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Abstract

Introduction: National data suggest tobacco smoke is positively associated with higher glycated 
hemoglobin (HbA1c) among adults. Our objective was to examine the association between serum 
cotinine and HbA1c among adolescents without known diabetes.
Methods: We assessed adolescents 12–19 years old (N = 11 550) who participated in the 1999–2012 
National Health and Nutrition Examination Survey. We applied sampling weights while performing 
multiple linear regression analyses.
Results: The prevalence of serum cotinine indicative of no tobacco smoke exposure (TSE, <0.05 
ng/mL) was 43.2%, passive TSE (0.05–2.99 ng/mL) was 38.9%, and active TSE (>3 ng/mL) was 17.9% 
in our sample. Mean (± standard error) HbA1c in participants with no TSE was 5.16% (±0.01), pas-
sive TSE was 5.16% (±0.01), and active TSE was 5.14% (±0.01). No differences in HbA1c were found 
between TSE groups including sex, age, race/ethnicity, education, income, and physical activity or 
the fully adjusted model with waist circumference. We found cotinine × sex (p = .01) and cotinine × 
age (p = .02) interactions. There was an association between cotinine and HbA1c for males but not 
females. Within males, participants with cotinine ≥3 ng/mL (5.26 ± 0.02) had higher mean HbA1c 
than those with cotinine 0.05–2.99 ng/mL and <0.05 ng/mL (both 5.20 ± 0.01, p ≤ .02). The negative 
association between age and HbA1c was stronger for participants with cotinine ≥3 ng/mL than par-
ticipants with cotinine <0.05 ng/mL.
Conclusion: No linear association was found between HbA1c and serum cotinine in adolescents 
overall after adjusting for potential confounders. Differences between TSE groups were found 
in males. Future research in adolescents should examine chronic TSE over time to examine the 
potential for development of type 2 diabetes.
Implications: TSE has been associated with increased risk for the development of type 2 diabetes 
among adults. It is unclear if this relationship holds in adolescents. We examined the association 
between serum cotinine and HbA1c in adolescents without known diabetes who completed the 
1999–2012 National Health and Nutrition Examination Survey. Although no association was found 
between serum cotinine and HbA1c overall while controlling for potential confounding factors, we 
observed interaction effects that are indicative of TSE influencing HbA1c differentially by sex and 
age. Reducing TSE in adolescents should be a priority for future tobacco control efforts.
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Introduction

Type 2 diabetes and tobacco smoke, including passive tobacco smoke 
exposure (TSE), remain leading causes of morbidity and mortality in 
the United States.1,2 Despite national efforts to prevent and reduce 
smoking among adolescents,3 over 3800 adolescents initiate smok-
ing each day, and about 80% will continue smoking into adulthood.4 
Recent data indicate that 41.1% of high school students have tried 
cigarette smoking in their lifetime and 15.7% have smoked in the 
past month.5 Further, approximately 9.6 million US adolescents aged 
12–19 years are exposed to passive TSE annually.6 Tobacco smoke and 
type 2 diabetes are cardiometabolic risk factors that contribute to the 
future risk of early mortality among adolescents and young adults.7

Tobacco smoke may increase the risk for the development of 
type 2 diabetes.8,9 Studies have shown that the acute effect of smok-
ing is associated with glucose intolerance and insulin resistance.10,11 
Whether tobacco smoke leads to transient or continuous elevations 
in blood glucose concentration remains unclear. Further, self-reported 
smoking in adults has been positively associated with higher levels of 
glycated hemoglobin (HbA1c),

12 an objective index of average blood 
glucose values over the preceding 3 months.13 Cotinine, the major 
proximate metabolite of nicotine, is an objective assessment of TSE 
for both smokers and nonsmokers compared to self-report smoking 
assessments.14 Prior research has used this gold standard measure to 
examine the relationship between smoking and HbA1c among adults 
with diabetes15 and without diabetes.16 One study conducted among 
children and adolescents with type 2 diabetes studied the association 
between cotinine and HbA1c,

17 but limited research has been pub-
lished investigating the association between cotinine and HbA1c in 
adolescents without known diabetes.

