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Serum cotinine is a sensitive and specific marker of tobacco exposure, including second-
hand smoke exposure. We sought to explore the association of tobacco exposure deter-
mined by serum cotinine with electrocardiographic silent myocardial infarction (SMI). A
total of 7,006 participants (59.0 § 13.3 years; 52.6% women, 49.7% non-Hispanic whites)
without cardiovascular disease from the Third National Health and Nutrition Examina-
tion Survey (NHANES III) were included in this analysis. SMI was defined as electrocar-
diographic evidence of MI in the absence of a history of MI. Multivariable logistic
regression analysis was used to examine the association between SMI and serum cotinine
tertiles. SMI was detected in 114 (1.63%) of the participants. The prevalence of SMI was
higher among those with higher levels of serum cotinine (SMI prevalence was 1.25%,
1.49%, and 2.14% across serum cotinine lower [0.03 to 0.12 ng/ml], middle [0.12 to 1.39
ng/ml], and higher [1.40 to 1890 ng/ml] tertiles, respectively). In a model adjusted for
potential confounders, participants within the highest serum cotinine tertile had signifi-
cantly greater odds of SMI (odds ratio [95% confidence interval]: 2.51 [1.55 to 4.08]) com-
pared with those with serum cotinine levels in the first tertile. Each 10 ng/ml increase in
serum cotinine levels was associated with a 2% (p <0.0001) increase in the prevalence of
SMI. This association was stronger in white than nonwhite participants (interaction p
value = 0.05). In conclusion, elevated serum cotinine levels are associated with SMI.
These findings further highlight the risk associated with passive and active smoking on car-
diovascular health and underscore the potential utility of serum cotinine in identifying
those at risk. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:666−670)
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The association between tobacco exposure and cardiovas-
cular disease (CVD) is well established; exposure to tobacco
causes nearly 500,000 premature deaths in the United States
annually, with approximately 40,000 of these attributed to
second-hand smoke (SHS) exposure.1 Tobacco use/exposure
is usually assessed using self-report questionnaires. However,
this method is prone to bias as participants may be unwilling
to admit a health or social behavior perceived to be undesir-
able.2,3 Due to challenges of accurate estimation of tobacco
exposure in self-reported never smokers as well as in SHS,2,4

a sensitive and specific biomarker of tobacco exposure such
as serum cotinine has been proved very useful in estimating
the risks associated with tobacco exposure in these groups.5,6

Although smoking is an established risk factor for atheroscle-
rosis and myocardial infarction,1,7 its association with electro-
cardiographic silent myocardial infarction (SMI) using serum
cotinine has not been explored previously. SMI accounts for
almost half of total myocardial infarction and has been asso-
ciated with increased risk of reinfarction, heart failure (HF),
CVD, and all-cause mortality.8−10 Early detection of SMI in
high-risk groups with prevalent tobacco exposure may offer
an opportunity for lifestyle changes to reduce the risks of
future poor outcomes. Therefore, we proposed to examine the
association of serum cotinine with SMI among participants
free of clinical CVD using data from the Third National
Health and Nutrition Examination Survey.
Methods

NHANES is a periodic survey of a representative sample
of the civilian noninstitutionalized US population that pro-
vides estimates of disease prevalence and overall health status
in the US population.11 At the time of study enrollment, all
participants provided written informed consent. Data from
participants were collected from 1988 to 1994 through an in-
home interview process with a subsequent visit to a mobile
examination center.

Only participants who underwent electrocardiogram
(ECG) recording as part of the NHANES III were included
in the analysis. We excluded participants with a history of
coronary heart disease, HF, or stroke, or those with missing
cotinine level data. Of the 8,561 NHANES III participants,
7,006 participants were included in the final analysis.

Age, gender, race/ethnicity (non-Hispanic white, non-
Hispanic black, Mexican American, and other), smoking
status (never, current, and former), history of gout, and lei-
sure time physical activity (number of times engaged in
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physical activity in the past month) were self-reported. Dia-
betes was defined as a fasting plasma glucose level of
≥126 mg/dl or the use of glucose-lowering medications.
Hypertension was defined as systolic blood pressure
≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or use
of antihypertensive medications. Obesity was defined as a
body mass index of ≥30 kg/m2. Hyperlipidemia was
defined as serum cholesterol ≥200 mg/dl or serum trigly-
cerides ≥150 mg/dl of use of lipid-lowering medications.
Participants provided blood samples during visits to mobile
examination centers to obtain baseline laboratory values.
These included serum cotinine, total cholesterol, serum tri-
glycerides, plasma glucose, and so on.

