .scrulil tri<l~ curicl(, )>1
0.31 mmol,l compared to pl:lccbo (9?i[i Cl: -().14’.
-0.49). HDL-cholesterol was non-significant! lowered
by 0.04 mmol ‘1 (!).5’; Cl: -().1 1. 0.03 mtnol I ). Sicic.
effects from garlic therapy, other than oclour. v ere
rare. In conclusion, usc of garlic ther~p\. ei(llcr a>
dried garlic preparations (i!) doses as l(jM”as fioo” mg
per day) or x frwh, hiql] allicin yiclcting gurlic ( [0-20
g per day) appcm-s si~iflcantly to reduce total serum
cholesterol over a 1-3 months period. However. more
rigorously dcsigmcl and anaJ:scd trials are neerfcd.
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Sen;or Visiting Fellow
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Parenteral Zinc Supplemtation in Adult Humans during the Acute Phas
Response Increases the Febrile Response

Carol L. ~raunschweig,’ Mafyfran Sowers,” Debra S. Kovacevich,7 Gretchen M. Hill*
and David A. August’”

Department of Human NutticM and Dietetics (WC 5 17’), University of Illinois at Chicago, Chicago,
if. 60612-7256, ‘Demerit of @idemioicgy, University of Michigan, Ann Arbor, Ml 48109, @epa~ent
of Pfratmacy, University of Michigan Hosptial, Ann Mw, Ml 48109, ‘~ent of Animal Science,
Michigan State University, East Lansing, Ml 48824, and ““Departynent of Surgery, Cancer Institute
of New Jersey, New Brunswi& NJ 08901

ABSTRACT The acute phase response (APR) thatfollows injury or infm]on is chamcterized by a decrease in ‘:
semm zinc concentratKma, which we hypothesized benefits the host. Additior@y, we proposed that preventing :
this dedine by supplementing zinc would reautl in an exaggerated APR as indicated by elevated temperatures, “
increased serum cytokine concentrations, interleukin 6 andthe acme phase p@ain (cerulophsmin). A prospective,
randomized, double-biinded, clinical trial ‘was conduct+. Patients on home parenteral n~jon with a diagndsis
of catheter sepsis and patients with a diagnosis of pmdeatftis, also on total paranterai nti!on (TPN), were
recruited for the study. Following enrollment, block rat?dcmization was used to assign patients to receive O rng
(rr=23)or30mg(n = 21) of zir’.c per day for the first 3 d of TPN. Bkxd samples for measurement of serum :
zinc, copper, c.edoplasmin and intedeukin-6 were obtaiwd upon enr~lment and on d 1 through 3 of TPN. l%e
highest temperatures r+rted on these days in the medical record wefe also recorded. Repeated rnea%res
ANOVA was used to deterrrtine differences in the primary outcome variables over time. Nc significant differences
between groups were obsewed in serum interleukin-6 or cemlopiasrrztn concentrations. A sigmfkantly higher (P
= 0.035) temperature was obsewd in tt?e zmc-supplement.act group compared wfih the control group on c 3 of
parenteral nutrition. We conclude that parecteral zinc supplementation in patients experiencing a mild APR resblted
in an exaggerated APR as evidencd by a significantly higher fetxtle response. J. Nutr. 127:70-74, 1997. ,4

KEY WORDS: acute phase rPspon.se ● zinc ● humans 9 parerrteml nutrition ● sepsis .%

The acute phase response (APR)5 is a predictable, stereo-
ty~d merabciic respomse to infection and injury. It is stimuhs
nonspecdic and is characterized by Ieukcqwsis, fever, m-
increased synthesis of acute phase plasma procems, increased
plasma copper concentration, increased resting energy expm-
dicure and depressed plasma iron and zinc ccncencratims
(Be:sel 1977). This response is mediated bv a number of cvo-
kines, inc!uding tumor necrosis factor, interleukin 1 (IL-1)
and interieukm 6 (IL-6). Many of .L4eSC cyrokme-mediated
al[eratlons, including fever, hypofenemia, leukocytosis and
elaboration of acute phase proteins, beneficial to the host.

Zinc is involved in the elakm[ion of ~t,era] cmoklne5.

‘ Presented at The America Society of %unterel and Enteral Wntion CIini-
cal Congress January 16,1996, Washmqm, OC pmur~hweq, C. L, SYWSIS.
M. F. Kevacavich. D. S. & August, D. A (1996) l’% metaeciic de of .?mc m the
aw?e phae.s reepmae. J. Paren. Entwal NutJ. 20: 30S (ecu)].

z SuCpxtad by ASPEN I?hcd.asReaserrMFame.atim Grants and ?%sUniver-
sity of Miihqan HOmS Care Grants.

3The coats of publkaticm of tfvia SI?icle _ defrayed in ~. by %s paynmnt
of page charges. TM article must hsrefore be hereby marked ‘adw@meM
in ecuxc%we with 18USCsection1734 *to jf@jjte UIS ~

‘To whcm .xvreepmdecee should be admeaed.
‘ Ab&eviatirms used APR,acute ~ respms IL-1, intarleub 1: IL+

Interbukin 6; TPN, total parented nutritim.

L?C22-J166197$3iY2 D 1997 .4mencan Saieq for Nuoicional Scwncss.

The synthesis of interferon (Reardon and Lucus 198?)
Ieukocvre m~=grarion tzhbltory factor are :mc de-
(Bendtzen 19w?, 6endcen and Mayland 1982 ~.Zinc infltm
in vitro human leukocyte production of the c~okines &
necrosis factor, II.- ! and IL-6 (Scuderi 199C).The re *
of leukccyte cytokme production by zinc suggests $!$

..,,,

2trace mezal may play an important role in controll.
APR. During the APR. serum concentrations of :inc @
lC CG 69% because ,o{hepatic sequestration by meta]lothi

%(Schroeder and Cousins 1990). The decline m plasma ,
may win-e as an important regulator of leukocyte cytol
producrlon and ultimately influence or conzml the APR

Pesp[te the lack of knowledge concemir.g :inc se~
tion chmng the APR, the lmpxtance of zinc tor wound he%
and m immmity has prompted some clinicians to rou-~

4

supplement parenteral solutions with additional zinc for
bolic, critically ill patients iFreund 1986, Weinsier d,:
gan 1993). Current .wldelines for parenteral trace el$:
recommend supplementing the standard daily dose cf,
mg elemental zinc) with 2-4 mg ZnS@t/d for ca
tlents (Shils et al. 1979), If the sequestration of zinc r ‘”

#a host mechaz-iism to control leukocyte cytokine p ..:
prevention of the decline in serum zinc by use of suppI
parenteral :inc could be detrimental to.the host. .*

*
..-,
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TABLE 2

8aseline chamctetistics of study groups following randomizatica for supplemental parented zinc 1

Unauppknantad Zinc supplemented P value

sex

Male, n
Female, n

Di-aa status
PanCTaatils

catheter sepsis
Weqht, kg
Inter!eddn-b, nglL

Temperature, “C
Cerulo@asmm,LUL
Serum z!nc, #nollL
Swum copper, pnoflL

4423
(m.nge 20-60)

8
15

21
2

61.90 z 3.77
64.4 z 59.0
37.23 z 0.12

130.0 z 10
11.32 z 0.76
18.38 z 1.41

42=3
(range 27-74)

9
12

17
4

70.00 = 4. jo

23.2 z 4.6
37.36 Z 0.18

150.0 z 10.0
14.382 1.66
19.62 = 0.94

0.76

0,36

0.35

0,18
0.11
0.59
CI.29
0.30
0.29

1 Values are maana z SEM,n = 23 (urvuf@sment@,n = 21 (zinc supplemented). C+ginally 22 par%cipantswere randomized to each ~
analysis it was discovered that one irx!iiual that had been mndomized to receive zinc did not have zinc added to the TPN solution.

a “.

a~iou been IL-6 concentrations and change in tem&
existed, a correlation analysis was conducted. The corrt
between fever and plasma IL-6 activiry for aH particiw
r = 0.55 (P = 0.0322) on d 3 of TPN. W%en separ-a
treatment groups, the cmreIarions between CemFeraru
IL-6 concentratmtm w-erer = 2.46 (P = ~.~4~ for Nq7pkrr
ramnts and T = C.j? (1’ = 0. LOJ7) for those char di

four time intervals were as follows: baseline, P = 0.4S: d 1
T?N, P = 0.06; d 2 TP?4, P = (2.25; d 3 TPN, P = 0.01.
Temperamres of parricipanr.s in the :inc-mpplemented group
became significantly more elevated over the 3 d of :;nc s@e-
mentatlon bring the .APR than did temperatures of rhe uzzup-
plemented group. No sigt-kant differences between study
grt>ucs were obsewed for serum [L-6, cerulephsrmn or copper
ccnc’enrratmn (data not shown).

.A wb~mup analysls was undertaken rk.ar removed fram
analysls those partlc ipan~ with serum zmc concentrations
greater :han normal (serum zinc = 19.98 pmol/L). This was
done to examine the possibility that the amount of zinc
administered resulted in senzm zinc concentrations that ex-
ceeded normal concentrations and in turn induced an exag-
gerated APR. Despite the loss of power that occuned with
the rerr,ova[ of seven parrlcipants (33% of the ~nginal sup-
plemented group), the differences in temperature across the
time intervals remained significant (P = 0.036. Table 4).
The individual P values for differences between the two
groups at the four time intervals were as fol!ows: P = O.!W
at baseline, P = 0.08 on d 1 of TPN, P = 0.11 on d 2 of
TPN, ? = 0.029 on d 3 Of ~~.

As j:ated, IL-6 concenmticns were not slgnificandy differ-
ent berween the study grmqx.. To determine whe’ker an asmci-

;ecelve :inc on d 3 of the WU+.
“s
d

DISCUSS1ON 3.-..

participants Surplemertted wizh 30 mg :inc/d for the
3 d of TP!4 experienced significantly higher fevers tha&
paniciFants receiving no :inc. To our knowledge, this i ~
first reps-r in a human population demonstrating rhat su

~rental parent?ral :mc, administered dur:ng a mikl .4P~3
fluenced a febrile respmue. Temperatures in the juppleme
group were higher on d 1 of :inc administration (P = f
and retained this greater e!evation throughout the srudy {
().035 ). Temperatures c~ patients receiving :mc sup~led
[ion remained si~Llhcandy greater than tha~e of the con
even when patients with imt:allv elevated ser~m zinc con
trations were excluded tiotn ‘he analysis.

Our findinss of a more pronounced febrile resporw?

TABLE 3

$erb’rn and urine zinc mmce~trations h controis and a“nc sL”pp/eme~t& groups recewc~ !otal parented nutn”tion tT7~

during the acute phase response 1

Measurement Baseline Day 1 TPN Day 2 TPN Day 3 ~

Serum zinc, &lL
COnvol

~

11.32 z 0.?6 7I .472 o.n 71.02 =o.n 11.48zti
(21) (20) (22)

Zinc supplemented 14.36 z 1.66 18.62 z 1.64a 20.96 z I.eda 21.732 *
(19) (20) (20) (Iq;

Urinary zinc, pmollL
Control 9.79 ? 7.99

.
8.56 ~ 1.53 6.12 ?’

(22) (22)
Zinc supplemented 19.12 z 4.28 17.14: 2.6ob 18.67 ? &

(20) (20) (19)

1 values are means z SEM, with n in parentheses: Letter superscripts i~dicate signrkant differences: a GlffewrWe bef’ween study grou@
;tuc!ent’s t test; b Difference between study groups (P = 0.007, Student’s t test: c Between-qroup effect over the 3 day study mtam0.JO09, S

= 0.00C4, repeated measure ANCIVA).
--
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$RE 1 Temperature changes in zinc-supp4wnented vs uwup-
rbd humans from baseline to d 3 of total parented nutritkm
Iare means z SEM,n = 23 (unsuppkmented Wtrols) or 21 (zinc

@knmtecf). The vaJue with the asterisk is significantly differen! from
R.YWS for the nonsuppkmented group on d 3 of total parenteral

~ ~ = 0.01, Student’s t test) with a between-group effect over
# etudy intewal (P = 0.035, repeated measures ANOVAj.

i supplemented with zinc during an APR are consis-
~with the ve~ llmited ammal literature. Alterations in
ebrile response in rabbits following zinc administration

fig the .APR were reported in 1978 by Mapes et al,
?78). The anima!s were supplemented with intravenous

k chloride ( 1.6 mgjkg body wt ) 1 h before intrapentonea!
#l,infusions. Cormd rabbits that dd not receive zinc be-

&e IL-1 challenge had a monophasic fever that peaked
@ after IL-1 administration and returned to basal levels
in 70–8J min. When zinc was administered 1 h ~efore

[ IL-1 challenge, fevers were approximately @% higher
. those obtained in control rab~lts. The feven- iti the
ireared animals lasted for 4-6 h before returning to

~ levels. ‘W’hen a minimal amount of zinc chionde (0.04
body WK)was given simultaneousl~ with the IL-1, fevers
olonged duration cccurred, but the leve! of the fever

[’&ot differ from that in control animals. Results of this
preceded the pane] of experts guidelines for

intravenous trace element supplementation i~nlls et ai.
1979), which recommends 5 mg zinc/d as a standard dose in
TPN patients, with an additional 2-4 mg/d for catabolic
patients. T1-m continues to be the standard amount of zinc
used in parenteral nutrition solutions today. .

There are several reporu of alterations in thermoregulation
in zincdeficiem animals. Topping et al. (1981) found zinc-
detlcienc rats had lower rectal temperarms than conmols. W%en
those animals were expx.ed to the cold, they were more prone

co developing hypothermia than were zinc -adequate animals.
More recently, Cossack (1991 ) reponed alterations in the febrile
respcme in zincdeficient rats followng the injection of E, coli.
The zinc-deficient animals had a significantly lowe~ febrile re-
sponse 5-8 h “&er the endoroxin injection than fiid the pair-
fed controls. Of note is the significant (P < (!.001 ) weighr 10S
that occurred m the zinc-deprived rats during the 6-w+ srucly
period. AC the end of the 6-wk srudy pencd average body
weights were 142.2 = 24.2 and 182.8 ~ 7.7 g for :inc-deficienr
rats and pair-fed controls, respectively. Typically, atmmals fed
zinc-deficiem diets have lower weight gain than pair-fed con-
trols (0’Dell and Reeves 1989). Many species respond to zinc
deficiency with anorexia and cyclic feeding (Cl= et ai. 1989).
lt is tlmught that the reduced food intak induces muscle carab-

ohsm and release of stored muscle :inc intc the plasma. ~is
zinc is then availahle for use by the hver and other tmue~ for
zinc -dependent processes. Whether zinc deficiency per se or

general protein ener~ malnutrition was respomible for the re-
sponses observed in Cossack’s study cannot be ciecerrnined.

Alterations in therrrmregularion clue to :inc deficiency have
not been reported in h~mans. However, it has been knowT,
for many years rhar uncomplicated starvation in humans re-
duces core temperatures (Golden 19S&).

In adchrion to temperature, serum IL-6 acriviry was deter-
mined Z< a meamre of AFR severity. Because of the great
variabili~, no difference in IL-6 concenrrarion w’s< demon-
strated bemeen the control and zinc-supplemented groups.
Numerous srudles have ohsemed assoctarions beweer, sevenry
of dlness or inflammaron proce~~ v-lth lL-6 concentrations
(Damas et al. 1992, Lesser et al. 1991, Xijsren et al. 1987,
VieAna er al. 1992). Only Nijsten et al. ( 19S7 ) reported a
significant (r = 0.61, F < O.OC1) correlation berween 1?---6
concenrratms and ho+ temperatures. In our srudy, correla-
tions berweea temperature and ~L -6 concentrations were sig-
nifscanr in bork he supplemented arrd control groups. To our
how-ledge, ours is the first study with patients experiencing a
mild APR to demons-mite significant correlations bemveeri se-
rum IL-6 concentraticms and temperatures. Collectively, the
significantly higher temperatures in the zinc-supplemented
gToup and the comelatlon with IL-L ccmcencratmns further
corroborate the hypothesis that xx s.upplemenra :}oD. during
the APK results in a more exaggera:e~ response.

TABLE 4
;::
,,-
‘:: Temperatures frvm baseline to d 3 total pamnteml nutritkm fTPh(Jin a subgroup of zinc-supp/e.mented
~“ and unsuppiemented patmnts dun.ng the acute phase responsa’.z,.

.* Basehne Dayl TPN Day 2 TPN ~3TPN

f
f .. “c

:ac 3723 z .12 37.40 z 0.14 3745 z 0.12 37.40 z 0.11
37.25 z 0.17 37.a5. z 020 37.ac = 0.15 37.82 = 0.f4~b

—
= ,h’wludes onfy those Mividuais in the zinc-supplemented group that dd W. have greetw than normal sewn zinc concentratii..

s z SEW n .23 (unsupplemented controls) or 15 (supplemented). Letter suprscnpts indicate .sIgnificant difference:”
it (P

DWLerence

eerr study groups on d 3 of TPN (P = 0.029, Student’s t test; b Between-grcwp effect over the 4-d study interval (P = 0.036, reIx@ed measures
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Zinc supplementation induces alterations in copper status
potentially by a competitive interaction berween :mc and cop-
per for inresclml aixorptmn. Zmc intake stimulates enterocyte
merallothionesn s}-nthesis (Richards and Cousins 1975 ). \ie-
callothlonein sequesters co per much more av[dlv than zinc,

!making the copper unavaila [e for transfer and reducing copper
ahs~~Trion. Oral :inc supplements w low as 18.5 mg/d have
been reported to induce copper lmbabnces (Festa et al. 1985).
During the APR. et+otoxin, cymkines and glucocorucotd hor-
mones have aU been demonstrated to increase .metallo[hionem
mFCN.A in the thymus, liver and bone marrow (Hambldge er
al. 1986). This induction is associated with a redisrributlon of
:inc (Ccusins 1985, Cousins and Leinan 19SS). The av~d tiind-
ing of ccpper by memllochionein, the enhanced produc~ion of
this procem during :inc admmistratiom and stress may lead to
alte:arions in serum cop~r concentrations.

T% gastrointestinal homeoscasis c# zinc absorpion via in-
duct~cn of’ metallothonem was avoided in our jmd~ through
the use of parentcr~ily de~ivered :inc. Several weeks of oral :inc
supple memarimt are typically required co induce reductions in
copper and cerulop[asmin concentrations (Prasad et al. 1973 ).
.4s wouid be expec:ecl, we did not obsem-e any acute differences
m serum copper cr cerulopiasmin concentrations with our
shcrrr-tmn parenrtra! :inc supplementation.

The use ,~f :inc wpplemenration is expatmhng. In general,
zinc is considered m be nontoxic and humans seem m tolerate

fairly high inrak~s. The role of :inc U-Iwound heai~g and in
the Lmmune system and the occurrence of :inc detic lencv in
Farlents with malabsorprive dismrciem, AIDS and diabetes are
weil esrahlisb,ecl (King and keen 19S’-!). Oral :mc Wppk!rknt$
are rourme[’. recommended by Fhyslcians ~or patients wlrh anv
ot’ ~hese ctmdltions, ~resumabiy m enhance immune function.

The results ,from our study mdicare that :mc wpp[emm.rs
gl’~en parenteraIIy co patients chin a mild APR w1l resuit m

1’an exa~uerated ,+PR. The effect o ma.1zinc wppiemenca[ion
on temperature during the .APR remains u&cm-n. HemFe et
al. ( I 991 ) Jccumenmd m rats that :inc absorption is not im-
paired ckmng the APR; rhus. oral :nc Supplemerlcs mav have
the same lm~act on r!!e .\PR as ‘xe obsemed. In wme situations,
such x In rremnenr of .+ID~ parmnts. L$e exaggerated res~r.~
may prove m be ber.etictal. In .xhe: jitua[lom, m which reduced
indarnmatory response is des~red, such ~< in treatment d pa-
titncs cxpenencing a !lare-up of Crohn’s disease, uiceratwe coli-
tis x .arrhrms, an ewggemted APR may lx detrimental. Future
w-~d~= of -d-vese&sease ~re warranta! KC de!irwme benefi rs
acnw;ed as weil LS to avoid any unroward ~~e:~ fiar mav
:CCUTircrm.ovecealo~~ supplementation wxth hs nutrient,

T’r,e efkct :t :mc s+~iernenration during a wiere APR has
ICC been ciemrrtined Px]enrs who may receive jtipplementai
nnc mc!ucle pcsrqwauve, rmuma. bum and general intetwive
care Lnit pwems. \bnv ot’ the new enteral Frdu<rs rhat are
marke:ed ~~ecltical!v for these Fat;enrs am-mm mere than 24
~U ~in.c,J I ~~ k], It iSnoc imcommcn for these pawnts to r~+lre

115%’ kj/J md rhus receive mere dun 72 mg :mcfci. Fumher
c!ariiicarwri of dw rcie oi zinc sequesnaticm in severe .+PR ts
needed ;rtcx cc empmc wppkmentaricm in this ~FUk!CtI.

~’e have Jemonsrrated in a pros
r

rive, randoml:ed, dou-
hle-bltndwi c!;r.lcal trial that SUpp ementatlon of N mg of
parenterai :mc “for 3 d m atients expenenc]cg a mdd APR
resuited m a jigrtliicandy Eigher febrile response. This level

ot :mc supplementation did not result in differences in serum
Coppr M-Id ceruloplasmin concenrrarions beween study
-Wcu s. We also found tem~ramres to be significantly ccme-
l’auJ with serum IL-6 concentrarmns-
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these studies showed that zinc had a beneficial ef-

fect (4-6) and four did not (7–10). In the studies
that examined virus shedding (5. 7), zinc treatment
had no effect on this shedding.

We designed a study similar to that of Godfrey

and colleaemes (6) and used the symptom score
developed by these researchers. We emphasized
starting treatment within 24 hours after the onset of
symptoms, because Godfrey and colleagues found
that early treatment was most effective. We used
zinc gluconate lozenges, which appeared to be well
tolerated and had the best bioavailability profile in
previous studies. Other studies (4-7, 9) used loz-
enges containing 23 mg of zinc. To improve palat-
ability, lozenges in our study contained 13.3 mg of
zinc. This provided a local concentration of zinc
ions of about 4.4 mmol,ll, an amount greater than
that necessary to suppress rhinovirus (0.1 mmoll)
(11, 12). The placebo lozenge contained 5% calcium
lactate so that it had a medicinal taste similar to
that of the zinc gluconate lozenge.

