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

R.A.RIEMERSMA D.A. Woop 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 2-68 (95% confidence interval
1-07-6-70; p=0-02). These findings suggest that
some populations with a high incidence of coronary
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 (1.LDL) particles in
the arterial subendotheliurn results in structural changes,
which are postulated to make them more atherogenic than
native LDL..! The most readily available naturally occurring
antioxidants 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 antioxidant properties may be 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).

M

Subjects and methods

The design of this case-control study has been described
elsewhere.? Briefly, the population sampled was men aged 35-54
years listed on the Lothian Health Board Central Register with an
address in the city of Edinburgh. A systemartic sample of 6000 men
was drawn from the register and surveyed by postal questionnaire,
which included a self-administered version of the World Health
Organisation Chest Pain Questionnaire.’ We have previously
documented dietary changes in subjects who had been told that they
had CHD.* To avoid the confounding effect of such dietary changes
we included only subjects who answered positively to the chest pain
questionnaire, but who had never seen a doctor on account of these
symptoms. These angina cases were compared with controls
matched for age and sex drawn from the same populatdon, who gave
negative replies to the chest pain questionnaire and also had no
reported history of CHD.

125 cases of angina pectoris found in the survey (response rate
83%) and 430 healthy controls (response rate 76%) attended for
medical assessment between April, 1983, and April, 1984,
Complete vitamin data were obtained for 110 cases of angina and
394 controls. A self-administered questionnaire recorded
demographic information, medical history, smoking habit, alcohol
intake, and diet. Height, weight (*Seca’ weighing scales model 760),
and supine blood pressure (two recordings; Hawksley random zero
sphygmomanometer) were measured by one observer. A blood
sample was taken from the antecubital fossa without a tourniquet for
measurement of non-fasting plasma lipids, vitamins, and platelet
fawy acid composition, and the samples were processed
immediately in the clinic. Adipose tissue was sampled undcr local
anaesthetic from the anterior abdorninal wall.

10 ml heparinised blood for analysis of plasma vitamins was
centrifuged immediately at 2000 ¢ for 10 min at room temperature.
0-5 ml plasma was mixed with 45 ml washed metaphosphoric acid
for the analysis of vitarnin C, and the remaining plasma was frozen
at —40°C in 1 ml volumes in Eppendorf tubes. Vitamin C was
analysed fluorirnetrically by means of iodine oxidation followed by
condensation with 1,2-phenylenediamine;® the coefficient of
variaton was 5%. Viamins A and E and the carotene fraction
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TABLE I—RISK FACTORS FOR CHD IN CONTROLS AND CASES

Mean (SEM)
Controls Cases

— (n=430) {n=125)
Age (yr) 47-8(0-3) 46-8 (0-6)
% current cigarette smokers 29% 46%*
Cholesterol (mmol/l) 6-27 (0-06) 619 (0-11)
HDL cholesterol (mmol/l) 1-18 (0-02) 1-13 (0-03)
Weight/height? (kg/m?) 25-2(0-2) 25:9(05)
Blood pressure (mm Hg) 137(1)/84(1) 140 (2)/86 (1)

Data reproduced from ref 2. *p <0-01.

(predominantly beta-carotene) were extracted into n-hexane and
analysed by automated high performance liquid chromatography
with a ‘Lichrobsorb Si 60-5 um’ columnn.® Vitamin A and carotene
peaks were detected spectrophotometrically at 313 nm and 436 nm,
respectively. A fluorometric detector (excitation 290 nm, emission
330 nm) was used for the detection of vitamin E. The peaks were
integrated by means of a Perkin-Elmer Sigma 10B system. The
coefficients of variation for the estirnations of vitamin A and E and
carotene were 3:3%, 3-0%, and 1-8%, respectively. Plasma vitamin
E’ ooncentration correlated strongly with drculating tortal
cholesterol concentrations (r=0-61, p<0-001), so results for
vitamin E are also expressed as vitarmin E/cholesterol (pmol/mmol).

All laboratory analyses were carried out on samples from cases
and controls simultaneously by laboratory staff unaware of the
status of individual samples.

Statistical comparisons between groups were done by means of ¢
tests and analysis of variance for more than two groups. The analysis
of variance for smoking categories was supplemented with pairwise
1 tests with a Bonferroni correction to allow for the examination of
six sets of comparisons. For vitamin C and carotene a square-root
transformation was used to compare mean values, since the
distribution of the dara was positively skewed (log transformation of
these variables resulted in a negatively skewed distribudon).
Logistic regression was used to investigate the relations among
angina pectoris, vitamins, fatty acids, and risk factors for CHD. The
triglyceride measurements were log transformed before analysis.
Each vitamin was included separately in a muldple logistic
regression with all the risk factors (whether or not they were

TABLE ||—PLASMA VITAMIN CONCENTRATIONS

Mean (SEM)
Controls Cases
—_— (n=394) (n=110) p
Vitamin A (pumol/l) 2:32(0:03) | 2:29(0-05) | NS
Carotene (umol/l) 049 (0-02) | 0-30(0-03) |<0-001
Vitamin C (umol/1) 353(1°D) 281(21) |<001
Vitamin E (umol/l) 240(03) 227 (0-6) NS
Vitamin E/cholesterol (umol/mmol) | 3:86 (0-04) | 3-66(0-08) | <001

NS = not significant.

TABLE 11l—PLASMA VITAMIN CONCENTRATIONS IN RELATION
TO REPORTED SMOKING HABIT IN CONTROLS

Mean (SEM) in pmol/I*

Vitamin E/

-— Vitamin A| Carotene | Vitamin C [Vitamin E cholesterol
Never smoked
(n=132) 2-27 (0-04)]0-53 (0-03)*| 40-9 (1-B)t | 235 (0-5) [3-88 (0-06)
Ex-smokers
(n=87) 2-35 (0-05)}0-50 (0-03) | 42:6 (2-4)t | 25:5(0'7) {412 (0-08)t
Pipe/cigar
smokers
(n=44) 2-35 (0-06)10-53 (0-05) | 38-4 (3-H)t {243 (1:2)[3-93(0-13)
Cigarette
smokers
(n=127) 2-33(0-05)10-42 (0-02) {1 24'1 (1'9) |23-3(0-6)[3-63 (0-07)

*Except vitamin E/choiesteral which is in pmol/mmol.
For significance of differences {pairwise ! test with Bonferroni correction) from
cigaretie smokers: *p < 0-01; 1p <0-001 after normalisation No data on 6 subjects

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

The adjusted odds ratos for angina were calculated in reladon 10
the distribution of the vitamin concentrations in the healthy control
population. The vitamin concentrations of cases, expressed as a
categorical variable (1-5: quintle of the contro] data whose limits
included the result) were firted in a model with all the risk factors.
The odds ratios were calculated as the exponental of the four
coefficients that resulted, and the exponential of the confidence
intervals of these coefficients were the confidence intervals of the
odds ratios (95% CI). The possibility of an interaction berween
vitamin E and adipose linoleic acid content was examined. The
statristical analyses were made by means of the BMDP package
(BDMP Statistical Software 1983, University of California Press).

Results

Risk factors for CHD in angina cases and controls are
shown in table 1. The only significant difference between the
groups was in the proportion of cigarette smokers (p <0-01).
The cases were significantly shorter (p <0-05) but there was
no difference in weight or weight/height index.

Mean plasma concentrations of vitamin C, carotene
(predominanty 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 11). There
was no difference in plasma vitamin A concentrations.

We examined the relations among plasma vitamin
concentrations and CHD risk factors in the healthy controls.
Cigarette smokers had significantly lower levels of carotene
and vitamin C than subjects who had never smoked (table
111). There was no significant difference in any vitamin
concentration between ex-smokers (cigarettes, pipe, and
cigars) and never smokers, but ex-smokers had significantly
higher vitamin C and vitamin E/cholesterol concentrations
than current cigarette smokers. Pipe and cigar smokers also
had significantly higher vitamin C levels than cigarette
smokers.

Vitamin A and E concentrations were positively related 1o
total cholesterol (Pearson correlation coefficients [r] 0-28
and 0-61, respectively; p <0-001) and triglycerides (r =0-32
and 0-41; p <0-001) but not to HDL cholesterol. Plasma
carotene was inversely related to non-fasting triglyceride
concentraton (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<0-001), as was vitamin E/cholesterol (r=0-48;
p <0-001). Vitamin A was positively related to diastolic (and
systolic) blood pressure (r = 0-24; p <0-001). There were no
significant correlations with age or weight/height index. The
concentrations of all the vitamins showed significant
seasonal trends (table 1v).

The odds ratios for angina, relative 10 the highest quintile
of the distribution 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 2-68 after adjustmnent for cholesterol and other
CHD risk factors and the overall wend was significant
(p=002). The results were similar when vitamin E’

TABLE IV—SEASONAL TRENDS IN PLASMA VITAMIN
CONCENTRATIONS IN CONTROLS

— Highest Lowest Ditference
Vitamnin A November Mav 12% (p <0-001"
Carotene November May 37% (p <001
Vitamin C August February 48% (p < 0-001,
Vitamin E December June 15% (p < 0-001}
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TABLEV—ODDS RATIOS FOR ANGINA PECTORIS BY QUINTILES OF PLASMA VITAMIN CONCENTRATIONS IN CONTROLS, WITH AND
WITHOUT ADJUSTMENT* FOR CHD RISK FACTORS

Vitamin A Carotene Vitamin C Vitamin E
Odds ratio Odds ratio Odds ratio 0Odds ratio

— umol/I (95% Cl) umol/1 (95% Ci) (95% Cl) pmol/l (95% Cl)
Quintile 1 <193 <026 <189 .

Unadjusted .. 1-67 (0-86-3-26) .. 264 (1-32-5-29) 2:35(1-16-4-78) .. 2:51(1-24-5-10)

Adjusted .. 2:73(1-24-602) .. 1-4]1 (0-63-3-13) 1-63 (0-76-3-49) .. 2:68 (1-07-6-70)
Quintile 2 1-93-2:16 0-26~0-37 19-0-21-8

Unadjusted .. 1-11(0-53-2-33) . 1-42 (0-68-2-95) 1-66 (0-80-3-42) .. 1-04 (0-44-2-49)

Adjusted .. 1-34 (0-60~-2-98) .. 1-00 (0-44-2-23) 1-32 (0-60-2-38) .. 1-69 (0-72—4-00)
Quintile 3 2:17-2-37 0-38-0-49 21-9-24-2

Unadjusted . 1-11 (0-54-2-27) .. 1-30 (0-70-217) 1-75 (0-79-3-92) .. 1-00 (0-43-2-35)

Adjusted .. 1:58 (0-72-3-45) .. 0-98 (0-43-2-22) 1-56 (0-72-3-36) .. 1-18 (0-49-2-81)
Quintile 4 2-38-2-68 0-50-0-67 24-3-281

Unadjusted .. 1-39 (0-70-2-75) .. 116 (0-53-253) 0-81 (0-36-1-81) .. 1-63 (0-77-3-43)

Adjusted . 1-84 (0-88-3-88) .. 095 (0-43-2-12) 0-87 (0-70-2-04) .. 1-64 (0-76-3-51)
Quintile 5 2269 2068 2282

Unadjusted 1-00 1-00 1-00 . 100

Adjusted 1-00 1-00 1-00 1-00
*By logistic regression for age, systolic and diastolic blood pressure, chol I, HDL chol |, non-fasting triglycerides, relative weight, smoking habit, and season for 105
cases and 382 controls with complete data. Linear trend after adi in logistic regression not statistically significant, except for vitamin E (p=0-02).

cholesterol ratos were used (adjusted odds rado 2-21
[1-05-4-67]; overall rend p <0:01). 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 2-64
(1-32-5-29), respectively, but the strength of these inverse
relations was reduced and they were no longer significant
(p=009 and 0-40, respectively) after adjustment for
smoking and other risk factors. The odds ratios for angina by
viamin 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.? The
inverse relatdon between plasma vitamin E concentration
and the likelihood of angina was therefore examined in
relation to these fatty acids. When they were included in the
logistic analysis for vitamin E, adipose tissue linoleate
content (p <0-001) and platelet eicosapentaencate content
(p <0-01) each made an independent contribution to the
explanation of angina, but plasma vitamin E concentration
did not (p=0-09). There was no significant interaction
between adipose linoleic acid and vitamin E (p=0-52).

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 reladon remained
significant after adjustment for age, blood pressure, total and
HDL cholesterol, non-fasting triglycerides, relative weight,
and smoking status. The association between low plasma
viamin C levels and angina was confounded by cigarette
smoking. Vitamin C levels are, as we confirmed, lower in
cigarette smokers than in non-smokers. In the National
Health and Nutritonal Examination Survey’ vitamin C
intake and plasma concentratons were lowest in those who
smoked most cigarettes. Furthermore, smoking may
interfere with vitamnin C absorption and increase vitamin C
requirements.®

We found no significant difference in vitamin E/
cholesterol between cigarette smokers and non-smokers,’
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 survey in this
population showed that ex-smokers ate more
polyunsaturated fat (vitamin E rich) than those who were
sdll smoking cigarettes.’® Qur cigarette smokers also had
significantly lower concentrations of carotene than non-
smokers, which confirms the findings of Stryker and
colleagues.’* The concentration 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 strong correlations
between plasma concentrations of antioxidant vitamins and
other classic risk factors.

Adipose tissue linoleic acid and platelet eicosapentaenoic
acid content are inversely related to the risk of angina
pectoris in this population.? Plasma vitamin E was positively -
correlated with adipose tissue linoleate,** but not with
platelet eicosapentaenoic acid. So subjects with low plasma
viamin E concentrations also tend to have low adipose
tissue linoleate, reflecting long-term low dietary intake of
this polyunsaturated essential fatty acid. A dietary survey in
Scotland showed that middle-aged men have low
consumption of polyunsaturated oils and cereal fibre,1044
but vitamin intake was not measured. Although adipose
linoleate and plasma vitamin E were both inversely related 1o
likelihood of angina in our study, the relation between low.
vitamin E and angina is important since it is independent of
the generally accepted CHD risk factors. .

Our angina cases were defined by a self-administered
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 the WHO questionnaire is not the same as a
doctor’s diagnosis of angina, but nor are patients diagnosed
by their general practitioners necessarily representative of all
patients with angina. We used the WHO questionnaire as a
valid and reproducible 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-cultural studies linking low
plasma antoxidants with CHD has been equivocal. Our
study®® of healthy middle-aged men in Scotland, Finland,
and Italy showed no consistent relation between plasma
concentrations of carotene or vitamins A, C, and E and
CHD mortality statistics for these populations, though the
vitarnin E/cholesterol ratio was generally lower in northemn
Europe, where CHD mortality is higher. These studies are
being extended within the MONICA framework. This
study was carried out over several years and repeat analyses
of men in Finland have shown pronounced rises in plasma
vitamin E and C concentratons between spring 1983 and
spring 1987. )

Within~population studies have shown an inverse relation
between vitamin consumption and cardiovascular mortality.
In the USA, industrial vitamin C production is inversely
related to CHD morrality over the past 20 years.'* Regional
standardised mortality ratios for CHD in the UK relate
inversely to calculated vitamin C intake (National Food
Survey), reflecting a long-established regional gradient in
lifestyle and social circumstance.*® There is a similar inverse
and powerful relation between the consumption of fresh
fruit and green vegetables and mortlity from all
cerebrovasular disease, independent of social class."”
Middle-aged Scottish men eat very little fruit and green
vegetables.® However, material deprivation predicts CHD
mortality better than social class'®* and preliminary data
have shown that the relatons berween dietary factors and
material deprivation are not identical to those that correlate
with social class.

There have been only a few other studies of vitamins and
their relation to CHD in individuals. Ramirez and Flowers®*
found that men with significant coronary artery
obstructions and regional wall kinetic abnormalities had
lower leucocyte ascorbic acid levels than those with normal
arteriograms, irrespective of smoking starus. On the other
hand, Salonen and colleagues? found that neither plasma
viamin C nor cholesterol-adjusted vitamin E differed
between those with and without CHD defined on the basis
of symptoms, a history of CHD, or objective evidence of
ischaernia on a bicycle ergometer exercise test. The fact that
liver vitamin A content does not differ significanty between
subjects dying from CHD and from accidents®® and the
possibility that patients with established CHD may change
their diet, makes the interpretation of necropsy and chronic
CHD studies difficult, if not impossible. Prospective studies
of the relation between vitamin levels and CHD mortality in
individuals, both men and women, have found no
significant relations.*25

We should emphasise that the inverse relation we found
may not apply to other communities with a high incidence of
CHD.»?

How could low plasma and (presumably) low tissue levels
of naturally occurring antioxidants relate to CHD?
Formation of foam cells from monocytes/macrophages is
favoured when L.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 culture*” and reduces aortic atheromatous lesions ina
rabbit model of hyperlipidaemia, an effect not explained by
changes in lipoprotein concentrations.?® Whether a low
concentration of naturally occurring antioxidants favours
the formation of oxidised DL has yet to be shown, but the
addidon of vitamin E to cell cultures blocks the oxidative
modification of LDL.*

An increased tendency t0 peroxidadon of
polyunsaturated fatty acids resultng from a reduction in
antioxidant availability might favour thrombosis by
allowing saturated fatty acids, which are more thrombotic,*
to have an unbalanced effect. The myocardium may also be
adversely affected after periods of ischaemia if tissue
concentrations of free radical scavengers, such as vitamins E
and C, are low. During ischaemic reperfusion, oxygen free
radicals are produced and these may lead to further tissue
damage and reperfusion injury,® the development of
arrhythmias,® and depression of myocardial contractliry.

The importance of oxidative modificaton of LDL and
increased athercsclerosis, thrombosis, and myocardial
ischaemic damage in leading to CHD may depend on the
fatty acid composition of the diet. Polyunsaturated fatty
acids are very vulnerable to free radical attack. Lipid
peroxidation can become autocatalytic, but the chain-
reaction can be prevented by the action of vitamin E.
Vitamin C has a sparing activity on vitamin E. Diets low in
linoleic acid tend to be low in vitamin E (and also 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
sufficiently strong to justfy further studies of essental
antioxidants. An intervention trial with vitamin
supplemnents is the most conclusive way to test the nature of
the association between low plasma antioxidants and CHD.

Antioxidants are more easily destroyed by food
processing than polyunsaturated fatty acids.3 This fact,
combined with a habirual low intake of vitamins E and C,
suggests that somne populations with a high incidence of
CHD should supplement their eating habits with more
cereals, vitamin-E-rich oils, vegetables, and fruit.

This study was supported by the British Heart Foundation, the Welicome
Trust, Scottish Home and Health Deparmment, and the Scottish Chest Heart
and Stroke Association. A preliminary report of the vitamin E findings was
presented to the New York Academy of Sciences (Anmn NY Acad Scr 1089;
570: 291-95).
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Rapid diagnosis of tuberculous meningitis by
polymerase chain reaction

P. SHANKAR N. MANJUNATH K.K.MOHAN K. PRASAD
M.BEHARI SHRINIWAS 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 technique; it detected 15
(75%) of 20 cases of highly probable TBM (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.

Lancet 1991; 337: 5-7.

Introduction

Tuberculous meningids (TBM), the most dangerous
form of extrapulmonary tuberculosis, occurs in 7-12% of
tuberculous patients in developing countries.! Despite the
availability of effective chemotherapy, the mortality and
morbidity remain high. Delay in diagnosis is directly related
to poor outcome; there are neurological sequelae in 20-25%
of patents who do not receive early treamment?
Bacteriological methods are inadequate for early diagnosis of
TBM 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.

Several new techniques for the rapid diagnosis of TBM
have been developed lately.3# We have developed a
detection method for Mycobacterium tuberculosis based on
the polymerase chain reaction (PCR).* On initial evaluation
the technique was highly specific for the M tuberculosis
complex. Here we report a comparison in TBM on
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Institute of Medical Sciences. Ansari Nagar, New Delhi-
110029, India. Correspondence to Dr N. Manjunath.
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> Morris J Brown

ﬁandomised controlled trial of vitamin E in patients with coronary
dis_easef: Cambridge Heart Antioxidant Study (CHAOS)

Nigel G Stephens, Ann Parsons, Peter M Schofield, Frank Kelly, Kevin Cheeseman, Malcolm J Mitchinson,

-'l Summary

Background Vitamin E (a-tocopherol) is thought to have a
. role in prevention of atherosclerosis, through inhibition of
oxidation of low-density lipoprotein. Some epidemiological
. studies have shown an association between high dietary
- intake or high serum concentrations of a-tocopherol and
" lower rates of ischaemic heart disease. We tested the
hypothesis that treatment with a high dose of a-tocopherol
would reduce subsequent risk of myocardial infarction (M)
and cardiovascular death in patients with established
ischaemic heart disease.

stratified randomisation, 2002 patients with
angiographically proven coronary atherosclerosis were

(capsules containing 800 IU daily for first 546 patients;
400 iU daily for remainder); 967 received identical placebo
capsules. The primary endpoints were a combination of
Bardiovascular death and non-fatal M! as well as non-fatal

{from baseline mean 34-2 pmol/L to 51-1 pmol/L with
400 IU daily and 64-5 umol/L with 800 |U daily) but did
. not change in the placebo group. a-tocopherol treatment
{0 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% ClI 0-34-0-83; p=0-005). The
3 beneficial effects on this composite endpoint were due to a
i significant reduction in the risk of non-fatal Mi (14 vs 41;
g}_; 0-23 [0:11-0-47]; p=0-005); however, there was a non-
i significant excess of cardiovascutar deaths in the
;, a-tocopherol group (27 vs 23; 1-18 [0-62-2-27]; p=0-61).
1 All-cause mortality was 36 of 1035 a-tocopherol-treated
patients and 27 of 967 placebo recipients.

Interpretation We
: angiographically
| atheroscierosis,

conclude that in
proven
a-tocopherol

patients with
symptomatic coronary
treatment  substantially
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reduces the rate of non-fatal MI, 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

Introduction

The Cambridge Heart Antioxidant Study (CHAOS) was
designed to test the hypothesis that weaunent with a high
dose of a-tocopherol (vitamin E) would reduce the risk of
myocardial infarction (MI) in patients with angiographic
evidence of coronary atherosclerosis. This hypothesis
developed from the idea that macrophage-mediated
oxidation of low-density lipoprotein (LDL) has a central
role in atherogenesis and the extensive experimental and
epidemiological evidence 1o support this view.!'

Epidemiological studies of dietary intake and serum
concentrations of a-tocopherol in reladon to risk of
coronary atherosclerosis have had mixed results. Three
large, prospective, nested case-control studies found no
correlation between serum a-tocopherol concentrations
and subsequent myocardial infarction 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 lowest intake.**

The single published randomised controlled trial of
a-tocopherol (in the preventon of lung cancer)’ found no
effect on cardiovascular mortality, with a low dose of a-
tocophero! (50 mg daily). An overview of epidemiological
data suggested that a trial of a-tocopherol in ischaemic
heart disease would need to use large doses of a-
tocopherol to demonstrate any treatment 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 than an unselected group; the higher risk
allows an adequately powered trial with a smaller sample
than a primary prevention trial.

Chemical evidence of lipid oxidation is evident at all
stages of atherosclerosis, especially in macrophage-rich
and early atherosclerotic lesions.® Steinberg® therefore
suggested that antioxidants might exert their greatest
effect in early lesions, with a long lag time before impact
on clinical events in healthy subjects. However, patients
with advanced coronary atherosclerosis are at much
greater risk of MI (which generally occurs as a result of
rupture of mature atheromatous plaques'”), and are
therefore the most appropriate subjects for investigation of
the clinical value of antioxidant treatment on prevention of
MI. An effect of a-tocopherol in this serting would be
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support for the antoxidant hypothesis of atherogenesis
and would have clinical implications for prevention of MI
in high-risk individuals.

The regional structure of cardiac services in our part of
the UK allowed us to design a low-cost, prospective study
of a-tocopherol. Papworth Hospital is a teruary referral
centre that undertakes the majority of invasive cardiac
procedures for a populadon of 2-2 million, with accurate
follow-up in the seven referring hospitals that have
coronary-care units.

Methods

CHAOS was a prospective, double-blind, placebo-contolled,
randomised, single-centre tmal in the East Anglian region of the
UK. Patents were recruited at one centre (Papworth Hospital)
The study compared two parallel groups of padents with
angiographically proven coronary atherosclerosis. One group
received a-tocopherol and the other placebo. The primary
outcome variables were a combined endpoint of cardiovascular
death and non-fatal MI, and non-fatal MI alone. Enrolment
began on Oct 10, 1992, and ended on Dec 15, 1994. The analysis
included all endpoints between Oct 10, 1992, and June 18, 1995,
The CHAOS trial was designed to have 80% power (with
2p=0-05) to detect a relative risk of the combined endpoint (non-
fatal MI and cardiovascular death) of less than (-75 between the
reatment groups after median follow-up of 1-5 years. This
calculation assumed an accrual rate of 1000 individuals per year
for 2 years, and an cvent rate of 5% per year, which were
esumated from past referral and event rates at Papworth Hospital.
Blinded interim analysis was planned for safery reasons, with trial
terminadon if the reladve risk between the treatment groups was
below 0-70 with 2p<0-001 in either of the primary endpoints. The
prospectively defined stopping criteria were not met in the interim
analysis in June, 1994."

When the trial was designed, there were few data to guide the
choice of vitamin E dose. The first 546 patients on active therapy
took 800 IU daily throughout the trial. When we had adequate
evidence from measurements of a-tocopherol concentrations on
therapy that a lower dose would exceed physiological values,
newly recruited subjects were allocated 400 IU daily. The dose
was constrained by the needs 1o exceed a physiological
concentration of a-tocophero] and to avoid interruption of
recruitment through the limited supplies of study drugs available
to use. There was no attempt at randomisation between the two
vitamin E dosage groups, and the study was not planned to
examine dose-response effects ori the primary endpoints. These
two groups are therefore not distinguished in this analysis.

The inclusion criterion was angiographically proven coronary
atherosclerosis. More than 90% of patients had angina, evidence
of reversible cardiac ischaemia or both features, although these
characteristics were not required. Almost all the subjects were
recruited on the day of their admission immediately after elective
coronary angiography. There were no exclusion criteria except
prior use of vitarmnin supplements containing vitamin E. Patients
were prestratified by seven variables—sex, blood pressure (cutoff
for systolic 160 mm Hg, diastolic 90 mm Hg), age (55 years),
body-mass index (25 kg/m?), towal cholesterol (6-5 mmol/L),
smoking habit, and planned therapy (medical therapy,
percutaneous transluminal coronary angioplasty [PTCA), or
coronary artery bypass grafung [CABG]). Randomisation was
done by means of a computer programme, which used a random-
number database to allocate treatment by blocks of two after
clinical data had been entered. Active treatment was capsules of
a-tocopherol (free 2R,4'R,8'R-a-tocopherol from narural sources
in soya oil), 400 or 800 TU daily (268 or 537 mg) in one daily
dose. The identical placebo capsules (oil only) contained a
maximum of 0-4 mg a-tocopherol. 546 patients took 800 IU daily
for a median of 731 days (range 3-981); 489 took 400 IU daily
for 366 days (8-961); 967 took placebo for 494 days (9-965).

An inital supply of 2 months’ a-tocopherol or placebo was
dispensed at recruitment. Patients were asked to request all

a-tocopherol Placebo

{n=1035) (n=967)
Age (years)* 618193 £1.8:89.
M/F 848,187 842 125
Vessels with >75% stenosis
Oort 372 370
2 253 .28
3 or left main stem 393 359
intended therapy
CABG 402 352
Medical : 355 324
PTCA 257 265
Laft ventricular impalrment (n=706)
None 208 215
Mild 59 50
Maderate 60 50
Severe 34 30
Serum concentrations*
Fasting total chotesteroi (mmol/L) 596 (1-19) 5-81(1-11
a-tocopherol (wmol/L) (n=1752) 33.8(11-0) 33-.2(10-2)
Lipidcorrected a-tocopherol 1-00(0-28) 1-0010-28)
Blood pressure (mm Hg)*
Systolic 135(231) 133 (20)
Diastolic 79(13) 78112
Diabetic 102 (9-9%; 68 (7-0%)
Smoking status
Current smoker 149 121
Ex-smoker (>2 years) 300 269
Norn-smoker 586 577
Family history in first-degroe relative 96 (36-6%) 105 (40-2%)
<60 years old (n=521)
Body-mass index (kg/m?)* 26-5 (3-5) 26-4 (3-4)
Alcohol Intake (units per week) (n=1390)* €97 {10-3) 6-96 {10-5)
Drug treatment
Calcium antagonist 718 (69-4%) 666 (68-9%)
B-blocker 410 {39-6%) 325 (33-7%)
Nitrate 557 (53-8%) 556 (57-5%)
Aspirin (mg dally)* 82:9 (53-3) 82-6 (55-8)

*Mean (SD). Some totals do not reach 1035 and 967 because of missing data.
Table 1: Baseline characteristics of patients

follow-up study medication, which was posted to them. The time
of request provided a simple index of compliance. Other
management and medication were at the discredon of the
physician responsible for the patient’s usual care.

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

Two endpoinis were examined—non-fatal M1 alone and a
combination of non-fatal MI and cardiovascular death (major
cardiovascular events). Non-fatal MI and death 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 MI allowed
by examination of electrocardiography, cardiac enzyme
measurements, and case notes over the hospital admission. For
these cases, definite or probable MI was defined by a ratified
modification of the MONICA criteria.”” 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
abour cause of death in one case; this patient was censored in the
survival analysis at the 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 team independently of the
main analysis.

There was no planned clinic follow-up as part of the trial,
because of the large geographical area served by the srudy centre
(up to 120 km radius). A dedicated database was installed in
seven coronary-care units serving the region's population, to
allow tracking of admissions of study patients. In addition, we
sent a questionnaire to patients and their family physicians to
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Figure 1: Serum c-tocopherol concentrations during follow-up

find out about the occurrence of smudy endpoints and other
events. Compliance was measured as the ratio of days that study
medication was requested to per-protocol davs prescribed.

Serum a-tocopherol concentrations were measured by high-
performance liquid chromatography” at baseline in 1763
individuals and in 482 who reartended after 15-836 days (in 307
cases these patients returned for planned CABG).

Baseline continuous variables were compared by Student’s
r 1est and categorical variables by Pearson’s x° -test. Bivariate
correlation was with Pearson’s correlation coefficient. ANOVA
was used to compare the effect of reatment on follow-up serum
cholesterol and a-tocopherol. A lipid-standardised serum
a-tocopherol concentration was calculated "as the rado of the
measured serum a-tocopherol to the concentration predicted by
a linear regression equaton based on serum total cholesterol.
The main analysis was by intendon to treat. Primary-endpoint-
free survival curves were calculated by the Kaplan-Meier
technique and treatment groups were compared by the log-rank
test. A Cox proportional hazards regression model was used to
assess the influence of all potental explanatory baseline variables
on relatve hazards of the primary endpoints. Ordinal variables
(New 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 backwards removal and enury of 0-4
and 0-2. A separate per-protocol analysis was done by treating
compliance with active therapy as 2 ime-dependent vanable in a
Cox regression model. The difference between treatment groups
in all-cause mortality was tested with x°. The difference in side-
cffects berween groups was tested by Pearson’s x° test, with odds
ratios calculated by the approximation of Woolf.

Results
Of the 2002 partients recruited, 1035 were assigned
a-tocopherol and 967 placebo (table 1). Median follow-

up was 510 days (range 3-981). There were small
differences between active treatment and placebo groups
in sex ratio, serum total cholesterol, svstolic blood
pressure, presence of diabetes, and the proportion taking
B-blockers. These differences arose because there were

fewer women than men and so some of the rarer

stratification blocks were unbalanced when recruitement
stopped. All these differences weighted risk in favour of
the placebo group. Overall, the study patients were at high
risk of further cardiovascular events—37:6% had triple-
vesse] or left-main-stem coronary disease and 24-6% had
moderate or severe left ventricular dysfunction.

73-2% of all prescribed a-tocopherol or placebo were
requested as follow-up medicarions. There was no
difference berween treatment groups in the proporton
who were 100% compliant with the trial medication (48%
placebo, 49% a-tocopherol; p=0-76). Complete follow-up
data were available in 98% of participants. There were no
differences between the groups in completeness of follow-
up (98-0% placebo, 97-8% actve treatment; p=0-80).

Baseline serum a-tocopherol concentration was 34-2
pmol/L. (95% CI 33-1-35-3; n=226). Mean serum
a-tocopherol did not change on placebo therapy 32-4
(30-9-33-9; n=224) pmoVl/L but increased to 51-1 pumol/L.
(46-5-55-9; n=114) on therapy with 400 IU daily and
64-5 pmolVL (59-6-69-5; n=142) with 800 IU daily.
Follow-up measurements were made at 6-836 (median
266) days. There was no trend in serum u-tocopherol
concentrations with time (figure 1).

Treatment did not affect serum cholesterol: the mean
follow-up concentration was 5-77 mmol/L (5-51-6-04) on
placebo, 5-55 mmoVL (5-29-5-81) on 400 IU daily, and
5-93 mmol/L (5-60-6-24) on 800 IU daily (p=0-24). The
strong correlation berween serum total cholesterol and
a-tocopherol reported previously**!* was seen for baseline
concentrations in this study (r=0-39; p<0-0001). The
regression equation used to predict serum a-tocopherol
(r=0-150, p<0-:0001) was:

a-tocopherol (gmol/L)=12-5+3-61 (cholesterol {mmol/L])
There was no significant association between baseline
measured or corrected a-tocopherol concentration and
risk of cardiovascular death or MI.

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 IU, 11/546 on 800 IU daily)
and 41 placebo recipients had non-fatal Mls. Of the 50
cardiovascular deaths, 27 were in the a-tocopherol group
(10/489 on 400 IU, 17/546 on 800 IU daily) and 23 in

ICD-9 code a-tocopherol Placebo group
group (n=10385) {n=967)

Non-fatal Mi 410 14 a1
Cardiovascular death

Fatal Mi 410 18 13

Lefkt ventncular failure 428 5 8
Stroke 434 1 1
Ruptured AAA 4413 2 0
Cardiac arrhythmia 427 1 1
Total cargdiovascular deaths - - 27 23
Other causes of death

Putmonary embolism 415 3 1
Sepucaemia 38 2 o
Bowel carcinoma 150-159 4 1
Unknown .- 0 1
Total deaths - 36 26

AAA=3DgOMING! 3OFUIC aneurysm.
Table 2: Distribution of non-fatal Ml and deaths by certified
cause in each treatment group
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1.00 Major cardlovascular events Varlable Relative risk {95% C)) [
_ o-10cCprerol vs placebo 0-5310-34-0-83 0-005
S w NYHA class 171117-248 0Cs
fEU ‘5‘ age 1-0411:01-1:07- 0-02
- 3 D-aretes 193:104-3€2 Q-04
g . 095 Current smoker 194,1.02-3-69; 0-04
o g 1 Atencitl vs no B-blocker 2-14 {0-86-5-34: 0-10 ;
E § e, NYHA=New York Heart Association.
'g 2 = a-tacopherol e Table 3: Risk of cardiovascular death or non-fatai M)
5
Q< 080 =+se placedc
E e 9 [95% CI 0-34-0-83}, p=0-005) and of a non-fatal MI
b

200 A00 600 80G 1000
Follow-up time (days)

a-tocopherol Events 28 34 - 38 41
Subjects 1035 988 721 469
Placebo Events 22 42 54 62

Subjects 967 230 642 377

Non-fatal Mi
1'001
S _ e,
5 E --...“..‘ =0-0001
5 0954
§3
€ ¢
8¢
& o-go]y
0 200 400 600 800 1000
Follow-up time (days)
a-tocopherol Events ) 11 13 14
Subjects 1035 288 721 489
Placebo Events 15 28 35 41
Subjects 967 930 842 377
iovascular death
100 c.ard ascular deaths

0-95 4

Proportion without
cardiovascular death

C 200 400 600 800 1000
Follow-up time (days)

a-tocopherol Events 19 23 25 27
Supjects 1035 988 721 469
Placebo  Events 7 19 23 . 23

Subects 967 930 642 377

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%] vs 26 [2-7%), p=0-31).
Kaplan-Meier survival curves for the combined primary
endpoint and separately for non-fatal MI and
cardiovascular death are shown in figure 2. Treaument
with a-tocophero] significantly reduced the rates of major
cardiovascular events (log-rank p=0-015), and of non-
fatal MI (p=0-0001) but had no effect on cardiovascular

deaths (p=0-78). There was a delay in the onset of

treatment benefit, with divergence of the Kaplan-Meier
curves after about 200 days.

In the Cox model, treatment with a-tocopherol reduced
the risks of a major cardiovascular event (relative risk 0-53

cardiovascular death (118 [0-62-2:27], p=0-61). 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 stanstc was .
less than 0-2.

In a separate Cox regression analysis, compliance with
a-tocopherol was treated as a time-dependent variable to ,
assess the benefits of treatment taken as prescribed. The s
results were similar to those of the intenton-to-treat N
analysis. The relative risk of a major cardiovascular event
was 0-53 (0-35-0:-81, p=0-003) and that of a non-fatal MI
032 (0-17-0-59, p<0-001) for individuals who were
compliant with a-tocopherol treatment.

Treatment was well tolerated; only 11 (0:55%) of the .
2002 patents discontinued therapy because of diarrhoea, 5;
dvspepsia, or rash. There was no significant difference
between the treaument groups for these side-effects v
(a-tocophero] vs placebo relative risk 1-12 [0-34-3-69), ¥
p=0-85). : :

&

e

Discussion
The idea that lipid oxidadon within the atherosclerotic
lesion might contribute to atherogenesis was raised during
the 1980s.''* Support for this idea has come from ~.¥
laboratory studies* that showed oxidation of LDL
particles (particularly their polyunsaturated cholesterol
esters’’) by macrophages® in atheromatous plaques. The
oxidation products of these reactions have various effects
that may promote plaque progression and instability.'» :
The CHAOS rrial design took advantage of the unitary %3
cardiac service of a large health region to examine the o |
effects of a-tocopherol on the rate of major cardiac events
in 2 homogeneous and stable population with established
coronary 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 MI) by 47%. This benefit was due to a reduction in
the risk of a non-fatal myocardial infarction of 77% and
this weatment effect was apparent after about 200 days.
The effects on the combined endpoint were not due to a
reduction in cardiovascular death; indeed, there were
more cardiovascular deaths among a-tocopherol ¢
recipients than among placebo recipients. By contrast i
with the delayed effects of non-fata] Ml, this increased - 1
risk was due to an excess of early events (before 200 A
days). B
Because of the study design, this trial did not have -~
sufficient power -for us to form conclusions about the
reason for the disparity in treatment effects on
cardiovascular death and non-fatal MI. The discrepancy
may be due to chance alone or it may reflect a difference
in antioxidant effects on the biological processes leading
to death and those leadmg to non-fatal MI. Most of the ©
deaths occurred in the early part of the follow-up petlod,
perhaps before any putative beneficial ecffects om
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atheromatous plaques could have occurred. Furthermore,
the deaths certified (most without necropsy evidence) as
due to ischaemic heart disease will include deaths due to
causes less likely to be responsive to a-tocopherol
treatment (eg, arrhythmias, progression of heart failure,
or perioperative complications). Whether there is a true
adverse effect on early mortality cannot be ascertained
from these data and must await the results of longer-term
multicentre trials designed with mortality as a primary
endpoint.