Biochemical determination of tobacco exposure was per-
formed by measuring serum cotinine level in blood samples
obtained at medical examination center. Serum cotinine
was measured by an isotope dilution-high-performance liq-
uid chromatography atmospheric pressure chemical ioniza-
tion-tandem mass spectrometry.12 Usual cut-off value
range of 10 to 20 ng/ml is used to define smoker versus non-
smoker status.13

The 12-lead ECGs at rest were obtained by trained tech-
nicians with a Marquette MAC 12 system (Marquette Med-
ical Systems, Milwaukee, Wisconsin) during the mobile
examination visits. ECG analysis occurred through both a
computerized automated process in a centralized core labo-
ratory after visual inspection by trained technicians. Partici-
pants were determined to have an SMI if they reported no
history of MI but had evidence of previous MI on ECG.
ECG diagnosis of previous MI was defined using the Min-
nesota code (MC) as the presence of a major Q-wave abnor-
mality (MC 1-1-X or 1-2-X) or minor Q/QS waves with
major ST-T wave abnormalities (MC 1-3-X with 4-1-X, or
4-2, or 5-1, or 5-2).14

Baseline characteristics were compared across serum
cotinine tertiles. Continuous variables were reported as
mean § standard deviation, whereas categorical variables
were reported as frequency and percentage. Analysis of vari-
ance was used to compare the continuous variables, whereas
chi-square test was used to compare the categorical variables.

A multivariable logistic regression analysis was used to
compute odds ratios (ORs) and 95% confidence intervals
(CI) of SMI across serum cotinine tertiles. We also calcu-
lated ORs and 95% CI for SMI prevalence per 10 ng/ml
increase in serum cotinine level. In both approaches, model
1 was adjusted for age, gender, and race, whereas model 2
was adjusted for model 1 plus hypertension, obesity, diabe-
tes, hyperlipidemia, and physical activity.

To evaluate for consistency throughout subgroups, we
also examined the association between serum cotinine ter-
tile and SMI stratified by race (white vs nonwhite), gender
(men vs women), age (<60 years vs ≥60 years), obesity
(obese vs nonobese), smoking status (never vs ever
smoker), blood pressure (normotensive vs hypertensive),
and diabetes (nondiabetics vs diabetics). We tested for
interaction using models adjusted for variables similar to
those included in model 2 with the addition of interaction
term between main effect variable and subgroup.

All statistical analyses were performed using SAS version
9.4 (SAS Institute Inc. Cary, North Carolina) and p values
were considered significant if <0.05.
Results

A total of 7,006 participants (59.0 § 13.3 years; 52.6%
women, 49.7% non-Hispanic whites) were included in the
final analysis. Table 1 shows the baseline characteristics of
the study participants stratified by serum cotinine tertiles.
Participants in the third cotinine tertile were more likely to
be young, male, nonwhite, and current smokers. They were
less likely to be obese, had low physical activity levels, had
lower cholesterol levels, lower systolic blood pressure, and
less likely to have diabetes. The prevalence of SMI was
1.25%, 1.49%, and 2.14% in the first, second, and third
serum cotinine tertiles, respectively.

In a model adjusted for demographics and potential con-
founders, participants with highest serum cotinine tertile
had 151% increased prevalence of SMI (OR [95% CI]: 2.51
[1.55 to 4.08]) compared with those with the first tertile of
serum cotinine levels (Table 2). Each 10 ng/ml increase in
serum cotinine level was associated with a 2% increase in
the prevalence of SMI (Table 2).

The association between serum cotinine tertiles and SMI
was consistent across subgroups stratified by age, gender,
obesity, smoking status, hypertension, and diabetes status.
However, effect modification was evident with regard to
race with white participants having significantly greater
odds of SMI compared with nonwhite participants (interac-
tion p value = 0.05; Table 3).
Discussion

In this analysis from a large racially diverse community-
based sample of participants free of clinical CVD, we
observed a strong association of serum cotinine with preva-
lent SMI. This association was stronger among white partici-
pants compared with nonwhites. These findings add to more
concerns about the negative impact of tobacco exposure.

Cotinine is one of the primary products of nicotine break-
down and has a relatively long half-life of 18 to 20 hours
compared with nicotine’s half-life of 2 to 3 hours.15 One dis-
tinct advantage of serum cotinine over simply relying on
reported smoking history is the ability to ascertain the degree
of SHS exposure. One study of the US workforce found that
self-reported denial of any home or workplace SHS exposure
in nonsmokers was only 28% accurate.4 Studies examining
serum cotinine levels in passive smokers found that a cotin-
ine level of 2.8 to 14 ng/ml is associated with nearly the
same risk of coronary artery disease as that in smokers con-
suming up to 9 cigarettes daily.16 Although determining the
degree of SHS is a challenge, the risks of SHS certainly can-
not be disregarded. Therefore, an accurate means of assess-
ing SHS is instrumental in advancing efforts to combat it
and its effects. Of all potential biomarkers for tobacco expo-
sure, serum cotinine is generally considered the gold stan-
dard for measuring tobacco exposure, including SHS.17 In
our study, we observed an association of serum cotinine
among self-reported never smokers in subgroups; a finding
that further supports the potential risks associated with SHS/
exposure detected by serum cotinine.