Ours was a pragmatic study designed to deter-
mine the efficacy of zinc gluconate lozenges in re-
ducing clinical symptom scores under conditions
that reflected usual medical care for the common
cold (13, 14). ~-e did no! seek to define the mech-
anism of any zinc effect. Although fix-us cultures or
serologic tests might have been desirable. we de-
cided not to do these tests because they are almost
never done in the course of standard care.

Methods

Study Design

We determined that a 507c reduction in the du-
ration of symptoms (in days) would represent a
significant clinical effect. A previous study of zinc

gluconate given during the first day of cold symp-
toms su~~ested that the duration of illness, was re-
duced from approximately 8 days to 4 days after

treatment began (6). Our previous research on pa-
tients with colds who were seen at the Cleveland

Clinic suggested that the mean duration (= SD) of
cold symptoms was approximately 7 = 6 days (15.
16). We chose a sample size of 100 patients so that
we could detect a difference in the mean number of
days of symptoms from S days in the placebo group
to 4 da!s in the zinc group with a standard de\>ia-
tion of 6 days, a We-sided P value of 0.05. and an
approximate power of 90~~.

Patients were recruited from among the Cleve-
land Clinic staff through announcements in internal
Clinic publications and by word of mouth. One hun-
dred volunteers were enrolled between 3 October
and 4 Nosember 1994. All patients who completed

the study as specified by the protocol were enrolled
in a raffle for one of two prizes: dinner for NO or
a trip for two to the Bahamas. The Institutional
Review Board at the Cleveland Clinic Foundation
approved the study, and participants gave informed
consent at the time of enrollment. Participants were
informed of the placebo-controlled, double-b[ind
nature of the study.

Patients who volunteered for the study were en-
rolled only if they had had cold symptoms for 24
hours or less. Patients must have had at least two of
the following 10 symptoms: cot.ggh,headache, hoarse-
ness, muscle ache, nasal drainage, nasal congestion,
scratchy throa~ sore throat, sneezing, or an oral tem-
perature greater than 37.7 ‘C. Patients were ex-
cluded if they were pregnant, had a knowm immune
deficiency, or had had symptoms of the common
cold for more than 24 houn.

The zinc gluconate–glycine and placebo lozenges
were supplied by the Quigley Corporation of
Doylestown, Pennsylvania. The zinc lozenges con-
sisted of a boiled hard-candy base prepared with
approximately equal propoflions of sucrose and
com sy-rup. zinc gluconate tnhydrate (.4KZ0 Che-
mie, Amersfoort, the Netherlands), a molar propor-
tion of glycine (aminoacetic acid). and lemon and
lime flavoring oils. The mixture was formed into
lozenges that weighed 4.4 g and contained 13.3 mg
of zinc. Placebo lozenges, also weighing 4.4 g. were
prepared from the same flavored hard-candy base
and contained 5.09c calcium lactate pentahydrate.
Placebo and active lozenges were identica! in
weight, appearance, flavoring content, and texture.
The zinc lozenges, however, were more astringent
than the placebo lozenges.

A statistical consultant prepared a computer-gen-
erated randomization code and the packages of
medication. The packages were identical in appear-
ance except for the randomization numbers. The
study medication was distributed bj’ the stud!” nurse,
who was masked to treatment assignments. Patients
were given 120 lozenges and were asked to dissolve
1 lozenge in their mouths eveg 2 hours while awake
for as long as they had cold symptoms. ?%? study
nurse administered the first lozenge to assess initial
tderabili~. Participants were asked to take no other
cold preparations during the study period. Acet-
aminophen samples and oral digital thermometers
were given to the patients at the time of enrollment.
All patients were called on the second day of med-
ication use to make sure that they were not devel-
oping a more serious illness and to assess the ade-
quacy of the masking through responses to a
questionnaire. By assessing the adequacy of the pla-
cebo on the second day of treatment rather than
only at the end of treatment, we hoped to decrease
the likelihood that a rapid cure would help patients
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in the zinc group correctly determine that they were
receiving the active medication. This questionnaire
was also administered at the end of treatment with
the addition of questions aboul the occurrence of
specific, previously described side effects of zinc
therapy.

Patients returned to the Clinic for the final visit
within 1 day of noting that their cold symptoms had
resolved. At this visit, they returned unused ioz-
enges so that adherence to the protocol could be
checked through lozenge counts. and the study
nurse confirmed that cold symptoms had resolved.

Patients were asked to complete a daiIy log doc-
umenting the severity of q’mptoms and the medica-
tions taken throughout the duration of their cold
for as long as 18 days. Every day, patients graded
each symptom as O for none, 1 for mild, 2 for
moderate, or 3 for severe. Total ~mptom scores
were calculated by summing the scores of the 10
symptoms for each day. Cold resolution was defined
as resolution of all ~mptoms (a total symptom

score of Oj or resolution of all but one mild synp-
tom (a total symptom score of 1).

Statistical Analysis

The time to cold resolution was calculated as the
number of days from study ent~. Resolution rates
were estimated using the Kaplan-Meier method,
and resolution profiles were compared between
groups using the log-rank test (17, 18). We esti-
mated median resolution times using the method
suggested by Lee (19). The effect of treatment on
individual symptoms was examined by comparing
the number of days with each symptom using the
Tkrilcoxon rank-sum test, For analysis of treatment
effect. we combined hoarseness, sore throat. and
scratchy throa! into a catego~ called ‘;throat ?mp-
toms” and nasal drainage and congestion into a
catego~ called “nasal sj-rnptoms.” Plots of individ-
ual patient symptoms give the percentage of the
baseline total severiu score (sum of symptom SCOiM

for all patients) by assignment group and study day.
V-hen appropriate, we used the Fisher exact test
and the chi-square test to analyze associations be-
~een the side effects and assigned groups. Patient
adherence was examined by comparing the total
lozenge counts between the two groups using the
N:ilcoxon rank-sum test.

Time analyses were done using an intention-to-
treat framework. regardless of patient adherence

(~~-~~). Before the randomization code was bro-
ken. patients who received antibiotic therap!” or
whose condition was diagnosed by a physician as an
illness other than the common cold were considered
nonadherent. Patients who wrote their diaries from
memory were also considered nonadherent. Patients
were considered adherent if they took an average of

Table 1. Demographic Characteri~ics of 99 Volunteers
Receiving Zinc or Placebo Lozenges for
Treatment of the Common Cold

Variable Piacetio Group Zmc Group
(f-l = 50 (n=49f

Age, y
Mean E SD
Medan (rnmmum-maximum)

Sex. n t%;
Mer.
Wsmen

Race, n (%,
Whtte
O~ack
Other
Unkmow?

Smakers, n (%)
Pat,ent5 wtt allergws, n (%.)

379=92
37.6 (21.1-69.3)

11 (22!
39 (78!

36 (72!
7 (14
2 (4)
s (10!
6(12)

27 [54,

37.5 = 7.5
361 (22.3-54.6’

8 (161
41 (84;

39 (80:
4 (8)
3 (6 I
3 (6)
5(101

26 (53:

four or more lozenges per day for the first 4 days of
the study (16 lozenges) and if they took no antibi-
otic agents.

Results

One hundred patients were enrolled in the study:
50 were assibgned to the zinc group. and 50 were
assigned to the placebo group. All patients were
Cleveland Clinic employees older than 18 years of
age, One patient in the zinc group withdrew from
the study on the first day because she could not
tolerate the lozenges; she did not complete the
symptom dia~, All other patients, as directly ob-
served by the study nurse, indicated that they had
good tolerance of the first lozenge. Demographic
characteristics of the groups are given in Table 1.

The mean (x SD) and median symptom scores at
baseline (the first measurement) were 8.6 ~ 3.3 and
8 for the entire sample, 9.3 x 3.6 and 8 for the
placebo group. and 7.9 Y 2.8 and 8 for the zinc
group. In practice, an increase in score from 8 to 9
entails scoring one symptom one grade higher or
developing another mild symptom. Six hours after
the study began, the mean symptom scores for the
placebo group (9.3 z 4.2: median, 9) and the zinc
group (8.7 z 4.0: median, 8) were closer.

The incidence of individual ~mptoms at baseline
was similar in the two groups for all but two ~mp-
toms: sneezing (31 of 50 placebo recipients [62%]
and 3S of 49 zinc recipients [77.5%]:P = 0.09) and
sore throat (39 of 50 placebo recipients [78~c] and
25 of 49 zinc recipients [51%]; P = 0.005). No pa-
tients had fever at baseline.

Eight patients (six in the placebo group and two
in the zinc group) had colds that did not resolve
while they remained in the study. Two of these
patients (both were placebo recipients) completed
the 18 days of the study, and the remaining six (four
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Figure 1. Kaplan-Meiercurve for the duration of colds in 99 vol-
unteers 5olK!Im = zincgram dotie~ Ilne= da:ebc group

were placebo recipients and two were zinc recipi-
ents) dropped out after 7 to 16 days. In addition,
one patient recorded his symptoms for 18 days but
indica~ed that his cold resolved on day 19.

We used the Kaplan-hleier method to estimate
the percentage of patients whose colds completely
resolved (Figure 1) and almost completely resolved
on each da}- of the study. The median time to
resolution of all Vmptoms was 7.6 days in the pla-
cebo group and 4.4 days in the zinc group: the
median time to resolution of all but one mild sympt-
om (data not shown) was 7.5 days in the placebo
group and 3.7 days in the zinc group. The results of
the log-rank test and the plot of these distributions
indicate that symptoms resolved significantly faster
in the zinc group than in the placebo group (P <
0.001). This effect was also seen when the end of
the cold was defined as almost complete resolution
(P< 0.001). The study nurse directly observed
whether the patients who returned their study forms
and unused medication within 1 day of reported
resolution of symptoms were free of symptoms.

Seventeen of the 100 patients (10 in the zinc
group and 7 in the placebo group) were considered
nonadherent. Of these 17, 6 (2 zinc recipients, 1 of
whom also took antibiotic agents. and 4 placebo
recipients) did not take enough medication for rea-
sons that were not stated: 5 (all zinc recipients)

stopped taking the lozenges because of adverse ef-
fects (bad taste in 3 patients, sore mouth in 1 pa-
tient. and a ‘-lump in back of throat’- in 1 pa~ient):
4 (2 zinc recipients, I of vhom also could not
tolerate the taste of the medicine. and 2 placebo
recipients) took antibiotic agents: 2 (both zinc re-
cipients) reconstructed their diaries from memo~:
and 2 ( 1 zinc recipient and 1 placebo recipient)
stopped keeping a record for reasons tha~ were not

stated. When data were analyzed after these 17
nonadherent patients were excluded, the study con-
clusions remained the same. No significant relation
was seen between adherence status and group as-

signment (P > 0.2). Even when the 17 nonadherent
patients were excludal, symptoms in the zinc group
still resolved significantly faster according to both
definitions of symptom resolution (P c 0.001). The
median duration of symptoms for the adherent pa-

tients in the placebo and zinc groups was 7.2 and
3.9 days, respectively, for complete resolution and
5.7 and 3.4 days, respectively, for near-complete
resolution.

Figures 2 and 3 show the percentage of the orig-
inal symptom score (each day by group assignment)
for nasal symptoms and throat s}mptoms. The zinc
group had significantly fewer days with any symp-
tom, nasal symptoms, throat symptoms, coughing,

headache, hoarseness, nasal congestion. nasal drain-

age, and sore throat. The groups did not difer signif-
icantly in the resolution of muscle ache, scratchy
throat, sneezing, or fever (Table 2).

We calculated the total number of lozenges from
counts of returned lozenges and from patient dia-
ries. M%en we found discrepancies. we used actual
lozenge counts. During the entire study. the placebo
group took a mean of 49 t 30 lozenges (median. 42
lozenges) and the zinc group took a mean of
36 z 22 lozenges (median, 28 lozenges) (P = 0.03).
The placebo group took an average of 5 z 2 loz-
enges per day (median, 5 lozenges per day),
whereas the zinc group took an average of 6 ~ 2
lozenges per day (median, 5 lozenges per day) (P =
0.20). Because their colds lasted longer, the placebo
group used significantly more lozenges than the zinc

group, but the number of lozenges per da! of sympt-
oms did not differ between the wo groups.

Use of acetaminophen did not differ significantly
between the two groups (P = O.10): the placebo
group took a median of 6 acetaminophen tablets.
and the zinc group took a median of 4 tablets.
Despite instructions to the contra~. 15 patients (10
placebo recipients and 5 zinc recipients) took other
cold medications during the study (P = 0.17).
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Figure 2. %rcantage of the orighal nas.d symptoms score ●a~ day
by treatment group. Nasal symptoms were nasa dra,nage and nax’ con-
gestion. Solid line = zinc group, doned Ime = ptaceba grow
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Figure 3. Percentage of original throat symptoms score each day
by treatment group. Tnroal syrnpmms were htirserwss. sore thmal, and
scratch) throat Soia ime = zmc group, cloned hne = placebo group

Questions to evaluate the ellicacy of masking to
group assignment were asked after the first day of
treatment and at the end of the study. Patients were
asked to guess their assignment from among seven
choices: certainly placebo, probably placebo, possi-
bly placebo, do not know, certainly active. probably
active, or possibl! active. By assigning all guesses
that mentioned “placebo’” as placebo and all
guesses that mentioned “active” as zinc. the follow-
ing results were obtained. On the initial question-
naire, 50’% of the placebo recipients (25 of 50) and
55.2% of the zinc recipients (27 of 49) correctly
guessed their study assignment. At the end of the
study, 54$c of the placebo recipients (27 of 50) and
53.1% of the zinc recipients (20 of 49) correctly
guessed their treatment assignment. Sixy-five of the
99 patients (65,7%) maintained their original guess
at the end of the study. Because no clear pattern of
movement of guesses was seen beween the groups.
ma~king appears to have been maintained during

the study.

After the first day of treatment. 46% of the pla-

cebo recipients and 59Tc of the zinc recipients said
that the study medication had helped alleviate their
symptoms (F’ = 0.19). At the end of the study, 447c

of the placebo recipients and 597c of the zinc re-
cipients said that the study medication had helped
improve the cold s!’mptoms (P = O.13). When the
zinc and placebo groups were subdivided into the
seven su~~r~upson thebwk of how certain the
patienLs were ahoul their group assiy-mwnt on the
first day of treatment. the mean and median dura-
tions of svmptoms in the zinc group were always

shorter thin those in the placebo group.
Thirty-eight of 50 placebo recipients (76%) and

28 of 49 zinc recipients (577c ) described the taste of
the lozenges as ~eet. Patients were also asked to
choose other tastes that applied to their medication,

including sour, bitter, and salty. Eight placebo re-

cipients (I IS’7C)and 12 zinc recipients (25Tc) re-
ported that the lozenges tasted sour; 6 placebo
(12%) and 20 zinc (41%) recipients reported a bit-
ter taste: and 4 placebo (87c) and 4 zinc (8%)
recipients reported a salty taste. Many patients re-
ported that the lozenges had an aftertaste. Thi~-
four of 50 placebo recipients (68%) and 6 of 49 zinc
recipients (12%) reported no aftertaste (F’ < 0.001).
Twelve placebo recipients (24% ) and 22 zinc recip-
ients (459c) reported a mild aftertaste; 2 placebo
(4% ) and 17 zinc (35%) recipients reported a mod-
erate aftertaste; and 1 placebo recipient (27c ) and 3
zinc (6%) recipients reported a severe aftertaste.
Two patients (1 in the placebo group and 1 in the
zinc group) did not answer the questioc.

We ascertained side effects in two ways. During

the study, we asked patients to list all of the side
effects of their medication. This open-ended ques-
tion was the only one asked during the study period.
Seventeen of 49 zinc recipients reported that no
side effects developed with their medication before
the conclusion of the study. In these patients, the
mean (4.7) and median (4.0) numbers of days until
on]! one mild symptom remained was the same as
the number in the 32 patients with identified side
effects. The zinc recipients with and without identi-
fied side effects also had a similar mean (5.1 days
and 5.5 days, respectively) and median (4.5 days and

6.0 days, respectively) time until symptoms com-
pletely resolved (P > 0.2).

The second method used to determine side ef-
fects entailed listing all of the common side effects
of zinc and asking patients at the end of the stud)
whether these or other side effects developed while
they were taking the study medication (Table 3). As
expected, patients described more side effects in

lable 2. Duration of ktividual Symptoms of the
Common Cold

Symptorr Duration m Duralion r P valuF”
Placebo Group Zmc GrouF

(n = 50) (n = 49,

d,

Ness: sympl~ms$
Thma: symcloms$
Cough
Headache
Hoa.jenes$
Nasal :ong?mon
Nasa dral~,ay
Sore Inraa:
Muscle ache
Scra!my thrca:
Sneez!rq
Feve,

7.014.131
4.0 (3, 9)
45(1, 10)
30(1,5’,
30(0,8
60(3, ~21
7oi4, :l:
3011,6,
20~1,5,
30,1,5)
30:!,5!

o (0 o

40(36
30(1,5
20[1,6
2 0(0,3;
20(0,3
402,6
40:2, 5
10 (0,3
10 IG.3
3C (1.4
20(1,4

O(CO.

<c Wl
0004
004
002
002
0 0C2

<000:
<0 OCI

011

017
0 2(
01 51(

. W(icoxor rank.surr lest
t Valuesare expressedas the median(251t,.751npercermle$!
t Nasa’symplomswere nasaldramge ana nasalcongemon
SThroal symptomswere hoarseness,We IIvwt, and Kralchy thma!
WByttw F* ●xza test



Table 3. Side Effects Reported by 99 Volunteers Receiving
Zinc or Placebo Lozenges for Treatment of the
Common Cold’

Variable Placebo Group Zmc Group
(n = 50) (n = 491

/
● n PfO)

Nausea (P = O 02)T 2 {4 o) 10[204)
Vomttmg 1 (2 o) o
Abdommal pain 1 (2 O) 3(61)
Diarrhea 2 (4 o,
Consopatlon

2 {41)
o 1 (2.0)

Mouth mnahon (P> 0.21$ 10(20.0) 12 (24 5)
Bad taste (P c 0.001 M 15 (30o) 39 {79.6,
Dmness o 0
Headache o 0
Dry mouth 6 (12.0) 6(12.2)
Other (P> 0.2P 2 (4 o) 5 (Ic.z)
Number of side dfecu (P < 0.001)’

o 19 (38.0) 5 (lc.2i
1 26 (52 0) 19 (38.8)
2 2 (40!
3

17 (34 7)
3(6 0: 8 (16.3

“ S!atmlca: te5t#ng viz. 00nE. WheP, adeQuate nuMbeT 0+ patlen~ reponeti SIOCefiws
T By the FNW exad Ies:
: Byme ch,-sr+a;etm.

response to this question than in response to the
open-ended question alone. Patients in the zinc
group reported more side effects per person (25
zinc recipients and 5 placebo recipients had two or
more side effects; F’< 0.001), significantly more
nausea (10 patients compared with 2 patients;
P = 0.02). and more bad-taste reactions (39 patients
compared with 15 patients; P < 0.001). The other
symptoms described (vomiting, abdominal pain. diar-
rhea. constipation, mouth irritation, and dry mouth)
did not differ significantly between the two groups.

Discussion

The common cold stil! has no definitive cure. At
best, available over-the-counter medications mini-
mally alleviate cold symptoms (23). Our stud}
showed that the time to resolution of all symptoms
was significantly shorter in the zinc group. Tle zinc
group had significantly fewer days with coughing.
headache. hoarseness. nasal congestion, nasal drain-
age, and sore throat but had more patients with side
effects, The fact that zinc recipients and placebo
recipients did not differ significantly in their subjec-
tive overall impression of whether the study medi-
cation had helped alleviate their cold symptoms is
somewhat surprising. Ho~vever, global assessment by
patients may be based largely on subjective esti-
mates of how long a cold “should” last rather than
on objective knowledge of the duration;. this created
much variation in subjective estimates of whether
the actual duration of the patients’ cold symptoms
were or were not “improved” with either treatment.

The results of our study are similar to those of

previous studies that showed a beneficial effect of
using zinc for treating the common cold, particularly
when zinc is started within the first 24 hours of
onset of “symptoms. Of the four studies that did not
show a beneficial effect, three (7-9) were criticized
for using a lozenge formulation that inactik’ated the
zinc (24-26) and one (10) used a possibly ineffective
dose of 4.5 mg of zinc per lozenge. Of the three
studies that did show a beneficial effect, one (4)
reported a strong treatment effect (P < 0.001) at 7
days ( 147c of zinc recipients compared with 54% of
placebo recipients had symptoms at 7 days) but also
noted a high rate of side effects in the zinc group.
This finding caused some investigators to question
the validity of the masking and therefore the valid-
ity of the study results (27). A1-Nak.ib and col-
leagues (5) used zinc gluconate lozenges in persons
with experimentally induced colds and found no
benefit in giving zinc prophylactically. but they did
note a reduction in mean daily clinical scores com-
pared with scores in placebo recipients on days 4
(P< 0.01) and 5 (P< 0.05) of treatment. The treat-
ment was well tolerated, and the placebo lozenge
was not distinguished from the zinc lozenge by taste
or appearance.

Godfrey and colleagues (6) compared a nonche-
Iating formulation, zinc gluconate-glycine. which re-
leases 93% of contained zinc in saliva. with a pla-
cebo containing highly astringent tannic acid and
saccharin. They reported a 26VC reduction in the
duration of colds when treatment was be~n during
the second day of symptoms and a 42Tc reduction
(from 9.1 days to 5.3 days) when treatment was
begun on the first day of symptoms. Our study was
similar to that of Godfrey and colleagues; we used
the same symptom score. emphasized starting trea(-
ment within 24 hours after onset of s}mptoms. and
used a reduced dose of zinc to improve the palat-
abili~ of the lozenge.

The mechanisms through which zinc affects the
common cold remain to be determined, lm.stseveral
possibilities have been described. Zinc prevents the

formation of viral capsid proteins, thereby inhibiting
in vitro replication of several viruses, including rhi-
novirus (11, 12, 28-30). Zinc combines with the
carboxyl terrnini (negatively charged canyons) of
rhinovirus coat proteins, which may prevent the vi-
rus from combining with the tissue-surface protein
(intracellular adhesion molecule ~pe 1) and enter-
ing the cell. This process stops further reproduction
(31, 32). E~racellular zinc may exert antivira] ef-
fects by stabilizing and protecting cell membranes
by uncertain means (30, 33-36), In vitro studies
have suggested that zinc may induce production of
interferon (37). Zinc ions also have human prosta-
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ability of zinc to help relieve symptoms of the com-
mon cold.