The purpose of this study was to examine the relationship 
between serum cotinine and HbA1c in adolescents without known 
diabetes while controlling for a priori defined covariates (sex, age, 
race/ethnicity, education, income level, physical activity, and waist 
circumference). We assessed possible interaction effects between 
serum cotinine and the covariates listed earlier. Our hypothesis 
was that higher serum cotinine categories would be associated with 
higher HbA1c in adolescents.

Methods

Participants and Procedures
We conducted a secondary data analysis of the 1999–2012 National 
Health and Nutrition Examination Survey (NHANES), a nationally 
representative, cross-sectional survey that continuously monitors the 
health status of adults and youth.18 An institutional review board 
determined the current study as not human subjects’ research and 
thus exempt from review.

NHANES uses a complex, multistage probability sampling 
design to select participants18 and is unique, as it combines house-
hold interviews with laboratory and physical examination com-
ponents, described elsewhere.19 We combined seven successive 
continuous NHANES cycles and limited our analysis to participants 
12–19  years old (n   =   13 343) who were interviewed and had a 
physical examination. Adolescents with diagnosed diabetes were 
excluded if they self-reported that they had diabetes (n  =  63), took 
insulin (n  =  37) or antihyperglycemic pills to lower blood glucose 
(n  =  11) at the time of the interview. Serum cotinine was used as an 
objective measure of TSE in our sample.14 Thus, we further excluded 
participants with missing serum cotinine or missing HbA1c (n   =   
1682); this resulted in 11 550 study participants eligible for analysis.

Measures
Our independent variable of interest was serum cotinine, a biological 
marker of active smoking and passive TSE.14 Cotinine detection lim-
its have changed over time; in 1999–2000, the limit of detection 
was 0.05 ng/mL. In 2001–2002, there were two limits of detection; 
0.05 ng/mL and 0.015 ng/mL. For 2003–2004 and subsequent years, 
the limit of detection was 0.015 ng/mL. Similar to prior research16 
and as we are using a categorical designation of serum cotinine, we 
used the higher detection limit of cotinine < 0.05 ng/mL as the cut 
point for our lowest category, for consistency. To distinguish smok-
ers from nonsmokers, we used the cut point of ≥3 ng/mL, since it is 
sensitive to nondaily or light smoking. The optimal cotinine levels 
recommended to define passive TSE is 0.05–2.99  ng/mL.20 Thus, 
the serum cotinine categories used in our study were (1) < 0.05 ng/
mL, (2) 0.05–2.99 ng/mL, and (3)  ≥3 ng/mL. Our outcome measure 
was blood HbA1c (%). This was primarily analyzed as a continu-
ous variable but was also examined using the definition: < 5.7% for 
normal (no diabetes); 5.7%–6.4% for prediabetes; and  ≥6.5% for 
diabetes.21

Demographic variables chosen a priori as covariates were sex, 
age, race/ethnicity, education, income level, physical activity, and 
waist circumference. Race/ethnicity was categorized as non-Hispanic 
white, non-Hispanic black, Hispanic, and other race. Education was 
categorized as those enrolled in middle school (6th–8th grade), those 
enrolled in high school (9th–12th grade), and > high school (i.e., 
high school graduates, those who passed a general education devel-
opment [GED] test or equivalent, and those who completed more 
than high school). We categorized annual household income level 
as < $20 000/year, $20 000–$44 999/year, $45 000–$74 999/year, 
and  ≥$75,000/year. Physical activity was categorized as no/light, 
moderate, and vigorous activity. The physical examination portion 
included a body measurement component where weight, height, and 
waist circumference were measured.22 Body mass index (BMI) is cal-
culated as weight in kilograms divided by height in meters squared. 
The Centers for Disease Control and Prevention’s sex-specific BMI-
for-age references were used to determine BMI z-scores (BMIZ) 
using the lambda, mu, and sigma method method.23

Statistical Analysis
All of our analyses used appropriate sampling weights to account for 
the complex NHANES design, survey nonresponse, and poststrati-
fication so that the estimates can be generalizable to the whole US 
adolescent population without known diabetes. We examined asso-
ciations between all the covariates listed earlier and serum cotinine 
categories among all participants included in the present study. The 
continuous variables such as age, BMIZ, and waist circumference 
are reported as mean ± standard error (SE), and analyses of vari-
ance were performed to test hypotheses about the equality of these 
means. We also calculated the median and interquartile ranges for 
each cotinine category. The categorical variables are reported as the 
raw frequency with weighted proportion in parentheses, and the p 
values were derived from chi-square tests.

