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BACKGROUND: Although Black adults are more likely to die from coronary heart disease (CHD) compared with White adults, 
few studies have examined the relationship between cigarette smoking and CHD risk among Black adults. We evaluated the 
relationship between cigarette smoking, incident CHD, and coronary artery calcification in the JHS (Jackson Heart Study).

METHODS AND RESULTS: We classified JHS participants without a history of CHD (n=4432) by self- reported baseline smoking 
status into current, former (smoked at least 400 cigarettes/life) or never smokers at baseline (2000– 2004). We further classi-
fied current smokers by smoking intensity (number of cigarettes smoked per day [1– 19 or ≥20]) and followed for incident CHD 
(through 2016). Hazard ratios (HR) for incident CHD for each smoking group compared with never smokers were estimated 
with adjusted Cox proportional hazard regression models. At baseline, there were 548 (12.4%) current, 782 (17.6%) former, and 
3102 (70%) never smokers. During follow- up (median, 13.8 years), 254 participants developed CHD. After risk factor adjust-
ment, CHD risk was significantly higher in current smokers compared with never smokers (HR, 2.11; 95% CI, 1.39– 3.18); the 
difference between former smokers and never smokers (HR, 1.37; 95% CI, 1.0– 1.90) did not achieve statistical significance. 
Among current smokers, we did not observe a dose- response effect for CHD risk. Additionally, in multivariable logistic regres-
sion models with a subset of our analytic cohort, current smokers had greater odds of coronary artery calcification score >0 
compared with never smokers (odds ratio, 2.63; 95% CI, 1.88– 3.68).

CONCLUSIONS: In a large prospective cohort of Black adults, current smoking was associated with a >2- fold increased risk of 
CHD over a median follow- up of greater than a decade.
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Coronary heart disease (CHD) accounts for ≈1 in 7 
deaths in the United States,1,2 where an American 
has a heart attack every 40 seconds.1 Black adults 

are more likely to die from CHD compared with White 
adults.1 Higher rates of traditional risk factors such as 
diabetes mellitus, hypertension, and obesity among 
Black adults may account for some of this disparity.3– 5 

Cigarette smoking is also an independent risk factor for 
the development of CHD.6– 8 Smoking causes inflam-
mation, impaired endothelial function, platelet dysfunc-
tion, increased oxidative stress, and atherosclerosis, 
all of which are associated with the development of 
CHD.9– 17 While previous studies have shown a signifi-
cant association between cigarette smoking and CHD, 
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this relationship has been understudied in Black adults. 
Although the prevalence of cigarette smoking has de-
clined among Black adults in recent years, 14.9% of 
Black adults are current smokers,18 and prior reports 
have shown longer smoking durations among Black 
adults compared with White adults and lower smok-
ing cessation rates in Black adults compared with both 
White and Hispanic adults.19,20 Thus, combined with 
higher rates of traditional risk factors for CHD, Black 
adults who smoke cigarettes may represent a particu-
larly vulnerable population at risk of CHD.

Therefore, we assessed the relationships between 
cigarette smoking status, intensity, and dose with in-
cident CHD in participants of the JHS (Jackson Heart 
Study), a large, well- characterized community- based 
Black cohort. We also evaluated the relationship be-
tween cigarette smoking status and intensity and cor-
onary artery calcification (CAC) score measurements.

METHODS
Study Population
The JHS is a large, community- based prospective 
cohort study designed to investigate the predictors 

and outcomes of cardiovascular diseases in Black 
adults. The study included 5306 participants aged 
21 to 84  years who were recruited from the tri- 
county area surrounding Jackson, Mississippi. 
Participants were evaluated at baseline from 2000 
to 2004 (visit 1) and completed 2 subsequent study 
follow- up visits (visit 2, 2005– 2008; visit 3, 2009– 
2013) in addition to annual follow- up telephone calls. 
The data, analytic methods, and study materials are 
available to other researchers for purposes of repro-
ducing the results or replicating the analyses by fol-
lowing the JHS publications, procedures, and data 
use agreements.21

The study was approved by the Institutional Review 
Boards of Jackson State University, Tougaloo College, 
and the University of Mississippi Medical Center in 
Jackson, Mississippi. All participants provided written 
informed consent.

Inclusion/Exclusion Criteria
We excluded all participants with a history of CHD 
(n=418); missing CHD data (n=190); history of car-
diovascular disease (n=154); missing information on 
smoking status, intensity, and dose (n=46); or miss-
ing information on relevant study variables (ie, those 
included in multivariable analyses, n=66) at visit 1 
(Figure 1).

