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Abstract

Background. Identifying factors that affect cotinine levels in smokers may be useful for smoking cessation programs. Our aims were to
characterize the distribution of salivary cotinine levelsin Chinese smokers and to investigate factors that influence cotinine concentrations.

Methods. In across-sectional study, 600 Chinese adult smokers answered a questionnaire on smoking habits and provided a saliva sample
for cotinine analysis. Modification of the relation between number of cigarettes smoked and cotinine concentration by individual
characteristics, smoking behavior, and type of tobacco was evauated.

Results. Quadratic model provided the best fit for the relation between number of cigarettes smoked in the previous 24 hours and salivary
cotinine concentration. Among those smoking up to 20 cigarettes, the median cotinine concentration was higher among younger subjects,
those smoking cigarettes without filter and regular rather than light cigarettes, and those inhaling frequently and deeply. Such trends were
not observed among heavier smokers. The increase in cotinine per cigarette tended to be larger in those with lower median cotinine level.

Conclusions. Our findings show that smoking behavior-related factors modify the relation between number of cigarettes smoked and
salivary cotinine concentration. This suggests that smokers may regulate their smoking behavior to achieve a certain optimum nicotine level.
© 2003 American Health Foundation and Elsevier Science (USA). All rights reserved.
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Introduction nicotine[1,2]. Cotinineisreadily detectable in smokerswith
. ) adistribution of levels quite distinct from that of nonsmok-
There are now about 1.1 billion smokers in the world, ers. Earlier studies have shown different mean salivary and

using diverse tobacco products. Nicotine addiction is central
in the maintenance of sustained smoking, but little is known
about nicotine delivery and dose in smokers around the
world. Measurement of cotinine, the major proximate me-
tabolite of nicotine, in smokers can provide a characteriza-
tion of nicotine dose received by a population.

Cotinine can be measured in body fluids, such as plasma,
sdliva, and urine, as a biomarker of inhaled or ingested

serum concentrations of cotinine among U.S. smokers of
different ethnic backgrounds including Hispanics, blacks,
and whites [3-5]. These differences may reflect differences
in smoking behavior, types of cigarettes smoked, and/or
nicotine metabolism between smokers of different ethnic
groups [5-9]. The roles of smoking behavior and product
characteristics in modifying cotinine concentrations are not
yet well understood.

_ o _ _ Since nicotine is the major addictive substance in ciga-
Top;ﬁir;ﬁ;”ud' " a;JX‘,°r'F.Lh_%§'ZEB'T.g”§,§L“ﬁe ‘F’ifnﬁ%”,p?;‘;:”a" g}gg'_tg_' rette smoke, cotinine levels of body fluids, as an indicator of
47472493, nicotine dose, may prove to be important predictors of
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cotinine levels in body fluids may provide useful informa-
tion for planning of smoking cessation programs, and for
determining the appropriate dosage for nicotine replacement
therapy. In addition, the intake of nicotine can be taken asa
surrogate for exposure to tar and other toxic substances in
tobacco smoke and may thus be predictive of the adverse
health effects of smoking [9].

In China, the proportion of active smokersis high among
men and low among women. In the National Smoking
Prevalence Survey conducted in Chinain 1996, 63% of men
and 4% of women were current smokers [10]. The distri-
bution of cotinine levels in the Chinese smoking population
has not been studied previously.

The aims of the present study were to characterize the
distribution of salivary cotinine levels in Chinese smokers
from Beijing and Shanghai, and to investigate factors that
influence salivary cotinine levels in smokers. In addition,
this study forms the first part of a multicountry study that
will compare the relation of the number of cigarettes
smoked with salivary cotinine concentration across different
national groups, including China, Mexico, and Brazil.

Methods
Sudy design

A cross-sectiona study was conducted among adults in
Beijing and Shanghai, China, with interviews and saliva
specimen collection taking place between January and
March 1999. The Human Research Committees of the Johns
Hopkins School of Public Health and the Chinese Academy
of Preventive Medicine approved the study.

Sudy population

The study sample included 600 Chinese adult smokers
15 years or older who were residents in the cities of Beijing
and Shanghai (300 subjectsin each city). Trained interview-
ers from the Chinese Academy of Preventive Medicine
contacted adult subjects who had participated in previous
studies performed by the Chinese Academy of Preventive
Medicine. It was confirmed that the person was a regular
smoker (i.e., smoked at least one cigarette per day) and had
not used any form of nicotine replacement therapy within
the last 3 days. Subjects fulfilling these requirements were
asked to participate in the study. They received information
on the study and were asked to sign a consent form. They
were first requested to answer a 52-item interviewer-admin-
istered survey questionnaire on smoking habits and attitudes
toward smoking used in a previous study of adult smokers,
and they then answered a short questionnaire including
additional questions on smoking habits and provided a sa-
liva specimen.