We calculated mean HbA1c of participants according to serum 
cotinine categories in an unadjusted linear regression model, a model 
adjusting for BMIZ only, and another model adjusting for waist cir-
cumference only, in order to assess whether adjusting for these two 
variables provide the same results. For these models, we tested the 
differences in mean HbA1c across serum cotinine categories. Research 
shows that smokers have a lower mean BMI but tend to have a 
larger waist circumference and higher abdominal fat compared to 
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nonsmokers.25–27 As BMI is strongly associated with waist circumfer-
ence, we adjusted for BMIZ and waist circumference separately in 
these models to examine whether the relationship between diabetes 
and waist circumference is stronger than BMI,28–30 as waist circum-
ference measures central adiposity which is associated with insulin 
resistance often seen in type 2 diabetes.28

We built three linear regression models to examine the relation-
ship between serum cotinine categories and HbA1c, the continuously 
distributed outcome variable. The first model was unadjusted and 
the second model was adjusted for sex, age, race/ethnicity, education, 
income level, and physical activity. In the third model, we adjusted for 
the covariates and included waist circumference to assess for potential 
mediating effects of this variable. We adjusted for physical activity 
since prior research indicates physically inactive adolescents are more 
likely to smoke than physically active adolescents.24 We did not adjust 
for BMIZ in our multiple linear regression analyses, however, due to 
collinearity, since this variable is highly correlated with waist circum-
ference. We also examined all possible two-way interactions between 
serum cotinine and the covariates. The final model only included 
statistically significant interactions (p < .05). We calculated the con-
ditional mean (± SE) HbA1c level for the statistically significant inter-
actions, and p values were adjusted using the Tukey–Kramer method.

We used SAS statistical software version 9.4 (SAS Institute, Inc., 
Cary, NC) survey procedures to conduct our analyses, to account for 
the survey design. Statistical tests were two-sided, and p < .05 was 
considered statistically significant. Adjustment for multiple compari-
sons was done by the Tukey–Kramer method when making pairwise 
comparisons of serum cotinine level for adolescents.

Results

Our final sample consisted of 11 550 participants after applying 
exclusion criteria. The prevalence of serum cotinine < 0.05 ng/mL 
indicating no TSE was 43.2% (n  =   4471), serum cotinine 0.05–
2.99 ng/mL indicating passive TSE was 38.9% (n   =   4930), and 
17.9% of participants (n  =   1879) had serum cotinine ≥3 ng/mL 
indicating active smoking. Further, the median of cotinine for the no 
TSE group was 0.02 ng/mL, the passive TSE group was 0.25 ng/mL, 
and the active TSE group was 76.85 ng/mL.

The mean age of participants was 15.48  years (SE   =   0.03); 
51.2% were males and 48.7% were females. The majority of par-
ticipants were white (59.8%) followed by Hispanic origin (18.8%), 
black (14.6%), and 6.8% of participants were other race. Most 
participants were in middle school (6th–8th grade; 41.8%) or high 
school (9th–12th grade; 41.0%), and 17.2% were high school 
graduates, passed a GED test or equivalent, or completed more than 
high school. Regarding annual household income level, 18.4% had 
an income of  <  $20 000/year, 28.2% had an income of $20 000–
$44 999/year, 21.6% had an income of $45 000–$74 999/year, and 
31.8% had an income of  ≥$75 000/year. The majority (67.9%) of 
adolescents reported that they engaged in vigorous physical activity, 
16.5% engaged in moderate physical activity, and 15.6% engaged 
in none/light physical activity. Mean BMIZ of participants was 0.52 
(SE  =   0.02), and mean waist circumference was 81.51cm (SE   =   
0.24). Serum cotinine categories significantly differed by sex, mean 
age, race/ethnicity, education, income level, physical activity level, 
mean BMIZ, and mean waist circumference. Characteristics of par-
ticipants by serum cotinine categories are described in Table 1. The 
median and the interquartile range for each of the three serum coti-
nine categories are reported in the last row of Table 1.