Smoking Information
Smoking information was obtained by a self- reported 
questionnaire at baseline (visit 1). Participants who 
smoked >400 cigarettes in their lifetime were de-
fined as ever smokers. Participants who gave a pos-
itive response to the question, “Do you now smoke 
cigarettes?” were classified as current smokers. 
Those who responded negatively to these ques-
tions were classified as never smokers. Participants 
who were classified as ever smokers who no longer 
smoked at the time of the examination were clas-
sified as former smokers.22 Information concerning 
the number of cigarettes smoked daily was col-
lected to determine smoking intensity, and smoking 
burden (pack- years) was calculated by multiplying 
the number of cigarettes smoked daily by the num-
ber of years smoking.

Ascertainment of CHD Events
The JHS defined CHD as definite or probable myo-
cardial infarction (MI) (chest pain, ECG changes, and 
changes in cardiac biomarker levels), definite fatal 
MI, definite fatal CHD (based on cause of death from 
death certificate) or cardiac procedures (percutane-
ous transluminal coronary angioplasty, stent place-
ment, coronary revascularization, or coronary artery 

CLINICAL PERSPECTIVE

What Is New?
• In a large community- based longitudinal study 

assessing cardiovascular risk in Black adults, cur-
rent cigarette smoking was associated with >2 
times increased risk for coronary heart disease.

• By coronary artery calcification score meas-
urements (used to evaluate the burden of coro-
nary atherosclerosis and predict the risk for 
future coronary heart disease events), we found 
a dose- dependent increase in the odds of having 
coronary artery calcification scores >2 clinically 
important clinical thresholds (coronary artery cal-
cification score >0 and coronary artery calcifica-
tion score >400), among current Black smokers, 
after adjusting for other cardiovascular risk factors.

What Are the Clinical Implications?
• In view of the high incidence of coronary heart 

disease among Black smokers, our findings 
highlight the need for more smoking cessation 
strategies directed toward this population.

Nonstandard Abbreviations and Acronyms

JHS Jackson Heart Study
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bypass grafting).23,24 CHD events were ascertained 
via directed patient queries during annual telephone 
follow- up and ongoing surveillance of hospitaliza-
tions, with subsequent transmission of hospital re-
cords and death certificates to a medical record 
abstraction unit for review. A computer- generated 
diagnosis with physician adjudication was used to 
classify hospitalized and fatal CHD events. Details of 
these procedures have been described previously in 
this population.25

Coronary Artery Calcification Score 
Measurement
Coronary artery calcification (CAC) measurements 
can be used to evaluate the burden of atherosclero-
sis.26,27 An increased CAC score has been associated 
with incident CHD.28,29 Therefore, we examined the re-
lationship between cigarette smoking and the devel-
opment of CHD in Black adults of the JHS, through 
CAC scores (measured at visit 2). CAC was measured 
by a 16- channel multidetector computed tomography 
system equipped with cardiac gating (GE Healthcare 
Lightspeed 16 Pro, Waukesha, WI) during visit 2 

(2005– 2008) at the JHS Computed Tomography Data 
Acquisition Center located at the Jackson Medical 
Mall. The computed tomography research protocol 
of the JHS included imaging the heart, liver, and ab-
domen.30 Computed tomography scan images were 
read at the Wake Forest University School of Medicine. 
CAC scores were reported using Agatston scoring at a 
threshold of 130 Hounsfield units and a minimum lesion 
size of 1 mm2. An Agatston score >0 was defined as the 
presence of CAC. Details of CAC scoring performed in 
the JHS have been described in previous studies.31

Clinical Covariates
At the baseline exam (2000– 2004), home interviews, 
clinic visits, physical examinations, and laboratory tests 
were conducted. Age and sex were recorded from 
questionnaires. Weight was measured using a balance 
scale in kilograms. Standing height was measured 
using a vertical ruler in centimeters. Body mass index 
was calculated as body weight (kilograms) divided the 
square of height (meters).

Physical activity survey instruments (adapted from 
the Baeke physical activity and ARIC [Atherosclerosis 
Risk in Communities] surveys) were administered by 
trained interviewers at baseline to calculate the physi-
cal activity score for each participant.32,33 Participants 
were further categorized on the basis of their scores 
into poor, intermediate, ideal/recommended from the 
American Heart Association’s recommended levels of 
physical activity34 (ideal health indicator from physical 
activity). Each participant’s self- reported highest level 
of education was recorded and categorized: less than 
high school; high school graduate/General Educational 
Development; and attended vocational school, trade 
school, or college.

