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Abstract
Background: Tobacco exposure is often quantiﬁed by serum or
saliva concentrations of the primary nicotine metabolite, cotinine. However, average cotinine concentrations are higher in
African Americans (AA) compared with Whites with similar
smoking levels. Cotinine is metabolized by UGT2B10 and
CYP2A6, and low UGT2B10 activity is common in AA, due to
the prevalence of a UGT2B10 splice variant.
Methods: UGT2B10 activity was phenotyped in 1,446 smokers
(34% AA) by measuring the percentage of cotinine excreted as a
glucuronide. Urinary total nicotine equivalents (TNE), the sum of
nicotine and 6 metabolites, were determined to quantify smoking
dose, and cotinine and 30 -hydroxycotinine were quantiﬁed in
saliva (study 1) or serum (study 2).
Results: Ninety-seven smokers (78% AA) were null for
UGT2B10 activity, and the saliva and serum cotinine levels, after
adjustment for TNE and cigarettes per day (CPD), were 68% and

Introduction
It was reported more than 25 years ago that despite smoking
fewer cigarettes per day (CPD), serum cotinine levels of African
American smokers are signiﬁcantly higher than those of White
smokers (1). Higher serum cotinine concentrations have been
observed in all National Health and Nutrition Surveys from 1988
through 2012 (2–5). In addition, African Americans exposed to
secondhand smoke have higher serum cotinine levels than Whites
with similar exposures (3, 6). Differences in both nicotine metabolism and intake likely contribute to the differences in serum
cotinine between these two groups (7, 8).
Nicotine metabolism occurs primarily by P450 2A6-catalyzed
50 -oxidation (Fig. 1). The iminium ion product of this reaction is
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48% higher in these smokers compared with nonnull smokers
(P < 0.001). After adjustment for TNE and CPD, salivary cotinine
was 35% higher, and serum cotinine 24% higher in AA versus
White smokers, but with additional adjustment for UGT2B10
activity, there were no signiﬁcant differences in saliva and serum
cotinine concentrations between these two groups.
Conclusions: UGT2B10 activity signiﬁcantly inﬂuences plasma cotinine levels, and higher cotinine concentrations in AA
versus White smokers (after adjustment for smoking dose)
result from lower levels of UGT2B10-catalyzed cotinine glucuronidation by AA.
Impact: UGT2B10 activity or genotype should be considered
when using cotinine as a tobacco exposure biomarker, particularly in populations such as AA with high frequencies of
UGT2B10 nonfunctional variants. Cancer Epidemiol Biomarkers
Prev; 26(7); 1–7. 2017 AACR.