The majority of participants had HbA1c < 5.7% (normal/no dia-
betes; n  =   10 983; 96.2%), 3.7% had HbA1c between 5.7% and 
6.4% (prediabetic; n   =   545), and 0.1% had HbA1c ≥6.5% (dia-
betic; n   =   22). There were no statistically significant differences 
in HbA1c levels across serum cotinine categories in the unadjusted, 
BMIZ adjusted, or waist circumference adjusted models (Table 2). In 
Table 3, models for the association between serum cotinine category 
and HbA1c while controlling for covariates are presented. In the 
unadjusted linear regression model, there was no statistically signifi-
cant difference found for HbA1c between serum cotinine categories. 
For the adjusted linear regression model without waist circumfer-
ence and the fully adjusted model with waist circumference, no stat-
istically significant differences were found between serum cotinine 
categories and HbA1c among participants (see Table 3).

We found a statistically significant interaction effect of serum 
cotinine × sex on HbA1c (p  =  .01) and another statistically signifi-
cant interaction effect for serum cotinine × age (p  =  .02). Table 4 
outlines the results of the model including means (SE) of HbA1c 
according to serum cotinine category and sex and serum cotinine 
category by age.

We found a significant difference in mean HbA1c between male 
participants with serum cotinine 0.05–2.99  ng/mL and serum 
cotinine ≥3 ng/mL (p  =   .01). Male participants with serum coti-
nine ≥3 ng/mL (5.26 ± 0.02) had significantly higher mean HbA1c 
than male participants with serum cotinine 0.05–2.99  ng/mL 
(5.20 ± 0.01). Similarly, there was a statistically significant difference 
in HbA1c between male participants with serum cotinine < 0.05 ng/
mL and serum cotinine ≥3 ng/mL (p  =  .02). Male participants with 
serum cotinine ≥3 ng/mL (5.26 ± 0.02) had higher mean HbA1c than 
male participants with serum cotinine < 0.05 ng/mL (5.20 ± 0.01). 
There were no statistically significant differences found based on 
mean HbA1c between serum cotinine categories within females. 
Between male and female adolescents, there was a statistically sig-
nificant difference found in the serum cotinine ≥3 ng/mL groups (p  =  
.001). Specifically, male adolescents (5.26 ± 0.02) had significantly 
higher mean HbA1c than female adolescents (5.19  ±  0.02) in this 
high TSE group. Further, the negative association between age and 
HbA1c is stronger for participants with serum cotinine ≥3 ng/mL than 
participants with serum cotinine <0.05 ng/mL (see Table 4). Figure 1 
shows this moderating effect and presents means of HbA1c according 
to serum cotinine and the minimum age (i.e., 12 years old), mean age 
(i.e., 15.60 years old), and maximum age (i.e., 19 years old).

No statistically significant interaction effects were found between 
serum cotinine and the other covariates (i.e., race/ethnicity, educa-
tion, income level, physical activity, and waist circumference).

Discussion

Despite evidence that tobacco smoke, including passive TSE, is asso-
ciated with adverse cardiovascular complications and early mortal-
ity in adults,7 minimal evidence exists as to whether elevated blood 
glucose (HbA1c) is adversely affected by TSE among adolescents. 
We used a nationally representative sample of adolescents without 
known diabetes to examine the association between serum cotinine 
categories and HbA1c in the current study. Using biochemically vali-
dated TSE, our findings in the overall sample did not support the 
hypothesis that higher TSE levels are associated with higher HbA1c in 
a national sample of adolescents without known diabetes. This has 
been reported in a prior study of children with known diabetes.17 A 
prior study16 similar to ours of adults in the NHANES 1999–2008 
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sample suggested that a “dose–response” effect may be present, 
wherein there is a stronger association between HbA1c in current 
smokers and in those with higher cotinine levels. After adjusting 
for all covariates, we found that serum cotinine was not signifi-
cantly associated with HbA1c among the combined sample of male 
and female adolescents. Although no significant interaction effects 
were found based on race/ethnicity, education, income level, phys-
ical activity, and waist circumference, we did find a significant serum 
cotinine × sex interaction effect among adolescents overall, suggest-
ing that males with higher TSE levels (i.e., cotinine  ≥3 ng/mL) have 
a significantly higher HbA1c than females. As hypothesized, we also 
found a positive association within males, suggesting those with high 
TSE (i.e., cotinine ≥3 ng/mL) have significantly higher HbA1c than 
males with no TSE (i.e., cotinine < 0.05 ng/mL) and passive TSE 
(i.e., cotinine 0.05–2.99 ng/mL). We also found a significant serum 
cotinine × age interaction effect, indicating that serum cotinine and 
age interact to moderate HbA1c. Interestingly, our findings revealed 
the effects of TSE on HbA1c are more pronounced for younger par-
ticipants. Further research is needed to more thoroughly understand 
the complex influence sex and age have on the relationship between 
TSE and HbA1c.