Blood pressure was calculated from the aver-
age of 2 sitting blood pressure measurements, at 
5- minute intervals. Hypertension was defined as 
BP ≥140/90  mm  Hg or use of self- reported blood 
pressure– lowering medication. Diabetes mellitus was 
defined as fasting glucose ≥126  mg/dL or hemoglo-
bin A1c ≥6.5%, or use of diabetes mellitus medications 
within 2 weeks before the clinic visit.22,35 Total choles-
terol was measured from plasma with the use of a cho-
lesterol oxidase method (Roche Diagnostics, Rotkreuz, 
Switzerland) on a Roche COBAS FARA centrifugal 
analyzer. Serum C- reactive protein was measured by 
the latex particle immunoturbidimetric assay (Roche 
Diagnostics).22,36 Information about self- reported use 
of aspirin, statins, and antihypertensive medications 
was also collected at each visit.

Statistical Analysis
We compared baseline characteristics using the 1- way 
ANOVA, chi- square tests, Mann– Whitney U test, and 

Figure 1. Flow diagram for determination of final study 
population.
**171 participants were administratively censored, and 657 died 
during the follow- up period in JHS. CHD indicates coronary heart 
disease; and JHS, Jackson Heart Study.

 

Jackson Cohort at Baseline (Visit 1)   

n= 5306 

History of CHD (Visit 1)  

n= 418 

Missing CHD data 

n= 190 

History of Cardiovascular Disease 
(Visit 1)                            
n= 154 

Missing smoking status, intensity and 
dose data n= 46 

Missing covariates 

n= 66 

Final Sample Size 

n= 4432 
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Kruskal– Wallis tests for differences among never, past, 
and current smokers, as appropriate, on the basis of 
the underlying distribution. Cox proportional hazard 
regression models were used to estimate the asso-
ciation between smoking status at visit 1 and incident 
CHD yielding hazard ratios for incident CHD for each 
smoking group compared with never smokers and by 
smoking intensity and burden among current smokers. 
Model 1 was adjusted for age and education; model 
2 was adjusted for age, sex, education level, body 
mass index, diabetes mellitus, systolic blood pres-
sure, hypertension, total cholesterol, fasting triglycer-
ides, physical activity, and alcohol intake in the past 
12  months. Kaplan– Meier curves were constructed 
to assess the cumulative survival of participants free 
from incident CHD by smoking status and compared 
by log- rank tests. Participants who died and were lost 
to follow- up were censored at the time of death or the 
last follow- up contact. Schoenfeld residuals were used 
to test the assumption of proportionality.

In secondary analyses, multivariable logistic and 
linear regression models were used to assess the as-
sociations among smoking status, smoking intensity, 
and CAC at visit 2. Model 1 was adjusted for age and 
education; model 2 was adjusted for age, sex, edu-
cation level, body mass index, diabetes mellitus, sys-
tolic blood pressure, hypertension, total cholesterol, 
fasting triglycerides, physical activity, and alcohol in-
take in the past 12  months. CAC was transformed 
to [In (CAC+1)] and used in our models to have an 
all- inclusive analysis (1 was added to the CAC scores 
to also include participants with CAC score of 0)37; 
this analytical approach has been used in prior stud-
ies.30,36 All statistical analyses were performed with 
STATA version 15 (StataCorp, College Station, TX) 
and SAS version 9.4 (SAS Institute, Cary, NC). A 2- 
sided P<0.05 was considered statistically significant.

RESULTS
Among 4432 eligible participants (83.5% of overall 
cohort, mean age 54±13 years, 64% women), 3102 
(70%) of participants were identified as never smok-
ers, 782 (17.6%) were identified as former smokers, 
and 548 (12.4%) were identified as current smok-
ers. Baseline characteristics of the participants 
grouped by smoking status are presented in Table 1. 
Compared with never smokers, current smokers and 
former smokers were more likely to be men (P<0.001). 
Current smokers were younger and had lower body 
mass index compared with never smokers and for-
mer smokers (all P<0.001). Former smokers had a 
higher prevalence of hypertension and diabetes melli-
tus compared with never smokers and current smok-
ers (all P<0.001).

Over a median follow- up of 13.8  years, 254 par-
ticipants developed CHD (incidence rate, 4.5/1000 
person- years). Incident CHD occurred in 148 never 
smokers, 68 former smokers, and 38 current smok-
ers (Table 2). Both former and current smokers had a 
higher incidence of CHD compared with never smok-
ers (log- rank P <0.001) (Figure  2). Among current 
smokers using 1 to 19 cigarettes/day there were 28 
CHD events, while those using ≥20 cigarettes/day had 
10 CHD events. The results of our unadjusted analy-
sis for incident CHD stratified by sex for each smoking 
category are presented in Table S1.