then converted to cotinine either by a second P450 2A6–
catalyzed oxidation or by aldehyde oxidase (9, 10). Cotinine
is the primary nicotine metabolite in plasma and is a widely
used biomarker of smoking and nicotine exposure (11). Cotinine is metabolized to trans 30 -hydroxycotinine (3HCOT) and
cotinine N-glucuronide. A small amount of cotinine N-oxide is
also formed. In smokers, 3HCOT is the product of P450 2A6–
catalyzed oxidation of cotinine; UGT2B10 is the catalyst of
cotinine glucuronidation (12, 13). Smokers who are homozygous
for a UGT2B10 splice variant excrete no cotinine glucuronide
(13). Glucuronide conjugation of nicotine is also catalyzed by
UGT2B10 (12, 14, 15). In smokers' urine, the sum of nicotine,
cotinine, 3HCOT, their respective glucuronide conjugates, plus
nicotine N-oxide accounts for > 85% of the nicotine dose consumed and is referred to as total nicotine equivalents (TNE), an
excellent biomarker of tobacco exposure (16, 17).
There are several studies that conﬁrm higher intake of nicotine
per cigarette by African Americans relative to Whites. In a pharmacokinetic study, nicotine intake per cigarette was reported to be
30% higher in African Americans (7). In a more recent relatively
small study, we reported a signiﬁcantly higher ratio of TNE to
reported CPD for African American smokers (18). A higher
ratio of TNE to CPD in African American compared with White
smokers was also reported in a study of more than 3,000 smokers
(19). In this study, cigarette butts were collected to conﬁrm
reported CPD. Together, these data support the conclusion
that some of the higher serum cotinine levels found in African
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whom baseline urine and either a saliva or serum sample were
collected. DNA was not available. Only baseline samples were
used from either study. Study 1 was recently completed and the
details and results of the trial reported (22). At baseline, the
participants (n ¼ 839, 38% Black, 51% White, and 5% Hispanic) were smoking their usual brand of cigarette and did not
report using any other nicotine-containing products in more
than 9 of the last 30 days. Eligibility criteria for the trial
included an age of 18 years, use of at least 5 CPD, and either
expired carbon monoxide levels > 8 ppm or urinary cotinine
concentration > 100 ng/mL at the screening visit. Among the
839 subjects, 816 had both urine and saliva collected at
baseline. Participants with TNE <4 (n ¼ 20), reﬂecting very
light smoking, were excluded from our analysis of cotinine
glucuronidation (UGT2B10 phenotype). One urine sample that
appeared to be contaminated with nicotine was also excluded;
therefore, a total of 795 participants were included in our study
1 analyses. Study 2 participants include all subjects recruited to
an ongoing trial as of May 1, 2016, for whom urine and serum
samples were available and with baseline TNE > 4 nmol/mL
(n ¼ 651), other eligibility criteria were the same as study 1. At
baseline, the participants of both studies were smoking their
usual brand cigarettes, and the average CPD was assessed with
the use of an interactive voice response system (InterVision
Media), which telephoned and asked them to report the number of cigarettes smoked in the past day.

Figure 1.
Nicotine metabolic pathways. Adapted from Murphy et al., Carcinogenesis
2014;35:2526–2533. Used by permission of Oxford University Press.

American smokers may be attributable to a higher intake of
nicotine per cigarette. However, pharmacokinetic studies have
conﬁrmed that cotinine clearance is slower in African Americans
compared with Whites (7). In addition, African Americans glucuronidate cotinine signiﬁcantly less than do White smokers
(8, 18). These low levels of cotinine glucuronidation are primarily due to the relative high frequency of a UGT2B10 splice
variant in African Americans (13, 20, 21).
In the study presented here, the relationship of saliva or serum
cotinine levels to UGT2B10 activity was investigated, and the
contribution of low UGT2B10 activity to the higher serum (or
saliva) cotinine levels in African American compared with White
smokers was determined. The concentrations of nicotine and its
metabolites in urine and serum (or saliva) samples were quantiﬁed in two independent study populations, both with a relatively high percentage of African American smokers. The effect of
UGT2B10 phenotype on the serum (or saliva) and urine ratios of
3HCOT to cotinine (as measures of CYP2A6 activity) was also
investigated.

