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Abstract

Background—Secondhand smoke (SHS) exposure increases cardiovascular disease risk. The 

objective of this study was to examine the association of SHS exposure in childhood and 

adulthood with adult arterial thickness.

Methods—The study cohort consisted of 415 nonsmoking adults (301 whites and 114 blacks; 

ages 26.2-48.0 years) enrolled in 2004-2010. The arterial wall thickness was measured as 

common, bulb and internal carotid artery intima-media thickness (IMT). SHS exposure data in 

childhood and adulthood were obtained by a questionnaire survey.

Results—Increased adult composite carotid IMT was significantly associated with SHS exposure 

(regression coefficient, β=53.1 μm, p<0.001) after adjusting for race, age, gender, education, 

income, body mass index, systolic blood pressure, LDL cholesterol and triglycerides/HDL 

cholesterol ratio, with blacks (β=81.2 μm, p=0.005) and whites (β=38.9 μm, p=0.017) showing the 

same direction of the association. Furthermore, the SHS exposure in childhood showed a relatively 

stronger association with increased carotid IMT than the exposure in adulthood based on 

standardized βs (0.180 vs 0.106); the same trend in the difference between childhood and 

adulthood exposure was noted for duration of SHS exposure (0.186 vs 0.145). The covariates-
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adjusted composite carotid IMT showed a significant increasing trend by the order of exposure 

status of none, adulthood only, childhood only and both (p for trend<0.001).

Conclusions—If the relationship is causal, the associations observed in this study suggest that 

more awareness should be raised on the dangers of SHS exposure during childhood so that its 

effect may be mitigated and controlled early in the cardiovascular disease process.

Introduction

Secondhand smoke (SHS) is associated with cardiovascular (C-V) disease by ∼30% 

increase in the risk among nonsmokers (1-5). Epidemiologic studies have shown that SHS 

exposure accelerates atherosclerotic lesions and causes C-V disease through multiple 

mechanisms, including endothelial dysfunction, alterations in arterial wall elasticity and 

thickness, traditional C-V risk factors, oxidative stress and inflammation (5-11). In addition 

to active smoking, the passive smoking resulting from environmental tobacco exposure 

represents an important public health concern and a major threat for C-V health of 

nonsmokers (1-5,12).

C-V disease is now well recognized to begin early in life (13). The concept of “childhood 

origins” of C-V disease is supported by numerous publications from four large-scale 

population-based cohorts followed since childhood (Bogalusa, Muscatine, Finland and 

Australia) which are now collaborating as the International Childhood Cardiovascular 

Cohort consortium (13). Furthermore, the C-V, endocrine, and immune systems in children 

may be more vulnerable to damage as a result of SHS exposure (14-16). Studies have shown 

that SHS exposure is associated with multiple C-V risk factors and subclinical changes in 

structure and function of the C-V system in the pediatric population (16-19). Whether the 

influence of SHS exposure of the critical periods in childhood persists into adulthood in 

relation to C-V risk is not clear. The objective of the present study was to examine the 

association of SHS exposure from childhood to adulthood with adult arterial wall thickness 

utilizing a cohort from the Bogalusa Heart Study.

Methods

Study Cohort

The Bogalusa Heart Study is a biracial (65% white and 35% black) community-based long-

term investigation of the early natural history of C-V disease beginning in childhood since 

1973. During the 2004-2010 survey in the Bogalusa Heart Study, 1016 adult subjects were 

examined for carotid artery intima-media thickness (IMT) and C-V risk factors. By 

excluding 380 current and former smokers, SHS exposure questionnaires were mailed out to 

636 nonsmokers in 2014, and 415 questionnaires were received with a response rate of 

65.3%. The current study cohort consisted of 415 nonsmoking adults (301 whites and 114 

blacks; ages 26.2-48.0 years) who responded to the SHS questionnaire survey. 

Characteristics of the study variables were compared between 415 responders and 221 non-

responders of the SHS questionnaire survey. Adult subjects included in the current analysis 

vs those who were not included had more females (65.3% vs 51.0%, p<0.001), higher 

education levels (p=0.001) and higher income (p=0.024). After adjusting for race, sex, age 
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education and income, C-V risk variables and carotid IMT did not differ significantly 

between the two groups.

All subjects in this study gave informed consent for the surveys. Study protocols were 

approved by the Institutional Review Board of the Tulane University Health Sciences 

Center.