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

Despite the randomisation process, there were small
but significant differences in the distribution of five
conventional coronary risk factors berween 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 trial was not designed to examine dose-
response relations in terms of the primary endpoints. The
use of two doses of a-tocopherol does not obscure
interpretatdon of the effects on primary endpoints; a
similar approach in randomised controlled rrials of drug
treatment for hypertension allowed analysis of effects on
definable cardiovascular endpoints.® The lipid oxidaton
hypothesis might predict a greater benefit for
a-tocopherol in patients who smoke, who are diabenc, or
who have vascular hypertrophy due 1o hypertension. This
study does not have sufficient power to allow us to draw
firm conclusions abour these patdents, but we hoped that
stratification before randomisaton 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 study could not directly address the mechanism by
which a-tocopherol reduces the risk of. myocardial
infarcdon. The extent of the risk reduction suggests that
the benefit may be due to more than one mechanism,
such as a-tocopherol-mediated reductons in platelet
adhesion and aggregation,”* inhibition of vitamin-K-
dependent cloting factors by the oxidised moiety
vitamin-E-2-quinone,® and oxidised-L DI .-mediated
stimulation of endothelin production and inhibigon of
nitric oxide production.® However, we believe that
inhibidon 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
antoxidants.” The presence of large numbers of
macrophage foam cells in advanced lesions may be an
index of progression.”® Although their numbers are
variable. macrophages are found mainly at the periphery
of advanced lesions, which suggests continuous peripheral
recruitment of monocytes and enlargement of the lesion.™
Macrophage-rich intermediate and advanced lesiens and
the penipheral part of ulcerated advanced lesions show
chemical evidence of enhanced lipid oxidation.'” The
enhancement of lipid oxidation may bring about further
macrophage recruitment’ and progressive death of

macrophage foam cells, enlarging the lipid core. Occlusive
thrombosis, leading to MI, probably results from rupture
of the plaque at the soft, macrophage-rich periphery.”
There is a striking contrast between the clinical benefit
on non-fatal MI in our study and the modest effects of
a-tocopherol intake on the severity of carotid and
coronary atherosclerosis as assessed by ultrasonography

and - angiography.®” -This disparity suggests that the

beneficial effects of antioxidant therapy are on the lipid
composition of atheromatous plaques rather than their
volume.

Qur findings are the first from a prospective clinical
trial to be consistent with the lipid oxidation theory of
humnan coronary artery disease. Qur findings support the
use of a high dose of a-tocopherol to prevent non-fatal
MI in parients with angina and coronary atherosclerosis,
although there was no benefit in terms of cardiovascular
death or total mortality. Further studies will be required
to show the patient groups for whom these findings are
applicable.
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research scheme. We thank the Henkel Corporadon (La Grange, Nlinois,
USA) for supply of d-a-tocopherol and placebo capsules; the Council for
Responsibie Nutridon, Thames Ditton, UK; Janine Kelleher for
recruitment of patents; Michael Petch, Leonard Shapiro, and David Stone
for permission to recruir patients in their care; Linda Sharples (MRC
Biostadstcs Unit, Cambridge) and Bianca de Stavola (London School of

Hygiene and Tropical Medicine) for statistical advice and critcal
comments on the manuscrpt.
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L
Cyclical variation in paroxysmal supraventricular tachycardia in

women

Giuseppe M C Rosano, Filippo Leonardo, Philip M Sarrel, Carolyn M Beale, 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.

Methods 26 women (mean age 36 {SD 8)) years; with
paroxysmal SVT 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 48hour ambulatory ECG
monitoring and determination of plasma concentrations of
oestradiol-173 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 SVT 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
(56 [2-2] ng/mlL; r=0-83, p=0-0004;, and r=0-82,
p=0-0005). while a significant inverse correlation was

istituto H San Raffaele, Rome, Italy (G M C Rosano mp,

F Leonardo mp); University of Regglo Calabria, ltaly

(G M C Rosano, F De Luca wo); Yale Unlversity Medical School,
New Haven, USA (Prof P M Sarrel mp); National Heart & Lung
Institute, Imperial College of Science, Technology, and Medicine,
London, UK {(C M Beale 8sc, P Collins mo) .

Correspondence to: Dr P Collins, Division of Cardiac Medicine,
National Heart & Lung Institute, Imperial Coliege of Science,
Technology, and Medicine, Dovehouse Street, London SW3 6LY, UK

- occurrence of episodes of paroxysmal SVT.

found between plasma oestradiol-178 and number of
episodes and duration of SVT (155 [22] pg/mL; r=-0-89,
p<0-0001; and r=-0-81, p=0-0007).

Interpretation Women with paroxysmal SVI 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 SVT 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 199¢. 347: 786-88

introduction
Paroxysmal supraventricular tachycardia (SVT) can occur
in the absence of cardiac disease. Ovarian hormones
exhibit a cyclical variadon 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
neurotransmitter synthesis, uptake, and degradation
involving receptors at both presynaptic as well as
postsynaptic sites.'” Decreased or progestin-opposed
oestrogen production is associated with increased
adrenergic activity and vasomotor instability.” An increase
in plasma catecholamines may cause or facilitate the
In addition, ovarian hormones may have direct effects
on the cardiovascular system. Hyperpolarisation of
vascular smooth muscle in dog coronary arteries after
treatment with oestradiol-178 has led to the suggestion
that the hormone acts by increasing potassium
conductance,* while recent srudies on isolated cardiac
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Vitamin E supplementation enhances cell-mediated immunity

in healthy elderly subjects’™

Simin Nikbin Meydani, M Patrice Barklund, Sandra Liu. Mohsen Meydani, Richard A Miller,
Joseph G Cannon, Frank D Morrow, Ross Rocklin, and Jeffrey B Blumberg

ABSTRACT 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-
leukin (IL)-1, [L-2, prostaglandin (PG) E,, and serum lipid per-
oxides were evaluated before and after treatment. In the vita-
min E-supplemented group /) 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) PGE, synthesis by PBMCs (p
< 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 PGE; and/or other lipid-peroxi-
dation products. Am J Clin Nutr 1990;52:557-63.

KEY WORDS
taglandin

Vitamin E, immune response, aging, pros-

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 phytohemaggtutinin (PHA) and concanavalin A
{Con A) become depressed with age (2). Several groups showed
that antigen- and mitogen-stimulated interleukin (IL)-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 effector state of cellular immunity, ie,

the DTH phase (12). In addition to presenting antigen, macro-
phages synthesize IL-1 which induces the production of I1L-2
by the activated T cells.

Macrophages have a high concentration of arachidonic acid
in their membrane phospholipids. Upon stimulation, macro-
phages release up 10 50% of their arachidonic acid content in
the form of oxygenated metabolites, eg, prostaglandin (PG),
hvdroxeicosatetraenoic acid (HETE), and leukotriene (LT)
(13. 14). PGE, was shown to suppress lymphocyte proliferation
and lymphokine synthesis (15-17). Other oxidative metabo-
lites of activated macrophages, such as H,0,, was also shown
to suppress lymphocyte proliferation (18, 19). Increased PGE,
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 PGE, syn-
thesis in spleen in old C57BL/6J mice was associated with
an enhanced DTH, in vitro spleen mitogenic responses to Con
Abut notto PHA, and IL-2 formation (21). One of the biologic
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 Harman (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 correlation 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

Study 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 3-d menu contained 20 + 1.5% (X = SD) pro-
tein, 31.5 = 2.8% fat, with a ratio of polyunsaturated to satu-
rated fatty acids (P:S) of 0.41 % 0.09, and 49 + 2% 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 PGE; for-
mation have been implicated as major components of ultravio-
let-induced skin injury. .

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 [2, 40 mL fasting blood and 24-h urine samples were ob-
tained for different in vitro immunologic tests and PGE; analy-
ses as baseline or presupplementation values. On day 12, 30
mL 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 sovbean oil
whereas the vitamin E group consumed two vitamin E capsules
containing 400 mg dl-a-tocopheryl acetate in soybean oil
(Hoffmann-LaRoche, Inc. Nutley, NJ) daily for 30 d. At the
completion of the test period three fasting blood and 24-h urine
saumples were collected every other day for postsupplementa-
tion analyses (except for the first 10 subjects for whom one
blood sample was collected 15 d after supplementation and the
remaining two samples were collected 30 and 32 d after supple-
mentation. The amount of blood withdrawn was similar to that
collected at baseline.

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 PGE, were used in analyses.

Procedures

DTH was assessed with multitest CMI (Merieux Institute,
Inc, Miami), a single-use, disposable applicator of acrylic 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), tricophyton (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
positive 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 PGE, formation.

Lymphocyte proliferation was measured by [*H]thymidine
incorporation after stimulation with T-cell and B-cell mito-
gens. Dilutions of mitogens between | and 100 mg/L for PHA
(PHA-P, Difco, Detroit) and Con A (Sigma, St Louis) and
0.015% to 0.15% for Staphylococcus aureus Cowan I (SAC; Zy-
sorbin, Zymed, San Francisco) were prepared in RPMI 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 10° cells/L in RPMI 1640: 100
uL of the cell suspension was plated with and without mitogens
and incubated for 72 h at 37 °C in an atmosphere of 5% CO.
and 95% humidity. Four hours before termination of incuba-
tion. 18.5 GBq of [*H]thymidine (specific activity 247.9 GBq/
mol. New England Nuclear. Boston) in 20 uL was added to
each well. Cells were harvested onto glass microtiter filter paper
by use of a cell harvester (PHD, Cambridge. MA). Filter disks
were placed in minivials and counted in a liquid-scintillation
counter (Beckman Instruments. Palo Alto. CA). The results are
reported as corrected counts per minute (ccpm). the average
cpm of mitogen-stimulated cultures minus the average cpm of
culwres without mitogens.

Cells (1 X 10°/L) in RPMI1 with 100 mL FBS/L were cultured
in 24-well flat-bottomed plates (Becton Dickinson) with Con A
(10 mg/L for 48 h). Cell-free supernatant was stored at =70 °C
for later analvsis of IL-2. IL-2 activity was measured with a
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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*

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

Before After
Plasma a-tocopherol PBMC a-tocopherol Group treatment treatment
Group Before After Before After ccpm
umol/L amol Placebo(n = 14) 244782729 21954 + 2908

Placebo 262x 17 239=x14 0.14 £0.04 0.19 £ 0.03 Vitamin E supplemented

acel Zxl, PESE .14 £ 0. e = - 7 +

e 14) (n= 14) (n=6) (n=6) (n=18) 20551+192 2377029914

Vitamin E 256+14 709+63t 0122002 039+005% _

supplemented  {(n=17) (n=17) (n=5 (n=5) * x+SEM.

*x+SEM.
t1 Significantly different from before-treatment values: tp < 0.000!,
$p < 0.001.

statistical significance 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 subjects in the vitamin E-supplemented group
had an increase in their cumulative score, with a mean increase
of 52.8 + 20.0% in the vitamin E-supplemented group, com-
pared with a 3.7 + 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 % 0.38 before vs 3.1
+ 0.48 after, p < 0.05) whereas no change was noted in the
placebo group (3.2 + 0.45 before vs 3.3 + 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). In contrast, no significant changein iL-2 production was
observed in the placebo group. Although 29% of subjects in the
placebo group showed an increase in 1L-2 formation, 64% 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 vitamin E supplementation on DTH in elderly subjects*

Cumulative index

t Significantly 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 + 24%) was significantly {(p < 0.025)
higher than that in the placebo group (~7 * 20%). Further-
more, in the vitamin E-supplemented group, a positive corre-
lation (r = 0.50, p = 0.056) was noted between changes in 1L-2
concentration and changes in plasma a-tocopherol concentra-
tion. No significant change in endotoxin-stimulated IL-| 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 PGE, 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-
Jjects but not in the placebo group, a highly significant decrease
was observed in PHA-stimulated PGE, 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-tocopheryl
acetate/d for 30 d significantly improved DTH, an in vivo mea-

TABLES
Effect of vitamin E supplementation on Con A-induced 1L-2
production by PBMCs from elderly subjects*

Before After Before After
Group treatment treatment Group treatment treatment
mm kU/L
Placcbo (11 = 13) 165+ 2.2 169 £ 2.1 Placebo (1 = 14) 31.8+8.3 373+ 423
Vitamin E supplemented (# = 16) 14229 189 + 3.5+ Vitamin E supplemented (# = 18) 35691 4961264
* vz SEM. * v = SEM.
t Signihcanmly different from before-treatment values p < 0.05 T Signiticantly different from before-treatment values. p < 005

(paired Wilcoxon signed-rank test).

(paired Student’s 7 test).



TABLE®6 '
Effect of vitamin E supplementation on PGE ; formation
by PBMCs of elderly subjects®

TABLE7
Effect of vitamin E supplementation on plasma lipid peroxide
concentration in elderly subjects®

Control cultures PHA-stimulated cultures

Before After Before After
Group treatment treatment treatment treatment
In pmol/L

Placebo (n = 14} 73+ 1.6 6.6x1.7 83x16 8416
Vitamin E

supplemented

{n=18) 78+16 7716 91=16 85+1.5¢%

* v+ SEM.

+ Significantly different from before-treatment values, p < 0.0004 (paired Stu-
dent’s 1 test). .

sure of cell-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 concentra-
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.

Before After
Group treatment treatment
pmol/L
Placebo (n = 14) 226x0.76 220+0.55
Vitamin E supplemented (n = 18} 2.76 £ 0.67 1.20x0.607

* T+ SEM. _ _
t Significantly different from before-treatment values. p < 0.001
(paired Student's ¢ test).

tvpe 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 [L-2 were directly correlated with changes
in plasma vitamin E concentration. The lack of a larger average
change in Con A and PHA responses might be due to the
greater vaniability 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 (21) 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 PGE, production and/or decreases in other
lipid-peroxidation products. PGE, suppresses lymphocyte pro-
liferation and IL-2 production. Increased PGE, 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 PGE, (49). Of particular interest
is our observation that PBMCs from healthy elderly subjects
synthesize significantly more PGE; than do those of young sub-
jects (unpublished observations, 1990). In this study we ob-
served a significant reduction in PGE; 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.

PGE, was shown to decrease 1L-1 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 By, 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 (~5%) compared with the threefold
increase in plasma and PBMC a-tocophero! concentrations.
Furthermore, a change in plasma zinc concentration does not
indicate a proportionate 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-term supplemen-
tation of most healthy elderly subjects treated with 800 mg d/-
a-tocopheryl acetate significantly improves several indices of
cell-mediated immunity. In view of the known effects of PGE,
on immune function, it is plausable that the immunostimula-
tory effect of vitamin E is due to a reduction in PGE, synthesis
and a concommitant increase in 1L-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 vaceine
or the incidence of infectious disease in elderly patients from a
chronic-care facility supplemented with 200 or 400 mg tocoph-
erol/d for 1 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 supplementary
intake of vitamin E, such public health recommendations can
only be considered after longer-term studies with lower
amounts of tocopherol 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
with age. B8

We thank the staff of the USDA-HNRC Metabolic Research Unit
and Nutritional Evaluation Laboratory for their assistance with this
study. We would also like to thank Nadine Sayhon for formulating the
diets. Paul Bizinkauskas and Gary Hendelman for their technical assis-
tance. and Gerald Dallal for help in statistical analysis of the data. The
study would not have been possible without the help and participation
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 { 118

THE ALpHa-TocorHEROL, 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-biind,
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 28,133 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-

REVIOUS 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.? The 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 outcomne of interest was the in-
cidence of other cancers. Lung cancer was deemed a

Drs. Olli P. Heinonen and Demetrius Albanes assume responsibility for the
integrity of this manuscript on behalf of the Alpha-Tocopherol, Beta Carotene
Cancer Prevention Study Group. Address reprint requests to Dr. Heinonen at the
National Public Health Institute, M imni inki FIN-00300, Fin-
land; or to Dr. Albanes at the Cancer Prevention Studies Branch, Division of
Cancer Prevention and Control, National Cancer Institute, Executive Plaza N.,
Rm. 211, 9000 Rockville Pike, Bethesda, MD 20892.

Supported by a contract (NO1-CN-45165) with the National Cancer Institute.

*The participants in the study group are listed in the Appendix.

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;330:1029-35.)

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).? 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.

MEeTHODS
Study Design

The rationale, design, and methods of the study, the characteris-
tics of the participants, and the measures of compliance have been
described in detail elsewhere.* 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 supplementation
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 received 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 years (median, 6.1), until death or
April 30, 1993, with a total of 169,751 person-years contributed by
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the surviving participants. This study was approved by the institu-
tional review boards of the participating institutions, and all sub-
jects provided informed consent before randomization.

Eligibllity

Participants were recruited in 1985 through 1988 from the re-
spondents to a postal survey (n = 224,377) who lived in the desig-
nated study region. To be eligible, they had to be 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 taking supplements of vitamin E, vitamin A, or beta carotene
in excess of predefined doses, and those being treated with anticoag-

c'ulant agents were excluded. Before their enrollment, the partici-
" pants were interviewed at 1 of 14 Jocal study centers to obtain
details of their medical, dietary, smoking, and occupational histo-
: ries and information about other risk factors for cancer. Each par-
ucxpant s dietary intake of alpha- tocophcrol and beta carotene was
estimated from the diet-history qucsuonnaxrc ; levels of alpha-
tocopherol and beta carotene were measured in serum samples by
high-performance liquid chromatography.® Participants identificd
after randomization as ineligible (n = 113) were equally distributed
among the four intervention groups; they included men with preex-
isting cancer other than nonmelanoma 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 | nonsmoker.

Randomization and Blinding

The participants at each of the 14 study sites were randomly
assigned to one of the four intervention groups. Treatment assign-
ments were based on a two-by-two factorial design that permitted
asscssment 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, half received beta caro-
tene (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 skin (during two thirds or more
of the follow-up visits) was reported by 8.8 percent of the partici-
pants who received beta carotene, as compared with 0.3 percent of
those who did not. Participants and all study stafl involved in the
ascertainment of end 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 dl-alpha-tocoph-
eryl acetate (50 percent powder) and synthetic beta carotene (10
percent water-soluble beadlets); all formulations were colored with
quinoline vellow. Capsules were packaged in coded blister-pack
wallets in calendar format provided by Hoffmann-LaRoche (Basel,
Switzerland). All participants took a single capsule daily. The par-
ticipants received a new supply of capsules at each of their thrice-
yearly 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-
urement of serum alpha-tocopherol and beta carotene levels after
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
Registry.” All cases known to have been diagnosed up to April 30,
1993, are included in this report. To enhance the ascertainment of
cascs, a chest film was obtaincd at a study visit every 28 months and
at cach participant’s exit from the study. For various reasons, the
final chest fitm was not available for 494 of the surviving men.
There were no differences among the intervention groups in the
proportion of exit chest films available for analysis or in the reasons
why nn film wee nhiained Al disonnctic infarmation for each case
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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 clinical data alone in 8 percent.

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

Monitoring of Safety and Efficacy

Possible side effects of the interventions were assessed at each
follow-up visit by means of a questionnaire covering symptoms and
an interview 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 Finnish Na-
tional Hospital Discharge Registry. Deaths (n = 3570) were identi-
fied from the National Death Registry, a branch of Statistics
Finland. The underlying cause of death was coded by trained nosol-
ogists using the Intemational Classification of Diseases, ninth revision
(ICD-9), and reviewed at the study coordinating center; the death
certificate was not available for four participants. In 91 percent of
all deaths, the cause was based on the autopsy findings (54 percent),
the inpatient diagnosis, or both.

A data and safety monitoring committee was convened twice
annually throughout the study to review its progress and integrity
and to evaluate unblinded data relevant to safety and efficacy.

Statistical Analysis

Analyses of trial results focused on estimating the overall effect
of the two supplements on the incidence of cancer and on
mortality due 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
alpha-tocophcrol and beta carotene by means of a proportional-
hazards model®

Kaplan—Meier cumulative-incidence plots and two-sided nomi-
nal P values derived from the unweighted log-rank statistic® are
presented for each intervention separately: alpha-tocopherol as
compared with no alpha-tocopherol, and beta carotene as compared
with no beta carotene. The effect of intervention is expressed
as the percentage change in the incidence of an end point and
its 95 percent confidence interval. Computations of confidence in-
tervals were based on the binomial distribution, derived from con-
ditioning on the number of cases and adjustment of probabilitics
for the number of person-years of follow-up in the two com-
parison groups.®®

The preliminary data on cancers other than lung cancer are pre-
sented in the form of counts and rates of incidence according to
intervention group. Two or more of the five primary cancers in a
single participant were counted as separate cases in each category.
but were counted only once within each category (even in the cate-
gory “other cancers”). Thus, the cancer counts are not mutually
exclusive. Cases of carcinoma in situ of the lung (n = 6) and busal-
cell carcinoma of the skin {n = 217) were excluded from the anuiv-
sis. Cause-specific data on deaths are presented in the form of
counts and mortality rates in mutually exclusive cause-of-death cat-
egories according to intervention group. The categories are based on
the following ICD-9 codes: cancer (140 through 208), ischemic
heart disease (410 through 414), hemorrhagic stroke (430 through
432), ischemic stroke (433 through 436 and 438), other cardiovascu-
lar disease (390 through 405, 415 through 429, 437, and 440 through
459), injuries and accidents (800 through 999}, and other c.nxsn
(001 through 139, 210 through 389, and 460 through 799). )l
cases in which cancer was the underlving cause of deith wore B
cluded among the deaths due to cancer.

REsuLTs
Characteristics of the Participants

At study entry, the men in the cohort averaged 571
years of age, smoked an average of 20.4 (iqau‘(‘l“"'
dailv. and had smoked for an average of 35.9 vear®
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re were no differences among the intervention
ps with respect to any characteristic or risk factor
ung cancer that we evaluated at base line (Table
¢ during follow-up, except those directly related to
>lementation. A total of 6131 participants stopped
king during the trial; the numbers who quit in the
ous intervention groups differed by less than 26.
ilarly, 9061 participants left the study for any rea-
including death; the groups differed in the num-
of such dropouts by less than 37.

g Cancer and Base-Line Alpha-Tocopherol and Beta
irotene Levels

vhen 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
1est (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,
' 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
sumption among the intervention groups (median
‘entage of capsules taken, 99.0 percent in each).
Aicipants receiving active treatment accounted for
rercent 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.
1pliance with intervention was confirmed by the
‘tantial increases in serum alpha-tocopherol and
carotene concentrations in the groups receiving
active 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 no evidence 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
cbo, 47.7; likelihood-ratio test for interaction: chi-
re = 0.04, P = 0.84). Our findings regarding the
lence of lung cancer and mortality from that dis-
according to intervention are shown in Figures 1,
wd 3. For alpha-tocopherol recipients, the small
ction in incidence (2 percent) during the entire
was not statistically significant (P = 0.8 by the
ank test). Among the men who received beta

Table 1. Median Base-Line Characteristics of the Participants,
According to Whether They Received Alpha-Tocopherol
and Beta Carotene.*

ALPHA- NO ALPHA- BETa No BeTa

CHARACTERISTIC TocopHERGL TOCOPHEROL CAROTENE CaROTEMNE

No. of subjects 14,564 14,569 14,560 14.573
Age (yn) 57.2 57.1 57.3 57.0
Cigarettes smoked/day 20 20 20 0

Years of smoking 36 36 37 36

Serum cholesterol {mmol) 6.2 6.2 6.2 6.2
Body-mass indext 26.0 259 26.0 26.0
Total energy intake (kcalday) 2,725 2,715 2,717 2,722
Total fat intake (g/day) 117.7 116.9 117.4 11722
Alcohol intake (g/day) 11.1 10.9 109 1.1

*This was a two-by-1wo study, with a total of 29,133 participants. The numbers with data on
the dietary-intske variables are as follows: alpha-tocopherol, 13,536; no alpha-tocopherol,
13,575; beta carotene 13,521; and no beta carotene, 13,590.

¥The weight in kilograms divided by the square of the height in meters.

carotene, an excess cumulative incidence of lung can-
cer was observed 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 20Ty 80rH
INDEX AND GROUP SuBrEcTs MEDIAN  PERCENTILE  PERCENTILE
milligrams per liter

Alpha-tocopherol level

At base line
Alpha-tocopherol 14,472 115 9.3 14.2
No alpha-tocopherol 14,469 11.4 9.3 14.1
At three years
Alpha-tocopherol 11,332 17.3 143 21.1
No alpha-tocopherol 11,258 124 10.2
Beta carotene level
At base line
Beta carotene 14,460 0.17 0.10 0.29
No beta carotene 14,460 0.17 0.10 0.29
At three years
Beta carotene 11,276 3.0 1.6 4.5
No beta carotenc 11,314 0.18 0.10 0.30

* *To conven values for alpha-tocopherol to millimoles per liter, muliiply by 2.322. To
convert values for beta carotene to millimoles per liter, muhiply by 1.863.
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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, 3570 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-
cetved beta carotene than among those not given beta
carotene (95 percent confidence interval, ] 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 smakers over a period of
about six vears. ;

The lack of reduction in the incidence of lung can-
cer among the men given supplemental beta carotene
miay be explained by bias, an inadequate duration of
supplementation, the use of the wrong dose, or an
inappropriate study population. Bias can be discount-
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Figure 1. Kaplan—Meier Curves for the Cumulative Incidence of

Lung Cancer among Participants Who Received Alpha-Tocoph-

erol Supplements and Those Who Did Not (Upper Panel) and

among Participants Who Received Beta Carotene Supplements
and Those Wha 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 studied.
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
film 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 was too
short to inhibit the development of cancers resulting
from a lifetime of exposure to cigarette smoke and
other carcinogens. Beta carotene may not be the active
cancer-inhibiting component of the [ruits and vegeta-
bles identified as protective in observational studies,
or the intake of beta carotene may be only 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 Parlicipants 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).

Although 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.'®!! 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,'""" including the results of the cohort-based
analysis in this study. Furthermore, a recent large trial
in China found a significant reduction in mortality due
to cancer among persons whose diets were supple-
mented daily with the combination of beta carotene
(15 mg), alpha-tocopherol (30 mg), and selenium (50
ug) for 5% years.!®

We also observed no beneficial effect of alpha-
tocopherol on the incidence of lung cancer or on mor-
tality due 1o this disease. At the start of the trial, the
a priori evidence that alpha-tocopherol prevented

lung cancer was less substantial than that for beta
carotene, and since then little additional evidence has
been accumulated.'”'? Possible explanations for the
lack of effect are similar to those for beta carotene,
although the relativelv 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 protectlve effect of alpha-tocopher-
ol 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.”®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

Lung cancer 285 (33.6)

QOther cancer 294 (34.7)
Ischemic heart

disease = Tadey

—1837 (75.0)

Hemorrhagic stroke 66 {7.8)
. ] 44(52) Ml Alpha-tocophero!
ischemic stroke 56 (5.6
1 67 (7.9) =1 No alpha-tocopherol

Other cardiovascular
disease

injuries and accidents

128 (15.2)
1122 (14.4)

166 {19.6)
170 {20.0)

200& 3.6)
191 (22

Other causes

r T T - T =T ™

0 100 300 500 700

ng cancer 302 (35.6)
Lung cance 262 (30.8)

her cancer 280 (33.1)
Other cance o5 950)

Ischemic hearnt 653 (77.1)
disease | 1586 (68.9)
Hemorrhagic stroke oy 52 ((g 3
. . N Bt t
Ischemic stroke 68 (8.0) eta carolene
_ 55 {6.5) ] No beta carotene
Other cardiovascular 125 (14.8)
disease 126 (14.8)

172 (20.3)
164 (19.3)

191 (22.5)
200 (23.5)

Injuries and accidents

Other causes

Lo Ls B ™ T ¥ T

0 100 300 500 760
No. ot Deaths (Mortality)

Figure 3. Deaths and Mortality Rates (per 10,000 Person-Years),
According to Cause of Death, among Participants Who Received
Alpha-Tocophero! 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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Health Institute, and E. Tala, Turku University Central Hospital,

- ™
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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

Paimio; Harmi Hospital, Alaharmi: E. Aalto, V. Maenpai,
and L. Tienhaara; Kanta-Hiame Central Hospital, Himeenlinna:
M. Jirvinen, I. Kuuliala, L. Linko, and E. Mikkola; Keski-Suomi
Central Hospital, Jyviskyli: J. Nyrhinen, A. Ronkanen, and
A. Vuorela; Kiljava Hospital, Nurmijirvi: S. Koskinen, P. Lohela,
and T. Viljanen; Kotka Health Center Hospital: K. Godenhjelm,
T. Kallie, and M. Kaskinen; Kymenlaakso Central Hospital,
Kotka: M. Havy, P. Kirves, and K. Taubert; Laakso Hospital,
Helsinki: H. Alkio, R. Koskinen, K. Laine, K. Mikitalo, S. Rastas,

and P. Tani; Meitola Hospital, Karjaa: M. Niemists, T.L. Seller-
gren, and C. Aikis; Porvoo Regional Hospital, Porvoo: P.S. Pek-
kanen and R. Tarvala; Pajjat-Hame Central Hospital, Lahti:
K. Alanko, K. Mikipaja, and §. Vaara; Satalinna Hospital, Harja-

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

o0 . RORNST S 4

M 1 | i cffe_cts of beta Cf‘rownc’ whereas there are data indi- vaita: H. Siuko and V. Tuominen; Seinajoki Centra) Hospital, Sei-
f: \l .! it cating benefit.'6?? Furthermore, there are no known or nijoki: L. Ala-Ketola, A. Haapanen, M. Haveri, L. Keski-Nisula,
) i| b described mechanisms of toxic effects of beta caro- E. Kokko, M. Koskenkari, P. Linden, A. Nurmenniemi, R. Ra-
i it tene, no data from studies in animals suggesting beta ';_;“‘;‘i"rc Ra“d;;k“,k"l S;;(' T°“’akskaka"§ H-]Vi;m‘a; Tampere

. JU . . . . . calth Center Hospital, Tampere: S. Kyronpalo-Kauppinen and
Y 'ii | \ . carotene toxicty, and no evidence of serious toxic E. Schoultz; Tampere University Hospital: M. Jaakkola, E. Leh-
v 4

it effects of this substance in humans.? In the light of
:} I all the data available, an adverse effect of beta caro-
Al tene seems unlikely; in spite of its formal statis-
o, 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®?% that 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
9 of this study raise the possibility that these substances
N | may have harmful as well as beneficial effects. Longer
observation of the participants in this trial and data
il from other studies of people at normal risk?”* or high
risk? for cancer will be required to determine the full
: spectrum of effects of these agents. Public health rec- |

tinen, K. Rautaseppd, and M. Saarikoski; and Turku University
Central Hospital, Turku: K. Liippo and K. Reunanen; Clinical Re-
view Committee — Lung cancer: K. Liippo and E.R. Salomaa, Turku
University Central Hospital, and J. Virtamo, National Public
Health Institute; random subgroup review of lung cancer: D. Et-
tinger. Johns Hopkins University, Baltimore; Genitourinary and
gastrointestinal cancers: P. Hietanen, H. Mienpdi, and L. Tee-
renhovi, Helsinki University Central Hospital; and random sub-
group review of genitourinary cancers: G. Prout, Harvard Medi-
cal School, Boston; Pathology Review Committee — Lung cancer:
L. Teppo, Finnish Cancer Registry, E. Taskinen, University of
Helsinki, and F. Askin and Y. Erozan, Johns Hopkins University;
Genitourinary cancers: S. Nordling and M. Virolainen, University
of Helsinki, and L. Koss, Montefiore Medical Center, Bronx, N.Y ;
Gastrointestinal cancers: P. Sipponen, Jorvi Hospital, Espoo, and
K. Lewin, University of California at Los Angeles; Other cancers:
K. Franssila and P. Kirkkiinen, University of Helsinki; Food-compo-
sition research — M. Heinonen, L. Hyvénen, P. Koivistoinen,
V. Ollilainen, V. Piironen, and P. Varo, University of Helsinki; and
Capsule development and distribution — W. Bilhuber, R. Salkeld,
W. Schalch, and R. Speiser, Hoffmann-LaRoche, Basel, Swit-
zerland.
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Dietary Antioxidants and the Risk of Lung Cancer

Paul Knekt.'? Ritva Jarvinen 2> Ritva Seppanen.’ Aila Rissanen.’ Arpo Aroraa.’
Olii P. Hewnonen.? Demetnus Albanes * Marina Hemnonen,® Eero Pukkals.* ana

Lyty Teppo*

The reiation between the intake of retinoids, carotencids, vitamin E, vitamin C, and
selenium and the subsequent risk of lung cancer was studied among 4,538 initially
cancer-free Finnish men aged 20-69 years. During a lofow-up of 20 years beginning in
1966-1972, 117 lung cancer cases were diagnosed. inverse gradients were observed
between the intake of carotenoids. vitamin E, and vitamin C and the incidence of lung
cancer among nonsmokers, for whom the age-adjustad relative nsks of iung cancer in
the lowest tertile of intake compared with that in the highest tertile were 2.5 (p value
for trend = 0.04}, 3.1 (p = 0.12). and 3.1 (p < 0.01) for the three intakes, respectively.
Adjustrent for various potential confounding factors did not matenally alter the resufts,
and the associations did not seem {0 be due to preciinical cancer. In the total cohort.
there was an inverse association between intake of margarine and fruits anc nsk of
lung cancer. The reiative risk of lung cancer for the lowest compared with the highest
tertile of margarine intake was 4.0 (p < 0.001), and that for fruits was 1.8{(p=0D1)
These associations persisied sfier adjustment for the micronutnent intakes and were
stronger among honsmokers. The results suggest that carotenoids, vitamin E. and
vitamin C may be protective agamst lung cancer among honsmokers. Food sources
fich in these micronutnents mMmay also have other constituents with ngependent protec-

tive effects against lung cancer. Am J Epicemiol 1991,134:471-8.
diet; longitudinal studies; lung neopiasms; selenium; vitamin A; vitamin C. vitamin E

It has been hypothesized that vitamin A
has anticancer effects by controlling cellular
differentiation and growth and that its pre-
cursor beta-carotene, vitamun C, vitamin E.
and selenium have anticancer effects be-
cause of their antioxidant and other prop-
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enties (1, 2). Some, but not all, epidemiologic
studies on the association between these mi-
cronutrients and the occurrence of lung can-
cer are in line with these hypotheses (2-7).
The most reliable evidence of an associa-
tion betwesn these microputrients and cap-
cer comes from cobort studies. In addiuon,
these have given conflicting results. Most
cohon studies on the intake of carotene or
of foodstufTs rich in carotene as well as fol-
low-up studies based on circulaung beta-
carotene levels suppont the hypothesis that
carotene protects against lung cancer (7). In
contrast, mos! studies based either on di-
etary intakes or on serum retinol levels have
reported no protective effect for retinol (4).
There is relatively little information from
cohort studies on the association between
lung cancer and vitamins C and E and sele-
nium. The findings concerning the relauon
between vitamin C and lung cancer are in-
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consistent. An inverse association between
the occurrence of lung cancer and the intake
of either vitamin C or fruits rich in vitamin
C has been reporied in some, but not all,
studies (5). The results of cohont studies on
vitamin E and lung cancer nisk are also
somewhat discrepant. A significant protec-
tive effect of vitamin E against lung cancer
was found in one of the serum studies, but
other studies have shown only weak or no
associations (6). Similarly, studies based on
prediagnostic serum selenium samples have
reported a significant inverse association, a
ponsignificant inverse association, or a non-
significant positive association (4).

Some of the studies concerning intakes of
various microputrients and lung cancer are
based on food frequency questionnaires
which only partially cover the total diet of
the subjects. For examination of the relative
importances of micronutrients and their
main food sources, however, comprehensive
dietary intake data are needed. Using dietary
intake data based on dietary history inter-
views, we studied the simultaneous relation
between dietary intakes of major carot-
enoids, retinoids, vitamin C, vitamin E. and
selenium, and that of the major food sources
of these micronutrients and the subsequent
development of lung cancer in a cohort of
Finnish men followed up for 20 years.

MATERIALS AND METHODS

During 1966-1972, the Mobile Health
Clinic of the Social Insurance Institution
carmied 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 study; the participation rate was 82.5
percent. As part of the main study, dietary
histories were obtained from a random sub-
sample of 10,054 participants (9, 10). This
study covers the 4,538 men aged 20-69 years
from whom dietary histories were obtained
and who had never had cancer.

Food consumption was estimated at the
baseline examination by the dietary history
method covering the total habitual diet of

the subjects during the previous vear (5. 11).
The amounts of rennoids. carotenoids. and
various tocopherol and tocotnenol 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 tocotrienols in alpha-
tocopherol equivalents were estimated by
using the factors in the paper by McLaughlin
and Weinrauch (16). The inuake of pre-
formed vitamin A and the vitamin A activity
of different provitamin A carotenoids were
calculated in retinol equivalents according
to the Food and Nutrition Board (17). The
vitamin C content and that of other nu-
trients in food items were derived from sev-
eral sources. mainly from international fooc
composition tables. Energy intake was cal
culated on the basis of the amounts of pro
tein, fat, and available carbohvdrate con
sumed. The nutrient intakes represen
amounts in raw foodstuffs. Because few me:
(1.4 percent) used vitamin supplements, th:
association with lung cancer could not b
studied.

In this cohort, vegetables provided on a
erage 70 percent and dairy products 26 pe
cent of dietary carotenoids (i.e., provitami
A carotenoids). Dairy products and livt
supplied the largest proportions of retinon
(i.c., preformed vitamin A), with averz
proportions of 53 and 35 percent, respe
tively. On average, 33 percent of vitamin
was derived from potatoes. 36 percent fro
fruits and berries. 18 percent from vege
bles, and 12 percent from dairy produc
Cereals provided 32 percent of the diet
vitamin E, dairy products provided 20 p
cent, and margarine provided 13 perce
On average, 85 percent of the selenium v
supplied by animal products (i.e., m
products, fish, eggs, and dairy products), 2
12 percent by cereals.