Our study has some limitations. First, we did not
establish a microbiological diagnosis of the common
cold. We relied solely on patients” subjective infor-
mation and clinical evaluation by the study nurse.
We elected not to d$ microbiological studies of
rhino~irus because the expense of such studies is
prohibitive, and our goal was only to determine

whether zinc helped to relieve cold symptoms. The
fact that the study was done early in the influenza
season, when no cases of influenza had been re-
ported at the Cleveland Clinic, supports the as-
sumption that most of our patients did have a com-
mon cold. Doing the study at a different time of
year could have involved different types of viruses,
which might have altered the results. The absence
of fever at baseline in all patients suggests that
certain viruses, such as influenza, parainfluenza. and
adenovims. were unlikely causes of common cold in
our patients. Second, the fact that more patients in
the zinc group than in the placebo group had sore
throats at baseline could suggest that different vi-
ruses were responsible for common cold in the two
groups. This difference, however, diminished within
the first 12 hours of the study. Third. we assessed
compliance with the assigned treatment by reiiew-
ing patients’ diaries and lozenge count. We did not
check zinc or calcium blood levels, but it is difficult
to predict whether these levels would have been
meaninetil, given that these elements have several
other dietary sources.

The fourth limitation of our study is that our
results cannot be applied to immunocompromised
or pregnant patients, because neither group was
included in our study. Fifth. we did not proI’ide
information on the cumulative effect of the repeated
use of zinc Or exp]ore the possibility of development
of resistance. We emphasize that we used only
short-term zinc therapy for comm”on colds. Habitual
or ]ong-tem ingestion of large doses of zinc may be
hazardous by causing imbalances in levels of copper

(39) and possibly other nutrients. We also avoided
zinc dosages greater than 150 mgd. which have
been associated with adverse effects (40). Sixth. al-
though our results indicated clinical improvement
when zinc was used to treat the common co]d. we

do not know the actual mechanism by which this
occurred. Finally. if patients had complied with the
Pot ocol (one lozenge every 2 hours while awake).
they would have taken seven or eight lozenges each

da). Zinc ]ozenges were actual]! taken atrou~ four to

eight times daily (median, five lozenges). This may
raise concerns about compliance, but the number of
lozenges taken appears to have been effective. A
recent review (41) and a MEDLINE search showed
no evidence that calcium lactate causes adverse ef-

fects in the doses used in our study. Thus, we do
not believe that our results reflect an adverse effect
of the placebo administration.

In our study, the only statistically significant ad-
verse effects of zinc therapy were bad taste and
nausea. Although the incidence of mouth irritation
did not differ significantly between the two groups,
mouth irritation may still be a clinically significant
adverse effect because the placebo may also have
been irritating. We assessed the possibility that pa-
tients withdrew from the study because of side ef-
fects before their colds had completely resolved. We
hypothesized that patients who reco~ized side ef-
fects of medication before the end of tbe study may
have decided to violate the protocol and discontinue
their medications before they were completely well,
either intentionally (because of the perceived un-
pleasantness of the side effects) or unintentionally
(because the side effects masked their cold ~mp-
toms). No statistically significant association was

seen between the presence or absence of medica-
tion side effects recognized before the conclusion of
the study and the duration of the patients’ illnesses.
This is further evidence that patients adhered to the
protocol and did not prematurely stop taking their
assigned medication because of side effects. individ-
ual patients must decide whether the possible ben-
eficial effects of zinc on their cold symptoms out-
weigh the possible adverse effects.

Our data suggest that zinc gluconate in the form
and dosage tested was helpful in reducing the du-
ration of common cold symptoms. AJthough we
used a lower dose of zinc, our results were nearly
identical to those reported by Godfrey and col-
leagues in their subset of 44 patients who were
randomly assiboed to a treatment similar to ours
afler fewer than 24 hours of symptoms. In addition,
multi-institution studies that obtain virologic data
on the infecting organisms are needed to confirm
our findings.

Acbrowledgmerw The authors thank Becton Dickinson (Ruther-
ford. New Jersey) for supplying the di~ital thermometers, the
Quigley Corp. (Doylestown. PennWl$ania) for supplying the ac-
tive and placebo medication, McNeil (Fort Washington. Pennsyl-
vania) for supplying acetaminophen, and Classics Restaurant
(Cleveland. Ohio) for dona~ing a dinner for two for a raffle to
encourage patients to enroll in the stud}, The authors also thank
John C. Godfrey. PhD, and Fianq J. Godfre). PhD. for their
help in designing this stud! and reviewing the manuscript. Tom
bng for medd editing. and Charlene Mahovlic for typing the
manuscript,

Granr 5uppon B} the General Pediatrics Research Fund and the
Departments of Infectious Diseases and General Pediatrics of
the Cleveland Ctimc Foundation.

Requcsrsfor Rcprinr.x Michael L Macknin, MD, Department of
Pediatrics and Adolescent Medicine, A 120, Cleveland Clinic
Foundation, 9.5CNIEuclid Avenue, Cleveland, OH 44195.

1
,

I



Currcnf Ald[hOr Addre.wcs Drs. Mossad and Macknin. Ms. Med-
endorp. and Ms Mason: The Clmeland Clinic Foundation. 9500
Euclid A\cnue. Cleveland. OH 44195.

1

2

3

4

s

6.

7.

&

9.

10.

11

12

13

14.

15.

16.

17

1s.

References
&

D!ngleJf-1. Badger GF, Jordan WS Jr. Illness jr the LIome $tudy o’ 25,0GC
lllnesws ln~Grouv oaC,eve!ana Famllle: Cleveland Press o’Weslerr, Resewe
Urw 1964

Gwaltney JM Jr, fiendley JO, Simon G, Jordan WS lr. Rwnowrus mfec.
nons Ir. ar momr,a Doou:amr I The ocw,rel:e O! ,Imess N Eqg ! Mec
1966,2T$ 126’-F)
Couch RB.Tne commor coIc convd”, J Infec D,s 19B415c 167-7j
Eby GA, Davis DR. Halcomb WW. Reduct,or tr duratlor Orcommor cold
b) zmc gluccmate lozenges m 6 ootibie-nlmd slud~ A1ljmlcroC Agems Cne.
!TIOth?r 19842520-4

A1-Nakib W, Higgins PG. Barrow 1, Batstone G, Tyrrell DA, Prophy!ax6
anc treafmem of rhrmwrus :010: wltt zmc giuconate lozenge> J Armmlcror.
Cnemother 19E?,2Gg93-9C!
Godfrey JC, Conant Sloane ES,Smith DS, Turco JH, Mercer N, Godfrey
NJ. Zmcglucor,ate anti thecomrnorcolrJ acontrolled clmlcafstuoy Jlnt Mec

Res 1?9220.234-4E

Farr BM, Conner EM, Betts RF, Olrske J. Minnefor A. Gwaltney JM Jr.

Twc ranoomtzed ccmvollec trtalso<zmc glucor,ale lozenge th+raD! oJexoe,-
meo?ally mctticec rhmov!rus colas Anumlcrob Agems Chemmher 1987,3’
1 lE>-~

Douglas RM, Miles HB, Moore BW, Ryan P, Pinnock CB. Fadure o’
efieves: en! zmc acelaw Ioze?ge:. IC alle’ lhe cmJ,5E of uow resp,:a;ory
tra~ mf?<l,or I. Atisl. aiiar acdl!s 4wjm!croc Agents Chemothe. 1987.31
i2E3-$
Smith DS, Helzner EC, Nurtall CE Jr, Collins M, Rofman BA, Ginsberg
D, ●t al, Fal\ure 04 zinc glti:cmaw m treatmem. o’ acstc tiDpe- resp!ratrq

Irac mfecuow Anln’wcrot 40em! :nemcnr,e. 19 B9,33 UE.E
Weismann K, Jakobsen JP, Weismann JE, Hammer UM. Nyholm SM,

Hansen B, ●t al. Z1n: glucor,a;e laz??ge;ior commcmcolc Aooume-blmc
ctmtca tr;al Dar Mec BLII} 1990,3 -;75-81

Korant BD, BunerwoRh BE, Int,c,lor b) zinc O’ rhmow,tis prole!. clea,.

age mtwacnor 0’ zln: wIlr cacslc >~iv>epttoej jV4roI 197G IE~9s.30E

Geist FC. Bateman JA, Hayden FG Ir vmc acnv,~ of zmc salx ag.alns:
numar rhmovtruse~ Anum,croc Agem: Cnemolher 198-,3; 6:24

Schwanz D, Lellouch J. Exp:a~aloO and Praq%aflcamuoe! m therapemc

rr,als ! :nror 3!s 196; .20637-48

Simon G. Wagner E. Vonkroff M. Cos!-efiemveness cwm~ar!sons using
‘“real world” randomlzec trjals tne case of nev, a“!,de~re~~?: dru.g~ j Cllr

Emdemol 1996,4B3E3.73
Macknin ML Mathew S, Medendorp SV. Etiec o! mha!e: healed vapcr
or symploms of the Comrnor cold J/,M& 19~C,2~g8g.gl

Fors.tall GJ, Macknin ML Yen-Lieberman BR, Medendorp SV. Efiec of

Inr,aled heali.c vapo’ or C.ymmgm$ T“ the Cgmmor colti )4M4 1%4,:71
1109-51
Kaplan El. Meier P. Nonpa-ame!r,c esl{mal!on frorr mcomalele obse%;.

tlom Jouma of the 4me,!car $ta?ist:a’ Assx,avor. 1937,32675-701

Peto R. Peto J. 4sympIotI:;lly e?,<]e-t rank mva,,an: test ~:oce~~res jo.jr.
na o’ the Ropa~$tausl,car Scae!! $er[es A 19;2, lj5 IB5.9E

19.

20.
21.

22.

23.

24.

25.

26.

27.

2B.

29.

30.

31.

32.

Lea ET. $WISl,cal Methods for$uwwal CaIa AnaIySIS 2d edmor New York

Wiey, 199277

Grant A. Reporung controlled trials 8r) Ow,le:Gvnecol 798996397.490
Tne%a~~aros Ofrepolm~tr@sgrou; b propcsa fws7rdfluvecrepoT,a~oZ
raooar, zec :on!rollc-c !r,a,~ JAM2 tgg4J72 ~92c.3:
Schulz KF, Chalmers 1, Hayes RJ, Altcnan DG. Emomca ev,oer,cs. o~ o,a$

dme?s,cmr” metnodoiogtcal q>al,h asmc,a!e: w,t~ ej:,~,a~esa~lreal~e?.
eftec,$ Ir controliec !rtal> JAMA 1?9s,27340S.:2

Smith MB, Feldman W. Ove,-the-counte. colc ‘nea,:atlon a :imca’ rewev.

O{dmlca reals beTWWP 195C and 199” JAMA 1993.26922 j6.63

Godfrey JC Zmc fw the commor, colt [1-e:te.; Anl,m,croc Age?& Che.

mothe, 198S,32605-6

Eby GA. qabdq comtanno< z!n: cDmplexes affec c~mmor, CDIC treamnen:

WW13lLetlerl Antmmcroc AgeIts Cne!nmhe’ I!18E 32606.7
Zarembo JE, Godfrey JC Godfrey NJ. Zinc 01 Ir saiwa cfe!evmna!!or o{

con:enl:at!ons oroducec b, diferen: formJal,O?i o’ zm: gluCO.,ale Iozen:e>

ccm:ammgcommor exclolenu J Pnarrr SC 19g2,8~ :2S.3C

Farr BM, Hayden FG. Gwaltmy JM Jr. $taml,!) comIanls o{ zmc CDT,.

ple.xes afiezcommor, colctrealment resuls[Letler; Anljmtcrot Agens:ne.

mother 1988.32607

Gordon YJ, Asher Y, Becker Y. Irrevewble mnlbmor of herpes SI.npIeR .wr”s

replt:anor rr Bs:.1 cell: by zm: !on$ An[,m!:roc Age-U Cnemothe. 19;5
83--.85

Fkpo EJ, Palma EL Inlvbmoc ox foct Jnrj moul?, dl~ea~e “W”S antj pr~ap~l~

Syntnests b} zmc 10”$ Brief re>on 4rL? !&rot 1979 6: 175.8:

Ratka M, Lackmm-tn M, Uackerrnann ~ Karfins U, Koch G. Pol,ourd:-

asscmatec Orotem klr,ase dej:ab[h:al,or OS lhe VIr~j Laps,c a“c SI,muIaI, =,,

0! the rmm.mory; allor reacy,or oy ZP,: J VIrD lgg? 63 ~F~.t.~~

Moffat AS. Gonq tack tc the future wrtr smal SVWW:I: Cclmao”lcs
[News; S:]enc~ 19532609 :C..2

Novick SG, Godfrey JC. Godfrey NJ, Wider HR 4W aoe: zinc mod)?y the

commw coic” :l,n,ca,oow%al!~nsa~c ,mol,ca!,ons re;ardmc me:~.an, s-r D;

amor Med hypotheses 199646 295.3S2

33. Pasternak CA. A nove forrro! ncs:de!ence menmra>epral?:rLo~ by C6; .
anc ir,:- BIOSC Rec 1987.7 B., -94

34. Bashford CL Alder GM. Menestrina G, Micklem KJ, Murphy JJ, Pas.

temak CA. Memb:ane darr.agE by nemoly,: wrus?s toxins compleT, e-l,

anC Otner GI31OXK agents L comma- mechsns~ blo:kec b, d,kal?w car.

,Dn5 61CJ)CT?T. 198E 261 9300-6

35. Hatisch G, Kremchmer M, Some as~en:T: no-. -i)n~a, efierorzln:,o~s
or thf n~xarnmE release frorr :a! Wrt.,cmeaf miis: cells FcezCommdr CneT

~atm anc Pharrrtam 1987,5539.4E

36. Marone G. Findley SR, Lichtenwin LM. M~ad,al,o~so Dasoohl wstamm?

,elQa%n! Zmc lAost:ae.~ J Afiergy Chr Immuno !579,65 “71
37. Salas M, Kirchner H. Induction of mlederon-gamma r hums- Ieuk:Mc

cul:ures Sllmulatet by Zn2” Clm lmmun~ Imm.mosatho: 1987.4: 1394,:

38. Kelly RW. Abel MH. Copoe, andzmc mhtb’. thcme:abol,s~ of prm:agta.,-

om b! lne humar ulews 6101Regrw 1982,2E 8E; -9
39. Pfeiffer CC Papaioannou R, Sohler A. Effe: o< cnr~r,,c zm: mfox.,:al,~r

or coDDe. Ieve$i OIDOO iwrr,almn a?c polkamlnes Wtho~o %ycn,a?~y

198c 9 ‘5-89

...

-----.. ,.

~

,...
~-....

:,

..



Exhibit Z



Lansdown: Lancet, Volume 347(9003 ). March 16. 1996.pp tiplO~ateway.ovid. comlsemerl/ov... ullText&ST=5&R= l&~medl&S=l634295O

The Lancet

The Lancet is o copyright of The Lancet, Ltd, 1996, All Rights Reserved.

Volume 347(9003) March 16, 1996 pp 706-707

Zinc in the healing wound
[Commentary]

Lansdown, A. B. G.

Department of Comparative Biology, Charing Cross and Westminster Medical School, London, UK.

Outline

● REFERENCES

Zinc was identified as an essential trace metal by Raulin Q) in 1869, yet it remains an enigma to medical
science. It is the second most abundant trace metal in the human body and is present in all living cells
and body secretions. Despite extensive research in recent years, scientists and clinicians are still unclear
about the regulation of zinc uptake and excretion. Zinc concentrations in an adult range from 95 to 130
microgram/ 100 mL of serum, and as much as 20 percent of total body content is found in the skin,
mainly in the form of zinc metalloenzymes. ~

For more than 3000 years, zinc in the form of zinc oxide or calamine has been used in the treatment of
skin wounds. Zinc in castor oil still has a special place in the treatment of nappy (diaper) rash. However,
only during the past 40 years have serious clinical evaluations of topical or systemic zinc
supplementation been conducted in patients with bed sores, venous ulcers, incisional wounds, and
pilonidal cysts. (~,~) After more than 100 published reports, the precise role of supplementary zinc
therapy remains unclear. Early studies claiming that oral zinc accelerated wound healing by as much as
43 percent (~ have not been confirmed, and zincated bandages were not shown to be beneficial in many
subsequent trials. (5,6) (In indiwduals with dietary zinc deficiency or hereditary hypozincaemi~ zinc
therapy is indicated in wound healing.) Nevefieless a vast range of zincated bandages, dressings,
emollients, and creams are available commercially, although we still do not ~OW how much additional
zinc a wound needs to enhance healing, or to what extent zinc is absorbed and used from the commercial
products.

Scientific progress in understanding the importance of zinc in the health and wellbeing of skin has been
hampered by the low concentrations present in some skin samples (less than 10 microgradg wet tissue
weight) and the lack of sufficiently sensitive analytical techniques. With the introduction of atomic
absorption spectrophotornetry, more accurate information about zinc metabolism can be obtained. We
now know that zinc is a constituent of more than 70 metalloenzymes--notably, carbonic anhydrase, DNA
and RNA polymerases, reverse transcriptase, proteases, and enzymes that have a central role in the
reconstruction of the wound matrix. (7J At the August, 1995, meeting of the European Tissue Repair
Society (ETRS), great emphasis was placed on the regulation of these zinc metalloenzymes (/3)in the
reconstruction and fimction of collagen in scar tissue. Copper ion, which also has a special role in
collagenesis as a compound of Iysyl oxidase, is necessary in the cross-linking of collagen fibres.
Interaction between copper and zinc can occur, such that excess of one ion can impair essential
processes modulated by the other. To obtain a favorable environment, clinicians need to create a
balance between zinc and copper, and maybe other ions such as calcium, magnesium, and iron, to
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optimise wound healing.

Meanwhile, scientific evaluation of zinc in human wound healing is severely restricted owing to the
wide individual variations in zincaemia and tissue zinc content and lack of uniformity in wounds
available for study. Limited investigations have been conducted in animal models and in cultured human
skin cells. Zinc oxide is beneficial m healing incisional wounds in rats, (~) and enhances the degradation
of wound debris in pig skin. (.!.Q)Experimental studies showed that topical zinc oxide reduced the initial
hemorrhagic phase and promoted the regrowth of damaged skin and hair.

Although the use of animal models for skin healing in man can be criticised on account of interspecies
differences in the overt appearance of the skin, its hair cover and glandular structure, fimdamental
patterns of cell proliferation and migration, and repair following mju~ are similar. Studies reported at
the ETRS meeting show that zinc concentrations change within the naturally healing wound according to
events in progress--haemostasis, inflammation, granulation tissue formation, re-epithelialisation, and
normalisation. (n) Whereas demands for calcium are higher during haemostasis and later stages, (12)
zinc concentrations increase during the formation of granulation tissue, scar tissue, and
re-epithelialisation. There are no good data on the relative needs for copper, magnesium, and iron.
Experimental studies show that zinc concentrations in the wound margin and wound care are 15-20
percent higher than in intact skin. This increase is furnished by plasma zinc and presumably by higher
gastrointestinal zinc uptake. Consequently, if zinc is made available by topical therapy at an appropriate
time, one would expect wound healing to be advanced. However, too much zinc at early stages after a
wound is believed to upset calcium concentrations and retard healing. The form of presentation of
zinc--aqueous paste, cream in amphiphilic vehicle, emollient, bandage--will have a profound influence
on the amount and rate at which zinc is absorbed and hence its influence on the wound
microenvironment.

A B G Lansdown

Department of Comparative Biology, Charing Cross and Westminster Medical School, London, UK
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Prevention and treatment of osteoporosis.
[Science and Practice]
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Recomition of ~atients with osteoporosis
Intervention in sym~tom-free individuals
Dietarv modification
Calcium swmlements
Exercise
OestroQen
Calcitonin
Bisuhosnhonates
Other atitiresomtive agents
Agents stimulating bone formation
(3inieal guidelines

o Prevention
Treatment
REFERENCES

In a series of elderly patients entering long-term care, osteoporosis, virtually universally present, was
diagnosed in only 4% @. Did the clinicians not recognise the disorder or did they assume that the
skeletal changes were simply part of the ageing process? Whatever the answer, the problem was clearly
not being addressed. Yet osteoporosis is both preventable and treatable.

Recognition of atients with osteo orosis 4
m!?Osteoporotic fractures m “ ry affect the spine (crush fractures , hip, and distal radius (Cones’ fracture).

However, since the bone loss is a generalised process, fkactures can occur in any bone Q). The
possibility of underlying ”osteoporosis should therefore be considered whenever any elderly person, or a
patient with a predisposing condition, presents with a fracture.

Symptom-free individuals who are worried about their risk of osteoporosis-commonly women seen
about the time of the menopause-until lately constituted more of a challenge to their doctor. However,
we now know that a measurement of bone mass can predict the risk of fbture fractures (3J. When a
clinician is concerned about the risk of the disorder, measurement of bone mass with one of the
non-invasive techniques @ will permit quantitative assessment of the patient’s risk, and targeted
intervention if required. Some (4J have recommended screening the entire female population at or close
to the time of menopause; this maybe a sensible strategy but is currently prohibited by cost in most
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countries.

Intervention in symptom-free individuals A
The first stage of intervention conswts of behaviour modification, and the second of pharmacological
methods. The many so-called risk’factors that might increase the risk of osteoporotic fracture in an
individual are discussed in the accompanying article (p 797). In clinical practice, the weight that can be
given to any single group of risk factors is far from clear. Nevertheless, many of these factors are
common to other diseases or markers of poor health, and their elimination often carries more benefit
than mere reduction in fracture risk. Thus, patients should be encouraged to eliminate cigarette and
alcohol use, improve their diet, and exercise more. Cigarettes and alcohol are associated with an
increased risk of osteoporotic fracture, alcohol not least because of the high prevalence of use among the
elderly and the resultant increase in the risk of falls that can accompany overindulgence.