Since our study excluded known diabetes cases, these findings 
are concerning, given research indicates that the incidence and 
prevalence of type 2 diabetes among adolescents is increasing over 
time, underscoring a serious national concern for economic and 

health-care resources.31 It is also important to note that the average 
age at diagnosis of type 2 diabetes has decreased from 52 years old 
to 46 years old over time.32 Thus, more research is needed to explore 
potential relationships between TSE and glucose intolerance, espe-
cially since some adolescents had HbA1c levels placing them at high 
risk of having or developing future diabetes.

Although it is well known that active smoking and passive TSE 
have numerous adverse health effects on adolescent health,2 our 
study supports prior work that shows very high prevalence of TSE 
in youth. Our analysis indicates that 38.9% of the sample had serum 
cotinine levels consistent with passive TSE (i.e., 0.05–2.99 ng/mL) 
and 17.9% had serum cotinine levels consistent with active smok-
ing (i.e., ≥3 ng/mL). Concerning cotinine levels indicative of active 
smoking, our findings align with prior national research33 that used 
self-report measures and found participants who were older (M  =  
17 years old), white (20%), and male (21%) had high rates. Similar to 
previous research,6 we also found that black participants (57%) and 
those with income <$20 000 per year (47%) had disproportionate 
rates of serum cotinine levels consistent with passive TSE. Overall, 
we found a negative relationship between household income level 
and serum cotinine level, which is not surprising given that individu-
als with lower socioeconomic status have significantly higher rates 
of smoking.34 Further, expanding on prior work that found adoles-
cents who are physically inactive are at increased risk of smoking,24 
we found that adolescents who were physically inactive or reported 

Table 1. Characteristics of adolescents according to serum cotinine categories, NHANES 1999–2012a

Characteristics of study participants (N  =  
11 550) All

Serum cotinine category

p
<0.05 ng/mL  
(n  =  4471)

0.05–2.99 ng/mL  
(n  =  4930)

 ≥3 ng/mL  
(n  =  1879)

Age, mean (SE) 15.48 (0.03) 15.01 (0.05) 15.31 (0.05) 16.97 (0.06) <.001
Sex
 Male 5902 (51.2) 2234 (40.4) 2482 (38.7) 1,186 (20.9) <.001
 Female 5648 (48.7) 2507 (46.2) 2448 (39.0) 693 (14.8)
Race/ethnicity
 White 3043 (59.8) 1196 (43.0) 1153 (36.7) 694 (20.3) <.001
 Black 3461 (14.6) 817 (26.8) 2033 (56.6) 611 (16.6)
 Hispanic 4394 (18.8) 2408 (55.7) 1514 (32.9) 472 (11.4)
 Other race 652 (6.8) 320 (46.5) 230 (36.3) 102 (17.2)
Education
 Middle school (grades 6–8) 4907 (41.8) 2350 (51.2) 2247 (41.8) 310 (7.0) <.001
 High school (grades 9–12) 4762 (41.0) 1794 (39.9) 1893 (35.9) 1075 (24.2)
 >High school 1875 (17.2) 595 (32.0) 786 (38.8) 494 (29.2)
Household Income level
 <$20 000/y 2817 (18.4) 782 (25.3) 1400 (47.1) 635 (27.6) <.001
 $20 000–$44 999/y 3659 (28.2) 1455 (36.3) 1610 (43.4) 594 (20.3)
 $45 000-$74 999/y 2050 (21.6) 904 (44.4) 873 (40.4) 273 (15.2)
 >$75 000/y 2228 (31.8) 1307 (60.3) 682 (28.1) 239 (11.6)
Physical activity
 None/light 1980 (15.6) 663 (34.2) 857 (37.3) 460 (28.5) <.001
 Moderate 1850 (16.5) 782 (43.3) 793 (39.4) 275 (17.3)
 Vigorous 7444 (67.9) 3,174 (45.1) 3,149 (39.0) 1,121 (15.9)
BMIZ, mean (SE) 0.52 (0.02) 0.43 (0.03) 0.64 (0.03) 0.48 (0.04) <.001
Waist circumference (cm), mean (SE) 81.51 (0.24) 79.55 (0.27) 82.35 (0.34) 84.46 (0.61) <.001
Cotinine (ng/mL), median (IQR) 20.27 (1.12)b 0.02 0.25 76.85