The short- and long-term repeatabili
of the daily consumption of the pertin
foodstuffs and micronutrients were ¢
mated by repeating the dietary interviews
8 months and 4-7 years after the in
interviews. Overall, the shor-term rep
ability was high, with the intraclass corr
tion coefficient (r) ranging from 0.47 to (




" ding the previous year (9, 11).
¢ of retinoids, carotenoids, and
,,gol and tocotrienol com-
L ¢ content of selenium in the

> §on analyses of Finnish foods
 jamin E acuvities of different
{ pd tocotrienols in alpha-

& yivalents were estimated by
1. rsin the paper by McLaughlin
&4 (16). The intake of pre-
E. 0 A and the vitamin A activity
b ovitamin A carotenoids were
_retinol equivalents according
/> ad Nutntion Board (17). The
¥ otent and that of other nu-
* jtems were denived from sev-
; “yainly from international food
- ables. Energy intake was cal-
~ ¢ basis of the arnounts of pro-
7 avi  le carbohydrate con-
!’ putient intakes represent
L~ wfoodstuffs. Because few men
g 1sed vitamin supplements, this
. ith lung cancer could not be

© 1, vegetables provided on av-
ent and dairy products 26 per-
¥y carotenoids (i.c., pfovitamin
). Dairy products and liver
argest proportions of retinoids
88 1ed vitamin A), with average
" f 53 and 35 percent, respec-
¢rage. 33 percent of vitamin C
rom potatoes. 36 percent from
mes. 18 percent from vegeta-
percent from dairy products.
ided 32 percent of the dietary
ary products provided 20 per-
4rgarine provided 13 percent.
85 percent of the selenium was
anmmal products (i.e., meat
1. £8gs, and dairy products), and
¥ cereais.
- and iong-term repeatabilities
tonsumption of the pertnent
nd . onutrients were esli-
xaung the dietary interviews 4-
Nd 4-7 years after the inital
dverall, the shon-term repeat-
igh. with the intraciass correla-
‘N (r) rangng from 0.47 10 0.83

Dretary Antioxidants and Risk of Lung Cancer 473

for the food groups and, with one exception,
from 0.53 10 0.78 for the nutrients. The
repeatability of retinoid intake was low (r =
0.16), mainly as a result of the low repeata-
bility of liver intake. The coefTicient of long-
term repeatability, with one exception,
ranged from 0.28 to 0.55 for the food groups
and from 0.29 to 0.58 for the nutrients.
Although the short-term repeatability of
margarine intake was high (7 = 0.83), the
long-term repeatability was very low (r =
0.10), mainly because of a rapid increase in
margarine use in Finland during the follow-
up.

All participants completed a premailed
questionnaire checked at the baseline ex-
amination. The questionnaire yielded infor-
mation about residence, social class, occu-
pation, use of drugs (e.g., vitamin supple-
ments), and smoking. The classification of
social class was made on the basis of occu-
pational esteem (18). Subjects were classified
according 1o smoking status as never smok-
ers, ex-smokers, and current smokers. The
two first classes were also combined to form
a class of monsmokers. Body height and
weight were measured at the baseline ex-
amination, and the body mass index (weight
(kg)/height (m?)) was calculated.

Information concerning subsequent can-
cer incidence, available through the natioa-
wide Finnish Cancer Registry (19), was
linked to the dietary data in order to study
the association berween the intake of various
micronutrients and the incidence of jung
cancer. During the 20-year follow-up penod
1967-1986, 117 lung cancer cases (/nrerna-
tional Classification of Diseases, Seventh Re-
vision, codes 162-163) (20) were diagnosed,
including 18 small cell carcinomas, 41 squa-
mous cell carcinomas, !} adenocarcinomas,
and 47 other carcinomas.

The age-adjusted mean levels of several
descriptive and potential confounding fac-
tors among cancer cases and noncases were
estimated using the general linear model
(21). The Cox proportional hazards model
was used to estimate the association berween
the dietary factors and risk of lung cancer
adjusting for age and other possible con-
founding factors (22). Relative risks were

computed for tertiles of intake by using the
lowest tertile as the reference category. Sta-
tistical significances were tested by using the
likelihood ratio test based on Cox models.
The repeatability of the reported intake of
micronutrients and foods was estimated
\;ub the intraclass correlation coefficien:
(23)

RESULTS

The baseline characteristics of lung cance
cases and noncases are presented in table |
Men who subsequently developed lung car
cer were older, thinner, more often currer
smokers, and from lower social classes tha
the other men.

The mean daily intake of energy and di
ferent food items at the baseline among su'’
sequent lung cancer cases and noncases, a:
justed for age, is shown in table 2. Amos
the cases, the intake of energy was highe
but the intakes of vegetables, fruits and bx
ries, and marparine were lower. In additic
the mean daily intakes of various car.
enoids were lower, but the intake of retino’
was higher among the cases than among °
controls (table 3). There was a signific
inverse gradient between the age-adjus
daily intake of fruits and margarine and
incidence of lung cancer; the relative .
between the lowest and highest tertiles
intake of these foods were 1.8 (p value
trend = 0.01) and 4.0 (p < 0.001), res;
tively. Adjustment for smoking did not
terially alter the results. The micronutri
preseated only nonsignificant associat
with lung cancer risk.

The possible modifying effects of
smoking, social class, and energy or fa
take on the relation between micronut
intake and occurrence of lung cancer
also studied. The strongest interaction
observed with respect to smoking. The
adjusted relative risk of lung cancer bet
tertiles of intake of carotenoids, vitarm
and vitamin C showed an inverse associ
among nonsmokers, but not among sm
(table 4). Adjustment for several pot
confounding factors (geographic area,

class, body mass index, height, and ¢
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TABLE 1. Selected characteristics® of the lung cancer cases and nonCases: the Cancer ncidencs follox
up of the Finnish Mobile Clinic Heslth Survey, 1967- 1888 i

Cancer cases . Noncases
(n=117 (= 4421)
No. Mean Stndat No Mean Staroerd
%) osveton - M%) Geveston
Age (years) 841 8.2 404 13.0
Height (o) 173.3 57 172.7 6.7
Wesght (kg) 722 112 75.0 11
Body mass index (kg/m?) 24.0 a 251 33
.
Never 6 71 1,112 251
Former 18 8.2 985 25
Current 93 84.7 2.324 524
Social classt
| (highest) 4 A4 174 3%
I (mechan) 47 437 2272 51.3
Nt flowest) 47 427 1,355 30.6
IV {farmers) 19 102 819 142

* The maans Of ol the CNASRCTaNSHCS SXCBOT a0e ANT SMONG NEVe DESN SOUSTEC Iy DOT: 808 BNO SMOKING AQS has !

acusted Ky MMokiNg. and SMOKING has been adjusted for age
1 One NONCESS With Msang Gt wWas exchuded

TABLE 2. Age-adjusted mean (2 standard
devigtion) dally intake of energy and vanous foods
for cases and NONCases: the cancer Incidencs
follow-up of the Finnish Mobile Clinic Hesith
Survey, 1967-1988

Foods (g/aey) (nc-:'l) (n=4.421)
Energy (xcal/day) 3,093 = 1,016 3.000 = 925
Carsals 334 = 152 335 = 147
Potatoes 282 + 149 275 = 141
Vegetabies 8471 103273

Green 47 = 36 48 = 36
Yellow or red Rz bB=z40
Frults and bermes 120 = 84 144 2 117
Fruits 71+ 88 $22 96
Bermes 14217 1419
Marparine 528 8z14
- Dasry products 1,965 £ 574 1,082 = 487
Mk 912 = 559 848 = 471
Butter 2=z 54+
Meat and mest procucts 189 = 123 176 = 112
Liver 4=z8 426
Feh 43 52 39 =49
Egos =227 3722

and fat intakes) did not materially change
the results. When the cancer cases diagnosed
during the first 2 years of follow-up were
excluded from the analyses, the results were
not notably altered. The relative risk of can-
cer among nonsmokers in the lowest tertile
of intake compared with that in the highest

was 2.0 (95 percent confidence interval (
0.5-7.7) for carotenoids. 2.6 (95 percent
0.7-9.1) for vitamin E, and 2.7 (95 perc
C10.7-10.0) for vitamin C.

Few other interactions were obser
There was an interaction between vitar
C intake and age in that the relative nisk
lung cancer between the lowest and higt
tertiles of intake was 1.8 (95 percent C1C
3.7) among men under age 50 years and
among the older men. There was als
suggestive ponsignificant interaction
tween intakes of energy and microputrie
The relauve risk of lung cancer between
and high intakes of various micronutri¢
ranged from 1.6 to0 2.4 in the lowest 121
and from 0.5 t0 0.7 in the highest teruilk
energy intake.

Because several of the studied micronu
ents had common dietary sources and ¢
related intakes, with the correlation cox
cients ranging from 0.14 to 0.58, the a:
ciation between each microputrient
lung cancer was also examined after ad)
ment for intakes of the other micronutrie
This additional adjustment did not cha
the results appreciably, suggesting indet
dent effects of carotenoids, vitamin E, :
vitamin C on lung cancer risk among ¢
smokers. The age-adjusted relative risk
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75.0 111
25.1 33
.1
25
824
39
513
X6
142

4 2ge BNG MOKING. AQs Nes Deen

.confidence interval (C])
toids, 2.6 (95 percent Cl
r " and 2.7 (95 percent
« .nC.

acuons were observed.
acton berween vitamin
1 that the rejative risk of
n the lowest and highest
s 1.8 (95 percent C1 0.9-
uder age 50 years and 1.0
men. There was also a
uficant interaction be-
ergy and micTonutrients.
lung cancer between low
f various micronutrients
+ 2.4 in the lowest tertile
1 in the highest tertile of

f the studied micronutri-
dietary sources and cor-
b the correlation coeffi-
10.14 10 0.58, the asso-
ach micronutrient and
© examined after adjust-
the other micronutrients.
ustment did not change
bly, suggesting indepen-
nenoids, vitamin E, and
“oeer nsk among noo-
- -justed relative nsk of

e —

- Dratary Anboxidants and Risk of Lung Cancer  47%

TABLE 3. Age-adjustsd mean (2t standard devistion) dally intake of differsnt micronutrients for casse .m
nONCasEs: the Cancer incidence follow-up of the Finnish Mobile Clinic Hes!th Survey, 196719068

Canes Norcasss
Nutnent (e 17 e 4429
Total vitamn A (ug) (RE)* 1.826 = 1,515 1,687 = 955
Retnoids (40} (RE) 1571 2 1,463 1385 = 845
Carctencds (ug) (RE) 255 = 257 292 = 301
Beta-carotene (ug) 1,481 = 1,488 1.881 = 1,737
Alpha-carctens (ug) 51296 88 = 116
Gamma-carotens (ug) 39 x48 40 = 50
Lycopene (sg) 684 = 850 718 = 885
Lutein and zeaxanthne (ug) 1,911 2 484 1,160 = 480
Vitamin E (mg) 85235 85238
Apha-. copherol (mg) 71229 72232
Bate-tocopheral (mg) 07203 0.7 =04
Gamma-tocopheral (MQ) 22227 28 =42
Detta-tocopherct (mg) 0407 0613
Vitarran C (mg) 81236 83236
Selerwum (ug) 28219 28 =17

. *AE, retnol squveents.

TABLE 4. Age-adijustad reiative risk® of lung cancer between tertiies of imake of various micronutrients
by smoking status: the cancer incidence follow-up of the Finnish Mobile Clinic Health Survey, 19671988

Mxroruthent
Smonng stans e Wrtls
Rg;fm Cav(;?)u Viarrn £ Vitarren C Seterusm
Nonsmokers (n = 2.121)
Highest 10 1.0 1.0 1.0 1.0
Midce 1.40 3.60 1.90 2.36 1.13
Lowest 147 2.50 3.06 n 1.83
P vaiue (trend) 0.72 0.04 0.12 <0.01 0.83
Smokers (0 = 2.417)
Highes! 1.0 1.0 1.0 10 1.0
Miccse 0.95 0.9% 0.78 083 0.64
Lowest 0.73 1.08 0.80 0.81 083
P valus (trend) 0.08 [+ R-)) 0.58 0.36 0.83

" * Basec on the Cox MoK NELANG 08 NG AN INLIFECTON T DETWESN SMOKNG SIS & the MIcronUTwnt.

1 Retrai squrvaients.

lung cancer for men with low (tertile) intakes
of all three micronutrients compared with
men with po intake in the lowest tertile was
3.7 (95 percent CI 0.9-16.7) among non-
smokers and 0.7 among current smokers.
AD inverse association was observed be-
tween margarine intake and the incidence
of lung cancer among both smokers and
nonsmokers (table 5). A similar association
was also observed between lung cancer and
intakes of foods from plant sources rich in
microputrients, especially fruits and berries
and pouatoes, among nonsmokers, but not
among smokers. The overall association be-
tween intake of vegetables and cancer risk

was pot significant, but a relatively stro
relation was observed with regard to inw
of yellow and red vegetables, with a relau
risk of 2.6 (95 percent CI 0.8-8.3) betwe
the lowest and highest teniles of inua
among ponsmokers, The comrespond:
risks for green and other vegetables were |
(95 percent C1 0.7-5.6) and 0.9 (95 perce
C1 0.3-2.4), respectively. No similar assc
ations were observed for foods from anir
sources rich in these micronutrients (da
products, meat products, fish, and eggs). T
results were not changed after adjustm:
for various confounding factors (age, sox
class, geographic area, energy and fat
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TABLE 5. Age-adjusted reiative risk of lung cancer between tertiles of intake of different toods in stz
of smoking status®: the cancer incidence follov-up of the Finnish Mobile Clinic Heaslth Survey, 1967- 18

Nongmoxers (tertue) Smokers (tertee)
n=2121) h= 2417
Fooos

M Made Lwn PN vew Mok lwm TN

Cersais 1.0 2.25 .2.50 0.51 1.0 1.04 125 0.41
Potatoes 1.0 1.47 2.08 0.06 1.0 0.8 0.81 0.38
Vegetabies 1.0 0.91 144 0.12 1.0 1.13 0.98 0.81
Fruits and bermes 1.0 292 7.69 <0.001 1.0 0.82 0.98 0.89
© Marganne 1.0 8.75 12.50 0.03 10 1.88 2.50 0.03
Dasry products 1.0 0.27 046 0.35 1.0 0.77 0.88 024
Meat products 1.0 0.72 0.88 0.74 1.0 oM 0.75 047
Fish 1.0 0.64 0.50 0.75 1.0 1.0 0.50 0.86
Eggs 1.0 0.52 1.37 0.57 10 0.81 0.95 0.85

* Cox mooel mGuUaIng 08 NG BN NTEraChion 1M Detween the 100C0S aNT SMOKING Siatus

takes. body mass index, and height) or for
all foodstuffs other than the one under con-
sideration.

To shed more light upon the nature of the
observed associations between food intake
and risk of lung cancer, we included the
micronutrients and the foodstufls that were
their nchest sources in the regression model
simultaneously. The relative nsk of lung
cancer between the lowest and highest ter-
tiles of intake of fruits and berries was 8.1
(95 percent C] 1.8-37.2) among nonsmokers
and 1.1 (95 percent Cl 0.6-2.1) among
smokers. and the corresponding risks for
margarine were 16.2 (95 percent CJ 2.1-
126.8) and 3.1 (95 percent Cl 1.5-6.1). re-
spectively.

DISCUSSION

In agreement with several previous studies
(7). this study demonstrated an inverse as-
sociation between lung cancer incidence and
intakes of carotenoids and of red. vellow,
and green vegetables. This association was
apparent among nansmokers. but not
among smokers. Some previous studies have
reporied a similar association only among
persons with low exposure 1o cigaretie
smoke. i.e.. nonsmokers. ex-smokers. and
light smokers (24-28). These findings sup-
port the hypothesis that the amount of car-
oicne in common diets is not sufficient to
provide a defense sirong enough to protect
agatnst heavy exposure 10 cigarette smoke.

It should be noted that the intake of &
enoid sources was much lower in Fin
than in other countries during the 1960s
1970s (29) and that the intake among sr
ers in this study was especially low. Or
other hand. an inverse association betv
intake of foodstuffs rich in catotenoids
nisk of lung cancer has also been repc
among current smokers, including he
smokers (30-32). The possible modif
effect of smoking on the association betv
carotene intake and lung cancer nsk
thus vary, depending on other, still
known conditions.

The intake of preformed vitamin A
not related to lung cancer nisk in this st
This finding is consistent with most, but
all. previous studies (4). Furthermore, -
somc exceptions (33). hitle association
been reporied between the inuake 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 be inaccurate becaus
unreliable information about intake of I:
the nichest source of retinoids.

We observed an inverse gradient am
nonsmokers between the occurrence of .
cancer and the intake of vitamin C as
as with the intake of fruits, potatoes.
vegetables: together these accounted for .
80 percent of the entire vitamin C intak
the study population. Several prior stu
have reporied similar results. but diver
results have also been published (5). Ir
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ternational comparisons, the intake of vita-
min C was rather low in Finland (29), and
our results therefore suppcrt the hypothesis
that vitamin C may have a protective effect
in populations with a relatively low intake
of this vitamin (24).

In this study, we found a strong inverse
association between margarine intake and
risk of lung cancer among both smokers and
nonsmokers. A significant correlation be-
tween margarine intake and serum alpha-
tocopherol level bas previously been re-
ported in this study cohort (35), raising the
possibility that the protective effect of mar-
garine might derive from vitamin E. How-
ever, an inverse association between serum
vitamin E (36) and dietary vitamin E and
risk of lung cancer was observed only among
nonsmokers in this study population. Only
some of the previous studies on the associa-
tion berween dietary or serum vitamin E
and risk of lung cancer have found an in-
verse association (6), suggesting that vitamin
E may exen its protective effect against can-
cer only in certain circumstances. The strong
association between the intake of marganne
and reduced risk of cancer might also be due
to factors other than vitamin E. In particu-
lar, people consuming margarine at the ime
of the study baseline may bave been more
health conscious than others, and they may
therefore have been exposed to fewer lung
cancer nisk factors. The fact that the long-
term repeatability of margarine intake was
low in this cohort supports this hypothesis
rather than a direct association between
some substances of margarine and lung can-
cer risk. Diets low in margarine may also
contain high levels of butter and other fats,
which may possibly increase lung cancer risk
(37). However, in this study the association
between margarine intake and lung cancer
occurrence was not due 10 an interaction
with or confounding by ingestion of animal
fat.

The independent associations observed
between the intakes of carotenoids, vitamin
C, and vitamin E and incidence of lung
cancer among nonsmokers persisted after
adjustment for several confounders, includ-
ing intake of different putritional factors

such as fats and epergy. It is nevertheless
possible that the associations observed were
caused by differences in factors not con-
trolled for in the analyses. One such factor
is alcohol consumption. Our results suggest
that vitamin C canpot fully account for the
anticancer effect observed for its main food
sources (e.g., fruits and berries and potatoes).
Similarly, the diminished nisk of lung cancer
among margarine users did not appear to be
entirely due to vitamin E intake.

There are several possible explanations for
our observation that the known micronutri-
ents in vegetables, fruits, and margarine
failed to account fully for the observed
strong associations berween the consump-
tion of these foodstuffs and cancer nsk.
Fruits and vegetables contain nonnutritive
substances such as terpenes, flavones, and
pbenols, which may be anticarcinogenic
(38). It is also possibie that other healthful
behaviors associated with high intake of
these foodstuffs may reduce risk of lung
cancer. Ap alternative explanation is- that
the nonsmoking lung cancer cases with low
intake of several micronutrients suffered
from some kind of poor diet specifically
predisposing them 10 cancer. Finally, it is
possible that because of low reliability of the
intake estimates of the microputrients, the
adjustment was pot effective enough to elim-
inate the association due to the micronutri
ents.

We failed to se¢ an ipverse associatior
between selenium intake and lung cance
risk in this study, although a strong invers
association has been demonstrated betwee:
serum selenium level and Jung cancer nisl
in this cobort of men, which had an upusu
ally low serum selenium leve! (39). The lac!
of association may be due to the fact tha
reported dietary intake reflects selenium st
tus less well than serum level does (2), e
pecially in Finland where considerabl
changes in the dietary intake of seleniur
have recently occurred (40). .

The findings of this longitudinal study ar
based on dietary histories collected up to 2
years prior to the diagnosis of cance
thereby avoiding the potential influence ¢
disease on either actual or reported intak
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The results did not notably cbange when the
cancer cases occurring during the first years
of folow-up were excluded, and it was thus
improbabie that the observed associations
were influenced by the effect of preclinical
cancer on dietary recall. However, several

points should be made concerning the mea--

surement, analysis, and interpretation of the
dietary data presented here. First, the dietary
history method has its limitations, and the
consequential misclassification of subjects
tends to diminish observable associations
between dietary exposure and outcome (41).
The strength of the associations berween
micronutrient intake and risk of lung cancer
may also be underestimated in this study
because dietary habits such as consumption
of margarine have changed considerably in
Finland during the 20-year follow-up period
(42). For example, the consumption of mar-
ganine has increased greatly during this
period. The problem is compounded by the
fact that the micronutrient content of food
may have changed over time; most impor-
tantly, the selenium content of food has
increased gradually during the follow-up
period (40, 43). Furthermore, in this study
microputrient intake was calculated solely
from food sources, ignoring the contribution
of vitamip supplements. Although suppie-
ment use was uncommon at the time of the
baseline examination, it has increased dur-
ing the follow-up period (44).

In summary, we found an inverse relation
between the dietary intake of carotenoids,
vitamin C, and vitamin E and the incidence
of lung cancer among nonsmokers. We also
found that the intake of foodstuffs rich in
vitamins C and E was associated with a
reduced risk of lung cancer, but that this
could not be fully attributed to the protective
effect of the micronutrients. Future studies
should focus on the effects of different di-
etary patterns and modifying factors on the
possible association berween micronutrients
and Jung cancer.
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CONSUMPTION OF CAROTENOID-RICH VEGETABLES
INCREASES T-LYMPHOCYTE PROLIFERATION AND
PLASMA LEVELS OF CAROTENOID OXIDATION
PRODUCTS.

Author(s):
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Interpretive Summary:

Cancer, cardiovascular disease, and age-related macular degeneration are less common in people
who eat diets rich 1n fruits and vegetables Many scientist believe that carotenoids (the prominent
yellow, orange and Ted pigments in plant foods) are among the plant col components providing
protection. We studied 12 men and women who ate 5 servings of carotenoid- rich" vegetables a
day for three 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, respectlvely The level of
total carotenoids in"fhe diet was increased about 6 fold over levels typically consumed in the
Americana diet. Levels of all three 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 plant
components appear to boost the immune system. ThlS information will B'—?é?ul to consumers,

Keywords:

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

http://www.nal.usda.gov/ttic/tektran/data/OOOOO7/4 170000074185 .html 12/3/97
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BETA-CAROTENE AND LUTEIN PROTECT THE
PLASMA MEMBRANE OF HEPG2 HUMAN LIVER CELLS
AGAINST OXIDANT-INDUCED DAMAGE
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Interpretive Summary:

This research addressed the question of how carotenoids might lower the risk for certain chronic
diseases by testing the antioxidant activity of beta-carotene (BC) and lutein (lut). BC and lut are
found in all human blood in relatively high concentrations. The test model was a human hver cell
line, HEP-G2. The cells were exposed to several conditions of potential injury due to "oxidative"
stress. The results support the concept that both BC and lut protect human cells against damage.
In some of the tests, the carotenoids were as effective as the reference substance, vitamin E
(alpha-tocopherol), which is recognized as an effective cell protector (antioxidarit). The results

also demonstrated that the protective effect of BC and lutein was not due to being converted to
vitamin A (VA) since lut (unlike BC) has no such potential. Thus, this research involving human
cells provides data which supports the general hypothesis that BC and lut protect cells by serving

s g —

as antioxidants. These findings will benefit other scientists working in the area. In addition, the
results will add to our knowledge which in the future may help prevent or delay chronic diseases
in our aging U.S. population as well as other individuals.

Keywords:

zinc phytate carotenoids beta carotene gene expression retinol human cell lines cell culture
molecular biology micronutrients requirements interactions antioxidants lipid peroxidation
retinol-binding protein hnrim121422
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Homocysteine and Coronary Arfery
Disease in French Canadian Subjects:
Relation With Vitamins B2, Bs,
Pyridoxal Phosphate, and Folate

Karl Dalery, MD, Suzanne lussier-Cacan, PhD, Jacob Selhub, PhD,
Jean Davignon, MD, Yves Latour, MD, and Jacques Genest Jr, MD

lermined plasma levels of homocysteine in 584
+ subjects (380 men and 204 women) from a
sility company in the province of Québec, Cana-
{in 150 subjects (123 men and 27 women] with
raphically documented coronary artery disease
age <60 years). Plasma levels of vitamins B,,,
idoxal phosphate (a vitamin B, derivafive), and
vere also determined. Mean homocysteine lev-
e higher (p <0.05) in the bottom quartiles for
vitamin B, ,, and pyridoxal phosphate. A signifi-
rrelation was noted between homocysteine lev-
folate and vitamin B, , levels. No significant cor-
1was found between p7|c|sma homocysteine levels
je, lipids and lipoprotein cholesterol, glucose,
: presence of hypertension or cigarette smoking
hy subjects or in patients with CAD. Control men
jher homocysteine levels than control women |

. Men and women with CAD had higher levels
ocysteine than controls {11.7 £ 5.8 vs 9.7 £ 4.9
nl [p <0.001] and 12.0 £ 6.3 vs 7.6 ¢ 4.1
nl, p <0.01, respectively). Women and men with
ad similar homocysteine levels. The proportion
:nts with CAD having homocysteine levels >90th

rcentile of controls was 18.1% for men and 44.4%
r:rwomen (both p <0.01). Significantly lower pyridoxal
phosphate levels were seen in subjects with CAD, men
and women combined (27.7 + 29.5 vs 42.1 £ 38.4 ng/
ml, p <0.005). No significant differences were observed
for B,,, folate, or total B,. Multivariate analysis reveals
that an elevated homocysteine level is a risk factor for
CAD in French Canadian men and women and that
reduced levels of pyridoxal phosphate, folate, and vit-
amin B,, may contribute to elevated plasma homocys-
teine levels. We conclude that in our subjects of French
Canadian descent, plasma levels of homocysteine are
influenced by levels of folate, vitamin B,,, and pyri-
doxal phos Kafe. In healthy men, mean homocysteine
levels are higher than in healthy women. Men and
women with CAD had significantly higher homocysteine
levels than controls and this elevation is independent
of traditional risk factors. Prospective studies are need-
ed to determine the role of homocysteine in CAD. The
influence of freatment of elevated homocysteine levels
on cardiovascular morbidity and mortality must be

assessed.
{Am J Cardiol 1995;75:1107-1111)

nocysteine is a sulfur-containing amino acid formed
ring the processing of methionine. Mild to mod-
levations of homocysteine (in its reduced form,
locystine or the homocysteine-cysteine mixed di-

. free or protein bound, collectively referred to as

yst[e]ine) have been associated with vascular dis-
retrospective case-control studies.!~® The strength
ciation with peripheral vascular or cerebrovascu-
ase appears stronger than for coronary artery dis-
“AD)."® In 1 prospective study, elevated homo-

Cardiovascular Genetics Laboratory and the rlipidemia
zrosclerosis Reseorch Group, Clinical Research Institute of
1, and the Department of Medicine and Cardiclogy Services,
v Hospital, Montéal, Québec, Canada, and the Vitamin
B.ty laboratory, Human Nutition Research Center on Aging
Jniversity, Boston, Massachusetts. This study was supported
% 9 Medical Research Council of Canada scholarship 1o
ves Genest Jr., and by a grant from the Fondation des Mat
' “ceur dv Québec, Québec, Canada, and by Grant Ul
"om the Medical Research Council of Canada/CIBAGEIGY
bd., Montréal, Quebec, Canada. Manuscript received
€ 16, 1994; revised manuscript received and accepted
4, 1995
"ess for reprinls: Jocques Genest Jr., MD, Cardiovascular
~ boratory, Clinical Research Institute of Montréal, 110 Pine
est, Moniréal, Quebec, Canada H2W 1R7.

cysteine levels (>95th percentile) were associated with
a threefold increase in relative risk of developing CAD.1
However, in a prospective study of Finnish subjects,
homocysteine levels in CAD cases were not significant-
ly higher than those in controls.!? 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 B-synthase pathway, or by re-methylation to methio-
nine, involving vitamins B, and folic acid as the methyl
donor.”® Deficiencies of several enzymes involved in
homocyst(e)ine metabolism are associated with homo-
cystinuria, a genetic disorder characterized by severe
neurologic manifestations, widespread vascular throm-
bosis, and premature death.' It has been suggested that
partial deficiencies of cystathionine §3-synthase, or §’,
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.!3!6 The study
of alarge cohort of subjects from the Framingham Study
has shown that folic acid and vitamins B, and B, are
important determinants of plasma homocysteine levels
in a healthy population."” :
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and weight were recorded for ) 3

istics of Ith trol Subjects and Patients With C Art " .
'g:«sBel;:Esl Characteristics of Healthy Control Subjects and Patients With Coronary Arlery tients and body mass index caleul, ]
v (weight [kg)/height? [m]). Blood preH
Men omen sure was recorded with the patien 54
Contfrols CAD Controls CAD ting for 25 minutes. Diet evaluay; e
{n = 380) n=123) {n = 204) fn=27) was performed on the basis of a 24-}, 4.
. . 0
Age [y 386277 486:70° 363:69 505=73- | dietary recall. Patients were askeq o
Body mass index 24424  27.8£37* 225:25 272£49* resume their usual diet after dischas
(kg/m3) . ' . from the hospital and, after quangj 48
Cholesterol 510096 612148 477 £+ 074 6241 1.6 tion, all patients were given an . 7
{mmol /1) . Heart Association ‘\m@ -
IDL cholesterol ~ 3.19 £ 0.85 3.95+131* 277:067 4.18= 155+ | 1can nea sociation phase [ or P
{mmol/L) | diet; advice was given and foliow
HOL cholesterol ~ 1.22 £ 0.28 0.88 £ 0.19* 1.51 033 1.07 £ 0.35* | conducted by a professional dietitja 48
{mmol/L) Biochemical variables: Fasting blo&
Tng{}:;ﬂu;iss 1.33£ 078 2,64+ 209 094 +048 217 +1.55 samples were collected in ethy‘ien
— — | YIRS aminetetraacetic acid-containing tg
*Significantly different from corresponding values in control groups ot p <0. , by gender. :
Vo!ges ore expressed as mean = SD. (ﬁnal concentration 1.5 mg/ ml) andk ;
CAD = coronary artery disease; HDL = high-density lipoprotein; LDL ~ low-density lipoprotein. on ice. Plasma was separated within®]

hours of sampling by centrifugal{}

This study examines homocysteine levels in patients
with premature CAD and a group of healthy subjects,
and determines the relation between plasma levels of vit-
amins B,,, B (and its metabolite pyridoxal phosphate),
folic acid, and homocysteine.

METHODS

Healthy subjects: 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 procedures for this group are detailed elsewhere.”®
Subjects were selected on the basis of being healthy and
free of major CAD risk factors except for cigarette smok-
ing. Plasma samples 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 Montréal or referred from the cardi-
ology services of the Hotel-Dieu Hospital in Montréal.
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 myocardial infarction by enzy-
matic and electrocardiographic criteria.!” Patients 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 hospital 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.? 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
cause of death in all relatives for 3 generations. Height
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(20 minutes, 4°C, 3,000 rpm) and multiple 1 ml aliquak)
were stored at ~70°C for further studies. Plasma lipopf$%8
teins were separated under standard conditions by uli$¥%
centrifugation (density = 1.006 g/ml) and heparin-mag3
ganese precipitation of the apolipoprotein B—containifg)
lipoproteins. Plasma and lipoprotein cholesterol and G4
glycerides were measured enzymatically on an aute:
mated autoanalyzer (Roche Cobas Mira S, Hoffman-
Roche, Basel, Switzerland) as previously described®
The laboratory participates in and meets the requi
ments of the Centers for Disease Control cholestefoii
standardization program. Total plasma homocysteif®]
levels were determined on frozen samples by high-prEEsS
sure liquid chromatography according to the techniql¥fs
of Araki and Sako.2! This method measures total {frEEHE
and protein-bound) homocysteine. Plasma folic acid [E5
els were determined using a microbial assay, vitamin B 78
with a commercial radioimmunoassay kit (Ciba-Cofd
ing, Medfield, Massachusetts) as previously described
and pyridoxal-5’-phosphate by the tyrosine decarbox
lase method as described by Selhub et al.”” A compl
vitamin profile was obtained on 518 healthy subjects'
113 patients with CAD; lack of plasma samples accou
ed for the missing values. -
Statistical analysis: Data were analyzed using the SASSS
software package (Statistical Analysis Software, SAS
Institute, Cary, North Carolina). All values were calol
lated as mean = SD for all groups and separately by g3
der. Group means were compared by the ¢ test using S
terthwaite’s approximation when variances were unéqu
An F statistic was computed to test for equality of
ances. The relation between variables was evaluated b
linear regression. Nonparametric data were comparty
with the rank-sum test; discrete variable frequencies Welgs
compared using chi-square analysis. A stepwise disct
inant analysis was performed by inserting all parametcty
that were significantly different between CAD subj
and the control group.

RESULTS -4

We examined 734 patients and controls. Data werey
analyzed for CAD subjects and controls first, and (&}
by gender. Because significant differences in several ]
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hemical variables were noted be- TABLE l Plasma Homocysteine and Vitamin Levels in Healthy Control Subjects and in
tecn men and women, all results are Patients With Coronary Artery Diseose i

b ented by gender unless otherwise

, un’ M ' W
<ted. The characteristics of control en omen
bjects and CAD patients are listed in Controls CAD Controls CAD
ple I. There were 380 men and 204 [Trgigre (ng/ml) 38223 41229 43:29  44:33
men in the control group, and 123 (378} (118} {204) [27)
¢ nand 27 women in the CAD group. Vitamin B,, 323 £ 139 296 £ 130 320+ 157 369 £ 168
"ol {pg/ml) (379) (122) {204) (27)
ean age was 38.6 *J]j and 4?'6 ﬁ Pyridoxal 4238 29 + 32* 42 2 51 28 = 30
years for men in the control an phosphate (331} 04 - (190) 21)
fAD group, respectively (p <0.001). (pmol/m)
e”an age was 36.3 £ 6.9 and 50.5 = Homocysteine 9.7(3:83}.95 11.7“:231.87 7.?23 4.1 12.0(;735.3'
7; women and wo- (wmol/L) 4)
de?[‘;é%‘essthyctivd (p<0.001). | 58 0.94£0205 103:018" 0.84:0.19 10320221
fen wi - respectively {p <U.UL). (homocysteine] (380) 1123) (204) (27)

Body mass index was 24.4 * 2.4 and

347 ¢ + 37 for control and CAD men,
%35 + 2.5 and 27.2 + 4.9 for control
%3 CAD women, respectively (p <0.05

Values ore expressed as mean 2 SD; numbers of patients in parentheses.
Difference from control subgroup: *p <0.01; tp <0.001.

Difference between confrol women and men: $p <0.05; Ip <0.0001.
CAD = coronary ortery disease.

Br'men and women). Because these
e emographic variables were significantly different be-
Bieen patients and controls, we analyzed the data first
PBy univariate analysis and then by stepwise discriminant
sis.
.Xs documented in many previous studies, plasma
protein levels differed significantly between CAD
4nd control subjects. We did not correct for age or oth-
confounding variables (medication, weight, or diet)
en calculating the lipid and lipoprotein cholesterol
a. Total cholesterol levels were higher in patients than
ontrols (5.10 £ 0.96 vs 6.12 = 1.48 mmol/L for men
the control and CAD groups, respectively; 4.77 + 0.74
f146.24 + 1.6 mmol/L for women in the control and CAD
' }ips, respectively). Similarly, low-density lipoprotein
olesterol levels were higher in patients than in con-
Is'(3.19 + 0.85 vs 3.95 = 1.31 mmoV/L for men in the
gontro] and CAD groups, respectively; 2.77 £ 0.67 vs
8 + 1.55 mmol/L for women in the control and CAD
oups, respectively). HDL cholesterol levels were high-
#rin healthy men and women (1.22 + 0.28 mmol/L and
1 £ 0.33 mmol/L, respectively) than in men and
men with CAD (0.88 +0.19 and 1.07 £ 0.35 mmol/L,
pectively). Triglyceride values were 1.33 + 0.78 and
264 + 2.09 mmol/L for men in the control and CAD
goups, respectively. Healthy women had triglyceride
P@RXVEls of 0.94 + 0.48 vs 2.17 + 1.55 mmol/L for women
Hilthe CAD group. Significant differences were found for
these variables when comparisons were made by gen-
; between patients and controls (p <0.001). Healthy
220 and women differed significantly with regard to age,
b0y mass index, and every lipid trait measured (p
0.001), whereas the only difference observed between
xnand women with CAD was the higher plasma HDL
Wlesterol levels in women (p <0.02).
Table II lists plasma homocysteine and vitamin lev-
It healthy subjects and patients with CAD (men and
€D analyzed separately). Folate levels did not differ
“Uicantly between control and CAD subjects (p = NS,
Uthy subjects vs patients with CAD, by gender). Sim-
» Vitamin B, and B levels were not significantly
Baiorent between healthy subjects and patients with
(vitamin B, data not shown). Healthy men had sig-
2ntly higher pyridoxal phosphate levels than men

with CAD (42 + 38 vs 29 x 32 pmol/ml, respectively, p
<0.01). A similar trend was seen in women (42 + 51 vs
28 + 30 pmol/ml, p = NS). When patients with CAD
were pooled and compared with controls, pyridoxal
phosphate levels differed significantly (p <0.005).

The mean + SD plasma total homocysteine concen-
tration for the group of healthy subjects (n = 504) was
8.97 + 4.71 pmol/L (median 7.67, range 2.00 to 35.25),
and for patients with CAD (n = 150) the mean homo-
cysteine level was 11.7 + 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
(Figure 1). Analyses were therefore conducted on log-
transformed as well as untransformed data and separat-
ed by gender. Homocysteine levels were 9.7 + 4.9 and
117 £ 5.8 pmol/L for control and CAD men, respec-
tively (p <0.001), and 7.6 + 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 healthy women (p <0.001), but no such difference
was observed between CAD men and women.

250 HEALTHY CAD
(n = 584) (n = 150)
20f
=
—15-
3
3]
| =4
o
S0k
2
w
1 "
0! ,||l... N M1

2 8 142026323844 2 8 14 20 26 32 38 44
Homocysteine (pmol /L)

FIGURE 1. Mean plasma homocysteine levels in healthy sub-
jects and in patients with coronary artery disease (CAD).
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TABLE Il Correlations Between Homocysteine Levels and Biologic Porameters in Healthy Subjects and in Patients With Coronary Arery |

Disease
Controls CAD
All Men Women All Men Women

. |n = 584) (n = 380) [n = 204 {n = 150) (n=123) In =27
Age 0.083 0.074 0.006 0.053 0.087 -0.095 |4
Body mass index 0111+ 0.065 -0.015 ~-0.014 -0.018 0.003
Glucose 0.023 -0.017 ~-0.003 0.000 0.019 - -0.012]
Cholesterol 0.113* 0.052 0.157 -0.031 0.015 -0.213 9
LDL cholesterol 0.115* 0.056 0.1 -0.058 -0.030 -0.1631%
HDL cholesterol -0.048 0.002 0.122 ~0.080 -0.076 -0.133 3
Triglycerides 0.090 0.033 0.049 -0.031 0.052 -0.075
Folate -0.1841 -0.165* -0.183* ~-0.223* -0.198 ~0.294%
Vitamin B, -0.1731 -0.1871 ~0.169 -0.009 -0.057 012748
Pyridoxal phosphate -0.002 -0.075 0.107 ~0.043 -0.023 -0.11%

*p <0.01; Tp <0.001.
Abbreviations as in Toble |.

g -

R

Table III lists correlation coefficients between homo-
cysteine and other biochemical variables. A significant
correlation was found in the pooled control groups. 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 vitamin B,
levels in control subjects.

The 90th percentile level for homocysteine in con-
trol subjects was used to define an elevated homocys-
teine level in patients with CAD. The 90th percentile in
women and men was 12.16 and 15.55 wmol/L, 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,,.