Materials and Methods
Study population
This investigation of the effect of UGT2B10 phenotype on
nicotine metabolite biomarkers was carried out using participants
in one of two randomized trials of reduced nicotine content
cigarettes. The subjects included in the analyses were those for
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Biomarkers
LC/MS-MS was used for the analyses of urinary, saliva, and
serum biomarkers as described previously (13, 23). In urine (a
ﬁrst morning void), total nicotine, total cotinine, total 3HCOT,
nicotine N-oxide, and cotinine were quantiﬁed. Total refers to the
sum of the analyte and its glucuronide conjugate and was measured by treating the urine with b-glucuronidase prior to analysis.
TNE values were calculated as the sum of total nicotine, total
cotinine, total 3HCOT, and nicotine N-oxide. UGT2B10 phenotype was determined as the percent of cotinine excreted as its
glucuronide conjugate. The relationship of cotinine glucuronidation to UGT2B10 genotype was described previously (13). Smokers categorized as null for UGT2B10 activity were those with no
quantiﬁable difference between the concentration of cotinine and
total cotinine in urine. In practice, these individuals were those
with a ratio of total cotinine over free cotinine of <1.1, as the
coefﬁcient of variance for the independent analysis (n ¼ 30) of
6 replicate samples for cotinine and total cotinine was 6.8%,
and the calculated coefﬁcient of variance for the ratio was 9.6%.
Cotinine and 3-HCOT were quantiﬁed in serum and saliva and
the ratio of 3HCOT to cotinine calculated as a measure of
CYP2A6 activity as described previously (23).
Statistical analysis
Biomarkers were compared by UGT2B10 phenotype (null vs.
nonnull) and by race (White vs. African American). For UGT2B10
phenotype, urinary nicotine, nicotine metabolites as a molar
percentage of TNE, and TNE were summarized by phenotype
using the mean and SD and compared between groups using the
two-sample t test for unequal variances. TNE was also summarized by phenotype using the geometric mean and interquartile
range. Geometric means were compared by phenotype by completing a two-sample t test for unequal variance on the natural log
of TNE. Saliva or serum cotinine were compared by CYP2A6
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Table 1. Demographics for participants of the two studies
Study 1
(n ¼ 795)
Age: mean years (SD)
41.6 (13.2)
Sex, N (%)
Men
456 (57.4%)
Women
339 (42.6%)
Race, N (%)
White
416 (52.3%)
Black
293 (36.9%)
Other
86 (10.8%)
2
29.4 (7.7)
BMI: mean kg/m (SD)
CPD: mean (SD)
15.6 (7.6)
TNE: mean nmol/mL (SD)
57 (39.6)

Study 2
(n ¼ 651)
44.1 (13.1)
382 (58.7%)
269 (41.3%)
386 (59.3%)
200 (30.7%)
65 (10%)
29.4 (7)
16.8 (7)
77 (53.5)

Abbreviation: BMI, body mass index.

phenotype using linear regression with the natural log of the
biomarker as the outcome and terms in the model for UGT2B10
phenotype, CPD, and TNE and summarized by the geometric
mean for each phenotype adjusted for TNE and CPD (i.e., assuming that TNE and CPD equaled their respective averages observed
in the study population). The difference in biomarkers between
groups was summarized by the ratio of geometric means. A
second model was ﬁt that also included the natural log of the
ratio of total cotinine over free cotinine as a covariate to determine
the proportion of the effect of UGT2B10 phenotype on the
biomarker that can be explained by the natural log of the ratio
of total cotinine over free cotinine. An identical analysis was
completed for the comparison of biomarkers by race.

Results
UGT2B10 activity was phenotyped by determining the ratio of
urinary cotinine to total cotinine in two studies of smokers. The
characteristics of the participants in those studies are presented
in Table 1. The average age of the smoker in study 2 was slightly
higher (44.1 vs. 41.6 years), and the percentage of the population
that was African American was slightly lower (30.7% vs. 36.7%).
The largest difference between the two studies was the extent of
smoking among the participants. The average number of CPD in
study 1 was 15.6  7.6 compared with 16.8  8.2 in study 2. The
higher reported CPD in study 2 is consistent with the higher mean
TNE (77 nmol/mL) in urine samples from these smokers compared with those in study 1 (57 nmol/mL).