Of the 600 self-reported smokers participating in the
study, only 20 participants (3.3%) were women, while two

(0.3%) had missing gender information. Only four partici-
pants (0.7%) were cigar or pipe smokers. In addition, one
smoker reported use of nicotine gum (0.2%). These subjects
were excluded from further analyses. Altogether 63 subjects
(10.5%) had salivary cotinine levelsthat were nondetectable
(n = 22) or below the quantification limit of 10 ng/ml (n =
41). Since these subjects had cotinine levels below the
cut-off point for regular active smoking [11], they were
excluded from the analysis. Finally, seven persons with
outlying values (1.2%) mentioned in the statistical analyses
section were excluded. Some of these groups overlapped, so
altogether 90 subjects were excluded. Thus, the final study
population consisted of 510 male cigarette smokers.

Measurement methods

Questionnaire

Information on the following items was obtained by the
guestionnaires. demographic data, the number of cigarettes
smoked daily on average, the number of cigarettes smoked
during the previous 24 hours and 48 hours, the duration of
smoking, the brand of the cigarettes smoked most often, the
brands of the cigarettes smoked during the survey day and
the previous day, frequency of smoking cigarettes with filter
tips, the depth and frequency of inhaling, smoking of cigars
or pipe, and use of nicotine gum or patches in the previous
3 days. Standardized questions based on the American Tho-
racic Society’s (ATS) adult respiratory questionnaire were
used when appropriate [12].

Salivary cotinine

The subjects were asked to rinse their mouth and chew a
lemon candy. They were asked to first spit out a small
amount of saliva, and then to spit approximately 6 ml in a
test tube [13]. The specimen was frozen to —20°C and then
shipped for cotinine analysisto the University of California,
San Francisco. The cotinine concentration was determined
by using gas chromatography with a nitrogen-phosphorus
detection technique, as described earlier [14].

Height and weight

Height was measured in centimeters by using a tape
mounted on the wall. Participants were asked to remove
their shoes. Weight was measured in kilograms with a
portable scale. The portable scales were calibrated every
day with a standard scale before recording the weight of the
participants.

Data analysis

Outcome
The outcome of interest was salivary cotinine concentra-
tion.

Exposure
Nicotine is very specific for tobacco and thus tobacco
was considered to be the only relevant source of salivary
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cotinine in active smokers. The half-life of cotinine is on
average 17 hours [2], so the number of cigarettes smoked
during the previous 24 hours was chosen as the determinant
of interest.

Modifiers

The relation between cigarette smoking and salivary co-
tinine may be modified by factors related to uptake and
metabolism of nicotine. The following factors were consid-
ered as potential modifiers of the relation of interest: smok-
ing behavior, i.e., frequency and depth of inhaling smoke,
and butt length to which the cigarette is smoked; type of
tobacco, i.e., smoking of light or regular cigarettes and use
of filter tips; and individual characteristics, i.e., age and
body mass index (BMI; weight/height® in kg/m?).

Satistical analyses

Salivary cotinine concentration was plotted in relation to
the number of cigarettes smoked in the previous 24 hours.
The SPSS datigtical package (SPSS 10.0 for windows, SPSS
Inc., Chicago, IL, USA) was used for fitting curves of linear
and quadratic models. A spline model with a knot at 20
cigarettes/24 hours was fit to the data as well. Five subjects
had exceptionally high salivary cotinine concentration in
relation to a low reported number of cigarettes smoked and
two subjects had exceptionally low cotinine in relation to a
high reported number of cigarettes smoked. Their data were
checked and there were no data entry mistakes and the
cotinine concentrations were of similar magnitude in dupli-
cate analyses, so these subjects were excluded from the final
data analysis as outliers. Log transformation of cotinine
concentration or log transformation of the number of ciga-
rettes did not improve the fit of the data, so untransformed
cotinine was used as the outcome in the final analyses to
alow conceptually easier understanding of the results.