To ascertain whether homocysteine was a risk factor
for CAD, independent of lipoprotein cholesterol, body
mass index, and glucose, we performed a stepwise dis-
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 still 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 ,, 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
quartile of vitamins B,,, folate, and pyridoxal phosphate.
Our previous work!? 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." We were unable to show significant differences in
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folate and vitamins B, and B, between patients ™
CAD and control subjects, partly because of the large
biologic variability noted in our study subjects (healthy
and CAD combined). A significant difference was ob3
served in pyridoxal phosphate levels between CAD sy
jects and controls (levels were lower in CAD subjeci ¥
This effect was seen predominantly in men. Despite thesi®
findings, it is premature to recommend nutritional supy
plementation in vitamins By, B,,, or folate on the bag!
of their potential beneficial effect of decreasing elevatsi i
homocysteine levels. Our current concept is that a prop3
er diet should supply the daily requirements of thes¢ Yiid
amins. A%
Homocysteine and vascular disease: With reg
previous studies of the association between homoCyE
teine levels and CAD,5%! our case-control study
vides data on a large number of well-characterized ¢
trol subjects and patients with CAD. .
Several groups of investigators have reported an a5
ciation between the presence of elevated plasma level¥
of homocysteine and the presence of CAD, and ce ehi
vascular and peripheral vascular disease.!~? Most il
tigations have used a retrospective case-control de
Until clinical measurement of baseline levels of h
cysteine became feasible by sensitive methods, the Gif
nosis of abnormal metabolism of homocysteine rel
on methionine loading. Our previous studies®!
performed in a population of patients with CAD 8¢
controls. As seen in other studies, no associatiofl
seen between homocysteine and any of the convell
al risk factors for CAD (age, cholesterol, HDL ¢h
terol, LDL cholesterol, triglycerides, smoking, or b
tension). An inverse relation was observed with &
and vitamin B , levels. From a review of publish
ies on homocysteine and vascular disease, an €
homocysteine level appears to be a greater 1t
peripheral vascular and cerebrovascular disease Ul Sg
CAD.! In the present study, we have determincC.tig
ma homocysteine levels in 150 patients with preff g
CAD and 584 control subjects of French (8M&&
descent. Our data reveal that control men have,
cantly higher homocysteine levels than control ¥3§
We also determined that men and women Wit
ture CAD had significantly higher homocystelng
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High dose B-vitamin treatment of hyperhomocysteinemia in

dialysis

patients
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fligh duse B-vitamin treatment of hyperhoatooy stanemi i dialysns
paticnts. thporhomon sianem anarreniescloeors sk Lwor, pesssivin
TS ubdiaivss paterts dospite routing fon Jong supplomentanens with by
B-vilamin cr-Fictors subatrates tor homodsstenic thivy) metaboiem gy
nurmal or superacrmal phema statius o those sitamuns | bersncferan
133:92, J9usy We canduacd o plasePuscanteoliod cighiweah trad ot e
efect un plasma homenarany of adiding supesphysiviegic dose rehe aed
(15 mg davs. Beo ¢ 10 aday o and BoA2 (1 mzday ) e the useal dady
dosing of | my folic acwd. (0 my B.o.and 12 pyp B-{2 in 27 hyperhomu-
Astumemiy Jiahas patenis Totd plisaia honvoasicne was Al asured o
baseline. and sfter four and cight wecks Blinded analvses revealed ae
evidunce of toucity n the group rundomized w supraphssivivgic dose
B-vitarmun supplenweatation. Plasma homocysicine was sigmihcanthy re-
duced atter hath four weeks (=29 3% vy, =207 £ = U.MNT4) und ewht
weeks (=23 8¢ vs. +0.6%. P = LO0N) of actne versus plucebo weat-
ment Also. § of 15 treated versus 0 0f 12 placebo group patwents had their
plasma Hoy reduced fo within the normative range (< 13 pmolliter).
Supraphvuologic Juscs of B-vitmns may be required (o currect hyper-
homocystemenud in dislysis patients.

Atherothtombony sogineie s such o myvocandiahafaretion (MDD
and stroke remain the lesding cause of mortadity in end-stage
renal discine (ESRD) patients on mamtenance dialvsis [L] De-
spite their reportedly hugh prevalence [2]. the predictive value of
traditional cardiovascuiar disease {CVD) risk factors in detenmn-
ing CVD ouvtecomes in ESRD remaimns limited [3].

Homocysteine (Hcy) 1s a sulfur-coataining amino acid product
of methionine metabolism. A review {4] of 20 retrospective case
control studics involving ~ 1800 pauents and an equal number of
controls indicated that moderate hyperhomocysieinemia, either
fasting of after oral methionine loading, was an independent risk
factor for premature coronary heart, cerebtovascular, or periph-
eral vascular disease. Two large prospective studies subsequently
confirmed that moderate hypcrhomocysieinemia was an indepen-
dent predictor of incident ML after controlling for 3 wide range of
known CVD nisk factors {S. 6]. Most recently. population-based
data from the origina) Framingham Study cobort revealed that
plasma Hcy levels in the upper gquartile were associated with a
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tvo-told mcreased fisk tur extensive extracranial carotd arteno-
saleronis, which persisted after adjustnent tor age. smoking,
Eapertensien, and dwhpidemia (7]

Plasma Hoy levels deternuned as the acid-soluble auved disul-
tide humoeystesme-cysteine wore st shown to be increased in
chronic renal failure by Wilcken and Gupte (8} Subscquent case
contral studies hanve revealed markedly elevatcd plasma Jevels of
agwd-wiubie [9). protein-bound {10), or total Hey {11, 12} in ESRD
paticuly on peruvneal or hemodialysis, and non-dialyzed urenuc
patents with varving degrees of cenal impairment. We recently
confirmed these case control findings. and also demonstrated that
hyperhomovysteinemia was more prevalent. with a daamatically
greater prevalence odds than any of the traditional CVD risk
factors. 1n maintenance dialysis patients [13, 14]. Furthermore,
hyperhomocysteinenua persisted in the dialysis patients despite
daily. near physiologic dose supplementation (thats. 2to § x the
LS RDA) with the B-vitamin co-tactors’substrates for Hey me-
wholism (folate. B-6. B-12). and normal or superpormal plasma
status of these vitamens (130 141,

Folic acid supplementanion at doses of bemeen 065 and S Umg
per day routincly normalizes fasting total plasma Hey in persons
who have intact rensl function. and are not 8-12 deficient {{5-17].
B-6 supplenwentaiion is required to reduce or normalize the
post-meihionine loading increase in Hey levels above fasting
levels {18]. These findings are consistent with what is understood
about the metabolism of Hcy via the remethylation and transsul-
furation pathways [19]. In remethylation. the primary methyl
donor for the conversion of Hey 1o methionine is provided by the
reduction of methylenctetrahydrofolate to S-methylietrahydrofo-
latc. the major circulating form of folate. by the enzyme methyl-
enctetrahydrofolate reductase (MTHFR). S-Mcthyfietrahydrofo-
late serves as a one-carbon donor for the vitamin B-12-dependent
remethylation of Hcy to methioninc catalyzed by methionine
synthase. The remethylation enzymes have a low K,,, for Hey, and
function fo maimain oormal fasting homocysicinemia. In the
transsulfuration pathway, Hey condenses with serine 1o form
cystathionine in an irreversible reaction catalyzed by the pyridox.
al-5’-phosphate (PLP)-containing enzyme, cystathionine beta syn-
thase (CBS). CBS has a high K, for Hcy, and functions to
maintain normal postprandial or post-methionine loading homo-
cysteinermia [19]. These pathways appear to be disrupted most
commonly by deficiencies of three micronutrients [4. S, 7, 15-18,
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20], two of which are cofactors (vitamins B-6 and B-12), and one
which is a substrate (folate).

A comprehensive review of the published clinical trial literature
failed 10 uncover a single report in which mean fasting total Hey
levels were reduced to within the normal range (that is, < 15
pmolliter; [20]) by any combination of B-vitamins in hyperhomo-
cysieinemic maintenance dialysis patients [21-23]. In addition,
none of these studies [21-23] were placebo-conirolled so their
internal validity may have been compromised by regression to the
mean. Accordingly, we conducted a randomized eight-weck trial
of the effect on plasma Hcy of adding supraphysiologic dose folic
acid, slong with B-6, and B-12, versus placebo, to the usual dialysis
dosing of these vitamins in hyperhomocysteinemic maintenance
dialysis patients.

Methods

Siudy population

Thirty-two maintenance dialysis paticnts invohved 1n an ongoing
casecontrol studies of hyperhomocysicinemia and traditional
cardiovascular disease risk factors [13, 14] were recruited from
four Brown University-affiliated outpatient dialysis centers for the
present study Exclusion criteria included age > 75 or < 30 yeurs
old. malnutrition (that 1s. albumin < 2.0 mg-d! or protein catabolic
rale < 0.8). rejection of a cadavenic or living-related donor kidney
transplant within six months of the current study. and current use
of antifolate or anticonvulsant medications. All participants had
fasting total plasma Hcy levels = 16 pmolliter when determined
as part of the initlal case-contro! studies. Nearly S50% of those
patients with screening Hoy levels = 16 gmolliter (32 of 63)
agreed to participate. The study protocol was epproved by the
Rhode Island Hospital Institutional Review Board, and all par-
ticipants gave their writlen informed consent prior 1o participa-
tion. ladividuals were block randomized into two groups of 16 on
the basis of fasiing Hecy > 30 umol/Mhiter. fasting folate < 6 ng'mi.
sex, mode of dialysis (peritoncal vs. hemodialysis). and race.
Subscquent 1o randomization. but prior to actval imitiation of the
wtervenuon study, four subjects in the placebo group drupped oul
due 10 lack of continued interest. while one subject in the active
treatment! group could not participate due 10 intercurrrent corv-
nary artery bypass graft surgery. Twenty-seven subjects completed
four or eight weeks of the study, 12 randomized 10 the plucchy
group, and 15 randomized to the active treatment group One
subject in the placebo group missed the blood draws afier lour
weeks of trcatment due to hospitalization for 2 below koce
amputation, but remained in the siudy, and underwent the
post-eight week blood draws. An additiona) subject in the active
treatment group hospitalized for an exacerbation of chroaic
peptic ulcer disease was unavailable for the post-eight week blood
draws, but underwent the blood draws after four weeks of
treatment. Characreristics of the (¥ = 27) participanis who
compieied all or part of the Intervention study were: (a) mean age
(= s0) 56 (= 13) years, range 35 1o 73 years: (b) etiology of
ESRD: diabetic nephropathy (N = §), hypertensive nephroscle-
rosly (N = €), ;lopcruloncphtms (N = 7). polycystic kidney

riN unhownlotbet (N = 7); (c) sex: 14 men, 13
pof . ‘hemodialysis, 7 peritoneal
: nd _‘@kﬂ. § bistk. Baseline Hcy data (visits

igéts pyallable’from 31 of the original 32
ltreed 1o participate. There was no differ-

Busiom et al Homoevsiene-lon enng in diahoy poients

ence in baschne Hcy levels berween the 4 dropouts and the 27
patients who completed all or part of the study (30.6 umollditer vs.
295 pmolliter, respectively, P = 0.633 by Mann-Whitney U-test).

Laboratory and clinical dara acquisition

Phlebotomy was performed non-fasting. pre-dialysis (hemodi.
alysis) or random dwell (peritoneal dialysis), rwice 48 1o 72 hours
apart at baseline, and after four weeks and eight weeks of active
or placebo treatment. Three of these six blood draws were
synchronized with the patients’ routine monthly phlebotomy 10
decrease panicipant burden. All whole bloods were immediately
cooled at 4°C, and the plasma or serum separated within four
hours in a refrigerated centrifuge. Total homocysteine (Hcy), the
sum of the acid-soluble (that is. reduced Hcy. homocystine
disulfide, and homocysteine-cysteine mixed disulfide) and protein-
bound moieties, was determined in EDTA plasma by a modifica-
tion of the fluorimetric high performance liquid chromatography
(HPLC) method originally described by Araki and Sako [24]. In
bnef, this assay involves the following steps: reducution of the
sample with tri-n-butviphosphine. precipitation of protcins, altka-
hmzation of the supcrnatant with sodium buorate. derivitization
with SBDF (7-flucro-2-oxa- 1.2 diazole-4-sulohonate). followed
ANTS Saamipenapiisione Licansglfonic word, sodiurr salt)
and HPLC scparauon with Buorescence detecon SBDF s a
fluorescence probe for compounds contaimng SH groups, «nd
ANTS s used as on internal standard becouse of is natural
fluorescence al 515 nanometers when cxcited at 385 nanometers.
the same wavelengths used for the detection of the SH/SBDF
adducts. The inter- and intra-assay coefficients of variation for this
assay are routineh < 5% Plasma pyridoxal 5'-phosphate (the
aclive metabohe form of B-6) was assessed enamutically using
tycosine decarboxylase |25]. Plasma folate wss measured by a
96-well plate microbial (Lactobocillus casei) assay [26]. and
plasma B.12 with 2 (Magic) rudioasay from ClBA-Cuining To
nunimize intcrassay vanabiits. the Hev and vitamin assiys weee
performed “hatched” for cach patient from all siv sudy visits i
thawed plasma abguots that had bevn enopresened wt - 700C for
S i3 weehs Routine monthh serum chimeal chonuisirs profiies
and Rematoont Jarninabons wae performed using standard
mthods A symploms guesisagare wes admiaisdercd w cach
participant ai the end of the suady Eight wodk comphance with

the treatmertand place® s ro g v asaonsed il (oant AL
data cotlecnon was postor o d Pundod e drlahime spoup asagn-
S ni
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The treanment Juag o «re e
and the freatment gioup sssghimenl ¢ode was not brohen unil
data entry and snalysr were completed. Treatment consisted of
15 myg folic acid, 100 mg B-6, 1 mg B-12, and cellulose fiber, or
maiched placebos containing only cellulose fiber, orally adminis-
tered in single tablets taken once daily in the cvening. All
participants continued their prescribed daily oral supplementation
with 1 mg folic acid, = 10 mg B-6, and 12 ug B-12, throughou! the
study.
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Statistical analvses
A priort, we estimated that the study had > 90% power Lo detect

the expected cffcct size of 0.30 (that is, & 30% lowering of plasma
Hey with aclive treatment seiative 10 0% lowering with placcbo
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Table 1. Key baseline patient characicristics

Placebo Active

(N =12) N =13 P value®
tley (umolliter) 296263 2952100 0733
Folate (ng'mi) 493 =256 3253351 0.0
N (%} Hemodialysis 8(66.7) 12 (80.0) 0.734
N (%) Men 7(583) 7(46.7) 0830
N (%) White 10(83.3) 12(300) 0.782

* Meaa of two basceline values = standard deviation
* Two-tailcd valuc based on Mann-Whitney U-test or chi square test
with conlinuity correction

Coatmerd) onon Y= |2 sabjects per group Active versus placebo
Staen e . v Berenees were evalvated by Mann-Whitney
(-t te, g e sgiare tosis, Means of the two baseline mings two
tour-week or we ght-week (Udeit™) Hey levels were compared
by unpatred r-lests and Mana-\Whitaey (-tests. In addition. lincar
resession models were coasiructed with baseline minus four or
cight week Hoy levels as the outcome variable. and treatment
group. buschne Moy folate. and PLP s the independent variables.
Mueun baseline minus eight-week (“detta ™) alanine amimnotransfes-
ave (ALT). aspartate aminotransferase (AST). creatnine, and
hematocrt values in the active versus placebd groups were also
comparcd by uapaited 1-tents. Differences in reported symptom
frequency wn the active versus placcbo treated groups were
assessed by chi square analyses. Reported P values are based on
two-tailcd calculations. All statistical analyses, including the block
randomization procedure outlined easlicr, were perfosrmed using
SAS [27]

Results

Key baseline characteristics wn the two groups were comparable,
indicuting that block randomization was successful (Table 1).
Eight week compliance by pil count was 75.1% in the active
trecatment and 86.7% in the placebo groups. respectively. Signifi-
cant increares (Tabie 71 in mean plasing B-vitamin levels in the
active treatment group provided confirmation of the pill count
compliance data. Active versus placebo treatment also resuited in
a significant mean reduyction in total plasma Hcy of ~29.8%
versus —2.09% (P = 0.0024) at four weeks, and —25.8% versus
+0.6% (P = 0.0009) at cight weeks, by unpaired ¢-tests (Table 2).
These findings were confirmed by Mann-Whitney U-tests (4
weeks, P = 0.0028; B weeks, P = 0.0012). Linear regression
analyses futther demonstrated that” active treatment was the
strongest independent predictor of both bascline minus four
weeks (beta = —7.21,t = 3.358; P = 0.003) or eight weeks (beta
= ~6.32, ¢ = 3.833; P = 0.001) Hcy levels in models that included
treatment group assignment, and mean baseline folate, PLP, and
Hcy. This indicates that afier adjustment for vreatment group
assignment and mean baseline vitamin status and Hcy levels, Hey
jevels were 7.21 umolliter lower at four weeks and 6.32 umolfiter
lower at eight weeks in the active treatment group compared with
the control group, and this effect was highly significant. A trend
(P = 0.086; chi square with continuity correction) for “normal-
ization” (that is, reduction to < 15 gmolliter) of plesma Hcy was
observed in the active treatment (5 of 15) versus placebo group (0
of 12). Active treatment was not associated with an increased
frequency of any specific symptoms (Table 3), or adverse changes
in hematocrit, AST, ALT, or creatinine (Table 4).
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Oursmcfydczb&m?n! Loy L ;
monthly determination of o nén hstfn‘ PN enistrles,
and the placebo group provided confizmation (12} u:ai tion-fasting
pre-hemodialysis or random dwell (peritoneal dialysis) plasma
Hoy is a stable outcome measure. The data reported bere provide
the first placebo-controlled demonstration that much larger daily
doses of B-vitamins (that is, folic acid, B-6, and B-12) can
significantly augment the Hcy-lowering effect of the near physio-
logic dose B-vitamin supplements usually given 10 maintenance
dialysis patients. Furthermore, we found no evidence of toxicity
associated with this supraphysiologic dose B-vitamin treatment
regimen, based upon blinded analyses of routine monthly clinicat
chemustry profiles and cesponses 10 a compreheasive symiptoms’
questionnaire. More prolonged studics of comparable or higher
dose folic acid-based Hcy-lowering regimens need to be por-
formed in larger groups of maintenance dialysis patients to
confirm and extend the current findings.

Ay anticipated due to their routinely preseribed near physio-
togic dose supplementation. mean baseline folate levels wnp buth
groups of patients (treated 32.5 ng/ml: placebo 49.3 ngml) far
exceeded the 90° percentile folate levels in age. sex, and race
matched Framingham Study controls with normal renal function
[13. 14]. It remains unclear why hyperhomocysteinemic maate-
nance dialysis patients oftea respond inadequately [10-14; 21-23)
to doses of folic acid alone, or in combination with B-§ and B-12,
that cousistently normalize plasma Hey in hypethomocysteinemic
persons with intact tenat function who are not homozygous for
severe Hey-metabolizing eazyme deficiencies [15-18). Given the
cxtensive plasma protein-binding (~70 1o 80% of total [28]) and
resultant limited renal filtration of unbound Hey, loss of urinary
Hcy excretion 15 probably not responsible for this refractory
hyperhomocysteinemia. Indeed. there is evidence that joss of the
aormally avid tubular reabsorprion of the frecly Riterabic ui-
oourd fractien of Hey offsets the dechine in its glomerular
filtration in ESRD [12]. Substantiation of thc hypothesis that
there may be considerable metabolism of Hcy by normal renal
patenchyma {28) has recently been provided by in vive data from
an established rat model [29]. Determination of arteriovenous
Hcy differences actoss the rat kidney, along with simultaneous
assessment of renal plasma flow, urine flow, and urinary Hey
concentration, revealed substantial Hcy uplake by normal rat
kidneys, and confirmed that urinary Hey excretion is minimal [29].
These data suggest that loss of the large Hey-metaboliziag capac-
ity of normal kidneys may be an important determinant of the
refractory hyperhomocysteinemia commonly observed in ESRD.
Livant et al [30]) recently reported sizable {olate losses into the
dialysate, and the presence of an unidentified beat-stable inhibi-
tor(s) of folate conjugase in hemodialysis paticnts. Folate conju-
gase cleaves glutamyl residues of polyglutamy! folates and this
alteration of chain lengths is believed to be crucial to the function
of both folate requiring, and perhaps other co-factor dependent
¢o-enzymes [31]. Inbibition of folate conjugase may result in the
accumulation of Jong chain length polyglutamated folates despite
folate supplementation in ESRD patients. Maintenance of a high
ratio of long versus short chain length folates could adversely
affect the activity of Hcy-metabolizing enzymes (such as CBS.
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Table 2. Efiec) of aclive vs placebo treaiment on plasina homocysicine and B-vitamin lesels
4-0 weeks 8.0 weeks
Group 0 weeks 4 weeks % change 8 weeks % change
Treated (N = 15)
Hey pmoliiter 9.5 = 100" 20780 -298° 2192127 —258%
Folate ng/ml! 32521 926.8 = 514.9 +215L.T 707.6 = 507.2 +2077.2
PLP pmolim! 6722810 200.6 = 204.2 +198 183.6 = 146.4 «1m.*
B-12 pg'mi 4563.6 = 305.6 1271.7 2 466 7 +]171 @ 1348.4 = $63.9 +187.8
Placebo (N = 12}
Hey 296263 29262 -20 29863 +0.6
Folate 493 2256 471 =329 -45 538 =672 491
PLP 1126 = 8§ 8 1333+ 914 +]84 1349z 1004 +198
B-12 649.7 = 2340 6389 = 2619 -17 §273 = 159.0 -188

P

M

e
.

'

* Mean = standard deviation for the average of two values at each timc point

* Two-tailed PP = 0.0024 vs. placebo change at 4 weeks based on unpaired i-1est

* One subject in the treated group had blood drawn ar 4 weeks but not 8 weeks, so (N = 14)
¢ Two-1ailed P = 0.0009 vi. placebo change at 8 weeks based on unpaired r-test

* Two-tailed P = 0.0001 vs. placebo change at 4 weeks based on uapaired I-fest

! Two-tailed P = 00002 vs. placedo change at 8 weeks based on unpaired /-les]

* Two-tailed P = 0.070 vs placebo change at 4 weeks bused on unpaired i-test

* Two-1ailed P = 0.045 vs. placcbo change at 8 weeks based on unpaired r-test

' Two-taled P = 9.000) vs. placebo change a1 d weeks based on unpaired r-test

* Two-tailed £ = 0.0003 vs. placebo change at 8 wechs based on unpaired r-test

'One subject in the placebo group had blood drawn st 8 weeks but ot 4 weeks. so (A = 11).

Table 3. Frequency of sympioms active vs. placebo tredtment groups

Aclive Piacehe
Symptom (A= 14) (AN = 1) P value®

Nausea ! 2 0887
Heartburn 2 3 0 848
Diarthea 5 2 0.517
Conslipation 3 0 027
Rash 0 ) —

hching S 9 0.108
Muscle aches 4 3 0811
Muscle spasms 2 3 (K48
Tirednessweakness 3 k] (UL
Fairung ] 0 -

Nenouyness 2 ] 1§ 887
Headaches 4 2 ORL
Sleep problems 6 & ALY
Tinghing 1 dignic 4 1 AR
Chest pain v 2 [IRVE}
Rapid huart heat z \l (L
Nightmares f Q -

* Twortailed value based or th square compasisen of reperiod samp-
roms during the 815 week of acove ve placebo realmen:

which is PLP-dependent Dr C. Krumdicch, unpubliabiod obwr-
vation). Accordingly, supraphysiotogic dose Folic auig suppicmen:
tation might be required (o replace dialysate losscs of folate,
favorably sites the folate chain length ratio, and promote Hcy
metabolism in ESRD. Finally, Huliberg et a! [12) have shown that
post-methionine load Hcy levels are increased in ESRD patients
versus controls, suggesting a possible defect in B-6 dependent
transsulfuration of Hey in ESRD. An increased B-6 requirement
in ESRD would be less discernible by evaluating fasting Hey levels
[19]. »3 was donc in previous case control [13, 14) and intervention
{21] studies.

'z & burgeoning amount of experimental data have linked hyper-

hotnocysteinemia to stherothrombosis [32-39). Putative patho-
methanisms include endothelial cell injury [32, 33], enhanced Jow
density lipoproteln oxidation [34), increased thromboxane-mcdi-

Table 4. Changes in liver transannnases. creatimne and hematocrit
over eszht wecks in the gctive w placebo treavment groups

e

Active Placebo
N =12 (N=1D) P value®
8 AST" migid! ~-13=54 -23=72 0.7200
A ALT mg'd! -19=102 -23z4¢ 0.900
3 Hematocrn & ~0d =218 -0 =10 0.614
A Creaunine mg.d! +17=24 -47 =30 0.3%

* Two-1atted value based on unpaired i-test.
tA = mwgr T aadard deviation of Ssweek nunus Ganech values

sted platelet ageregation [35]. inhikition of cell surface thrombo-
modulin expression and protein C acinanon |36) enhancement of
Lipoprotcin (@i-librin linding 137]. and promciion of smooth
myscle oot probiferanon [33]) Ronand ot al [ W] reconth deseribed
an Clegant model of diean-mduead hvperhomoa sicinenna and
vasculer damagy in the min-pig Future studies uang this mode!
may clucideie @90 e rchevines of the sudies cited  above
[32-38D Rogomdione of the spegthic pathonrechanismis), prospec-
v v wieera data 8 et Hovioweng dwtan mierven-
oG TN s Beagtarie and o baaine supplementanon. and
sosizicien of mettonme ntabed daia {300 sugeest that hyvperho-
Mon oo = asoualed with unncreased incidence of
atherothrombotic events yn non-uremic populations. Preliminary
subgroup analyses further indicate that hyperhomocysteincmia
may also be linked to prevalent atherothrombosis in uremic
patients not yet dialysis-dependent [11], and incident sthero-
thrombosis in renal transplant recipicnts {41].

Despite a group mean lowering of ~26 to 30% n plasma Hcy,
only /15 of the total number of treated paticnts, and 3 of 12
whose bascline Hey was > 20 umollditer had their Hey levels
reduced to within the accepted “normative range™ (that Is, < 1S
pgmollitcr; [20]) in the present study. Prevalence data from the
Framingham Study have revcsled that there is already an in-
creased risk for extracranial carotid arteriosclcrosis = 25% (s
marker for significant gencralized arterfosclerosis [42]) at plasma
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Moy levels = 113 pumolditer [7]. Clearly, more effective therapeu-
1ic regimcns-(higher dosc combinations of dietary supplements
and/or improved dialysis temoval of Hcy) that truly normalize
total plasma Hcy in maintenance dialysis patients nced 10 be
developed. As reviewed by Butterworth and Tamura {43}, folic
acid has been safely administered orally at doses of up o 60
mg/day for two years, and 500 mg/day for two weeks. More receat
data indicuted no spparent toxicity of folic acid at 400 mg/day
given for two months to a child with bomocystinunia due to
homozygous methylenctetrahydrofolate reductase deficiency [44].
Controlled studies of the Hey-lowering efficacy of folic acid givea
in cxcess of 15 ma'dav may be warraated in hypechomocysteine-
e nningetiaes diaieis tents fdenttivation ot 2 safc. effec-
tne cheopn Hochaenng reginien could ead o placebn-con-
trediodd antee s L e U moim o ambor secemdany prevention of
Giaw vy ooy i s ietss duch
chnical thals would Gutivaty the Rypaificss s i perhiemo s
tentes Sortabates o athorothiomboss and the andiags might
be refenan Lo other hyperhomoeystcmemin paticnt populativas,
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ABSTRACT Recent studies demonstrated associa-
tions between occlusive vascular disease and hyperho-
mocysteinemia of both genetic and nutritional origin. In
the present study we analyzed plasma samples from the
20th biannual examination of the Framingham Heart
Study cohort to determine distribution of plasma homo-
cysteine concentrations with emphasis on relationships
to B vitamins and prevalence of carotid artery stenosis.
Results showed that homocysteine exhibited strong in-
verse association with plasma folate and weaker associ-
ations with plasma vitamin B-12 and pyridoxal-5’-phos-
phate (PLP). Homocysteine was also inversely associ-
ated with intakes of folate and vitamin B-6, but not
vitamin B-12. Prevalence of high homocysteine (>14
pmol/l) was 29.3% In this cohort, and inadequate
plasma concentrations of one or more B vitamins appear
to contribute to 67% of the cases of high homocysteine.
Prevalence of stenosis =25% was 43% in men and 34%
in women with an odds ratio of 2.0 for individuals in the
highest homocysteine quartile (=14.4 umol/l) com-
pared with those in the lowest quartile (9.1 umol/),
after adjustment for sex, age, high density lipoprotein
cholesterol, systolic blood pressure and cigarette smok-
ing (Pirena < 0.001). Plasma concentrations of folate and
pyridoxal-5’-phosphate and folate intake were inversely
associated with extracranial carotid stenosis after ad-
Justment for age, sex and other risk factors. J. Nutr.
126: 1258S5-1265S, 1996.
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e vitamin B6 ¢ vitamin B-12 * arteriosclerosis
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Almost 25 years ago McCully (1969] reported
a child dying of homocystinuria, cystathionuri;
methylmalonic aciduria, secondary to abnormgh
cobalamin metabolism, exhibited arterial les
were strikingly similar to those seen in patie
cystathionine beta synthase deficiency. These
tions led to the proposal that the marked]
plasma homocysteine concentrations found
with homocystinuria were responsible for the
ment of premature occlusive vascular dxsease
years this association between plasma homogy
concentration and atherosclerosis has become
ject of a number of studies with growing clinié
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PLASMA HOMOCYSTEINE AND CAROTID ARTERY STENOSIS

: {for reviews see Mudd et al. 1989, Ueland and Ref-
m 1989, Ueland et al. 1992). A literature survey by
land et al. {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
idies reported significantly higher mean plasma ho-
acysteine concentrations in patients than in respec-
¢ controls (P < 0.05 to <0.001). The mean patient:
ntrol homocysteine ratio according to this survey
1s 1.31, which indicates that the elevation of homo-
steine in these patients is mild and certainly not as
vere as that seen in homocystinuric patients.
Clarke et al. (1991}, who relied on the methionine
iding test to discriminate between (mildly) hyperho-
xysteinemnic and normal individuals, reported that
e prevalence of hyperhomocysteinemia was 42%
10ng patients with cerebral vascular disease, 28%
1ong 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
spective investigation of participants in the Physi-
s’ Health Study showed that the risk of myocardial
aarction 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-
i [Stampfer et al. 1992). The association between ho-
acysteine and vascular disease in this study and in
rlier studies (Clarke et al. 1991, Genest et al. 1990}
1s independent of other known vascular disease risk
:tors, such as age, diabetes, hypertension, body mass
dex, total and high density lipoprotein [HDL) choles-
ol. In addition, carotid ultrasound has previously
en used to examine the association between homo-
steine and arteriosclerosis. Obligate heterozygotes
*cystathionine S-synthase deficiency were shown to
ve a greater prevalence of carotid arteriosclerosis
i normal controls (Rubba et al. 1990}, and postme-
1onine load plasma homocysteine levels were associ-
:d with asymptomatic carotid arteriosclerosis in a
mbined sample of obligate heterozygotes for cysta-
lonine S-synthase deficiency and a similar number
controls (Clarke et al. 1992). A third study of asymp-
matic individuals in a middle-aged, population-based
hort demonstrated that those with carotid artery
Ul thickness above the 90th percentile of the popula-
m distribution had significantly higher fasting
1sma homocysteine levels than controls with carotid
Ul thickness below the 75th percentile {(Malinow et
19931,
This paper is a summary of our studies {Selhub et
1993, Selhub et al. 1995) on the elderly survivors of
¢ Framingham Study cohort. We examined, in this
lerly population, the distribution of plasma homo-
steine levels, the relationship between plasma homo-
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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. Informed consent
was obtained from all participants. The protocols for
this study were approved by the Human Investigations
Review Committee at New England Medical Center
and by the Institutional Review Board for Human Re-
search at Boston University Medical Center.

Biochemical determinations. Blood was drawn non-
fasting and plasma total cholesterol and HDL choles-
terol were determined in the Framingham Heart Study
laboratory using enzymatic methods (McNamara and
Schaefer 1987, Warnick 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 Araki
and Sako {1987), plasma folate by a microbial assay
using a 96-well plate and manganese supplementation
as described by Tamura et al. (1990}, vitamin B-12 using
a [Magic) radioassay kit from Ciba-Coming (Medfield,
MA} and pyridoxal-5’-phosphate by the tyrosine decar-
boxylase method as described by Camp et al. (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
{Tacques et al. 1993, Willet et al. 1985).

Measurement of carotid steposis. At the 20th bien-
nial examination, participants underwent a carotid
doppler examination with Ultrasonix, high resclution,
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- mated as the odds ratio derived as the antilogay; —
port, we classified individuals into two categories based of the logistic regression coefficients. To exam; elh" ]
on the maximum percent diameter stenosis of the more association between the nutritional detcrmjmm:h‘
diseased artery: 0-24% stenosis or 25-100% stenosis. plasma homocysteine and stenosis, we also divi N
Statistical methods. To describe the associations subjects into quartiles for each vitamin measumw -
between plasma homocysteine concentrations and the represented them in the regression models as lndu::
B vitamins, we grouped subjects into deciles of plasma variables using the highest plasma vitamin quary
vitamin concentration and vitamin intake. We calcu- the reference category to estimate the relative n'sk.
lated the geometric mean plasma homocysteine con- lower nutrient levels. If not otherwise noted, staﬁ‘n-: o
centrations in each vitamin decile and plotted these significance refers to P < 0.05. L
values and their 95% confidence intervals (Cl) at the
median vitamin level within each decile. We adjusted ey L
mean homocysteine levels for age, sex and concentra- RESULTS TRRET
tion or intake of the other B vitamins by analysis of _ o
covariance (Kleinbaum et al. 1988) with all covariates , e, TET foave
set to their respective sample means. We also adjusted Homocysteine distribution and prevalence of high* | m
all vitamin intakes for energy (Willett 1990}. homocysteine concentrations v
To examine the association between the occurrence 25 o
of high plasma homocysteine concentrations and The mean homocysteine concentration for all sgfy { »y 5
these vitamins, we defined high homocysteine as con- jects was 11.9 umol/l {median = 11.6 umol/l). Valney | «=
centrations >14.0 umol/l (the 90th percentile for ho- ranged from 3.5 to 66.9 umol/l. Homocysteine concey, |
mocysteine among those subjects whose three plasma tration was higher in men than in women and in
vitamins levels were above the 70th percentile). We | With age (Table 1). The increase with age remgineg |
developed a B vitamin index to describe the joint rela- highly significant (P < 0.001) for men and women;
tionships of the three vitamins included in these anal- | adjustment for plasma vitamin concentrations, but thy -
yses to homocysteine levels. The indices had five cate- difference between men and women was no longer ¢
gories based on percentile values for each nutrient. tistically significant. ke
We classified individuals with all three vitamins We defined high homocysteine as concentrafy

above the 70th percentile into the reference category greater than. the ‘90th percentile among subjects’s ith - {
{Category 1). Category 2 included individuals with all all plasma vitamin levels greater than the 70th
three vitamins above the 50th but at least one below | tile (14.0 umol/l). Prevalence of high homocysteing yrig.

the 70th percentiles; Category 3 included those with 29.3% for the entire cohort and over 40% for indivi o B
at Jeast one vitamin above and one vitamin below the als aged 80 years and older. e 1 K
50th percentile; Category 4 included those with all ]
three vitamins below the 50th percentile but at least Mean homocysteine concentration by vitamin ' "
one above the 30th percentile; and Category 5 in- status and intake ' £
cluded individuals with all vitamins below the 30th t
percentile. We determined mean homocysteine con- Folate. Mean plasma homocysteine concentrations ¢
centration, the prevalence of high homocysteine, the for subjects in the two lowest deciles of plasma folate ¢
prevalence rate ratio for high homocysteine and attrib- (below 4.8 nmol/l) were 15.6 and 13.7 umol/l. These | 1
utable proportion (attributable risk percent) ([Rothman were significantly greater than the mean for subjects | ¢
1986} within each vitamin index category. We also in the highest decile, which was 11.0 umol/1 (P <001} ! :
estimated population attributable proportion, which (Fig. 1a). Mean homocysteine concentrations for sub-
represents the proportion of cases with high homocys- jects in the three lowest deciles of folate intake [<253
teine in the population that can be attributed to low ug/d) were 13.7, 12.9 and 13.2 umol/}, respectively, and
plasma vitamin concentrations or vitamin intake. were significantly greater than the mean for subjects

To graphically describe the relation of homocysteine in the highest intake decile, which was 10.4 umol/l
to stenosis, we classified men and women into quartiles {P < 0.01) {Fig. 2a).
of homocysteine concentration. Within each quartile, Vitamin B-12. Mean homocysteine_concentrations
we computed the prevalence of carotid stenosis =25% were significantly elevated for subjects in the lowest
and plotted the prevalence estimates at the sex-specific decile for vitamin B-12 relative to subjects in the high-
median homocysteine concentration for that quartile. est decile (P < 0.01). Mean homocysteine concentss
To adjust for other risk factors for carotid stenosis, lo- tions were 15.4 and 10.9 pmol/l for subjects in the .
gistic regression was used with stenosis'=25% as the lowest and highest vitamin B-12 deciles {Fig. 1b). Sub
dependent variable. Homocysteine quartiles were mod- jects in the lowest vitamin B-12 decile had vitami.: -m:I;
eled by using indicator variables to represent the three B-12 concentrations below 139 pmol/l. Vitamin B-ll’,-'»- ud P
highest quartiles, and relative risk of stenosis for each intake appeared unrelated to mean homocysteine co -y

thal

quartile compared with the lowest quartile was esti- centration even though subiects in the fifth decile hs



TABLE 1

Mean homocysteine and B vitamin status and intake by age and sex

Nutrient intake/

Plasma concentrations 4200 k)
- o e Vitamin Vitamin
Age n Homocysteine  Homocysteine Folate Vitamin B-12 PLP Folate B-12 B-6
y wmol/l % elevated amol/l pmol/] nmol/l ug ug mg
67-74 239 11.8 25.3 9.3 265 52.6 174 3.7 14
75-79 110 11.9 26.7 9.5 260 49.6 180 3.8 1.3
80+ 108 14.1 48.3 10.0 255 47.6 204 48 1.4
trend
1ge) — <0.001 <0.001 0.41 0.62 0.36 0.02 0.02 0.81
en 67-74 310 10.7 19.5 104 302 59.9 214 4.0 1.6
75-79 204 119 28.% 10.2 289 522 220 44 1.5
80+ 189 13.2 41.4 9.7 290 52.1 199 49 1.5
trend
age) <0.001 <0.001 0.60 047 0.13 0.23 0.03 0.55
3] —_ <0.003 <0.09 0.19 0.001 0.08 <0.001 0.07 0.02
187 . a 187 :
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FIGURE 2 Mean plasma homocysteine concentrations
FIGURE 1 Mean plasma homocysteine concentrations {and 95% CI) by deciles of intake of folate (a], vitamin B-6
nd 95% CI} by deciles of plasma folate {a), vitamin B-12 {b) {b) and vitamin B-12 {c]. Means are adjusted for age, sex and
W PLP (c) concentrations. Means are adjusted for age, sex other vitamin intakes. *Significantly different from mean in
W other plasma vitamins. *Significantly different from the highest decile, P < 0.05; * *significantly different from
-ean in the highest decile, P < 0.01. mean in the highest decile, P < 0.01.
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TABLE 2
Elevated homocysteine concentrations by B vitamin status
—
B vitamin Mean Prevalence ' Populatiog
index! n homocysteine Prevalence . rate ratio Attributable attributabl,
——
umol/l % % %

Highest 1 89 94 10.1 1 0.0 0.0

2 128 9.8 12.5 12 19.2 1.0

3 534 11.9* 28.7° 2.8 64.8 337

4 144 14.9° 52.1° 52 80.6 206

Lowest 5 70 16.5° 58.6* 58 82.8 116

{total] 669
1 Index combines plasma folate, vitamin B-12 and pyridoxal-5’-phosphate [PLP] concentrations: High (1) = all three B vitamins > 70ny
percentile; 2 = all vitamins > 50th, at least 1 < 70th percentile; 3 = vitamins above and below the 50th percentile; 4 = all vitamins < 50w

percentile, at least 1 > 30th percentile; low (5) = all three vitamins < 30th percentile.