After adjusting for age and sex (model 1), former 
smokers had a higher risk for CHD compared with never 
smokers, and current smokers also had a higher risk for 
CHD compared with never smokers (Table 3). After fur-
ther adjustment for risk factors (model 2), current smok-
ing was associated with about 2 times increased risk of 
incident CHD compared with never smoking. There was 
an increased risk of CHD in current smokers smoking 1 
to 19 cigarettes/day; however, smoking ≥20 cigarettes/
day was not significantly associated with CHD. Our 
results were similar with propensity- adjusted analysis 
(Table S2) and modified Poisson regression with robust 
variance approach (Table S3).

The type 3 P values for each smoking variable in 
our models were statistically significant and the values 
for our Akaike information criterion diminished from our 
age-  and sex- adjusted model (model 1) to our primary 
model (model 2), indicating better fit models as we 
adjusted for more covariates in our stepwise analysis, 
except in our models with smoking burden as the pre-
dictor variable.

We examined the relationship between cigarette 
smoking and the development of CHD, through CAC 
scores by smoking status and intensity (Tables 4 and 
5; Table S5) in our multivariable logistic regression 
models at 2 clinically relevant cut points,29,38,39 (CAC 
score >0 and >400).

In our age-  and sex- adjusted logistic regression 
model for the odds of CAC score >0 (Table 4), current 
and former smoking was associated with increased 
odds of CAC score >0 compared with never smokers 
(model 1). Current smokers smoking 1 to 19 and ≥20 
cigarettes/day also had higher odds of CAC score >0 
compared with never smokers. After further adjustment 
for conventional risk factors (model 2), former smoking 
was not significantly associated with increased odds of 
CAC score >0 compared with never smokers. However, 
current smokers had higher odds of CAC score >0 com-
pared with never smokers (odds ratio [OR], 2.63; 95% 
CI, 1.88– 3.68). Furthermore, the odds of having a CAC 
score >0 increased as daily cigarette use also increased 
among current smokers compared with never smokers 
(OR, 1.95; 95% CI, 1.32– 2.88; and OR, 4.84; 95% CI, 
2.70– 8.89 for 1– 19 and ≥20 cigarettes/day, respectively).
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Furthermore, in our age-  and sex- adjusted logis-
tic regression model for the odds of CAC score >400 
(Table  5), current and past smoking were associ-
ated with increased odds of CAC score >400 com-
pared with never smokers (model 1). Current smokers 
smoking 1 to 19 cigarettes/day had higher odds of 
CAC score >400 compared with never smokers and 
current smokers using ≥20 cigarettes/day also had 
higher odds of CAC score >400 compared with never 
smokers. In multivariable- adjusted models (model 2), 
former smoking was not significantly associated with 

increased odds of CAC score >400 compared with 
never smokers. However, current smokers had higher 
odds of CAC score >400 compared with never smok-
ers (OR, 2.02; 95% CI, 1.17– 3.40). Current smokers 
using ≥20 cigarettes/day also had higher odds of CAC 
score >400 compared with never smokers (OR, 2.82; 
95% CI, 1.19– 6.24). The characteristics of JHS partic-
ipants with CAC scores and the distribution of CAC 
scores among participants by smoking status for our 
analysis (at visit 2) are presented in Table 6, Figure 3, 
Table  S4, and Figure  S1. Our multivariable linear 

Table 1. Baseline Characteristics at Visit 1 by Smoking Status

Variables Overall (n=4432)

Smoking Status

P Value
Never Smoker 

(n=3102)
Former Smoker 

(n=782)
Current Smoker 

(n=548)

Age, y 53.9 (12.8) 53.0 (13.0) 59.1 (11.2) 51.5 (11.1) <0.001

Sex, men, n (%) 1593 (36) 948 (31) 368 (47) 277 (51) <0.001

Body mass index, kg/m2 31.8 (7.2) 32.2 (7.3) 31.5 (6.6) 29.9 (7.4) <0.001

Ideal health indicator via physical activity, n (%)

Poor health 2117 (48) 1450 (47) 343 (44) 324 (59) <0.001

Intermediate health 1431 (32) 1023 (33) 270 (35) 138 (25)

Ideal health 884 (20) 629 (20) 169 (22) 86 (16)

Alcohol consumption in the past 
12 mo, n (%)

2087 (47) 1302 (42) 386 (50) 399 (73) <0.001

Age of initiation of smoking, y NA NA 18.8 (5.0) 19.8 (6.1)

Education, n (%)

Less than high school 724 (16) 423 (14) 183 (23) 118 (22) <0.001

High school graduate/General 
Educational Development

891 (20) 591 (19) 170 (22) 130 (24)

Attended vocational school, 
trade school, or college

2817 (64) 2088 (67) 429 (55) 300 (55)

