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Background-—Few studies have evaluated the association between secondhand smoke (SHS) and subclinical cardiovascular
disease among ethnically diverse populations. This study assesses the impact of SHS on inflammation and atherosclerosis (carotid
intima-media thickness, coronary artery calcification, and peripheral arterial disease).

Methods and Results-—We examined 5032 nonsmoking adults aged 45 to 84 years without prior cardiovascular disease
participating in the Multi-Ethnic Study of Atherosclerosis (MESA) from 2000 to 2002. SHS exposure was determined by self-report,
and urinary cotinine was measured in a representative subset (n=2893). The multi-adjusted geometric mean ratios (95% CIs) for
high-sensitivity C-reactive protein and interleukin-6 comparing 407 participants with SHS ≥12 h/wk versus 3035 unexposed
participants were 1.13 (1.02–1.26) and 1.04 (0.98–1.11), respectively. The multi-adjusted geometric mean ratio for carotid intima-
media thickness was 1.02 (0.97–1.07). Fibrinogen and coronary artery calcification were not associated with SHS. The prevalence
of peripheral arterial disease (ankle-brachial index ≤0.9 or ≥1.4) was associated with detectable urinary cotinine (odds ratio, 2.10;
95% CI, 1.09–4.04) but not with self-reported SHS. Urinary cotinine was not associated with inflammation or carotid intima-media
thickness.

Conclusions-—Despite limited exposure assessment, this study supports the association of SHS exposure with inflammation and
peripheral arterial disease. ( J Am Heart Assoc. 2016;5:e002965 doi: 10.1161/JAHA.115.002965)
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S econdhand smoke (SHS) exposure is a global cause of
morbidity and mortality.1 A third of nonsmoking adults

are exposed to SHS worldwide.1 In the United States, 25% of
the population remains exposed to SHS, disproportionately
affecting communities with low income.2 SHS is an estab-
lished cardiovascular disease (CVD) risk factor.3,4 Meta-
analyses have estimated that SHS exposure is associated with
a 31% increased risk of coronary heart disease3 and 20% to
30% increased risk of stroke.5–7 The enactment of indoor

smoke-free policies have been followed by important reduc-
tions in coronary heart disease hospitalizations,8 providing
additional support for the potential cardiovascular benefits of
reducing SHS exposure. The 2014 Surgeon General Report,
however, estimated that around 33 000 nonsmokers continue
to die every year from SHS-related coronary heart disease in
the United States.6

Possible mechanisms for SHS-related cardiovascular tox-
icity include increased platelet aggregability, endothelial
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dysfunction, inflammation, oxidative stress, arterial stiffness,
and atherosclerosis.9,10 Relatively few studies have evaluated
the association between SHS exposure and subclinical CVD
among ethnically diverse populations at current levels of
exposure. Self-reported SHS exposure has been
associated with carotid intima-media thickness (cIMT) and
coronary artery calcification (CAC) in studies from the United
States11–15 and Europe,16,17 although most studies were
conducted more than 1 to 2 decades ago, when SHS exposure
was much higher than it is today. Few studies have evaluated
the association between SHS and peripheral arterial disease
(PAD), with inconsistent findings.18–20 With mostly supportive
findings, a larger body of evidence is available for the
association between SHS exposure and high-sensitivity
C-reactive protein (hsCRP), including studies among adoles-
cents,21–24 pregnant women,25 and adults.26–34 Studies
evaluating the association between self-reported or biomar-
ker-based SHS exposure and fibrinogen have generally shown
consistent positive associations.28,30–33,35 For interleukin-6
(IL-6), the evidence is largely null, although most studies are
small.26,27,30

The Multi-Ethnic Study of Atherosclerosis (MESA) was
specifically designed to assess subclinical CVD and its risk
factors among an ethnically diverse cohort from 6 urban
communities around the United States. MESA provides a
unique opportunity to inform our understanding of mechanis-
tic pathways for CVD at relevant levels of SHS exposure,
which can better inform tobacco product regulation. The
objective of this study is to examine the cross-sectional
association of SHS exposure with markers of inflammation,
subclinical atherosclerosis, and PAD in nonsmoking MESA
participants.

Methods

Study Population
MESA is a community-based prospective cohort study of
6814 white, black, Hispanic, or Chinese American men and
women aged 45 to 84 years free of clinically apparent CVD at
baseline (2000–2002). Study details have been previously
published.36 Participants were enrolled from Forsyth County,
NC; New York City, NY; Baltimore, MD; St. Paul, MN; Chicago,
IL; and Los Angeles, CA. The race/ethnicity distribution was
as follows: 39% non-Hispanic whites, 28% black, 22% Hispan-
ics, and 12% Chinese Americans. The institutional review
boards from all field centers approved the study and all
participants provided written informed consent.

SHS exposure was assessed by self-report in the overall
population as well as by urinary cotinine in a random subset.
This study was restricted to the baseline visit (2000–2002).
We excluded 887 participants who were current smokers

based on self-report, 107 participants with urinary cotinine
concentrations above concentrations ≥200 ng/mL (likely
current smokers),37 149 participants missing data on self-
reported SHS exposure, and 639 participants missing other
variables of interest, leaving 5032 participants for this
analysis (Figure 1). Among them, 2983 participants had
urinary cotinine available. Urinary cotinine, a specific
biomarker of recent SHS exposure,38 was analyzed in a
random subsample of MESA participants who were enrolled in
the MESA lung substudy (n=3965). Sociodemographic char-
acteristics in our study sample for analyses based on self-
reported SHS exposure (n=5032) and urinary cotinine
(n=2982) were similar to the overall noncurrent smoking
MESA population (Table S1).

SHS Exposure
Information on current SHS exposure was obtained during the
study visit by asking noncurrent smoking participants the
following question: “During the past year about how many
hours per week were you in close contact with people when
they were smoking? (eg, in your home, in a car, at work or
other close quarters).” SHS exposure was categorized as
unexposed and as approximate quartiles of hours of SHS

Figure 1. Definition of study population, Multi-Ethnic Study of
Atherosclerosis (MESA), United States, 2000–2002. SHS indi-
cates secondhand smoke.
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exposure per week among the exposed (1, 2–3, 4–11, and 12
or more hours per week).