* Significantly different from Category 1, P < 0.01.

significantly higher homocysteine concentrations than
subjects in the highest decile (P < 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 < 0.01). Mean homocysteine con-
centrations were 14.3 and 10.9 umol/l for subjects in
the lowest and highest PLP deciles (Fig. 1c). Subjects
in the lowest decile had PLP concentrations below
18.1 nmol/l. 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 < 0.05). Mean homocysteine concentrations were
13.4, 12.4 and 12.3 umol/] for subjects in the lowest
three deciles; the mean in the highest decile was 10.1
pmol/l (Fig. 2c). Subjects in the lowest three intake
deciles reported consuming less than 1.75 mg/d.

Homocysteine concentrations by 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 55% 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 vitarmnin 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

Al 1

Relationship between plasma homocysteine and
prevalence of exracranial stenosis

e

R

The prevalence of extracranial carotid stenosis
=25% was approximately 43 and 34% in men snd
women, respectively. Figure 3 shows the age-adjusted
prevalence of stenosis across quartiles of plasma hoﬂfﬁ-
cysteine levels. In men, the prevalence of stenosis
=25% was 27% (95% CI: 17-38%) in the lowest homo-
cysteine quartile and 58% (95% CI: 49-67%) in the
highest quartiles (Pyena < 0.001). The relation in
women was not as striking as that in men; prevalence
of stenosis =25% ranged from 31% (95% CI: 24-38%)
to 39% (95% CI. 31-47%) across homocysteine
quartiles (Pyea = 0.03). Although the risk of stenosis
appeared to increase in the second homocysteine
quartile {9.1-11.3 umol/l) among men, it did not appear

704

60 '
S0
Stenosis 2 25%

4) 40+
30

-4 Y 1 e —

10 T T T T T T T T i

4 6 8 10 12 14 16 18 220

Plasma Homocysteine _

(umolL)

FIGURE 3 Age-adjusted prevalence and 95% CI of max-
mum extracranial carotid artery diameter stenosis =25
quartile of plasma homocysteine concentration in men (ml
and women |®). Homocysteine quartile cutoff vahief Wff‘
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- ' TABLE 3

0dds ratio of maximal extracranial carotid artery diameter stenosis =225% by quartile of plasma homocysteine concentration

Age and sex adjusted

____ Multiple risk factor adjustment}

— ~Homocysteine
quartile Odds ratio 95% CI2 P value Odds ratio 95% CI P value
umol/l
=91 1.0 1.0
92-113 1.1 038, 1.6 0.60 1.1 0.8, 16 0.58
11.4-143 .6 1.1,24 0.009 1.6 11,23 0.02
=144 2.1 15,30 <0.001 20 14,29 <0.001
Pirend <0.001 <0.001

1 Adjusted for sex, age, total: HDL cholesterol ratio, sxﬁoking status and systolic blood pressure for 1041 individuals.

2l = confidence interval.

toincrease until the third homocysteine quartile (11.4-
14.3 umol/l) 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
=25% were not significantly different for men and
women (P = 0.07).

_The age and sex adjusted odds ratios for men and
women combined were significantly increased in the
third {odds ratio = 1.6; 95% confidence interval: 1.1-
2.4) and fourth (odds ratio = 2.1; 95% confidence inter-
val: 1.5-3.0) quartiles of homocysteine (=14.4 gmol/l)

relative to the lowest quartile (=9.]1 umol/l} (Table 3.
Adjustment for other risk factors had little effect on
the odds ratios.

The associations between carotid stenosis and the
plasma vitamins are shown in Table 4. The prevalence
of stenosis =25% was inversely associated with both
folate (Pyend < 0.001) and pyridoxal-5’-phosphate (P ena
= (.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 {Pyens = 0.11). The odds

TABLE 4

Odds ratios of maximal extracranial carotid artery diameter stenosis =25% by quartile of plasma vitamins

Multiple risk factor adjustment!

Multiple risk factor adjustment
plus homocysteine

. Odds 95% Odds 95% P
Vitamin n ratio CR P value ratio Cl value
Folate, /13 1027

<251 19 13,27 0.001 1.5 1.0,2.3 0.04

251-4.3) 1.4 1.0,2.0 0.08 1.3 09,19 0.24

432-7.92 12 08,18 0.28 1.2 0.8, 1.8 0.35

27.93 1.0 1.0

Prend <0.001 0.05
Vitamin B-12, ng/I3 881

<290 14 0.9, 2.1 0.11 1.2 038,18 0.41

290-405 1.4 0.9, 2.0 p.14 1.2 08,18 0.36

406-572 1.3 09,20 0.16 1.3 0.9, 1.9 024

%573 1.0 1.0

Pereng 011 0.47
Prridoxal.5".phosphate, nmol/l 97

<31.9] 1.6 1.1,2.4 0.02 1.3 0.9, 2.0 0.15

31.91-52.19 1.1 07,16 0.67 10 0.6, 1.4 0.80

32.20-89.80 12 08, 1.7 0.48 1.1 0.7, 1.6 0.71

=89.8) 0 1.0

Prrend 0.03 0.23

1Adiustcd for sex, age, total:HDL cholesterol ratio, smoking status, and systolic blood pressure.

=CI = confidence interval.

To conven to SI units, multiply folate values by 2.266 to get values in nmol/l and vitamin B-12 values by 0.7378 to get values in pmol/l.

s
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ratio for stenosis was 1.4 (95% 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% CI: 1.0-2.3).

DISCUSSION

These data suggest an important role for nutritional
status in homocysteine metabolism. We have demon-
strated strong, 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 each of these
vitamins had high plasma homocysteine concentrations,
whereas those with moderate vitamin levels had dramat-
ically lower homocysteine concentrations. Homocys-
teine levels did not differ substantially between individu-
als 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 may be worth noting that homocys-
teine concentrations were elevated among individuals
with folate intakes up to 280 ug/d, which is higher than
the current RDA of 200 and 180 ug/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 mg/d for women.

Adequate levels of all three vitamins may be 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% 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
umol/l {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 umol/l (95th percen-
tile among nondiseased control subjécts). Joosten et al.
(1993) defined elevated homocysteine as concentra-
tions >13.9 umol/l (mean plus 2 sD among healthy
young controls). Genest and co-workers (1990} reported
90th and 95th percentile values of 150 and 190 wmnl/

B

1 among their normal controls. In the present study .
observed that risk of stenosis was elevated at levels
homocysteine between 11.4 and 14.3 umol/l. Th
data will require us to reconsider the current beljes,
regarding standards for elevated homocysteine.

We have also examined the relations between pe.
cific nutritional determinants of hyperhomocystein,
mia and stenosis in this elderly cohort. We further deg,
onstrated that folate and pyridoxal-5’-phosphate were
linked to stenosis, in large part, because of their regy],
tion of plasma homocysteine levels as indicated by the
diminished odds ratios between stenosis and these vig,_
mins after adjustment for homocysteine levels, Al
though there was some residual association betweey
plasma folate and stenosis after adjustment for homg,
cysteine, the likelihood ratio test statistic would sug.
gest that addition of folate to a model containing homg.
cysteine did not add any significant contribution. It j
likely that measurement error and biological variabj].
ity in both folate and homocysteine might explain the
residual folate association.

We demonstrated that the majority of these eldes
individuals with elevated homocysteine conceniys.
tions have insufficient status of folate, vitamin B-12 ¢y
vitamin B-6, and others have demonstrated that inriée.
uous vitamin supplementation regimens (including fo-
late, vitamin B-12 and vitamin B-6) effectively lowet
moderately elevated plasma homocysteine levels to the
normal range (Brattsrom et al. 1988, Brattstrom et’al
1990, Dudman et al. 1993, Franken et al. 1994, Glueck
et al. 1995, Lindgren et al. 1995, Ubbink et al. 1993,
Ubbink et al. 1994). Results of our present study pro-
vide 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.

SUPPLEMENT
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Colloquium: Homocysl(e)ine, Vitamins and Arterial
Occlusive Diseases

Relationship among Homocyst(e)ine, Vitamin B-12 and
Cardiac Disease in the Elderly: Association between
Vitamin B-12 Deficiency and Decreased Left Ventricular

Ejection Fraction'-
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Epidemiology, School of Hygiene and Public Health, Johns Hopkins University, Baltimore, MD
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ABSTRACT We evaluated the association of moderate
hyperhomocyst(e)inemia and vitamin B-12 status with
coronary artery disease (CAD) and left ventricular gjec-
tion fraction in 367 elderly patients undergoing coronary
anglography. The extent of CAD was scored, left ventric-
ular ejection fraction was assessed and vitamins B-12
and folate and the metabolites homocyst(e)ine, meth-
Yimalonic acid and 2-methyicitric acid were measured.
There was no significant trend in change in homocys-
t{e)ine as the extent of CAD increased. There was an
association between vitamin B-12 deficiency, i.e., vita-
min B-12 < 221 pmol/ and homocyst(e)ine > 16 nmol/
mi and low left ventricular ejection fraction (P = 0.014).
Of 105 samples, selected for vitamin B-12 < 221 pmol/
1 or high normal vitamin B-12 and folate levels, metabo-
Res including methylmalonic acid revealed a specific di-
agnosis of vitamin B-12 deficiency in 18 patients. The
trend among these vitamin B-12-deficient patients and
low left ventricular ejection fraction was significant (P =
0.028). In vitro studies on rat heart revealed that nitrous
oxide in the presence of 200 M/l methionine reduced
Contractility of the heart. In conclusion, vitamin B-12-
deficient patients had significantly lower left ventricular
tlection fractions than nonvitamin B-12-deficient pa-
tents. Whether fow left ventricular ejection fraction re-
Sults in malabsorption of vitamin B-12 and vitamin B-
12 deficiency, or conversely, whether vitamin B-12 and
ks marker, elevated homocyst(e)ine, depress left ven-
tricular function warrants further evaluation. J. Nutr.
126: 12495-1253S, 1996.

INDEXING KEY WORDS:

* homocyst(eline o vitamin B-12
* cardiac discase + elderly ¢ methylmalonic acid

022-3166/96 $3.00 € 1996 American Institute of Nutrition.

Homaocysteine is a sulfur-containing amino acid that
is metabolized by transulfuration to cysteine via cysta-
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-
cystinuria and premature death. Blood homocystieline
levels are extremely elevated in homocystinuria and
may attain 200 nmol/ml [Malinow 1990). Characteris-
tic arterial changes include intimal hyperplasia and fi-
brosis, degeneration of the internal elastic lamina and
medial hyperplasia. Thrombosis commonly occurs in
arteries and veins, and thromboembolism is a frequent
cause of death (McCully 1969).

Moderate hyperhomocyst{elinemia, 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 (Boers et al. 1985), ther-

! Presented as part of the colloquium “Homocyst{cline, Vitamins
and Arterial Occlusive Diseases’ given at the Experimental Biology
'95 meeting, Atlanta, GA, on April 13, 1995. This symposium was
sponsored by the American Institute of Nutrition. Guest editors for
the symposium were M. R. Malinow, Oregon Regional Primate Re-
search Center, Beaverton, OR, and M. . Stampfer, Harvard School
of Public Health, Cambridge, MA.

2 Supported by a grant from the Maimonides Research and Devel-
opment Foundation and NTH grants AG09834 and RROO163.

3To whom comrespondence should be addressed: Maimonides
Medical Center, Department of Medicine, 4802 Tenth Avenue,
Brooklyn, NY 11219,
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molabile methylenetetrahydrofolate reductase {(Kang et
al. 1993), vitamin B-6 and early vitamin B-12 and folate
deficiency and renal insufficiency {Soria et al. 1990). In
late vitamin B-12 and folate deficiency, levels reach
those in the range of severe hyperhomocyst(elinemia.
Multiple studies have associated moderate hyperhomo-
cyst(elinemia with premature cerebrovascular, periph-
eral and coronary artery disease [CAD) {Brattstrom et
al. 1984, Clarke et al. 1991, Coull et al. 1990, Genest
et al. 1990, Israclsson et al. 1988, Kang et al. 1986,
Malinow et al. 1989). )

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

MATERIALS AND 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 {Friesinger et al. 1970, Ringgvist et al. 1983). The
coronary artery proximal score index ranged from 1 to
7. A score of 1 was assigned when proximal disease was
<70% diameter stenosis, in each of the three major cor-
onary arteries: the left anterior descending (LAD),* the
left circumflex (CX} and the right coronary artery {RCA)
as well as <50% stenosis in the left main coronary ar-
tery (LMCA). A score of 2 was given for single vessel
proximal disease (=70% stenosis) in either the CX or
RCA, 3 for proximal disease in the LAD, 4 for CX and
RCA disease, 5 for LAD and CX or RCA disease, 6 for
LMCA disease {=50% stenosis} and 7 for triple vessel
disease with or without LMCA disease. The coronary
artery diffuse, or Friesinger score index ranged from 0
to 15. Each of the three major coronary arteries was
scored separately. The scores are as follows: 0: no arte-
riographic abnormalities; 1: trivial lumenal irregularity;
2: localized narrowing in the lumen between 50 and
90%; 3: multiple narrowings in the same vessel; 4: nar-
rowing greater than 90%; and 5: total obstruction. Ejec-
tions fractions were qualitatively assessed in patients
undergoing contrast ventriculograms (n = 349) by the
interventional cardiologist at the time of the study.

At the time of the angiogram, fasting blood was col-
lected on ice; plasma and serum were separated and fro-
zen at —20°C. The protocol was approved by the Institu-
tional Research Committee. Plasma homocyst|eline 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 artery disease; ClI, confi-
dence interval; CX, circumflex; LAD, left anterior descending;
LMCA, left main coronary artery; RCA, right coronary artery.

{Genest et al. 1990, Malinow et al. 1989}, Serum vi

B-12 and folate were measured by radioassay {Bector,
Dickinson, Orangeburg, NY) or by fluorometric ¢,
zyme-linked assay (Baxter Diagnostics, Deerfield, 11

The correlation between assays was 0.97 and 0.9 i,
vitamin B-12 and folate, respectively. One hundred ﬁ‘,;
serum samples, selected for vitamin B-12 < 221 pmq)

1{n = 66) or for high normal vitamin B-12 and folg,
levels, were assayed for methylmalonic acid and 2-meg},.
ylcitric acid at the University of Colorado by Stable
and Allen by gas chromatography and mass spectrome.
try (Allen et al. 1993, Stabler et al. 1986).

Possible direct effects of L-methionine and nitroy
oxide on heart function were evaluated by monitoring
the changes in responses of the isolated rat heart, us;
an in vitro heart chamber {Pagala et al. 1992). The heay
was isolated from anesthetized rats and continuously
perfused with oxygenated solution at 10 ml per minute
at 37°C. The heart was mounted vertically in the cham.
ber between a fixed hook at the bottom and a movabje
hook attached to a force transducer at the top. The trans.
ducer monitored the tension generated by the spontane.
ously beating heart. The electrocardiogram was monj.
tored by using the perfusing solution touching the apex
of the ventricle as an active electrode and a platinum
wire touching the auricular region as a reference elec.
trode. Left ventricular pressure was monitored using 3
Millar microtip catheter introduced directly into the left
ventricle. The protocol was approved by the Instity.
tional Research and Animal Care and Use Committees,

Statistics. Means were contrasted using Student’s {
test and analysis of variance. Spearman rank comelated
continuous and ordinal variables. Ejection fractions were
categorized as low (<40%}), moderately low [40-49%) and
normal {=50%). Multivariate adjusted odds ratios were
obtained from unconditional logistic regression models.

RESULTS

The mean age of the patients was 73 + 6.7 (sD) y
and 51.5% were men. Forty nine percent had a history
of hypertension, 26 % had a history of diabetes and 33%
had a history of hypercholesterolemia; 14% were cur-
rent smokers. Plasma homocyst(eline level was
145 +#10.8 nmol/ml. The mean creatinine was
1.1 # 0.4 mg/dl. The mean proximal coronary score
was 2.5 = 2.0, indicating on average significant single
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 * 15%, which is low normal. The
mean hematocrit was 39.7 = 4.8%, and the mean se-
rum vitamin B-12 and folate levels were 384 = 232
pmol/l and 24.5 = 12.9 nmol/], respectively.

The mean homocyst(eline level by proximal coro-
nary disease score ranged from 14.2 in patients with 2
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TABLE 1

Mean homocyst{e)ine by coronary disease index ’

No. of patients . Mean homocystieline

nmol/m!
Proximal index scores!
1 170 142
2 66 138
3 37 18.2
4-5 38 124
6-7 49 152
Friesinger index scores2
0-1 68 150
2-6 101 136
7-11 111 153
12-14 87 14.1
1P=017.
2P =067.

score of 1, to 15.2 nmol/ml in patients with scores of
6 to 7 (Table 1). There was no significant trend in
change of homocyst(eline as the extent of CAD in-
creased. The mean homocyst|eline by Friesinger (dif-
fuse) CAD score ranged from 15.0 in patients with
scores of 0 to 1, to 14.1 nmol/ml in patients with scores
of 12 to 14 (Table 1). There was no significant change in
homocyst{eline as the extent of diffuse coronary artery
disease increased.

Spearman correlation coefficients between plasma
homocyst(e)ine and several variables are shown in Ta-
ble 2. The data demonstrate a significant inverse corre-
lation between plasma homocyst{e)ine and vitamin B-
12 and folate and a significant direct correlation be-
tween plasma homocystleline and creatinine and age.
These correlations are consistent with findings in other
studies [Selhub et al. 1993, Ubbink et al. 1993). We also
tound a significant inverse correlation between plasma
homocyst(ejine and left ventricular ejection fraction.
There was no correlation between homocyst{eline and
COronary artery scores.

e
TABLE 2
Spearman correlation coefficients
LV ejection Plasma
fraction homocyst(eline
Serum vitamin B-12 0.03 ~0.351
folate 0.02 -0.331
Lv ¢ection fraction -0.112
. OXimal score -0.291 004
nesinger score -037 0.03
“atinme -0.143 035
Aue -0.01 0.193
P < 00001
\ P < 0.0s5.
P 001,

Abbreviation used: LV = left ventncular.

TABLE 3

Relationship between vitamin B-12 deficiency and ejection
fraction (EF) categories

No. of deficient patients P
total no. of patients Deficient value

%
Vitamin B-12
deficiency!
Low EF (<40%) 14/79 17.7
Moderately low
EF {40~49%] 5/54 9.3
Normal EF {=50) 14/216 6.5 0.014
Vitamin B-12
deficiency?
Low EF [<40%] 8/29 7.6
Modetrately low
EF (40-49%) 5/17 290
Normal EF (=50} 5/59 8.0 0.028

I Vitamin B-12 < 221 pmol/l and homocyst(eline > 16 nmol/ml.
2 Methylmalonic acid > 271 nmol/l and 2-methylcitric acid
(nmol/l} < methylmalonic acid.

Spearman correlation coefficients between left ven-
tricular ejection fraction and several variables are shown
in Table 2. As expected, there was a significant inverse
correlation between the extent of CAD and left ventricu-
lar ejection fraction. Left ventricular ejection fraction did
not corelate significantly with serum vitamin B-12, fo-
late or age. Left ventricular ejection fraction did correlate
inversely and significantly with serum creatinine.

We considered patients with vitamin B-12 levels
<221 pmol/l and homocystie)ine 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 pmol/l and the range was 39 to0 220.
The mean homocyst{eline was 28.7 nmol/ml and the
range was 16.2 to 138. The mean hematocrit was 38.1
+ 5.0%. For nonvitamin B-12-deficient patients, the
mean hematocrit was 40.4 = 4.8, Folate deficiency, de-
fined as folate <10.4 nmol/l and homocyst(e}ine >16
nmol/ml, occurred in 3.3% of the patients.

TABLE 4

Crude and multivariate adjusted relationships between vitamin
B-12 deficiency! and low vs. normal ejection fractions?

Model Odds ratio 95% CI
Unadusted 3.1 14-69
Adusted for Age; Sex 30 1.3-6.7
Multivariate adiusted? 4.0 1.4-113

! Vitamin B-12 < 221 pmol/l and homocystiehne > 16 nmol/ml.

2 Low EF {<:40%] compared with normal EF {>50%).

3 Adusted for age. sex, creatinine, Friesinger index, history of hy-
percholesterotemia, diabetes mellitus and hyperntension.

Abbreviation used: CI = confidence interval,
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FIGURE 1 Effect of L-Methionine (200 uM), nitrous oxide {N.O, 50%) and methylcobalamin {100 uM} on heart ra
QRS amplitude (B), left ventricular systolic pressure {C} and tension (D) responses of the isolated rat heart. Each bar
the mean * st obtained from eight experiments. Significance of difference from control (O,) was calculated by Studcnt’g e
for paired variates and is indicated as *P < 0.05, 'P < 0.01, and *P < 0.001. Y

The relationship between vitamin B-12 deficiency
and ejection fraction categories is shown in Table 3.
Fourteen 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-
tamnin B-12 deficient. The trend between left ventricu-
lar ejection fraction and percent of patients with vita-
min B-12 deficiency was significant (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 vitarin
B-12 deficient and 5 of 59 patients (8.0%) 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 significant {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-12-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
{C11.4-11.3). :

QRS Amplitude (mV)
*

w
Lok
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Tenslon {g)
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Trepreseny

ments. After perfusion with normal salt solutic ) b
mean heart rate was 208 beats per minute, the' v
amplitude was 7 mV, the left ventricular systolichg
sure was 93 mm Hg and the peak tension was | f i

. ~

heart responses. After perfusion with solution e --
brated with a gas mixture of 50% nitrous oxide,? G 3
oxygen and 5% carbon dioxide with 200 umol/l meﬂll-
onine, the heart rate decreased by 21% (P < 0.05), the

left ventricular systolic pressure by 28% (P < 0.05) and
the tension by 43% (P < 0.05). These reductions were
not reversed by perfusion with 100 umol/l methylco
balamin. On wash with normal solution, the depres-
sion in heart rate was reversed, but the other parame-
ters did not recover. In a separate experiment, perfusion
with nitrous oxide (50%), oxygen (45%) and carbon di-
oxide (5%), significantly reduced the left ventricular
systolic pressure by 27% (P < 0.05), but not the other -
parameters of the heart function. These studies ind-
cate that nitrous oxide, an inhibitor of methionine sys-
thase (Ermens et al. 1991}, in the presence of methio-
nine, reduced contractility of the heart.

DISCUSSION

Homocyst|eline is a vasculotoxic and thrombogenic
amino acid that has been associated with premature#-—
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EEFECT OF CALCIUM AND VITAMIN D SUPPLEMENTATION ON BONE DENSITY
IN MEN AND WOMEN 65 YEARS OF AGE OR OLDER

Bess Dawson-HugHes, M.D., Susan S. Harris, D.Sc., ELIZABETH A. KRALL, Pn.D., AND GEraRD E. DaLtat, PH.D.

ABSTRACT

Background Inadequate dietary intake of calcium
and vitamin D may contribute to the high prevalence
of osteoporosis among older persons.

Methods 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 1U of vitamin D, (chole-
calciferol) per day or placebo. Bone mineral density
was measured by dual-energy x-ray absorptiometry,
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.

Results The mean (=SD) changes in bone mineral
density in the calcium-vitamin D and placebo groups
were as follows: femoral neck, +0.50+4.80 and
—0.70+5.03 percent, respectively (P=0.02); spine,
+212+4.06 and +1.22=4,25 percent (P=0.04); and
total body, +0.06+1.83 and ~1.09=1.71 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=0.02).

Conclusions In men and women 65 years of age
or older who are living in the community, dietary
supplementation with calcium-and 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 Society.

NADEQUATE intake of calcium and vitamin D
leads to reduced calcium absorption, increased
serum parathyroid hormone concentrations,
and bone loss. Low bone mass is a strong pre-
dictor of fracture.! Supplemental calcium reduces
bone loss in middle-aged, postmenopausal women?#
and lowers rates of vertebral fracture in women with
previous vertebral fractures.® Supplementation with
vitamin D alone reduced bone loss trom the femoral
neck in postmenopausal women, o bur it did not
reduce the rate of hip fracture among elderly Dutch
men and women.!? Annual intramuscular injections
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of vitamin D did, however, reduce rates of arm frac-
ture among elderly Finnish subjects.}3

There is a rationale for supplementing the diets of
elderly subjects with a combination of calcium and
vitamin D. Absorption of calcium!* and possibly of
vitamin D!$ and production of vitamin D'¢ by the
skin decline with aging. Diets that are deficient in
calcium tend also to be deficient in vitamin D because
a single food, milk, is the principal dietary source of
both these nutrients. Combined calcium and vitamin
D supplementation has reduced rates of nonvertebral
fracture among elderly women living in retirement
homes.l” In the one available study of men (mean
age, 58 vears) who lived ar home, calcium and vita-
min D together did not reduce bone loss.!* The 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
fracrures in men and women 65 years of age or older
who were living in the community.

METHODS
Subjects

We studied only healthy, ambulatory men and women 65 years
of age or older who were recruited through direct mailings and
presentations in the communicy. The criteria for exclusion includ-
ed current cancer or hyperparathyroidism; a kidney stone in the
past five vears; renal disease; bilateral hip surgery; therapy with a
bisphasphonate, calcitonin, estrogen, tamoxifen, or testosterone in
the past six months or fluoride in the past rwo vears: femoral-neck
bone mineral density more than 2 SD below the mean for subjects
of the same age and sex: dietary calcium intake exceeding 1300
mg per dav; and laboratory evidence of kidney or liver discase.

We prescreencd 848 subjects by means of a questionnaire and
invited 545 for screening. Of these, 51 were tound to be ineligi-
ble, 49 were potentially cligible but were nor enrolled. anc +45
(199 men and 246 women) were enrolled. There were 430
whites, 11 blacks, and 4 Asians. The protocol was approved by the
Human Investigation Review Committee at Tufts University, and
written informed consent was obtained from each subject.

Study Design and Suppliements

In this three-vear, double-blind, placebo-controlled trial, the
subjects were randomly assigned to either the placebo or the cal-
cium-vitamin D group with stratification according to sex, race,
and decade of age. At study entry, we performed physical exami-
nations and assessed the subjects’ medical history, diet, and phys-

From the Jean Maver US. Deparement of Agriculture Human Nutrition
Research Center on Aging at Tufts University, 711 Washingron St.. Bos-
on, MA 02111, where reprint requests should be addressed to Dr. Daw-
son-Hughes.
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jcal-activity level; analyzed blood and urine; and measured bone
mineral density. The subjects were advised to maintain their usual
diets and to avoid taking supplemental calcium and vitamin D on

their own for two months_before and throughout the study, At

bedtime, the subjects took separate pills containing 500 mg of ¢l-
emental calcium in the form of calcium citrate malate!® and 700
1U of cholecalciferol or separate placebo tablets containing mi-
crocrystalline cellulose.

Calcium citrate malate (Procrer & Gamble, Cincinnari) was
prepared in two batches; assays confirmed thar the contents were
as expected. The vitamin D tablets used initially conrained 707
IU; two vears later, the tablets were found to contain 563 IU (80
percent) of the planned dose of 700 IU; a second lot initially con-
taining 768 [U was used during the second half of the study. The
tablets were stored in opaque borttles at room temperature.

Status of Subjects and Compliance

During the trial, 127 subjects discontinued treatment; 4 died,
40 stopped for personal reasons (¢.g., they lost interest or moved
away ), 46 withdrew because of iliness, 17 started estrogen or glu-
cocorticoid therapy, and 20 withdrew because of problems with
the medication. The majoritv of subjects who discontinued trear-
ment did so in the first year. These subjects were encouraged to
rerurn for all subsequent follow-up evaluadons. At the last visit,
389 subjects (87 percent of the 445 enrolled) were evaluated and
were included in the main intention-to-treat analyses. The 318
subjects who remained in the rwo study groups (i.c., those who
took the supplements throughout the study period) were includ-
ed in the analyses of subjects who completed the study according
to the protocol.

The mean (=SD) rate of compliance with treatment, assessed
on the basis of pill counts, was 9210 percent for the caicium or
placebo tablets and 93=10 percent for the vitamin D or placebo
tablets among the 318 subjects who completed the study.

Measurements

The subjects came to the center every six months for measure-
ments of bone mineral densiry, biochemical assays, and other
measurements. Their calcium and viamin D intake was estimared
on the basis of a food-frequency questionnaire.® During the
studv, 44 of the subjects who completed the study treacment (23
in the placebo group and 21 in the calcium-vitamin D group) re-
ported taking products that contained some calcium or vitamin D.
They were asked to stop taking these products, and the intake from
supplements was added to their dietary intake during the relevant
period. Leisure, houschold, and occupational activity was estimat-
ed with use of the Physical Activity Scale for the Elderly question-
naire.*! Tobacco use was determined by questionnaire. Height was
measured with a stadiometer, and weight with a digital scale.

The subjects were asked to send in a postcard after any fall. When
such a postcard was received, a staff member called the subject to
verify the circumstances. Subjects reported any additional falls at
cach tollow-up visit. Nonvertebral fractures were identified during
interviews at the same visits. The principal investigator. who was
unaware of the subjects’ study-group assignments, classifed the
fracrures as nonosteoporotic (resultng from severe traumaj or os-
reoporotic (resulting from moderare-to-minor rauma — i.c., a fall
from standing height or less;. All bur one nonvertebral fracrure
{a presumed toe fracrure that was not weated) were verified by
review of X-ray reports or hospital records.

Anaslytic Methods

Bone mineral density in the hip. spine, and total body was meas-
ured by dual-energy x-ray absorptiometry with use of a DPX-L
scanner 1 Lunar Radiarion, Madison, Wis.). Scanner software ver-
sons 12 and 1.3v were used for data acquisition and analvsiy, re-
spectively. The coethicients of varianion for the measurements were
2.0 percent (femoral neck), 1.0 percent rspines, and 0.6 percent
itotal bodyy. The scans of the hip were pertormed in duplicate,

with repositioning berween scans. and the values were averaged. A
phantom consisting of bone ash embedded in 3 12-cm block was
scanned every other week as a control; the bone mineral density
of the phantom was stable throughout the study. . _ . _

Blood was drawn berween 7:00 and 9:30 a.m. after the subjects
had fasted for at least eight hours. Urine measurements were made
in 24-hour collections. Plasma 25-hydroxyvitamin D was meas-
ured by the method of Preece et al.,?? plasma 1,25-dihvdroxyvita-
min D by a competitive protein-binding method,** serum parathy-
roid hormone by immunometric assav { Nichols Institure, San Juan
Capistrano, Calif.), serum osteocalcin by immunoradiomertric as-
sav (Nichols Institure), urinary N-relopeptide cross-links by en-
zyme-linked immunosorbent assay (Ostex Intemarional, Seattle),
and serum ionized calcium and urinary calcium and creatinine as
reported previously.?® The coefficients of variation for these assavs
ranged from 5.6 percent to 7.7 percent. Analyses were performed
as the samples were collected, except for the plasma 1,25-dihy-
droxyviramin D and urinary N-telopeptide assavs, for which initial
and final samples were analvzed at the same time.

Statistical Analysis

Comparisons between the study groups were made with two-
sample t-tests and, when adjustments were required, with analvsis
of covariance. Terms for the interaction of sex and study group in
analvsis-of-variance models of the change in bone mineral densicy
were statistically significant only at the femoral neck in the sub-
jects in the intention-to-treat analysis; this term did not remain
significant after adjustment for the duration of weatment. The
relative risks of fracture among the subjects in the calcium-vita-
min D and placebo groups were compared by means of the chi-
square test. Analvses were conducted with SPSS (SPSS Inc., Chi-
cago) and SAS (SAS Instirute, Cary, N.C.) sofrware. All P values
are rwo-sided. Intention-to-treat analyses were conducted accord-
ing to the principles described by Newell?4; selected secondary
analvses were restricted to subjects who complered the study.

RESULTS

The base-line characteristics of the 389 subjects
are shown in Table 1. As compared with placebo,
supplementation with calcium and vitamin D had a
significant positive effect on the change over three
vears 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-vitamin D group had significantly less total-

body bone loss than those in the placebo group; the
differences in the changes at the femoral neck and
spine were smaller and not statistically significant.
Adjustment for differences berween the study groups
in base-line bone mineral density and calcium intake
did not alter the results.

The time course of the response to treatment was
examined in the 318 subjects who completed the
studv. Their clinical characteristics and bone mineral
density at base line did not differ significantly from
those of subjects who discontinued the study treat-
ment, except that smoking was more prevalent in the
latter group (10 percent, as compared with 4 percent
among those who completed the study; P=0.02).
During the first vear there was significantly less bone
loss at the hip, spine, and total body in the calcium-
vitamin D group; during the second and third vears,
however, there was significantdy less loss only in the
total bodv (Table 3).
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TABLE 1. Bask-Lint CHARACTERISTICS OF THE 389 STUDY SURIECTS.”

CHARACTERISTIC Men Women

PLACEBO GROLT CALCICM=VITAMIN D PLACEBO GROL'T CALCIUM=VITAMIN D

(x=90, GROUP (N =86} (x=112) GROUP (x= 101,

Age (1) 71=5 70=4 7225 T1z4
Heght (cm) 173.8=69 1743=6.2 139.526.6 1592264
Weight (kg) 81.5=12.8 82.4=113 68.1=124 67.6=12.1
Dietary calcium intake (mg/day) 673349 748=391 798366 689=286
Dietary vitamun D intake (IU/day} 197117 202=104 184=110 174290
Smoker (%) 4.4 7.0 54 5.9
Physical-activity score 127256 (89) 124=60 (85) 10834 105=48
Bone mineral density (g/cm®)

Femoral neck 095=0.12 0.99x0.14 0.81x0.11 0.80=0.11

Spinec 1.27>0.20 8% 1.05=0.20 (109) 1.03=0.18 (97)

Total body 1.19=0.09 (89 1.0220.09 1.02x0.10

*Plus—minus values are means =SD. When there were missing data, the number of subjects for whom data were avail-
able is shown in parentheses.

TABLE 2.

CHANGE IN BONE MINERAL DENSITY OVER THREE YEARS IN ALL SUBJECTS AND IN SUBJECTS
WHO COMPLETED THE STUDY.*

SUBJECTS AND SITE

AU Susxcts (N = 389)

SunJECTs COMPLETING STupY (N = 318)

PLACEBO GROUP
(N=202)

CALCIUM—VITAMIN D
GROUP (N=187)

percent change

All subjects
Femoral neck *-0.70=5.03 (201)  +0.50=4.80 (185)
Spine (L2-14) +1.2224.25(197) +2.1224.06 (180)
Total bodyv ~-1.09+1.71 (199) +0.06=1.83(186)
Men
Femoral neck -1.35x4.70 (90) +0.95=4.07 (85)
Spinc (L2-14) +1.74+3.85 (89) +2.93x3.42 (84,
Total body -0.85=1.53 (88) +0.34=1.40 (86
Women
Femoral neck -0.17=5.25 (111 +0.11=5.34 /1000
Spine (L2-L4) ~0.78=4.54 (108) +1.41=4.43 (96)
Total body ~-1.29=1.82 (111) =-0.17=2.11:100

P PLACEBO GROUP CALCIUM=VITAMIN D P

VALUE (N=170) GROUP (N=148) VALUE
percent change

0.02 -0.45=5.07 (170) +0.81%4.44 (148} 0.02
0.04 +1.2724.31 (166) +2.56=393 (145, 0.006
<0.001 -1.04=1.71 (168) +0.30=1.58 (148) <0.00]

<0.001 -0.88=4.39 (77) +0.91=392 (71 0.01

0.03 +2.03=3.69 {76) +3.34=3.33 (70) 0.03
<0.001 -0.67=1.47 (75) +0.48=1.34 (71) <0.001

0.70 -0.0923.43 (93) +0.71=4.90(77) 0.31

0.32 +0.6324.71 (90) +1.85=4.32(75) 0.09
<0.001 -1.34x1.84 (93) +0.14=1.76 (77) <0.001

*Plus-minus values are means =2SD. The number of subjevts for whom dara were available is shown in parentheses. An interaction of sex
with study group was statistically significant only at the femoral neck in all subjects (P=0.051 the P value for this inreraction in subjects

who completed the study was 0.36.

Among the 318 subjects who completed the study,
those treated with calcium and vitamin D had sig-
nificantly greater changes in a number of biochemi-
cal measures of bone metabolism (Table 4). Serum
osteocalcin concentrations and urinary excretion of
N-telopeptide were significantly lower in the men
than in the women throughout the study (P =0.005).

