
Nlcotine and carbon monoxide intake from high- and 
low-yield cigarettes 

We measured daily nicotine intake in I 1 habitual smokers who smoked their usual brand or 
commercial high-yield (Federal Trade Commission [ F l C ]  yield I .2 mg nicotine, 16 mg tar) or 

low-yield (0.4 mg nicotine. 5 mg tar) cigarettes. Daily nicotine intake was measured from 
metabolic clearance data in conjunction with blood and urinary concentrations of nicotine 
during 24-hr smoking periods. On the average, subjects consumed 35 mg nicotine while 
smoking their usual cigarettes and 26 mg while smoking either high- or low-yield commercial 
cigarettes dizerent from their usual brand. This Lvel of nicotine consumption from low-yield 
cigarettes was because smokers obtained 60% more nicotine per cigarette than predicted by 
FTC yield and they smoked 25% more cigarettes a aby. Although there was considerabk 
variabiliry in nicotine intake between subjects, &re was a correlation within subjects between 
intake whilt smoking their usual brand and expHmental cigarettes. Nicotine intake between tht 
two commerical high- or low-yield cigarems also correlated ( r  0.86). These /indings are 
consistent with a minimal level of acccpmbb daily intake of nicotine for individuals that is 
related to usual intake. We suggest tha~ our protocol provides a kner quantitative estimate of 
the yield of direrent cigarette brands and potential health hazards than those currently provided 
by the FT%. 
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Medical Service. San Francisco General Hospital Medical Center, a d  Department of Medicine 
and b n g k y  Porter Psychiatric Institute. University of California, San Francisco 

People who an unable to stop smoking m 
0th advised to switch to cigarettes that yield 
kss nicotine and tar, on the assumption that 
low-yield cigarettes are less hazardous. The 
yield of American cigarettes is taken from n- 

sub of United States Federal Trade Commis- 
siaa (FK) smoking machine tests.s It is well 
W w n  that people do not smoke cigarettes like 
mlchines and that their intake of nicotine and 
otlhet combustion products of tobacco differs 
considerably from yields pdicted by smoking 
machines. The most direct way to assess rela- 
tive hazards of different brands of cigarettes is 
to melrsun the smdcer's intake of tobacco 
s@okc constituents, We recently described a 
mtthod for determining daily nicotine intake, a 
mctbod similar to hat  wed in drug bioavd- 
ability sndies.' Metabolic cleannce of nicotine 
is determined after inarvenous injection; data 
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Table I. Nicotine, carbon monoxide, ond r a r  yields of cigorerres as derermined by the FTC 

Brand 

‘1 ! 

~- ~~~ ~~ ~ 

FTC swking machine yield 

Nicotine (mg) Carbm monoxide (mg) Tar tmg) 

arc then used in conjunction with blood and 
urinary nicotine concentrations during a 24-hr 
smoking period to estimate 24-hr nicotine 
intake. Concentrations of carboxyhemoglobin 

used to estimate daily carbon monoxide intake. 
With these methods, we studied nicotine 

and carbon monoxide intake in smokers who 
switched from their usual brand of cigarettes to 
popular commercial brands of cigarettes in the 
high- ( 15 mg) and low- (5 mg) tar classes. We 
asked the following questions: Is then any dif- 
ference in nicotine and carbon monoxide intake 
while smoking high- and low-yield commercial 
cigarettes? If there is regulation of nicotine in- 
take, how is it accomplished-how much com- 
pensation occurs by smoking a different number 
of cigarettes and how much by adjusting 
nicotine intake per cigarette? 

(COHb) during the 24-ht Smoking period 

Mahod. 
Our subjects werc six men and five women 

22 to 55 yr old (30 2 10; x’ 2 SD). All wen 
habitual cigarette smoken who smoked at least 
one pack a day (E = 28 h 7 cigmttes; range 
20 to 40 cigarettes a day) of medium- to high- 
yield cigarettes and had smoked for ao average 
of 13.5 yr (range 6 to 40 yr). Subjects wen 
hospitalized in the General Clinical Research 
Center at SM Francis00 General Hospital Medi- 
cal Center. They ate a normal diet, except bev- 
erages with caffeine and alcohol were prohi- 
bited. 

On the second hospital day after overnight 
abstinence from smoking, nicotine was infused 
intravenously for determination of metabolic 
clearance. Subjects wen then studied in three 
experimental smoking blocks. For the first 
block (2 days), subjects smoked their own 

. 

