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A B S T R A C T

The influence of smoking exposure on telomere length with a focus on the impact of race has rarely been
discussed. We performed a cross sectional analysis into the associations of smoking indicators with leukocyte
telomere length (LTL) by race among 5864 nationally representative sample of US adults (≥20 years). Data from
1999 to 2002 National Health and Nutrition Examination Survey was used for the analysis. Smoking indicators
were assessed by interviews and serum cotinine levels. LTL was quantified by polymerase chain reaction.
Multiple linear regressions were used to assess the association with adjustment for covariates, sample weights
and design effects separately for Whites, Blacks and Mexican Americans. The intensity of smoking, measured by
the average number of cigarettes consumed per day, was negatively associated with LTL among Whites (β:
−3.87, 95% CI: −5.98 to −1.21) and among Blacks (β: −15.46, 95% CI: −29.79 to −2.12) participants.
Compared with cotinine level < 0.05 ng/ml, cotinine level ≥3 ng/ml was associated with shorter LTL (β:
−77.92, 95% CI=−143.05 to −11.70) among Whites, but not among Blacks. We found increased number of
cigarette consumption to be associated with shorter LTL in both Blacks and Whites, indicating that the impact of
smoking on life-shortening diseases could partly be explained by telomere biology. Increased cotinine con-
centration however, was associated with shorter LTL only among Whites, not among Blacks. This differential
relationship that we observed may have implications in interpreting cotinine as an objective biomarker of
smoking exposure across races and warrant additional prospective investigation.

1. Introduction

Smoking is a critical environmental hazard and a major public
health problem. Since smoking is associated with a wide variety of age-
related diseases, aging is considered an important comparative measure
of health outcomes with regard to smoking exposure. Human telomeres,
which are nucleoprotein structures that cap the ends of chromosomes
and protect them from degradation and maintain genome integrity,
plays a critical role in aging process (Blackburn, 2000; Blackburn,
2001). Telomeres generally shorten progressively with every cell divi-
sion over the lifespan and thus, telomere length typically declines with
advancement of age (Aubert and Lansdorp, 2008; Blasco, 2005). Telo-
mere length also reflects the balance between cytotoxic stressors and

antioxidant defense mechanisms (Houben et al., 2008; von Zglinicki,
2002). Therefore, telomere attrition in circulating white blood cells
serves as a marker for cumulative oxidative stress, inflammation and,
consequently, shows the pace of biological aging. Smoking has been
hypothesized to promote telomere shortening and accelerated aging
because of the increased oxidative stress burden caused by the large
amount of free radicals and reactive oxygen species produced by
smoking toxicities (Thorne et al., 2009; van der Vaart et al., 2004).

Cigarette smoke also contains a large amount of other chemical
compounds, such as nicotine, acrolein, formaldehyde, and carcinogens
(van der Vaart et al., 2004). Among them, nicotine's metabolite, coti-
nine, is often used as a biomarker of smoke exposure. Cotinine is
formed from nicotine in a reaction catalyzed by the enzyme CYP2A6
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(Benowitz et al., 2004; Pérez-Stable et al., 1998). Cotinine has a half-life
of 15–20 h, compared to that of nicotine's 0.5–3 h; therefore, cotinine is
a more stable marker of exposure to tobacco smoke than nicotine itself
and has been used as an objective index of tobacco exposure (Benowitz
et al., 2009; Benowitz, 1996).

A number of previous studies have shown that telomere length is
shorter in the peripheral blood leukocytes of smokers than in those of
nonsmokers (Babizhayev and Yegorov, 2011; Valdes et al., 2005; Huzen
et al., 2014; Zhang et al., 2016; Bendix et al., 2014). Although cotinine
is regarded as an objective biomarker of smoking, little is known about
the associations between cotinine and telomere length. We found one
study conducted exclusively among White current smokers that ex-
amined this relationship and found no association (Robertson et al.,
2013). It is however, well established that cigarette-smoking behavior
and nicotine metabolism differs substantially by race in the United
States (Derby et al., 2008; Ross et al., 2016). Blacks tend to have higher
cotinine levels with the same level of smoking exposure because of
lower CYP2A6 activity compared to Whites (Mwenifumbo et al., 2005;
Nakajima et al., 2006). Thus, despite the fact that different racial
groups exhibit distinct patterns of CYP2A6 activity and nicotine meta-
bolism rates and that both telomere length and smoking behavior vary
by race, the influence of smoking exposure on telomere length with a
focus on the impact of race has rarely been discussed.