General Examination

Replicate measurements of height and weight were made, and the mean values were used for 

analysis. Body mass index (BMI, weight in kilograms divided by the square of the height in 

meters) was used as a measure of obesity. Blood pressure (BP) was measured using a 

mercury sphygmomanometer between 8:00 AM and 10:00 AM on the right arm of subjects 

in a relaxed, sitting position by two trained observers (three replicates each). The mean 

values of the six readings were used for analysis.

Information on indoor SHS exposure and duration was retrospectively collected in a mailing 

questionnaire survey on adult nonsmokers (excluding current and former smokers) in 2014. 

The questionnaire was modified from the one that was developed by WHO International 

Agency for Research on Cancer (20), including status and years of SHS exposure in 

childhood (0-18 years) and adulthood (19 years-date). The indoor SHS exposure during 

childhood was defined as father, mother and/or others smoking indoor and the number of 

years exposed; the indoor SHS exposure during adulthood was defined as any persons who 

lived together smoking indoor and the number of years exposed. Smokers were defined as 

smoking at least one cigarette per day during the past 12 months.

Laboratory Analysis

Serum lipoprotein cholesterols and triglycerides were analyzed by using a combination of 

heparin-calcium precipitation and agar-agarose gel electrophoresis procedures on the Hitachi 

902 Automatic Analyzer (Roche Diagnostics, Indianapolis, IN). The laboratory is monitored 

for precision and accuracy by the Lipid Standardization Program of the Centers for Disease 

Control and Prevention, Atlanta, GA.

Carotid Ultrasonography

Carotid ultrasound measurements were done on a Toshiba digital ultrasound instrument 

(Xario, SSA-660A, Toshiba America Medical Systems, Tustin CA), using a 7.5 MHz linear 

array transducer. Images were recorded at the common carotid, carotid bulb (bifurcation), 

and internal carotid arteries bilaterally according to previously developed protocols for the 

Atherosclerosis Risk in Communities study (21). The maximum carotid IMT readings of left 

and right far walls were averaged for each segment. Then the averaged carotid IMT of 

common, bulb, and internal segments was calculated as composite carotid IMT. Common 

carotid IMT, carotid bulb IMT, internal carotid IMT and the composite carotid IMT were 

used for analyses. Re-screenees (n=46) were re-measured for reproducibility analysis. The 

correlation coefficients for repeat scans were 0.72 for the common carotid, 0.69 for the 

carotid bulb, and 0.80 for the internal carotid.
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Statistical Methods

Analyses of covariance were performed using generalized linear models (GLM) to test 

differences in study variables between SHS-exposed and not exposed groups and calculate 

covariate-adjusted least square means of carotid IMT. There were 24 hypertensives and 9 

dyslipidemia subjects who took medications at the time of examination. Their BP and lipid 

variable values were replaced with the corresponding mean values of the remaining 

hypertensives and dyslipidemia subjects who did not take medications.

The association analyses of SHS exposure status and duration with carotid IMT were 

performed using multiple linear regression models, adjusted for race, age, gender, BMI, 

systolic BP, LDL cholesterol and triglycerides/HDL cholesterol ratio. The SHS exposure 

status was included in separate regression models as “yes/no” or in subgroups of “exposed 

in childhood only”, “exposed in adulthood only” and “exposed in both” with “not exposed” 

as a reference; years of SHS exposure in childhood, adulthood and both was included as a 

continuous variable in the analysis models. The differences in the association parameters of 

SHS exposure with carotid IMT between race groups were examined in interaction 

regression models (homogeneity-of-slopes models), adjusted for covariates. All data 

analyses were performed using Statistical Analysis System (SAS) version 9.1.

Results

Table 1 summarizes the study variables by race and SHS exposure status. There were 

significantly more males in the “not exposed” group among whites and in the total sample. 

All other C-V risk variables did not differ significantly between SHS exposure groups in 

whites, blacks and in the total sample, except a higher BMI in the SHS exposure group than 

in the non-exposure group among whites (p=0.034). Nonsmokers exposed to SHS had 

significantly greater values of segmental and composite carotid IMT than those not exposed 

in blacks, whites and the total sample except common carotid IMT in whites.

Among the 415 study subjects, there were 277 (66.7%) subjects who were exposed to SHS; 

the prevalence of the exposure in these 277 individuals was 48.7% (n=135) in childhood 

only, 16.2% (n=45) in adulthood only and 35.0% (n=97) in both childhood and adulthood. 

The average duration of the SHS exposure in these 277 individuals was 13.9 years 

(range=2-18 years) in childhood only, 6.0 years (range=1-26 years) in adulthood only and 

19.9 years (range=5-46 years) in both childhood and adulthood. The prevalence and duration 

of SHS exposure did not differ significantly between blacks and whites.