Effect of UGT2B10 phenotype on nicotine metabolism
To identify those smokers with essentially no UGT2B10
activity, the percent of cotinine excreted as its glucuronide
conjugate was determined. Individuals were characterized as
UGT2B10 null if there was no quantiﬁable difference between
their urinary concentration of total cotinine and cotinine. Using
this criteria, 60 smokers (7.5%) in study 1 and 37 smokers
(5.7%) in study 2 were classiﬁed as null (Table 2). The remaining smokers in each study, who would be either heterozygous
or homozygous for UGT2B10 alleles coding for active enzyme,
are referred to as "nonnull." As expected based on the racial/
ethnic speciﬁc frequency of the UGT2B10 splice variant, the
majority of the UGT2B10-null individuals were African Americans, 75% in study 1 and 84% in study 2. Fifteen percent of
African Americans are predicted to be homozygous for a
UGT2B10 variant allele that codes for nonfunctional enzyme:
either a common splice variant or the Asp67Tyr variant (13),
therefore 45 smokers in study 1 and 30 smokers in study 2 (13).
In agreement with these values, we identiﬁed 45 African American smokers as null in study 1 and 31 in study 2 (Table 2).
Based on the 7.5% of smokers in study 1 identiﬁed as null, the
frequency of nonfunctional UGT2B10 alleles in this study
population is 27.4%, and 51% (405 smokers) are predicted
to be heterozygous for a nonfunctional UGT2B10 allele. Similarly in study 2, 36% or 237 of the smokers are expected to be
heterozygous. In both studies, the majority of these smokers
will be African American.
The relative distribution of nicotine and its metabolites in
urine, expressed as a percentage of TNE, was determined for the
UGT2B10-null and nonnull smokers in each study. As expected,
in both studies, the average excretion of unconjugated cotinine
by null individuals was signiﬁcantly greater than that by nonnull smokers (P < 0.001, Table 2). However, total cotinine
excretion was still lower in null compared with nonnull smokers, 21.9% versus 30.3%, P < 0.001 (study 1) and 21% versus
27.4%, P < 0.001 (study 2). The lack of cotinine glucuronidation by UGT2B10-null smokers also resulted in a higher percentage of TNE being excreted as 3HCOT by these individuals
compared with nonnull smokers, 52.2% versus 44.3% (study 1)
and 58.3% versus 51.7% (study 2). Also of note, in study 2,
there was a signiﬁcant difference between TNE excreted by
nonnull compared with null smokers. As the majority of
null individuals are African American, the lower TNE in null

Table 2. Urinary nicotine and nicotine metabolites as a molar percentage of TNE stratiﬁed by UGT2B10
Study 1
UGT2B10
UGT2B10
Null
Nonnull
Analytes
(n ¼ 60)
(n ¼ 735)
20 (21.1)
18.5 (11.5)
Total nicotineb
8.2 (4.9)
7 (4.4)
Nicotine-N-oxideb
Cotinineb
21.5 (9.7)
13.1 (5.9)
ND
17.2 (8.4)
Cotinine glucuronideb
Total 3-hydroxycotinineb
52.2 (17.9)
44.3 (16.2)
C-oxidation (sum of total cotinine and total 3-hydroxycotinine)b
73.4 (16.4)
74.5 (13.7)
TNEb (nmol/mL)
56.6 (36.6)
57.1 (39.8)
c
45.1 (39.6)
45.7 (44.8)
TNE (nmol/mL)
Number of African Americans (%)
45 (75%)
248 (33.7%)

phenotypea

P
0.571
0.067
<0.001
<0.001
0.002
0.601
0.929
0.895
<0.001

UGT2B10
Null
(n ¼ 37)
14.7 (12.6)
7.7 (5.4)
20.6 (7.9)
ND
58.3 (19.9)
77.7 (15.8)
57.4 (39.1)
47.3 (45.5)
31 (83.8%)

Study 2
UGT2B10
Nonnull
(n ¼ 614)
15.2 (10.9)
5.6 (4.2)
11.4 (5.3)
16 (7.1)
51.7 (16.3)
79.2 (13.6)
78.8 (53.9)
62.7 (56.8)
169 (27.5%)