The median and 25th and 75th percentiles of salivary
cotinine concentrations were computed for different catego-
ries of potential modifiers to explore trends. This was done
stratified by the number of cigarettes smoked, since the
smoking rate and other dimensions of smoking habits are
likely to be correlated. To assess potential modifying effect
by the factors mentioned earlier, the relation between the
number of cigarettes smoked and salivary cotinine concen-
tration was analyzed in linear regression analysis stratifying
by the categories of the modifier of interest. Finally, statis-
tical significance of potential modification was tested in
linear regression analysis by including in the model smok-
ing in the previous 24 hours, the modifier of interest, and an
interaction term between the modifier of interest and the
number of cigarettes smoked in the previous 24 hours. In
these analyses, the modifiers were categorized as follows:
age, 15-54 years or 55-89 years; type of cigarettes, light or
regular; use of filter tip, cigarettes with or without filter tip;
frequency of inhaling, never or at least sometimes; depth of
inhaling, never or at least lightly; cigarette butt length, <1
cm or >1 cm; BMI, =21.15 or >21.15. Since duration of

smoking did not show any meaningful trend, it was not
tested statistically. Data analyses were carried out by using
the SAS System Version Eight for Windows (SAS Institute
Inc., Cary, NC, USA).

Results

Characteristics and salivary cotinine concentrations of
the study population

The distribution of individual characteristics, smoking
behavior, and tobacco product characteristics are presented
in Table 1 for the total population of 600 subjects and for
the final study population of 510 subjects, al cigarette-
smoking men. The distributions of most of the characteris-
tics were essentially similar in the study population and in
thetotal population. The number of cigarettes smoked daily
was dlightly higher in the study population. The median
number of cigarettes smoked in the previous 24 hours was
20 cigarettes. The cumulative distribution of salivary coti-
nine concentration is shown in Fig. 1.

The relation between the number of cigarettes smoked
and salivary cotinine concentration

In a simple linear regression model, cotinine concentra-
tion was estimated to increase on average by 5.5 ng/ml for
each cigarette smoked in the previous 24 hours (95% con-
fidence interval 4.0, 6.9 ng/ml, R? = 0.09) (Table 2). The
spline model showed that for those who smoked 20 ciga-
rettes or less/24 hours, salivary cotinine increased on aver-
age by 7.3 ng/ml for each cigarette (95% CI 5.2, 9.5 ng/ml).
This relationship weakened dramatically among those
smoking more than 20 cigarettes. Quadratic model provided
the best fit to the data (R* = 0.11). Fig. 2a and b show
salivary cotinine concentration in relation to the number of
cigarettes smoked during the previous 24 hours. Fig. 2a
presents fitting of a linear model, showing that the relation
between the number of cigarettes smoked and cotinine fits
well alinear assumption. Fig. 2b presents fitting of a qua-
dratic model, showing that a convex model seems to fit the
data best.

Madification of the relation between the number of
cigarettes smoked and cotinine concentration

Table 3 presents the median salivary cotinine concentra-
tion in categories of modifiers of interest stratified by the
number of cigarettes smoked in the previous 24 hours. The
median cotinine concentration tended to be higher among
the younger age groups. The highest cotinine concentrations
were observed among subjects with the lowest BMI, a-
though no clear trends were seen from the heaviest to the
lightest subjects. Among those who had smoked up to 20
cigarettes, the cotinine concentration increased with in-



Table 1
Characteristics of the total population participating and the study population of the present analyses

Characteristic All participants (n = 600) Study population® (n = 510)
N2 % NS %
Individual characteristics
Gender
Mae 578 96.7 510 100.0
Female 20 33 — —
Age (in years)
15-34 131 21.9 110 21.6
35-54 400 66.9 344 67.6
55-89 67 11.2 55 10.8
BMI4
=21.15 149 25.0 126 24.9
21.16-23.14 140 235 126 24.9
23.15-25.34 156 26.2 127 25.0
25.35 151 25.3 128 25.2