(0.01–0.03) (0.10–0.76) (15.83–176.06) —

Abbreviations: SE,  standard error; IQR, interquartile ranges; BMIZ,  body mass index z-scores using the Centers for Disease Control and Prevention’s sex-specific 
BMI-for-age references; NHANES, National Health and Nutrition Examination Survey.
aData are presented as mean (SE), n (weighted %) or median (IQR).
bMean (SE).
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light physical activity had high rates of passive TSE (37%) and active 
TSE (29%). Similarly, we found that adolescents in the passive TSE 
group (M  =  82 cm) and active TSE group (M  =  85 cm) had higher 
waist circumferences than those in the no TSE group (M  =  80 cm). 
This was expected, since it is well known that smokers tend to have 
a larger waist circumference and lower BMI.25–27 Interestingly, how-
ever, we found that adolescents with the highest mean BMIZ were 
in the passive TSE group (M  =  0.64). These findings underscore the 
continued critical need for passive TSE reduction and smoking ces-
sation efforts among this age-group.

The present study’s results differ from prior research con-
ducted among adults without diabetes,16 and this merits discus-
sion. One potential reason our analyses did not find that higher 

Table 2. Mean HbA1c of adolescents by serum cotinine categories, NHANES 1999–2012a

HbA1c (%) n

Serum cotinine category

p 
< 0.05 ng/mL
(n  =  4471)

0.05–2.99 ng/mL
(n  =  4930)

 ≥3 ng/mL
(n  =  1879)

Unadjusted 11 550 5.16 (0.01) 5.16 (0.01) 5.14 (0.01) .79
BMIZ adjusted 11 346 5.16 (0.01) 5.16 (0.01) 5.15 (0.01) .82
Waist circumference adjusted 11 313 5.16 (0.01) 5.16 (0.01) 5.14 (0.01) .43

Abbreviation: HbA1c,  glycated hemoglobin; BMIZ, body mass index z-scores using the Centers for Disease Control and Prevention’s sex-specific BMI-for-age 
references; NHANES, National Health and Nutrition Examination Survey.
aData presented as mean (SE).

Table 3. Association of HbA1c according to serum cotinine categories in adolescents, NHANES 1999–2012

Serum cotinine category

Unadjusted (N  =  11 550)

Multivariable adjusted  
without waist circumferencea

 (n  =  10 495)

Multivariable adjusted  
with waist circumferenceb

(n  =  10 318)

β Coefficient (SE) p β Coefficient (SE) p β Coefficient (SE) p

<0.05 ng/mL (Ref) (Ref) (Ref)
005–2.99 ng/mL −0.01 (0.04) .86 −0.01 (0.01) .41 −0.01 (0.01) .13
≥3 ng/mL −0.04 (0.06) .53 0.01 (0.01) .61 0.01 (0.01) .85

Abbreviations: HbA1c,  glycated hemoglobin; Ref, reference group; NHANES, National Health and Nutrition Examination Survey.
aAdjusted for sex (male, female), age (continuous), race/ethnicity (white, black, Hispanic, and other race), education (middle school, high school, >high school), 
income level (<$20 000/y, $20 000–$44 999/y, $45 000–$74 999/y, > $75 000/y), and physical activity (none/light, moderate, and vigorous).
bAdjusted for sex, age, race/ethnicity, education, income level, physical activity, and waist circumference (continuous).