Urinary cotinine (ng/mL) was measured by immunoassay
LLD (lower detection limit) (Immulite 2000 Nicotine Metabo-
lite Assay; Diagnostic Products Corp., Los Angeles, CA) as
part of the MESA Lung Study.37 The average half-life of urinary
cotinine is 16 hours.38 The limit of detection for urinary
cotinine was 10 ng/mL. In our study sample (which excluded
participants with cotinine >200 ng/mL), 10% (n=299) of
participants had detectable urinary cotinine measurements.

Inflammation Markers
Serum hsCRP was measured using a high-sensitivity assay
(N-High-Sensitivity CRP; Dade Behring, Deerfield, IL) (intra-
assay coefficient of variation [CV] ranged from 2.3% to 4.4%
and the interassay CV ranged from 2.1% to 5.7%). IL-6 was
measured by ultrasensitive enzyme-linked immunosorbent
assay (Quantikine HS Human IL-6 Immunoassay; R&D
Systems, Minneapolis, MN) (analytical CV 6.3%).39 Serum
fibrinogen was measured by immunoprecipitation using the
BNII nephelometer (N-Antiserum to Human Fibrinogen; Dade
Behring) (intra-assay and interassay CV as 2.7% and 2.6%,
respectively). We evaluated inflammation markers as contin-
uous. We also categorized hsCRP ≥2 mg/L as suggested in a
previous study.40

cIMT and CAC
The right and left common and internal carotid arteries and
the near and far walls were imaged according to a scanning
protocol using high-resolution B-mode ultrasound with a Logiq
700 machine (General Electric Medical Systems, Waukesha,
WI). Images were digitized and analyzed centrally at the MESA
ultrasound reading center (Tufts Medical Center). We defined
internal and common cIMT as the mean of the maximum cIMT
of the near and far walls on the right and left sides as in
previous MESA studies.

CAC was measured using an electron-beam computed
tomography scanner (Imatron C-150XL; GE-Imatron, San
Francisco, CA) (Imatron C-150XL; GE-Imatron, San Francisco,
CA) in 3 sites (Chicago, IL; Los Angeles, CA; and New York,
NY) and by a multidetector row computed tomography system
(Lightspeed, General Electric Medical Systems, Waukesha, WI;
or Volume Zoom, Siemens, Erlanger, Germany) in 3 sites
(Baltimore, MD; Winston-Salem, NC; and St. Paul, MN).41

Images were centrally read at the MESA CT reading center
(Harbor–University of California, Los Angeles). The scanning
protocol for MESA has been previously published.42 For each
scan, the total phantom-adjusted Agatston score, defined as
the sum of calcium measures from the left anterior descend-
ing, circumflex, and left and right coronary arteries, was

calculated; the mean score was used in these analyses. We
analyzed CAC as two binary measures: (1) present (CAC >0)
versus absent, or (2) <75th versus >75th percentile for the
entire MESA population.

Peripheral Arterial Disease
Ankle-brachial index (ABI) measurements were obtained after
the patient rested in the supine position for 5 minutes using
a specific protocol to measure systolic blood pressure in
each posterior tibial and dorsalis pedis artery in both legs and
in the brachial artery in both arms with a continuous-wave
Doppler ultrasound probe. For each leg, the ABI was
calculated as the higher of the posterior tibial or dorsalis
pedis systolic pressures in each leg divided by the higher of
the 2 systolic blood pressure measurements in both arms.
For this study, we analyzed ABI as 3 binary measurements:
(1) ABI ≤0.9 (excluding participants with ABI ≥1.4), (2) ABI
≥1.4 (excluding participants with ABI ≤0.9), and (3) ABI ≤0.9
or ABI ≥1.4 in accordance with previous MESA studies
showing both low and high ABIs were associated with CVD
events.43

Other Variables
Standardized questionnaires were used to obtain sociodemo-
graphic information (education, family income), current alco-
hol and tobacco use, medical history, medication use, and
family history of CVD. Body mass index (BMI) was calculated
as measured weight in kilograms divided by measured height
in meters squared. Systolic and diastolic resting blood
pressures were measured in the seated position using the
Critikon Dinamap Pro 100 monitor (Critikon, Tampa, FL).
Hypertension was defined as a systolic blood pressure
≥140 mm Hg, a diastolic blood pressure ≥90 mm Hg, or
the use of medications for hypertension.44

Lipids including total and high-density lipoprotein choles-
terol, triglycerides, and glucose levels were measured from
fasting plasma samples in a central laboratory (University of
Vermont, Burlington, VT).45 Low-density lipoprotein choles-
terol (LDL-C) was calculated by the Friedewald equa-
tion among participants with a triglyceride value <400 mg/
dL.46 Diabetes mellitus was defined by the use of insulin or
oral hypoglycemic medication or a fasting blood glucose of
≥126 mg/dL.47

Physical activity was measured by the MESA Typical Week
Physical Activity Survey.48 Minutes of activity were summed
for each discrete activity type and multiplied by metabolic
equivalent (MET) level. For this analysis, we used a summary
variable for physical activity defined as the sum of moderate
and vigorous physical activity (MVPA) in MET minutes per day.
Urine creatinine was determined using a Jaffe rate reaction

DOI: 10.1161/JAHA.115.002965 Journal of the American Heart Association 3

Secondhand Smoke Exposure and Subclinical CVD Jones et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Table 1. Characteristics of 5032 MESA Participants by SHS Exposure, 2000–2002