Type of tobacco and smoking rate
Type of tobacco

Cigarettes w/o filter tip 21 35 20 39
Cigarettes with filter tip 566 95.0 483 95.1
Cigars 3 05 — —
Pipe 1 0.2 — —
Other 5 0.8 5 1.0
Type of cigarettes
Light 154 25.9 119 235
Regular 437 73.4 383 75.7
Hand-rolled 4 0.7 4 0.8
No. of cigarettes smoked in the previous 24 hours
1-10 193 323 133 26.1
11-20 315 52.8 297 58.2
21-30 68 114 62 12.2
31+ 21 35 18 35
No. of cigarettes smoked daily on average
1-10 213 35.8 150 29.5
11-20 316 53.1 299 58.9
21-30 52 8.7 48 9.4
31+ 14 24 11 22
Smoking habits
Frequency of inhaling
Never 152 25.4 114 22.4
Less than 1/2 of the time 149 24.9 134 26.4
About 1/2 of the time 168 28.1 144 28.4
More than 1/2 of the time 51 85 a7 9.2
Always 78 131 69 13.6
Depth of inhaling
Never 135 22.6 103 20.3
Lightly 200 335 169 333
Moderately 208 3438 188 371
Deeply 54 9.1 47 9.3
Butt length (cm)
=05 180 30.0 159 31.2
051 233 38.8 200 39.2
1.1-15 66 11.0 56 11.0
1.6+ 121 20.2 95 18.6
Duration of smoking (years)
1-10 115 211 91 194
11-20 152 27.9 142 30.2
21+ 278 51.0 237 50.4

1 The following subjects were excluded: those using nicotine replacement therapy (n = 1), women (n = 20), and those with missing gender information
(n = 2), those smoking cigars or pipe (n = 4), those with cotinine concentration under 10 ng/ml (n = 63), and seven outliers. Some of these groups were
overlapping, so atogether 90 subjects were excluded from the final analyses.

2 Information was missing: gender in 2 subjects, age in 2 subjects, BMI in 4 subjects, type of tobacco in 4 subjects, type of cigarettes in 5 subjects, no.
of cigarettes smoked in the previous 24 hours in 3 subjects, no. of cigarettes smoked daily on average in 5 subjects, frequency of inhaling in 2 subjects, depth
of inhaling in 3 subjects, duration of smoking in 55 subjects.

3 Information was missing: agein 1 subject, BMI in 3 subjects, type of tobacco in 2 subjects, type of cigarettesin 4 subjects, no. of cigarettes smoked daily
on average in 2 subjects, frequency of inhaling in 2 subjects, depth of inhaling in 3 subjects, duration of smoking in 40 subjects.

4BMI = body mass index (= weight/height? in kg/m?).
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Fig. 1. The cumulative distribution of saivary cotinine concentration
among 510 Chinese male smokers. X-axis shows the cotinine concentration
in ng/ml and Y -axis shows the cumulative count.

creasing frequency of inhaling as well as with deeper inhal-
ing of smoke, while no clear trend could be observed among
those who had smoked more than 20 cigarettes. An increas-
ing cotinine concentration with a decreasing cigarette butt
length was observed only in the lightest smoking cate-
gory. Consistent trends were not observed for duration of
smoking. In regard to the type of tobacco, the median cotinine
concentration increased with smoking of regular cigarettes
compared to light cigarettes and with smoking cigarettes with-
out filter tip compared to cigarettes with filter tip. These trends
were seen clearly among those who had smoked up to 20
cigarettes, while the picture was less clear among heavier
smokers.

The results of linear regression analysis of the relation
between the number of cigarettes smoked and salivary
cotinine concentration stratified by the levels of modifiers
of interest are shown in Table 4. The average increase in
cotinine concentration per one cigarette smoked was
larger in young smokers than in old smokers, among
those with the lowest BMI, in those leaving a long cig-
arette butt than in those leaving a small butt, in those
never inhaling than in those inhaling frequently and
deeply, in those smoking light cigarettes than in those
smoking regular cigarettes, and in those smoking ciga-
rettes with filter tip than in those smoking cigarettes
without filter tip. Statistical significance (P < 0.05) was
reached by modification by the frequency of inhaling and
by cigarette butt length, and borderline significant (P =
0.06) modification was observed by age.

Discussion

This study evaluated the relation between the number of
cigarettes smoked in the previous 24 hours and salivary
cotinine concentration in a sample of Chinese adults from
Beijing and Shanghai. Cotinine concentration as a function
of the number of cigarettes smoked fitted well a linear
model for the purposes of our analyses. However, the best
fit to the data was a convex relation with flattening of the
change in cotinine at about 20—30 cigarettes. This form of
the curve suggests that there is an upper limit of desired
nicotine intake, which is achieved on average by smoking
about 20-30 cigarettes per day. Above this consumption
level, smokers may modify their smoking pattern to take in
less nicotine per cigarette. The form of the curve would also
be consistent with saturation of nicotine metabolism so that
less cotinine is formed, and with induction of cotinine me-
tabolism at higher levels of cigarette consumption. How-
ever, the authors are unaware of any evidence of dose
dependence of nicotine or cotinine metabolism [15].