Dietary modification A
Improvements in diet include ensuring an adequate calcium intake and reducing salt, animal protein, and
caffeine, each of which maybe a minor risk factor in the pathogenesis of osteoporosis Q). The
importance of calcium intake is often debated. However, since an insufficient supply of the mineral from
nutritional sources will result in skeletal calcium being used to maintain serum calcium concentration
within its tightly controlled range, an adequate calcium intake is sensible. The difficulty is to define
what we mean by adequate for any individual patient. Within the USA, an adequate intake is generally
thought to be one that delivers 1000 mg of elemental calcium per day. For teenagers, pregnant and
lactating women, and those at particular risk of osteoporosis, the recommendation increases to 1500 mg
per day. Although some researchers dispute these figures, these amounts of calcium can be achieved-by
dietary modification and may have some effect in reducing the rate of bone loss, especially among older
individuals and those with very low intakes (Q Consequently, I believe this policy is appropriate and
worthwhile. Peak bone mass, which is largely under genetic control, maybe increased by modest
increments in calcium intake during the preteen years ~. Encouraging a healthy and active childhood is
likely to ensure that the genetic potential is attained.

Calcium supplements ~
For those who cannot or will not modifi their diet to achieve the recommended intake, calcium
supplements are often advised. In many circumstances this maybe a reasonable approach. Recent data
show some reduction in bone loss @), but there is a danger that the patient will identi~ the supplement
as a preventive agent that will protect her (completely) against osteoporotic fracture and that she need
take no fhrther action. This view is mistaken. Epidemiological studies of the effects of calcium on
fractures have given conflicting results and no controlled clinical trial has been carried out with flacture,
rather than bone loss, as the outcome.

When advised, cd”cium supplementation should follow simple guidelines. The aim is to achieve a total
intake of 1000-1500 mg per day. Thus, supplementation need only add to dietary intake, which usually
means that an individual will require a supplement of 400-600 mg per day. This is readily achieved with
calcium carbomte, the salt that is usually available. In our clinic we recommend one chewable calcium
tablet with each meal, since that delivers 200-300 mg with an acid load, which mimics dietary intestinal
calcium. bother way is to give the supplement at night to reduce the increase in bone remodeling that
occurs during sleep (9J No studies have rigorously tested whether there are significant differences in
effect with these different regimens, or with different calcium salts.

Exercise A
Recommendations for exercise are likewise variable, In general, weight-bearing exercise is thought to be
important, and many physicians simply recommend an increase in walking or aerobic activity. However, -
any effect of activity on skeletal status is likely to be small, and would only be maintained while the
level of activity continues. A more importan~ but largely ignored, benefit of increasing the Ievel of tiny
activity, especially among elderly people, is that the consequent improved strength, increased stability,
and better balance will reduce the frequency of falls and the risk of associated injury.
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Oestrogen A
Numerous studies have confkrned the cause and effect relation between loss of ovarian function and
acceleration of bone loss. Several controlled clinical trials have shown that oestrogen intervention slows
or eliminates bone loss, especially in the early yem after the menopause (J-Q).This effect is apparent at
all skeletal sites, including the vertebral bodies and the femoral neck. Efficacy seems to depend on the
amount of oestrogen delivered and not on the route of administration. From data obtained with
transdermal oestrogen preparations, we know that circulating oestradiol concentrations in the early to
mid follicular range are sufilcient to exert a skeletal effect Q&). Oral doses of 0.625 mg of conjugated
equine oestrogens likewise prevent bone loss, as do similar doses of other oestrogens (Q).
Epidemiological data suggest that oestrogen use is associated with a reduction of about 50?40in the risk
of hip fracture, and probably a similar if not greater reduction in other osteoporotic fractures (lOJ. In the
few studies that have examined the issue, the effects seem to be maximal in those in whom treatment is
initiated early in the postmenopausal period. Since the duration of therapy required to give maximal
reduction of risk is unknown, patients should be treated for as long as possible, at least for 5-10 years.
However, oestrogen therapy is also effective in older individuals and those with established osteoporosis
~). In such patients oestrogens stabilise skeletal mass, wth an increment of about 5V0in vertebral bone
mass and a reduction m the nsk of recurrent fracture.

Oestrogens are potent hormones with numerous effects. In prescribing for patients with osteoporosis,
these other benefits and potential risks must be discussed with the patient to ensure a decision that is as
informed as possible, something that is especially important for compliance. The possible reduction in
risk of cardiovasculm disease (14J and effects on menopausal and urogenital symptoms should be
reviewed. The increased risk of endometrial hyperplasia and thus the need for a progestagen (Q or for
endometrial monitoring by ultrasound or sampling, should also be discussed. The most difficult issue is
that of breast cancer (16). We still do not know for sure whether oestrogens increase the incidence of
breast cancer. In general it seems that the risk is slightly increased, especially afler long-term use,
without an increase in mortality. Although the overall benefithisk equation seems to favour the use of
oestrogens in most individuals, many patients maybe deterred by this possibility from embarking on
hormone replacement therapy.

Calcitonin A
The wide spectrum of oestrogen effects, and the likelihood that a proportion of patients cannot or should
not take these hormones, increase the need for alternatives that can be used specifically to protect those
most at risk of osteoporosis. Such agents-calcitonin and the bisphosphonates-target only the skeleton.
Consequently, determination of risk or presence of osteoporosis is required before they are used.
Calcitonin is a peptide hormone synthesised and secreted by the C-cells of the thyroid. The main and
clinically the most important action of calcitonin is to inhibit bone resorption by inhibiting recruitment
and activity of osteoclasts (17J. Several calcitonins are available (salmon, human, eel, porcine) but the
more potent salmon variety is most widely used. Until lately the main drawback with caicitonin was the
requirement for parenteral administration, but an intranasal spray is now available. Although absorption
can be erratic, preliminary data suggest that sufficient calcitonin is absorbed to reduce the rate of bone
loss among postmenopausal women and the nasal preparation may be of value in treatment ~.
Confirmatory investigations are now underway, as are studies to determine whether the reduction in
bone loss is accompanied by a reduction in risk of fracture. Resistance may develop to the effects of
calcitonin, especially to tie non-human types. Neutralizing antibodies are sometimes present, but their
role in resistance is unclear@. Further data are required to determine the specific effects of calcitonin,
especially in the oestrogen-dependent phase of bone loss.

Bisphosphonates ~
Bisphosphonates are analogues of pyrophosphate that preferentially inhibit bone resorption QQ). Several -
are at various stages of clinical developmen~ and one, etidronate, is available in some countries for
treatment of osteoporosis. The main advantage of these compounds is their availability when given by
the oral route, although absorption is modest and variable, with intestinal side-effects noted with some
compounds. Their potential disadvantages include their lengthy retention in the skeleton, and inhibition
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of mineralisation, which for etridronate OCCUrSat close to the dose effective in preventing bone loss.
Bisphosphonates acc~ulate in the acid environment be~een }he bone and osteoclasts, inhibiting these
cells from resorbing mmeral @). Controlled clinical ~als mdlcate that the net effects on bone mass are
very similar to those of oestrogen or calcitonin (~). Although some data support reduction in the risk of
fracture with etidronate adminis~ation, this conclusion is fm from secure. Thus evaluation of other
second and third generation bisphosphonates is important to determine whether these agents can
conclusively prevent fractures. With the multiplicity of side-chains attached to the carbon atom, it is
possible that there will be differences among the compounds in this class, not only in potency but also in
effects. These agents have the potential to become effective low-cost oral drugs specific for bone and
able to reduce bone remodeling and bone loss. Theoretically, one could completely eliminate the
remodeling process, especially with the more potent compounds, and there might be long-term effects
after cessation of treatment.

Other antiresorptive agents #
Several pharmacological agents have similar effects on the skeleton to those of oestrogen, calcitonin, or
bisphosphonates and fall into the general classification of antiresorptive agents. Progestagens (22J act in
a similar fashion to oestrogen at doses in excess of those used clinically to protect the endometrium.
Since these doses are also associated with considerable biochemical side-effects, including reductions in
high-density lipoprotein and increases in low-density lipoprotein, it is unlikely that they will be of value
in osteoporosis prevention. Anabolic and androgenic agents likewise reduce bone remodeling (23J and
loss of bone mass but also have unwanted effects on lipoproteins, and the androgenic side-effects reduce
their usefulness in the postmenopausal population. For hypogonadal men who become osteoporotic
testosterone is the treatment of choice. Tamoxifen seems capable of preserving bone mass ~, perhaps
by acting as a weak oestrogen in bone, although this drug has lethal effects on osteoclasts in vitro, a
feature not seen with oestrogens @). The active metabolize of vitamin D, 1,25-dihydroxycholecalciferol
(calcitriol), probably acts by improving calcium absorption and increasing the availability of dietary
calcium, but direct bone effects have not been excluded ~. Calcitriol is sufficiently effective at
increasing calcium aborption that there is a significant risk of hypercalciuria and hypercaicaemia at
doses only slightly above those used in clinical trials@. Consequently, its role if any in the treatment
of this disease is likely to be small. There is now evidence that a significant proportion of the elderly
population, especially institutionalised individuals, may have vitamin D insufilciency ~. Addition of
modest amounts of vitamin D (800 units; 20 mu g) to a calcium supplement can significantly reduce the
risk of hip and non-vertebral fractures among institutionalised elderly people; this result indicates that all
persons over the age of 70 should receive a vitamin D supplement, along with calcium. Thiazide
diuretics also seem to reduce fracture risk@, and in non-controlled studies are associated with
preservation of bone mass; (NJ a controlled trial is required before their use can be recommended.

Agents stimulating bone formation #
Fluoride is commonly used in Europe but has not been approved by the Food and Drug Administration
in the USA. Two controlled studies in which high doses of sodium fluoride were evaluated could not
identi~ a reduction in the risk of vertebral fractures and suggested that there might be an increase in the
risk of peripheral fractures (3 1.32). Impressive and continuous increments in bone mass in the spine
were observed for the 4 years of one of these studies. Less well controlled studies seem to show a
reduction in recurrent fracture risk (3J), but the concern about an increase in the risk of hip and other
non-vertebral flactures with fluoride@) limits its use. New bone formed under the intluence of fluoride
is abnormal and may we~en rather than strengthen the tissue @J, and calcium supplements must be
given to correct the mineralisation of the new bone formed. Use of lower doses of fluoride, or alternative
preparations such as the monofluorophosphate, may produce a more effective response QQ.

Panthyroid hormone-Evidence of cancellous bone preservation in mild primary hyperparathyroidism
(37) has added interest to the uncontrolled data that show significant increases in vertebral bone mass .
with the use of daily injections of the arninoterrninal tlagrnent of human parathyroid hormone ~.
However, no fhcture data are available, and reductions in cortical bone mass seen in one study indicate
the need for more intensive evaluation of this agent.
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Growth factors such as IGFs and TGF- Beta are abund~t in ma.mow and synthesised by various cells
including osteoblasts. These agents may have potential In the treatment of osteoporosis if they can be
administered to target the skeleton and eliminate the potent extraskeletal effects. They are being
evaluated with this in mind.

Clinical guidelines ~
Prevention 4
Prevention is likely to remain the most effective method of dealing with osteoporosis. Preventive
strategies include ensuring adequate calcium and exercise, and the avoidance of habits detrimental to the
skeleton (cigarettes and alcohol). For all (children and adults) an adequate calcium intake, preferably
from dietary sources, is important. The actual calcium intake required by any individual cannot be
determined by the clinician (there is no serum ferritin for calcium) and thus the general guidelines
(above) are used. Recommendations vary by country and by culture.

The most effective point at which to intervene is around the time of the menopause. A pretreatment bone
density measurement is a usefil guide to the need for therapy. The lower the bone density at the
menopause, the greater the risk of osteoporosis, and a reduction in density of 10O/o(1 SD) increases risk
by about 100%. If bone density is less than 1 SD below the average value for young normal individuals
oestrogen intervention should be strongly considered Q). Evidence of increased bone turnover may in
the future be used along with bone density to predict risk more accurately.

Standard doses of oestrogen (conjugated equine oestrogens 0.625 mg, or its equivalent) preserve bone
mass in most women (probably >90°/0).If bone mass is monitored, and is shown to continue to decline,
an increase in dose maybe required. The route of administration is not important-oestrogen may be”
given transdermally, subcutaneously, or percutaneously as well as orally, with equal skeletal response. If
the patient has her uterus, a progestagen should be added either cyclically (eg, medroxyprogesterone
acetate 5 mg per day for 12 days) or continuously (medroxyprogesterone acetate 2.5 mg/day), depending
on the patient’s preference. If the patient with a uterus does not wish to take a progestagen, follow-up
with intravaginal ultrasound or endometrial biopsy is essential. Duration of treatment is not entirely
clear. Data suggest at least 5-10 years, but a much longer time may be required. Bisphosphonates and
intranasal calcitonin may in the fhture be alternatives to oestrogen for prevention. For patients who have
had breast cancer, tamoxifen as adjuvant therapy should also provide some protection against
osteoporosis.

Treatment ~
For the patient who presents with a symptomless vertebral fracture, or a bone mass below the range of
young normal, treatment is directed at maintaining skeletal mass. Oestrogens remain first-line therapy,
with calcitonin or perhaps bisphosphomtes as the alternatives (this depends on country and approval
status). All patients should be given sui%cient calcium to bring total intake to 1500 mg/day, together
with a vitamin D supplement (800 units). The doses of oestrogen that are effective are similar to those
used in preventio~ although it is possible that higher doses are required for a greater proportion of
individuals. Calcitonin is given in doses of 50-100 units subcutaneously daily or on alternate days.
100-400 units of the intranad spray maybe required. Dosing for bisphosphonates is not clearly
established. Etidronate in the clinical trials was given cyclically (400 mg daily for 2 weeks every 3
months), but cyclical treatment may not be required for other bisphosphonates.

Testosterone in replacement doses is the treatment for hypogonadal men with osteoporosis. For other
male patients calcitonin or perhaps a bisphosphonate are the available options.

For patients presenting with acute pain from a vertebral fracture, treatment is directed toward symptom
relief and mobilisation. Analgesics should be prescribed, and the analgesic effects of calcitonin may
reduce the requirements for narcotics in some individuals. Mobilisation may require the temporary use
of a back support, and should be supervised by a trained physical therapist.

Patients who present with a hip fracture are usually over 75 years and there is no real evidence that
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antiresorptive agents are beneficial for this group. Calcium and vitamin D remain the mainstay of
therapy, together with measures to reduce the risk of falls and to protect the patient from the effects of
falls when they occur.

This work was supported in part by PHS grant AR39191.
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Dietary calcium and hip fracture risk: the NHANES I
Epidemiologic Follow-Up Study.

Looker AC, Harris TB, Madans JH, Sempos CT

Division of Health Examination Statistics, Centers for Disease Control, Hyattsville, MD 20782.

The effect of dietary calcium on hip fracture risk was examined prospectively using the NHANES I
Epidemiologic Follow-Up Study cohort, which is derived from a nationally representative sample of the
United States population. A cohort of 4342 white men and postmenopausal women ages 50-74 years at
baseline (1971-1975) were observed through 1987 for up to 16 years of follow-up. Quantitative
estimates of calcium intake were obtained at baseline from a 24-h recall, while weekly frequency of
dairy food consumption was obtained from a qualitative food frequency. By 1987,44 men and 122
women had experienced a hip fracture according to hospital records or death certificates. In the total
sample of women the risk of hip fracture was only slightly lower for the highest quartile compared with
the lowest. However, although not statistically significant, the age-adjusted risk of hip fracture was
approximately 50°/0lower in the highest quartile of calcium intake compared with the lowest quartile in
the subgroup of women who were at least 6 years postmenopausal and not taking postmenopausal
hormone. The low relative risk observed among men, although interesting, must be interpreted
cautiously due to small sample size. Adjusting for other risk factors did not appreciably change the
results for either sex. The pattern of relative risks for calcium quartiles and by selected cutpoints was not
consistent with a dose-response effect of calcium. Our results suggest that calcium may lower hip
fracture risk in late menopausal women.
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Dietary factors and the incidence of hip fracture in middle-aged
Norwegians. A prospective study.

Meyer HE, Pedersen JI, Loken EB, Tverdal A

National Health Screening Service, Oslo, Norway.

Dietary data from a prospective study were used to relate factors influencing calcium balance (estimates
of dietary calcium intake, protein intake from nondairy animal sources (meat, fish, and eggs), and coffee
consumption) to the incidence of hip fracture. During the years 1977-1983, women and men born
between 1925 and 1940 and living in one of three Norwegian counties were invited to a cardiovascular
screening that included a dietary survey. The attendance rate at screening was 91.10/0,and 90.7°/0of these
persons (19,752 women and 20,035 men) filled in and returned a semiquantitative dietary questionnaire.
This cohort was followed for an average of 11.4 years (range, 0.01-13.8 years) with respect to hip
fracture, defined as cervical or trochanteric fracture. During follow-up, 213 hip fractures were identified,
excluding fractures associated with high-energy trauma and metastatic bone disease. There was no clear
association between calcium intake or nondairy animal protein intake and hip fracture in this cohort.
However, an elevated risk of fracture was found in women with a high intake of protein from nondairy
animal sources in the presence of low calcium intake (relative risk = 1.96 (950/0confidence interval
1.09-3.56) for the highest quarter of nondairy protein intake and the lowest quarter of calcium intake vs.
the three lower quarters of protein intake and the three higher quarters of calcium intake). Women who
drank nine or more cups of coffee per day also had an increased risk of fracture, while there was no
association between coffee consumption and hip fracture in men. Although these findings do not
necessarily imply causal relations, they suggest the presence of risk factors for hip fracture that act
through a negative calcium balance in this population.
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I Biochemical and Molecular Roles of Nutrients i

Energy Restriction and Zinc Deficiency Impair the Functions of Murine T
Cells and Antigen-Presenting Cells during Gastrointestinal Nematode
Infection’f*

Hai N. Shi,*3 Marilyn E. Scott,*’ Mary M. Stevensont and Kristine G. Koski**4

“Institute of Parasitology and ●*School of Dietetics and Human Nutrition, Macdona/d Campus of McGi//
University, Ste. Anne de Bellevue, QC H9X 3V9, Canada and ‘Center for the Study of Host Resistance,
Montreal General Hospital, Montreal, QC H3G 1A4, Canada

ABSTRACT This study examined whether the impaired immune responses in zinc deficient- and/or energy-
restricted mice exposed to a challenge infection of Heligmosomoides polygyrus might be associated with reduced
numbers of spleen cells, altered propoflions of spleen cell subpopulations and/or altered function of the T ce!ls
or antigen-presenting cells (APC). Female BALB/c mice were given free access to either a zinc-sufficient (60 mg
zinc/kg diet, Zn-) or a zinc-deficient diet (O.75 mg zinc/kg diet, Zn –) or were pair-fed (PF) the zinc-sufflc!ent diet.
Significant differences in parasite burdens were observed. Worm numbers were lowest in Zn+ mice, intermediate
in the PF mice and highest in the Zn– mice, showing that bath zinc deficiency and energy restriction reduced
protective immunity against the gastrointestinal nematode H. po/ygyrus. Although the absolute numbers of spleen
cells were reduced in both Zn – and energy-restricted (PF) mice, neither deficiency aiterd the phenotypic distrib-
ution of the subpopulations of positive marker cells in the spleen. In vitro functional assays using a 1:1 ratio of
APC:T ceils showed that T-cell proliferation in response to parasite antigen (Ag) was impaired by a dietar~ effect
of zinc deficiency on T cells and of energy restriction and zinc deficiency on APC function. Consequences of the
nutritional deficiencies on cytokine production in response to parasite antigen were more complex: zinc deficiency
reduced T-cell function ~nterleukin-4 and interleukin-5 (IL-4 and IL-5) production], and both nutritional deficits
depressed APC functions flL-4, IL-5, and interferon-y (IFN-;,) production] and T-cell function (lFN-y production).
Thus, this study showed that zinc deficiency and enercw restriction Dlayed identifiably distinct roles in regdating
host immune responses against the gastroi~testinal n~rnatode H. polygyrus. J, Nutr: 128:20-27, 1998. -

KEY WORDS: ● zinc deficiency ● energy restriction ● cytokines ● mice ● parasitic rrfec!ion

Sulmprimal intake of zinc has rapid and adverse effects on
[he defense systems of rodents, primates and humans (Keen
at-d Gershwin 1990). h addition to che well-documented con-
sequences of zinc deficiency on T cells (Keen and Gershwin
19912~,zinc is important in the regulation of cenain micro-
phage functions (James et al. 1987, Wirth et al. 1989), and
in the production and development of B cells (King et al.
1995 ). Importantly, T-cell mediated responses are critical for
host protection against parasitic infections (h[itchell 19W),
and any impairment of T cells or the cells chat present antigen

‘ SuPP@ed by the Natural sciences and Engimsering Research council of
Canada (NSERC) Cdabofadve ProIact Grant (01S37S2) and NSERC Research

Grants (M-524 and A3SSS). %smrch at ttw lnstiMe of Paraattolcgy is suPP@ad

m part by NSERC and Fode FCAR pour I’atda et Ie soutian A la rechercti, a
Ouebac provincial funding Sga$’icy.

1The costs of publication of this article were defrayed in part by the payment
of page charges. This article must therefore be hensby marked “adveRkamant”
m accordance with 18 USC sectkm 1734 soldy to indicate ”tlws fact.

‘ Ffai Ning .%i is currently a postdoctoral fellow at me Mucoaal Immunology
Latmratofy. Pediatric Gastroenterology and Nutritica Massachusetts General
Hospital and Harvard Medical School. 149 13th Street (Room 331 0), Charlestown,
MA 0212S.

‘ Authors to whcm correspondence can be addressed: Macdonaid Campus
of McGdl Unwersity, 21,111 Lakeshore Road, $te. Anne de Bellevue, OC, Canada
H9X 3V9.

co them. caused by the numticmal Lieticiencies,
expected to cause a decrease m host protection.
ing~y few studies have txan-.ined the effect ot’
dehciencv on host-mmsire mterxtions (E1-Hae
Fenwick et al. 19S~, Wurh ec al. 19S9)~ Even-rkwer jtudle>
have attempted to isolate the etiect of :inc cleticlenc’; per je
from the effect of reduced foul intake that ~ccomparues :Inc
Lietic:ency and that also impairs immune function (Lti~:ke er
al. 1978, >finkus et al. 199 J).