Hypertension, n (%) 2366 (53) 1610 (52) 492 (63) 264 (48) <0.001

Diabetes mellitus, n (%) 955 (22) 646 (21) 210 (27) 99 (18) <0.001

Total cholesterol, mg/dL 199.7 (39.5) 199.5 (38.6) 201.8 (40.9) 198.0 (42.3) 0.212

Fasting triglyceride, mg/dL 105.5 (80.2) 100.5 (71.7) 113.1 (75.5) 123.6 (120.9) <0.001

Antiplatelet medication use, n (%) 916 (45) 591 (43) 228 (55) 97 (37) <0.001

Statin use, n (%) 499 (11) 334 (11) 124 (16) 41 (8) <0.001

Prevalent atrial fibrillation, n (%) 11 (0) 5 (0) 4 (1) 2 (0) 0.179

C- reactive protein level, mg/dL 0.5 (0.9) 0.5 (0.7) 0.5 (0.8) 0.6 (1.7) 0.002

Homocysteine level, μmol/L 9.2 (4.5) 9.03 (4.7) 9.52 (3.3) 9.91 (5.1) <0.001

Continuous values are presented as mean (SD), and all other values are numbers (%). χ2 tests, 1- way ANOVA, Mann– Whitney U test, and Kruskal– Wallis test 
were used to compare baseline characteristics of participants by smoking status. NA indicates not applicable.

Table 2. CHD Incidence by Smoking Status and Intensity From Visit 1 to 2016

Never Smokers Former Smokers Current Smokers
Current (1– 19 
Cigarettes/d)

Current (≥20 
Cigarettes/d)

Incident CHD, n/total (%) 148/3102 68/782 38/548 28/367 10/181

4.8 8.7 6.9 7.6 5.5

Crude CHD incidence 
rate (per 1000 
person- years)

3.7 7.0 5.6 6.2 4.6
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regression models by smoking status and intensity are 
also shown in Table S5.

DISCUSSION
In this well- characterized community- based cohort 
of Black adults, current cigarette smoking was as-
sociated with higher incidence of CHD. Furthermore, 
current cigarette smoking and high intensity smoking 
(at least 20 cigarettes/day) were associated with in-
creased odds of CAC compared with never smokers 
after adjusting traditional risk factors.

Previous studies have investigated the relationship 
between cigarette smoking and CHD. In the Nurses’ 
Health Study, 119 404 female nurses free of diagnosed 
CHD were followed up for 6 years. Investigators found 
that current but not former cigarette smoking was 

associated with an adjusted increased risk for CHD; 
the risk of fatal CHD and nonfatal MI was higher as 
the number of cigarettes smoked increased, com-
pared with women who were nonsmokers, Those who 
smoked 1 to 14 cigarettes/day had adjusted relative 
risk of 2.3 for total nonfatal MI and fatal CHD, while 
women who smoked ≥25 cigarettes/day had adjusted 
relative risk of 6.1 for total nonfatal MI and fatal CHD.40 
The effect of smoking on incident CHD was similar 
in our study. We also found a similar association be-
tween current smoking and increasing risk of CHD in 
current smokers who smoked 1 to 19 cigarettes/day 
(low- intensity smokers) after adjusting for traditional 
risk factors in our analysis (hazard ratio, 2.16; 95% 
CI, 1.36– 3.42). We did not demonstrate a significant 
dose– response relationship between cigarette smok-
ing and the risk of CHD in current smokers using ≥20 
cigarettes/day. This finding could be partly attributable 

Figure 2. Kaplan-Meier survival curves of the study participants by smoking status.
CHD indicates coronary heart disease.

Table 3. Association Between Smoking Status and Incident CHD From Visit 1 to 2016

Model

Smoking Status Smoking Intensity Smoking Dose/Burden

Former vs Never 
Smokers

Current vs Never 
Smokers

Current (1– 19 
Cigarettes/d) vs 
Never Smokers

Current (≥20 
Cigarettes/d) vs 
Never Smokers Exposure in Pack- Years

Model 1 1.37, P=0.036*
(1.02– 1.84)

1.72, P=0.003*
(1.20– 2.48)

1.93, P=0.002*
(1.28– 2.91)

1.24, P=0.524
(0.64– 2.37)

0.99, P=0.069
(0.99– 1.00)

Model 2 1.37, P=0.051
(1.0– 1.90)

2.11, P<0.001*
(1.39– 3.18)

2.16, P=0.001*
(1.36– 3.42)

1.36, P=0.413
(0.65– 2.87)

0.99, P=0.064
(0.98– 1.00)