Among the 389 study subjects, 37 (5 men and 32
women) had at least one nonvertebral fracture dur-
ing the study period. The cumulative incidence of a
first fracture at three years was 5.9 percent in the cal-
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cium-vitamin D group and 12.9 percent in the pla-
cebo group (relative risk, 0.5; 95 percent confidence
interval, 0.2 to 0.9; P=0.02) (Table 5 and Fig. 1).
Among the women in the placebo group, the inci-
dence of fractures at three vears was 19.6 percent.
Twenty-eight subjects (76 percent) had fracrures

__classified as osteoporotic; the three-vear cumulative _

incidence of a first osteoporotic fracture in the calci-
um-vitamin D group was lower than that in the pla-
cebo group (relative risk, 0.4; 95 percent confidence

¢ interval, 0.2 to 0.8; P=0.01). Only two men, both
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TABLE 3. RATES OF Cm.\cr»: 1N BoNE MINERAL DENSITY IN 318 SUBIECTS WHO COMPLETED THE STUDY, ACCORDING TO
THE DLR.\TIO\ OF Tu_\'ms\'r

SUBJECTS AND SiTE

All
Femoral neck
Spine (12-14)
Total body
Men
Femoral neck
Spine (L2-14)
Total body
Women
Femoral neck
Spine (L2-1L4)
Total body

YEAR 1 YEARs 2 AND 3
CALCILM-VITAMIN D r CALCIUMAATTAMIN D P
PLACEBO GROLUP GROUP VALUE PLACEBO GROUP GROUD VALUE
percent change/year percent change/year
~0.22x3.65(168) +0.64+3.96 (145) 0.05 -0.08x2.42 (168) +0.18=1.90(145) 0.30
~0.29=292 (165) +1.09:2.59 (145) <0.001 +0.79=1.90 (166) +0.73=1.50 (144) 0.75
-0.76=1.28 (168) ~0.16=1.11 (146} <0.001 -0.14>0.68 {168) +0.23x0.70 (146) <0.001
-0.55*3.61 (76) +0.56*3.36 (69) 0.06 -0.12=2.22 (76} +0.36=1.72 (69) 0.15
+0.31=2.83 (76) +1.2921.95 (71) 0.02 +0.87=1.59 (76) +1.00=1.54 (70) 0.61
-0.33=1.11 (76) ~0.10=1.14 (70) 0.22 -0.1720.65 (76) +0.30=20.59 (70, <0.00]
+0.05=3.68 (92) +0.72+4.46 (76) 0.30 -0.04*2.60 (92) +0.0122.04 (76) 0.88
-0.80=291 (89) +0.90=3.08 (74) <0.001 +0.72x2.13 (90) +0.46=1.43 (74) 0.36
-1.11=1.30(92) ~0.22+1.08 (76) <0.00] -0.11%0.71 (92) +0.1820.79 (76} 0.02

*Plus-minus values are means =SD. The number of subjects for whom dara were availabie is shown in parenthescs.

TABLE 4. INITIAL LABORATORY VALUES AND CHANGES AT THREE YEARS IN 313 SUBJECTS
WHo COMPLETED THE STUDY, ACCORDING TO STUDY GROUT.*

INDEX AND STUDY GROUP MEeN (N = 146} WoseN (N=167)
INTTIAL INITIAL
VALUE CHANGE VALUE CHANGE
Serum ionized calcium (mg/dl)
Placebo 5.0=0.2 +0.0+0.1 5.0+02 +0.0=0.2
Calcium-vitamin D 5.0+0.2 +0.1=0.2¢ 5.1=%0.2 +0.120.1
Plasma 25-hydroxyvitamin D
(ng/ml)
Placebo 33.6x12.7 ~-268=10.2 245=10.3 +0.7=8.}
Calcium-~vitamin D 33.0>163 +11.8=11.6t 28.7x13.33 +16.1=14.3¢
Plasma 1,25-dihvdroxyvitamin D
(pg/mh)§
Placebo 33.3x6.7 -48=8.7 37.3+8.0 -6.7%8.7
Calcium-vitamin D 336270 -6.3=11.0 36.5=7.3 -5.8=95
Serum parathyroid hormone
(pg/ml)
Placebo 34.8=13.6 +6.2x11.2 42.6=189 +3.7=15.0
Calcium-~vitamin D 38.0=191 -7.0=129%% 3741533 -55=13.2¢
Serum osteocalan (ng/mi)
Placebo 57=19 +0.2x1.6 7.0%24 +0.0=2.1
Calcium-~vitamin D 5.3=1.3 -0.5=1.4¢ 69=25 -09=19%
24-hr urinary calcium:creatinine
ratio (mg/g)
Placebo 9846 —4=44 119=535 +9+62
Calaum-vitamin D 9850 +35=51¢t 113=64 +67 =641
24-hr urinarv N-telopeptide:creati- .
ninc ratio (nmol/mmol)
Placebo 32z16 +1=10 48=30 -2232
Calcium-vitamin D 2929 -2=12 45=17 -2=16

*Plus-minus values are means =SD. To convert values for calcium to millimoles per liter, multiply
by 0.25; to conver values for 25-hvdroxyvitamin D to nanomoles per liter, multiply by 2.50: ro con-
vert values for 1,25-dihvdroxyvitamin D to picomoles per liter, multiply by 2.40; to convert values
for parathvroid hormone to picomoles per liter. multiply by 0.106; to convert values for osreocalcin
to nanomoles per liter, multiply by 0.172; to convert values for the 24-hour urinary calcium:creatinine
ratio to millimoles per mole, multiply by 2.82. Initial or final laboratory values were missing for five
subjects

$1 0.008 tor the comparison between the study groups, ~
$I'=0.05 tor the comparson between the study groups.

§Final measurements were made at 18 months,
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TABLE 5. NUMBER OF FIRNT NONVERTERRAL
FRACTURES AMONG ALL SURJFCTS,
ACCORDING TO SKELETAL SITE.

CaLcium-
Puctgo  Viramin D
Grour Grour
SITE oF FRACTURE IN=202) (N=187)
Face 1 1
Shoulder, humerus, or clavicle 4 3
Radius or ulna 5 1
Hand 1 1
Ribs 2 2
Pelvis 2 0
Hip 1 0
Tibia or fibula 1 1
Ankle or foot 7 2
Multipic sites 2 0
Tortal 26 11
151
1
+ Placebo

1 @ Calcium-vitamin D

Cumulative Incidence (%)

— T T T -1

18
Month

24

Figure 1. Cumulative Percentage of All 389 Subjects with a First
Nonvertebral Fracture, According to Study Group.

By 36 months, 26 of 202 subjects in the placebo group and 11
of 187 subjects in the calcium-vitamin D group had had a frac-
ture (P =0.02).
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in the placebo group, had osteoporotic fractures, and
the best predictor of osteoporotic tracture was temale
sex (P<0.001). Among the 318 subjects who com-
pleted the study, the relative risk of any first nonver-
tebral fracture in the calcium—vitamin D group as
compared with the placebo group was 0.4 {95 per-
cent confidence interval, 0.2 to 1.0; P=0.03), and
that for fractures classified as osteoporotic was 0.4
(95 percent confidence interval, 0.2 to 1.1, P=0.06).
There was no significant difference between the treart-
ment groups in the percentage of subjects who fell;
among women, the number of falls per subject who
fell was somewhat higher in the calcium-vitamin D
group than in the placebo group (data not shown).
Two women (one in each study group) had a second
osteoporotic fracture during the studv.

The supplements were generally well tolerated, but
11 subjects discontinued treatment because of diffi-
culty swallowing the pills and 9 discontinued because
of other side effects (in the placebo group: 2 because
of epigastric 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
sweating, 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 community. Among the men, there was
a significant effect of treatment at the hip, spine, and
total body. In an earlier study by Orwoll 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
dav).!8 The reduction in total-body bone loss in
women in this study was similar to that in other tri-
als of calcium supplementation alone.3+ The esti-
mated differences in bone mineral density at the
! femoral neck and spine among the women in the
| two studyv groups were similar to those found in oth-
er studies,>+610.11.25 although the differences did not
reach statistical significance in our study. The effect
of supplementation in all subjects was similar to that
in the subjects who completed the study, as would
be expected, given the high degree of overlap be-
tween the two groups. Treatment caused few symp-
toms or side effects.

In both men and women, calcium-vitamin D sup-
plementation reduced total-body bone loss not only
in the first vear {(an effect that could be ascribed to
the closure of bone-remodeling space?¢), but also in
the second and third vears, suggesting long-term ef-

-+ fectiveness of supplementation in terms of the skele--

ton as a whole. The initial effects of supplementation
at the hip and spine during vear 1 were maintained
| but not increased during the ensuing two years of the
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studv. Others have reported a cumulative benefit in
terms of total-body?+ and femoral-neck? bone density
with the-use. of higher doses of calcium in younger
postmenopausal women. Spinal bone mineral density
increased in both study groups, probably because of
increases in osteoarthritis and aortic calcification 2”38

After three vears of calcium-vitamin D supple-
mentation, serum osteocalcin concentrations were
9 percent lower in the men and 14 percent lower in
the women than at base 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-
servations that the rate of bone turnover, as meas-
ured by urinary excretion of pvridinoline cross-links?®
and serum osteocalcin concentrations,® is lower in
men than in women. :

The reduction in the incidence of nonvertebral
fractures in the calcium-vitamin D group should be
interpreted with some caution, because of the small
number of study subjects. Nonetheless, the magni-
tude of the reduction in the risk of fracture was sim-
ilar to that reported in a study of more than 3400
elderly French women treated with 1200 mg of cal-
cium plus 800 IU of vitamin D or placebo each
day.”” In a study of 2600 elderly Durch 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.? Our results differ from those of the
Dutch study, possibly by chance (we studied fewer
subjects) or because the treatments differed. When
comparing the three-year rates of nonvertebral frac-
tures among women assigned to placebo in several re-
cent trials, we found that the 19.6 percent rate in this
study was intermediate between the 9 percent report-
ed for women who were, on average, 7 years younger
than our subjects®! and the 27 percent reported for
women who were 13 years older!” We do not know
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 density, which was evident primarily in
vear 1, seems unlikely to account for the constant de-
cline in the rate of nonvertebral fractures during the
three-year studv. A treatment-induced reduction in
the incidence of falls does not appear to account for
the reduction in the rate of fractures, since the num-
ber of falls was similar in the two groups. The reduc-
tion in the rarte of bone turnover may have influenced
the fracture rate by reducing the potential for trabec-
ular perforation and reducing cortical porosity.

In conclusion. calcium and vitamin D supplemen-
tation leads 1o 1 moderate reduction in bone loss
and may substantially reduce the risk of nonvertebral
fractures among men and women 65 vears of age or
older who live in the communiry.

B

}

Supported by a grant (AG10353) from the National Institures of Health
and by a contract (53-3K06-3-10 with the Jean Mayer US. Department
of Agnculeure Human Nutrition Research Center on Aging at Tufts Unu-
versity.
This articie docs not necessanly rellect the Views dr policies of the .5 --— — -~
Department of Agriculture, nor does mention of trade names, commercial
products, or organizations imply endorsement by the U.S. government.

We are indebted to the stafF of the Caleinm and Bone Metabolism
and Nurrition Evaluation Laboratories for their important consri-
butions to this study.

REFERENCES

1. Melton LJ 111, Atkinson EJ, O'Fallon WM, Wahner HW', Riggs BL.
Long-term fracture predicrion by bone muneral assessed at different skeleral
sites. ] Bone Miner Res 1993;8:1227-33,

2. Dawson-Hughes B, Dallal GE, Kral! EA, Sadowski L, Sahvoun XN, Tan-
nenbaum S. A controlled trial of the effect of calcium supplementation on
bone densiry ift postmenopausal women. N Engl ] Med 1990.323:878-83.
3. Aloia JF, Vaswani A, Yeh JK, Ross PL. Flaster E, Dilmanian FA. Calcium
supplemenration with and without hormone replacement therapy to pre-
vent postmenopausal bone loss. Ann Intern Med 1994:120:97-103.

4. Reid IR, Ames RW, Evans MC, Gamble GD, Sharpe S]. Long-term
effects of calcium supplementation on bone loss and fracrures in post-
menopausal women: a randomized controlied trial. Am J Med 1995:98:
331-5.

5. Chevalley T, Rizzoli R, Nvdegger V, et al. Effects of calcium supple-
ments on femoral bone mineral density and vertebral fracture rate in vita-
min-D-repicte ciderly patients. Ostcoporos Int 1994:4:243-52.

6. Elders PJM, Netelenbos JC, Lips D, et al. Calcium supplementarion re-
duces vertebral bone loss in perimenopausal women: 2 controlled trial in
248 women between 46 and 55 years of age. J Clin Endocrinol Metab
1991;73:333-40.

7. Riis B, Thomsen K, Christiansen C. Does calcium supplementarion pre-
vent postmenopausal bone loss> A double-blind, conrtrofled clinical srudy.
N Engl ] Med 1987;316:173-7.

8. Prince R, Devine A, Dick 1, et al. The effects of calcium supplementa-
tion {(milk powder or wblets) and cxercise on bone densiry in postmeno-
pausal women. | Bone Miner Res 1995,10:1068-75.

9. Recker RR, Hinders §, Davies KM, et al. Correcting calcium nutriconal
deficiency prevents spinc fractures in elderly women. J Bone Miner Res
1996;11:1961-6.

10. Dawson-Hughes B, Harris $S, Krall EA, Dallal GE, Falconer G, Green
CL. Rates of bone loss in postmenopausal women randomly assigned to
one of rwo dosages of viramin D. Am ] Clin Nuw 1995.61:1140-5.

11. Ooms ME, Roos JC, Bezemer PD, van der Vijgh WTE, Bouter LM,
Lips P Prevention of bone Joss by vitamin D supplementation in elderh
women: a randomized double-blind mal. ] Clin Endocrinol Metab 1995:
80:1052-8.

12. Lips P. Graafmans WC, Ooms ME, Bezemer PD, Bouter LM. Vitamin
D supplementation and fracrure incidence in clderly persons: a random-
ized, placebo-controlled clinical mal. Ann [ntern Med 1996.124:400-6.
13. Heikinheimo R], Inkovaara JA, Harju EJ, et al. Annual injection of vi-
tamin D and fracrures of aged bones. Calcit Tissue Int 1992:51:105-10
14. Bullamore JR, Wilkinson R, Gallagher JC, Nordin BEC, Marshall DH.
Etfect of age on calcium absorption. Lancet 1970.2:535-7.

15. Barragry JM, France MW, Corless D, et al. Intestinal cholecalaferol
absorption in the elderly and in younger adutlts. Clin Sci Mol Med 1978,
55:213-20.

16. MacLaughlin ). Holick ME. Aging decreases the capacity of human
skin 10 produce vitamin D;. J Clin Invest 1985.76:1536-8.

17. Chapuy MC, Arlot ME, Dubocuf F, et al. Vitamin D, and calaum
to prevent hip fractures in clderly women. N Engl J Med 1992:327:1637
42.

18. Orwoll ES, Oviart SK, McClung MR, Deftos L], Sexton G. The rate
of bone mineral foss in normal men and the effects of calcium and chole-
calciferol supplementation. Ann Intern Med 1990;112:29-34.

19. Smith KT, Heanev RP, Flora L. Hinders SM. Calcium absorption from
a new calcium delivery system (CCM). Caleif’ Tissue Inc 1987:41:351-2
20. Krall EA, Sshvoun N, Tannenbaum S, Dallal GE. Dawson-Hughes B.
Effect of vitamin D intake on seasonal vanations in parathvruid hormone
secretion in postmenopausal women. N Engl § Med 1989:321:1777-83.
21. Washburn RA, Smiith KW, Jette AM, Janney CA. The Physical Activin
scale fior the Elderly  PASE 1 development and evaluation. ] Clin Epiden-
ol 1993 40.153.62

22, Precce MAL O'Riordan L. Lasson DE, Kodicek E. A compentive
protein-binding assay tor 25 -dihvdrosveholecalaterol and 23-hvdrovyereo
calaiterol in serum. Clin Chum Acta 1974,54:235-42.

Vofume 337 Number 10 - 675




Vo Acaden,

Bth I S
ICNY
holism
L '. h\.‘
ashall, 1«
“3rd editay,

Age Vi,
1105
992 Ty
ala N LQ‘

LF (1w
minetaiz,
FRREES 504
1990" Ry
tractures o
Wt Tram

-hvdrorm
ind vitama
Lab. lnvem

& Holxk
un D.

L F {19
ittons of 23
124 1800

P
sphatasc i

Prophviame
ar sunhe®

$ 1 Mo
30 Eides®
changes
ne Munct

i panmf'
\

alobos M
n Dot
ﬂO'—hIO
1 cholecs
J excesu™

& Holn}
b, comt?
~n 4RSS

Jrcht regv
gats phots

Joxy A
anght 4
A

an Cee

Symposium: Nutritional Advances
in Human Bone Metabolism

University, Boston, MA 02111

JBTRACT Because osteoporosls is irreversible, the
M effective approach to reduce morbidity and mor-
ffrom this disease is to maximize peak bone mass
! ze bone loss. This presentation reviews the
e that calcium and vitamin D influence rates of
Joss in postmenopausal women. In the first five
ftee years after menopause, women lose bone very

‘During this period, high dose calcium supple-
istion modestly reduces cortical loss from long

but has minimal effect on more trabecular sites
§ the spine. In addition, vitamin D appears to
- the effectiveness of supplemental calcium.
tmenopausal women are generally more re-
to added calcium, and those with the lowest
£alcium intakes benefit the most. In calcium-
men, supplementation with vitamin D re-
Jbone loss and fracture incidence. Available evi-
_indicates that postmenopausal women shouid
e 1000-1500 mg of calcium and 400 to BOO
d'lliamln D per day to minimize bone loss. J. Nutr.
: 11655-1167S, 1996.

&y
ZXING KEY WORDS:

¢ vitamin D « bone density
is * postmenopausal women

sing peak bone mass and retarding age-related
8 will have a favorable impact on osteoporotic
Tates. With the loss of estrogen at menopause,
lose bone mineral very rapidly (3% per year|

. Ut 5 years and then lose more slowly (1% per
thereafter. Many factors affect the rate of bone
Mucluding herediry, physical activity, smoking and

] R and vitamin D nutritional status. Here I will

g es in calcium homeostasis that occur
A8ing and how they appear to influence the cal-
and vitamin D intakes needed to minimize bone
Postmenopausal women. Most of the informa-

B -~

166/96 $3.00 © 1996 Amencan Institute of Nutrition.

“Jean Mayer (I.S. Department of Agriculture Human Nutrition Research Center on Aging at Tufts

tion on the bone response to changes in dietary calcium
and vitamin D comes from intervention studies in
which change in bone mineral density (BMD), not frac-
ture incidence, is the end point. Although antifracture
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.

Calctum absorption, estrogen and aging

At low to moderate calcium intakes, intestinal cal-
cium absorption occurs largely by active transport, a
process mediated by 1,25-dihydroxyvitamin D [1,25-
(OH),D]. 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 (Bullamore et al. 1970). Estro-
gen enhances calcium absorption indirectly by enhanc-
ing 1,25(0OH),D production in the kidney. It also pre-
serves a normal intestinal responsiveness to 1,25-
{OH),D (Gennari 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}),D (Ebeling et al.

! Presented as part of the Symposium: “Nutritional Advances in
Human Bone Metabolism” given at the Experimental Biology 95
meeting Atlanta, GA, on April 11, 1995. This symposium was spon-
sored by the American Institute of Nutrition and supported in part
by the National Dairy Council. Guest editor for the symposium
publication was john ]. B. Anderson, University of North Carolina,
Chape! Hill, NC.

2The contents of this publication do not necessarily reflect the
views or policies of the U.S. Department of Agriculrure, not does
mention of tradenames, commercial products or organizations imply
endorsement by the U.S. government.
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1992} and also to reduced 1,25(OH},D production ca-
pacity (Slovik et al. 1981}. Because the loss of estrogen
and aging affect the active transport 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 PTH secretion, lowers 1,25(OH},D 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 cumula-
tive benefit from calcium supplementation is seen at
the radius but not at the spine. Fewer datz are available
for the hip but in an important 3-y study, Aloia et al.
{1994} found that combined calcium (1700 mg/d) and
vitamin D (400 IU/d} supplementation retarded bone
loss from the femoral neck.

A role for calcium in reducing bone loss in late post-
menopausal women is apparent from controlled trials
{Dawson-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 carly menopausal women, cortical sites are more
responsive than trabecular sites to calcium. A recent
NIH Consensus Conference on Calcium considered op-
timal intakes of calcium to be 1000 mg/d for postmeno-
pausal women taking estrogen and 1500 mg/d for
women not taking estrogen {Optimal Calcium Intake
1994). Women in the United States typically consume
far less than is recommended, ~500-600 mg/d.

Vitamin D metabolism and aging

Vitamin D is central to the issue of preserving skele-
ton mass because its active metabolite, 1,25(0H),D,
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-
xyvitamin 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 3
{BMD) over 2 years in 243 women treated with 700 TU [17.5 ¥
HE, ) and 100 IU (2.5 ug, ----] of vitamin D per day. All ¥
women received 500 mg of supplemental calcium per day. 3
Baseline measurements in all women were made in June and 3
July so that the first 6-mo interval of each study year was ¥
summer-fall and the second was winter-spring. Overall per- 3
cent change in BMD differed significantly by treatment group X
(P = 0.003). (Reprinted with permission from Dawson. 2
Hughes et al. 1995}

serum 25(OH)D declines as a result of less efficient 3
skin synthesis of vitamin D, less efficient intestinal &
absorption and possibly also reduced sun exposure and
intake of the vitamin. 4
In much of the heavily populated temperate zone, 3%
season influences 25(OH|D levels (Webb et al. 1988). 2
For example, in Boston, latitude 42°N, skin synthesis of 2
vitamin D does not occur between October and March
because the ultraviolet B rays that photoconvert 7-de-
hydrocholesterol to previtamin D do not reach the .
earth’s surface. During the winter and early spring,
therefore, people at this latitude rely entirely on dietary
sources of vitamin D. Individuals who have limited
sun exposure or who use sunscreens depend on dietary
vitamin D year round. In 1991 we found that a 400-TU
vitamin D supplement prevented wintertime declines
in serum 25(0OH|D and rises in serum PTH concentra-
tions in healthy ambulatory postmenopausal women
consumning ~100 IU/d of vitamin D in their diets {Daw-
son-Hughes et al. 1991).

Vitamin D, bone loss and fractures

In the 1-y study just cited (Dawson-Hughes et al.
1991), the 400-TU vitamin D supplement reduced win-  _
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, mean age 64 y, in 2 2-y
trial. Volunteers were randomized to treatment with

L
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“#s more effective at cortical than at trabecular skeletal
=~ sites, and women with the lowest dietary calcium in-

CALCIUM, VITAMIN D AND BONE LOSS

T 100 IU or 700 U of vitamin D/d “The women consumed
~100 IU in their diets so that total vitamin D intakes of
~200 [U [the current Recommended Dietary Allowance
(RDAJ} and 800 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 BMD is also apparent in Figure 1. From this
study, we conclude that the RDA of 200 [U/d is not
sufficient 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-
¢ium {1200 mg) and vitamin D (800 IU) supplementa-

- —tion reduced hip and other nonvertebral fracture rates

‘in French nursing home residents. Supplementation
" 'with 400 IU of vitamin D alone did not alter hip frac-

ture rates significantly in free-living, elderly Dutch
., ‘women [Lips et al. 1994). Collectively, these studies
séem to place the vitamin D intake requirement at
400-800 IU/d in postmenopausal women who have

¥adequate calcium intakes.
%%¢In conclusion, supplemental calcium can reduce

;. bone loss in postmenopausal women. Added calcium

takes benefit the most from supplementation. Intakes

Hof 1000 mg/d for estrogen-replete and 1500 mg/d for

estrogen-deficient women are considered optimal. Ade-
Quate vitamin D is needed to achieve the full benefit
from calcium. An intake of 400-800 IU/d appears to
be needed for healthy postmenopausal healthy women
who have optimal calcium intakes and limited skin
synthesis of vitamin D. Skin synthesis is limited in the
wintertime in women who reside in the temperate
zone and is limited year round for those who wear sun-
screens and for those who are home or institution
bound or for other reasons avoid sun exposure.
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Elevated Intakes of Supplemental Chromium
Improve Glucose and Insulin Variables in
Individuals With Type 2 Diabetes

Richard A. Anderson, Nanzheng Cheng, Noella A. Bryden, Marilyn M. Polansky, Nanping 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: 1)
placebo, 2) 1.92 pmol (100 pg) Cr as chromium picoli-
nate two times per day, or 3) 9.6 jimol (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. HbA,, values improved
significantly after 2 months in the group receiving 19.2
pmol (1,000 pg) Cr per day and was lower in both
chromium groups after 4 months (placebo, 8.5 £ 0.2%;
3.85 pmol Cr, 7.5 £ 0.2%; 19.2 nmol Cr, 6.6 £ 0.1%).
Fasting glucose was lower in the 19.2-umol 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). Two-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 nmol Cr, 10.5 £ 0.2 mmol/1). Fasting and 2-
h insulin values decreased significantly in both groups
receiving supplemental chromium after 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 HbA,,, 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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onclusive 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 unexpected
weight loss, impaired nerve conduction, and abnormal res-
piratory quotient that were refractory to exogenous insulin.
Upon the daily addition of 4.81 pmol supplemental Cr to her
total parenteral nutrition solution for 2 weeks, the diabetic
symptoms were alleviated and the exogenous 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 routinely
added to total parenteral nutrition solutions (5). However, the
chromium concentrations in total parenteral nutrition solu-
tions may not be adequate, since the normalization of nerve
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 nutrition. Improvements in glucose
and/or lipid concentrations have been reported in children 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 metabo-
lism, compared with nondiabetic control subjects, with higher
chromium absorption but also greater chromium 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 useable form
(18). Diabetic mice also lose the ability to convert inorganic
chromium to a useable form that potentiates insulin (19).
We conducted a double-blind placebo-controlled study
involving 180 people with type 2 diabetes to determine the role
of supplemental chromium in the control of diabetes. Qur
hypothesis was that the elevated intake of supplemental
chromium is involved in the control of type 2 diabetes. The
study was conducted in China to obtain a relatively homoge-
neous study group free of nutrient supplementation.

RESEARCH DESIGN AND METHODS

Subjects. A total of 303 individuals being treated for diabetes at two hospitals in
Beijing, China, were screened to obtain 180 subjects meeting the selecdon crite-
ria. To be eligible for the study, subjects had to be free of disease other than type

PATISTING V3T r vy e .- -

v
[ NS

R i R T

.

ERERT 2 TP R S S P

PR TP

#

RS A SR SR

% i
X

X
SH



gl
(Rt DI

N

[

g e At
1

AL e tidh,

'
L

R.A. ANDERSON AND ASSOCIATES

2 diabetes and 35-65 years of age and have a fasting blood glucose concentration
of 7.2-15.53 mmol/, a 2-h blood glucose concentration of 9.4-16.7 mmol. and an
HbaA,, level of 8.0-12.0%. Subjects were informed of the purpose of the study, that
there were 1o known risks associated with the study other than the minimal risks
associated with blood drawing, and that they were free to drop out of the study
with no effect on their present health care. Subjects were not reimbursed for their
participation. Subjects were motivated to participate because of the possible
benefits of the study. Compliance appeared to be very good and was assessed by
personal communication and pill count. The study was approved by the Beijing
Medical Review Committee with concurrence from the U.S. Department of Agri
culture Human Studies Review Board.

A total of 180 individuals with diabetes were randomly divided into three
groups. Sixty subjects received placebo, 60 received 1.92 pmol Cr as chromium
picolinate (furnished by Nutrition 21, San Diego, CA) 2 times per day, and the
remainder received 9.6 pmol Cr as chromium picolinate nwice per day. Subjects
were instructed to take one tablet in the moming and one in the evening between
meals. Subjects were also urged to maintain their normal eating and exercise
habits. Subjects continued their normal visits to monitor their diabetes. A fasting
blood sample and a blood sample after a 2-h glucose challenge (75 g glucose) were
obtained at the beginning of the study and after 2 and 4 months. Subjects were
middle-aged healthy subjects of normal height, weight, and BMI with diabetes for
<10 years (Table 1). Nineteen subjects did not complete all three testing dates, and
six subjects had missing values for at least one variable; their results were not
included in the final analyses. Data from these subjects were omitted to maintain
a complete homogeneous data set with all subjects represented during each
study period. Data for all subjects who completed all phases of the study were
included in all of the respective analyses, and there were no samples omitted. Of
the 155 subjects who were included in the final analyses, most of the subjects (92)
were taking sulfonylurea drugs (i.e., glibenclamide, glinclazid, glipizide). Sixty-nine
were on phenformin, 38 were on traditional Chinese medicines, 22 were on no
medication, and nine were on insulin. Several subjects were taking more than one
medication. Medications were constant during the study.

Study design was double blind and placebo controlled. Placebo tablets were
indistinguishable from those containing either level of chromium. Measured
chromium content of the placebo capsules was 0.01 = 0.001 pmot and was 2.04
£ 0.16 and 11.0 = 1.2 pmol] for the 1.92- and 9.6-umol capsules, respectively. Data
are means + SD for six capsules from each batch. A crossover study design was
discarded because of the possible carryover effects of 1,000 pg Cr/day.

Glucose was analyzed by glucose oxidase method (20), and insulin was ana
Iyzed by radioimmurnoassay (21). HbA,, values were measured using BioRad

TABLE 1

HbA, . columns (BioRad, Richmond, CA). Total cholesterol was determined by
chemical hydrolysis (22), HDL cholesterol by phosphotungstate-Mg precipitation
(23), and triglycerides by direct enzymic measurement (24). Blood urea nitrogen
was determined by a direct method (25). Analyses presented were completed in
China. Several dozen samples were exchanged between the U.S. and China lab-
oratories to ensure accuracy and reproducibility of the data.

The variables HbA,, total cholesterol, blood urea nitrogen, HDL cholesterol,
triglycerides, fasting and 2-h glucose, and insulin were analyzed as three-factor
repeated-measures mixed linear models, using PROC MIXED (SAS Institute, Cary,
NC). Since the variables were measured at 0, 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
HbA,, cholesterol, and triglycerides, the log,, transformed values fit the model
better and were used in the analyses. Data in the table and figures are means =
SE for the nontransformed data.

RESULTS

Fasting blood glucose concentrations were significantly
lower in the group receiving 19.2 ymol 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 < 0.0001.

Fasting insulin concentrations were significantly lower in
the group receiving 3.85 pmol Cr daily with a mean fasting
insulin concentration of 95 + 2 pmol/ after 4 months, which
was identical to that of the group receiving the higher level
of chromium, compared with 118 + 3 pmol/ 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 observed for
the insulin 2 h after a glucose challenge (Fig. 4). The fasting

Characteristics of control and chromium-supplemented subjects at the beginning of the study

Supplemental chromium (pmol/day)

3.85 19.2

Height (meters)

#
Q
3
®
=]

All 1.67 = 0.01 (50)

1.61 = 0.01 (17)

Men 1.70 2+ 0.01 (33)
Weight (kg)

All 69.1 1.3

Women 66.4 £ 2.5

Men 705+ 14
BMI (kg/m?)

All 24.8 £ 0.5

Women 258+ 1.1

Men 24305
Duration of diabetes (years)

Al 5.4 £0.7+

Women 5.6+ 1.0*

Men 5.2 £ 0.9%
Age (years)

All 555 1.2

Women 56.4 + 1.8

Men 55.1+ 1.5

1.67 £ 0.01 (53)
1.60 + 0.01 (20)
1.71 £ 0.01 (33)

1.65 + 0.01 (52)
1.59 = 0.01 (26)
1.70  0.01 (26)

69.0+ 1.5 678+ 1.4
634 2.5 63416
726+ 1.5 720z 1.8
250 0.5 24804
25.0£0.9 25.0+ 0.6
25.0x 0.5 246 x 0.6
8.0 £ 1.0* 5.3+ 0.7
8.4 + 1.6* 6.8+ 1.1*
7.8+ 1.2* 3.7+ 0.7t
55.7+ 1.2 54614
53.8zx 1.8 54.1+23
56.8+ 1.7 552+ 1.8

Number in parentheses denotes number of subjects who completed all phases of the study and had no missing experimental analy-
P 3€s. *+Values in the same row with different superscripts are significantly different at P < 0.05.
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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-pmol 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 < 0.0001.

Decreases in blood glucose and insulin concentrations
due to supplemental chromium (Figs. 1-4) were reflected by
decreases in HbA, values, with significant effects of
chromium in both chromium groups after 4 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 was significant at P < 0.02.
There were no significant effects of supplemental chromium
on HDL cholesterol, triglycerides, bilood 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 individuals
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 supplemen-
tal chromium in the control of type 2 diabetes. The improve-
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 known, but
total dietary chromium intake does not accurately reflect
chromium status since other factors affect chromium
requirements. For example, different forms of stress includ-
ing diet, exercise, and diabetes all increase chromium
requirements (26). Increased intake of simple sugars also
increases chromium losses (27). Urinary chromium losses are
correlated with the stress hormwone cortisol (28), 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 0, and blood was
drawn 2 h later. Conditions are described in Fig. 1.

chromium’s effects on morbidity and immune function are
only observed in stressed animals (29).

There are no methods to predict chromium status. The
only method is to measure glucose, insulin, and lipid variables
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 pmol Cr
as chromium chloride (9-10). 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/] after 2 to 4 months of 11.5
pmol supplemental Cr as chromium chloride daily. Fasting
blood glucose, glycosylated hemoglobin, total cholesterol,
and LDL cholesterol all improved significantly in 11 individ-
uals with type 2 diabetes who consumed 3.85 ymol/day Cr as
chromium picolinate for 6 weeks (35). Ravina et al. (13) also
reported improved glucose control in 162 individuals 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 as
chromium picolinate, which is utilized more efficiently than
chromium chloride (36), used chromium twice per day, and
used higher levels than most previous studies. The beneficial
effects of 19.2 nmol/day Cr, compared with 3.85 nmol,
demonstrate that 3.85 pmol Cr is not sufficient to elicit max-
imal significant 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. 3. Supplemental chromium effects on fasting insulin concentra-
tions. Conditions are described in Fig. 1.

since other studies have shown beneficial effects of
chromium as chromium chioride. Chromium chloride is usu-
ally the least available of the chromium compounds tested
(36). Patients on total parenteral 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 HbA ., is the
most reliable method of assessing long-term glycemic control
in individuals with diabetes (37-42). HbA,. values were orig-
inally postulated 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, theo-
retical and experimental evidence demonstrates that fol-
lowing a consistent drop in blood glucose, HbA,, values
change rapidly in the first 1 to 2 months, followed by a
steady-state level after 4 months (41,42). Half of the HbA,,
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FIG. 5. Supplemental chromium effects on HbA,, values. Conditions are  FIG. 6. Supplemental chromium effects on fasting serum cholesterol

described in Fig. 1.
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FIG. 4. Supplemental chromium effects on 2-h insulin concentrations.
Conditions are described in Fig. 2.

level is determined by the plasma glucose values during the
preceding 1-month period and an additional 25% of the HbA,,
level in the preceding month (42). Therefore, 75% of the
HbA,, level is proportional to the changes in blood glucose
over the preceding 2 months. In our study, we saw a rapid
drop in HbA,_ values in the first 2 months with HbA,  values
of 7.4 £ 0.2% for individuals receiving 19.2 pmol Cr daily,
compared with 8.6 + 0.2% for those receiving placebo. The
drop in HbA, value in the group receiving 3.85 pmol 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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concentrations. Conditions are 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, sulfonylurea, or
metformin on improvements in glucose control in diabetic
patients receiving 3.85 ymol Cr as chromium picolinate. Sup-
plemental chromium (600 pg/day) was also shown to
increase the HDL cholesterol of men taking B-blockers (43).
In a separate 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 nonmedicated 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 potentiates 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 chromium 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 B-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 chromium, 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 pumol (200 pg/day). 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 over a life-
time” (51). This conservative estimate of safe intake has a
much larger safety factor for trivalent chromium than alimost
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-
pared to <2 for zinc, roughly 2 for manganese, and 5-7 for sele-
nium (51). Anderson et al. (52) demonstrated a lack of toxi-
city of chromium chloride and chromium picolinate in rats at
levels several 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 toxicity in this study,
and there have not been any reported toxic effects in any of
the human studies involving supplemental chromium.

1790

In summary, supplemental chromium was shown to have
pronounced effects on glucose and insulin variables in indi-
viduals with type 2 diabetes. A total of 200 pg Cr daily (3.85
pmol) did not appear to be sufficient for the reversal of dia-
betic symptoms over the 4-month duration of the study, since
larger consistent effects were observed in subjects receiving
1,000 ng (19.2 umol) 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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information
Bureau

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
harmful 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 0, 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 1b (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 2/14/98
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with chromium picolinate. Chromium picolinate appeared to be more
biologically useful 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 Ib 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 repoﬁing the results of his study on chromium

http://www.chromium.edu/press/pr1.htm 2/14/98
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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 Abstract Research s -~ Li
Services News . | T
IR : _*m »\1',.:\‘ 38 oo a:“: .

Home | Abstracts | Research | Press | Links | Expert | FAQ

Questions or comments? Drop 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 11
(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%. 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

http://www.chromium.edu/research/pr4.html 2/14/98
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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 future studies.
They are certainly 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 11
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

o Cefalu Abstract

e American Diabetes Association
« USDA China Study

* Backgrounder
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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 line.
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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 (HbA1c) 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 after 4 months. Fasting glucose levels were
lower in the high-dose group after 2 and 4 months. Two-hour
glucose values were also significantly lower for the high dose
chromium group after 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 HbAlc, glucose, insulin, and cholesterol

http://www.chromium.edu/research/pr1197.html 2/14/98
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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 from 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, Beltsville Human Nutrition Research Center,
USDA, Agricultural Research Service, Beltsville, Md. 20705;
telephone (301) 504-8091.

- Related Links
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Time Between End of

Trial and Follow-up

Differences in BMD Between

Follow-up Report Original Trial (months) Supplemented Subjects and Controls
Leeetal Leeetal® 18 NS

Slemendaetal.' Johnston et al.? 24,36 NS

Leeetal® Leeetal? 18 NS

Bonjouretal® Same 12 Mean BMD lower in controls (p S 0.05)

*No significant differences.

mentation is discontinued. Unfortunately, no effect of cal-
cium on lhinear growth has been shown in other clinical
trials, even when baseline calcium intake was low (e.g..
Lee et al.®).

Although calcium-enriched foods appeared to im-
prove bone mineral accretion in girls with spontaneous
calcium intakes below 900 mg 'day, further work is needed
to determine the long-term 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
nsk of osteoporosis later in life.
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Confirmation: Chromium Levels in Serum, Hair, and Sweat Decline with

Age

A study of tissue chromium concentrations
measured in 40,872 subjects in the United
Kingdom with modern, validated analytica!
techniques confirms previous reports of the
continuous decline in chromium concentrations
with age.

This review was prepared by Walier Mertz, M.D,
former Director of the U.S. Department of Agriculture
Human Nutrition Research Center at Beltsville, MD,
USA. Reprint requests should be addressed to
Nutrition Reviews, 711 Washington Street, Boston,
MA 02111, USA.

Nutrition Reviews, Vol. 55, No. 10

When the essential role of trivalent chromium in mnntain-
ing glucose tolerance and its close interaction with insu-
lin were established in the late 1950s and early 1900s,™
atomic absorption spectrometry had just begun to replace
older colorimetric methods for determining trace clements
in biologic materials. Moreover, it took approximately 20
years of analytical developments for a continuous dechne
in reporied chromium levels in blood and urine to finally
stabilize at one one-thousandth of values earlier consid-
ered “normal.™ Although this development affected the
accuracy of analyses in the range below 1 ng/gram in se-
rum and urine much more than in tissues and foods with
more than 10 times higher concentrations, it created con-
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siderable doubt as to the validity of all chromium analyu-
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 spectrography. Chro-
mium levels, 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, heart. pancreas, spleen,
testes), followed by a slower but continuous rate of de-
cline during the following years, except for the lungs,
which, in middle age, began to accumulate the element.
This unexpected finding set chromium apart not only from
the “toxic” elements that tend to accumulate with age= in
the organism, but also from other essential elements that
maintain their tissue conceantrations after an initial decline
following birth.