The prognostic significance of SMI is well-established.
The prognosis of SMI is similar or worse than clinically rec-
ognized MI.10 SMI has been associated with increased risk



Table 1

Baseline characteristics of 7,006 study participants from NHANES-III

Characteristics Serum cotinine tertiles p valuey

Mean § SD or n (%) 1st

(n = 2,329)

2nd

(n = 2,342)

3rd

(n = 2,335)

Serum cotinine (ng/ml) 0.06§0.02 0.40§0.30 211.6§184.2 <.0001
*Serum cotinine (ng/ml) 0.03-0.12 0.12-1.39 1.40-1890

Age (years) 62.5§13.8 58.2§13.1 56.4§12.4 <.0001
Men 865 (37.1%) 1074 (45.8%) 1382 (59.1%) <.0001
Race <.0001

Non-Hispanic whites 1278 (54.8%) 1161 (49.5%) 1043 (44.6%)

Non-Hispanic blacks 269 (11.5%) 557 (23.7%) 769 (32.9%)

Mexican Americans 678 (29.1%) 526 (22.4%) 445 (19.0%)

Others 104 (4.4%) 98 (4.1%) 78 (3.3%)

Systolic blood pressure (mm Hg) 134.0§20.3 131.9§19.3 130.8§19.2 <.0001
Diastolic blood pressure (mm Hg) 75.5§9.9 76.8§10.2 76.9§10.3 <.0001
Antihypertensive medications 540 (23.1%) 525 (22.4%) 392 (16.7%) <.0001
Diabetes mellitus 309 (13.2%) 290 (12.3%) 252 (10.7%) 0.03

Anti-diabetics 184 (7.9%) 166 (7.0%) 133 (5.7%) 0.01

Total cholesterol (mg/dl) 219.8§43.8 219.2§43.4 213.6§43.6 <.0001
Serum triglycerides (mg/dl) 161.0§123.5 154.6§114.5 160.7§139.6 0.15

Anti-hyperlipidemic 85 (3.6%) 60 (2.5%) 54 (2.3%) 0.01

Smoker

Never 1479 (63.5%) 1349 (57.6%) 353 (15.1%) <.0001
Former 839 (36.0%) 970 (41.4%) 418 (17.9%) <.0001
Current 11 (0.4%) 23 (0.98%) 1564 (66.9%) <.0001

Obesity 660 (28.3%) 776 (33.1%) 534 (22.8%)
zPhysical activity (METs per week) 12 (1.6-34.8) 10 (1.9-31.3) 7.5 (0-26.8) <.0001
Silent myocardial infarction 29 (1.25%) 35 (1.49%) 50 (2.14%) 0.04

Obesity defined as body mass index ≥30 kg/m2.

* Serum cotinine reported as a range.
y p Value calculated by ANOVA for continuous variables and chi-square test for categorical variables.
zMETs per week reported as median and IQR.
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of CHD, all-cause, CVD mortality, and incident HF.9,18−20

In light of the findings of our study, a screening ECG may
provide further risk assessment in participants with elevated
serum cotinine levels. Considering the prognostic signifi-
cance of SMI, early detection can offer the opportunity to
employ preventive strategies such as lifestyle modifications,
which can thereby reduce the risk of poor outcomes.

In our study, subjects with elevated serum cotinine
seemed to carry less-traditional risk factors for CVD, find-
ing observed previously too.6,21 Interestingly, white partici-
pants were found to have significantly greater odds of SMI
compared with nonwhite participants in this study. It has
been demonstrated in multiple previous studies that
Table 2

ORs and 95% CI of cross-sectional association of serum cotinine with

silent myocardial infarction

Serum cotinine Model 1

OR (95% CI)

p value Model 2

OR (95% CI)

p value

1st tertile Ref - Ref -

2nd tertile 1.52 (0.92-2.51) 0.10 1.50 (0.91-2.49) 0.11

3rd tertile 2.42 (1.49-3.91) 0.0003 2.51 (1.55-4.08) 0.0002

Per 10 ng/ml 1.02 (1.01-1.02) <.0001 1.02 (1.01-1.03) <.0001

CI = confidence interval; OR = odds ratio.