P
0.796
0.028
<0.001
<0.001
0.057
0.582
0.003
0.012
<0.001

a

UGT2B10 phenotype was characterized by cotinine glucuronidation, smokers with no quantiﬁable cotinine glucuronide are deﬁned as null, and values for each
analyte are the percentage of TNE.
b
Mean (SD), ND, not detected (nmol total cotinine/nmol cotinine <1.1, based on a coefﬁcient of variation of 9.6%).
c
Geometric mean (interquartile range).
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Table 3. Urinary nicotine and nicotine metabolites as a percentage of TNE stratiﬁed by race
Study 1
African
Americans
Whites
(n ¼ 295)
(n ¼ 416)
Analytesa
19.9 (14.8)
17.9 (10.6)
Total nicotineb
Nicotine-N-oxideb
8.1 (5.1)
6.5 (3.8)
16.1 (7.6)
12.1 (5.5)
Cotinineb
b
Cotinine glucuronide
10.9 (8.1)
19.6 (8.4)
Total 3-hydroxycotinineb
45.5 (16.6)
43.9 (16.3)
C-oxidation (sum of total cotinine and total 3-hydroxycotinine)b
72.4 (14.9)
75.6 (13.1)
b
54.3 (39.3)
58.4 (40.6)
TNE (nmol/mL)
c
TNE (nmol/mL)
43.6 (34.2)
46.2 (46.5)

Study 2

P
0.05
<0.001
<0.001
<0.001
0.213
0.003
0.184
0.272

African
Americans
(n ¼ 200)
16.5 (11.6)
6.8 (4.9)
14.3 (7.1)
10.3 (7.5)
52.3 (18)
76.7 (14.1)
72.2 (48.6)
57 (58.6)

Whites
(n ¼ 386)
14.4 (10.2)
5.2 (3.8)
10.7 (4.8)
17.5 (6.8)
52.3 (15.9)
80.4 (12.9)
81.4 (54.6)
65.7 (57)

P
0.032
<0.001
<0.001
<0.001
0.974
0.002
0.039
0.025

a

Each as a percent of TNE.
Mean (SD).
c
Geometric mean (interquartile range).
b

smokers may be due to the signiﬁcantly lower TNE of African
Americans compared with Whites in study 2 (Table 3).
Salivary and serum cotinine
Salivary cotinine concentrations in UGT2B10-null smokers
in study 1 (343 ng/mL) and serum cotinine concentrations in
study 2 (358 ng/mL) were signiﬁcantly higher than in nonnull
(205 ng/mL, study 1; 240 ng/mL, study 2) after adjusting for CPD
and TNE (P < 0.001, Table 4). The cotinine concentration of null
smokers compared with nonnull smokers was 68% higher in
study 1 and 48% higher for study 2 (Table 4, P < 0.001). After
further adjustment for UGT2B10 activity (cotinine glucuronidation), there was no difference in saliva cotinine between the two
groups in study 1 (ratio of geometric means, 0.98; P ¼
0.788, Table 4). In study 2, after adjustment for UGT2B10
activity, the ratio of serum cotinine in null to nonnull smokers
decreased from 1.48 to 0.83 (Table 4, P ¼ 0.019). The now 17%
lower cotinine levels in the UGT2B10-null individuals may be
due to incomplete adjustment for the signiﬁcantly higher smoking by nonnull individuals (Table 2, mean TNE 78.8 nmol/mL
vs. 57.4 nmol/mL for null).
The ratio of 3HCOT to cotinine in saliva (study 1) and serum
(study 2) was signiﬁcantly lower in UGT2B10-null compared
with nonnull smokers [Table 4, P ¼ 0.007 (study 1) and P ¼
0.0011 (study 2)]. Similarly, the urine ratio of total 3HCOT/
cotinine was signiﬁcantly lower in null compared with nonnull
smokers (P < 0.001). After adjustment for UGT2B10 activity,