Our results are consistent with earlier studies from
United States. A convex type of curve was shown for serum
cotinine in the U.S. population of the Third National Health
and Nutrition Examination Survey (NHANES I11), includ-
ing black, white, and Mexican-American smokers (5), as
well as in a sample of smokers recruited from shopping
malls [16]. To our knowledge, the relation between the
number of cigarettes smoked and salivary cotinine concen-
tration has not been studied earlier in a population of Chi-
nese origin. The proportion of variation in salivary cotinine
explained by the number of cigarettes smoked in the previ-
ous 24 hours was 9% in the linear model and 11% in the
quadratic model. This finding emphasizes the need to un-
derstand the factors that influence the relation between
smoking rate and cotinine level.

Severa studies have reported differences in mean sali-
vary or serum cotinine concentrations among different eth-
nic groups [3-5,9]. Differences in the number of cigarettes
smoked, in the smoking behavior, in the type of tobacco
smoked, in reporting of smoking habits, and in metabolism
of nicotine have been suggested as potential explanations
for these variable cotinine concentrations [5-7,9,17,18]. Re-

Table 2

Results of fitting different type of regression models for the relation
between the number of cigarettes smoked in the previous 24 hours and
sdlivary cotinine concentration (in ng/ml)

Model Estimate 95% CI* R?
Simple linear 5.46 3.99, 6.94 0.09
Spline with knot at 20 cigarettes/24 h 0.10
=20 cigarettes 7.33 5.15, 9.50
>20 cigarettes —4.69 —8.74, —0.62
Quadratic 0.11
Per cigarette 11.05 6.16, 15.9
Per cigarette? -014  —-0.27, —0.02

1 Confidence interval.
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Fig. 2. (a) Sdlivary cotinine concentration (on Y-axis) in relation to the number of cigarettes smoked during the previous 24 hours (on X-axis) among 510
Chinese male smokers. The line shows fitting of alinear model. (b) Salivary cotinine concentration (on Y -axis) in relation to the number of cigarettes smoked
during the previous 24 hours (on X-axis) among 510 Chinese male smokers. The curve shows fitting of a quadratic model.

cent data suggest that Chinese Americans take in, on aver-
age, 35% less nicotine per cigarette and metabolize nicotine
more slowly than do Hispanics and whites [19]. Another
recent study of pharmacokinetics of nicotine in smokers
indicated that the higher cotinine levels observed in blacks
compared with whites might be explained by lower meta-

bolic clearance of cotinine and by greater nicotine intake per
cigarette in blacks than in whites [9]. The determinants of
the higher intake were not investigated.

Since identification of sources of variability in cotinine
concentrations may be important for planning preventive
programs and for determining the dose for nicotine replace-
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Median and 25th and 75th percentiles of cotinine concentration (in ng/ml) at different levels of potential modifiers stratified by the number of cigarettes