To explore the relationship between tobacco smoking and telomere
length and to gain more insight into the impact of race, we performed a
cross sectional analysis into the associations of smoking indicators in-
cluding smoking status, smoking intensity, type of filter used, second-
hand smoking, and serum cotinine level, with leukocyte telomere
length (LTL) by race using data from the National Health and Nutrition
Examination Survey (NHANES).

2. Methods

2.1. Data source

The current study analyzed the data of total 5864 participants from
the 1999–2000 and 2001–2002 cycles of the NHANES. The NHANES is
a nationally representative, complex, stratified multistage probability
sample survey of the noninstitutionalized U.S. population conducted by
the National Center for Health Statistics (NCHS), Centers for Disease
Control and Prevention (CDC). A detailed description of the survey
methodologies and analytic guidelines was reported elsewhere
(National Health and Nutrition Examination Survey analytic and re-
porting guidelines, 2004). We restricted our analysis to NHANES data
from 1999 to 2002 because these surveys collected DNA specimens for
examination of LTL on participants aged 20 or older. Among 10,291
participants of ≥20 years, 7826 (76%) provided DNA, consented to its
use in future research, and had a sufficient quantity of DNA to estimate
telomere length. After excluding participants with missing values and
unspecified race, our study resulted in a final sample of 5864, with
3328 non-Hispanic Whites, 1061 non-Hispanic Blacks, and 1475 Mex-
ican Americans. Details about procedures and stages obtaining the final
sample are summarized in the supplementary section. The NHANES
surveys are approved by the NCHS ethics board and was exempted from
human subjects review by the National Institutes of Health Office for
Human Subjects Research Protections (OHSRP #13188).

2.2. Smoking exposure

Information on lifetime smoking history was acquired, including
current smoking status and intensity, as well as secondhand smoking.
Participants were asked whether they had smoked at least 100 cigar-
ettes in their entire life. Smokers were classified as never-smokers (re-
ported not having smoked ≥100 cigarettes in their entire life), current
smokers (reported smoking every day or some days) and past smokers
(reported not currently smoking but that they had smoked in past), with

never-smokers being the reference group. We assessed the intensity of
smoking, expressed as the number of cigarettes smoked per day for
current smokers. Information on cigarette nicotine content, tar content
and mentholation was also obtained from current smokers through self-
report. We also identified secondhand smoking exposure at home, de-
fined as never-smokers who answered ‘yes’ to the question “Does
anyone smoke in the home?”

In addition to self-reported history, we used serum cotinine, a major
metabolite of nicotine. Laboratory analysis is summarized in the sup-
plementary section. For the current study, cotinine was analyzed as
both a continuous and a categorical predictor variable. For categorical
analysis, cotinine values were first stratified into three groups reflecting
smoking exposures, using a cut-off point of 3 ng/ml proposed by
Benowitz et al. and used by others (Benowitz et al., 2009; Clair et al.,
2011; Kim, 2016). The three categories of cotinine levels were 1) co-
tinine< 0.05 ng/ml, 2) cotinine 0.05–2.99 ng/ml, and 3) cotinine
≥3 ng/ml. Cotinine was also used as a dichotomized variable in which
the cut-off was 10 ng/mg (Jain, 2017).

2.3. LTL measurements

LTL relative to standard reference DNA (T/S ratio) was measured
using the quantitative polymerase chain reaction method (Cawthon,
2002; Lin et al., 2010). The formula to convert the T/S ratio to base
pairs (bp) was 3274+2413× (T/S) (Cawthon, 2002; Lin et al., 2010).
Analytical methods and quality control procedure for LTL quantifica-
tion have been described in detail on the NHANES website and in
supplementary section (National Health and Nutrition Examination
Survey, 2001).

2.4. Other covariates

According to self-reported race information participants were ca-
tegorized as non-Hispanic Whites, non-Hispanic Blacks, and Mexican
Americans. Age was calculated in years. Educational attainment was
dichotomized as less than high school and more than high school.
Marital status was categorized as married/partnered (yes/no).
Participants were considered physically active if they were involved in
vigorous activity over the past 30 days (yes/no). Alcohol consumption
was defined as having at least 12 drinks in any one year. Body mass
index or BMI (weight in kg/height in meter (Blackburn, 2001)) was
calculated using height and weight measurements, and individuals with
BMI≥ 30 were considered obese (WHO, 1995). Participants' dietary
intake of total calories (energy) was measured in kilocalories per 24 h.
Information on existing chronic disease conditions (yes/no), including
diabetes, high blood pressure, congestive heart failure, asthma, malig-
nancy and blood C-reactive protein (CRP) concentration, was also in-
cluded.