none of these biomarkers of P450 2A6 activity were signiﬁcantly different (Table 4). In both studies, the percentage of
nicotine metabolized by C-oxidation (the sum of total cotinine
plus total 3HCOT per TNE), which is another measure of P450
2A6 activity, was not different for UGT2B10-null and nonnull
smokers (Table 2).
Urinary and salivary nicotine metabolites in African American
compared with White smokers
In both studies, African Americans excreted signiﬁcantly less
cotinine N-glucuronide as a percentage of TNE than Whites
(study 1, 10.9% vs. 19.6%, P < 0.001; study 2, 10.3% vs. 17.5%,
P < 0.001, Table 3). The mean percentage of cotinine glucuronidation was 40% (study 1) or 42% (study 2) for African
Americans compared with 62% for Whites in both studies
(Table 3). The mean levels of nicotine C-oxidation were also
signiﬁcantly, but modestly lower in African Americans compared with Whites (72.4% vs. 75.6% P ¼ 0.003 in study 1 and
76.7% vs. 80.4% P ¼ 0.039 in study 2). In study 2, both the
mean and geometric mean TNE were signiﬁcantly higher in
Whites compared with African Americans; there was no difference in TNE concentrations between the two groups in study 1.
However, as observed in many other studies, the mean salivary
or serum cotinine concentrations in African Americans compared with Whites was higher. After adjustment for CPD and
TNE, the saliva cotinine (study 1) and the serum cotinine
(study 2) were 35% and 24% higher in African Americans

Table 4. Saliva or serum cotinine and CYP2A6 phenotype (3HCOT/cotinine) stratiﬁed by UGT2B10 phenotypea
UGT2B10 Null
UGT2B10 Nonnull
Ratio (null/nonnull)
Study 1
n ¼ 60
n ¼ 735
Saliva biomarkers
Cotinine (ng/mL)
343 (340–346)
205 (204.6–205)
1.68 (1.46–1.92)
3-Hydroxycotinine/cotinine
0.176 (0.173–0.178)
0.222 (0.222–0.222)
0.79 (0.67–0.94)
Urine biomarkers
Total 3-hydroxycotinine/cotinine
2.67 (2.63- 2.71)
3.76 (3.76–3.77)
0.71 (0.60–0.84)
Study 2
Serum biomarkers
Cotinine
3-Hydroxycotinine/cotinine
Urine biomarkers
Total 3-hydroxycotinine/cotinine

Pb

Ratio (null/nonnull)b

Pc

<0.001
0.007

0.98 (0.85–1.13)
0.86 (0.70–1.04)

0.788
0.133

<0.001

1.09 (0.90–1.31)

0.39

n ¼ 37

n ¼ 614

358 (352–361)
0.253 (0.248–0.258)

240 (240.1–240.5)
0.332 (0.332–0.333)

1.48 (1.27–1.74)
0.76 (0.62–0.94)

<0.001
0.011

0.83 (0.71–0.97)
0.94 (0.74–1.19)

0.019
0.598

3.31 (3.23–3.40)

5.05 (5.05–5.06)

0.66 (0.52–0.82)

<0.001

1.05 (0.82–1.35)

0.682

a

UGT2B10 phenotype is characterized by cotinine glucuronidation; smokers with no quantiﬁable cotinine glucuronide are deﬁned as null.
b
Geometric means (95% CI) adjusted for CPD and TNE.
c
Adjusted for CPD, TNE, and UGT2B10 activity (total cotinine/cotinine).
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Table 5. Saliva or serum cotinine and CYP2A6 phenotype stratiﬁed by racea

Study 1
Saliva biomarkers
Cotinine (ng/mL)
3-Hydroxycotinine/cotinine
Urine biomarkers
Total 3-hydroxycotinine/cotinine
Study 2
Serum biomarkers
Cotinine (ng/mL)
3-Hydroxycotinine/cotinine
Urine biomarkers
Total 3-Hydroxycotinine/Cotinine

Ratio African
Americans/White

Ratio African
Americans/Whiteb

Pb

<0.001
0.046

1.01 (0.94–1.1)
0.94 (0.8–1.01)

0.719
0.314

0.79 (0.72–0.87)

<0.001

0.97 (0.87–1.08)

0.598

229 (228.9–229.4)
0.367 (0.367–0.368)

1.24 (1.05–1.24)
0.73 (0.66–0.82)