These data, together with the first 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 unconfirmed for many vears. More receatly, im-
pressive technical improvements in instruments, the use
of “absolute™ analytical methods such as isotope dilution
spectrometry.® and most of all, the availability and use of
standard reference materiais’ have provided a solid, reli-
able basis for chromium analvsis in biologic material. These
developments, however. require special training of the
analyst in all procedures (from sample collection and prepa-
ration to final analysis), expensive instrumentation, and
work areas of clean room quality. For these reasons, chro-
mium analysis is 10t 3 routine procedure. The fact that it is
reliably performed in only a few laboratories worldwide
accounts for the dearth of analyvtical data for blood and
urine in large numbers of subjects.

The recent report by Davis et al.'® has changed that
situation and met an urzent need for data. These authors
collected approximately 22,000, 18,000, and !2.000 samples
of hair, sweat. and serum, respectively, from almest 41.000
human subjects. ranging in age from 1 to more than 75,
who were referred by their physicians for a wide spectrum
of complaints. Diagnostic details of complaints are not
provided. but “the data presented in this report are de-
rived from a broad. ambulatory, nonhespitalized popula-
tion. and, on the basis of the referral patterns to this unit,
itis extremely unlikely that a significant proportion of the
subjects were moribund or malnourished.”'® Thus, the data
do not describe an ideal, healthy population but a more
realistic mixture of people who sought medical advice for
prevention or therapy. 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
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from i to 4 years to 75 ana oiaer and founa a hignuy sig-
nificant negative correlation between age and chromium
concentration in all three tissues studied. Levels in serum
declined from 0.51 ng/gram in those 14 years old (n=49)
to 0.29 ng/gram in those 75 years old and older (n=289).
The corresponding values for hair were 980 ng/gram (7=553)
and 500 ng/gram (n=292), and those for sweat were 3.86
ng’gram (n=424) and 2.04 ng/g (n=256). The decline con-
tinued in all tissues into old age without any noticeable
break. Middle-aged females had slightly but significantly
higher chromium concentrations than males, but these
differences disappeared after menopause. Chromium con-
centrations in the three tissues were highly correlated with
each other.

This is the first study using reliable analytical meth-
ods in a very large number of subjects to demonstrate a
marked, continuous decline of chromium in three tissues.
A decline in the internal organs with age has been demcn-
strated in the past,* but questions of analytical accuracy
have tempered the impact of these findings. Similar ques-
tions have been raised with regard to the validity of in-
poftant early studies of hair chromium in childrea? and
women." All of these early results and several more re-
cent ones are validated, directly or indirectly, by Davis et
al.’s study. Their demonstration of a significant decline of
chromium in a very large number of subiec:s in the United
Kingdom emphasizes the need to investigarte the causets)
for that decline. The authors speculate. as others have,
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 it appears un-
likely that a large population group from a countv with-
out severs malnutrition would uniformly develcp a defi-
ciency entirely because of inadequate intake of a micro-
nutrient. The individual vaniation of dietarv habits would
afford protection to at least some individuals. as we know
from past experizsnce in the goiter belt of North America
and the Keshan area of China. Comparing chromium in-
takes of populations with national or international recom-
mended intakes is of little help, because the latter are no
more than estimates.

An answer to this very important quesucn could come
from a well-controlled study of a population that could be
shown to maintain its tissue chromium concentrations
throughout the life span. Thailand or South Africa may be
a promising area. according to Schroeder’s early autopsy
data.* If a study could provide such 2vidence, it would
suggest an enormous public health problem in the United
Kingdom, the United States, and probably other Western
countries. Lacking such evidence, the question raised al-
most three decades ago—whether the decline is a normal
physiologic development or due to poor nutrition'*—is
still unanswered.

Nutrition Reviews, Vol. 55. No. 10



The data of Davis at al. provide @ valuable and accu-
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
habits. They alsc demonstrate a close correlation between
the values in the three tissues studied, rehabilitating to a
degree hair analysis that, in the past, has been misused.'®
There is no doubt the data can and should be used as
standards with which to compare data pertaining to groups
of subjects. Comparisons between groups can provide
valuable information by identifying risks of chromium de-
ficiency in certain populations. The difference in hair chro-
mium concentrations in children from the Unite¢ King-
dom and Turkey,'? where chromium deficiency has been
proved by supplementation trials,'” is one example.

The remaining question of whether analysis in serum,
hair, or sweat individually is capable of diagnosing the
chromium status of individuals is more difficult to answer.
The only reliable test at this time is the diagnostic supple-
mentation trial, in which an individual with impairec glu-
cose tolerance and normal or elevated insulin levels does
or does not respond to a chromium supplement with im-
provement. Although deviations of individual levels from
the standards established by Davis et al. do not prove
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 individuals. We know of the
large differences among chromium compounds in their in
vitro activity on epididymal fat tissue or cells, which have
led to the theory that dietary chromium must be converted
in the organism into its biologically active form, called
glucose tolerance factor. If that species could be 1solated
and analyzed in serum and other tissues. the results would
have much greater diagnostic significance than the deter-
mination of total chromium. It would be similar to the power
of vitamin B-12 analysts compared with that of total co-
balt. Notwithstanding these future needs, Dr. Davis and
his associates deserve thanks for the great effort and care
dedicated to their study. It will have a substantial impact
on the field of chromium research.
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Human and Clinical Nutrition

Normal Subjects Consuming Physiological Levels of
18:3(n-3) and 20:5(n-3) from Flaxseed or Fish Oils
Have Characteristic Differences in Plasma Lipid and
Lipoprotein Fatty Acid Levels'? |

KIM S. LAYNE,* YEOW K. GOH,* JACQUELINE A. JUMPSEN,* EDMOND A. RYAN,'
PETER CHOW** AND MICHAEL T. CLANDININ*"* :
*Nutrition and Metabolism Research Group, 'Department of Agricultural, Food and Nutritio, ot

Science, 'Department of Medicine, University of Alberta, Edmonton, Alberta, Canada, T6G 2p§
and **The University of Lethbridge, Lethbridge, Alberta, Canada, T1K 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 olive 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 triacylglycerol and increased 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 total and LDL cholestérol 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 aiso 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'sQf-
display a reduced incidence of coronary heart disé§
regardless of total fat {(Dyerburg et al. 1975} and chog
terol intake {Bang et al. 1976). Inuit adults consug
~4.0 g/d of eicosapentaenoic acid, whereas the aveng
Canadian ingests less than 0.1 g/d (Holub 1988).'{k&
finding has prompted both animal and human stu§

designed to assess the effects of {n-3) fatty aci it

acid content, 20:4(n-6) utilization, eicosanoid bala¥
thromboxane A, synthesis, platelet aggregation (We
and Leaf 1991), and cell-lipoprotein interactions {i
and DiCorelto 1988, Hostmark et al. 1988, Shimo
and Vanhoutte 1989). E
Generally, normal individuals fed marine (n-3)£
acids demonstrate a reduction in plasma triacylglyce®
and VLDL levels. These effects are dose dependent
mons et al. 1985} and reversible (Goodnight et al. 198}
A variety of mechanisms have been suggested t08
plain the hypotriacylglyceridemic effect of {n-3] it
acids (Harris 1989, Lang and Davis 1990, Rustan &
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 debatablel_,i,_‘
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marked “advertisement” in accordance with 18 USC section ¥’
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V-
frd{,a]s fed large amounts of marine fish display re-
gons in LDL cholesterol (Connor 1988]. These re-
I are due 1O changes in diet and increases in the

saturated/saturated fatty acid (P/S] ratio, but the
Jts fail to accurately reflect the specific effects of
j) fatty acids on serum lipid levels.
ynimal studies indicate that the efficacy of (n-3)
acids in lowering plasma triacylglycerol, choles-
ollevels and arachidonate levels depends on the rela-
. amounts of linoleic acid and saturated fatty acids
the diet [Garg et al. 1988, 1989a and 1989b). Because
; attributes of (n-3) fatty acids are limited to the
i'ger-chain forms, it is important that conversion of
3in-3] to 20:5(n-3) and 22:6(n-3} occur. In rats, the
gversion of 18:3(n-3) to 20:5(n-3) and the inhibition
tonversion of 18:2(n-6) to 20:4{n-6) is maximized by
tial replacement of dietary 18:2[n-6) with saturated
1y acids (Garg et al. 1989a). This suggests that (n-3)
ty acid supplementation for humans may be more
ective when the dietary P/S ratio is low. This hy-
thesis deserves investigation because many Canadi-
gnormally consume diets with a lower P/S ratio.

;To date, the effects of {n-3) fatty acids have been
essed in a variety of short-term placebo-controlled

“long-term uncontrolled studies ({reviewed by

hmidt et al. 1993). However, the effect of low doses

{n-3) fatty acids on quantitative pool sizes of plasma

Soprotein fatty acids has not been assessed in a longer-

pp {>30 d), randomized, double-blind controlled

usover design. The objective of this study is to deter-
ine the long-term effects of purified (n-3] fatty acids
tplasma triacylglycerol, cholesterol and lipoprotein
fty acid content in normal individuals. The effect
118:3{n-3) vs. 20:5(n-3} and 22:6(n-3) was assessed by
wviding a purified flaxseed or fish o0il supplement to
idividuals who normally consume a low P/S ratio diet

fmpared with individuals who normally consume a

f&her P/S ratio diet.

vy

MATERIALS AND METHODS

“Purified oils. Chromatographically pure triglycer-
des of olive oil, flaxseed oil and fish oil were provided
¥ Lipidteknik, Stockholm, Sweden. These oils were
Tepared by commercial-scale physical and chromato-
{3Phic fractionation procedures to prepare a triglycer-
-¢ fraction free of other polar or nonpolar lipids, perox-
and hydroperoxides that characterize many com-
nuc‘fiHY available fish oils. Major fatty acid
stituents of the purified oils were analyzed and are
Ustrated (Table 1). Artificial vanilla extract was
" ed at a concentration of 0.05 g/100 g of olive oil and
‘; tlgx/ 100 g of flaxseed and fish oils to blind participants
N € type of oil treatment. Flavored oils were encapsu-
ed in 0.5-g capsules under nitrogen by Banner Gela-
2 (Olds, Alberta, Canada) and stored in nitrogen-

TABLE 1

Major fatty acid composition of purified oils1,2

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) 1.5 0.2 0.1
18:0 26 . 23 3.3
18:1 62.7 142 5.8
18:2 (n-6) 13.0 1.6 142
18:3 {n-3) 0.9 1.3 57.5
20:0 0.1 — —_
20:2 (n-6) — 0.2 —
20:3 {n-9) — 02 -
20:4 (n-6) — 1.9 -
20:5 [n-3) — 20.8 -
22:4 {n-6) —_ G.1 —
22:5 n-6) — 0.2 —
22:5 {n-3} -— 1.6 —
22:6 [n-3) — 12.6 —

1 Ojls were flavored with artificial vanilla extract and encapsu-

lated in 0.5-g capsules.
2 The fatty acid composition was determined by gas liquid chro-

matography using fused silica capillary 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).

Participants 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 intervals (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-
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TABLE 2

Descriptive data for subjects on entryl,2

Dietary P/S group: Low {n = 15) High (n = 11}
Physical data
Age, ¥y 33.7 = 10.1 271+ 39
% ldeal body mass 1043+ 1.6 977+ 78

Dietary data

Energy, kJ/ 7717.9 = 3008.5

8245.0 = 2773.0

Protein, % energy 148 + 34 14114
Carbohydrate, % energy 48.7 + 7.5b 54.7 + 7.3a
Fat, % energy 34376 302 6.7
Saturated 13.0 £ 3.52 9.5 + 3.0b
Oleic acid 9.7 2.0 8415
Linoleic acid 53x14 6423
Cholesterol, mg 257.8 + 84.9 190.6 = 100.0
P/S3 0.48 = 0.15b 0.87 = 0.38a
Clinical datas
Triglyceride
(0.6-2.3 mmol/L) 1.02 = 0.46 082023
Total cholesterol
(3.2-5.2 mmol/L} 4.44 = 0.84 3.86 = 0.76
LDL cholesterol
(1.7-3.4 mmol/L) 2.49 x 0.77a 1.86 = 0.59b
HDL cholesterol
{0.9-2.20 mmol/L} 1.49 * 0.35 1.62 + 0.27
Glucose [3.5-6.4 mmol/L) 4.78 + 0.31 488 + 0.36
HbA1c5 [0.040-0.063 % Hb) 0.042 = 0.01 0.043 + 0.01
Insulin (5-20 mU/L) 6.07 * 2.66 555 +221
C-peptide [0.5-3.0 mg/L} 0.70 = 0.39 -0.71 £ 037
Glucagon (>60 ng/L} 38.73 = 8.71 38.27 + 8.49

I Values are means + sD of base-line measurements.

2 Within a row, values without a common superscript are signifi-
cantly different {P < 0.05). Significant differences between high and
low P/S subjects were determined by a two tailed ¢ test.

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 Glycosylated 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

M2 1N e Saa.

were drawn at the Metabolic Day Care Centre, Uni %
sity of Alberta Hospitals, to ensure that particj ¥ |

complications. Participants were counseled at §3
time and throughout the study to keep within ¢

phone call was made approximately once a mong¥§
reinforce advice, assess compliance and answer 38
questions. £ 3
A controlled, randomized, double-blind crosssf8
study design was used in this study. All participg
were initially supplemented with olive oil (placebg}
a period of 3 mo and were instructed to consum

at a dose of 35 mg of 18:3(n-3)/(kg body weight-d)
fish oil at a dose of 35 mg of 20:5(n-3) and 22:6[n¥
1§

4

a 70-kg subject, the oil supplementation level wou}-

be ~4.3 g/d for flaxseed and olive oils and ~7 g/d '-‘

suming a normal diet by selection of appropriate foo
Plasma and biochemical analysis. All plasma a
biochemical analyses were done by investigators Wik
were unaware of the treatment group. Blood samplg
were drawn into tubes containing disodium EDT!
after participants fasted for 12-14 h. Cholesterol af
triacylglycerol concentrations were determined usipg
triglycerides and cholesterol determination kits man!
factured by BMC (Boehringer Mauhein, Laval, Québeg
Canada) on a Hitachii 911 Analyzer (Boehringer Mat]
hein, Laval, Québec, Canada). The enzymatic method
used for the assays are as described in the literaturt
{Allain et al. 1974, Bucolo and David 1973). Plasmi
lipoprotein fractions (VLDL, LDL and HDL) were sep?;
rated by sequential ultracentrifugation at 356, 160 X§
and 20°C in a Beckman TLA-100.2 angle head rot0€
(Beckman Instruments, Palo Alto, CA} [Clandinin &
al. 1995). VLDL, the upper layer with a density rang®
of 0.96-1.006 kg/L after ultracentrifugation for 3 h, W&,
removed by micropipetting. To the remaining samplt:
1.3199 kg/L solution was added at a volume ratio of 115{4
and the solution was mixed well. This was followed bf;
layering on top with 1.063 kg/L NaBr solution. The.,
sample was ultracentrifuged for 4 h, and the top LDk
layer was removed. HDL isolation followed a simil&,

process, with the exception that 7.593 mol/L NaBr 5"%

\




50 evidé; '?‘i.aﬁ (v/v 1:2) was added to adjust the density of the
lood g, w iion “2nd the mix was layered with 2.973 mol/L
ntre, Up; L 'soiution. The samples were ultracentrifuged for
Particip Be s, 1DL and HDL samples were placed in dialysis
of meta o ng into 0.196 mol/L NaCl ovemight at 4°C to re-
eled at »-* ¢ any extraneous density gradient that may have
withip g x” taken up with the sample. The purity of the lipo-
A folloy JE=# i fractions separated was checked by electropho-
* a mont} JZiy to ensure that fractions were not cross-contami-
answer g ; “Ted (Nobel 1968). .
) b ipoprotein lipids were extracted by a modified
1d crossudalch method [Folch et al. 1957) using chloroform/
ParticippRthanol (2:1 v/v) solution containing 0.05% {v/v)
(placeho) Wahgxyquin as an antioxidant. Phospholipid, triacyl-
onsumé gilererol and cholesteryl ester fractions were separated
" would ol 'silica G plates (Analtech, Newark, DE| using a sol-
period. T¥vent system of petroleum ether/diethyl ether/glacial
mg 18: 18 i&kc acid 80:20:1 (v/v/v). Triacylglycerol and cholest-
ecords wel gyl ester fractions were saponified with 0.5 mol/L
1. Followimethanolic KOH in a 110°C sand bath for 60 and 90
aly assigulEmin- respectively. Following saponification, samples
and finiMEWére methylated with 14 g/100 g boron trifluoride in
d treatmef® gethanol and hexane {Morrison and Smith 1964). Tri-
Tent, trezf glyceride supplements were methylated with boron tri-
ed oil [n3ff fluoride. A known amount of standard {tripentadeca-
pplementpoln and cholesteryl pentadecanoate) was added to the
ight-d) @ lpld extract prior to thin layer chromatography for
1d 22:6(n 8 qlintification of the fatty acid content of the triacyl-
xample, f] f'j‘cierol and cholesteryl ester fractions. Heptadecanoic
evel woulEWId was added prior to methylation for quantification
~7 g/d ket the fatty acid content of the phospholipid fraction.
while ce} All samples were stored at —70°C.
riate fools§ 6 Fatty acid methyl esters were separated and quanti-
>lasma aoff Wted by automated gas liquid chromatography using a
gators whlR BP20 capillary column {Supelco Canada, Mississauga,
od sampls§ Ontario] (Hargreaves and Clandinin 1987). Peaks for
um EDTA ‘!_Itty acid methyl esters were identified by comparison
esterol adf- With authentic compounds and standards (PUFA 1 and
ined usiyfd Bacterial Methester MIX CP, GLC MIXES 10 to 100
kits mane g !nd methylester MIX-14) purchased from Supelco Can-
al, Québec§:¥a and Sigma Chemical (St. Louis, MO) and with
inger Mar§ Xown samples of biological source (MaxEPA oil) as
ic methok § Sescribed earlier (Hargreaves and Clandinin 1987).
: literarue f-These GLC operating conditions separate methyl esters
3). Plasm g of al) saturated, cis-monounsaturated, and cis-polyun-
were sept § $turated fatty acids from 14 to 24 carbons in chain
6, 160 x4} Yength.
head rot® § ™ Statistical analysis. Food intake records were com-

andinin ¢ § Pred by repeated measures ANOVA (SAS Inc., Cary,
wity rang F NC). The effects of (n-3) fatty acids on plasma triacyl-
or3h, we ‘,17‘331'01, total, LDL and HDL cholesterol levels, and
1¢ samplé -2Poprotein fatty acid levels were assessed by repeated
atio of 15 § Weasures ANOVA procedures. Significant differences

llowed bf §-*tween treatments were determined by Duncan’s

ieior. [ Ak _tiple range test {Steel and Torrie 1980). Statistical
: top LD e cance was set at P < 0.05. Significant overall
a simils' | 80up effecrs were tested for plasma triacylglycerol and

. NaBrs¢ L:mr LDL and HDL cholesterol by two-way ANOVA

{n-3) FATTY ACID AND LIFOrRUILLNY e —oiiiens

{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 20:4{n-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 consistent 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-3] and
22:6{n-3) 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 triacylglycerol and lipoprotein cholesterol levels in subjects consuming high or Iow P/S diets ‘; ff;-_ .
after olive, fish or flaxseed oil treatments! 1 ,
Oil treatment 3 -
R 2 3 . ,}l" l
Diet P/S Olive Fish Flaxseed 1 oil tres’
mmol/L ; pJs Gro
i —
TG Low 0.99 + 0.082 0.72 * 0.04b 099 +0.10: R&
High 0.87 = 0.10 0.66 + 0.03 093+014 8-
TC Low 479 + 023 4.85 = 0.26 4812018 8% \pL
High 425 + 0.24 4.30 £ 0.19 429+025 ‘BR 140
LDL cholesterol Low 2.83 = 0.18 3.01 =0.20 2872015 S8 160
High 2.20 * 0.19 2.35 = 0.17 231019 M 130
HDL cholesterol Low 1.50 + 0.09 1.48 = 0.10 147 £ 005 “§& - 181
High 1.60 + 0.08 1.64 = 0.09 155000 Bk 1g20
= 183 (:
I Values are means = Sg, n = 15 and n = 11 for low and high P/S groups, respectively. Significant oil treatment effects were determ ."3 L 04
by repeated measures ANOVA. Within a row values without a common superscript are significantly different {P < 0.05). Y. 205 {:
2 Abbreviations used: P/S, polyunsaturated/saturated fatty acid ratio; TG, triacylglycerol; TC, total cholesterol. 4, 22:6 (1
|
. ; ‘j LDL
played no change in 20:4{n-6) levels, reduced 18:1 and played increased 18:3(n-3] levels in the VLDL pam 14:0
elevated 18:3(n-3) levels in LDL. Fish oil supplementa- of participants consuming a high P/S diet and in B - 16:0

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.

Cholesteryl 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 cholesteryl ester fraction confirmed partici-
pant compliance to fish oil supplements (Glatz et al.
1989]. Lipoprotein 22:6(n-3) 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-6) concentration of any lipoprotein. The
level of 18:3(n-3] 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 cholesteryl ester fraction of
participants consuming high P/S diets {Table 5). Levels
of 22:6{n-3) and 20:4(n-6} were not significantly af-
fected. Participants supplemented with flaxseed oil dis-

LDL particles of participants in both dietary P/S groif§ j |18:0
In low P/S participants, flaxseed oil reduced the n w‘:; (
14:0 and decreased 18:0 in all lipoproteins. o - }83 (
Phospholipid. In both dietary P/S groups, ﬁsh w204 s
increased 20:5[n-3) in all lipoproteins (Table 6). T§ = "20:5 (:
level of 22:6(n-3) was also elevated in the LDL and HIjj = 226 (
of bath P/S groups (Table 6), and 18:3(n-3) was elevalel} HDL
in the LDL fraction of participants consuming a h1gh J 14:0
S diet and the HDL fraction of participants consumin 16:0
low P/S diet. In both dietary P/S groups, LDL 14:03 }1 18:0
18:0 levels increased, and VLDL 18:1 level was reducé 3 18:1
Participants consuming high P/S ratio diets suppl 182

mented with flaxseed oil displayed increased 20:5ng§ ;gi ((1
levels only in the VLDL fraction {Table 6). Levels? 20:5
22:6{n-3) and 20:4{n-6) were not significantly affecte 22:6 (:
The flaxseed oil treatment elevated 18:3(n-3) in all lip 1
] Val
proteins and both dietary P/S groups. . i repeate:
4 effects
DISCUSSION # iscon
p etal.
Low doses of fish oil significantly reduced plasm The
triacylglycerol concentrations in participants with lo¥/ le\{els
intakes of polyunsaturated to saturated fatty acids] nai 1S
This suggests that, in normal free-living individ are re:
consuming a typical North American diet, the hy’pOm result
acylglyceridemic effects of marine (n-3) fatty acids m#! flaxse
be sustained for 3 mo, particularly in those consumis§] suffic
a diet relatively high in saturated fats, e.g., dairy fat’q bles ¢
Short-term studies (Bronsggeest- Schoute et al. 1984} 3lwa

Sanders and Roshanai 1983, Sztem and Harris 1991‘ P/s d

confirm this finding. Participants in the present stu Y 20:5(;
demonstrated 24-27% reductions in triacylglycer%f conce
levels after 3 mo of fish oil treatment, and this findife§ Mment
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TABLE 4

Fatty acid concentration of plasma triacylglycerol fraction of VLDL, LDL and HDL from subjects consuming high or low
polyunsaturated/saturated fatty acid (P/S) diets after olive, fish or flaxseed oil treatments1

Composition
:ed Oil treatment Linseed
pjs Group Low P/S High P/S Low P/S High P/S Low P/S High P/S
L, a—
).10a . mg fatty acid/L plasma
114
18 . VLDL
25 140 4.02 = 0.55a 3.85 = 0.77 3.94 = 0.55a 3.29 =048 6.45 = 1.08b 5.14 = 1.49
.15 160 60.65 * 7.49ab 49.20 = 7.52xy 47.46 * 6.01a 34.23 * 3.49x 70.79 * 10.79b 57.08 = 12.35y
.19 \ 1180 7.07 + 0.84 5.58 + 0.53 575 + 0.71 4.44 * 0.50 7.66 = 1.43 5.99 * 1.16
09 8l 102.24 + 12.73b 85.52 = 10.72xy 68.14 = 8.17a 54,07 + 3.89% 120.56 = 20.59b 99.07 = 21.15y
TS 41.30 = 6.61 43.66 = 623 32.30 = 5.77 33.35 + 2.89 49.17 = 3.76 34.61 = 6.15
1.15 + 0.32a 0.85 = 0.32x 2.43 * 0.352 2.68 * 0.37x 6.37 *+ 1.50b 5.23 = 1.29y
2.01 = 0.32 1.48 = 0.19 1.76 = 0.24 1.15 = 0.07 2.34 = 0.43 1.86 = 0.39
0.52 = 0.11a 0.27 + 0.04x 1.94 = 0.44b 1.37 = 0.17y 0.90 = 0.252 0.55 * 0.09x
121 = 0.272 0.80 = 0.11x 3.35 = 0.71b 2.80 = 0.28y 1.38 = 0.253 1.00 = 0.15%
122 £ 0.15 1.39 = 0.23 1.60 = 0.21 1.15 + 0.08 1.39 = 0.22 1.17 = 0.16
20.36 = 1.92 19.77 = 3.27 19.12 + 1.30 15.68 = 1.02 20.92 = 3.38 16.25 = 1.89
457 = 0.70 392 * 0.62 3.62 = 0.20 3.07 = 0.18 3.42 x 0.48 2.86 = 0.30
37.48 = 3.43 40.14 + 6.22x 3307 = 2.00 26.46 = 1.29y 37.09 = 6.83 30.00 = 3.22¥
10.92 = 1.29 15.71 = 2.32 13.35 = 1.16 14.99 = 0.83 13.18 = 2.31 12.81 * 1.88
0.54 = 0.11a 0.29 = 0.11x 0.94 = 0.122 1.03 = 0.19y 1.61 = 0.42b 1.14  0.17y
1.13 = 0.128 1.18 + 0.21 1.60 = 0.16b 1.40 = 0.13 1.45 = 0.20ab 1.06 = 0.14
0.28 + 0.04a 0.19 + 0.03x 1.69 + 0.29b 1.54 = 0.18y 0.45 = 0.052 0.33 * 0.04x
0.56 + 0.10a 0.47 * 0.09% 2.04 = 0.38b 1.95 + 0.22y 0.51 * 0.08a 0.44 + 0.07x
091 = 0.10 094 +0.19 0.86 = 0.12 0.67 = 0.05 0.96 = 0.18 0.91 £ 0.13
10.56 = 0.86b 12.09 * 1.55¥ 7.30 = 0.82a 7.39 = 0.55% 10.28 = 1.52b 8.57 = 1.34xy
2.27 = 0.16b 2.07 + 0.19y 1.67 = 0.172 1.48 = 0.10x 1.66 = 0.18a 1.98 = 0.24xy
19.82 = 1.30 24.11 * 2.36y 15.50 = 1.86 13.55 * 0.95x 18.75  2.26 18.57 = 2.42xy
s supple} 576 = 0.45 889 > 1.14 5.37 = 0.61 7.58 = 0.56 7.41 = 1.25 6.52 = 0.95
20:5i03f 0.27 = 0.042 0.36 % 0.09 0.37 = 0.09a 0.51 = 0.08 0.83 = 0.12b 0.59 = 0.09
o 1 0.39 = 0.05a 0.51 = 0.07 0.47 = 0.05ab 0.50 = 0.04 0.58 + 0.06b 0.45 = 0.06
Levels ¢ 0.13 = 0.022 0.13 = 0.02x 0.44 x 0.09¢ 0.50 = 0.062 0.20 + 0.02b 0.32 * 0.06Y
affectd B 0.31 = 0.05ab 0.25 + 0.04x 0.45 = 0.07a 0.61 = 0.07y 0.27 * 0.04b 0.21 * 0.05x

1allliP_-

1Values are means = sz, n = 15 for low and nn = 11 for high P/S groups of subjects. Significant oil treatment effects were determined by
Repeated measures ANOVA. abcIndicate oil treatment effects within subjects in the low dietary P/S group (P < 0.05). xyzIndicate oil treatment
tlfects within subjects in the high dietary P/S group [P < 0.05).

3 Filsconfirmed by other studies (Blonk et al. 1990, Sanders
+ g8l 1989 Schmidt et al. 1993).

.lehe lack of a flaxseed oil effect on triacylglycerol
-2ievels has been observed by others (Sanders and Rosha-
» a1 1983, and it suggests that 20:5(n-3) and 22:6{n-3)
&re responsible for the hypotriglyceridemic effect. The
. esults of the present study suggest that either the
ot eed oil intake was not great enough to produce
-,u ficient amounts of long-chain (n-3) fatty acids (Ta-

'es 4 apd _5) or the conversion of 18:3(n-3) to 20:5(n-
e Was limited, even in participants consuming a low
Z et. This limitation in conversion of 18:3(n-3) to
: --,_.S{n-3) was apparent in the changes in fatty acid
' °m}’ation of the lipoproteins after each oil treat-

at (Fig. 1, 2). Although the flaxseed treatment ele-

vated 18:3{n-3] 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. 2).

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
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Fatty acid concentration of plasma cholesteryl ester fraction of VLDL, LDL and HDL from subjects consuming high or low

TABLE 5

polyunsaturated/saturated fatty acid (P/S) diets after olive, fish or flaxseed oil treatments!

5
Composition —
Oil treatment Olive Linseed DJ \reatmer
P/S group Low P/S High P/S Low P/S High P/S Low P/S High pjs 25 gouP
mg fatty acid/L plasma

VLDL

14:0 0.59 + 0.10b 0.41 = 0.07y 0.28 * 0.042 0.18 = 0.02x 0.28 + 0.072 0.34 = 0

16:0 4.89 + 0.61b 3.57 = 0.53y 3.19 * 0.29a 2.78 + 0.22x 3.94 * 0.58ab 427 * 09

18:0 1.96 + 0.49b 1.35 + 0.35y 0.71 + 0.04a 0.59 + 0.03x 0.69 = 0.06a 0.85 + 0}

18:1 9.34 + 1.14b 9.76 + 1.78 6.31 + 0.652 4.64 = 0.39 7.29 = 1.13ab 9.66 * 2.38 .

18:2 [n-6) 13.71 = 1.46 11.56 + 2.20 11.15 = 1.40 10.58 = 1.36 15.59 + 2.80 19.27 + 523 182 [n-6)

18:3 {n-3) 0.29 + 0.05 0.19 = 0.07x 0.32 = 0.06 0.21 = 0.03x 0.47 + 0.10 0.62 + 0, 18:3 (0-3)

20:4 (n-6) 1.62 + 0.28 1.21 = 0.25 1.26 + 0.14 0.98 + 0.14 1.62 = 0.22 1.76 + 03 30:4 (n-6)

20:5 (n-3) 0.32 + 0.08a 0.09 = 0.03x 0.65 + 0.10b 0.54 + 0.082 0.40 = 0.072 0.27 = 00 20:5 (0-3

22:6 (n-3) 0.31 = 0.08 0.33 £ 0.11 0.34 = 0.08 0.24 = 0.04 0.18 = 0.04 0.33 = 0} 92:6 {n-3}
LDL

14:0 2.17 = 0.213b 1.44.+ 0.17 2.66 + 0.20b 1.86 = 0.23 1.90 = 0.24a 1.65 = 0.1

16:0 30.96 + 2.04ab 22.97 + 2.66% 35.15 + 2.95b 30.13 = 2.98y 29.29 + 1.732 2323 20

18:0 325+ 0.27b 2.61 = 0.27 2.83 * 0.17b 2.25 + 0.10 . 226+ 0.158 231 = 0308 :

18:1 54.95 * 3.60 42.37 + 4.85 54.70 = 4.12 4507 = 5.11 49.11 + 3.08 40.80 * 3.97 18

18:2 [n-6) 138.39 = 7.68 113.90 = 11.47 137.48 = 9.47 131.08 * 9.80 133.50 + 8.51 111.40 = 1040384182 (n-6)

18:3 (n-3) 153 + 0.222 1.13 = 0.19% 1.96 = 0.14b 1.66 = 0.23x 2.80 = 0.19¢ 2.61 + 0.39% 18:3 (n-3)

20:4 (n-6) 16.68 + 1.48 12.44 + 2.10 17.19 = 1.97 13.31 + 2.04 15.95 + 1.52 11.05 + 1213 :40:4 (n-6)

20:5 (n-3) 2.17 * 0.53a 0.78 + 0.10x 10.53 + 1.43b 8.66 ~ 0.81y 2.96 * 0.363 1.63 = 0.30 = 90:5 |n-3)

22:6 [(n-3) 1.57 + 0.16a 1.03 + 0.14x 2.66 * 0.32b 2.37 = 0.24y 1.25 + 0.122 0.89 + 0.12%] 22:6 (n-3)
HDL :

14:0 148 + 0.16 1.24 > 0.09 1.66 = 0.18 1.39 + 0.25 1.38 x 0.17 1.42 * 0.23

16:0 19.20 + 1.51 20.33 = 1.60 21.19 = 2.39 21.68 + 1.83 17.48 = 1.87 17.71 + 2418

18:0 2.27 + 0.29b 2.09 + 0.31 1.94 = 0.163b 1.66 = 0.13 1.53 * 0.063 1.73 =018 :

18:1 3323+ 282 36.44 + 237 3593 > 3.76 33.57 = 3.07 31.86 = 2.65 31.81 = 4.38 1

18:2 (n-6) 83.72 = 6.34 102.37 + 7.44 84.46 = 7.64 97.70 = 9.21 78.23 * 8.50 85.46 * 11 82 [n-6)

18:3 (n-3 0.94 * 0.13a 1.02 = 0.13x 1.70 = 0.34a 2.01 + 0.28y 2.06 + 0.30b 1.77 * 0.35% *18:3 {n-3)

20:4 (n-6) 10.47 = 0.96 11.89 + 1.58 11.53 = 1.65 10.23 = 0.91 10.04 + 1.25 8.46 = 141 20:4 [n-6)

20:5 (n-3) 1.40 * 0.34a 0.90 = 0.17x 6.46 + 1.07b 6.98 = 0.70Y 1.72 + 0.22a 1.80 + 057 20:5 (n-3!

22:6 (n-3) 0.99 + 0.09a 0.96 * 0.13% 1.57 = 0.23b 1.76 = 0.14y 0.88 +'0.122 0.76 = 0.165:1 :

repeated measures AN OVA abclndxcate oil treatment effects within subjects in the low dletary P/S group (P < 0.05). xyzIndicate oil treatmentd

effects within subjects in the high dietary P/S group {P < 0.05).

used large doses of marine oil supplements may be 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. 1990).

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 1991). 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 LD_‘
cholesterol levels. B

Fish oil-induced fatty acid changes in plasma Lipog) 10_20:4(n_
proteins may alter in vivo LDL oxidation and reducl _If-ld.leve
atherogenic potential (Simopoulos 1991). In rabbits feg . Significa:
300 mg/(kg body weight-d) of purified e1cosperlta g Tesults v
noate, LDL particles were less susceptible to ox1dat1vt tnd mod
modification by Cu®* than the LDL of control mbblts - “@nsume
(Saito et al. 1991). The incorporation of 20:5(n-3) 3‘““ ﬁ“'al', 19
22:6|n-3) into LDL cholesterol ester may also increass <Was incr
lipoprotein core fluidity and reduce the particle ather? *¢antly re

genicity (Harris 1989). These studies suggest ways “\\hgh lev

which a change in fatty acid composmon of the hpOPf‘” 3 ‘:nrt:lear
tein particle may also be important in determmmg at fofg‘él;
{

erogenicity of lipoprotein particles present.
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TABLE 6

Fatty acid concentration of plasma phospholipid fraction of VLDL, LDL and HDL from subjects consuming high or low
polyunsaturated/saturated fatty acid (P/S) diets after olive, fish or flaxseed oil treatments1

/_

Composition

- B ol weatment Olive Fish Linseed
"; group Low P/S High P/S Low P/S High P/S Low P/S High P/S
mg fatty acid/L plasma -
Y 0.16 = 0.07a 0.11 = 0.05 0.34 * 0.063b 0.25 = 0.04 0.39 = 0.08b 0.56 = 0.28
: ; 20.10 = 2.80 17.02 = 3.39xy 15.59 = 2.10 13.82 > 1.81x 2093 = 2.77 22.50 = 4.24y
P 12, 9.44 + 1.20 7.77 £ 125 7.80 = 1.12 749 + 114 9.72 + 1.23 10.53 = 2.42
g, 14.06 x> 2.143 13.19 + 2.69% 9.37 + 1.18b 6.69 = 0.77y 11.79 *+ 1.634 12.86 + 2.39x
' 182 (n-6) 14.17 = 1.59ab  14.31 * 2.69 10.81 * 1.662 11.00 + 1.63 15.70 = 2.01b 17.88 + 4.01
183 (n-3) 0.15 + 0.052 0.11 + 0.05% 0.22 = 0.053b 0.14 * 0.04x 0.35 + 0.04b 0.32 + 0.07y
2 40:4 (n-6 6.43 + 1.06 5.12 > 1.04xy 4.29 + 0.56 3.28 > 0.53x 6.23 = 0.91 6.14 = 1.12y
E 20:5 [n-3 0.54 = 0.19a 0.21 = 0.06x 1.67 x 0.26b 1.37 £ 0.182 0.80 = 0.14a 0.78 = 0.14y
b4 b 22:6(n-3) 2.35 040 1.66 + 0.23 2.70 = 0.41 2.29 + 0.39 2.17 = 0.37 1.96 = 0.33
5>+ 017 0.25 + 0.12a 0.15 = 0.09x 0.83 = 0.14b 0.88 = 0.09y 0.92 + 0.0b 0.73 = 0.18y
3+ 201 55.12 = 348 46.81 > 6.08 62.84 + 4.65 53.91 = 5.51 5094 = 4.11 50.47 + 4.92
1 =030 : 22.60 = 1.262 17.99 + 1.40x 26.74 = 1.69b 23.72 = 1.09y 23.94 + 1.25ab 20.56 * 1.61xy
)+39) 3 25.25 = 1.89 22.87 +2.74 26.75 = 1.68 22.71 £2.32 © 2758 £ 1.70 23.04 = 2.16
)= 1040 182 |n-6) 37.51 = 2.25 35.21 = 3.82 38.47 £ 2.59 38.84 =290 42.18 = 2.50 3597 412
L =03 8:3 {n-3) 0.36 > 0.052 0.22 + 0.05x 0.45 + 0.062 0.52 + 0.08y 0.79 = 0.08b 0.71 x 0.07z
y 120 B 4 [n-6) 14,65 + 0.96 12.01 = 1.84 1429 = 1.48 11.28 £1.35 1541 £ 1.28 1143 » 1.04
} =030 “20.5 (n-3) 121 + 0.25a 0.56 = 0.06x 5.91 + 0.65b 5.25 *+ 0.48y 1.79 = 0.18a 1.14 = 0.18x
)+ 0.1 '::22.6 {n-3) 6.15 = 0.4%9a 4.6]1 + 0.59x 8.35 = 1.02b 7.53 = 0.60y 4.68 = 0.42a 3.34 + 0.36x
1.33 = 0.11 1.51 £ 0.11 140 = 0.18 1.45 = 0.16 1.24 = 0.17 1.57 = 0.31
80.47 = 6.93 95.42 = 8.36 90.24 + 8.59 103.24 + 7.69 89.02 x 7.73 103.05 = 14.23
35.67 = 2.93 39.54 + 1.76 40.46 = 3.39 47.43 + 3.40 36.58 = 2.95 42.95 = 5.47
. . 37.16 = 3.10 41.55 £ 3.27 42.74 = 3.64 45.27 + 3.41 42.86 > 3.17 50.40 = 6.83
v+ 1179 § | 182 [n-6) 62.73 = 6.04 78.55 + 5.38 63.10 = 5.59 79.46 * 644 67.98 = 6.24 84.22 » 12.01
. 183 (n-3) 0.44 = 0.09a 0.51 = 0.09x 0.78 = 0.11b 0.81 * 0.16x 1.19 = 0.17¢ 1.40 = 0.26v
v+ 141 K  W4ns) 2998 + 2.12 33.86 = 3.30 2798 » 262 27.65 = 1.45 3021 =2.72 30.14 = 4.04
)+ 057 § 2305 (n-3) 2.32 + 0.41a 1.67  0.27% 1119 = 1.77b 13.66 + 0.85Y 3.66 = 0.43a 4.16 + 1.40x
» =016 K -26n3) 9.67 = 0.85a 10.51 = 1.12x 15.14 = 1.56b 19.16 = 0.80¥ 9.40 = 1.09a 10.09 = 1.58x
:rmined ¥ :%.!Values are means = Sg, n = 15 for low and n = 11 for high P/S groups of subjects. Significant oil treatment effects were determined by
Bpeated measures ANOVA. abcIndicate oil treatment effects within subjects in the low dietary P/S group (P < 0.05). xyzIndicate oil treatment

,_&Ct! within subjects in the high dietary P/S group [P < 0.05).