Table 2 shows study variables by SHS exposure status in the total sample. There were more 

males (p=0.033) and more subjects who had higher family income (p<0.001) in the “not 

exposed” group. The “exposed in adulthood only” group had significantly high BMI than 

the “not exposed” group. Compared with the “not exposed” group, the “exposed in 

childhood only” and “exposed in both” groups had significantly high common, bulb, internal 

and composite carotid IMT except for common carotid IMT in the “exposed in childhood 

only” group. Segmental and composite carotid IMT did not differ significantly between the 

“not exposed” and “exposed in adulthood only” groups.
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Table 3 presents regression coefficients (β) of SHS exposure for composite carotid IMT with 

adjustment for age, gender, education, income, BMI, systolic BP, LDL-C, triglycerides/

HDL-C ratio and/or race. While the covariates showed different association patterns with 

carotid IMT between race groups, SHS exposure (yes/no) had a consistent, positive and 

significant association with carotid IMT in blacks and whites. Blacks and whites had the 

same direction in the association parameters (p=0.168 for difference in regression 

coefficients between races). In the total sample, all the covariates except for education, 

income and BMI were associated with carotid IMT. SHS exposure (yes/no) showed 

significant associations with increased carotid IMT. In separate regression models with SHS 

exposure duration included as a predictor variable, adjusting for covariates mentioned 

above, the regression coefficients of years of SHS exposure in blacks (β=0.9 μm, p=0.402) 

and whites (β=1.6 μm, p=0.011) did not differ significantly (p=0.311 for race-SHS exposure 

duration interaction). One year SHS exposure was associated with 1.5 μm increase in carotid 

IMT (p=0.009) in the total sample.

Table 4 shows unstandardized (β) and standardized regression coefficients (β′) of SHS 

exposure (yes/no and years) for composite carotid IMT in the total sample, with adjustment 

for race, age, gender, education, income, BMI, systolic BP, LDL-C and triglycerides/HDL-C 

ratio. The regression analyses were performed in three separate models with SHS exposure 

in childhood only, adulthood only or both as independent variables. SHS exposure (yes/no) 

in childhood only and the exposure in both childhood and adulthood showed significant 

associations with increased carotid IMT; however, the SHS exposure (yes/no) in adulthood 

only was not significantly associated with carotid IMT. The duration of SHS exposure was 

significantly associated with increased carotid IMT in all three models with SHS exposure 

during childhood only, adulthood only and both. Of note, the SHS exposure (yes/no) in 

childhood was relatively more strongly associated with increased carotid IMT than the 

exposure in adulthood based on standardized regression coefficients (β′=0.180 vs 0.106); the 

same trend in the difference between childhood and adulthood was noted for duration of 

SHS exposure (β′=0.186 vs 0.145).

The associations between SHS exposure (yes/no) and segmental carotid IMT at individual 

sites were examined in separate regression models by race as well as in the total sample with 

adjustment for the covariates mentioned above. SHS exposure showed positive associations 

with common carotid IMT in whites (β=12.4, p=0.370), blacks (β=49.3, p=0.023) and the 

total sample (β=21.7, p=0.055), with bulb carotid IMT in whites (β=44.7, p=0.042), blacks 

(β=110.2, p=0.044) and the total sample (β=67.8, p=0.005), with internal carotid IMT in 

whites (β=59.8, p=0.068), blacks (β=84.0, p=0.043) and the total sample (β=69.7, p=0.007).

Figure 1 illustrates race-, age-, gender-, education-, income-, BMI-, systolic BP-, LDL 

cholesterol- and HDL cholesterol/triglycerides ratio-adjusted means (95% CIs) of composite 

carotid IMT in nonsmoking adults by SHS exposure status in childhood and adulthood. The 

covariates-adjusted composite carotid IMT showed a significant increasing trend by the 

order of SHS exposure status of none, adulthood only, childhood only and both (p<0.001 for 

trend).
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As a sensitivity analysis, estimated glomerular filtration rate (eGFR), uric acid, insulin 

resistance index were included in the regression models as shown in Table 3 as additional 

covariates in a subset of 326 subjects of the study cohort. These three variables were not 

associated with carotid IMT in either whites (p=0.338-0.963), blacks (p=0.156-0.604) or the 

total sample (p=0.160-0.476). The SHS exposure-IMT association parameters did not 

change substantially in whites (β=37.9, p=0.025), blacks (β=85.9, p=0.004) and the total 

sample (β=53.0, p<0.001).