smoked in the previous 24 hours

Modifier 1-10 cigarettes 11-20 cigarettes 21-30 cigarettes 31+ cigarettes
nt  25th Median 75th n 25th  Median 75th n  25th  Median 75th n  25th  Median 75th
Individual characteristics
Age (years)
15-34 39 719 1280 2240 62 1410 2325 3440 5 1140 1540 2140 4 2980 3445 39.0
3554 79 415 1300 2130 206 111.0 1960 289.0 51 1630 221.0 3330 8 2465 3740 3965
55-89 15 585 1260 2070 28 1280 1985 2570 6 1940 2200 2320 6 1170 2005 276.0
BMI?
=21.15 40 920 1770 2265 65 117.0 251.0 3400 17 2140 3160 4500 4 3600 3675 4035
21.16-23.14 37 400 1030 2230 80 1145 1985 2940 7 1650 2650 2750 2 1050 169.0 233.0
23.15-25.34 29 386 1190 1700 72 1235 1790 2845 22 1460 2060 3200 4 1616 2515 3200
25.35+ 27 586 1260 2060 78 1240 201.0 2890 16 1290 1925 2265 7 161.0 2760 416.0
Type of tobacco
Type of cigarettes
Light 36 393 1215 2150 66 1090 1685 2690 14 1320 2160 2590 3 356.0 377.0 436.0
Regular 95 586 1340 2140 226 1190 2055 3110 47 1630 2200 3330 15 1610 2630 3710
Use of filter tip
Cigarettes wio filter 6 1400 159.0 2200 5 2190 2570 3300 6 2000 2315 4200 3 2330 2760 3330
Cigarettes with filter 126 582 1255 2140 286 117.0 1980 2890 56 1500 2175 3265 15 1610 356.0 377.0
Smoking habits
Freg. of inhaling
Never 38 271 828 1510 62 1190 1945 2730 11 1540 2110 2650 3 2400 3640 436.0
<12 of the time 48 632 1340 2150 75 958 1590 3300 8 1290 1915 2290 3 832 1170 3770
=1/2 of the time 47 963 1600 2320 159 131.0 209.0 317.0 42 1650 2250 3510 12 2465 3045 3740
Depth of inhaling
Never 38 242 838 1940 55 1240 1760 2760 8 1197 1930 3195 2 2400 3020 364.0
Lightly 57 637 1380 2160 91 1130 1980 2970 16 1290 1865 2245 5 1610 2760 3770
Moderately or deeply 38 859 1585 2250 148 1270 2045 3340 38 1690 2625 3400 11 2330 3330 3770
Cigarette butt (cm)
=05 38 585 1360 2070 87 1260 2190 3280 29 1320 2030 2750 5 1170 3330 3710
0.5-1.0 52 449 1315 2150 122 1030 1845 2590 18 1650 2235 4010 8 1970 250.0 2695
11+ 43 626 1060 2160 88 1405 2250 361.0 15 2000 2650 3800 5 3640 377.0 4160
Duration of smoking
(years)
1-10 32 764 1290 2145 50 1410 2075 3440 6 718 1340 2110 3 2630 356.0 436.0
11-20 32 385 1180 2135 88 908 1835 2870 19 1460 2200 3510 3 2600 333.0 416.0
21+ 52 581 1535 2100 137 1250 2020 2780 36 1700 2275 3265 12 139.0 2580 374.0

1n = number of subjects in each category.

2BMI = body mass index.

ment therapy, we evaluated potential modification of the
relation between the amount of smoking and cotinine con-
centration by some personal and smoking behavior-related
factors. We found that many smoking behavior features are
correlated with the amount of smoking, for example, the
proportion of deep and frequent inhalers increases from
light to heavy smokers. Thus, we computed the median
cotinine concentrations for different levels of potential mod-
ifiers, stratified by the amount of cigarette smoking. We
found that among those who had smoked up to 20 cigarettes
during the previous 24 hours, the median cotinine concen-
tration was higher in younger subjects, in those with the
lowest BMI, in frequent and moderate or deep inhalers, in
those leaving a small cigarette butt, in those smoking cig-
arettes without filter tip, and in those smoking regular rather
than light cigarettes. Among those who had smoked more
than 20 cigarettes, such trends were not consistently ob-

served. This may be explained by the convex form of the
relation, i.e., after a certain nicotine (and cotinine) level is
attained, the intake of nicotine per cigarette becomes
smaller. However, the number of subjects in the highest
smoking category of 31 or more cigarettes was small (n =
18), so the estimates in this category are less precise.
Regression analyses of relation between the number of
cigarettes smoked and salivary cotinine concentration strat-
ified by the levels of modifiers revealed a tendency of a
higher cotinine concentration increase per cigarette among
those groups that had a lower median level of cotinine. The
mechanisms underlying our findings should be evaluated
further. A potential pathway leading to such results is the
following: For example, frequent inhalers have achieved a
higher serum nicotine (and salivary cotinine) level and have
already reached the level needed to satisfy their desire.
Consequently, they can adjust the puff volume and other



M.S. Jaakkola et al. / Preventive Medicine 36 (2003) 282—290 289

Table 4

Average increase in cotinine concentration (in ng/ml) per one cigarette
smoked during the previous 24 hours in linear regression analyses
stratified by the levels of potential modifiers