<0.001
<0.001

0.97 (0.89–1.06)
0.78 (0.69–0.88)

0.489
<0.001

5.42 (5.41–5.43)

0.78 (0.69–0.88)

<0.001

0.94 (0.83–1.05)

0.478

African American
n ¼ 295

White
n ¼ 416

256 (255.4–256.4)
0.207 (0.206–0.207)

190 (189.9–190.4)
0.229 (0.229–0.230)

1.35 (1.24–1.46)
0.90 (0.82–1.0)

3.18 (3.17–3.19)

4.02 (4.01–4.03)

n ¼ 200

n ¼ 386

284 (282.8–284.2)
0.27 (0.269–0.271)
4.23 (4.21–4.25)

Pa

a

Geometric means (95% CI) adjusted for CPD and TNE.
b
Adjusted for CPD, TNE, and UGT2B10 activity.

compared with Whites, (P < 0.001, Table 5). However, when
saliva and serum cotinine are adjusted for UGT2B10 activity,
the concentrations in African Americans are no longer higher
than in Whites (P ¼ 0.719 and P ¼ 0.489, Table 5).
As noted above, the percentage of TNE excreted as products
of nicotine C-oxidation was signiﬁcantly lower in African
Americans compared with Whites (Table 3). Other biomarkers
of P450 2A6 activity were also lower in African American
(Table 5). The urinary ratio of total 3HCOT to cotinine was
about 20% lower in both studies (P < 0.001), whereas the ratio
of 3HCOT/cotinine in saliva was 10% lower in study 1 and
the plasma ratio of 3HCOT/cotinine 27% lower in study 2
(Table 5, P ¼ 0.007 and P < 0.001). After adjustment for
UGT2B10 activity, neither biomarker of CYP2A6 activity in
study 1 was signiﬁcantly different for African American compared with White smokers. In study 2, the difference between
the groups decreased slightly but remained signiﬁcant for the
plasma ratio of 3HCOT to cotinine (Table 5, P < 0.001), but not
for the urinary ratio.

Discussion
We report here for the ﬁrst time that serum (and saliva) cotinine
concentrations in smokers are signiﬁcantly inﬂuenced by
UGT2B10 activity and that the relatively high frequency of
UGT2B10 nonfunctional alleles among African Americans (21)
contributes to higher cotinine levels in African American smokers. In two study populations, each including more than 600
smokers, we found that after adjustment for CPD and TNE, a
biomarker of nicotine dose, serum or saliva cotinine levels were
48% or 68% higher in smokers who have no active UGT2B10
enzyme relative to those with UGT2B10 activity. As previously
observed in many studies (1–5, 19), African Americans in our
study had higher serum or saliva cotinine concentrations than
Whites, even after adjustment for extent of smoking. However,
when further adjusted for UGT2B10 activity, there was no
signiﬁcant difference between cotinine levels in African American and White smokers. We conclude from these data that
lower UGT2B10-catalyzed cotinine glucuronidation by African
American smokers leads to the higher cotinine plasma concentrations routinely reported for African American smokers, African Americans exposed to ETS, and African Americans using
NRT compared with Whites.