To date, acrempts to determine the direct cause ci tht
impalreJ T-cell-dependent immune responses at the cellula:
level have been done in :inc -deficient animals m-ilv m the
absence ot’ infectious agents and have resulted m mmed con
chsicms. k[cxt researchers agree that a reductior. in l~mFhu

cvre numbers is a major Factor and that this re.iucricn E ~ncie
pendent oi the 5FeClfiC cell population (Cm~k-J!il!s and Frakt
199], Keen and Gershwin 19X). Hcwever, there 15[es: ~gree
ment regarding the etiecrs of :inc deficiency on !ymrh~~yr,
function. W_hen tested O* a per cell basis, some studies repx
no change in T-cell function (Cook -\[ills and Fmktr 1993)
whereas others inchcate an impaired ~bilitv co Fro[iterate Ir
respcme to mimgens (Zdn:onicJ et al. 19S2 ). J~me5 et a
( 1$S7), in Particular, reported rhat :inc Jeticiency ,mpucd T

LV2?.1166/98 S3.02 C! 1996 ,%merican Soc Lety (or Nlutrimm.d %ences.

Manuscrlpc rsceiv.d 19 June 1996. lm~lal review completed 13 August 1996. Rewsion acceptsd Zi .%E’USClWi.
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cell proljferarive response to rhe mimgen phytohemagglutinin
t PHA ).’ Defective T-cell-dependent responses may also result
~r..m nutritional impairment of anrigen presentation to T cells
.1. show-n by reduced T-cell mltogenesis when macrophages
t:.’m zinc-deficient mice were mixed with T cells from control
mice (James eC al. 1987).

Ozr lJbor.Im-y is involved in cmgo[ng rtsearch concerning
rhe effects of nutritional deficiencies cm host cleiense mecha-
nisms using the gastrointestinal trichostron~loid nematode of
fnice, He!iegmosomodm Poiygyrus. This parasite is used as a

m~el for chrome gastrointestinal helminthiasis (Y[onroy and
Enrique: 1992). CD4 + T cells, which are the principal effecter
T cells me~iatmg host protective immune responses against
H. Pokgyus inkion (Urban et al. 1991a), can be divided
mto two, or possibly three, functior.al groups defined by their
Fat[erCLSof cytokine secretion. Thl cells secrete interleukin-2
IIL-2), interferon-gamma (lFN-y), and Iymphotoxin, whereas
Th2 cells secrete interleukin-4 (IL-4), IL-5, IL-9 and IL- 10.
‘i%th tvpes express [L-~, granu[ocyte.microphage colony stim-
~]d[ln~ factor (G&f .CSF ), ar,d tumour necrosis factor (TNF ).

.+ Fut;tive third type of Th cells has been identihed on the
iasis of prmkzcrion of TGF-S, which is thought to be invwlved
m mucosal T helper function and down-regulation of Th 1
responses (Chen et al. 1994). The cytokines produced by each
.~i the cwo main CD4+ T subsets, Thl and Th2, work by
d~~wn-regulating the proliferation or functional activity of the
oFposing subset (Mosmann and Moore 1991). Thus, Thl cells
prcduce IFN- y, which preferentially inhibits proliferation of
l%? cells, whereas Th2 cells, which are responsible for generat-
ing strong humoral immunity against helminth infections
(Sher and Coffman1992, Urban et al. 1992), synthesize both
IL--I, which preferentially scimulares the generation of Th2
cells, and IL- 10, which downregulaces cytokines of Thl cells
by affecting .+PC (Sher and Coffman 1992). lgE and IgGl are
regulated by IL-4, eosirwphik are regulated by IL-5, and all
have been linked wlch hose procecrive immunity against this
parasite I-f. pol;gy-us (Urban ec al. 1991a, 1991b and 1992).
Current evidence suggests that the key protective component
~>t’this response is IL-4 (Urban et al. 1993). In adequately
ncwnshed mice, primary H. poly~ infection stimulates a
CD4 + T cell response chat has the following Th2 characceris-
r:cs: increased IL-4 gene expression and protein secretion, ele-
v:imd levels ot IL-3, IL.5 and IL-9 mRl?l?~, eminophllia and
J \-igorous B-cell respcme, resulting in substantial increases in
~emm ]gE an~ l=@l (~y,eclc CC~l. 1993, IJrbm Cc al. 1992,
W’ahid et al. 1993). Recencly, we demonstrated that zinc defi.
c\ency and eneregyrestriction enhanced che sumival of H.
p~l>gyus during both a primary (Shi ec al. 1994 and 1995)
~nd a challenge (Shi ec al. 1995) ipfection. During primary
[nieccion (Shi ec al. 19%), :inc deficiency, it-dependent of
energy rescricrion, resulted in a decreased delaved type hyper-
sensicivicy response in vivo and impaired production of IL-4
m.cl IFN-y by spleen cells in vitro. The observed decreases in
serum Ievek of coed IgE and [@1, impaired eosinophilia and

[mpalrecl prcxiuction oi IL-5 were artrlbuted co a combined

Cti-ect of :inc deficiency and energy rescriccion.
In this Study, the pocencial cellular defeccs of :inc deficiency

lncl energy restriction on ctifferenc compartments of the im-

5 Abbreviations used: Ag. antigen: APC, antigen-presenting cell; SSA. bovine
serum albumin; ConA, concanavalin A, FITC, fiumeecam-sothiocyanate GM-
CSF, grsnulocyte-microphage colony stimulating factw, HBSS, Hank’s balanced
salt solution; IFN - y; interferon-gam~ IL,inteffeukdn:L, third-stage iSfvSS;L,
‘curth-stage larvae; MM. mcmclrmal antibdy MIN. mesenteric iym@r node:

w:. poet challenge infection:PE,MycoarythnnpoiPF,pair-led(energymerrictad);
pm, ~~aggl~nin: Th, T h.sl~ TNF, tumw necroats fSCICz fi +, Zi~
suffuian~ ,% -, zrnc delicient.

mune system were exammecl in mice with a challenge infection
of H. polygyus. The objective was co obtain evidence that
would indlcace whether the impaired immune responses that
occur Jurlng [he challenge tnieccion in energy -restncced and/
or :lnC.dehClenL miCe Mlghc be asj~ci~[~~ With reJLICe~ num.

Eers ot jpktn cells, altered proportions of spleen cell WtbpFLL-

[atwns m-rd/or altered functi~m of splenlc T cells or antigen.
presenting cells (APC). To determine if energy restriction ant!/
or :inc deficiency affected T cell function, APC from Zn +
mice were paired with T cells from different dietary groups; T
cell proliferation in response to micogen and parasite antigen
was assayed, and cytokine production was quantdkl m vitro.
The same protocol was used to ex~mme the function O( .\ PC,
except that concrol T cells from Zn+ mice were paired with
AFC from different dieca~ groups. Three Th2 cytokines (lL-
4, IL-5 and IL. 10) were assayed because of che key role that
the Th2 resFonse Flays in host-parasite defense mechanisms
to H. polyy-w (LTrhan et al. 1992). !n addicicn, 1~-y was
measured because it is an important scimulato~ cycokine ior
a Th 1 response, and ics cverexpression could dowm-regulate
the Thj cymkines required for the resolution of rhls gascrom-
rescinal nemanxle infeccicm (Shcr and Cdfman 1992, Urban
et al. 1992).

NL\TERLALS AND METHODS

Mice and diefi. To achieve our objectives, we required a strain
of mouse in which protective immuniq exerts its effect within a few
weeks of challenge infection rather than days or months, and m
which a TM response phenotype was expected. The B.UB/c mouse
ww chosen. This mouse jtrain is classified w an ‘4incemediace re-
jponder” to che H. polyp parasite because worm expulsion normally
occurs wlrhin 4 wk of challenge infection (Mot-my and Entique:
1992, WahId et al. 1993). The immune resFmme oi B,ALB/c mice
has been well studied and Show to be Th2 dominant (L’rban et al.
199 la, [W lb and 1992), although infection also can Induce produc-
tion of the Th 1 cytokme. IFN-y (Shl et al. 1994, L’rban er A 1992~.

Three-wk-okl female BALBIc mice (Charles River, Sc. Constant.
~. Canada) were acclimated co a 1+-h ltghc 1~-h dark cycle and
ternperature-c~ncro[ ~ed (~~ - 25’~) animal r~cm for 3 c1while FA the
zincmticlent diet. Mice were housed mdivduallv in Xaigene cages
(Fisher Sclenr:tic. Moncrea!, @C) with srau-dess steel grids. T> mlnl-
ml:e envwonmental nnc contamination, all cages. grids, feeders ard
water bottles were acid-washed and rinsed with ilmoni:ecl wate: betore

use and were changed frequency’. [n additicn, p[amc falter q% were
placed over che cages. ,411 mice had free access co demni:ed water.
On d 3, mice ~ere weighed and assigned to three Jitferenc dle:a~
group: :inc jufkienc (h+, 6C mg ZrtAcgdiet). :wtc detkwnc (Zn -
C.75 mg Zrdkg diet) or pair-fed (PF, LX mg Zril’kg diet), for which
u-dividual mice were matched to a Zn - mouse. Each mouse m the
PF group was fed the h+ diet daily in amounts equal to that cmr-
sume.i in the previous ?4 h by m Zn— pawed mate. Mice were fed a
pcnvdere& Imxin-fortdied. egg-whlce-based diet, formulated to meet
1978 NRC requirements for the laboratory mouse (Table 1!. Zmc
was added as :inc sulfate to provide &’ msj :inc,lg diet for the Zn -
diet. an amount twice the recommended level (NR-~ 197S). N other
nucrwnts were included at levels dfic!ent!v above recommendation
to ensure chat a W% reductmn in foal mcake would noc gerterare
any ocher 5FeClhCnutrient deficiencies in the PF or Zn– mice. DIe:s
were otfered m mouse powder feeders (bkxatory Pmducrs, kfuntreal.
Canada) speciticallv designed co minimi:e hod spillage. kl(ce in Zn -
and Zn - diet groups were allowed iree access to dtets. @ady Lxd
ir,rake was deterrruned by subtracting the amount ot’kwd remammg -
m rhe feeder horn the amount given the prevwus day. Body weights
w-ere measured weekly, and total Imdv weight gain was deterrrtmed.
Al procedures were approved by the McGill .%umal Care Commlcree
according co the Canadian Council on Ammai Care (1984)-

hsfectiorzprotocd. To stimulate a strong how protective immune
response against H. pdygyrur infection, an anthelmintic .~bbreviated
immunizing protocol was used. Four weeks atier cmrsummg the exper-
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TABLE 1

Composition of diets?

Zinc suffiwent Zinc deficient
Ingredient (Zn-) (Zn;)

Egg whitel
Corn oil
Cornstarch
Sucrose
Alphacell
Choline bitartrate
AIN 76 vitamin mixz
AIN mineral mixs (minus zinc)
ZnSOd. 7H204
Biotin
Menadione
BHT5

g/kg

180
100
442.7
200
30
2
10
35
0.264
0.02
0.00045
0.01

gfkg

180
100
443
200
30
2
10
35
0
0.02
0.00045
0.01

1 ICN Bmchemicals, Dlvisionof ICN Btochemicals, Cleveland, OH.

2 Viamin mix (mg/kg dietj, as formulated by ICN Biochemical: thia-
min hydrochloride, 6.0; riboflavin, 6.0; pyndoxine hydrochloride, 7.0:
niacin, 30.0; Dcaicium pa~tothenate, 16.0; folic acid, 2.0; biotin, 0.2;
vitamin B-12, 10.0; retinyl palmitate (250.000 uig), 16.0; tocopherol
power (250 u/g), 200,0 choiecalciferol (400,000 ulg), 2.52; menadione,
0.05. powdered sugar. O.038.

3 Mineral mix (@g) as formulatadby ICN Blcchemicals: dicalcium
phosphate. 17.5; sodium chloride, 2.59; potassium citrate, 7.7: potas-
sium sulfate, 1.82; magnesium oxide, 0.84; manganous carbonate,
0.1 2252; ferric citrate, 0.21; copper carbonate, 0.01 052; potassium io-
date, 0.00036: sodium selenite, 0.00036; chromium potassium sulfate,
0.01924. powdered sugar, 4.13.

4Zinc concentration byanalysis(lCN Biochemical) was 0.75 mg/
kg diet in Zn - diet.Zn- diet byanalysis contained60 mg,’’kg diet,

5BHT, butylatetj hydroxytotuene.

imetxal diets, mice from each dieta~ group were infected with 10C
infecuve thmd-stage H. polygyr-usLmae (L}). On d 9 and 14, mice
were treated orally with pyrantel pamoate (Pfizer Canada, KAland,
Canada), ar a close of 172 mg%g body weight. m eliminare adult
parasites frorx the intestine. One week later (d J1), mice were rei-
nfected with 1N L: para.mes.

Three weeks postchai!enge infection, mice (& per dtetary group)
were kdled and the spleens were removed atyl weighed. The spleer;
cell suspensmru were prepared. and the rota] number of cells pe
spleen was quantdie~. Spleen cell suspensions were used for flow
c~tomernc analvs:s and for fne functional studies ot’ T cells and APC.
ACnecropm, the inrewme was removed from each mouse ancl frozen
at - 2C’”C. .\r a late: ume, worm were removed and counrecl.

Liver ~nc and copper analysis. Lwers were free:e-dried to con-
scant weight. iar ex:rxted wi& petroleum ether and w’et-ashed m
n]cric acd. Zmc and copper concentratiom~ were analv:ed by flame
acornic absorprlon s~rrophotomerr-y ( Perkin-Elmer 31CO; Perkm -
Eimer Canada, Montreal, Canada) anii expressed as milligrams per
kilogram fat-free dry weight.

Parmite and parasite antigen. Hel@mosornouies poly~nc LI were
obtained ~Y culturing rhe feces OFsmck CJ21 mice (Charles River)
cm mom trlrer paper for 7 d. The cultured Iamae were suspended m
clemm:ecl water ( 1N lanaeW pL}. and administered by gavage to
mu using a plperternan. The accuracy of the dose was es(lmared Iw
dmec~ courw or’ the number of larvae m each O( tive sham doses
th~: were dlspen>ed mm plasm pe:ri dishes before the expertmencal
iniectkm.

Par.mre anrlgen (.+g) was prepared using fourth stage Ianae (L, )
oi ,H pt,lyyus obtained trorn the mresrmes ot’ mice Infected 5 d
prfviousiy. parasites were homogenceJ in phndogic sa]me cm ice
for IP min. The homogenate w~s centrifuged at 15~V x g at 4°C for
1 h, and the supemacant recovered and sterill:ed with the use of a
0.2-~m Acrakc (Gelman Sciences., Ann .%ksr, MI). Protein con.
cenrracion was determined by using a commercially available assay

~Pm-%cl. Mississauga. Canada).

Spleen ceil preparation. Single cell suspensions were prepared
asepricall)~by passmrg indiviciual spleens in Hanks’ balanced salr solu-
tlon (HB>S, G/oco, ~urlu-ugron, Canada) through a tine, stainless

steel screen. Ilecl Mod cells were Iyseci with NH4CI (P. 17 mol/1) for
5 min and the cells were washed [wIce with HBSS. Membrane clebns
was removed by tilttrmg the cell suspension through sterile gau:t
Cell viahilir}- wi determined h! tmpan blue exclusion and u-as aluav:
>9C0m. The total nucleareci splenocyce suspension was kept m com-
plete RPM] 164? medium: RPkfI 164? (Giko) supplemented with,
5% heat-inactivated fetal bovine serum (FBS) (Giko), 2°m HEPES
buffer (Gibco), 10P,OW IU/L penicilim and 10C,WN pgl streprom} -
cin (Glbco).

Flow cytometric arudysk. W“ealso examined whether in ackfiricm
to reductwn in the cell numbers there were alteration< m the comp~l.
si:ion of the lymphocyte popu]atiom &cindicared hy flow cytomemc
analysis of spleen cells irom the difierent dwary grours. spleen eel”
suspensions prepared a< shove were ch]uced to a concentration of =
x 129 cells/L. Aliquots of L2.5mL were rransiemed to micrcxubes anc
blocked in sorting butler [PBS, with bovine semm albumin (BS,4 ),
10 ~, and scdum a:ide, 5 g~] with normal goat serum ( 1:4?). After
twc washes at 3&a X g with cold sorting buffer, cells were incubated
for 3? min on ice in 5J pL of soning buffer containing 1 ~g mono-
clinal antibody (rn,4b)/10$ cells oi either fluorescein- isothmcvanart
(FITC)-con]ugared anti-CD3 (clone 145-2Cl ! ), an:l.6~2P (clone
RR3-61Y !, anti-Mac-l (clone M1/7C), and anti-la’ (clone .<F6-
122.1 ~ rn.+b, or FITC-conjugated anti-CD3 combined with phvc~oer-
ythrm (PE)-conjugated antt-CDq (clone RM4-5 ) or anti-CDS (clone
S3-6.7) rnAb (Pharmingen. San Die~. C.4). The celk were washed
twice and resuspended m 152 pL ot > ,gL paraforrnaldehyde m PBS.
One- and two-color flow cytometric analyses were performed lmmeil]-
arelv after labeling, umg a Coulrer EPICS Protile 11 [Couher, Hia-
Ieal, FL).

T cell and APC enrichment. To obrairi cell popu[atlons of both
T cells and ,4PC from each mouse, a nylon woo! column separacior,
technique WZ<used. This method is known to yield a popularlon oi
spleen cells containing 85-9C’% T cells. sut%clent!y enriched for mos:
analytical purposes (]ulius et al. 1973). Spleen eel! suspensions.
pooled from groups of two mice, were adjusred to a densir~ of 1
X 121Ccells/L in complete RPh41 1642 mechum, p[are.i in 9~-mm
tissue culture dishes (Becton Dickinson Labwart, Lincoln Park, N])
and mcuhared for 2 h, ar 37’oC m 596 CO:. After incubation, the
nonaiiherenr cells were removed bv gently washing the surface of
each dish with 37’”C complete RPMI 1642. The adherenr cells were
collecred using a cell scraper and formed part d’ the .4PC source.
The nonaclherent cells were ennched for T cells b} passage through
a lt-mL syringe column containing 2.7 g nylon woo! (Fohsciences.
V’arrington, P.A). The column was incubated for 1 h a: 37’C, and
T cells were eluted with u-armed medium. ,4ntibody staining wmh
anti-CD3 and flow cytometry revealed that cells were -S5’30 T cells

The adherent cells from the nvlon wool columns were collecred
b}-addu-rg cold medium. These celk, toge:her with the ce!k ob:alned
from plasr]c adherence, were used as the source of’.4.PC. Both adhere
em and nonadherent cell Populauons were washed wmh :he complete
RPMI medium and their viability was determined by trvpan blue
exclusion. APC suspensions were incubared m tubes wrapped in ahs-
mmum foil in the presence of mltomycin C (Stgma, Mlsslssauga.
Canada) at a tinal concenrratlon oi 25 mgl ior ?? mm 3[ 37CC r.’
mhihr DN.4 synthesis (Wunderlich er al. 1992), The eti”ectlveness
o{ thts treatment was e~denced by the low prollierati,m ot the cells
(16.5 -29.5 Eq to concanavalin A (Con A) stimukmon, and 7.4-
11.1 Eq to .4g stimulation). .+frer inculwtion. the cells were washed
three times with an excess ~>icomplete RPMI med!um. ctwnrrd and
ad]us[ed [@a c~ncen[ra[i~n Lli ?I x 1~ CellS&. H(W C~K>fn~(~ ‘ad~5L:

sh~~wed that there were - SC’QO la- cells in the APC p.qwlarl,m.
T.ceil proliferation. For rhe m rltro iunctmnal SWdIeS ~,i T celi

and .4F’C, a 1:1 rario of .\PC m T cells was ch.>sen on rhe basis t~t
the srrong proliierarive responses seer. when such a rarl~~ was used r,>
exammc mnosenesls in nutriticmallv adeiruare mice (Crklit et al. I991.
and 1994). -

h-t our srudy, 102 PL of mixed ceH suspensions, containing 2.5
x 105 APC and 2.5 X 1(?’T cells, were aclded to each well m a 96-
well, flar.bortom microtirer plare (Falcon Lslware, Oxnard, CA), in
the presence of 10@PL of complete RFMI 164@medwm containing

,
\
(
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TABLE 2

Effect of zinc deficiency and energy restriction (P4 on nutritional status of BALB/c mice and parasite nurnbem at 3 wk
postchallenge infection with 100 Heligmosomoides polygyrus L31

I e:a~ Irutlal body Body weight Total food
~mlps weight gain intake Liver zinc3 Liver copper~ Worrnslmouse

9’ &9 wk g/9 wk /.mrollkg

Zn - 11.8 =0.5 8.2 = o.3a 1982 4.oa 1,662 o.06a
=F

0.55 t 0.03 3.5 z 1.0’=
11.5 Z0.5 5.7 z 0.3b 163 z 3.ob 1.51 z o.05a 0.42 = 0.05 7.5 z 1.ob

Zr, - 11.8 =0.4 3.6 = 0.4c 164 z 3.ob 1.34 = 0.05b 0.4420.03 16 = 2.Oa

1 Values are mean = SEM, ~ = 8, ~lfferent I.etiers in a column represent significant differences (P < 0.05), Zn+, zinc-sufficient mice; (60 mg ZtV

KG diet): Zn-, zinc-deficient mice (0.75 mg Zrvkg diet)

C~n .A (Calbl.whem, La Jolla, C.A) ( 1 mg/L), or parasite .%g (6.5
rn~), ar concenrrarions shown m give optimal stimulation (data
n.>t shou~), or medium on]y a: a negative conrrol. .4fter the cells
tvere incubated at 3i’°C in 5% CL>: atmosphere for 4~ h, 1 pci (37

klxq) [’H] thymdme (methyl. ‘H, specific activiry, 1 Ci/mmol; lCN
Blamedicsls Canada. Montreal, Canada) was added ro each well, and
~ell~ were ~u[tured for another 1S h. Cells were hamesred mm glass
X5erfilters wlch a Tlrertek cell Hanester (Slia[ron Insn-umenrs, %er-
[mg, \“.+). Rail loactlve emmions ,were counred In a Ilquid scintilla-
:I~>ncounter ( I J 19 Racklxta; LKB ‘J’allac, Turku, Fmlad). Results
were expressed as kiickcquerels. .411 samples were assayed in tr@-
cace.