Modifier nt Estimate 95% CI?
Individual characteristics
Age (years)
15-34 110 6.1 30,93
35-54 344 6.3 45,81
55-89 55 23 -0.9,55
BMI®
=21.15 126 7.3 43,104
21.16-23.14 126 55 26,84
23.15-25.34 127 4.7 20,74
25.35+ 128 51 21,81
Type of tobacco
Type of cigarettes
Light 119 6.4 34,94
Regular 383 52 3.6, 6.8
Use of filter tip
Cigarettes w/o filter 20 4.2 —15,99
Cigarettes with filter 483 54 4.0, 6.9
Smoking habits
Freq. of inhaling
Never 114 7.9 5.6, 10.2
<1/2 of the time 134 4.2 12,72
=1/2 of thetime 260 4.0 19,61
Depth of inhaling
Never 103 71 43,99
Lightly 169 4.6 22,70
Moderately or deeply 235 44 21,6.7
Cigarette butt (cm)
=05 159 4.6 19,73
0.5-1.0 200 4.6 2.6, 6.6
11+ 151 7.9 5.2, 10.6
Duration of smoking (years)
1-10 91 59 23,95
11-20 142 7.0 4.0, 10.0
21+ 237 4.7 27,67

1n = number of subjects in each category.
295% Cl = 95% confidence interval for the estimate.
3BMI = body mass index.

aspects of their smoking behavior to take less nicotinein per
cigarette. In contrast, those not inhaling have achieved alow
serum nicotine level and must take more nicotine in per
cigarette to approach the desired level. Thus, our findings
suggest that smokers may regulate (unconsciously) their
smoking behavior according to their nicotine concentration
to achieve a certain serum nicotine level and consequently
sdlivary cotinine level. An aternative pathway explaining
our results would be that nicotine and/or cotinine metabo-
lism is induced at high concentrations, so that the increase
in cotinine concentration per cigarette becomes smaller. Our
findings may have relevance when thinking about potential
benefits of low-nicotine cigarettes.

Validity issues

Our study population was recruited among volunteers, so
the information on smoking rates and habits cannot be

generalized to the general Chinese population. However, it
is unlikely that the volunteers would have been selected
according to their ability to metabolize nicotine, and thus it
is likely that our results on the relation between smoking
and sadlivary cotinine levels are valid.

Information on smoking rate and habits was collected
mainly by using a short questionnaire that was developed
for this study. The questions of it were based on the ATS
adult respiratory questionnaire [12] where appropriate. The
larger survey questionnaire was modified from the World
Health Organization questionnaire [20]. The questionnaires
were developed in English, translated into Chinese, and then
back-translated into English to assure comparability of the
questionnaires in both languages. Any differential misclas-
sification of smoking habits in relation to cotinine level is
unlikely, but some nondifferential misclassification is pos-
sible, so our estimates may dlightly underestimate the true
relation between smoking and cotinine concentration.

Cotinine is the major proximate metabolite of nicotine
and it is commonly used to estimate the absorbed dose of
nicotine [1,2,11]. The absorbed dose is best reflected in
serum cotinine, but levels of cotinine in serum are highly
correlated with levels in saliva, the typical concentration
ratio for saliva to blood being 1.1 to 1.4 [2,21,22]. Those
with a salivary cotinine concentration below 10 ng/ml were
excluded to ensure that our study population consisted
of regular smokers who had provided a proper sadiva
sample.

Nicotine, and consequently cotinine, is practically spe-
cific for tobacco. Small amounts of nicotine can be absorbed
from some dietary sources, such as tea and vegetables from
the Solanaceae family, but these amounts are negligible
compared to nicotine absorbed due to active smoking
[2,23,24]. Absorption of nicotine due to passive smoking is
also negligible compared to that due to active smoking [11]
and the most important source of environmental tobacco
smoke exposure of a smoker is his’her own smoking. Thus,
we did not control for dietary or environmental sources of
nicotine in our analyses. Other potential confounders (i.e.,
direct determinants of serum nicotine and cotinine) are not
known.

Conclusions

In a population of Chinese male smokers, salivary coti-
nine concentration increased significantly with the number
of cigarettes smoked in the previous 24 hours, a quadratic
model providing the best fit to the data. Flattening of this
relation was observed at 20-30 cigarettes. Among those
smoking up to 20 cigarettes, the median cotinine concen-
tration was higher among younger subjects, among those
smoking cigarettes without filter and regular cigarettes
rather than light cigarettes, among those leaving a small
cigarette butt, and among those inhaling frequently and
deeply. Such trends were not consistently observed among
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those smoking more than 20 cigarettes. The increase in cotin-
ine per cigarette tended to be larger in those groups with a
lower median sdivary cotinine level. Our results suggest that
smokers regulate their smoking behavior to achieve a certain
optimum nicotine (and, hence, cotinine) level.
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