< Participants consuming a low P/S diet, supple-
- Wented with fish oil, displayed a significant increase
_2054(n-6] levels in LDL triacylglycerol. Arachidonic
.Ievels in all other lipoprotein lipid classes were not
ficantly affected by the fish oil treatment. Similar

spent# ts were reported when low (DeLany et al. 1990)
rxidati® Moderate doses of long-chain (n-3) fatty acids were
1 rabbi® § Sumed by normal individuals (Bronsggeest-Schoute
n-3) ad '“‘1: 1981). However, when the (n-3) fatty acid dose
incres¥* m Increased to 8 g/d, 20:4{n-6) levels were signifi-
2 ather® B‘}:IY reduced (DeLany et al. 1990). In cases in which
ways 8 ] levels of {n-3) fatty acids are supplemented, it is

=%r whether the observed reduction in 20:4{n-6} is
.}d?“]t of the dietary substitution of (n-3) fatty acids
'3; 0:4(n-6) or is an effect of the {n-3] fatty acid. In

S5

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 cholesteryl 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-



. iaan

4 7 FISH OIL

2_.‘
B
1=
8
2 90 ==
%’ LHLHLH
2 VLDL
®
£
« 8
© FLAXSEED OIL
F
5 I
[&]

4._

2...

0

LHLHLH
VLDL

FIGURE 1 Effect of (n-3] fatty acid treatments on change in 18:3(n-3) in plasma lipoproteins of subjects receiving f ‘l
flaxseed oil treatments. Values reported are means = sk {n = 26) of differences in fatty acid levels between olive oil and} i
fatty acid treatments. *Indicates significant effect of oil treatment (P < 0.05}. L and H indicate low and high dietary paly .l: . |

rated/saturated fatty acid ratio [P/S) groups, respectively.

3] is limited, whereas the 18:2(n-6) to 20:4(n-6) 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-3|
into plasma lipids. These researchers found that the
conversion of 18:3{n-3) was three to four times greater
than the conversion of 18:2(n-6); however, the total
amount of 18:3(n-3} metabolites 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 linoleate metabolite, 20:4{n-6),
would compete less with fish oil for incorporation into
plasma lipid and lipoprotein fractions. In this regard,

AR S YUN

L=LowP/S

H = High P/S :
* ;'.‘-: {

Y * B
LHLHLH LHLHLH B
LDL HDL 3

L1 Triacyiglycerol
E Cholestery! Ester
Z Phospholipid

L} -y
l
A3

i
T

g

=ity

.-‘;_‘s-‘a»w"aﬂ:..wf."v

LHLHLH  LHLHLH ¥
LDL HDL |

."1

3 ,'.'V{ 4,‘»133%'(1'%!- Sy

plasma triacylglycerol levels were mgmﬁcantl
duced in the low P/S group but not sxgmﬁcantl
duced in the high P/S group. Although it was hypo
sized that the conversion of 18:3{n-3) to 20:5(n-3) "
be more efficacious in the low P/S group, this was 8
observed. . §
Presently, many human studies rely on dietary mRg -
ronutrient analysis but do not account for SpeClﬁC 1
etary fatty acids, for example, arachidonate. This o J y
be important when fish oil is supplemented inl o -
doses because small changes in dietary arachidond=g:
may influence the {n-3) fatty acid effect, particul
when the subject’s intake of (n-3) fatty ac1ds from B
rine sources is low. g
It is apparent that modest intake of marine {n- 3! f‘
acids promotes change in lipoprotein fatty acid
tent, which may affect a variety of physiological eV j :
associated with atherosclerosis. Cellular events such
reductions in fibrinogen (Hostmark et al. 1988), platt
activating factor {Sperling et al. 1987), platelet- den

growth factor (Fox and DiCorelto 1988), and incré j
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rated fatty acid ratio (P/S) groups, respectively.
Y F
: tissue plasminogen activator and endothelial-de-
relaxation factor (Shimokawa and Vanhoutte
989) have been induced by fish oil supplementation
ay augment the cardiovascular benefits of 20:5(n-
and 22:6[n-3). It is important for future studies to
8838 the effects of (n-3) fatty acids with regard to lipo-
:potein composition, eicosanoid production, platelet
- 48%regation, lipid-dependent enzymes, endothelial and
'mOOth muscle cell interactions, and other factors in-
Yolved in the atherogenic process in relation to the
phitake of specific dietary saturated fats currently per-
B 8tived to influence the atherosclerotic process.
arachidos
partic
Js from¥®
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Effect of garlic and fish-oil supplementation on serum lipid
and lipoprotein concentrations in hypercholesterolemic
-3 .

men’

Adam 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: /) 900 mg garlic placebo/d + 12 g oil placebo/d; 2)
900 mg garlic/d + 12 g oil placebo/d; 3) 300 mg garlic placebo/d
+ 12 g fish oil/d, providing 3.6 g n—3 fatty acids/d; and 4) 9500 mg
garlic/d + 12 g fish oil/d. In the placebo group, mean serum total
cholesterol, low-density-lipoprotein cholesterol (LDL-C), and tria-
cylglycerols 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%)
after 12 wk but not with fish oil alone. Mean LDL-C concentra-
tions were reduced with garlic + fish oil (—9.5%) 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 to HDL-C and
LDL-C to HDL-C. Am J Clin Nutr 1997;65:445-50.

KEY WORDS 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

See corresponding editorial on page 560.

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 cholestero] and triacylglycerol con-
centrations in hyperlipidemic subjects. Recently, Contacos et al
(7) showed that pravastatin and fish oil, in combination only,
effectively lowered both total cholesterol and triacylglycerol
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 triacylglycerol concen-
. trations in hypercholesterolemic men.

SUBJECTS AND METHODS

Subjects

Of 100 men screened for their total serum cholesterol con-
centration with a compact total cholesterol analyzer (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 mg/dL). 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 1-g capsules (each containing 180 mg
EPA and 120 mg DHA) three times daily with meals. Evening
primrose oil (Bioriginal; PGE Canada, Saskatoon, Canada)
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 0).
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 0 to week 12). The four
study regimens were as follows: /) 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 ¢ fish oil/d, providing 3.6 g n—3
fatty acids/d; and 4) 900 mg garlic/d + 12 g fish oil/d.

Subjects provided overnight (12—14 h) fasting blood samples
at weeks 0, 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 analvses (see below). Blinding to the sup-
plements and their respective placebos was checked at the end
of the studv by u simple questionnaire. Side effects were
monitored throughout the study period. Two 3-d estimated
dietary records (two weekdays, one weekend day) were ob-
tained from each subject: one during the 3-wk period before
baseline (week 0). the other between week 9 and week 12 of
the study. Dietary analysis was performed on the CanWest Diet
Analysis Plus program (West Publishing Co, St Paul). Fasting

blood samples were analyzed for total cholesterol, LDL-C,
HDL-C, and triacylglycerol concentrations at all time points
between week 0 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 evacuated tubes
(Vacutainer; Becton Dickinson, Rutherford, NJ), allowed to sit
for 1 h, and then centrifuged (2500 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 triacylglycerols were > 4.6
mmol/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 that 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-signifi-
cant-difference techniques. Paired 1 tests were used for within-
group effects on difference scores from baseline. All statistical
analyses were two-tailed, with o = 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 were no signifi-
cant differences between the baseline characteristics of the
original 50 subjects and the remaining 46 subjects (data not
shown).

Dietary intakes and body weights at entry and after nutri-
tional supplementation for all subjects are shown in Table 2.
No significant differences (P > 0.05) were found in dietary
composition or body weight between treatment groups either at
baseline or after 12 wk of treatment (data not shown).

In the placebo group. mean serum total cholesterol. LDL-C.
triacviglycerol. and HDL-C were not significantly changed in
relation to baseline. Mean group tota] cholesterol concentra-
tions were significantly lower with garlic + fish otl (—12.2%)
and with garlic alone (~11.5%) by week 12 (Table 3). Sig-
nificant reductions in total cholesterol with gartic and garlic +
fish oil were seen starting at week 9. In the group taking fish oil
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TABLE 1
Baseline demographic characteristics by supplementation group’
. Placebo Garlic Fish oil Garlic + fish oil Towl

Charucteristic m=10 =17 (= 10) =13 (1 = 46)
Age (V) 454 =98 459 x 126 454 +93 46.7 = 13.1 439 = 111
Weight (kg) 85.0 = 11.3 851 =86 842+ 217 816 =119 848 = 134
BMI (kg/m”) 26.4 = 3.5 27230 268 > 6.4 269 = 35 268 = 4.1
Total cholesterol (mmol/L) 6.46 = 0.85 6.54 * 0.88 6.54 = 1.06 6.51 = 1.06 6.51 093
LDL cholesterol (mmol/L}) 432 =083 4.39 = 0.62 442088 447 = 0.96 4.39 = 0.80
HDL cholesterol (mmol/L) 1.20 = 0.34 126 = 0.22° 1.12 £ 0.34 1.13+0.19 1.18 = 0.27
Triacylglycerol (mmol/L} 1.95 = 1.63 198 = 1.10 2342176 217 = 1.54 210 *x1.47
Total cholesterol/HDL cholesterol 5.80 = 1.82° 538 = 1.29° 6.38 = 2.18 594 = 1.56 5.85 = 1.69
LDL cholesterol/HDL cholesterol 3.83 = 1.18° 3.64 = 0.90° 434 * 1.60 408 = 1.12 396 = 1.19

‘%= SD.
? Significantly different from fish oil and garlic + fish oil, P < 0.05.
? Significantly 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
concentrations were significantly raised (+8.5%) by week 3
and persisted until week 12. Significant LDL-C reductions in
both groups taking 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 (—34.3%)
and with fish oil alone (—37.3%) (Table 5). Reductions in
triacylglycerol 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 dietary intakes and body weight at entry and after
supplementation’

fish oil. In the garlic group, mean triacylglycerol 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 cholestero] to HDL-C
was significantly reduced in the garlic group (—12.5%) 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 oil group (—19.0%) with no
change (P > 0.05) in the other two groups.

Mean systolic, diastolic, and arterial blood pressures for all
subjects at entry were 120.1, 80.9. and 94.0 mm Hg, respec-
tively. By week 12, reductions of 2.44.2% (P < 005 or P <

. Entry Supplementation
Variable (week 0) (week 12) TABLE 3
Effect of nutritional supplementation on total serum cholestero]

Protein concentrations’

(% of energy) 173 0.6 169 =05

(g) 103 >4 104 = 4 Supplementation group
C“‘(’;°Zi_‘i’::gy) 00 15 02 =13 Time  Placebo Garlic Fish il Garlic + fish oil

(2) 298 > 14 307 *13 nmimol/L
Fat Week 0 6.46 = 0.26 6.54 £ 0.25 654 =034 651 =029

(% of energy) 304 1.2 309 =13 Week 3 641 = 031 6.62 = 0.29 6.59 =032 646=026

(g) 869 =53 895 =357 Week 6 6.33 = 028 633 =027 649 +0.29* 6.15 = 0.25"
Sawrated fat (g) 29924 31223 Week 9 643 =033 623 =030 667 =037 581 =022
Monounsaturated tat (g) 32420 33322 Week 12 649 = 0.31* 579 = 0.23% 651 =038 571 = 0.20%
Polyunsawrated fat (g) 16.5 = 1.1 17.3 = 11 (05 = 1.8 (=115 = 215" (=05 = 2.) (=122 = |.})**
Dietary fiber () 23615 247 =15 !§ * SE. Values with different superscript letters are significantly
Cholesterol (mg) 337> 25 348 = 24 different f ther groups at the corresponding time, P < (.03
Body weight (kg) 84.8 = 2.0 849 = 20 ' _fje; ’,"rm o rd?ff D o bosals P e 00 7P <005 P <
Alcohol (% of energy) 2.46 = 0.65 20050 o0 T erent from baseline: o o
Total intake (kJ) 9905 + 383 10196 = 338 i p

! & = SEM: # = 39 for dietary variables, n = 46 for body. weight.

* Percentage change from week O in parentheses.
% Significantly different from placebo and fish oil. P < 0.01.
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TABLE 4
Effect of nutritional supplementation on serum LDL-cholesterol
concentrations’

TABLE 6
Effect of nutritional supplementation on serum HDL-cholesterol
concentrations’

Supplement group

Time Placebo Garlic Fish oil  Garlic + fish oil

Supplement group

Time Placebo Garlic Fish oil Garlic + fish oil

mmol/L
Week 0 4322025 439018 442027 447=027
Week 3 4.19 = 0.25* 4.26 * 0.23* 475 £ 0.32% 4.68 ~ 0.29°
Week 6 4.16 = 0.27° 426 ¥ 0.27° 4.78 = 0.41% 447 = 0.28*
Week 9 4.19 = 0.28* 390 * 0.28%7 4.94 + 0437 4.19 = 0.28*
Week 12 4.26 = 0.31°  3.77 £ 024" 481 * 0407 4.06 + 0.24%7
(—1.1 228 (—14.2 * 26)*5(8.5 = 5.6)>7 (—9.5 = 3.2)*¢

mmol/L
Week 0 1.20=0.10 1262006 1.12 =027 1.13 = 0.05
Week 3 1,19 = 0.10° 136 =0.11% 122 =009 1.22>0.08%
Week 6 1.24 = 0.10° 1.34 £ 0.10° 1.20 = 0.14™? 127 = 0.07*
Week 9 1.28 = 0.11° 1.38 20.007 126 =012 1.26 + 0.08*
Week 12 1.26 = 0.11*° 1.29 = 0.08* 1.21 = 0.11**? 1.24 = 0.06*
@9 +=17° (26=32) (85447 (9.1 =307

‘% = SE. Values with different superscript letters are significantly
different from other groups at the corresponding time, P < 0.05.

235 Significantly different from baseline: 2P < 0.05, ° P < 0.001,
P <001

* Percentage change from week 0 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% of the subjects, respectively. Fish oil and oil placebo were
identified correctly by 100% and 61% 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 < 0.001) in the
fish-o0il 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).

All 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 oil Garlic + fish oil

mmol/L
Week 0 195049 198 +032 234=056 2.17 043
Week 3 2,15+ 0.79*° 2.07 = 0.51° 1.64 =043% 153 =021%
Week 6 195+ 051 1.86 =031 1.62 =0.26>  1.49 = 0.19"
Week 9 2.11 = 0.80" 2.16 * 0.54° 140 =020 1.30 = 0.18%
Week 12 1.94 = 051 1.85 = 0.37*° 146 =023 136 = 0.17™
(—0.6 = 43)" (—6.1 * 7.6)(—37.7 = 4.8)"% (=343 = 4.8)*"

' & *= SE. Values with different superscript letters are significantly
different from other groups at the corresponding time, P < 0.05.

*# Significantly different from baseline: > P < 0.001, * P < 0.05.

* Percentage change from week O in parentheses.

¥ Significantly different from placebo and garlic, P < 0.001.

‘% = SE. Values with different superscript letters are significantly
different from other groups at the corresponding time, P < 0.05.

2~ Significantly different from baseline: 2 P < 0.05,7 P < 0.01.“P <
0.001.

* Percentage change 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 efficacy 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 9-12% 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 triacylglycerol 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 may be due
to an inhibition of hepatic cholesterol biosynthesis (possibly
via inhibition of hydroxymethylglutaryl-CoA reductase) by
allicin and/or other components (16). It should also be noted
that certain garlic preparations (eg, garlic oils) do not show the
degree of cholesterol lowering seen with specific powdered
formulations (17). ’

Treatment with fish oil in this study showed a reduction in
serum fasting triacylglycerol (30-40%) consistent with that in
previous reports from hyperlipidemic humans (10). An inhibi-
tion of hepatic fatty acid synthesis by EPA and DHA and
impaired triacylglycerol synthesis (including very-low-density
lipoprotein assembly and secretion) are among some of the
mechanisms proposed for the plasma triacylglvcerol-lowering
effect of dietary fish oil (10, 18). Addition of garlic to fish oil
did not significantly change the reduction in triacylglycerol
observed with the fish-oil concentrate alone. Although our
subjects did not generally have overt hypertriglyceridemia at
entry, their mean fasting triacylglycerol values (2.1 mmol/L. or
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TABLE 7
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Effect of nutritional supplementation on fatty acid composition of serum phospholipid’

Fish o1l

Fatty acid Baseline Placebo Garlic Garlic + fish oil
. (n = 46) (n=11 or =12y (n =10 (n=13)
Ce by wi of total fanry acids
16:0 283 =0.2 27.7 = 04 27.6 = 0.4° 27.6 = 0.4 278 = 0.5
18:0 124202 11.8 =02 121 £ 03 12.6 = 0.4 129 = 0.57
18:1 11802 102 = 0.9 99 = 0.4 10.0 = 0.57 10.0 = 0.3°
18:2n—6 200 = 0.4 214 06 208 = 0.8 157 = 1.1%7 15.5 = .13
18:3n-6 0.08 = 0.01 0.13 = 0.02 0.14 = 0.03° 0.06 = 0.0¢° 0.02 = 0.0127
20:3n-6 31 =01 3.6 =027 4.1 =03 1.7 £ 027 1.8 +0.1%7
20:4n—6 (AA) 10.8 = 0.3 13.0 = 0.6° 1312077 7.2 =047 7.9 + 047
20:5n—3 (EPA) 1.2 0.1 1.0 = 0.1 0.8 = 0.1 7.5 =067 7.5 * 0.6>¢
22:6n—3 (DHA) 32x0.1 29=02 31202 7.6 = 04 7.3 + 0427
Sn-6 345+ 04 385=047 38.6 £ 05° 249 = 2% 23.7 = 2.0%¢
=n-3 59 *02 5203 52203 i6.3 > 1.8 16.8 = 1.0>
n-3:n-6 0.17 = 0.01 0.14 = 0.01 0.14 = 0.01 0.74 = 0.10° 0.69 + 0.06>*
EPA:AA 0.11 = 0.0t 0.08 = 0.01 0.06 = 0.01 1.08 = 0.14% 0.97 = 0.08>*

! & = SEM for baseline values and after 12 wk of supplementation. The four supplement groups (n = 10-13) are compared with thz baseline values
(n = 46). AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

2 Significantly different from baseline, P < 0.05.
* Significantly different from placebo, P < 0.05.
7 Significantly different from placebo and garlic, P < 0.05.

186 mg/dL) would be considered above desirable based on
some recent reports (19).

Fish-oi! 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 at week 12 for the garlic + fish oil combination). The
significant reduction in the ratios of total cholesterol to 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 (21) and fish-oil (22) supplements. In this study,
there was a small (2—4%) but significant reduction in mean
systolic. diastolic. and arterial blood pressures with all treat-
ments (garlic alone, fish oil alone. and garlic + fish oil) when
compared with placebo. All treatments produced similar reduc-
tions. although this reduction in blood pressure was achieved
within 3 wk for the groups taking fish oil (fish oil alone and
garlic + fish oil) and by 9 wk for the garlic alone group. The
moderate lowering of blood pressure with garlic may be due to
increased nitric oxide production and a more vasodilatory state
(23). whereas the EPA and DHA in fish oil may operate. at
least in part. via altered eicosanoid synthesis (24).

The fatty acid composition of serum phospholipid has been
found to reflect intake of dietary n—3 fatuy acids well (23).

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 garlic 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. 4]

We thank Margaret Berry for her help in this investigation and our
subjects for their dedication to this lengthy study.
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Dose-response effects of fish-oil supplementation

in healthy volunteers

Marion C Blonk, Henk JG Bilo, Jos JP Nauta, Corrie Popp-Snijders,

Cees Mulder, and Ab JM Donker

ABSTRACT We performed a randomized, controlled
study on the dose-response effects of daily supplementation of
1.5, 3, and 6 g of the marine fatty acids eicosapentaenoic acid
(EPA, 20:5n~3) and docosahexaenoic acid (DHA, 22:6n—3) as
their ethyl esters for 12 wk in 45 healthy normotriglyceridemic
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 < 0.001). Serum triglycer-
ides and HDL;-cholesterol concentrations showed a dose-de-
pendent reduction (p < 0.05) and HDL, cholesterol increased
(p < 0.05). Results for 3 and 6 g n—3 fatty acids were similar.
No dose-dependent effects were observed in the VLDL-, LDL-,
and total HDL-cholesterol subfractions; blood pressure; bleed-
ing time; erythrocyte deformability; or capacity of polymor-
phonuclear leukocytes to kill Staphylococcus 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-

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
areduction in serum triglyceride concentrations, with the mos
striking reductions in hypertriglyceridemic patients (4, 6, 7, 1(
15, 19-21).

Reported changes in concentrations of high-density-lipopro
tein (HDL), low-density-lipoprotein (LDL), and very-low
density-lipoprotein (VLDL) cholesterol are not consistent
Cholesterol-lowering effects were reported primarily in studie
with extreme doses of n—3 PUFAs of < 30 g/d (4, 6, 21-23)
However, the Zutphen study suggests that the consumption o
small amounts of fish (a low n—3 PUFA intake) over a lon;
period may reduce cardiovascular risk (24). Whether a higt
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 fatty
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 erythrocyte and leukocyte
function in normotriglyceridemic healthy volunteers to finc

ST

hexaenoic acid, blood pressure, lipid profile, bleeding time, vis- e appropriate dose. _

cosity of erythrocyte suspensions, leukocyte function
Subjects and methods

Introduction

o R

Subjects

. A . e

The observations in the mid-1970s by Bang et al (1) and
Dyerberg et al (2) of the low incidence of cardiovascular disease
among Greenland Eskimos led to the idea of a possible protec-

tive role of their diet, which consists predominantly of marine

fish and seal. Marine fatty fish is rich in n—3 polyunsaturated
fatty acids (PUFAs), especially eicosapentaenoic acid (EPA. 20:
Sn—3) and docosahexaenoic acid (DHA, 22:6n-3). Presum-
ably Eskimos ingest ~5-10 g n—3 fatty acids/d (3).

Growing interest in the subject has led to extensive 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. 11), a
reduced blood viscosity (12-14). and a fall in blood pressure

Forty-five healthy male volunteers aged 33.7 + 6.2 v (X = SD.
range 22-48 y) were investigated. Body weight was 77.7 = 9.3
kg and a body mass index (BMI; wt/ht?) was 23.2 % 2.0 kg/m?.
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 = 4 wk before the start until the

! From the Departments of Internal Medicine; Theory of Medicine.
Epidemiology and Biostatistics; Endocrinology: and Clinical Chemis-
try: Free University Hospital, Amsterdam.

? Supported by the Dutch Kidney Foundation (Nier Stichting Ne-
derland) grant C86.601.

* Address reprint requests to MC Blonk. Department of Internal

; (10. 15) as well as to anti-inflammatory and immunolegical Medicine, Free University Hospital. De Boelelaan 1117, 1081 HY Am-
i effects (16, 1 7). However. results from the various studies were sterdam. The Netherlands.

i inconsisient, especially regarding lipoprotein patterns. as was Received March 2. 1989,

, kS recently confirmed by Leaf and Weber (18) in a review of the Accepted for publication August 9. 1989,
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average of 7 cigarcttes/d (range 1-20 cigarettes/d). The fish
consumption before the study never exceeded one fish meal
per week. Subjects were excluded from the study when fasting
serum trigivcerides were > 2.0 mmol/L at baseline. Subjects
Lept their normal diets during the experiment and a 72-h di-
etary recall was completed in the first month of the study. The
subjects were randomly assigned to one of four groups and took
0. 3.6, or 12 capsules/d, respectively, of a marine-lipid concen-
trate (Super EPA, Pharmacaps Inc, Marlow, Buckinghamshire,
UK) for 12 wk. Each capsule provided 300 mg EPA and 200
mg DHA as their ethyl esters and ! mg vitamin E as described
in a previous study (25). This implied that daily doses of 0, 1.5,
3, and 6 g n—3 ethyl ester fatty acids (EEFAs) were adminis-
tered daily.

Measurements were performed before, at 12 wk of, and at 12
wk after supplementation. Subjects fasted overnight 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 minin
supine position and immediately after the subjects stood up.
Blood samples were used for measurement of hematologic 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.

Methods

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 (FFAs; Nefa-C test, Wako Ltd, Tokyo). Lipoprotein
fractionation was carried out by density-gradient ultracentrifu-
gation (28). Total plasma cholesterol and cholesterol content
of the fractions were analyzed with the CHOD-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, Turn-
hout, Belgium). Ervthrocyte filterability was studied with the
recently introduced St George’s Filtrometer (Cassi-Med Ltd,
Dorking, UK), which can discriminate between cell deforma-
bility and filter occlusion (30-32). An erythrocyte concentra-
tion of 10% was used for filtration. The white cell contamina-
tion in the erythrocyte suspension was < 0.1 X 10%/L and 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
um, filter diameter 13 mm, effective filtration area 0.78 cm?).
The filter-to-filter variation was < 5%. All samples were mea-
sured in duplicate. Erythrocyte deformability was expressed as
zrvthrocyte transit time,

The killing capacity of polymorphonuclear leukocytes
‘PMNLs) was measured as described in detail elsewhere (33).
Staphylococcus aureus was incubated with PMNLs at 2:1 in the

L menilg Capdsa VAN v D U e D

bacteria at 0 min
— bacteria at 30 min (or 60 min)

KC = -
¢ bacteria at 0 min

X 100%

Contro] tubes without PMNLs were included in each experi-
ment. Killing alwavs was found in the presence of PMNLs; no
killing was observed without PMNLs.

Statistics

In this paper hypotheses of the form H,: po < g3 < pe < g2
or H,: ;) = pu3 = pg = u,1 (with at least one strict inequality)
were investigated, with un denoting 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 Hy: gy = u3 = pe = u;, 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 < 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 EEFASs 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 0) 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 0].

Although nonparametric tests were used, data for each group
were summarized by means and SEMs rather 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 com-
parable 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 % 0.49 kg, X + SD). All scheduled visits
were completed. The 45 volunteers completed the study suc-
cessfully with 10, 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




122 BLONK ET AL
TABLE |
Fatty acid composition of plasma phospholipids after various doses of fish oil*
0 capsules 3 capsules 6 capsules 12 capsules rt
18:2n—-6
B 22,56 £0.77 23.05 +0.50 23.55 +0.81 21.49+0.58
F 22.86 = 0.84[0.12} 21.23+0.92 [~1.82] 20.21 +-1.40 [-3.34] 17.78 £ 0.76 [-3.71) <0.001
w 22,92 +£0.9610.36] 23.47 £0.80[0.41] 23.97 +£0.78 [0.94] 21.98 +0.60 [0.18]
18:2n—6
+20:4n—6
B 29.90 + 1.10 30.69 +£0.73 31.76 £ 0.61 2990 +0.53 ..
F 30.26 + 1.09 [0.36] 28.19 £ 0.95[{~2.50) 26.80 = 1.26 [-4.96] 2427 +0.81 [—5.63] <0.0001
w 29.92 + 1.09[0.02] 30.81 +0.69 [~0.55] 31.12+£0.73[~0.19] 29.56 £ 0.47[-0.37]
20:5n-3
B 0.67 £ 0.06 0.70 £ 0.06 0.67 +0.10 1.03+0.16
F 0.71 £0.06 [0.04) 2.20£0.27[1.50] 3.65+0.40[2.98] 4.76 £ 0.46 {3.74] <(0.0001
w 0.79 +0.1370.12] 0.80 +£0.1110.10] 0.66 £ 0.10[—0.07) 0.82 £ 0.09 [-0.23]
22:5n-3
B 0.82+0.04 0.81 +0.04 0.84 +0.04 0.82 £0.02
F 0.84 £0.03 [0.02] 1.07 £ 0.07 {0.26] 1.13+0.10[0.29] 1.29 + 0.06 [0.47) <0.0001
A\ 0.85 £ 0.05 {0.03] 0.79 + [~0.01] 0.84 £0.05[—0.01} 0.90 +0.04 [0.07}
22:6n-3
B 2.13+0.11 2.82+0.19 2.52+0.23 297+0.16
F 2.17 £0.18 [0.04] 4.00 £0.28[1.18] 4.61+0.37[2.09] 5.02 +0.20[2.05) <0.00!
w 2.24 +£0.17[0.11} 2.77+£0.22[-0.11] 2.74 + 0.16 [0.06] 2.91+£0.15[-0.13]
Total n—3
B 3.61£0.16 4,33 £0.20 4.04 +0.36 4.83 £0.31
F 3.72+£0.24[0.11] 7.25+0.54[2.92] 9.41 £0.80[5.37] 11.32 £ 0.57 [6.49] <0.0001
w 3.86 +£0.29 [0.26] 4.44 £0.34[0.07) 423 +0.28 [-0.04] 4.68 +0.26 [-0.26]
DBl
B 1.18 £0.02 1.21 £ 0.0t 1.20£0.02 1.21£0.01
F 1.16 £0.02 [-0.02] 1.29 + 0.03 [0.08} 1.33 £0.04 [0.23] 1.37 £ 0.02[0.16] <0.001
w 1.16 £0.02 [-0.02]} 1.18 £ 0.01 [~-0.03) 1.18 £0.02 {0.08] 1.19 +£0.01 [~0.02]

S cae AFfLEeri @ e

* x + SEM; change from baseline given in brackets. B, baseline; F, after 12 wk fish oil; W, 12 wk after withdrawal.
+ 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.

1 Double-bond index, mean number of double bonds per molecule fatty acid.

of = 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 total 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
triglveerides fell in a significant, dose-related manner. A sig-
nificant, dose-related increase was observed in HDL, choles-
terol. Both triglvcerides and HDL, 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;-cholesterol concen-
tration at 12 wk compared with baseline value. This contrib-
uted to the dose-dependent decrease of the HDLj-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 1o LDL (HDL:LLDL).
On the other hand, the 12-wk supplementation of n—3 EEFAs
caused marked, dose-dependent increases in HDL,:LDL and
HDL,:HDL,; comparable to the dose-response relationship for
HDL, cholesterol.

Twelve weeks afier withdrawal of treatment, triglycerides,
total HDL cholesterol, HDL, cholesterol, HDL,:LDL, and
HDL,:HDL; returned to baseline in contrast to HDL; and
VLDL cholesterol, which increased further.

No changes were observed in total plasma FFAs, blood glu-
cose, and screening tests for liver and renal function. The he-
moglobin, leukocyte, and platelet counts as well as the hemato-
crit remained unchanged. Systolic and diastolic biood pressure
after 15 min in supine position showed a tendency to decrease
in all four groups whereas no consistent alterations were re-
corded afier subjects stood up (Table 3). The bleeding time did
not change in any of the groups (Tabie 3).

Erythrocyte deformability, expressed as erythrocyte transit



TABLEZ

Plasma lipids and lipoprotcins after various doses of fish oil*

0 capsules 3 capsules 6 capsules 12 capsules p
mmol/L
Triglyceride
B 0.95 £ 0.09 1.01 £0.14 0.93 £ 0.07 1.00 £ 0.09
F 0.90+£0.10[1.2] 0.87x0.12[-11.6] 0.70 = 0.07 [-23.3] 0.78 + 0.06 [—18.5] <0.05t
w 0.88x0.11[-57) 1.00 £ 0.14 [1.6] 0.89 = 0.15[-4.5] 1.07 £0.13[7.8]
Cholesterol
B 4.67+0.25 5.07£0.33 527 +0.56 5.59+044 :
F 476 +0.23[29] 5.09 £ 0.29[0.9) 5.19 £ 0.58 [2.8) 5.66+£0.33[1.0} NSt
w 4.74 £ 0.22[2.6) 4.89+0.34 [-3.4] 496 +0.51[-54] 5.67 £0.29 [3.8]
VLDL cholesterol
B 0.32+£0.03 0.39 + 0.06 0.37 £0.05 0.39+£0.06
F 0.40 = 0.09{56.1} 0.41 £0.07[-4.0) 0.38 £0.10[13.1) 0.28 +0.04 [-6.2] NSt
w 0.44 +£0.07{51.7) 0.48 = 0.06 [36.1] 0.43£0.07[33.3] 075 +0.16[111.3)
LDL cholesterol
B 2.99+0.14 3.35+0.31 3.42£0.65 3.94 +0.40
F 294 +0.14[-1.0] 3.32x0.25[-5.0) 3.31£0.60[3.1] 3.99+0.40[2.4] NSt
w 2.87+0.15[-1.9] 3.05+0.25[~10.6] 3.21£0.48[9.1] 3.35+0.29[-5.7)
HDL,; cholesterol
B 0.47 £0.07 0.49 £ 0.06 0.41 £0.06 0.44 + 0.06
F 0.48 £ 0.08 [8.7] 0.65+0.15[31.5] 0.67 = 0.09 [56.1) 0.62 £ 0.07[48.7] <0.05¢%
w 0.42 £0.05[0.5) 0.55+0.14[7.0] 0.46 £ 0.06 [9.1] 0.48 £0.06 [14.4]
HDL,; cholesterol
B 0.86 +0.05 0.78 £0.04 0.83 +0.05 0.86 +0.04
F 0.90 + 0.04 [6.8)] 0.80 £ 0.05{4.1] 0.84 + 0.03[0.03] 0.79 £ 0.03 [-6.6] <0.05%
w 0.93+0.07[8.9] 0.80 +0.03 [4.9] 0.87 £ 0.03{3.7] 0.90 £0.03[6.2]
HDL. cholesterol
B 1.32+0.11 1.27+0.07 1.26 + 0.08 1.30 £ 0.08
F 1.38 2 0.10[6.7] 1.46 £ 0.14[14.5] 1.51+0.11[14.8]) 1.42 £ 0.07[9.8) NSt
w 1.34+0.11 {3.8) 1.39+£0.13[7.5) 1.32+0.08[2.2] 1.39+£0.07 [7.8)
HDL,:LDL
B 0.15+£0.02 0.15£0.02 0.17+£0.05 0.13+0.02
F 0.16 £0.02 (9.1} 0.23+0.07[41.7] 0.25 £ 0.04 [64.6] 0.18£0.03[51.0] <0.05%
w 0.15+0.02[3.6} 0.19+£0.05[17.2) 0.16 £ 0.03[13.5] 0.15 £0.02[30.5)
HDL,;:HDL,
B 0.52 +0.06 0.65 £0.08 0.50 £0.07 0.51 +£0.05
F 0.53+0.09[24) 0.88 £ 0.25[40.9] 0.79 £ 0.09 [62.5] 0.81 £0.11[68.6] <0.01%
w 0.45 +0.05[-2.6] 0.78 £0.27 (20.2] 0.52 £ 0.06[12.7] 0.54 £0.06 [12.5]

* X+ SEM; percent change from baseline given in brackets. B, baseline; F, after 12 wk fish oil; W, 12 wk after withdrawal.
1 Dose-response relationship tested one-tailed with the Jonckheere-Terpstra test.
1 Dose-response 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 0.7%.

The ability of leukocytes to kill S aureus reflected in the per-
centage bacteria killed in 30 and 60 min, 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
within-day 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 PUFAs 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 0il {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 (ETT), and killing capacity

(KC) of PMNLs after various doses of fish oil*

0 capsules 3 capsulies 6 capsules 12 capsules

Supine SBP (mmHg)

B 1203 1.6 119.3 £2.6 118.2 +£2.7 - 1211 +1.8

F 1169 +2.4 [-2.7] 118.5 +£3.3 [-0.7] . 117.2 £2.6 [-0.8] 1190 £1.8 [-1.7)
w 120.9 +£2.5 [0.5] 119.9 £2.0 [0.9] 1184 +2.9 [0.2] 1214 +£2.5 [0.3]
Supine DBP (mmHg)

B 713 2.1 73.8 +3.0 722 +1.8 756 £1.8

F 69.5 £2.7 [-24] 67.6 +4.4 [-8.2] 716 +2.1 [-04] 73.6 1.8 [-2.0]
w 734 +1.8 [34] 70.6 +£3.7 [~-3.8] 723 +24 [0.3] 704 19 [-6.6]
Standing SBP (mmHg)

B 118.1 £2.7 1195 +£29 115.5 £3.0 120.8 £1.9

F 118.1 x£3.0 [0.2} 1221 +£2.6 [2.3] 1154 £2.3 [0.2) 118.2 £2.0 [-2.1]
w 118.4 £2.8 [04] 123.5 1.5 [3.6] 117.1 £2.8 [1.7] 121.2 £2.7 [0.3]
Standing DBP (mmHg)

B 828 +2.1 79.7 £2.2 78.7 14 846 +19

F 81.1 £23 [-1.7] 816 £30 [24] 80.9 +1.1 [3.1] 836 +19 [-0.9]
w 819 +2.8 [-1.0] 80.6 3.0 [1.3] 81.1 +1.3 [3.3] 84.1 +£2.2 [04]
BT (min)

B 3.8 +0.55 44 +0.38 3.6 £0.50 29 +£0.30

F 3.7 +£0.54[13.8] 4.1 £0.73[-10.9] 2.7 £0.52[-19.0} 2.7 £0.30{-3.2}
ETT

B 8.75 £ 0.09 8.57+0.10 8.79 +0.11 8.66 +0.10

F 8.92+0.11]2.1] 8.77 + 0.08 [2.5] 8.95 £0.09[1.9) 8.84 +0.13[2.2]
KC at 30 min (%)

B — — —_ —

F 31.3 £5.7 [-14.5] 28.1 +=5.5 [-14.7) 314 +4.6 [34.3) 313 +£3.6 [-8.4)
w 334 4.1 40.6 +£5.7 273 £3.2 357 £3.0
KC at 60 min 