Cytokine production. T%e mmed cell suspenwms. ccmtaming
rwal numbers oi .APC and T celis. were ad)usred to a hna! concenira-
:i.m of j x lCUcellsl in the complere RPMI 164Camedium. .A[lqums

T- 1.?- 2.7 mL \vere mcu’rated m 24-well tlat-borrom ttssue piates
~!%crn Ehckinmn Labware~ umh parasire .kg (at a final concentra-
:, ~n of ~.5 mg prareifl) prepared as above, or with Con .4 (final

concentration of 5 mg/!! ) (Calbmchem ). The cell suspensions were
ulcuba[ed at 37°C m 590 CC): atmosphere ulth humidity. Forrv-eighr
hours later, the cell suspension was cenduged at 35C x g, 4DC,for
10 min. The cell-free mpematants were recovered and stored at
- 7~PCuntil the~ were assaved for IL-4. IL-5. IL-10 and IFN-Y.

Cytokine ELLS.4. Tw,o-site sar-dwch ELISA were used for al[
o :~~iac de~ermlr,a[lons. The following pa;red .Abs were used: anti-
mouse IL-4 n+t i BVD4-1 D1 1, Pharminger, ~ and bionnylared anr~-
rn.mse IL-4 m.~h ~R\’D6.24G2. Pharrningen! for IL-4 quantification,
er,u-mouse [L. j m.%h TRFK.5 (Fhannmgen) and bmnnylared
W-4 (Pharmingen) tm IL-5: ant] -mouse IL-10 MAE JES&2A5
pharmmgen~ an: bmtmv!ared anu-m.xrse IL. 1~ m.4b SXC. 1 (Phar -

:ntnger, } fdr [L. 1J, ant anti-m.>use 113-> m<b R~-6,42 (Phm-
tnlngen) and blc>[:nv]ated anri.mouse li%-~ rr~4b XMC}I,2 (Phar-
7: .nger.) fc,: lH- > quan:lficarl.)r,. Szrepca~ldir,-horseradish percmt -
~ase cor-qugare (GLhco) was used * rhe .secon&ry layer, ad the
r~actmn was visiali:ed uwh .WTS \ Fw-Rad). The cmwent:at)ons
oi Cwok,ne$ were ~a{culare~ from sc~dard cun,es generared ~lth the
me of knLlwn ~oncen[ratiomc of’ recombinant murlne 11-4 (Gencyrne.

‘.iarkham. Cana,ja ). recnrnhlnanr rnurine IL-5 (Pharrrungen). recorn -

‘I?.. in: mu:lne [L. !2 (Piiarrningen) and recomhanr murlne [~-y

\ Ge~-vmc ). Tht ~en~lrlvltte> <o!the assays were a< follows: IL-4, L2.C15-
~ I ML IL-5, t.;5-t.J5 pc&: IL-IC, C.I-O.2 @L: IFN-y, 0.11-
;:: jg/L.

&ati.ttic~ a~y~i~. T{. rest for ~ler~~ effe~ts, ~>ne.wav.+~Q\.,~
‘~,unrran~f,,rmed h,>m,vww.w Jma U.I. per+ormed. .411resrs of the

) >T.<T verm~m 5.~.3,Evanston. IL (V’llkmstm.: i~.:u.er~ ,j, ,ne ~s,n: 5 ‘-
;“~’l I wlrh TukcY’> r,,+,~--h,}; Fairw:>e ciunpms,m (Lund .A LunJ
~‘S3 ), ,~1{ ~l~rren<e> ~~r~ ~L,n~lJer~,j ~igm]fjcanr .lr [FK C.J5 kvel.

RESULTS

Host nutritional status and H. po[ygyrws numbers. Die-
‘~v zinc Cjeficlency significantly reduced the food retake and
~ro~fi of the Zn _ fl’,~p (Table 2). Zinc deficiency Wasccm-
~ed by a significantly lower liver zinc concentration in zinc-

clehcient mice than in either PF or Zn+ mice (Table 2). Palr-
feeding also reclucecl the body weight gain of mice. Therefore,
this PF group was truly energy restricted, ha~’ing a significandy
greater energy deficit per gram of bcdy weight compared with
either the control or Zn - mice, which dld not differ (data
not shown). By inference, the Zn - mice were not additionally
ener~ restricted when their food intake per gram of body
we]ghr was compared wtth the intake oi the Zn - mice, even
though, according to the classic pair-feeding protocol, absolute
food intake of the isoenergetic diets and therefore toral ener~
intake was si~~ifican[ly lower. We concluded that the Zn–
mice were singularly :inc deficient. h!easuremenr: of umrt-r
t-dens showed that very few worms remained in zinc-suffi-
cient mice killed 3 wk postchallenge infection (pci ); twice as
many worms were obtained irom PF mice, and twice as man}-
again were obtained from Zn– mice (P < 0.05) (Table 2).
This showed that protective immunity was reduced by energy
restriction and impaired even further by :inc deficiency.

Sjdeen cell @pulation. Energy restriction and :inc defi-
ciency reduced both the size of the spleen relative to bcxly
weight arrd the total number of spleen ceils (Table 3). Zinc-
deficiem mice had significantly fewer spleen cells than both

PF and Zn + mice, and PF mice also had a lower number of
the cells than Zn+ mice. Neither zinc deficiency nor energy
restriction had a significant effect on the phenonTic distribu-
tion of cells bearing the fol}cuing markers: CD3 ~,
CD3-iCIM-, CD3+CD8+, B22C’+ or Mac 1+ (Table 3).
Therefore, a selective shifr in immune cell populations was
not induced by either :inc deficiency or energy resrncticrn.

APC jinction. V’hen Con A was used as the mitogen,
similar prcrliferarive responses were obsemed among rhe dietary
groups, regardless of the source of APC in the culture (Fig.
1.4). In contrast, when parasite-specific Ag was used as the
stimulus, T-cell proliferation was significantly lower in the
presence of .IWC irom both Zn - or F’F mice than in culrures
v“lch .4PC from Zn - mice (Fig. 1B). Thus, these result: show
thar energy restriction and :inc deficiency affected the ability
ci .APC to stimulate proliferation of T cells in response to
parasite-speci!ic .4g, when a 1:1 ratio of .4PC to T cells was
used.

The funcrion d .4PC was also evaluated by comparing the
ablllty of .APC from diiferent dieta~ gr~wps to induce T-cell
secretion of cytokines in response [O parasite-speciirc Ag or
C~m A (Table 4). .After stimulation with Ag. bt~th :mc cleii-
ciency and energy restriction impaired the abiliry of APC to
induce IL-4 production. A significantly lower concentration
of IL-4 was detected in cultures with APC from Zn– mice
compared with those from PF and Zn+ mice, but also a lower
level of IL-4 was produced in cultures containing APC from t
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ThM ohervatlon is consistent ~lth most nutritional studies
shouting a reduction in lymphocyte numbers in :inc-clehclent
animals (Cook- klllls and Fraker 1993). Although the precise
narurt of splenic invol~’ement in immunity against the intesti-
nal nematode is nor yet clear, the spleen ~espcmds to H. poly -

gy-us miecrion, as evidenced by the prcmounceci $Flenomega[y

thar accompanies infection (Parker and Inchley 1990, Shi et
al. 1994). 1L has been su~gewed that this occurs when the

Nmesenteric Iympti nodes I LN ) are unable to process all of
the parasite antigen (Parker and Inchley 1992). .~n effective
immune response requires not cm!}-a sufficient num’oer of nor-
mally functioning lymphocytes. bur also a balanced composi-
tmn of lymphocyte populations. !ielther :inc deficiency nor
ener~ restriction altered the proportion of total T cells, their
CD4 - and CDS’ suhsecs, B cells or macrophages. This is ccm-
sistent with data from infected rodents showing that, except
in the most severe cases, :inc deficiency does not alter the
composition of splenic lymphocytes in the uninfected mode]
(King and Fraker 1991); it is also consistent with srudies show-
ing that energy restriction has no effect on the ratio of Cm-
to CD8- spleen cells, despire the generalized increase in the
percentage of cells caqing these markers (W’oodward et al.
$995).

The similar composition of spleen cell populations among
our clietam groups suggested that the impaired T-cell prolifera-
tion and cytokine pvducrton seen in our in vitro assays may
have reflecred a hmcrional defect of T cells or .4 PC. At 3 uk
posrcha[lenge, which was the time of peak respcme in :inc-
suficient mice, T cells and APC were removed trom mice
frmrt the ciiiierent ilieta~ groups and mixed in Intro. Zinc
cleii:iency exerted a strong effect cm T celk and T-cell prolit_er-
ation. Defecrs in DN.4 synthesis (\ ’allee and Falchuk 1995),

changes in cell membranes and signal tran-dtction pathways
(Cwmk ml %mogvi 19SS) or penurbations in parasite
antigen and class 11receptors or co-stimulamry CD26 and/or
CTLA-4 molecules on T cells, and B7 molecules on APC (Lu
et al. 1994) are potential underlying mechanisms that could
result in the low T-cell prohferation asscrciared with zinc defi-
ciency “

@ur resulrs show for the first time in infecred mice rhat
energy restrlcuon impaired the ahili~ of .4PC to stimulate T
cell Froliieration in response to parasite .<~. Energy restriction
has also been shown to cause a defect in the interaction of
microphage an~ T celk m uninfected mice (Chnstadoss et
a!. 1QS4). .+[rh.wgh alrerecl immunity has been repcmecl in
situations ot’ reduced food intake (Luecke et al. 1Q78), the
mechamsms by whtch energy res:ricricm atiects the ~mmune
resp.mse haie r-m yet been determined. The results presented
in our study sugges: that functional impairment of APC may
be one of the possible cellular mechamsms for the decreased
T cell-dependent immune function commonly seen in the
enerm-resrric~ed host (W’ocdward er al. 1995).

h~rh :]nc deficiency and energy rexriction impaired the
.4g-specihc respon.w, whereas when the T cell mlr.~gen, Con
.~, was used, the responses were indistinguishable among di-
etary groups regardless of the source of T cells or .\ PC. Con
.4 M a polycltmal acriva[or f~>r many popularmm of T cells,
including lx,rh CD4- and (2X- T cells, whereas parasite .4:
pwierentlall~ stimulates senslri:ecl CD4- T cells. Thus. CD4-
T ~ells are rhe m~w activated cell types ciurm~ H, pol~gws
ln!~.ction and are lIlwly r~l have elm”ated races oi pr.>liieration
ani sccrecion. making them more sensiti~’e to nutritional defi-
ciencies. The Con A results init~al]y were surprising, given
that James et al. ( 19S7 ) reported rhar zinc deficiency reduced
the abillry oi macrophages m activate T-cell proliferation co
PH.4, whereas we tested the proliferative response to the mlto-

ET AL

gen Con A and parasite antigen using a differenr ratio and
different cell populations. ]ames et al. ( 1987) used pure macro-
phage populatmns, whereas we used total APC populations
containing perhaps 10- 15% macrophages. Therefore, our pro.
rLXOl was more ]Ike[y to detect nutrient effects on B ce]k, tht

predominant cells m the APC population, rarher that tht
relatively smaller population of macrophages in the stud}- ot
James et al. (19S7).

Cytokines are pouerful regulators of immune response:
(Idosmann and Moore 1991, Urban et al. 1991h and 1995!,
and our study shows that both :inc deficiency and ener~
restriction dramatically impaired cytokine secretion by per-
rurbmg .4PC and T-cell function. Con A stimulation after
energy restriction reduced the ability of .4PC to stlmulare T-
cell producricm of IL-5 and IFN-y, whereas energy restriction
reduced the abiliry of T cells to produce IL-1(?. Cyrokme pro-
duction in response to parasite antigen was different. IL-4
secretion wa~ reduced not only by the effects of :inc cleficienc~
on T cells, but also by the combmed effects of ener~ restric-
tion and :inc deficiency on APC mclucticm of T cells. De-
creased IL-4 levels in the supematants could reflect eifects ot
:mc on one or more of che steps involved in transcription.
translation (Vallee and Falchuk 1993) or in transport of the
cytokine co the cell membrane, its passage rhro.ugh the mem-
brane or i~ release from the cell surface. The etfect of zinc on
APC stimulation of T cells was consi~[ent wl[h [hat oi Jame:
et al. ( 1987), in which microphage function was ir-ripaired,
after 12 wk of zinc deficiency, hut diiferecl from char of Cook-
Mdk et al. ( 1991) in which .4PC ~rom Zn- mice were able
[C process and present antigen et%ciendy. Reduced IL-4 pro-
ducrmn in the Zn– host would be expected to prolong parasite
sunival and also to cause a decreased I@ I and IgE response,
because IL-4 simulates B cell class switching tc I&l and lgE
secretion (Mosmann and Moore 1991). Our in vivo data had
previously shown that al! of these defects occurred in Zn –
and energy-restricted mice (Shi et al. 1994) after a prirna~
infection. Now we can conclude chat simi~ar changes occur
during a challenge infecrion.

Dieta~ defects in :inc and energy also produced changes
in IL-5 production. Zinc deficiency Jm-n-reewlated IL-5 pro-
duction through an effecr on T ce!ls, whereas both :inc clefi-
cierq and ener~ restriction down -re=wlated IL-5 production
through effects on .4PC iunccion. Because IL-5 regulates devel-
opment and funcrion of eosinophi!s (Coffman er a]. 19S9).

the reduced IL- 5 producrmn was presumably the cause of the
[OWeosm.~phllia that we previous!! reptx-red in both Zn– and
FF mice (Sh: et al. 1994).

in ccmchuxon, we ha~’e presenred evidence that hcm prote:rive
immune respmses against H. poly~mc challenge infection were
significantly Impaired by dietaq zinc deficiency and ene~ resrric -

ti~m. usi~; a 1:1 ratio crt’APC:T cells. in agreemerx with previau:
Studm (Sni et al. 1?94), we atrrihuttd these impttired Immune
respmse$ m part to reduced numbers oi l~mphcctms cau.sd by
bxh :inc deficiency ax! energy resrnctitm, in adJm.m, we demLm-
strared that che reduced capacity of APC to induce T-cell responses
in vltr,~ um caused by hx-h ener~ restricri~m ard :inc deiic iency.
whme~c iuncriona] det_ecLt in the T eel]: u,erc cau.sd by :inc
Jeficmncv. .+lth~xsgh uc sndied only ~me r.ltit) ~~~T cell r, .4PC.
there is alwaw tlw possihdi~ that a diiikrenr rati,~ could prcduce

Wirent resuks. W“e have no evidence that either Jeticiency al-
rered the pr.pwthm oi cell subpphk~m< in the srken. @ur
results provide novel infmrnariun concerning the underlying cellu~
lar mechantsrns whereby zinc deficienq and ener&T restrictmn
impair host projective immunity against the irmestmal parasite, H.
~xx-muticus~ cellular level by profoundly perturbing T-cell and
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ABSTTUCT Molecules with vitamin K activity are Irn-
pottant for optimal bone health. The mqjor compound
of this group in bone fs vitamin K1 (phyffoquinone),
which 1s derfved exclusively from plant foods in the
diet. Vitamin K1is absorbed along wfth dietary fat from
the smatl frttestfneand transported by chylomicrons fn
blood. In serum obtained after an overnight fast from
healthy men more than half of the vitamfn K, was re.
covered from the densky fractfon that contafrts chy-
lomicrons and chyfomicron remnants (CR), and only a
quarter was associated with the major Upoprotelrr In
serum, low density Ifpoprotefn. The concentration of
vftamin KI in serum is closefy related to the triglyceride
concentration. Another determinant of tiamln K] con-
centration in serum la the presence of specftlc vartants
of apolipoprotefrr E (apol?). ApoE fs a small protefar
through whfch the vftamln K-rkh CR bfrtd to Upoprotefn
receptors. The three moat common varlartts of apoE
promote CR ckarance from cfrcutatfon with very differ-
ent efltckncy, in the order E2>E3>E4. Ilte variant
that promotes U? clearance beat Is ●ssodated with
low vftamirr K, concentmtfoat br semm and increased
response to vftamfn K anbgonfsts. Wtamfrr KI concen-
tration in serum is Ifnked to vftamin K status of bone.
The bone protelrs osteocakfn tends to be ksa com-
pletely carboxylated in people wfth low vitamin K con-
centrations in serum. Marty hemodialysis patients with
a histo~ of bone ftactrares have indications of poor.
vitamin K status. The same patknta also appear to
have a greatfy fncre+ed prospectiw bone ftactaare
r’hk. J. Piutr. 126: 1192S-11%S, 19%.

INDEXING KEY WORDS:

● phyllotpdnone ● vitamin K ● lipoprotein
. apdipoprotein E ● bone fmcfure

Until recently, the only known function of vitamin
K was its role in blood coagulation. Infants during a
few weeks after birth are at risk from hemorrhage due

0022-3 166/96 $3.(MI01996 knericarr Lrtatnuce of Nutrition.

to lack of vitamin K; newborns in many countries ~;,
routinely receive intramuscular or oral doses of vi~~
rnin K as a prophylactic measure with great succ~ It j

is extremely rare, however, that older children or a~~~
who are otherwise healthy develop a bleeding probla’;
because of low vitamin K intakes. Intestinal bact~”~-
provide some vitamin Kin addition to dietary aourc&-~
(Conly and Stein 1992], although the actual amotu@
are not known (Lipsky 1994]. On the basis of ~%
knowledge, an average intake of 1 ~g vitamin K/lr$$,
body weight was assumed to be sufficient to maintain?
optimal health (Subcommittee on the Tenth Edition d’
the ItDAs 1989).

j

:.
In the last two decades several novel vitamin K

pendent proteina have been identified that are not
lated to blood coagulation. Attention has since f
increasingly on the importance of vitamin K for
health, and it has been recognized that vitamin K -
plies may be suboptimal in bone but sufficient to m ~
tain normal blood coagulation. The following revi
will discuss the transfer of vitamin K from the sits’
intestinal absorption to bone and how this is mo&-,..
lated by common genetic variation.

Bone tissues need vitamin K @
,2

Vitamin K participates in the residue-speci13c car---
boxylation of proteins that thereby acquire the abili~ ~

.$

1Presented as part of the Symposium “Nutritional Admnccam%
Human Bone Metabolism” gwen at the Experirncmal Biology ‘9S
meetms, Atlanta, GA, on April 11, 1995.This symposium was q--
aored by the American tnwitute of Nutrition and supported in pal
by the National Dauy Council. Guest sthtor for sbe ayrnx.:
publicstioo was ]ohar J.B. Anderson, University of North Card@’-
Chapel Hill, NC. -,.~

zTo whom correap6ndence should bs ad&ewed Univcraity d i
North Carolins at Chapel Hill, Department of Nutrition, CBU7UQ
School of Public Hcatth and School of Medicine, 2205A McGavrsa.
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* hind calcium (Furie and Furie 1990). Bone ce~s pro- I or from fermented foods. Ml natural forms of vitamin

,
~-~jeral of these calcium--binding proteins incjud-
~-ateocalcin, matrix-Gla protein (MGP~ and protein
s (Vetrrteeret al. 1995J.The precise function of these
p~teins in bone is still unclear. Both osteocalcin and
MGPare thought to facditate bone mineralization. It
k- also been suggested that osteocalcig links osteo-
~ and osteoclast activity, based on the observation
dqtosteocalcin aids in the recruitment of osteoclast
preqrsors. Protein S has recently been identified as a
ligand of tyrosine-kinase type receptors that modulate
cdl proliferation.
~N,of these activities require the carboxylated forms

&@ proteins. During synthesis the nascent proteins
m- @u.ssed by a vitamin K-dependent microsomal
@OXYk. Protein carboxylation cannot proceed in
tk.absence of vitamin K. Cortical bone contains as
m-~ vitamin K as liver (Hodges et al. 1993, Usui et
L, ~~), which is several times the concentration in
~,However, the minimal amount of vitaminK that
abane cell needs to support carboxylase activity is not

%“

r ., r
~; ...,-

&ever a glutamate residue is carboxylated one
‘~~ of vitamin K is oxidized to the 2,3-epoxide

%

-,--vthe same time. Vitamin K-2,3-epoxide may
“~.<~ regenerated again by vitamin K-2,3-epoxide re-

that residm in the immediate vicinity of the
-b. About 40 mrnoles of Gla are excreted daily
-d et al. 1993], and art equimolar amount vitamin
K ~ oxidized. Daily vitamin K reqtiements, in con-
tru~ are not more than 0.2 pmoles (Suttie 1987). It is
~ble to assume. therefore. that art avera~e vita-
ti K molecde is ~ecycled several hundred-times.
~ethelesa, without an outside supply, bone cells be-
-e ti~ K deP1eted and function less well. AQ
‘-t question is, therefore, how individual bone
* ~uire vitamin K and which factors influence the
et that is transferred.

~Qdta are th. main vehicle o[oitamin K

Fat ~ ~ne stores some ~M~ K (Hodges et d.

1W3) md may provide this to bone cells. Ultimately,
beWr, all vitamin K is transported to bone by way
d tie blood circulation. Actually, - several different
b of vitamin K are present in bones and other tis-
‘“ ne dominant form is phylloquinone [vitamin
“l) which is exclusively derived from foo& of pl~t
wt~ (Sheaer 1995], ~ addition, severid sPecies ‘f

‘Cnaquinones with vitamin K activity also are present
‘n htc, and these may originate from entenc bacteria

-
‘ibr*tions used CR chylomlcron remnants, HDL, h@r den.

“q bProtetis; LDL Iow ‘dcnslty h~protcms, MGp. ma(~-Gla

x ~t tn~ycende.nch hpoprotems, VLDL, very low density
&h.

K are extremely lipophilic tid therefore not miscible
with aqueous solution such as blood. Vitamin K is not
bound to proteins like some of the other fat-soluble
vitamins but in blood is exclusively associated with
lipoproteins. Table 1 shows the distribution of phyllo-
quinone in serum density fractions that were obtained
from healthy volunteers after they had fasted over-
night. A very similar distribution has been found in a
larger group of hemodialysis patients, both in respect
to vitamin K, and vitamin KZ menaquinone-7 (Koh.l-
meier et aL, unpublished data]. Vitamin K was predom-
inantly associated with the ‘triglyceride-rich lipcrpro-
teins (TRL); much smaller fractions were carried by
low density lipoproteins [LDL) and high density lipo-
proteins (HDL].