Overall Unexposed 1 h/wk 2–3 h/wk 4–11 h/wk ≥12 h/wk P Value

No. 5032 3035 682 428 480 407

Sociodemographic factors

Men 46.0 44.1 50.0 47.4 53.3 43.2 <0.001

Age, y 62.5 (10.3) 63.9 (10.4) 59.8 (9.8) 61.1 (10) 60.5 (9.6) 60.5 (9.3) <0.001

Race/ethnicity <0.001

White 39.5 35.3 50.6 43.7 44.2 41.5

Black 24.1 21.0 24.1 29.4 31.0 33.7

Chinese American 14.1 17.9 10.0 10.1 7.3 5.2

Hispanic 22.4 25.9 15.4 16.8 17.5 19.7

Education <0.001

High school or less 35.0 38.1 22.0 30.4 33.8 39.8

Some college but no
degree/technical
school certificate

22.1 19.8 23.0 25.7 28.1 26.3

Associate’s degree,
bachelor’s degree,
or graduate school

43.0 42.1 55.0 43.9 38.1 33.9

Less than $25 000/y 31.3 36.8 18.5 22.4 26.3 27.3 <0.001

CVD risk factors

Family history of CHD 41.2 39.7 43.5 44.3 44.9 42.2 0.14

Current alcohol use* 68.4 65.1 74.0 74.7 69.0 72.5 <0.001

Former smokers 40.9 37.4 45.9 44.2 49.0 46.4 <0.001

BMI, kg/m2 28.2 (5.4) 27.7 (5.4) 28.2 (5.2) 28.5 (5.3) 29.1 (5.6) 30.0 (5.7) <0.001

Physical activity (MET, h/wk) 94.6 (97.9) 82.1 (80.3) 100.9 (102.8) 113.4 (131.3) 130.6 (130.6) 115.3 (104.3) <0.001

Hypertension 44.5 45.5 39.0 43.2 43.3 48.4 0.01

Hypertension medication 36.9 37.8 32.3 34.8 36.9 40.3 0.04

Systolic blood pressure, mm Hg 126.4 (21.4) 127.1 (21.9) 123.8 (20.1) 126.1 (20.9) 124.5 (19.8) 128.0 (21.5) <0.001

Diabetes mellitus 11.8 12.3 7.6 14.0 11.7 13.3 0.005

Fasting glucose, mg/dL 96.7 (29.1) 97 (29.5) 93.3 (21.8) 96 (27) 98.2 (33.6) 98.9 (32) 0.01

Lipid-lowering medications 16.6 17.3 13.9 18.2 15.8 14.5 0.14

Total cholesterol, mg/dL 194.3 (34.6) 193.6 (34.2) 196.2 (35) 193.2 (34.9) 195 (36.8) 196.2 (33.8) 0.47

LDL-C, mg/dL 117.6 (31.3) 116.9 (30.8) 119.1 (32.1) 118 (32.2) 118.4 (32.7) 118.3 (30.7) 0.47

Urinary cotinine,* ng/mL 10.9 (14.6) 8.8 (9.7) 11.2 (16.5) 9.8 (7.8) 15.4 (20.8) 22.4 (27.2) <0.001

Detectable urinary cotinine* 10.0 4.6 10.5 9.4 22.2 36.9 <0.001

Living with a smoker
as a child*

52.6 49.2 60.3 60.4 54.5 55.7 <0.001

Living with a smoker
as an adult*

40.0 35.4 41.7 44.9 48.0 57.6 <0.001

Inflammation markers

hsCRP, mg/L 1.8 (0.8–4.0) 1.6 (0.7–3.8) 1.8 (0.8–3.8) 1.8 (0.8–4.5) 1.9 (0.8–4.2) 2.4 (1.1–5.0) 0.04

hsCRP ≥2, mg/L 45.7 43.5 45.3 48.1 48.1 57.0 <0.001

IL-6, pg/mL 1.5 (1.2) 1.5 (1.2) 1.4 (1) 1.5 (1.1) 1.4 (1.1) 1.6 (1.2) 0.01

Fibrinogen, mg/dL 343.9 (72.1) 346.5 (72.3) 339.5 (70.5) 338.2 (76.5) 335.4 (69.2) 347.9 (71) <0.001

Continued
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measured with the Vitros 950IRC instrument (Ortho-Clinical
Diagnostics, Rochester, NY).

Statistical Analysis
ANOVA and chi-square tests were used to describe sociode-
mographic and cardiovascular risk factors by categories of
SHS exposure at baseline. hsCRP, IL-6, fibrinogen, and cIMT
were log-transformed (natural logarithm). Multivariable linear
regression models on log-transformed hsCRP, IL-6, fibrinogen,
and cIMT were used to estimate ratios of geometric means
comparing CVD marker levels by SHS exposure category. The
geometric mean ratios were obtained by exponentiating the b
coefficients from the above models. For dichotomous out-
comes (hsCRP ≥2, CAC >0, CAC >75th percentile, ABI ≤0.9,
ABI ≥1.4, and ABI ≤0.9 or ABI ≥1.4), we calculated prevalence
odds ratios (ORs) by SHS exposure using multivariate logistic
regression. Hours of SHS exposure per week were modeled as
categorical with 5 categories and 0 hours of self-reported
SHS exposure per week as the reference category. Models
were adjusted for covariates in a progressive manner. Model 1
adjusted for age, sex, race/ethnicity, study site, education
(high school or less, some college but no degree/technical
school certificate, associate’s degree/bachelor’s degree/
graduate degree), and income (<$25 000/y or ≥$25 000/y).
Model 2 included model 1 variables plus hypertension
medication (yes or no), systolic blood pressure (mm Hg),
diabetes mellitus (yes or no), LDL-C (mg/dL), treatment for
dyslipidemia (yes or no), physical activity (MET, h/wk), and
smoking status (never or former). Model 3 included model 2
variables and BMI (kg/m2). BMI was adjusted in a separate
model because a previous study found that the association
between SHS and hsCRP was attenuated after adjustment for

BMI,49 and BMI could be either a confounder or a mediator of
the association. For all analyses, P values for trend were
obtained by including a continuous variable with the medians
corresponding to each quartile of the SHS exposure distribu-
tion in the regression model.50

We evaluated effect modification of the fully adjusted
association between SHS exposure and continuous subclinical
CVD markers (log-transformed hsCRP, IL-6, internal cIMT, and
common cIMT) by categories of sex, age, race/ethnicity,
study site, education, and smoking status in interaction
models of SHS exposure (≥12 hours of SHS exposure per
week to unexposed) times participant subgroups of interest.
Estimated 2-sided P values for the interactions between SHS
exposure and the characteristics evaluated were computed
using the Wald test. We did not evaluate effect measure
modification of dichotomous outcomes due to limited power.