2.5. Data analysis

All analyses were adjusted for the sampling design and used sample
weights from the subsample of NHANES participants who provided
DNA. Characteristics of were summarized by race using descriptive
statistics. We then built different linear regression models to assess the
relationships between smoking indicators, which served as the in-
dependent variables and the dependent variable, LTL. Smoking in-
dicators included smoking status (never/past/current, never-smokers as
reference group), intensity of smoking (number of cigarettes smoked
daily among current smokers), filter type of current smokers (mentho-
lated or not, nicotine content and tar content), secondhand smoking (if
someone smoked at home, for never-smokers) and serum cotinine levels
(both as categorical and continuous variables). We used sequential
models to control for potential confounders. Model 1 was adjusted for
age (continuous). Model 2 was further adjusted for sex; educational
level; marital status; obesity; physical activity; alcohol consumption;
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total calorie intake; and chronic disease conditions, including diabetes,
high blood pressure, congestive heart failure, asthma, malignancy and
CRP levels. Models with cotinine levels were additionally adjusted for
smoking status. Given prior evidence of race/ethnic differences in to-
bacco smoking status, cotinine level and LTL, we estimated models
stratified by race. We also tested for the statistical interaction between
categories of tobacco exposure (smoking status and cotinine levels) and
race on LTL. To examine the variation by sex, the interaction between
tobacco exposure and sex was also checked. To evaluate the interac-
tions, we added main effects and cross-product terms to the regression
after adjusting for all the variables previously mentioned. p-Values for
each interaction term and F-tests comparing full and reduced models
(with and without the interaction term) were used to test the statistical
significance of the interaction terms.

3. Results

Among the 5864 participants (51.0% women) with ages ranging
from 20 to 84 (mean age 46.22) years, 3328 (56.75%) were Whites,
1061 (18.10%) were Blacks and 1474 (25.15%) were Mexican
Americans. We found no evidence of effect modification by sex in as-
sociations between smoking and LTL. Consistent with our hypothesis,
the interaction between smoking exposure and race remained sig-
nificant; hence, we present our results stratified by race. Table 1 shows
the weighted distributions of study population characteristics stratified
by race. Whites were older (mean age 47.34 years) than Blacks (mean
age 42.68 years) or Mexican Americans (38.27 years). Blacks had longer
LTLs (mean 5949.31 bp) than Whites (mean 5778.25 bp) or Mexican
Americans (mean 5785.87 bp).

The smoking behaviors of the participants are presented by race in
Table 2. Approximately 28.70% of Blacks, 24.86% of Whites and
21.28% Mexican Americans were current smokers. The average number
of cigarettes consumed by current smokers was considerably higher
among Whites (19.45/day) than among Blacks (12.67/day) and Mex-
ican Americans (9.42/day). Approximately 79% of all Black smokers
use menthol cigarettes, a rate that was nearly 6 times higher than that
of White smokers and 8 times higher than that of Mexican American
smokers. Smoke exposures, as calculated by serum cotinine con-
centration, were also relatively higher among Blacks compared to
Mexican Americans and Whites. Approximately 38% of Blacks had
cotinine levels ≥3 ng/ml, compared to 29% of Whites and 22% of
Mexican Americans.

Multivariate regression analysis showed no statistically significant

association between self-reported smoking status, secondhand smoking
and type of filter used with LTL (Table 3). However, among self-re-
ported current smokers, the intensity of smoking, as measured by the
average number of cigarettes consumed per day, was negatively and
significantly associated with LTL in the White and Black populations.
Consumption of each cigarette was equivalent to a loss of approxi-
mately 4 bp (regression coefficient, β:−3.87, 95% CI:−5.98 to−1.21,
p-value<0.05) and 15 bp (β: −15.46, 95% CI: −29.79 to −2.12, p-
value< 0.05) for Whites and Blacks, respectively. No association was
observed among Mexican Americans.