. 

brand of cigarettes as desired. In each of the 
next two blocks (four days each), subjects 
smoked either Camel (R. J. Reynolds) filter (85 
m) ot True (Larillad) filter (65 mm) ciga- 
rettes. ’hmc cigarettes were chosen as popular 
cigarems in the 15- and 5-mg tar classes. 
Cigarettes were purchased from local supermar- 
kets. The order of smoking high- and low-yield 
cigarettps was balanced and was similar for men 
and woinen. FTC yields of subjects’ own brand, 
Camel, land TNC cigarettes arc shown in Table I. 
All cigarette butts wen collectad. Grams of to- 
bacco stnoked were estimated by subtracting the 
weight of all butts from the weight of a compa- 
rable number of unburned cigarettes. This mea- 
sure w4s considered important because True 
cigarettes contain less tobacco than Camel or the 
usual btand cigarettes (True, 0.63 gm; Camel, 
0.81 gld; usual brand, 0.80 2 0.08 gm). Urine 
was collected every 24 hr for measurement of 
daily Nicotine excretion. A circadian blood 
sampli~$ study was performed on the last day of 
each snloking block. Nicotine was infused after 
ovemigbt abstinence from smoking.‘ !-Nicotine 
bitartras, 1.5 p g  base/kg/min, was infused for 
60 min, Blood samples wen collected at fre- 
quent ilrtuvals and urine was collected for 5 hr 
after th6 end of the infusion. 

On smking days, subjects wen given three 
or four packs of their usual brand of cigarettes 
each mbming  MI^ wen instructed to smoke 
them in any manner they wished. On the day of 
blood sampling, an indwelling butterfly catheter 
was insdrted in a forearm vein for collection of 
blood far nicotine, cotinine, and COHb coacen- 

lcctcd every 2 hr from 8 A.M. to midnight and 
then at 4 and 8 A.M. the next day. Blood sam- 
pling was independent of when subjects smoked 

detenniartioa~. B l d  W p k S  wen -1- 
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their last cigantte. To assess the effect of blood 
collection on smoking behavior, counts of the 
number of cigarettes srndtcd and UnrIary excm 
tion of nicotine on the day before sampling w e n  
compared with those measured on the day of 
circadian blood sampling. Concentrations of 
nicotine and cotinine in blood and urine were 
measured by GLC with a nitrogen-phosphorus 
&tector.* COHb was measwed with an In- 
strumentation Laboratories Model 280 C o a x -  
imcter. On the fourth day of smoking Camel or 
True cigarettes, subjects w e n  ‘given a qucs- 
t i o ~ a i n  (adapted fmm Adpms‘) that i n q u i d  
about the characteristics of the cigarette. 

Computations of nnal and nonrenal clear- 
ance of nicotine, AUC, and daily consumption 
of nicotine have been described.‘ Differences 
between experimental blocks and days within 
blocks wen analyzed by repeated mtasuns 
analysis of variance considering effects of sex 
and order of treatment. Significant differences 
were assumed when P < 0.05. 

Rowltr 
There were no significant differences in 

number of cigarem smoked on the blood 
sampling day and the nonsampling day (mea- 
sured day befon tfie day of blood sampling). 
Average blood concentrations of nicotine and 
COHb at various times of the dry for all sub- 
jects in different experimental  adit it ions are 
shown in Fig. 1. Blood w ~ h a t i o m  of nico- 
tine analyzed as AUC were higbcr while smok- 
ing the usual brand cigulettcs (478 2 155 ng - 
ml’l hr) than when smoking Camel rad True 
cigpnttes (349 -e 158 lad 336 2 115 ng * 

ml-l - hr). True rrd -1 cigulcaer did not 
diffet from each other, both differed from the 
wurl bnnd cigarettes. COHb levels tended to 
be higher while ~ubjects smoked Camel ciga- 
rem but wen ?he same while smking the 
usual brand or T w  cigarettes. 

On average, subjects nceivcd 35 mg nicotine 
a day while smoking their own cigarettes md 26 
mg a day while smoking Tnre or Camel ciga- 
nm (Fig. 2, A).  Rank order of nicotine intake 
comparing brands across subjects was similar 
(cornlation coefficients: Cam1 md Tm. 
c = 0.86, usual brand and Camel, r = 0.55; 
usual brand andTrue, r = 0.81; all P C 0.05). 