In the subsample of participants with urinary cotinine
available (n=2983), we evaluated the association of urinary
cotinine with inflammation, cIMT, CAC, and PAD. Urinary
cotinine was modeled as detectable versus nondetectable
urinary cotinine. All models for urinary cotinine were
additionally adjusted for urinary creatinine (log-transformed)
to account for urine dilution in spot urine samples.

We also conducted several sensitivity analyses. First, we
repeated models 2 and 3 for each outcome adjusting for
alcohol use (n=3962), family history of CHD (n=4713), and
heart rate (n=4999). Second, we ran all analyses evaluating
the association between SHS exposure and all study
outcomes defining SHS as binary (exposed or unexposed).
Third, all analyses were performed based on self-reported SHS
exposure only, without using cotinine to exclude potential
current smokers. Fourth, all analyses for inflammatory
outcomes were further adjusted for self-reported asthma

Table 1. Continued

Overall Unexposed 1 h/wk 2–3 h/wk 4–11 h/wk ≥12 h/wk P Value

Subclincal atherosclerosis markers

Internal cIMT, mm 1.05 (0.59) 1.05 (0.59) 1.00 (0.54) 1.05 (0.60) 1.05 (0.57) 1.10 (0.67) 0.19

Common cIMT, mm 0.87 (0.19) 0.87 (0.20) 0.85 (0.18) 0.87 (0.19) 0.86 (0.19) 0.88 (0.18) 0.03

CAC >0 49.2 51.6 41.9 47.9 48.3 45.7 <0.001

CAC ≥75th percentile 25.0 26.8 20.1 21.3 24.6 24.6 0.002

PAD markers

ABI ≤0.9 2.9 3.1 1.9 3.5 2.1 3.4 0.31

ABI ≥1.4 0.6 0.6 0.3 0.7 1.3 1.0 0.27

ABI ≤0.9 or ABI ≥1.4 3.52 3.62 2.20 4.21 3.33 4.42 0.27

Values are expressed as mean (SD), percentage, or median (interquartile range). P values are the differences between groups using 1-way ANOVA or chi-square as appropriate. ABI
indicates ankle-brachial index; BMI, body mass index; CAC, coronary artery calcification; CHD, coronary heart disease; CVD, cardiovascular disease; cIMT, carotid intima-media thickness;
hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; LDL-C, low-density lipoprotein cholesterol; MESA, Multi-Ethnic Study of Atherosclerosis; MET, metabolic equivalent; PAD,
peripheral arterial disease; SHS, secondhand smoke.
*All values are for the entire study sample except for current alcohol use (n=3962), urinary cotinine concentration (n=2983), living with a smoker as a child (n=2977), and living with a
smoker as an adult (n=2979).
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and self-reported infections in the past 2 weeks (flu, fever,
urinary infection, sinus infection, tooth infection, arthritis
flare-up, gout flare-up, and pneumonia). For all sensitivity
analyses, we observed similar patterns and inference to those
in the main analysis (data not shown).

Statistical analyses were performed with Stata version
13.0 (StataCorp, College Station, TX) and graphical displays
were created using R version 3.03 (R Foundation for
Statistical Computing, www.r-project.org, Vienna, Austria).
All statistical tests were 2-sided, and P values <0.05 were
considered statistically significant.

Results

Participant Characteristics
A total of 3035 participants (60%) were unexposed to SHS in
the past year. Among participants reporting any SHS exposure
in the past year, the median (interquartile range) was 3 (1–10)

hours of SHS exposure per week. Forty percent (n=1997) of
participants self-reported ≥1 hour SHS exposure per week
and 8.1% (n=407) reported ≥12 hours of SHS exposure per
week. Participants with higher SHS exposure were more likely
to have lower income and education, be former smokers, and
have higher BMI (Table 1). They also tended to have higher
physical activity levels. Participants in the highest SHS
exposure category were more likely to have hypertension
and higher hsCRP and IL-6 levels. Self-reported hours of SHS
exposure were also positively associated with concentrations
of urinary cotinine (Table 1). The Spearman correlation
coefficient was 0.30.

SHS and Inflammation
After adjustment for age, sex, race/ethnicity, study site,
education, income, hypertension medication, systolic blood
pressure, diabetes mellitus, LDL-C, treatment for dyslipi-
demia, physical activity, and smoking status, participants with

Table 2. Association Between SHS Exposure and Inflammation, MESA, United States, 2000–2002

Unexposed 1 h/wk 2–3 h/wk 4–11 h/wk ≥12 h/wk

P Trend

No. 3035 682 428 480 407

Value 95% CI Value 95% CI Value 95% CI Value 95% CI

GM ratio of hsCRP, mg/L*

Model 1 1 (Ref) 1.08 0.99–1.19 1.12† 1.00–1.25† 1.12† 1.01–1.25† 1.26† 1.13–1.41† <0.001

Model 2 1 (Ref) 1.08 0.98–1.18 1.12† 1.01–1.25† 1.13† 1.02–1.26† 1.24† 1.11–1.39† <0.001

Model 3 1 (Ref) 1.06 0.98–1.16 1.11† 1.00–1.23† 1.08 0.98–1.19 1.13† 1.02–1.26† 0.066

Odds ratio of hsCRP ≥2 mg/L

Model 1 1 (Ref) 1.12 0.94–1.35 1.20 0.96–1.48 1.20 0.97–1.47 1.52† 1.22–1.90† <0.001

Model 2 1 (Ref) 1.12 0.93–1.34 1.21 0.97–1.51 1.22 0.99–1.51 1.49† 1.19–1.86† 0.001

Model 3 1 (Ref) 1.10 0.91–1.34 1.21 0.96–1.52 1.13 0.90–1.41 1.32† 1.04–1.67† 0.033