Values are given as hazard ratio, P value (95% CI).
*P- values are statistically significant; Model 1: adjusted for age and sex; model 2: model 1 plus education level, diabetes mellitus, systolic blood pressure, 

body mass index, hypertension, total cholesterol, fasting triglycerides, physical activity, and alcohol intake in the past 12 months.
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to the modest number of participants who smoked 
≥20 cigarettes/day (about 4% of our study sample) in 
our subgroup comparisons between current smoking 
levels and never smokers, and probably attributable 
to smokers using ≥20 cigarettes/day developing other 
diseases or the competing risk of death (high- intensity 
smokers may have died prematurely). Unfortunately, 
the JHS did not capture sufficient data to assess 
smoking cessation among those who smoked. This 
may partly explain the paradoxical finding that high- 
intensity smokers had lower rates of CHD compared 
with current smokers smoking 1 to 19 cigarettes/day. 
It is possible that participants who developed CHD, 
other diseases, or disease risk factors subsequently 
reduced their smoking intensity. Furthermore, we did 
not distinguish between fatal and nonfatal CHD in our 
analysis, and the participants of Nurses’ Health Study 
were primarily White women.

In a community- based study investigating the re-
lationship between cigarette smoking and the long- 
term risk of atherosclerotic diseases, smoking was 
dose- dependently associated with increased risk for 
CHD.41 However, we did not demonstrate a significant 
dose– response relationship between cigarette smok-
ing and the risk of CHD in current smokers using ≥20 
cigarettes/day.

In a pooled cohort of 1838 men from the Albany 
Cardiovascular Health Center Study and 2282 men 
from the Framingham Heart study, followed up for an 
average of 6 and 8 years, respectively, to assess the 
impact of cigarette smoking on CHD, former smoking 
was not associated with an increased risk for CHD 
compared with never smokers, and the risk for MI was 
3 times higher among current smokers who smoked 
>20 cigarettes/day compared with never smokers.42 
We also found no association between former smoking 

Table 4. Association Between Smoking Status and CAC Score >0 (Log Transformed) at Visit 2 Among JHS Participants

Former vs Never Smokers Current vs Never Smokers
Current (1– 19 Cigarettes/D) 

vs Never Smokers
Current (≥20 Cigarettes/D) 

vs Never Smokers

Model 1 1.33, P=0.017*
(1.05– 1.68)

2.62, P<0.0001*
(1.95– 3.54)

2.15, P<0.0001*
(1.51– 3.07)

3.83, P<0.0001*
(2.32– 6.48)

Model 2 1.18, P=0.196
(0.92– 1.51)

2.63, P<0.0001*
(1.88– 3.68)

1.95, P<0.001*
(1.32– 2.88)

4.84, P<0.0001*
(2.70– 8.89)

Multivariable logistic regression model for participants by smoking status and intensity with CAC score >0. n=2493; Values are given as odds ratio, P value 
(95% CI). CAC indicates coronary artery calcification; and JHS, Jackson Heart Study.

*P- values are statistically significant; Model 1: adjusted for age and sex; Model 2: Model 1 plus education level, diabetes mellitus, systolic blood pressure, 
body mass index, hypertension, total cholesterol, fasting triglycerides, physical activity, and alcohol intake in the past 12 months.

Figure 3. Distribution of log- transformed CAC scores at visit 2 among JHS participants by smoking status.
CAC indicates coronary artery calcification; CHD, coronary heart disease; and JHS, Jackson Heart Study.
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and incident CHD in our study. However, in our anal-
ysis, we grouped “all incident CHD” events together. 
Additionally, the participants of the pooled cohort of 
the Albany Cardiovascular Health Center Study and 
the Framingham Heart study were all men, and racial 
differences were not examined. Regardless, taken to-
gether, these data imply that smoking cessation may 
reduce the risk of CHD to levels at or near those of 
never smokers. Unfortunately, the JHS did not capture 
time since quitting, so we were unable to adequately 
assess the true effect of smoking cessation on this 
relationship.

Black adults are more likely to die from CHD com-
pared with White adults1 and currently, there are lim-
ited data directly evaluating the relationship between 
cigarette smoking and CHD in Black adults. To the 
best of our knowledge, our study is the first prospec-
tive study that has investigated the relationship be-
tween cigarette smoking and incident CHD exclusively 
among a large cohort of Black adults while assessing 
multiple traditional risk factors for cardiovascular dis-
eases among groups subdivided by smoking status, 
intensity, and burden. Additionally, we investigated the 
relationship between cigarette smoking and the devel-
opment of CHD by evaluating the burden of athero-
sclerosis among groups stratified by smoking status 
and intensity through CAC score measurements at 
clinically relevant thresholds.