5 t  
0 1, 1 1 1 
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Flg. 1. Mean blood nicotine .nd COHb concantra- 
tiom duoughout tbc day while smkbg  usual W, 
Camcl, or True cigarettes. 

Subjects smoked mn cigprettu a day whik 
smoking True cigmttes (39 fr 10) but smoked 
the number of their usual brand (29 k 7) 
and of Coml (30 2 10) cigmaes. Although 
sutwjdca smoked more T N ~  cigucttes, the 
amount of tobacco burned per day did not differ 
bewen brands (18.5 2 4.7, 18.2 2 6.8, and 
19.1 f 6.6 gm a day for usual brand. Camel, 
and True ciguenes). This is consistent with the 
faat that True contained less tobacco per 
cigmttc, so that although subjects smoked 
more T N ~  cigarettes, smokers were in fact 

Estimated nicotine intake per cigarette was 
hilghsrt for the usual brad (R = 1.2 t 0.2 
ag), next h w t  for Cam1 (0.9 2 0.4 mg), 

smoking the SUlLt amount of robacco. 
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Flg. 2. Daily intake of nicotine ( A )  md rvenge nicotine intake per c igF t t e  ( B )  while smoking 
usual brand, Camel. oc True ciguettcs. Srippfed uta indicate 8VengC (x )  values. 

and lowest for T N ~  (0.7 2 0.3 mg) cigarettes 

per gram of tobacco burned was grater for the 
usual brand ( I  .9 2 0.5 mg/gm) than for Camel 
(1.5 -c 0.6 mg/gm) and True (1.4 f 0.6 mg/ 
gcn) cigarettes. Comparing tbe ntio of nic- 
otine intake to FIY: yield, smokers smoked 
True ciganttes most efficiently ( d o  1.61 2 
0.70). their usual brand next most efficiently 

el cigarettes (0.76 f 0.33). 

measured vrriabks. although wown tended to 
coasumc ICSS nicotine a b y  (ovem~ x’: women, 
23.4 2 11.6 mg/day; mea, 34.1 2 10.7 mg/ 
day) and less nicotine per c i p t t e  (0.82 2 
0.35 rad 1.03 2 0.37 mg/cigarette). Then was 
110 difference in AUC between the sexes, be- 
cause women on the average metabolize nico- 
tine more slowly than do men,“ which results in 
higher average blood concentrations of nicOtiae 
in women at any given intake level. ~iderc~xs 
in daily intake of nicotine between usual and 
txpuimnt l l  bnadr w e n  greater for womn 
than for men, which suggesb that men may 
ngulate nicotine intake more efftciently thn 
women. 

Subjects reported differences between Cunei 
and True cigarettes in smngth, satisfaction, and 

(Fig. 2, B ) .  The quantity of nicotine consumtd 

(1.11 -c 0.27),dtendbdtourKknmdreCun- 

There W e n  11O SCX diffe-8 h my Of the 

I ovedl  quality. Camel cigarettes. which w e n  
similar in pIy3-detennined yield of nicotine and 
tar to the usual brand cigarettes of most sub- 
jects, wect rated “about right” in mngth, 
whereas True cigmttes w e n  rated “too mild.” 
Cum1 cigarettes wen rated from “sufficiently 
satisfying” to “very satisfying,” whenas Tnre 
ciguetks wem rated “slightly satisfying” to 
“fairly satisfying.” The overall quality of 
Camel cigarettes was rated “fair” to “good,” 
whereas the quality of True cigarettes was rated 
“poor. ” Camel cigulettes wen rated “not quite 
M good” to “about the same” d True ciga- 
rettes wen rated “not neatly as good” as the 
usual brand cigarettes. 

I 
I 

I 

Dlrcudon 
We found that our subjects maintained the 

spmc blood level of nicotine and carbon monox- 
ide whik they were smoking popular high- and 
low-yield commercial cigarettes, despite the 
fact that the low-yield cigarettes were ratad 
as being of much poorer quality than dre usu- 
ai bnnd cigarettes. Consumption of desired 
aioodae dose WII mmplisbsd pimui ly  by 
okrinhrg 604b m ~ n  nicotine pet low-yield 
c i g ~ ~ t t e  thaa tbe yield pndictbd by FTC SI&- 
ing machine assays. High-yield cigarettes were 
smokal less efficiently; intake WM 769b of 
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that predicted. Also, mon (25%) of the low- 
yield cigarettes were smoked a day. It is 
noteworthy that although more low-yield 
cigarettes were smoked a day, the same total 
weight of tobacco of all branhs was smoked. As 
we have then is no differrnce in per- 
cent nicotine per gram tobacco in these brands, 
so it is not surprising that smoking the same 
weight of tobacco results in the same nicotine 
&livery. 