GM ratio of IL-6, pg/mL*

Model 1 1 (Ref) 1.00 0.95–1.06 1.03 0.96–1.10 0.99 0.93–1.05 1.11† 1.04–1.18† 0.003

Model 2 1 (Ref) 1.01 0.95–1.06 1.03 0.97–1.10 0.99 0.94. 1.06 1.10† 1.03–1.18† 0.005

Model 3 1 (Ref) 1.04 0.98–1.11 0.97 0.91–1.03 1.02 0.96–1.08 1.04 0.98–1.11 0.213

GM ratio of fibrinogen, mg/dL*

Model 1 1 (Ref) 1.00 0.99–1.02 0.98 0.97–1.00 0.98 0.97–1.00 1.01 0.99–1.03 0.443

Model 2 1 (Ref) 1.00 0.98–1.02 0.98 0.97–1.00 0.99 0.97–1.01 1.01 0.99–1.03 0.380

Model 3 1 (Ref) 1.00 0.99–1.02 0.98 0.96–1.00 0.98 0.96–1.00 1.00 0.98–1.02 0.793

Model 1 is adjusted for age in years, sex (female [reference]/male), race/ethnicity (white [reference], black, Chinese American, Hispanic), study site (Winston-Salem [reference], New York,
Baltimore, St. Paul, Chicago, Los Angeles), education (high school or less [reference], some college but no degree/technical school certificate, associate’s degree/bachelor’s degree/
graduate degree), and income (<$25 000/y [reference]/≥$25 000/y). Model 2 is adjusted for model 1 variables plus hypertension medication (no [reference]/yes), systolic blood
pressure (mm Hg), diabetes mellitus (normal [reference] vs untreated diabetes mellitus/treated diabetes mellitus), LDL-C (mg/dL), treatment for dyslipidemia (no [reference]/yes),
physical activity (metabolic equivalent, h/wk), and smoking status (never [reference]/former). Model 3 is adjusted for model 2 variables plus BMI (kg/m2). All values are expressed as odds
ratios or geometric mean (GM) ratios, with 95% CIs. For all quartiles of secondhand smoke exposure, reference category is unexposed (0 hours of SHS exposure per week). BMI indicates
body mass index; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; LDL-C, low-density lipoprotein cholesterol; MESA, Multi-Ethnic Study of Atherosclerosis; SHS, secondhand
smoke.
*Log-transformed.
†Significant values (P<0.05).

DOI: 10.1161/JAHA.115.002965 Journal of the American Heart Association 6

Secondhand Smoke Exposure and Subclinical CVD Jones et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

http://www.r-project.org


≥12 hours of SHS exposure per week compared with
unexposed showed 24% and 10% higher hsCRP and IL-6
levels, respectively, and a statistically significant trend was
observed across increasing categories of SHS exposure for
both inflammatory markers (Table 2, model 2). The associa-
tions were markedly attenuated for both hsCRP and IL-6 after

adjustment for BMI (model 3), and only the association with
hsCRP remained statistically significant (geometric mean
ratio, 1.13; 95% CI, 1.02–1.26). The OR of hsCRP ≥2 mg/L
was 1.49 (95% CI, 1.19–1.86) and 1.32 (95% CI, 1.04–1.67)
before and after adjustment for BMI. No association was
found between SHS exposure and fibrinogen.

Table 3. Association of SHS Exposure With Measures of Atherosclerosis, MESA, United States, 2000–2002

Unexposed 1 h/wk 2–3 h/wk 4–11 h/wk ≥12 h/wk

P Trend

No. 3035 682 428 480 407

Value 95% CI Value 95% CI Value 95% CI Value 95% CI

GM ratio of internal cIMT, mm*

Model 1 1 (Ref) 1.01 0.97–1.05 1.02 0.98–1.06 1.02 0.98–1.06 1.05† 1.01–1.10† 0.03

Model 2 1 (Ref) 1.01 0.97–1.04 1.01 0.97–1.05 1.01 0.97–1.05 1.04 1.00–1.09 0.07

Model 3 1 (Ref) 1.00 0.97–1.04 1.00 0.96–1.05 1.01 0.97–1.05 1.02 0.98–1.07 0.11

GM ratio of common cIMT, mm*

Model 1 1 (Ref) 1.00 0.98–1.02 1.01 0.99–1.03 1.01 0.99–1.02 1.02† 1.01–1.05† 0.02

Model 2 1 (Ref) 1.00 0.98–1.02 1.00 0.99–1.02 1.00 0.98–1.02 1.02 1.00–1.04 0.09

Model 3 1 (Ref) 1.00 0.99–1.02 1.00 0.98–1.02 0.99 0.98–1.02 1.01 0.99–1.03 0.27

Odds ratio of CAC >0

Model 1 1 (Ref) 0.81† 0.67–0.99† 1.05 0.83–1.32 1.05 0.84–1.32 1.03 0.81–1.32 0.58

Model 2 1 (Ref) 0.80† 0.66–0.98† 1.00 0.78–1.27 1.00 0.80–1.27 0.98 0.76–1.26 0.90

Model 3 1 (Ref) 0.80† 0.65–0.98† 0.99 0.78–1.26 0.99 0.78–1.25 0.94 0.74–1.21 0.85