CAC scores can predict the risk for future CHD 
events.28,29 A CAC score of 0 is associated with low 
risk for CHD,28 and a CAC score >400 is associated 
with high risk for CHD.43 Prior reports have shown a 

4- fold increase in risk for CHD in individuals with CAC 
>400 compared with CAC score of 0.44 In our analysis, 
we evaluated the relationship between smoking status 
and intensity with CAC scores at 2 important thresh-
olds of CAC score >0 and >400. Smoking status and 
intensity were associated with increased risk of CAC 
score >0 and >400 after controlling for traditional risk 
factors. Our findings suggest that an increased burden 
of coronary atherosclerosis could be a mechanism for 
the development of CHD among Black smokers.

Our study has some limitations that warrant con-
sideration: Our study was observational; we cannot 
infer causality, and we cannot rule out residual con-
founding. We adjusted for potential confounders at 
visit 1 but acknowledge that smoking status and 
covariates may have changed between the baseline 
and when CHD events occurred. Cigarette smoking 
information was obtained by self- report and was not 
confirmed by urine cotinine levels, giving room for 
misclassification. The information about the type of 
cigarette smoked by participants in our study was 
not available for our analysis. Also, it is possible that 
participants used other types of tobacco products 
including pipes, cigars, and cigarillos, which were 
not captured and may have affected our results. The 
JHS was conducted within a single geographic area 
of Black people, so our findings may not be gener-
alizable to other racial groups or regions. Despite 
the large sample size of our study, we had a modest 
number of events; subgroup comparisons between 
current smoking levels (1– 19 versus 20+ cigarettes/
day) and between current versus former smokers 

Table 5. Association Between Smoking Status and CAC Score >400 (Log Transformed) at Visit 2 Among JHS Participants

Former vs Never Smokers Current vs Never Smokers
Current (1– 19 Cigarettes/d) 

vs Never Smokers
Current (≥20 Cigarettes/d) 

vs Never Smokers

Model 1 1.55, P=0.010*
(1.10– 2.17)

2.08, P=0.002*
(1.30– 3.23)

1.95, P=0.020*
(1.08– 3.35)

2.41, P=0.012*
(1.16– 4.69)

Model 2 1.44, P=0.052
(0.99– 2.07)

2.02, P<0.001*
(1.17– 3.40)

1.71, P=0.114
(0.85– 3.27)

2.82, P=0.013*
(1.19– 6.24)

Multivariable logistic regression model for participants by smoking status and intensity with CAC score >400. n=2493; values are given as odds ratio, P value 
(95% CI). CAC indicates coronary artery calcification; and JHS, Jackson Heart Study.

*P- values are statisitically significant; model 1: adjusted for age and sex; model 2: model 1 plus education level, diabetes mellitus, systolic blood pressure, 
body mass index, hypertension, total cholesterol, fasting triglycerides, physical activity, and alcohol intake in the past 12 months.

Table 6. Characteristics of Participants With CAC Scores at Visit 2 Among JHS Participants by Smoking Status

Never Smoker Former Smoker Current Smoker Total

Number of participants by smoking 
status

1784 462 247 2493

CAC=0, n (%) 1077 (60.37) 203 (43.94) 100 (40.49) 1380

0 < CAC ≤100, n (%) 402 (22.53) 123 (26.62) 79 (31.98) 604

100 < CAC <400, n (%) 177 (9.92) 66 (14.29) 38 (15.38) 281

CAC ≥400, n (%) 128 (7.17) 70 (15.15) 30 (12.15) 228

n=2493 for total number of participants with CAC scores after exclusion of participants with missing covariates. CAC indicates coronary artery calcification; 
and JHS, Jackson Heart Study.
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may be underpowered. Finally, CAC was measured 
only at visit 2, which could limit our ability to show 
causality, and the number of participants with avail-
able CAC data was limited (n=2614), which may also 
affect the interpretation of our results.

In conclusion, in a large prospective cohort of Black 
adults, current cigarette smoking was independently 
associated with incident CHD. Additionally, there was 
no significant difference in the risk of incident CHD 
between former and never smokers, suggesting that 
smoking cessation may have potential benefits in re-
ducing the incidence of CHD in Black adults.
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Table S1. CHD incidence by smoking status and intensity From Visit 1 to 2016 stratified by sex. 

  Never  

Smokers 

Former 

Smokers 

Current  

Smokers 

Current (1-19 

 cigarettes per day) 

Current (≥ 20 

 cigarettes per day) 

Crude CHD 

incidence  

(per 1000 person-

years) for Males 

             4.4                 7.8                      5.0                      5.8                  3.8 

Crude CHD  

incidence  

(per 1000 person-

years) for Females 
             3.3                 6.2                      6.3                      6.4                  5.8 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Association between smoking status and incident CHD From Visit 1 to 2016 (Propensity adjusted analysis). 