The TRL fraction actually comprises two families
of lipoproteins very low density lipoproteins [VLDL]
and VLDLderived lipoproteins from the liver, and chy-
lomicrons and chylomicron-derived lipoproteins that
are of intestinal origin. These two metabolically di-
verse families of lipoproteins are not well resolved with
current techniques. However, results from previous in-
vestigations can aid in the interpretation of the f3.nd-
ings. Upon oral consumption, radiolabeled vitamin K is
absorbed from the small intestine, becomes associated
with chylomicrons in blood and disappears from circu-
lation at the same rate as chylomicrons (Ichi.hashi et
aL 1992, Shearer et aL 1974]. This pattern is consistent
with the assumption that chylomicrons and chylorni-
cron remnants are the main carriers of vitamin K in
blood. Furthermore, much less vitamin K is found in
the LDL fraction than in the TRL fraction. Because
VLDL are the direct precursors of LDL (Mahley et aL
1989), the low vitamin K content of LDL indicates that
the hepatic VLDL CaITYsimilarly small amounts of vi-
tamin K.

The metabolism of chylomicrons has been investi-
gated extensively both in humans and in animals [for
a review see ?vlahley et al. 1989]. Chylomicrons form
in the intestinal mucosa in response to the presence
of intracellular triglycerides and are secreted into in-
testinal lymph ducts. AS chylomicrons enter arterio-
venous circulation, lipoprotein lipase starts cleaving
the triglycerides they catty. At the same time there
is a selective exchange of lipids and apolipoproteins
with high density lipoproteins [HDL]. Within a few
minutes the large, triglyceride-rich chylomicrons are
thus convened into much smaller, triglyceride-de.
pleted lipoproteins, the chylomicron remnants [CRS),
which differ considerably both in composition and
in metabolic properties from their precursors. CRS
contain apolipoprotein E that they acquire both from
HDL in circulation and from hepatocytes when they
enter the space of Disse in the liver (Shimano et al.
1994]. Through the mediation of apolipoprotein E
(apoEl CRS bind to lipoprotein receptors embedded in
cell membranes and they are taken up into these cells
by pinocytosis.
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TABll I

Phylloquissoaein themain Zipoproteitr fractions of @issg healthy subjects~.2
—

Total serum
-

TRL LDL

Phylloquinone, nmolll 0.85 z 0.52 0.45 = 0.29
PhyUoquirsone, % of totol

0.16 =0.14
100 51.4 * 17.0

Cholesterol, mmolfl
2S.2 z 7.6 23.3 = 10

5.3 z 1,4 0.9 t 0.5 3.2 t 1.3
Tngfycendcs, mmolll 2.1 :1.1 1.7 t 1.1 n,d.3 n.rL

1VS2W arc mama t SD, n = 10.
2 Lipoprotein fractions were prepared by aequcntial ultracenti~tion at densities d = 1.006 kg/1 asadd = 1.067 ~ at 4°C and 95,000’

g for 18 h each time [Havel et al. 195S]. Phylloquinone was rnwwed by a m~tistage p~edwe with kl ~ysu by I@ pcfio~u ~~

chsomatngraphy iHPLC)with dual-electrafe elecmachemicaldetection (Shearer 1991), In outline the stages were (a]extraction of lipids $

3

plssma or Ispoprotein fractions with further puriikaaon by (%)aorbcnt exuaction using silsa cartridges and Ic) normal phssc HPLC, The
elecmchemical derection stage [d) was coupled to a reversed phaac HPLC column which resolved phylloqufnone from MK-7 and the in
standard {MK-6) used to correct for losses.

3 n.d. = not dctcrmiracd.
TRL = triglyceride-rich Iipopmtcins; LDL = low density lipoproteins; HDL = I@ dcnsiry lipoproteins.

. .

..,,.

Factors tftat influence uitamin K concentrations
in bioo$

Being fhn.ly associated with the lipoproteins of in-
testinal origin, vitamin K essentially shares the meta-
bolic fate of chylomicrons and CRS. It may thus seem
redundant to note that triglyceride concentrations
closely correlated with vitamin K concenmationg (Sa-
dowski et al. 1989, Saupe et aL 1993) berxuse chylocni-
crons are very triglyceride-rich lipoproteins. However,
in blood obtained after an 8 to 12-h (overnight) fast
most of the triglyceride is associated with VLDL or
LDL and not with lipoproteins of intewinal origin. The
association of trigl ycende and vitamin K concentra-
tions ~ot be a direct one; but it is more likely to
be due to the fact that VLDLarid chylomicrons share
catabolic pathways and therefore compete for the same
enzymes and activators. Individuals with impaired
VLDL catabolism and hypertrigIycendemia also have
elevated concentrations of CRS (Slyper 19921; those
with Iow serum triglyceride concentrations, on the
other hand, tend to clear all triglyceride-rich lipopro-
teins more rapidly and have lower CRS concentrations.

Many acquired and constitutional factors are known
to affect the clearance of chylomicrons and CRS includ-
ing a common polymorphism of apoE (Mahley et al.
1989). ApoE is a 32-kD protein with genetic variation
of the amino acids 112 and 158. Three variants with
different isoelectric points are regularly encountered in
populations worldwide (Hanlon and Rubinsztein 1995),
and these are designated E2, E3 and E4 on the basis of
their electrophoretic mobility. The combination of the
parental genes-allows for six possible phenorypic com-
binations [in order of frequency E3/3, E314, E213,
E4/4, E2/4, E2/2). The rate at which CRs are cleared
from circulation is faster in people with one or two
gene copies coding for the variant E4 than in people
who have only E3i CRs clearance is slowest in those
with one or two gene copies of E2 [Cortner et al. 1987,

i

Transfer of vitamin K from blood to bone tissue .’

Bone mamow is an important site of chylomi

a

and CR removal [Hussain et al. 1989]. Animal e
menta indicate that nearly all intestinal lipoprot “
are removed born circr.dation by liver, spleen and bo~
marrow within <1 h. The reason for the preferen t&
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~~ of ytestinal lipoproteins to these three tissues
~ ~ ~vtous. Most ussues are separated from the
~~ by layers of endothelial and other in-
- cells. The receptor-bearing cells in liver,
~mdbone marrow, in contrast, have direct access
~,-tirtg bld arid Cm thus bind and acquire lipo-

%

preferentially. Among the bone marrow cells
~’” @ch direct access to intestinal lipoproteins

“k< .“: ‘ and mesenchymal stem cells that are the
c&b prec~ors of d bone-forming cells [Baron
~i R~ndmg to,appropriate stirntii these precur-
~qlja rmgrate to sites of bone resorption where they

~% ytivated bone surface and form osteoid tissue.
j,, cells will carTYwhatever amounts of vitamirt K