Model 1 adjusted for age, gender, and race.

Model 2 adjusted for model 1 plus hypertension, obesity, diabetes,

hyperlipidemia, and physical activity.
cotinine levels in blacks are higher than those of whites at
similar levels of tobacco exposure.22−24 Potential mecha-
nisms underlying such racial differences include the differ-
ence in pharmacokinetics related to cytochrome P450
activity (CYP2A6), different tobacco brands, mentholation,
and smoking methods/habits.24 Differences in serum cotin-
ine levels despite the same level of tobacco exposure may
explain racial differences in the association of serum cotin-
ine with SMI in our study. However, the underlying bio-
logic reasons for this heterogeneity are unclear and
therefore, to better understand underlying mechanisms,
future studies should consider racial differences when
exploring the association of serum cotinine as a surrogate
marker of tobacco exposure to study CVD outcomes.

Certain limitations of our study must be acknowledged
when considering its results and implications. Due to the
cross-sectional design of the study, temporality and residual
confounding should be considered as a limitation of the
study. A single measurement of serum cotinine may not be
able to fully capture the chronic SHS exposure, another limi-
tation of the study. We used ECG to diagnose SMI, and in
comparison to the gold standard such as cardiac MRI, ECG
has a relatively low sensitivity for detecting SMI.25 There-
fore, our reported prevalence of SMI may be underestimated,
potentially causing an artificial attenuation of the positive
relation between cotinine and SMI. Strengths of the study
include a large sample size, comprised of a community-liv-
ing, multiracial population, with better generalizability of

www.ajconline.org


Table 3

ORs and 95% CI of association of serum cotinine with silent myocardial infarction across subgroups

Subgroups Serum cotinine tertiles Events/participants OR (95% CI)* Interaction p value

White 2nd 22/1161 (1.9%) 2.60 (1.27-5.30) 0.05

3rd 24/1043 (2.3%) 4.05 (1.94-8.45)

Non-white 2nd 13/1181 (1.1%) 0.78 (0.37-1.64)

3rd 26/1292 (2.0%) 1.51 (0.79-2.88)

Men 2nd 17/1074 (1.6%) 1.36 (0.64-2.90) 0.91

3rd 33/1382 (2.4%) 2.44 (1.22-4.87)

Women 2nd 18/1268 (1.4%) 1.60 (0.81-3.4)

3rd 17/953 (1.8%) 2.58 (1.28-5.22)

<60 years 2nd 14/1366 (1.0%) 3.07 (0.87-10.8) 0.96

3rd 16/1471 (1.1%) 3.39 (0.96-11.8)

≥60 years 2nd 21/976 (2.1%) 1.10 (0.61-1.97)

3rd 34/864 (3.9%) 2.07 (1.22-3.54)

Non-obesity 2nd 23/1566 (1.5%) 1.52 (0.82-2.81) 0.89

3rd 39/1801 (2.1%) 2.64 (1.49-4.68)

Obesity 2nd 12/776 (1.6%) 1.43 (0.59-3.48)

3rd 11/534 (2.0%) 2.22 (0.87-5.66)

Never smoker 2nd 20/1349 (1.5%) 1.66 (0.85-3.23) 0.93

3rd 10/353 (2.8%) 2.71 (1.19-6.15)

Ever smoker 2nd 0/23 (0%) 1.30 (0.60-2.82)

3rd 30/1564 (1.9%) 2.24 (1.13-4.14)

Normotensive 2nd 6/993 (0.6%) 3.67 (0.73-18.4) 0.48

3rd 11/1050 (1.0%) 6.67 (1.43-31.0)

Hypertensive 2nd 29/1349 (2.1%) 1.33 (0.77-2.28)

3rd 39/1285 (3.0%) 2.21 (1.30-3.73)

Non-diabetics 2nd 28/2052 (1.4%) 1.83 (1.02-2.39) 0.21

3rd 44/2083 (2.1%) 3.40 (1.94-5.95)

Diabetics 2nd 7/290 (2.4%) 0.77 (0.27-2.18)

3rd 6/252 (2.4%) 0.79 (0.26-2.38)

CI = confidence interval; ORs = odds ratio.

First tertile of serum cotinine (ref).

*Model adjusted for age, gender, race, hypertension, obesity, diabetes, hyperlipidemia, and physical activity.
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this study to the US population. Cotinine has promising
potential as a risk marker for CVD that is more objective
than reported tobacco exposure, particularly regarding SHS
exposure. With a more accurate measure of tobacco expo-
sure, we may be able to further personalize and better imple-
ment CVD risk modification strategies.
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