The associations between different cotinine groups and LTL by race
are presented in Table 4. In the age-adjusted model, we found that
compared with cotinine<0.05 ng/ml, cotinine ≥3 ng/ml was asso-
ciated with shorter LTL among Whites. On average, participants with
cotinine levels ≥3 ng/ml had telomeres that were shorter by approxi-
mately 92 bp (β: −92.40, 95% CI: −150.99 to −33.81, p-value<
0.01) compared to those with cotinine levels< 0.05 ng/ml category,
with a significant trend across the exposure categories, suggesting a
dose-response phenomenon (for the trend across cotinine categories, p-
value= 0.007). Further adjustment for other covariates slightly atte-
nuated the regression coefficient, but the association remained sig-
nificant (β: −77.92, 95% CI=−143.05 to −11.70, p-value<0.01).
The association between cotinine levels and LTL, however, was not
significant among Blacks and Mexican Americans. Analysis performed
with cotinine category 0–9.99 ng/ml versus ≥10 ng/ml also showed
that increased cotinine levels were associated with shorter LTL among
Whites only (Table 4). When we repeated the analysis with cotinine as a
continuous variable (ng/ml), a similar pattern of association was ob-
served. A 1-ng/ml increase in cotinine levels was significantly asso-
ciated with an average −0.30 bp decrease in telomere length among
Whites only (β: −0.30, 95% CI=−0.50 to −0.11, p-value=0.001).

4. Discussion

In this study, we used representative data from the U.S. population
and showed that smoking intensity, as measured by the number of ci-
garettes consumed, was associated with a shorter LTL for the White and
Black populations. Our finding is in line with previous research that
showed that smoking more cigarettes per day was associated with
shorter LTL (Latifovic et al., 2016; Muezzinler et al., 2015; Astuti et al.,
2017). Several potential mechanisms can help explaining the link. Ci-
garette smoke can suppress the number of peripheral blood eosinophils
and can induce a wide range of proinflammatory responses, leading to

Table 1
Demographic characteristics and telomere length of U.S. adult population by race (National Health Interview Survey, 1999–2002, N=5864).

Whites
(N=3328)

Blacks
(N=1061)

Mexican Americans
(N=1474)

Age in yearsa 47.34 (46.77–48.45) 42.68 (41.69–43.67) 38.27 (37.18–39.35)
Gender
Female 50.57 (49.15–51.99) 53.78 (50.83–56.73) 47.71 (444.70–50.72)

Education
Less than high school 14.20 (11.95–16.44) 33.64 (28.59–38.66) 52.23 (48.22–56.24)
More than high school 85.80 (83.55–88.04) 66.36 (61.33–71.40) 48.52 (42.40–54.63)

Marital status
Married or partnered 69.93 (67.88–71.98) 44.16 (440.90–47.42) 70.13 (66.46–773.79)

Telomere length in base pairsa,b 5778.25 (5700.54–5855.96) 5949.31 (5856.92–6041.70) 5785.87 (5692.85–5878.89)
At least 12 alcohol drinks in any one year 76.16 (70.75–81.57) 59.79 (55.45–64.12) 66.90 (63.98–69.82)
Vigorous or moderate physical activity over the past 30 days 68.83 (65.53–72.13) 49.62 (45.83–53.40) 53.03 (49.70–56.43)
BMIa,c 27.84 (27.28–28.21) 29.52 (29.03–30.01) 28.26 (27.79–28.72)
Known diabetes 6.34 (5.36–7.31) 9.73 (7.89–11.45) 8.14 (7.01–9.21)
Known hypertension 25.90 (24.00–27.80) 34.32 (31.62–37.04) 14.77 (13.10–16.45)

Analyses were performed with adjustment for sample weights and design effects
Data represent percentages (95% confidence interval), except where noted.

a Mean (95% confidence interval).
b Calculated using the formula “3274+2413×T/S ratio (telomere length relative to standard reference DNA)”.
c Defined as body mass index, calculated as weight in kg divided by height in meters squared.
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increased systemic inflammation causing lymphocyte turnover, which
has been linked with LTL shortening (O'Donovan et al., 2011). Chemical
components of cigarette can produce free radicals, trace heavy metals,
quinones, and oxidizing radicals (Stedman, 1968; Hoffmann et al.,
2001). They are capable of initiating or promoting oxidative stress,
which may also lead to subsequent and progressive oxidative damage
and cause aging, age-related pathologies and LTL shortening (Valdes
et al., 2005; Huzen et al., 2014).