 

 

  

Smoking Status Smoking Intensity 

Former vs Never 

Smokers 

Current vs 

Never Smokers 

Current (1-19 Cigarettes/D) vs  

Never Smokers 

Current (≥ 20 Cigarettes/D)    

vs 

     Never Smokers 

      Model  
1.30, p=0.107 

(0.95,1.79) 

1.71, p=0.001 

(1.14,2.56) 

1.93, p=0.004 

(1.24,3.00) 

1.19, p=0.649 

(0.57,2.47) 

Values are given as HR P Value (95% CI). CI indicates confidence interval; HR, Hazard ratio; P- values in bold are significant; Model : adjusted for age, sex, education level, diabetes, systolic blood 

pressure, body mass index, hypertension, total cholesterol, fasting triglycerides, physical activity and alcohol intake in the past 12 months.                                                                                                     

*n= 2874 for Never smokers; n= 723 for Former smokers; n= 329 for Current smokers; n= 329 for Current smokers using 1-19 cigarettes/day; n= 154 for Current smokers using ≥ 20 cigarettes/day                                                                                       

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Association between smoking status and incident CHD From Visit 1 to 2016 (modified poisson regression). 

 

 

  

Smoking Status Smoking Intensity 

Former vs Never 

Smokers 

Current vs 

Never Smokers 

Current (1-19 Cigarettes/D) vs  

Never Smokers 

Current (≥ 20 Cigarettes/D)    

vs 

     Never Smokers 

      Model  
1.22, p=0.283 

(0.84, 1.79) 

1.96, p=0.009 

(1.18,3.25) 

1.87, p=0.027 

(1.07, 3.26) 

1.40, p=0.449 

(0.59, 3.34) 

Values are given as RR P Value (95% CI). CI indicates confidence interval; RR, RR, Risk ratio; P- values in bold are significant; Model : adjusted for age, sex, education level, diabetes, systolic blood 

pressure, body mass index, hypertension, total cholesterol, fasting triglycerides, physical activity and alcohol intake in the past 12 months.                                                                                                     

*n= 2874 for Never smokers; n= 723 for Former smokers; n= 329 for Current smokers; n= 329 for Current smokers using 1-19 cigarettes/day; n= 154 for Current smokers using ≥ 20 cigarettes/day                                                                                       

 

 

 

 

 

 

 

 

 

 

 



Table S4. Distribution of CAC scores at Visit 2 among JHS Participants by smoking Status. 

 n= 2493 for total number of participants with CAC scores after exclusion of participants with missing covariates  

 

 

 

 

 

 

 

 

 
Never Smoker Former Smoker Current Smoker 

                  Mean 102.56 210.55 203.87 

                 75th percentile (Q3) 37.58 143.31 114.09 

                   Median                      0.00 7.01 11.68 

                 25th percentile (Q1)  0.00 0.00 0.00 

                 Mode                      0.00 0.00 0.00 

          Standard Deviation  355.51 542.45 526.81 

                 Range 7877 5139 3842 

   Interquartile Range (IQR)                    37.59 143.30 114.09 

               Maximum                  7877.13                 5138.75 3842.38 



Table S5. Association between smoking status and CAC (Log Transformed) at Visit 2. 
 

Never Smokers Former 

Smokers 

Current Smokers Current (1-19 

Cigarettes/D)  

Current (≥ 20 

Cigarettes/D)  

Model 1 0 (ref) 
0.32, p<0.0001 

(0.22, 0.43) 

0.93, p<0.0001 

(0.79, 1.06) 
0.73, p<0.0001 

(0.57, 0.89) 

1.25, p<0.0001 

(0.11, 1.03) 

Model 2 0 (ref) 
0.21, p<0.001 

(0.10, 0.32) 

0.84, p<0.0001 

(0.69, 0.99) 

0.58, p<0.0001 

(0.40, 0.75) 

1.34, p<0.0001 

(1.10, 1.59) 
Multivariable linear regression model for participants by smoking status and intensity with CAC scores 

n= 2493; Values are given as β coefficients, P Value (95% CI). CI indicates confidence interval; P- values in bold are significant; Model 1: adjusted for age and sex; Model 2: Model 1 plus education 

level, diabetes, systolic blood pressure, body mass index, hypertension, total cholesterol, fasting triglycerides, physical activity, and alcohol intake in the past 12 months 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1. Distribution of non-transformed CAC scores at Visit 2 among JHS Participants by smoking Status. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                  

 

 