Table 4. Interaction effects based on sex and age according to serum cotinine categories in adolescents, NHANES 1999–2012

HbA1c (%) n

Serum Cotinine Category

p value
Interaction

<0.05 ng/mL  
(n  =  4471)

0.05–2.99 ng/mL  
(n  =  4930)

 ≥3 ng/mL  
(n  =  1879)

Sex
 Male 5902 5.20 (0.01)a 5.20 (0.01)b 5.26 (0.02)c 0.01
 Female 5648 5.20 (0.01) 5.17 (0.01) 5.19 (0.02)
Age 10 318 Ref 0.003 (0.004)d −0.014 (0.006) .02e

 12 years old — 5.25 (0.02) 5.23 (0.02) 5.32 (0.03)
 15.60 years oldf — 5.20 (0.01) 5.18 (0.01) 5.21 (0.01)
 19 years old — 5.14 (0.02) 5.14 (0.01) 5.11 (0.02)

Abbreviations: HbA1c,  glycated hemoglobin; Ref,  referent; NHANES, National Health and Nutrition Examination Survey.
aWithin males, the <0.05 ng/mL category has lower HbA1c than the  ≥3 ng/mL category; p  =  .02.
bWithin males, the 0.05–2.99 ng/mL category has lower HbA1c than the ≥3 ng/mL category; p  =  .01. 
cWithin the ≥3 ng/mL category, males have a higher HbA1c than females; p  =  .001.
dβ Coefficient (SE).
eAge had a significant interaction effect on HbA1c for participants in the ≥3 ng/mL category compared to participants in the <0.05 ng/mL category.
fMean age of participants (n  =  10 318) included in the analysis.

Figure  1. Interaction of serum cotinine with age. Line represents mean 
glycated hemoglobin (HbA1c).
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serum cotinine categories were associated with increased HbA1c 
is that HbA1c values and thus levels of glycemic control, as well 
as diabetes risk,35 increase with age and active smoking and pas-
sive TSE.36 In addition to a dose-dependent relationship, it is pos-
sible that there is a time-dependent relationship between smoking 
and glycemic control. Prior research indicates that HbA1c signifi-
cantly increases with number of cigarettes smoked per day and 
pack-years among current smokers compared to never smokers.37 
Several recent meta-analyses found a relationship between passive 
TSE and risk of type 2 diabetes,38–40 indicating that the intensity 
and duration of TSE is associated with the risk of worse glyce-
mic control. This suggests that adults may be more susceptible to 
increased HbA1c due to their age and concomitant longer periods 
of either active smoking or passive smoking. Thus, adolescents may 
have limited, short-term exposure to active smoking and passive 
smoking compared to adults, and the latent duration of TSE in 
adolescents may not be long enough to measure the potential meta-
bolic consequences of active smoking and passive smoking. Other 
research suggests possible mechanisms that may explain higher 
HbA1c levels in adult smokers including nicotine-induced oxidative 
stress that contributes to pancreatic β-cell loss, mitochondrial dys-
function, and inflammation, which reduces insulin release and neg-
atively affects insulin action and contributes to the development 
of insulin resistance.41 Further, research found that intravenous 
infusion of nicotine aggravated insulin resistance in type 2 diabetic 
adult patients but not in healthy control participants.42 Similarly, 
there is strong evidence that tobacco smoke, including passive TSE, 
increases cardiovascular disease development in patients with dia-
betes to a greater extent than in those without diabetes over time.43 
Finally, recent studies have found that in adult never smokers, pas-
sive TSE is positively associated with type 2 diabetes.35,44 However, 
similar to our findings, Alshaaraway and Elbaz44 found no associa-
tion between those with levels of serum cotinine below 3 ng/ml and 
HbA1c among never smokers.