Despite this biological plausibility, we found no difference in LTL
among self-reported current, former and never smokers for any race.
Several previous studies that used only self-reported smoking status as
exposure, have also failed to show association between smoking and
LTL (Weischer et al., 2014; Nordfjall et al., 2008; Batty et al., 2009).
Since tobacco use history is a multi-dimensional phenomenon and is
subjected to recall bias, addressing smoking status conventionally as
current/former/never may not capture smoking exposure accurately
and could be a reason behind this lack of association. To understand the
complexities of smoking history, using other smoking related char-
acteristics such as intensity, duration, type of smoking together with
biomarkers is of central importance. Therefore, to capture a compre-
hensive impact of smoking on LTL, in addition to smoking status, in-
tensity and type of smoking, we used cotinine as a measure of smoking
exposure.

It was somewhat surprising that we were able to confirm significant
links between smoking intensity and short LTL for both Whites and
Blacks, but we found no association between cotinine levels and LTL
change among Blacks. While plasma cotinine is believed to reflect ni-
cotine intake, it is possible that this absence of association among
Blacks was due to biological differences in nicotine metabolism across
race. Prior studies have described racial variations in the rate of me-
tabolism of nicotine and cotinine (Benowitz et al., 2004; Pérez-Stable
et al., 1998). Studies have also reported that for the same daily level of
cigarette smoking, higher serum cotinine concentrations have been
detected in Blacks than in Whites (Derby et al., 2008; Ross et al., 2016).
We also found that, despite smoking fewer cigarettes than Whites,
Blacks had higher serum cotinine concentrations. As mentioned before,
we speculate that the CYP2A6 enzyme activity plays a critical role in
the variation of cotinine levels by race. To validate our speculation, we
calculated CYP2A6 activity from the NHANES 2009–2010 dataset by
race, since information on caffeine metabolites was not available for the
NHANES 1999–2002 dataset that we used for the current analysis. We

Table 2
Smoking behavior and cotinine categories of U.S. adult population by race (National Health Interview Survey, 1999–2002, N=5864).

Whites
(N=3328)

Blacks
(N=1061)

Mexican American
(N=1474)

Smoked at least 100 cigarettes in life 52.56 (49.06–56.06) 43.62 (39.13–48.12) 42.52 (38.43–46.60)
Smoking status
Never 47.43 (43.93–50.93) 56.37 (51.87–60.86) 57.47 (53.39–61.56)
Past 27.69 (24.94–30.45) 14.92 (12.11–17.73) 21.23 (19.34–23.12)
Current 24.86 (22.04–27.68) 28.70 (24.64–32.75) 21.28 (17.34–25.22)

Cigarettes per daya 19.45 (18.4–20.49) 12.68 (11.11–14.24) 9.42 (8.04–10.80)
Filter type
Mentholated 14.78 (11.24–18.32) 78.78 (72.38–85.19) 10.06 (05.32–14.81)
Nicotine contenta 0.84 (0.81–0.87) 1.08 (1.05–1.11) 0.94 (0.91–0.97)
Tar contenta 11.36 (10.90–11.82) 14.81(14.29–15.32) 12.71(12.19–13.23)

Someone smokes at home (never smokers) 24.89 (20.43–29.36) 27.65 (18.64–36.65) 15.44 (07.69–23.19)
Cotinine category 1
0–0.049 ng/ml 42.78 (38.17–47.39) 21.30 (17.28–25.32) 46.54 (39.48–53.59)
0.05–2.99 ng/ml 27.27 (24.01–30.53) 40.92 (37.19–44.66) 31.84 (27.27–36.41)
≥3 ng/ml 29.93 (26.83–33.04) 37.76 (32.69–42.84) 21.61 (17.33–25.89)

Cotinine category 2
0–9.99 ng/ml 71.59 (68.38–74.81) 65.11 (60.53–69.69) 80.72 (76.59–84.85)
≥10 ng/ml 28.41(25.18–31.61) 34.89 (30.30–39.46) 19.28 (15.14–23.40)

Analyses were performed with adjustment for sample weights and design effects.
Data represent percentages (95% confidence interval), except where noted.

a Mean (95% confidence interval).

Table 3
Race-specific multivariate association of smoking behavior with telomere
among participants in NHANES 1999–2002 (N=5864).

