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The aim of our study was to demonstrate the suitability of urinary cotinine and plasma thiocyanates (SCN™) as
indicators of tobacco smoking and to investigate the correlation among urinary cotinine, plasma and urine SCN™
and number of cigarettes smoked per day and smoking topography. The initial study was conducted with 256
individuals: 143 nonsmokers aged 44.20 + 15.81 years and 113 current smokers aged 38.02 + 17.49 years. Subjects
were classified into smokers or nonsmokers based on a questionnaire. Cotinine levels were measured using the
enzymatic colorimetric method and SCN™ using selective electrodes. Urinary cotinine and plasma SCN™ levels are
both significantly higher in smokers than in nonsmokers and correlate well with the number of cigarettes smoked
per day. Urinary cotinine was significantly correlated with duration of consumption (F3_j09 = 3.43; p = 0.019;
r = 0.9961), and there was a negative correlation between body mass index and urinary cotinine (r = 0.9989,
p < 0.05). Urinary cotinine and plasma SCN™ levels discriminate between smokers and nonsmokers and increase
when smoking exceeds 20 cigarettes/day and duration of consumption exceeds 5 years.
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INTRODUCTION

Self-reported data on smoking status, usually
obtained by interview or questionnaire, are com-
monly used to measure the effectiveness of intensive
smoking cessation programs or the relationships of
smoking to the risk of certain diseases. The reli-
ability of such data is limited: the individual may
underreport in response to cessation program pres-
sures or underestimate the extent of his/her smoking
level. Programs may thus be overestimated, and the
association of smoking habit changes with disease
endpoints may be underestimated.

Tobacco exposure can be assessed by the mea-
surement of several markers in biological fluids.
These markers are more or less specific for tobacco,
and the different methods to measure them differ
in terms of sensitivity and specificity. The clini-
cian prescribing a dosage for a patient must take all
these parameters into account to make an accurate
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choice. Tobacco biochemical markers have been
demonstrated to provide reliable verification of pa-
tients’ smoking status, with cotinine being the an-
alyte of choice for quantifying nicotine intake dur-
ing tobacco consumption! and exposure to environ-
mental tobacco smoke (ETS).

Cotinine is the major proximate metabolite of
nicotine and has been widely used as a biomarker
of ETS exposure. Cotinine levels in the plasma,
urine, and saliva of nonsmokers have been used
in the assessment of ETS exposure and risk of
ETS-related lung cancer. Another biomarker, thio-
cyanates (SCN™), has been used as a biomarker for
ETS exposure; although it displays a lack of speci-
ficity and sensitivity, SCN™, a metabolite of hydro-
gen cyanide gas consumed while smoking, has been
proposed as a biochemical index of smoking expo-
sure and risk.?

In the present study, we analyzed the useful-
ness of the main biological tobacco markers (co-
tinine and SCN™) in discriminating active smok-
ers from nonsmokers and determined the correla-
tion between these biological tobacco markers and
number of cigarettes smoked per day and smoking
topography (puffing pattern of a smoker including
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puff volume, puff duration, puff profile, puff fre-
quency, puff interval, and puff number).

MATERIALS AND METHODS

Population —— The initial study was conducted in
256 individuals: 143 were nonsmokers aged 44.20
+ 15.81 years and 113 current smokers aged 38.02 +
17.49 years. “Nonsmokers” are defined as those re-
plying “no” to the questions “have you ever smoked
cigarettes on a daily basis?”” and “have you smoked
a cigarette in the past week?” Another question, “do
you now smoke cigarettes on a daily basis?” sepa-
rated exsmokers from smokers.
Samples —— Urine samples were obtained from
the volunteers, including adult males and females
who were smokers and nonsmokers. These samples
were either used the same day or frozen at —20°C
until required for analysis. All the samples were
analysed for cotinine and SCN™. Blood samples
were drawn from an antecubital vein into Vacutain-
ers containing EDTA (Becton Dickinson, Franklin
Lakes, NJ, U.S.A.). After centrifugation, aliquots
of plasma were frozen at —20°C until analyzed for
SCN™.

Smoking Questionnaire —— The smoking ques-
tionnaire combined both interviewerand self-
administered items; only interviewer-administered
items are analyzed here. All patients were ques-
tioned about their medical history; sociodemo-
graphic characteristics included age, gender, edu-
cation, and employment. Routine medical exami-
nation included measurements of weight (W) and
height (H). Body mass index (BMI) was calculated
as W divided by H squared [BMI = W/H? (kg/m?)].