Odds ratio of CAC ≥75th percentile

Model 1 1 (Ref) 0.82 0.65–1.05 0.84 0.64–1.12 1.06 0.82–1.38 1.23 0.93–1.62 0.08

Model 2 1 (Ref) 0.82 0.64–1.04 0.78 0.59–1.05 1.01 0.77–1.32 1.16 0.87–1.55 0.16

Model 3 1 (Ref) 0.81 0.64–1.04 0.78 0.59–1.05 0.99 0.76–1.30 1.14 0.86–1.51 0.22

Odds ratio of ABI ≤0.9

Model 1 1 (Ref) 0.87 0.47–1.61 1.27 0.71–2.26 0.75 0.38–1.48 1.21 0.67–2.22 0.57

Model 2 1 (Ref) 0.82 0.43–1.55 1.20 0.66–2.17 0.77 0.38–1.53 1.19 0.65–2.19 0.58

Model 3 1 (Ref) 0.82 0.43–1.55 1.19 0.66–2.16 0.79 0.39–1.59 1.23 0.67–2.26 0.52

Odds ratio of ABI ≥1.4

Model 1 1 (Ref) 0.42 0.09–1.86 1.06 0.30–3.72 1.91 0.72–5.04 1.72 0.55–5.35 0.22

Model 2 1 (Ref) 0.43 0.10–1.92 0.98 0.28–3.46 1.83 0.68–4.92 1.72 0.55–5.42 0.22

Model 3 1 (Ref) 0.43 0.10–1.92 0.98 0.28–3.48 1.76 0.65–4.74 1.66 0.52–5.24 0.25

Odds ratio of ABI ≤0.9 or ABI ≥1.4

Model 1 1 (Ref) 0.74 0.42–1.30 1.21 0.71–2.04 0.95 0.54–1.65 1.29 0.75–2.18 0.32

Model 2 1 (Ref) 0.69 0.38–1.24 1.11 0.65–1.91 0.95 0.54–1.67 1.22 0.72–2.10 0.38

Model 3 1 (Ref) 0.69 0.38–1.25 1.11 0.65–1.91 0.97 0.55–1.70 1.25 0.73–2.14 0.35

Model 1 is adjusted for age in years, sex (female [reference]/male), race/ethnicity (white [reference], black, Chinese American, Hispanic), study site (Winston-Salem [reference], New York,
Baltimore, St. Paul, Chicago, Los Angeles), education (high school or less [reference], some college but no degree/technical school certificate, associate’s degree/bachelor’s degree/
graduate degree), and income (<$25 000/y [reference]/≥$25 000/y). Model 2 is adjusted for model 1 variables plus hypertension medication (no [reference]/yes), systolic blood
pressure (mm Hg), diabetes mellitus (normal [reference] vs untreated diabetes mellitus/treated diabetes mellitus), low-density lipoprotein cholesterol (mg/dL), treatment for dyslipidemia
(no [reference]/yes), physical activity (metabolic equivalent, h/wk), and smoking status (never [reference]/former). Model 3 is adjusted for model 2 variables plus BMI (kg/m2). All values
are expressed as odds ratios or geometric mean (GM) ratios, with 95% CIs. For all quartiles of secondhand smoke exposure, the reference category is unexposed (0 hours of secondhand
smoke exposure per week). ABI indicates ankle-brachial index; BMI, body mass index; CAC, coronary artery calcification; cIMT, carotid intima-media thickness; MESA, Multi-Ethnic Study of
Atherosclerosis; SHS, secondhand smoke.
*Log-transformed.
†Significant values (P<0.05).
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SHS With Subclinical Atherosclerosis
Before adjustment for BMI, participants with ≥12 hours of
SHS exposure per week showed higher internal cIMT
(geometric mean ratio, 1.04; 95% CI, 1.00–1.09) compared
with unexposed (Table 3, model 2). The association was
attenuated and not significant after adjustment for BMI
(model 3). Common cIMT was associated with SHS exposure
in the model adjusted for sociodemographics but not after
further adjustment for CVD risk factors. SHS exposure was
not associated with the presence of CAC, with CAC levels
higher than the 75th percentile, or with PAD (Table 3).

Effect Modification
For fibrinogen, the lack of association with SHS exposure
remained consistent across participant subgroups evaluated
(data not shown). For hsCRP and IL-6, we found no evidence
of interaction by participant characteristics, except for IL-6 by
study site (P interaction=0.03) (Figure 2). The association
between SHS exposure and cIMT (common cIMT and internal
cIMT) was also consistent across most subgroups evaluated,
except for internal cIMT by age (P interaction=0.01) where we
observed stronger associations among younger participants
(Figure 3). Associations of SHS exposure with inflammatory

Figure 2. Geometric mean (GM) ratios of high-sensitivity C-reactive protein (hsCRP) and interleukin 6 (IL-6) comparing quartile 4 of
secondhand smoke (SHS) to unexposed, stratified by participant characteristics, Multi-Ethnic Study of Atherosclerosis (MESA), United States,
2000–2002. GM ratios for inflammation comparing the fourth quartile of SHS participants and unexposed SHS (N=3442), by participant
characteristics, MESA, 2000–2002. GM ratios were adjusted for age in years, sex, race/ethnicity, study site, education (high school or less
[reference], some college but no degree/technical school certificate, associate’s degree/bachelor’s degree/graduate degree), income
(<$25 000/y [reference]/≥$25 000/y), hypertension medication (no [reference]/yes), systolic blood pressure (mm Hg), diabetes mellitus
(normal [reference] vs untreated diabetes mellitus/treated diabetes mellitus), low-density lipoprotein cholesterol (mg/dL), treatment for
dyslipidemia (no [reference]/yes), physical activity (metabolic equivalent, h/wk), and smoking status (never [reference]/former), and body mass
index (BMI) (kg/m2). Estimated 2-sided P values for the interaction between SHS exposure with participants’ characteristics were computed
using the Wald test.
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markers and subclinical atherosclerosis were similar for
never- and former smokers (Figures 2 and 3). No evidence
was found for BMI as a modifier of the association between
SHS and the study outcomes (data not shown).

Urinary Cotinine
We found no fully adjusted association between detectable
urinary cotinine with inflammatory markers, cIMT or CAC
(Table 4). For PAD, the fully adjusted OR for ABI ≤0.9 was
2.21 (95% CI, 1.01–4.83) and for ABI ≤0.9 or ABI ≥1.4
combined was 2.10 (95% CI, 1.09–4.04) (Table 4, model 3).