No. of
participants

Multivariable-adjusted

β coefa 95% CI

Smoking status
Non-Hispanic Whites 3328

Never 1558 Ref
Former 1033 −5.12 −46.44, 36.20
Current 737 −54.42 −115.81, 6.96

Non-Hispanic Blacks 1061
Never 567 Ref
Former 203 19.16 −89.97, 128.31
Current 291 35.44 −85.48, 156.38

Mexican Americans 1475
Never 834 Ref
Former 375 46.53 −73.94, 167.01
Current 266 95.11 −4.39, 200.83

Someone smokes at homec

Non-Hispanic Whites 302 −11.76 −61.61, −38.08
Non-Hispanic Blacks 114 54.08 −66.15,174.32
Mexican Americans 107 −102.18 −270.02, 45.65

Number of cigarettesd

Non-Hispanic Whites 737 −3.87b −5.98, −1.21
Non-Hispanic Blacks 291 −15.46b −29.79, −2.12
Mexican Americans 266 10.06 −3.93, 24.06

Smoking mentholated
cigarettesd

Non-Hispanic Whites 112 75.46 −120.11,271.03
Non-Hispanic Blacks 216 −130.41 −290.98, 30.15
Mexican Americans 26 −120.81 −362.22, 106.59

Abbreviation: CI, confidence interval.
Values are adjusted β coefficients. Analyses were performed with adjustment
for sample weights and design effects.

a Adjusted for age, sex, educational level, marital status, body mass index,
physical activity, alcohol consumption, total calorie intake, chronic disease
conditions including diabetes, high blood pressure, congestive heart failure,
asthma, cancer or malignancy and CRP levels.

b p < 0.05.
c Analysis performed among non-smokers (n=4570).
d Analysis performed among current smokers (n=1294).
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found CYP2A6 activity to be higher in Whites than in Blacks (method of
calculation and detailed results are given in supplementary section).
These data are consistent with previous research that also showed lower
CYP2A6 enzyme activity in Blacks compared to Whites, suggesting a
slower metabolism and clearance of nicotine and cotinine and sub-
sequent accumulation of cotinine (Mwenifumbo et al., 2005; Nakajima
et al., 2006). Cotinine levels can also be affected by different tobacco
products used by different ethnic groups. The majority (79%) of Black
smokers smoked menthol cigarettes, compared to only 14% of White
smokers in our study. Menthol can compete for the same metabolic
breakdown pathways as cotinine, affecting the metabolism of cotinine
(Benowitz et al., 2004; MacDougall et al., 2003). These observations
provide a mechanistic explanation for the increased variability in co-
tinine levels among Black populations, which could result in regression
dilution bias, causing an attenuation of the effect.

We also investigated the relationship between different kinds of
smoking exposure and LTL for Mexican American participants. Our
analysis, however, could not establish any significant link. To date, very
few studies have reported the impact of smoking on LTL among
Mexican Americans. Interestingly, similar to our findings, these studies
have not been able to establish any meaningful relationships between
short telomeres and smoking (Zhao et al., 2017). The precise explana-
tion behind this phenomenon remains unknown, but the prevalence of
smoking and the number of cigarettes smoked per day among Mexican
Americans were low compared to those of the other two races in our
study, providing a possible explanation for the observed absence of

association.
Our study has several strengths. Many of the studies reporting the

impact of tobacco smoking on LTL were performed with smaller sample
sizes, and race-specific reports of the association between smoking and
LTL are almost absent. The large multiethnic population sample al-
lowed us to report our results stratified by race. This is important be-
cause smoking behaviors, smoking biology and telomere length vary by
race. We used cotinine, a biological biomarker, as the surrogate for
smoking exposure to assess the smoking-LTL relationship rather than
relying only on self-reported smoking status. This allowed us to capture
a broader spectrum of smoking exposure. Additionally, our study was
conducted in a representative sample of U.S. adults, suggesting that our
findings may be generalized to the entire U.S. population. Finally, rich
covariate data allowed for comprehensive adjustments of socio-
demographic, lifestyle, biological and disease status variables, which
are potential confounders of the relationship between smoking and LTL.
Limitations of the present study include its cross-sectional design, and
therefore, no inferences can be made on causality in relation to smoking
and LTL. We used a single measure of cotinine, which might not ne-
cessarily reflect chronic nicotine exposure over time and might not be
reflective of comprehensive smoking exposure. Additionally, CYP2A6
enzyme activity is needed to assess accurate rate of metabolism of ni-
cotine to cotinine. CYP2A6 enzyme activity data was not available. We
have however, measured the CYP2A6 enzyme activity from NHANES
2009–2010 cohort, and found relatively slower activity among Blacks.
Therefore, difference in CYP2A6 enzyme activity across races and our

Table 4
Race-specific association between cotinine (by category and concentration) and telomere length among participants in NHANES 1999–2002 (N=5864).