Laboratory Analysis —— Cotinine levels were de-
termined using the enzymatic colorimetric method
(Konélab 30™, Thermo Electron Corporation,
Ruukintie, Finland) and expressed as micrograms
per micromol of creatinine in urine. Plasma and
urine SCN™ levels were determined using selec-
tive electrodes (Ionometer Seven Multi S80, Met-
tler Toledo, Schwerzenbach, Switzerland) and ex-
pressed as milligrams per gram of creatinine in
urine and milligrams per liter in serum.

Statistical Analysis—— All results are presented
as mean + S.D. Statistical analysis was performed
using Student’s ¢-test. Standard descriptive statis-
tics, correlation coefficients, and significance tests
were calculated using the Statistical Analysis Sys-
tem for examining the relationship between bio-
chemical markers and cigarettes smoked per day
because of the nonnormal distribution of the final
puff. Differences between groups were evaluated
with analysis of variance (ANOVA), followed by
the Tukey post-hoc tests. A p value of less than
0.05 was considered to represent a statistically sig-
nificant difference between groups.

RESULTS

Table 1 summarizes the average levels of uri-
nary and plasma SCN™ and urinary cotinine, re-
ported smoking status, gender, and alcoholic bev-
erage consumption. We found a significant dissim-
ilarity between smokers and nonsmokers in the uri-
nary cotinine (p < 1077) and plasma SCN~ levels
(p < 0.0005) but not in urinary SCN™ levels.

As shown in Table 1, there were some relevant
gender differences. The urinary cotinine and plasma

Table 1. Variation of Urinary Cotinine, Urinary and Plasma SCN~ Levels According Smoking Status, Gender and Alcoholic

Beverage
Parameters Urinary Urinary Plasma
cotinine p SCN- 4 SCN- p
(ug/umol Cr) (mg/g Cr) (wmol/1)
Smoking ~ Smokers 231.43 £205.22 1145+ 8.30 100.25 + 1.36
status (n=113) <1077 NS 5% 10~
Non-smokers 7322+ 73.71 12.99 + 10.51 99.60 + 0.91
(n=143)
Gender Men (n = 102) 222.88 £ 195.76 0.03 11.16 + 8.38 NS 100.15 + 1.39 10-4
Women (n=11)  310.67 + 277.40 14.09 + 7.32 100.70 + 0.34
Alcoholic  Yes (n =34) 222.19 + 191.35 NS 995+ 645 NS 100.37 £ 1.5 0.03
beverage ~ No (n=79) 235.40 £ 211.96 12.09 + 8.94 99.80 + 0.51

NS: No significant.
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Table 2. Correlation between Urinary Cotinine, Urinary and Plasma SCN~ Levels and Consumption Duration,
cigarettes smoked/day and BMI
Parameters Urinary cotinine Urinary SCN~ Plasma SCN~
(ug/umol Cr) (mg/g Cr) (wmol/1)
Consumption [1-<5] (n = 15) 158.61 +230.05 11.26 + 8.19 100.19 + 1.48*
duration [5-<15] (n = 50) 222.23 + 187.40 12.23 + 10.42 100.21 + 1.57
(years) [15-20] (n = 22) 252.34 £ 195.97* 11.70 + 5.80 100.42 + 0.15*
> 20 (n = 26) 272.88 + 228.75" 9.83+ 5.10 100.43 + 1.07*
Cigarettes [5-10] (n = 21) 133.89 + 149.04* 13.47 + 10.96 99.47 £ 0.41*
(smoked/day) [11-20] (n = 61) 217.07 +204.90 10.20 £ 6.70 100.31 + 1.48
[21-30] (n = 15) 309.09 + 194.44* 13.41 + 11.94 100.89 + 1.55*
> 30 (n = 16) 341.38 +220.29* 11.68 + 5.08 102.07 + 2.95*
BMI (kg/m?) <25 251.86 +216.65 1092 + 7.37 100.24 + 1.44
[25-< 27] 196.00 + 111.96 9.05+ 6.79 100.00 + 0.69
[27-30] 135.64 + 137.59 1021 £+ 5.46 100.62 + 1.63
> 30 50.26 + 65.46 10.40 + 3.97 100.93 + 2.04
*p < 0.05.
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Fig. 1. Correlation between Urinary Cotinine and Urinary
SCN~

SCN™ levels were significantly higher in women
(p = 0.03) than in men. For urinary SCN™ levels
there was no significant difference between the two
genders.

There was no significant difference in the uri-
nary cotinine and SCN™ levels between the alcohol-
consuming and nonconsuming groups, but there
was in the plasma SCN~ level (p = 0.03).

At all ages, SCN™ and urinary cotinine distri-
butions in smokers were shifted upward compared
with nonsmokers, but when the distributions over-
lapped no major differences were seen according to
age.