Discussion

There has been almost uniform agreement that both active and passive smoking is an 

established risk factor for C-V morbidity and mortality (1-5). Epidemiologic studies have 

shown that SHS exposure accelerates atherosclerotic lesions and causes C-V disease through 

multiple mechanisms, including detrimental effects on traditional C-V risk factors, oxidative 

stress, inflammation, endothelial dysfunction, structural and functional alterations of the C-

V system (5-10). Longitudinal data from the Atherosclerosis Risk in Communities (ARIC) 

study have shown a significant relationship between SHS exposure and greater progression 

of atherosclerosis measured as carotid IMT among 10,914 adults. After adjustment for 

demographic characteristics, C-V risk factors and lifestyle variables, an increase of 5.9 μm 

in the progression rates over a 3-year period due to exposure to SHS was observed among 

nonsmokers (9). A small sample of 570 nonsmoking adults from the ARIC study cohort has 

shown that both early and current exposure to SHS was associated with increased carotid 

IMT (22). Carotid IMT was 24 μm higher in the group of 77 adults who were exposed to 

SHS 12-14 years earlier than the non-exposure group of 211 adults (709 vs 685 μm). The 

difference in carotid IMT was 46 μm between the group of 282 adults who were currently 

exposed to SHS and the non-exposure group of 211 adults (731 vs 685 μm). The current 

study found that carotid IMT was 53 μm higher in nonsmoking adults who were exposed to 

SHS than in those who were not exposed after controlling for covariates. Furthermore, the 

duration of the exposure was also associated with greater carotid IMT, and childhood 

exposure showed a relatively stronger association in this cohort. The findings from this 

study provide suggestive evidence for the detrimental influence of SHS exposure on 

subclinical atherosclerosis.

There is now substantial evidence to confirm that the roots of C-V disease extend back into 

childhood (13). Obesity and other C-V risk factors beginning as early as in childhood are 

related to carotid IMT in adulthood as shown in our previous studies (23) and the 

International Childhood Cardiovascular Cohort consortium (13,24). Questions have been 

raised, however, about whether exposure to SHS in childhood has relevance to adult C-V 

disease risk. This research area is important because the toxicokinetic parameters of 

exposure, absorption, metabolism, distribution, and target organ susceptibility are different 

in children and adults (14). Children are vulnerable to the effects of SHS due to smaller 

airways and higher respiration rates and may have greater levels of SHS inhalation exposure 

per unit of body weight than adults (15). Furthermore, physiologically immature children 

may be more vulnerable to damage as a result of SHS exposure because of their partially 

developed or compromised C-V, endocrine, and immune systems (16). Previous 

epidemiologic studies have shown that SHS exposure is associated with high BP, 
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dyslipidemia, oxidative stress, endothelial dysfunction and arterial wall elasticity and 

thickness in the pediatric population (16-19). Whether the influence of SHS exposure of this 

critical period in childhood persists into adulthood is not clear. In the current study, the SHS 

exposure in childhood only showed a relatively stronger association with increased adult 

carotid IMT than the exposure in adulthood only based on standardized regression 

coefficients (0.180 vs 0.106); the same trend in the difference was noted for duration of SHS 

exposure in childhood versus adulthood (0.186 vs 0.145). The findings in this regard suggest 

that the SHS exposure might have a long-term harmful influence of on subclinical 

atherosclerosis.

Smoking bans in public places have been increasing in the United States during the past 

decade. A CDC report on state laws restricting smoking in effect as of December 31, 2010 

showed that the number of states with laws that prohibit smoking in indoor areas of 

worksites, restaurants, and bars increased from zero in 2000 to 26 in 2010 (25). Data from a 

series of National Health and Nutrition Examination Surveys (NHANES) measuring serum 

cotinine as an index of SHS exposure over a period of 14 years from 1988 through 2002 

documented a substantial decline of approximately 70% in serum cotinine concentrations in 

nonsmokers during this period (26). In the present study, the percentage of SHS exposure in 

childhood (32.5%) during the 1970s-1990s was three times the percentage in adulthood 

(10.8%), indicating that the awareness and attitudes towards the harmful effect of SHS have 

been substantially improved during recent years. Given that the heavier exposure to SHS 

occurred 3-4 decades ago and the exposure exerted a significant and adverse influence on 

adult carotid IMT, how to mitigate this long-term detrimental influence is a important 

research topic in preventing C-V disease among individuals who were exposed to SHS in 

early life during the past few decades.