No. of participants Age-adjusted Multivariable-adjusted

β coefa 95% CI P for trendc β coefb 95% CI P for trendc

By cotinine categories
Non-Hispanic

Whites
3328 0.007 0.07

0–0.049 ng/ml 1529 Ref
0.05–2.99 ng/ml 898 −10.55 −105.86, 84.77 6.77 −85.30, 99.14
≥3 ng/ml 901 −92.40d −150.99, −33.81 −77.92d −143.05, −11.70

Non-Hispanic
Blacks

1061 0.749 0.59

0–0.049 ng/ml 242 Ref
0.05–2.99 ng/ml 430 −16.44 −141.43, 108.53 −9.12 −134.91, 116.66
≥3 ng/ml 389 −22.50 −156.80, 111.8 −43.06 −200.08, 113.96

Mexican Americans 1475 0.08 0.15
0–0.049 ng/ml 782 Ref
0.05–2.99 ng/ml 414 57.71 −57.9, 173.32 63.53 −50.19, 177.26
≥3 ng/ml 279 90.78 −2.50, 182.06 75.28 −20.38, 170.96

By cotinine concentration
Non-Hispanic Whites 3328

0–9.99 ng/ml 2474 Ref Ref
≥10 ng/ml 854 −87.29 −133.27, −41.31 −74.25 −120.84, −27.66

Non-Hispanic Blacks 1061
0–9.99 ng/ml 702 Ref Ref
≥10 ng/ml 359 21.37 −92.46, 135.21 20.10 −80.25, 130.45

Mexican Americans 1475
0–9.99 ng/ml 1225 Ref Ref
≥10 ng/ml 250 75.45 −13.58, 172.49 85.08 −10.97, 177.15

By cotinine levels
Non-Hispanic

Whites
3328 −0.30d −0.5, −0.11 −0.25d −0.43, −0.07

Non-Hispanic
Blacks

1061 −0.10 −0.37, 0.16 −0.23 −0.48, 0.03

Mexican Americans 1475 0.67 0.01, 1.33 0.61 −0.03, 1.25

Abbreviation: CI, confidence interval.
Values are adjusted β coefficients. Analyses were performed with adjustment for sample weights and design effects.

a Adjusted for age.
b Adjusted for sex, educational level, marital status, body mass index, smoking status, physical activity, alcohol consumption, total calorie intake, chronic disease

conditions including diabetes, high blood pressure, congestive heart failure, asthma, cancer or malignancy and CRP levels.
c P for trend across cotinine categories.
d p < 0.05.
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inability to control for this variable could influence our result.

5. Conclusion

In the current study, data from a large representative sample of US
were examined for race differences in the variation in telomere length
associated with multiple indicators of cigarette smoking. No association
was observed when self reported smoking categories such as categories
of current, former, never smoking was used as exposure.

Nevertheless, we found a significant association between increased
number of cigarette consumed and shorter LTL in both Blacks and
Whites, indicating that the impact of smoking on life-shortening dis-
eases could partly be explained by telomere biology.

Our results also indicate the possibility of differential impact of
smoking biomarker cotinine on LTL by race. In our study, cotinine
concentration was associated with reduced LTL only among Whites, not
among Blacks. This observation may have implications in interpreting
cotinine as an objective biomarker of tobacco smoke exposure and
possibly explaining differences in aging process or other smoking-re-
lated disease risks in different races. The association of smoking ex-
posure with telomere length has been previously studied. However,
despite the differences in LTL, smoking behavior and nicotine meta-
bolism among different races, little information is available on race-
specific variation in telomere length due to smoking. Our study ad-
dresses gap and provides information on race specific associations be-
tween several smoking indicators and LTL. Nevertheless, prospective
longitudinal studies with repeated measurements of smoking status,
cotinine and telomere length measuring possible role of differential
effects of smoking exposure on telomere attrition, and comparison
among different ethnic and racial groups is needed to confirm the
causality of our findings.
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