Discussion
In this ethnically diverse cohort across 6 urban settings in the
United States, self-reported SHS exposure was strongly
positively associated with hsCRP and weakly positively
associated with IL-6 and internal cIMT. The associations with
hsCRP, IL-6, and cIMT were markedly attenuated after
adjustment for BMI and only the association with hsCRP
remained significant after BMI adjustment. SHS exposure in
this study was not associated with fibrinogen, common cIMT,
CAC, and PAD. In a subset of participants with urinary cotinine
available, detectable cotinine was associated with PAD (ABI

Figure 3. Geometric mean (GM) ratios of common and internal carotid intima-media thickness (cIMT) comparing quartile 4 of secondhand smoke
(SHS) to unexposed, stratifiedby participant characteristics,Multi-Ethnic Study of Atherosclerosis (MESA), United States, 2000–2002.GM ratios for
subclinical atherosclerosis comparing the fourth quartile of SHS participants and unexposed SHS (N=3442), by participant characteristics, MESA,
2000–2002. GM ratios were adjusted for age in years, sex, race/ethnicity, study site, education (high school or less [reference], some college but no
degree/technical school certificate, associate’s degree/bachelor’s degree/graduate degree), income (<$25 000/y [reference]/≥$25 000/y),
hypertension medication (no [reference]/yes), systolic blood pressure (mm Hg), diabetes mellitus (normal [reference] vs untreated diabetes
mellitus/treated diabetes mellitus), low-density lipoprotein cholesterol (mg/dL), treatment for dyslipidemia (no [reference]/yes), physical activity
(metabolic equivalent, h/wk), and smoking status (never [reference]/former), and body mass index (BMI) (kg/m2). Estimated 2-sided P values for
the interaction between SHS exposure with participants’ characteristics were computed using the Wald test.
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≤0.9 and ABI ≤0.9 or ABI ≥1.4), but not with the other
subclinical CVD biomarkers evaluated.

hsCRP is an established marker of inflammation that is
associated with clinical CVD.51 Several studies have assessed
the relationship between SHS and hsCRP. Among adults, SHS
exposure was associated with hsCRP levels in most stud-
ies,27,29–32 although a few studies found no associa-
tion.26,28,33 Among children and adolescents, SHS was
positively associated with hsCRP in National Health and
Nutrition Examination Survey (NHANES),24 but not in other
smaller studies.21–23 In this study, hours of SHS exposure per
week was positively associated with levels of hsCRP; however,
urinary cotinine was not associated with hsCRP. The lack of
association with urinary cotinine, however, could be related to
the use of an assay that had low sensitivity and a large
number of undetected samples. The attenuation of the
association between SHS and hsCRP after adjustment for
BMI may be explained by confounding, as there is a well-
documented positive relationship between hsCRP and BMI.52

Indeed, SHS exposure and obesity disproportionately co-occur
in population groups with low socioeconomic status.2 Alter-
natively, the attenuation of the association after adjustment
for BMI could be related to mediation. The possibility of

mediation is supported by prospective evidence showing that
SHS exposure is associated with higher adiposity and obesity
levels in children53–57 and adults.58 Randomized animal
studies have shown higher weight gain in rats exposed to
increasing levels of nicotine in utero,59,60 but the mechanism
has not been fully elucidated.61 Consistent with our findings,
the positive association between SHS exposure and hsCRP
levels was attenuated after adjustment for BMI in 479 women
in the Norwegian Mother and Child Cohort Study.25

For IL-6, our findings are consistent with other studies also
reporting generally null associations.26,27,30 Our findings for
fibrinogen are mostly inconsistent with other studies, as
American,30,33 Scottish,31 Greek,32 and Japanese35 cohort
studies have shown significant positive associations between
SHS exposure and fibrinogen. Our study, however, is consis-
tent with another study that found no association between
SHS exposure (evaluated by serum cotinine) with fibrinogen
among 3221 NHANES (1999–2002) participants aged
20 years and older.28 Currently, a consensus has not been
reached on the value of assessing fibrinogen for CVD event
prediction.62

There have been studies suggesting an association
between SHS with subclinical atherosclerosis and PAD,18–20

Table 4. Association of Detectable Urinary Cotinine With Inflammation and Atherosclerosis, MESA, United States, 2000–2002

n=2982

Model 1 Model 2 Model 3

Value 95% CI Value 95% CI Value 95% CI

Inflammation markers

GM ratio of hsCRP, mg/L* 1.04 0.92–1.20 1.02 0.90–1.16 0.97 0.86–1.10

Odds ratio of hsCRP ≥2 mg/L* 1.03 0.79–1.34 0.98 0.75–1.28 0.90 0.68–1.20

GM ratio of IL-6, pg/mL* 1.03 0.95–1.11 1.01 0.94–1.10 0.99 0.92–1.06

GM ratio of fibrinogen, mg/dL* 0.98 0.96–1.00 0.98 0.96–1.01 0.98† 0.95–1.00†

Carotid intima-media thickness

GM ratio of internal cIMT, mm* 1.07† 1.01–1.12† 1.04 0.99–1.10 1.04 0.99–1.09

GM ratio of common cIMT, mm* 1.01 0.99–1.03 1.00 0.98–1.02 1.00 0.98–1.02

Coronary artery calcification

Odds ratio of CAC >0 1.04 0.78–1.37 0.96 0.72–1.28 0.94 0.70–1.25

Odds ratio of CAC ≥75th percentile 1.09 0.79–1.52 0.99 0.71–1.39 0.98 0.69–1.37

Peripheral arterial disease markers

Odds ratio of ABI ≤0.9 2.37† 1.14–4.93† 2.17† 1.02–4.62† 2.21† 1.01–4.83†

Odds ratio of ABI ≥1.4 1.70 0.51–5.61 1.68 0.49–5.75 1.65 0.48–5.64

Odds ratio of ABI ≤0.9 or ABI ≥1.4 2.18† 1.17–4.08† 2.07† 1.09–3.92† 2.10† 1.09–4.04†