This community-based epidemiologic study has certain limitations. First, the relatively small 

sample size, especially blacks, had a limited statistical power to detect weak-to-moderate 

association between SHS exposure and subclinical atherosclerosis measures. Second, 

childhood socioeconomic data were not available, and adulthood eGFR, uric acid and 

insulin resistance data were available only in a subset of subjects in the current study. 

Further investigation is needed to confirm the results in this regard. Third, the 

retrospectively collected information on SHS exposure and the cross sectional nature of 

carotid IMT data have a limitation in causal inference in this regard.

In summary, the current study demonstrates an association of SHS exposure status and the 

length of exposure from childhood to adulthood with carotid artery IMT in middle-aged 

black and white nonsmoking adults. If the relationship is causal, the associations observed in 

this study suggest that more awareness should be raised on the dangers of SHS exposure 

during childhood so that its effect may be mitigated and controlled early in the 

cardiovascular disease process. These findings underscore the importance of a 

comprehensive health promotion program to mitigate the adverse impact of SHS exposure 

on the C-V system. Extensive research on the underlying mechanisms and how to reduce the 

long-term detrimental influence of the SHS exposure has implications in undertaking 

preventive strategies for C-V disease among individuals who were already exposed to SHS 

in early life during the past few decades.
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• Secondhand smoke (SHS) exposure and adult arterial wall thickness were 

examined.

• Lifetime SHS exposure was associated with increased carotid artery wall 

thickness.

• The SHS exposure in childhood showed a relatively stronger association.
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Figure 1. 
Race-, age-, gender-, education-, income-, body mass index-, systolic blood pressure-, LDL 

cholesterol- and HDL cholesterol/triglycerides ratio-adjusted means (95% confidence 

intervals) of composite carotid IMT in nonsmoking adults by SHS exposure status in 

childhood and adulthood

L(H)DL-C=low(high)-density lipoprotein cholesterol; IMT=intima-media thickness; 

SHS=secondhand smoke
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Table 2
Means (SD) of study variables by SHS exposure status

Not Exposed (n=138) Exposed in Adulthood only 
(n=45)

Exposed in childhood only 
(n=135)

Exposed in Both (n=97)

Whites (n, %) 96 (69.6) 31 (68.9) 106 (78.5) 68 (70.1)

Males (n, %)a 59 (42.8) 11 (24.4) 48 (35.6) 26 (26.8)

Age (year) 36.3 (4.5) 36.9 (4.6) 36.7 (4.0) 35.2 (4.3)

Education (n, %)

 Elementary school 0 1 (2.2) 0 3 (3.1)

 Middle school 1 (0.7) 0 2 (1.5) 0

 High school 64 (46.4) 15 (33.3) 54 (40.0) 50 (51.5)

 College and above 73 (52.9) 29 (64.4) 79 (58.5) 44 (45.4)

Income/year (n, %)b

 <=$15000 27 (19.6) 2 (4.4) 16 (11.9) 27 (27.8)

 $15001-$30000 18 (13.0) 17 (37.8) 18 (13.3) 22 (22.7)

 $30001-$45000 21 (15.2) 5 (11.1) 24 (17.8) 7 (7.2)

 >$45000 72 (52.2) 21 (46. 7) 77 (57.0) 41 (42.3)

BMI (kg/m2) 28.5 (6.1) 31.3 (9.0)** 28.8 (6.1) 29.8 (6.7)

Systolic BP (mmHg) 116.0 (15.1) 115.7 (13.2) 113.4 (11.9) 117.3 (15.4)

LDL-C (mg/dL) 121.9 (33.4) 121.8 (35.2) 128.6 (31.3) 128.5 (32.9)

TG/HDL-C 3.0 (3.0) 2.8 (2.0) 2.9 (2.9) 2.7 (3.1)

Common IMT (μm) 735 (118) 754 (122) 749 (128) 747 (129)*

Bulb IMT (μm) 901 (170) 916 (204) 964 (275)** 960 (318)**

Internal IMT (μm) 677 (163) 703 (135.2) 728 (220)** 772 (386)**

Composite IMT (μm) 771 (111) 791 (128) 814 (161)** 826 (202)**

SHS=secondhand smoke; BMI=body mass index; BP=blood pressure; L(H)DL-C=low(high)-density lipoprotein cholesterol; TG=triglycerides; 
IMT=intima-media thickness

a
p<0.05;

b
p<0.01 by Chi-square tests

Difference in continuous variables between three SHS exposure groups and the non-exposure group was tested in GLM models, adjusted for sex, 
age, education, income and/or race;

*
P<0.05;

**
P<0.01
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