www.aacrjournals.org

Cotinine glucuronidation was used to phenotype UGT2B10
activity, as we have previously determined that smokers who
are genotyped as carriers of two nonfunctional UGT2B10
excrete no cotinine glucuronide (13). The number of smokers
who do not glucuronidate cotinine to any signiﬁcant extent in
this study is consistent with the frequencies of UGT2B10
alleles that code for nonfunctional enzyme. We categorized
15.2% of 295 African American smokers in study 1 and 15.5%
of 200 in study 2 as null for UGT2B10. These data are in
agreement with a previous study of nicotine and cotinine
glucuronidation in which 15% of the African Americans smokers were genotyped as homozygous for either the UGT2B10
Asp67Tyr variant or the splice variant, or as carriers of both of
these alleles (13). Smokers with these three genotypes in any
ethnic/racial group excreted essentially no cotinine glucuronide and reduced levels of total cotinine. These data suggest
that cotinine is less efﬁciently cleared in smokers who are
deﬁcient in UGT2B10 activity.
The higher serum and saliva cotinine concentrations found
in this study for UGT2B10-null compared with nonnull smokers are consistent with our earlier report of 20% higher plasma
cotinine in smokers who were heterozygous for the UGT2B10
Asp67Tyr variant (12). The prior study was carried out before
the UGT2B10 splice variant was characterized, but only 8% of
the smokers in the study were African American and the splice
variant is rare in Whites (allele frequency <0.3%; ref. 13). In this
study, the geometric mean cotinine levels (adjusted for TNE
and CPD) in saliva and serum from UGT2B10-null smokers
were 68% and 48% higher than in nonnull individuals. On the
basis of the racial makeup of the study participants and the
UGT2B10 allele frequencies, more than 40% of the smokers
classiﬁed as nonnull are predicted to be heterozygous for either
the UGT2B10 Asp67Tyr variant or the splice variant. As smokers
who are heterozygous for these alleles glucuronidate cotinine at
about half the level of smokers homozygous for functional
UGT2B10 alleles (13), we expect that the plasma cotinine
concentrations of null smokers compared with smokers who
carried no functional variants of UGT2B10 will be even greater
than the approximately 50% mean difference reported here
between null and nonnull smokers. UGT2B10 activity will
inﬂuence a smoker's plasma cotinine levels independent of
their ethnic/racial background. However, the relative frequencies of the UGT2B10 Asp67Tyr variant and the splice variant
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in African Americans (5% and 35%) compared with Whites
(8.5% and 0.23%) would result in more African American
smokers being affected (13), consistent with their lower plasma
cotinine levels compared with Whites.
Low cotinine glucuronidation levels in African Americans
were ﬁrst reported in 1999 and have been subsequently conﬁrmed in several studies (8, 13, 18). In the original report, it
was suggested that decreased cotinine glucuronidation contributes to slower cotinine metabolism and presumable higher
plasma cotinine in African American compared with White
smokers. In the studies presented here, we have conﬁrmed this
hypothesis, as when either saliva or serum cotinine levels are
adjusted for both smoking dose and UGT2B10-catalyzed cotinine glucuronidation, there is no longer any difference between
the concentrations in African American and White smokers.
Recently, reduced P450 2A6 activity has been proposed as the
explanation of higher plasma cotinine in African American
smokers (19, 24, 25). However, little data exists to support
this. If decreased P450 2A6 activity does result in reduced
plasma cotinine levels, any effect in African Americans must
be minimal and signiﬁcantly overshadowed by the large effect
of UGT2B10 activity on plasma cotinine.
Investigating the effect of cotinine metabolism on its plasma
level was somewhat limited in this study due to the lack of DNA
and therefore genotyping data. If UGT2B10 and CYP2A6 genotypes were available for the smokers in this study, these genotypes could have been used as independent variables in assessing the effect of cotinine glucuronidation and oxidation on
serum and saliva cotinine. However, although genotype may
have improved our ability to deﬁne the contribution of
UGT2B10 activity to cotinine levels, UGT2B10 phenotype
clearly identiﬁed UGT2B10-null individuals, all of whom had
signiﬁcantly reduced saliva or serum cotinine.
In summary, UGT2B10 activity was shown to signiﬁcantly
affect serum and saliva cotinine concentrations in smokers.
Cotinine levels in UGT2B10-null smokers were about 50%
lower after correction for CPD and TNE. Therefore, when
cotinine levels are used as a measure of tobacco or nicotine

exposure, it is critical to take UGT2B10 genotype into account
when interpreting these data. Because of the relatively high
prevalence of UGT2B10-null variants in African Americans, this
is particularly important when comparing tobacco exposures
across different racial/ethnic groups.
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