Model 1 is adjusted for urine creatinine (log-transformed), age in years, sex (female [reference]/male), race/ethnicity (white [reference], black, Chinese American, Hispanic), study site
(Winston-Salem [reference], New York, Baltimore, St. Paul, Chicago, Los Angeles), education (high school or less [reference], some college but no degree/technical school certificate,
associate’s degree/bachelor’s degree/graduate degree), and income (<$25 000/y [reference]/≥$25 000/y). Model 2 is adjusted for model 1 variables plus hypertension medication (no
[reference]/yes), systolic blood pressure (mm Hg), diabetes (normal [reference] vs untreated diabetes/treated diabetes), low-density lipoprotein cholesterol (mg/dL), treatment for
dyslipidemia (no [reference]/yes), physical activity (metabolic equivalent, h/wk), and smoking status (never [reference]/former). Model 3 is adjusted for model 2 variables plus body mass
index (kg/m2). All values are expressed as odds ratios or geometric mean (GM) ratios, with 95% CIs. ABI indicates ankle-brachial index; CAC, coronary artery calcification; cIMT, carotid
intima-media thickness; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; MESA, Multi-Ethnic Study of Atherosclerosis.
*Log-transformed.
†Significant values (P<0.05).
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although the studies on PAD have been largely inconsistent.
For example, among a cohort of 1209 women in China, a
graded (dose-response) relationship between SHS exposure
and prevalent PAD was found,18 while in NHANES 1994–2004
no overall association was found.19 In adult nonsmokers from
the Scottish Family Study, exposure to ≥40 hours of SHS per
week was significantly and strongly associated with increased
risk of prevalent PAD (OR, 5.56; 95% CI, 1.82–17.06).20

CAC is highly predictive of future cardiovascular events.63

Self-reported SHS exposure was associated with the presence
of CAC in a cross-sectional analysis of 1766 never-smokers
aged 45 to 75 years and free of clinical CVD in Germany, after
adjustment for sociodemographic and CVD risk factors (OR,
1.38; 95% CI, 1.03–1.84).17 A similar study found an OR of
1.93 (95% CI, 1.49–2.51) for high versus minimal SHS
exposure (based on a calculated score) in 3098 never-
smokers aged 40 to 80 years.14 Several studies have also
shown increased cIMT levels with increasing levels of SHS
exposure, although these studies were conducted 1 to 2
decades ago.11–13,16

Study Strengths and Limitations
The data available to assess SHS exposure in all MESA
participants were based on self-report and referred to a
weekly average in the past year. This window of exposure
could be more relevant for some outcomes than others.
Moreover, the question was subjective and could be inter-
preted differently by participants. Lifelong SHS exposure or
information on living with family members who smoke was not
available during the MESA baseline examination. The difficulty
in assessing SHS exposure and the importance of accurate
measurement of SHS exposure to assess disease risk has
been extensively reviewed.4 SHS exposure may be assessed
through biomarkers,38 questionnaires,64 or environmental air
monitoring.65 Nicotine and its metabolites are commonly
used to assess recent SHS exposure. Urinary cotinine is
commonly used to differentiate active smoking from SHS
exposure, but it can be limited if sensitive methods are not
used, as it happened in MESA. Although serum and saliva
cotinine are generally preferred to quantify recent SHS
exposure compared with urine, they can be costly for large
epidemiologic studies. While self-reported measures of SHS
can be affected by substantial measurement error, they
provide an important tool to assess the long-term and short-
term health effects of SHS exposure in large epidemiologic
studies.64 In our study, we lacked long-term information on
SHS exposure. Although we adjusted for an important number
of sociodemographic and cardiovascular risk factors, residual
confounding, for instance by education or socioeconomic
status, may remain. Multiple comparisons may also remain a
problem. Strengths of this study include the large ethnically

diverse modern cohort, rigorous measurements of subclinical
CVD outcomes, and the availability of risk factor data.

Our study has several public health implications. Although
SHS exposure in the United States has decreased in recent
years, cotinine was still detected in 25% of adult nonsmokers
and 2 of every 5 children aged 3 to 11 years were exposed to
SHS regularly in 2011–2012.2 This still represents �100 mil-
lion American nonsmokers potentially exposed to SHS. There-
fore, even a marginal cardiovascular risk with increased SHS
exposure is important at the population level. Understanding
mechanisms of CVD damage from SHS exposure might better
inform tobacco product regulation and issue educational
campaigns for the general population. The identification of
relevant mechanisms and pathways for SHS exposure can also
be useful to inform research for other novel tobacco products
for which clinical data would take too long to accrue and for
which subclinical data are important. Improvements in SHS
exposure assessment are needed in future research. Self-
reported and objective SHS measurements (such as serum
cotinine) could be combined to improve exposure assessment
in epidemiologic studies. Technological advances in epige-
nomics and the identification of DNA methylation signatures
that are specific for tobacco use also open the possibility to
identify signatures of past exposure to SHS.66

Conclusions
This study suggests that SHS exposure may increase the risk
of CVD by influencing inflammation and atherosclerosis
pathways. The association was stronger for hsCRP than for
subclinical measures of atherosclerosis, potentially providing
a possible mechanism for the observed short-term reductions
in coronary heart disease admissions following the enactment
of smoke-free laws in many populations around the world.
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SUPPLEMENTAL MATERIAL 
 



 

Table S1. Sociodemographic Characteristics of 5,032 Non-Smoking MESA Participants by 

Smoking Status Exposure Assessment 

 

 

MESA non-

smokers 
Study population Study population subset with 

urinary cotinine available 

N 5,820 5,032 2,982 
Men 45.8 46.0 47.3 
Age, years 62.76 (10.28) 62.5 (10.3) 61.64 (9.96) 
Race/Ethnicity    
      White 39.0 39.5 35.9 
      African-American 26.2 24.1 22.5 
      Chinese-American 12.9 14.1 18.8 
      Hispanic 22.0 22.4 22.8 
Study Site     
      Winston Salem 15.3 14.2 13.5 
      New York 16.0 16.3 18.2 
      Baltimore 15.9 14.6 11.7 
      St Paul 15.1 15.2 13.3 
      Chicago 17.6 18.4 20.0 
      Los Angeles 20.2 21.2 23.4 
All values are percentages, except for age for which means (standard deviations) are reported 