Limitations
This study has several strengths. We examined the relationship 
between tobacco smoke and HbA1c using biomarkers rather than 
relying on self-report measures. Our results are generalizable to the 
US adolescent population who do not have known diabetes, since 
we tested this relationship in a nationally representative sample. 
We controlled for several potential confounders that may affect the 
relationship between cotinine and HbA1c. However, this study is 
not without limitations. Inferences are not causal due to the cross-
sectional NHANES design. Residual confounding may exist and 
unexpectedly bias results although we adjusted for several potential 
confounders. However, we did not adjust for diet or alcohol con-
sumption in our analyses, which may be confounders in the associ-
ation between smoking and HbA1c. Finally, the half-life of cotinine 
is 16–17 h and reflects short-term nicotine exposure and not chronic 
exposure over time;14,45 additionally, serum cotinine alone does not 
assess the number of cigarettes that a nonsmoker has been passively 
exposed to nor is it enough to assess the pack-years of a smoker. 
Thus, the use of serum cotinine in this study did not assess or dif-
ferentiate the effects that chronic nicotine exposure has on glycemic 
control. Therefore, the lack of information available on the inten-
sity and duration of TSE is a limitation in the present study. Future 
research involving adolescents should seek to examine chronic TSE 
over time to further examine the association between HbA1c and 
serum cotinine.

Conclusions

In sum, we assessed the relationship between serum cotinine and 
HbA1c in a national sample of US adolescents. HbA1c did not differ 
significantly overall based on serum cotinine category after adjust-
ing for potential confounders. Contrary to findings in adults without 
diabetes,16 these results did not support the hypothesis that tobacco 
smoke measured by serum cotinine, with a half-life of about 16–17 
h,14,45 leads to a direct increase in blood glucose levels in the overall 
sample as reflected by HbA1c. However, we did find a statistically sig-
nificant interaction effect that is indicative of TSE influencing HbA1c 
differently in male adolescents versus female adolescents such that 
male adolescents with higher TSE levels (i.e., cotinine ≥3 ng/mL) have 
significantly higher mean HbA1c than female adolescents. We also 
found that males with higher TSE levels had significantly higher HbA1c 
than males with no TSE (i.e., cotinine <0.05 ng/mL) or passive TSE 
(i.e., 0.05–2.99 ng/mL). We also found a significant serum cotinine × 
age interaction which suggests the exposure effect on HbA1c is more 
pronounced for younger adolescents. The present study’s findings sug-
gest that the association between HbA1c and serum cotinine is com-
plex and needs to take into account sex and age. Due to the relatively 
small sample size and cross-sectional nature of this study, it will be of 
interest to extend this research to a larger sample size and to longi-
tudinally compare the complex relationship between serum cotinine 
and HbA1c. If there is an association, it will be important to determine 
at what age this association is evident so that appropriate interven-
tions can be put into place well before this point, given the dispro-
portionately high prevalence of diabetes in adult populations.8 Future 
research is also needed to determine whether this association occurs 
in certain subgroups so that targeted interventions can be developed.

Clinical guidelines for HbA1c define prediabetes as 5.7%–6.4% 
and diabetes as 6.5% and above.21 Our sample had relatively low 
mean HbA1c. Prior studies have found a positive association between 
HbA1c and age but conclude the difference may not be large enough 
to introduce age-specific reference guidelines.36,46,47 Further examin-
ation is needed to determine whether age-specific criteria is appro-
priate, especially since the majority of participants had HbA1c 
percentages below prediabetic levels. Thus, current cut points may 
underrate the prevalence of prediabetes. Although studies on adults 
suggest an association between type 2 diabetes and smoking,8 more 
research is needed to identify why smoking affects HbA1c, especially 
among nondiabetic individuals.12 Future surveillance of tobacco 
smoke, including passive TSE, as a risk factor for high HbA1c in 
adolescents may provide clarity into the reported type 2 diabetes 
trends found in adulthood. Furthermore, it is clear that longitudinal 
research is needed to determine the underlying mechanism, dose 
response, and timing in which the effect of TSE on HbA1c in never 
smokers occurs. Our study findings further suggest the need for lon-
gitudinal research to explore these issues and the urgent need to 
continue to develop and test interventions to reduce TSE and active 
smoking in adolescence as a way to reduce the future development 
of type 2 diabetes in adulthood.
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