*

ed from circulation while still residing in
“ ‘-*W. The migration of precursor bone cells

~~~--w into bone may thus be the ilnal step
~’e K transport from the circulation to bone
*j:r,

*Precise mode of vitamin K transfer from circula-
** tO hone-forming cells is of great impomance
~ ~~understanding of vitamin K effects on bone and
~ @~ further explored. However, little doubt ex-
* tit the concentration of vitamin Kin blood and
~-~@bility to bone are linked The relationship that
b~tetltly found between percent carboxylated os-
~ and e- K concen~ation in serum attesta
* * ~ [Saupe et al. 1993]. Osteocalcin is almost
~vdy derived km new synthesis in bone. When
~cin is rel~ed to blood it has a half-life of otllY
c b *utes. Furthermore, the calcium-binding form
d ~cti is more completely earboxylated than
&-binding osteocalcin. Therefore, the ratio of cal-
Cim phosphate [hy&oxy]apatite) binding to nonbind-
ing ~t~a]cln in semm has been used to assess vita-

~ln ~ status of bone IVermeer et al. 1995).
‘More recently the concentration of vitamin .K, in

‘mm was found to & a major determinant of bone
-e history in hernodialysis patients and the over.
‘~ risk factor for bone fractures in these patients
‘~~eier et al. 199sc~. patients with a history of bone

fractures had signMcantly lower vitamin K, concentra-
tions in serum 10.85vs. 1.62 nmolfl, P <0.0011 and a
lower percentage of hy&oxylapatite’-binding os~eocal-
cin (48 vs. 55Y0, P < 0.01). ~g the 2 y after bio-
chemical measurements 12% of the patients (8 of 68)
suffered bone fractures, and all of these had vitamin K,
concentrations < 1 nmol/1 at the outset. Their low
percentage of hy&oxylapatite-binding serum osteocal-
cin (mean 42?f0 ) indicated that they had a much poorer
vitamin K status in bone than patients who did not
suffer a fracture.

Several studies have now demonstrated that vitamin
K is important for human bone health and that in-
creased dietary vitamin K intakes can improve mineral
retention in some [Vermeer et aL 1995). Knowledge
about the ioumev of this essential nutrient from the.
intestine to bone cells remains sketchy. Lipoproteins
of the chylomicron family appear to be the main vehi-
cle of vitamin K transport in blood As a consequence,
any factor that influences chylomicron metabolism is
also likely to affect vitamin K transport and its avail-
ability to bone. The apoE polymorphism is probably
only one, albeit important, example of such factors that
influence vitamin K status of bone. Other polymor-
phisms of proteins involved in chylotnicron metab
I.ism, such as apoCIt, apoClll, apoAIV or lipoprotein
Iipase, may also prove to be important.

Although this review has focused on factors that
influence vitamin K transport to bone, the importance
of adequate dietary availability must not be ignored.
ApoE genotype is a strong determinant orLIyof interin-
dividual differences in vitamin KI concentration
(which is considerable) but not of intraindividual varia-
tion (Kohlmeier et aL 1995a]. There is little doubt that
in the absence of external vitamin K supplies every-
body eventually becomes vitamin K deficient. Knowl-
edge of specific genetic dispositions may enable us,
however, to identify those that are most likely to be at
risk, and ensure adequate vitamin K intakes to override
a possible metabolic disadvantage. Studies are needed
to further explore the impact of apoE and similar fac-
tors on nutrient sufficiency in healthy people of all ages
and in those who may be most vulnerable to vitamin
K deficiency (newborns and patients on antibiotics).
Future investigations will also have to determine
whether a higher dose of dietary vitamin K can offset
the low serum vitamin K concentrations and increased
bone fracture risk related to the apoE4 variant.
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Symposium: i%tritional Aduances -
in Human Bone Metabolism

EffectsofVitaminK on Bone Mass
andBone Metabolism

CEES VERMEER,’ BIRGIT L M. G. GUSBERS, ALEXANDRA M. C~CIUN,
MONIGfUE M. C. L. GROENEN-U4N DOOREN AND MO H. J. KNAPEN

Department of Biochemist and Cardiovascular Reseamh Institute Maastricht
Univemity ofLirnburg, 6200 MD Maastricht The Netherlands

ASSTRACT Vitamin K is Lnvolved frr blood coagula-
tion and in bone metabolism via the carboxyiatkm of
gfutarnate residues in (hepatk) blood coagulation fac-
tors and (oateobfastk) bone protefrts. The bioavaOabU-
fty of nutrftfotral vitarnfn K depends on the type of food,
tfte dietary fat content, the length of the aUphatfc side
ehafn in the K-vftamer and probably also the genetkafly
&ermined pofyrnorphism of apofipoprotefn ~ Ah
though undercarbqdatfon of blood coagufatlon factors
b very rare, rrndercarbo~ated oateocalcfn (bone Gb-
pmtebt) la frequently found in postmenopausal women.
Sqtpkrnentatfon of tftese women with extra vftamfn K
causes the markers for bone formation to hcrease. In
parallel, a decrease of the markers for bona resorption
fa frequently seen. hrsufficknt data are available to con-
clude that theregular administration of vitamin K con-
centrates wfU reduce the loss of bone mass fn whfte
women at risk for developing postmenopausal oSteopo-
S’OSiS. J. Nutr. 126: 1187S- 1191 S, 1996.

INDEXING KEY WORDS:

w vitamin K ● imne mass ● bone metabolism

Vitamin K is involved in the synthesis of a number
oi well-defied moteins. the vitamin K-deuendent st~
being the addi~on of ~ extra carboxyl ~oup at th~
?-position of glutamate residues {Verrneer 1990]. The
product formed is an unusual amino acid called y-car-
boxyglutamate (Gla).3 There are two physiological pro-
cesses in which Gla-proteins are known to phy a rcde:
blood coagulation and bone metabolism- [Hauschka et
al. 19s9, Shearer 1995]. Those participating in blood
coagulation are of hepatic origin, whereas the bone Gla-
proteins are synthesized by the lmne-forrning cells (os-
teoblasts]. Recent publications indicate that Gla-pro-
tcms may also be involved in the regulation of cell
m-wth (Manfioletti et al. 1993, Vamum et al. 1995].

The human vitamin K supply may originate from
two sources: the intestinal flora and the diet. Vitamin
K, (phylloquinone) originates from green vegetables,
whereas vitamin Kz (menaquinones) is present in meat,
fish and fermented foods @lirauchi et al. 1989, Sakano
et al. 1988]. Also, the bacteria in the gut produce mena-
quinones, but the question whether these products sub-
stantially contribute to human vitamin K supply has
remained a matter of dispute (Lipsky 1994). On the
other handj the vitamin K stores inhuman liver consist
for >90% of menaquinones and for < 10% ofphylloqui-
none (Shearer 1992).Whether these menaquinones can
be recruited for the formation of Gla-residues in pro-
teins is unclear.

It is generally accepted that a dietary vitamin K in-
take of -1 pg,llrgbody weight. d is required to ascertain
the regular carboxylation of the various blood coagula-
tion factors. Hence vitamin K de5ciency is de6ned as
a state in which undercdxmylated blood coagulation
factors appear in the circulation (Vermeer and Hamul-
yak 1991 ). During recent years increasing evidence has
shown that complete carboxylation of the bone Gla-
proteins may require a higher vitamin K intake. Based
on the Gla-content of the bone protein osteocalcin a
substantial part of the population must be character-
ized as biochemically vitamin K deficient. In this paper
we will review the available data.

‘ Presented as part of the Symposium “Nutritional Advsnccs in
Human Bone Metabolism” given at the Expctirttental Biology ‘9S
meeringj Adanra, CA, on Aprif 11, 1995. W symposium wss spon-
sored by the Amcricsts Institute of Nusritiott sod supported in part
by the National Dairy Council. Guest sditor for the symposium
publication wss John J. B. Andcrsoq University of Norrb Csrolina,
Chaprl Hill, NC.

1To whom correspondence sboufd bs addrssssrf.
‘ Abbreviations u.wd Gla, y-csrboxygfutaroate; H4, hyrfroryapa-

tite, irOC, unmunorcactive osteocalcin; UCOC, undercarbovlated
Osteocalcln.

COIZ.3166/96 $3.00 ~ 1996 AIISCriCarI Institute of Nutrition.
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Regimen for ingestion of 1 mg vitamin K

FIGURE 1 Effect of diet composition on circulating vita-
min K. Five volunteers received 1 mg of phylloquinone after
an overnight fast. The vitamin was given either in the form
of Konakion@ [wk 1, bar A], butter enriched with vitamin K
(wk 2, bar B], spinach (227 gl + 25 g butter (wk 3] or 227 g
of spinach without additives [bar C). Serum vitamio K was
measured at 1-h intervals during the first 10 h after consump
tion of these preparations and corrected for the starting value
in each subject. For each individual the cumulative serum
vitamin K concentration was calculated from the sum of
these 10 measurements. AU data are expressed as the means
of five volunteers t SSM.Circulating phylioquinone was de-
termined as described earlier [Gijsbcrs et al. 1996].

Factora detantirtirtg the bioaoailab[fitg of
nutritional uitisrnin K

All K vitamera are fat-soluble compounds requiring
bile salts for their intestinal absorption. In the small
intestine vitamin K is extiacted from the food and in-
corporated into micdles consisting of bile salts, free
fatty acids and monoglycende.s. These micelles are sub
sequentiy taken up by the intestinal mucosa, from
which the vitamin-bound to chylomicrons— is set
free in the lymphatic system and in the circulation.

Phylloquinone is a component of the photosynthetic
electron transport system in plants, and it occurs exclu-
sively in the thylakoid membranes of the chlorophsts
(Lichtenthaler 1993]. This binding is very tight, which
may be the reason for the fact that the intestinal ab-
sorption of phylloquinone from vegetables is poor. IO
a recent experiment among human volunteers it was
shown by Gijsbers et al. (1996) that even after induction
of bile secretion by the simultaneous ingestion of fat,
<10% of the vitamin. was absorbed. Nutritional mena-
quinonea are generally dissolved in fats, which may
facilitate their intestinal absorption. In Figure 1 we
compared the cumulative amounts of vitamin K found
in serum during the first 10 h after ingestion of 1 mg
of the vitamin, either in the form of spinach, spinach
+ fat, butter enriched with vitamin K or a detergent-
solubilized pharmaceutical preparation. From this fig-
ure it appears that the absorption of vitamin K is
strongly dependent on the source from which it is ob-
tained.

;.;”
*-Z

A second factor that may influence the absoqti~~
of vitamin K is the length of the aliphatic side ch,;~ I
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~PabIe of efficiently extracting the required amount
~ ~tatnin K horn the bloodstream, even at very low
~a~ vitamin K concentrations. This is probably
~ so for extrahepatic tissues, notably bone. Because
&et teatsfor undercarboxylated osteocalcin (ucOC]
~ not available, an indirect test has been developed,
which ia based on the differential affinity of normal
andunderc=bwlated osteocalcin for hydroxyapatite
@Al (Mpen et al. 1989, Knapen et al. 1993). b this
test the serum immunoreactive osteocalcin lirOC) is
-ottated into Wcbound (with fi@ afMtY for H.Aj

and q with low affkity. Both fractions may be
established using an immuttoradiometric assay, pref-
erably one with which no osteocalcin degradation
@MtS are detected. It is generally assumed that ilO-
~” eonaista of the fully carboxylated protein,
.~.frOC~ is thought to be an undercarboxylated
form Of Osteocalcin. Indeed the fraction of @Cbo.nd
iS @rcmgly reduced dur@g oral anticoagulant treat.
meat lJie et al. 1993. Menon et al. 19871. It was re.,.
=dy-found that at’ low anticoagulant dosages the
s@Mia and carboxylation of osteocalcin were much
h strongly affected than was prothrombi.n (Kna-
= M, H. ]., unpublished data]. It must be concluded,
th6rdoie, that in the same subject bone tissue may
~2ifft8@I K de~clent, whereas at he ~~e tie &e

. ~~-ti@tnin K sticient. Hence, circdating osteo-
~_@ q far more sensitive marker for vitamin K
*@s-&n am the (Xa-containing blood coagulation
*W (haPen et al. 1991).

h fa at least SUX@Sing that irOCti= has been detect-
ale h all subjects tested. In two separate trials post-
-~ women were supplemented with pharma.
cological doses of vitamin K, which invariably caused
m ~eteaae of ~~d and a decrease of ixOCb, but
~ ~ eases the latter variable remained detectable even
h 3 mo of vi~ti K treatment (1 m~d]. On the
* hart~ it was found that in coumarin-treated pa-
ti~ti the level of serum irOCb~ decreased by 60-
~% (Knapen, M. H. J., unpublished results), but that iII
the same patients the level of irOC~ remained nearly
~tant. mS raixs tie question whether UCOC has a
~iological role and whether its secretion is regulated
~ the osteoblaat. Two domains have been described
~r *teocalcin: the G1a domain, which is required for
tie very tight binding of the protein to the hy&oxyapa-
‘i* crYstals in the bone (Hauachka and Carr 1982], and
~ C-terminal domain, which has chemotactic proper-
ti= for ost~I~t.hke cells (Glowa,ki et d. 1991, Liggett
= ~. 1994]. A general phenomenon in chemotaxis is
tit a gradient of the stimdus is formed against which
tie attracted celk move to their target, and it is clear
*at UCOC) with its low affinity for hy&oxyapatite, is
a much more plausible candidate for building Up this

concentration gradient than is normal osteocalcm. By
regulating the cellular secretion of UCOC, osteoblasta
would thus be able to re@ate the capture of osteoclasts
~d thus the rate of bone de~adation.

Vitamin K status and bone metabolism

There are several indications that postmenopausal
loss of bone mass is associated with a Iong-lasttig poor
vitamin K status, First, nutntionaf vitamin K intake
decreases substantially with age (Jie et al. 199s]. Sec-
ond, patients with hip fractures or spinal crush frac-
tures were reported to have very low concentrations of
circulating phylloquinone (Hart et d. 1984, Hart et al.
1985, Hodges et al. 1993) and menaquinone [Hodges et
al. 1993]. Third, circulating UCOC was reponed to be
inversely correlated with hip bone mineral density
(Szulc et al. 1994) and subjects with increased concen-
trations of UCOC had a sixfold increased risk of hip
bacture (Szulc et al. 1993). Finally, it has been shown
that vitamin K supplementation increases the serum
markers for bone formation (including osteocalcirt and
bone alkaline phosphatase] and may reduce urinary cal-
cium and hydroxyproline excretion (a well-known
marker for bone resorption] {Kttapen et al. 1989, Kna-
pen et aL 1993, Plantalech et al. 1990]. It is not surpris-
in~ therefore, that clinical trials have been initiated in
which the effect of long-term vitamin K supplementa-
tion on bone mass is investigated. The results of the
Jirst trial (in Japan] have been published and show a
marked reduction of postmenopausal bone loss by vita-
min K meatment {Orimo et al. 1992). At this time the
data have not yet been confirmed in the Western popu-
lation, however.

If vitamin K has a positive effect on net bone forma-
tion, it might be expected that vitamin K antagonists
{coumarin derivatives, also known as oral anticoagu-
lants) have an opposite effect. Indeed, serious bone
deformations were reported to develop in human fe-
tuses during oral anticoagulant treatment of pregnant
women (Pettifor and Benson 1975). Animal models
were developed in which this so-called fetal warfarin
syndrome could be mimicked. It was shown that treat-
ment of young rats with sublethal doses of warfann
induced excessive calcification with mowth date clo-
sure and reduced growth of the long ~ones (Howe and
Webster 1992, Price et ai. 1982], maxillonasal hypo-
plasia, reduced length of the nasal bones and massive
calcification of the cartilage of the nasal septum
{Howe and Webster 1992]. The reported effects of war-
farin on bone in lambs were even more prominent and
included osteopenia with 30% lower bone mass in 3
mo (relative to control animals), mildly decreased
bone resorption, strongly decreased bone formation,
irregular calcium deposition and remodeling abnor-
malities (Pastoreau et al, 1993). h is striking that both
in humans and in animals substantial effects of warfa-
rin on young rapidly growing bone have been found,
whereas in adults the effects are less clear. No pla-
cebo-controlled prospective trials have been published
in which the potential effects of coumarins on bone
were investigated. Conflicting data were obtained
from cross-sectionai studies among patients on long-
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term oral anticoagulant therapy, with two studies
showing a reduced bone mass [Fiore et a]. 1990, Resch
et al. 1991), whereas in two others no significmt dif-
ferences were, found between the bone mass in pa-
tients and that in age- and sex-matched controls (Piro
et al. 1982, Rosen et al. 1993]. The fact that no pro-
found effects of oral anticoagulant therapy on bone
metabolism were observed suggests that the mode of
action of vitamin K on bone cells may be different
from that in the liver.

Without doubt, vitamin K acts as a coenzyme for
bone carboxylase in the formation of bone Gla-pro-
teins. In this respect it is understandable that during
periods of vitamin K deficiency or during coumarin
treatment, the production of bone Gla-proteins is de-
creased. It is less clear why also vitamin K-independent
bone markers, such as serum alkaline phosphataae or
urinary hydroxyproline are affected by nutritional vita-
min K intake. Recently, it was reported by Hara et
al. (19951 that menaquinone-4 inhibited the calcium
release from mouse calvaria, as well as the formation
of osteoclast-like multinucleated cell formation in a
co-culture of spleen cells and stromal cells. A similar
effect was not found for phyIloquinone, and neither
were the effects counteracted by warfarin. In a second
series of experiments th~e investigators used orLIy the
aliphatic side chains instead of the complete vitamers,
and it turned out that only geranylgeraniol, the side
chain of menaquinoned, was capable of inducing the
inhibitory effects described above. These data indicate
that at least part of the effects of menaquinone-4 on
bone resorption are not due to y-earboxylation and that
the side chain of menaquinone4 may regulate bone
cell activity vi%an as yet unidentified mechanism.
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-CT Vitamin K occurs in nature as a series of
::_nds with a common 2-metftyh 1,4 rtaphthc+i-

e
nueieus and dlffeting Iaoprenoid side chains at

3 position. They comprise a single mqJor plant

“!7

:.
. Phfloqubone with a ph~ side chain and a fam-

~ of becteriaiiy synthesized menaquinones (MKs) with
-yf side chains.
~: The mW dietary source to humans is phyiioqui-
@one for witkh the chief food contributors are green,
.~ SWea* foiiowed by certain vegetabie oils
&bSSII. rapeseed and ofive oiia). Recent analyses by
M pressure liquid chromatography are now providing
a wide-ranging database of pttylfoquinorte in foods.
Mertaquinones are found in moderate concentrations
b oniy a few focds such as cheeses (MK-8 and MK-
9). A wider spectrum of MKs is synthesized by the
gut micmffora, and their intestinal absorption probebiy
accounts for most of the hepatfc stores, PSt’tlCUISIW
those with very long side chains (MKs-1O- 13) synthe-
d?xd by members of the genus Bacteroktes. The site of
8baosption of IIoral w is not known, but reasonable
concentrations are found in the tenninai Ueum where
& salt-mediated absorption Is possible.

Both phyfioquirtone and menaquhwnes are bioactke
h hepetic gamma-carboxyMion but Iongchaitt Ma
era iaas weU absorbed. Liver stores of vitamin K are
~tiveiy smaif and predominantly Ml&y-13. fie he-
Pstlc resewes of phyffoquinone (- 10%of the totai) are
Mle and turnover at a faster rate than menaquirtones.
T~cular and COrtiCaf bone appear to contain sub-
S&MSi concentrations of both phyifoquinorsa and
~quinones. A majority (-60-70%) of the daifydi-
etary Lrstakeof phytfoqttinotte is fost to the body by
~, which emptsaskas the need for a continuous
~ suppiy to maintain tissue reaewas. J. Nutr.
126: ]181s-1186S, 1996.

lf’tD~NG KEY WORDS:

● l!i~min K ● phyll~uinones ● meflaquinon~

Chemistrg and nomenclature

The parent structure of the vitamin K group of com-
pounds is 2-methyl-1 ,4-naphthoqtione (common name
merkdione]. This compound, as far as is known, does
not occur in nature but does possess biological activity
in vertebrates because of their ability to add on a gera-
nylgeranyl side chain at the 3 position (thus converting
it into MK-4): in this way menadione may be regarded
as a provitamin. Although not a natural vitamin in the
true sense, menadione, as water-soluble salts, is used
as a feed supplement in animal husbandry and there-
fore may indirectly enter the human food chain, pre-
sumably as preformed MK-4 present in the tissues of
animal meats.

Naturally occurring K vitamins all possess the same
naphthoquinone ring structure as menadione, but differ
in the structure of the side chain at the 3 position. They
are traditionally classi6ed into two groups according
to whether they are synthesized by plants or bacteria,
respectively. In plants the only major form is phyll-
quinone (vitamin K]], which has the same phytyl side
chain as chlorophyll. Bacteria, on the other hand, syrt-
thesize a family of compounds called menaquinones
(vitamin K,) with side chains based on a number of
repeating prenyl units; this number being given as a
suffix [i.e., menaquinone-n, (lA.K-n)].Some bacteria also
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synthesize forms with partially saturated side chains;
the additional hydrogen atoms are indicated by the pre.
fix dihydro, tetrahydro and so forth and abbreviated to
MK-n(Hj), MK-n(w] and so forth.

Dietarysources

Until recently there has been little impetus from
regulatory or nutritional bodies to obtain accurate and
comprehensive data of the vitamin K content of foods.
In part, this has been due to the lack of any perceived
threat to health or well-being from a dietary deficiency
of vitamin K as manifested by its classical function in
blood coagulation and partly due to the lack of suitable
analytical techniques for measuring vitamin Kin foods.
Therefore, most food composition tables either do not
include values for vitamin K, or the values cited are of
questionable worth (Booth et al. 1993), many deriving
born bioassays intended only as a qualitative guide to
vitamin K content ~Suttie 1992].

The evidence that has been obtained in the last 5
years, or so, that a subclinical deficiency of vitamin K,
while having no impact on hemostasis, may have an
effect on bone health has altered our perception of the
function and health effects of vitamin K. In doing so it
haa provided a new impetus to obtain a reliable data-
base for the vitamin K content of foods. Another arti
where dietary information for vitamin K is needed is
to provide information for physicians and their patients
during treatment with cournarin oral anticoagulant
drugs. With such data, the goai of improving anticoagu-
lant control by giving patients dietary advice based on
a detailed knowledge of the vitamin K content of foods
would become more than a theoretical possibility. To
&te, the possibility of improved stability by avoiding
large fluctuations in dietary intakes of vitamin K has
been a neglected area of the therapeutic control of vita-
min K antagonists.

Phylloqu.fnone irt foods. Using high performance
liquid chromatography (HFLC), the determination of
the major dietary form of vitamin ~ phylloquinone, in
all foods is now possible with a high degree of specific-
ity and accuracy @ooth et al. 1994, Shearer et SL 1980).
Lo the United States a systematic approach to the ex-
pressed need for a &tabase of vitamin K in foods is
evident from recent publications from the U.S. Depart-
ment of Agriculture’s”Human Nutrition Research Cen-
ter on Aging in Boston (Booth et al. 1993, 1994), which
includes a recent collaboration with the Food and Drug
Administration to obtain values for phylloquinone in
the latter’s Total Diet Study {Eooth et al. 1995).

It is clear from the food analyses so far earned out
that, although phylloquinone has a ubiquitous distrib-
ution in the diet, the range of concentrations in different
food categories is very wide. Table 1 shows some values
of the phylloquinone content of various (mainly raw]
foods determined in the author’s laboratory and ar-

ranged into four concentration ranges. The results ~
brackets show the actual values obtained for each item,
These actual values should at the present time &—
treated with caution for several reasons. First, many of!:
the values represent analyses of a single sample of @ 3-
particular food and therefore do not take into acco~
known sampling variations. The analysis of leafy vege
tables is a good example of this problem. Thus,
do phylloquinone concentrations reflect the degree
plant maturation and geographical location (Fer
and Sadowski 1992aj but also the different tissue distri”.
bution in the same plant. Thus for cabbage, the out
(~eener] leaves contain 3-6 times more phylloquin~c
than the inner leaves (Ferland and Sadowski 199%
Shearer et al. 1980]. The phylloquinone content of edi.
ble oils too, varies with brand or batch, but just ~
important is the decline on exposure to light wh
oils are stored in transparent containers (Ferland
Sadowski 1992b, Shearer et al. unpublished resultsj. ~

The good overall agreement between phylloquinone
values obtained for many foods analyzed in Boston au
London suggest that the analytical problems of mcasur
ing phylloquinone in foods have now been largely over
come. IrI the near future this should enable a wi
ranging phylloquinone food database to be es
This will require extending the types of fooda anal
including the analysis of cooked and composite f
as has been started in the U.S. Food and Drug
tration Total Diet Study (Booth et aL 1995]. The phyll,
quinone content of composite foods can alBObe cd
lated from a core knowledge of basic food items
calculations according to standard recipes. The la
approach is at present underuay in the
dom. Further studies on the sources of variation of ph$
lloquinone in foods are also needed, including how dif
ferent storage and cooking conditions irtiluence f~
phylloquinone values. More extensive knowledge
batch variations, particularly for manufactured foods,
is also warranted.

Despite the above caveats, some reasonably acmrate
estimations of the relative importance of different foods.
to phylloquinone intakes and requirements can ~~,
be made. In general, the relative values in vegetables
conf%rn the known association of phylloquinone with
photosynthetic tissues with the highest values [nor;,
really in the range 400-700 pg/100 g] being found in
green, leafy vegetables. The next best sources are cer.
tain vegetable oils (e.g., soybean, rapeseed and olive oila~~
that contain amounts varying from 50 to 200 kg/100 g,
and make significant contributions to the diet when
these oils are incorporated into composite foods or are I
otherwise used for culinary purposes. On the other
hand, some vegetable oils such as peanut, corn, sun-
flower and safflower oils have a relatively lower phyllo-’

4
quinone content (1-10 Pg/100 g] and ~11 con-tibute
much less to daily phylhquinone intakes. The great
differences between vegetable oils obviously presen
problems to the calculation of the phylloquinone con-
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TABLE 1

Phyr%qsrinosre contaatd ~ foodsdetermined by high pressure lfqrsfd chsvmatogrophyi

Concentrimon ranges

0.1-1.0 1-1o 1o-1oo 100-1000

M ofpbylloquuronepsr lW g food

Awcado (1.0]
8enanes [0.1)
Beef,steak(0.8]
M white 10.4]
Chicken, tbighlo.11
C4rumsrtoil (0.5)

W~Met (cO.1)
Can8aksa [<0.1]
Flaw, white (0.S)
Cmpdruit[<0.1]

---km [0.1]

Man@ss {0.5]
M&m, yellow (O.1]
A4elcq water (0.31
~ cuws [0.6)
MMhmOaM /0.3)

.Oranges [<0.1)
- [<0.1)
.Pcsmsq roast [0.4]

- .= ~~ (0.6]

M ChOP,Iean{<o.11
hhtnca [09~
Mewhitc{o.1]
IUcc browo (0.8]
-, tin, brine (0.1]
~w pork/’bccf10.21
%UabStti [0.2)
% @ brine 10.3)
hnipa (0.2)
Yoaburt (0.8)

Apples 16)
Arsbaginss [6)
Baked beans (3)
Barley In
Beef, corned 171
Bed, minced 121
BIIbrrrics 141
Bran, wheat 110I
Brd, wholemsal (2)
Bums {7]
Carrots (61
Cheeses, VSfiOUS [2-6]
Chocolate, plain 14
corn 011(N
Courgettesi31
Cranberries (21
C-, double [6]
Dates, fresh (61
Eggyolk (2]
F@, fresh (3]
Gsapsi, black 181
GfWes, e [9)
L#ka [10]
Liver, lamb (7)
Liver, ox [4)
Nectarines (3]
oats (10)
Palm Ofl (8I
peaches, fresh (4}
Puss (6)
Peppers, green (6)
Peppers, rcd 12)
Plums, red (8]
Raisins (4] “
Rhubarb [4)
safflower oil (3]
Stsawbsrries 13)
sudowcr Oti [6)
Swe& [21
TOOSSIOSS[6]
Whest [8]

] Data are for raw fcmrb sxccpt where cooked form is indicated.

~ta of oil-containing foods when the type of oil (or ita
-age conditions) iS not hon. Sensitive HPLC
assays have alSO identicd poor ~ntibutors of phyk-
-one to the diet such as mot vegetables, lean fish
~d meats, fleshy parts of fruits and nearly all beverages.

Menuquinon~ ti foods. Athough there is now a
si~ifkm and growing database for phylloquinone in
foods, there is much less information about foods as a
source of bacterially synthesfied menaquinones. The
livers of various animal species have long been k.rIown
to & a good source of a wide variety of long-chain
menaqui.nones with side chains ranging from MK-6 to

Bsana, runner {26]
Beans, French (39)
Bcans, broad (19)
Cabbage, red (19)
Cauliflower (31 )
Ciuck peas (21}
Cucumber [21)
Greengages [15)
Musrard greens, cress [88]
Olive oil, extra virgin [80)
Psaa [341

Broccoli tops [179]
Brussels sprouts (147]
Cabbage, green (339)
Kale (618)
bttuce (129)
Parsley (548)
Ra~ssed od {12-3]
soybean oil (173]
Spinach (380)
Water cress (315]

MK- 13 (Duello and Matschiner 1971, Matschiner and
helotti 1968). However, quantitative HPLC analysis
(Hirauchi et al. 1989) suggests that only livers of rutni-
nant species such as the cow contain high enough con-
centrations of some menaquinonea (e.g., MKS-7, -11,
-12, and -13) likely to be of possible nutritional sig-
nificance (e.g., in the range of 10-20 Pg/100 gj. On the
other hand, because liver is eaten only rarely by the
maiority of the population, the impact on human nu-
trition of these concentrations is likely to be slight.
The concentrations of menaquinones in other animal
organs (e.g., kidney, heart and muscle) are very low
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{Hirauchi et al. 1989) and nutritionally insignificant.
This is confirmed by our own analyses of skeletal
meat items in the human diet. one food category ana-
lyzed in our laboratoti that does contain significant
quantities of two menaquinones (MKs-8 and -9) is
cheese (Bach, A. and Shearer, M. ]., unpublished re-
sults). In all cheeses analyzed the contents of these
two forms were in the range of 5-10 Pg/100 g for MK-
8 and 10-20 ~g/ 100 g for MK-9. Other MKs are also
present but at concentrations of s 1 ~g/100 g. Simi-
larly, very low concentrations of MKs are also present
in YOgU~ and milk.

Questions o! bioavailabilky and bioactivitg

K vitamins taken in the diet are absorbed in the prox-
imal intestine by the well-est.abfished bile salt-medi-
ated pathway that operates for dietary lipids (Shearer et
al. 1974]. It has been estimated that healthy adults ab-
sorb _80Y0 of an oral dose of phylloquinone given in
its free form (Shearer et al. 1974). N discussed by Ver-
meer in this volume the efficiency of absorption of phyl-
loquinone from naturally occurring foods dependa on
the food source of phylloquinone and whether this is
accompanied by other food. h expected, the bioavail-
ability is lowest from tbe richest source, green leafy
vegetables, prmurnably be=use of the tight association
of the vitamin with the photosynthetic apparatus.

The long-disputed questions of whether intestinally
synthesized menaquinones provide a useful source of
vitamin K and the site and extent of any absorption
still remain largely unanswered (Shearer 1992, 1995].

. Quantitative measurements of menaquinonea at differ-
ent sites of the human intestine and the bacteria pro-
ducing them have been made by Conly and Stein
i1992!. Major forms of menaquinones present were MK-
10 and MK-11 produced by Bacteroides, MK-8 by En-
terobucten”a, MK-7 by VeL?lonela and MK-6 by Eubuc-
teriurn lenrurn. The most promising site of absorption
would seem to be the terminal ileum that contains
both reasonable concentrations of menaquinones and
of bile salts. Recent animal experiments suggest that
no or negligible absorption of a lorig-chain menaqui-
none (MK-9] occurs from the colon (Groenen-van
Dooren et al. 1995, lchihashi et al. 1992) and that the
efficiency of abso~tion from the upper intestine is
lower for MK-9 than for phylloquinone (Will and Suttie
1992). The intestinal absorption and bioactivity of a
menaquinone mixture taken orally has recently been
demonstrated indirectly in humans (Conly and Stein
1993). It is noteworthy that menaquinones with very
long-chains {M.IG-10- 13) are known to synthesized by
members of the anaerobic genus Bacteroides and are
major inhabitants of the intestinal tract but, to date,
have not been detected in signi13cantamountsin foods.
The widespread pr-nce of MKs-10- 13 in human liv-
ers at high concentrations (Shearer et al. 1988, Usui et

al. 1990] would therefore suggest that these forms, at
least, originate irom intestinal synthesis.

Closely related to the question of the bioavailabfi~
of different K vitamins is the question of their relative
bioactivity, which in turn is related to relative tumov=,
rates. There is presently little information on th~”:

1

questions for humans except that the hepatic turnovm;
of long-chain menaquinones is very much slower ~
that of phylloquinone {Usui et al. 1990]. This is in line
with the animal studies showing the slower turnov~
(Will and Suttie 1992) but longer biological respo~

J
(Groenen-van Dooren et al. 1995] of MK-9 compared,,
with phylloquinone.

3

II.’

T&sue stores and distribution
. .

1
Until the 1970s, the liver was the only known si~

of synthesis of vitamin K-dependent proteins and henm
was presumed to be the only si@hnt storage site f~
the vitamin. However, the discovery that vitamin K.
dependent processes and proteins occur in a number ~
extrahepatic tissues together with recent insights in~
its plasma transport {see Kohlmeier et al. in this vol., ~
ume) suggest that this may not be the case.

With respect to human liver stores, it is known tha’
these normally amprise -90% menaquinones
10% phylloquinone (Shearer et al. 1988, Usui et
1990), that the phylloquinone stores are very labile
that under conditions of severe dietary depletion tb
may be reduced to -25% of original eoncentrati
after only 3 d (Usui et al. 1990~.As discussed in de
by Kohltneier et al. (&is volume), the liver receiv.
dietary vitamin K as chylornicron remnants. Beta
these are the same lipoprotein vehicles responsible
the transport of dietary vitamin A (as retinyl esters)
the liver, it is of interest to compare the ability of th
liver to store these two fat-soluble vitamins even
though the requirements for vitamin A are greater
for vitamin K. Thus the median hepatic concentrate
of phylloquinone in adults is -5 rig/g (Shearer et
1988), whereas the minimum adequate stores of vi-
min A are 20 pgJg of liver (Olson 1987) and no
replete stores may be tenfold higher. W vast differ-
ence in the hepatic stores between vitamins
which for healthy individuals approaches a 40,000-fold
difference is not matched by their relative daily intakes
that are only - 10-fold higher for vitamin A [- 1000 K
vs. 100 pg). It may be concluded that the evolution of
specific mechanisms to store vitamin A in the liver
(hepatic vitamin A accounts for >90% of the t
stores] have not evolved for vitamin K. For
the relationship between hepatic stores and total body
stores is not known. In tetrns of its puta
bone metabolism it is of obvious interest to determine
the vitamin K levels in bone. To date, the only pub
lished study is that by Hodg~ et al. (19931 who exam-
ined the vitamin K content of trabecular
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bone in six patients undergoing hip replacement. The
results su~ested that bone concentrations of phyllo-
quinone and MKS-6, -7 and -8 are as high as those in
liver. To explain the apparent paradox of these high
bone concentrations in the elderly, who have a ten-
dency for impaired gamma-carbrylation of osteocal-
cin (Plantalech et al. 19911,Hodges and co-workers sug-
gested that the vitamin K stores may be in adipocytes
and not readily available to active osteocalcin-synthe-
sizing osteoblasts. Further work is needed to determine
the extrahepatic distribution of vitamin K and the de-
gree of mobilization of these stores, particularly with
relation to the role of vitamin K in bone metabolism.

Unlike the preponderance of long-chain menaqui-
nones found in the liver, the major circulating form of
vitamin K is invariably phylloquinone. The menaqui-
nones MK-7 and possibly MK-8 are also present, but the
common hepatic forms JvLKs-9-13 are not detectable in
plasma. This might be a consequence of a different
route of absorption (e.g., the posaibilty of a portal route
for long-chain MKS vs. a lymphatic route for phylloqu.i-
none) but might su~est that once in a target tissue the
Iong-chain menaquirtones, which are extremely lipo-
philic, are not easily mobilized.

Metabolism

The liver plays an exclusive role in the metabolic
transformations that lead to the excretion of vitamin
K from the body. Tracer experiments with labeled phyl-
16quinone have shown that a sizable fraction of a single
dose is rapidly catabolixed and excreted in either the
urine or bile (Shearer et al. 1974). Fumhennore, the
fraction of the vitamin excreted was not dependent on
the administered dose. Thus, regardless of whether the
injected dose was 1 mg or 45 ~g -20% was excreted
in the urine within 3 d, whereas -40-50% was ex-
creted in the feces via the bile (Shearer et al. 1974].
These proportions are likely to be underestimates be-
cause of the possibility of incomplete collection of
urine and stools. This extensive catabolism of phyl.lo-
quinone by the liver explains the rapid tuinover and
depletion of hepatic resemes in patients on a low phyl.
Ioquinone diet observed by Usui etal. (199(J. It seems
likely, therefore, that -60-70% of the amounts of
phylloquinone absorbed from each meal will ulti-
mately be lost to the body by excretion. This alone
suggests that the body stores of phyiloquinone are be-
ing constantly replenished.

At the present time the human requirements for vi-
tamin K are based solely on its classical function in
coagulation being listed as a Recommended Dieta~
Allowance (RDA) in the United States lSuttie 19921
~nd a Safe and Adequate Intake in the United Kingdom
iDepartment of Health Report 1991]. Jn both cases
these requirements were set at a value of 1 yg/kg/d. If,
as argued by Verrneer et al. and Kohlmeier et al. in this

volume, vitamin K is important to bone health and its
requirements for this bone function are greater than
for its hepatic function, a great ch”wenge to researchers
and future committees alike is to determine whether
these putative extra demands can be quantified more
precisely. Finally, it should be noted that the concept
of reexamining the optimal intake of a vitamin with
respect to the extra health benefits, which maybe con-
ferred by giving amounts over and above those required
to protect against the originally discovered deficiency
disease, is not new. There is already a recognition of
the newer and often unexpected roles played by several
other vitamins including in some cases the beneficial
effects of extra intakes [Sauberlich and Machlin 1992).
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