Subjects' higher nicotine levels while smok- 
ing the usual brand of cigamttes may relate ia 
part to the pleasure of smoking a cigarette with 
which one is familiar and enjoys and in part to 
maintaining n particular ni& blood kvel. 
Stbet brands were judged not as pleasurable 
and wen smoked in such a way that the nicotine 

ing their usual brand cigarettes. The findings 
that nicotine intake while smoking the usual 
brand of cigarettes cumlatad strongly with that 
from high- or low-yield brands withii subjects 
and that intake levels were the same for hi@- 
and low-yield cigarettes suggest that each indi- 
vidual has his or her own rcceptable lower W t  
for nicotine. We speculate that intake below this 
level might be associated with manifestations of 
nicotine abstinence. 

Others have reported that smokers studied in 
the laboratory smoke more low-yield cigarettes 
than their usual brand, purr more aaply, and 
inhale more often.'. a Longer-term studies of 
switching to low-yield brands have generally 
indicated that smokers maintain nicotine and 
carbon monoxide at higbcr levels &an hose 

tigaton report ilrcomplete compensation whik 

differs from others in that we have more d h t l y  
determined daily intake of aicotiae and aarbon 
monoxide. Importaat methodologic issues in 
our study w e n  that tbe subjects wen sndied in 
a bospital and dut the smokers smoked different 
brands for only 4 days. The finding tbat cotinbe 
concentratioas in seven subjects in whom we had 
the data were of the same order on the day of 
admission and on the day of the circadian study 
while smoking heir own cigarettes supparts the 
assumption that the hospital environment did not 
affect nicotine intake. This is also supported by 

blood level w l l ~  about 70% Of tha whik s ~ o & -  

predicted by -hi yields, but most ~ V C S -  

smoking low-yield ciguettes." Our study 

the finding that the number of their own brand of 
cigarettes smoked a day in the hospital was of the 
same order as that reported by subjects as their 
usual cigarette consumption outside the hospital. 
We cannot exclude the possibility that sub- 
sequent hospitalization influenced smoking be- 
havior, but we do know there was no significant 
order effect for high-low comparisons. 

Whether nicotine and carbon ~ O O O X ~ ~ C  in- 
take measured after 4 days of smoking a new 
brand is maintained at the same level when that 
brand is continued longer in a m a  naturaJ en- 
vironment needs further shdy. It is also impor- 
tant to th.t OUT Sub- WCC~ M>t try- 
ing to quit smoking. It is possible that p p l e  
who an motivated to stop smoking, unlike our 
present subjects, w d d  bc lais likely to smoke 
the low-yield cigattcs more often or more in- 
tensively than tbe high-yield cigannes. How- 
ever, we believe that tht cornpariaon between 
high- and low-yield cigarette4 is valid in the 
assessment of relative nicotine and carbon 
monoxide intake for the general population of 
habitual smokers. 

We studied only one brand of low-yield 
cigarettes that was in the 5-mg tar class. Thcrc 
is ttcent evidence that tbe smoking of ultra- 
low-yield cigarettes in the l-mg tar class msults 
in nduccd nicotine intake, although much less 
than that predicted by the FTC.' 

In summary, our study indicates that smokers 
consume as much nicotine aml carbon mon- 
oxide from low- as from high-yield commercial 
cigarettes and that this compensation occurs 
primarily from smoking low-yield cigarettes 
more efficiently than predicted by the FTC 
~ m ~ L i a g  ma~hinc Tbe~e data ~ 0 0 s i s -  
tent wid! our recent report that nicotine intake as 
estimated by blood concentration of cotinine 
was no different in a cross-sectional sample of 
people who smoked FTCdetermiaed low-yield 
compared to high-yield cigaret!aS We suggest 
that our mthod pavides a better quantitative 
estimate of yields of different cigarette brands 
aDd rssociatad bealth hazards rhan h s e  CUT- 
rently provided by the FTC a m y .  

We acknowledge Beverly Busr rad Chin hvaoa- 
pridi for tcchaiul assistance rad Richud Cohen for 
strtisticd Irulyres. 
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