Table 2 illustrates the significant correlation be-
tween urinary cotinine level and duration of smok-
ing (Fa_j09 =3.43; p=0.019; r=0.9961). However,
for plasma and urinary SCN™ levels, we found no
significant difference between groups, but we noted
a slight difference for the plasma SCN™ concentra-
tion. We found an important correlation between

Plasma SCN™ (umol/L)

Fig. 2. Correlation between Urinary Cotinine and Plasma
SCN~ Concentrations

the plasma SCN~ level (F3_199 = 3.71; p = 0.014;
r =0.9899) and number of cigarettes consumed per
day and between the cotinine level and number of
cigarettes per day (Fz_1g9 = 4.27; p = 0.007; r =
0.9899), contrary to urinary SCN~. We found a sig-
nificant negative correlation between BMI and uri-
nary cotinine, but not for the other parameters.

Figures 1 and 2 show that the correlation be-
tween urinary cotinine and plasma SCN™ levels (r =
0.8528) is greater than that between urinary cotinine
and urinary SCN™ (r = 0.4737), but only when indi-
viduals smoked more than 20 cigarettes per day was
the correlation significant (r = 0.8251).

DISCUSSION

In this study we have expressed the results for
tobacco markers as concentrations (umol/l), and for
urinary tobacco markers as ratios to creatinine ex-
cretion. Thompson et al. demonstrated that the ad-
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justment of urinary cotinine to creatinine improves
the relationship between urinary and serum cotinine
in smokers.? Because urinary creatinine excretion
is related to muscle in humans, it is at least theoreti-
cally relatively stable in healthy individuals.” How-
ever, the value can be influenced by diet or physical
activity and urine flow."

This study found a large overlap in the con-
centration of urinary cotinine for smokers and non-
smokers of 231.43 and 73.22 pg/umol creatinine, re-
spectively. There was a significant difference be-
tween these two groups (p < 1077). Although co-
tinine is influenced by diet and industrial pollution,
our data show that it remains a reliable indicator of
smoking status.!

Cotinine in body fluids is the most frequently
used biomarker of tobacco smoke exposure.>®
Cotinine has been shown to be the most spe-
cific and most sensitive marker; however, the uri-
nary cotinine concentration is regarded as the best
biomarker available for detection of exposure to to-
bacco smoke and for discriminating active smok-
ers from nonsmokers. A mean of 70-80% of nico-
tine is converted to cotinine, which has a half-life
of about 17hr.>) We noted that the urinary coti-
nine level was significantly correlated with the num-
ber of cigarettes smoked per day and was signif-
icantly positively correlated with the self-reported
number of cigarettes smoked per day (Fi_ig9 =
427, p = 0.007; r = 0.9899). However, coti-
nine is no longer considered the major metabo-
lite of nicotine; which probably explains why the
urinary cotinine level is only roughly related to
daily cigarette consumption, because the correlation
of urinary cotinine with the number of cigarettes
smoked per day is related to that observed in serum
or plasma specimens. Among smokers, there is
a relatively high degree of interindividual vari-
ability in cotinine levels among those claiming to
smoke the same number of cigarettes per day, al-
though light smokers (<20/day) had considerably
lower mean levels than heavier smokers (>20 /day).
Other investigators found similar levels of variabil-
ity, which presumably represent differences in in-
dividual metabolism and inhalation patterns or the
amount of each cigarette smoked."

In this study, we found a significant correlation
between mean urinary cotinine levels and duration
of consumption. This correlation can be explained
by the long halflife of cotinine, which is eliminated
from the body after a few days and is mainly ex-
creted in the urine. Moreover, smoking induces

changes in nicotine disposition: the rate of cotinine
disappearance from the urine is significantly slower
in smokers than in nonsmokers.!) Therefore the de-
termination of this marker in urine is a good alter-
native to discriminate smokers from nonsmokers.

There was a significant difference in mean uri-
nary cotinine levels between male and female smok-
ers (222.88 vs. 310.67 pg/umol creatinine). This
difference can be explained by traditional tobacco
use and diet, because woman tend to eat more veg-
etables than men, and plant sources others than to-
bacco have been reported to contain varying levels
of nicotine. Many such plants are common dietary
constituents, for example, eggplant, potato, and
tomato, and might contribute to urinary cotinine lev-
els to a different degrees for former and never smok-
ers. However, Benowitz estimated the amount in
several nicotine-containing vegetables which would
be required daily to yield a urinary cotinine level of
1 png/ly

Urinary cotinine levels were significantly corre-
lated with W; the correlation of cotinine levels with
W in smokers was not surprising, because nicotine
intake suppresses body W in a dose-related fash-
ion.” The BMI for smokers was significantly lower
than for nonsmokers, although they consumed more
calories than nonsmokers. This finding supports the
hypothesis that smokers have a higher metabolic
rate than nonsmokers, as previously described.”
However, that group of patients also had lower
mean age and included more men than other groups.
Moreover, their alcohol intake might adversely im-
pact the absorption of nutrients or participate in the
nonenergy-producing microsomal system."

SCN™ has been extensively studied in plasma
and urine. Our results show that only SCN™ mea-
sured in plasma discriminates smokers from non-
smokers, and agree with those obtained by Jarvis
et al.,Y who reported that plasma SCN~ has been
used as an objective index of smoking because of
its long halflife and ability to distinguish smoking
from nonsmoking populations.

In this study we found a strong correlation be-
tween plasma SCN™ levels and number of cigarettes
per day (Fz_199 = 3.71; p = 0.014; r = 0.9899), un-
like the urinary SCN™ correlation in the study of
William.” The association with depth of inhalation
(smoking vs. nonsmoking) was dominant among the
relationships considered.

Our results showed that the mean plasma SCN™
level in nonsmokers was 100.15 umol/l for men and
100.7 umol/l for women. One of the few studies
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to report findings in men and women separately
was that of Tenovuo and Makinen.!? These authors
found different SCN™ levels in the two genders. Al-
though some of the difference between genders may
be due to the amounts smoked or other smoking
habits, nonetheless, the significant difference be-
tween male and female nonsmokers indicates that
cyanide may not be metabolized in the same way
by men and women. Investigators should use cau-
tion in extrapolating findings such as reported in
this study from women to men. Nonsmokers tend
to eat more vegetables than smokers which may
increase the plasma SCN~ level.') In the U.S.A,,
where high consumption of vegetables is still un-
common,'? the influence on SCN~ levels is proba-
bly slight The difference between the SCN™ levels
in women and men smoking the same number of
cigarettes can be explained by the gender difference
in the distribution volume of SCN™. Among non-
smokers, the mean level of serum SCN~ was the
same whether they had been indirectly exposed to
tobacco smoke or not. The mean plasma SCN™ lev-
els were up to 10 wmol/l higher in the last half of
the year than in the first half. This can be explained
by seasonal variations in the content of SCN™ in the
diet. The range of the individual SCN™ level was
great in both nonsmokers and smokers, resulting in
a large overlap. In conclusion, a number of char-
acteristics of SCN™ make it a useful index of smok-
ing exposure. First, numerous authors have reported
that SCN™ levels discriminate smokers from non-
smokers.!? Second, SCN~ levels have shown dose-
response relationships with the rate of cigarette con-
sumption.'* !> Third, the SCN~ level has been re-
ported to be sensitive to changes in smoking pat-
terns such as the brand of cigarettes smoked.

In this study, we established a strong correlation
between urinary cotinine and plasma SCN™ levels (r
= 0.8528). This association is greater than the cor-
relation among urinary cotinine and urinary SCN™,
and plasma SCN™ and urinary SCN™~. An important
correlation (r = 0.825) was noted between urinary
cotinine and urinary SCN™ only for individuals who
smoked more than 20 cigarettes per day, indicating
that either the type of smoker in regard to behavior
dependence was different or that tolerance and/or al-
tered metabolism occurred. The present results are
in line with those of previous studies combining co-
tinine and SCN~.9

Half-life varies between 14 and 17 hr for coti-
nine® and between 5 and 15 days for SCN~,'? and
thus irregular consumption of cigarettes may induce

a constant, high level of SCN™ but a relatively low
level of cotinine between episodes of smoking. Al-
ternatively, cotinine can be high and SCN™ low if a
usually light smoker smoked a cigarette shortly be-
fore the interview. Observations in individuals with
nonconcordant levels of cotinine and SCN™ support
this hypothesis.'®

Self-reported, current smoking was found to be
poorly sensitive when only cotinine or SCN™ was
used as biomarker of exposure to tobacco smoke,
but highly sensitive when the combination of both
biomarkers was used.

In conclusion, cotinine and SCN™ concentra-
tions were determined in urine and plasma sam-
ples from 256 healthy young persons (133 smok-
ers) and related to their smoking and physiologic
characteristics. Urinary cotinine and plasma SCN~
concentration were both significantly higher in self-
reported smokers than in nonsmokers and correlated
well with the number of cigarettes smoked per day
and with the duration of consumption, although the
reverse was found for urinary SCN™.

This study confirms the utility of plasma SCN™,
and urinary cotinine as an index of smoking rate and
demonstrates the role of secondary variables in ac-
counting for the chemical in biological fluids.

We conclude that the combination of cotinine
and SCN~ concentrations was preferable to either
alone in classifying smoking status.
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