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To our knowledge, no study has investigated the association of long-term exposure to traffic pollution with
markers of atherosclerosis in 4 vascular beds simultaneously in an all-African-American cohort. Among partici-
pants in the Jackson Heart Study (Jackson, Mississippi; baseline mean age = 55.5 (standard deviation, 12.7)
years), we used linear regression to estimate percent differences in carotid intima-media thickness (CIMT) at
baseline (2004) and used modified Poisson regression (robust error variance) to estimate prevalence ratios for
peripheral artery disease (PAD), coronary artery calcification (CAC), and abdominal aortic calcification (AAC) at
the first follow-up visit (2005–2008) for persons living less than 150m (versus more than 300m) from major
roadways, adjusting for confounders. Living less than 150m from such roadways was associated with a significant
6.67% (95% confidence interval: 1.28, 12.35) increase in CIMT (4,800 participants). PAD prevalence among per-
sons living less than 150m from a major roadway was 1.17 (95% confidence interval: 0.73, 1.86) times that of per-
sons living more than 300m away (4,443 participants), but this result was not statistically significant. There was no
association for CAC or AAC. The association with CIMT was stronger in participants with a cardiovascular disease
history than in those without one (P = 0.04). We observed an association in the carotid vascular beds but not the
coronary, abdominal, or peripheral vascular beds. Our results highlight the need to consider residential proximity to
roadways as a potential cardiovascular disease risk factor for blacks.

abdominal aortic calcification; African Americans; air pollution; atherosclerosis; carotid intima-media thickness;
coronary artery calcification; peripheral artery disease; traffic pollution

Abbreviations: AAC, abdominal aortic calcification; ABI, ankle-brachial index; CAC, coronary artery calcification; CHD, coronary
heart disease; CI, confidence interval; CIMT, carotid intima-media thickness; CT, computed tomography; CVD, cardiovascular
disease; JHS, Jackson Heart Study; MESA, Multi-Ethnic Study of Atherosclerosis; PAD, peripheral artery disease; SD,
standard deviation; SES, socioeconomic status.

Numerous epidemiologic studies have shown that ambient
air pollution increases the risk of cardiovascular morbidity
and mortality (1–3). Local traffic is a major source of within-
city variation in air pollution levels (4), and exposure to
traffic-related pollution may be an important contributor to
adverse health impacts (5–7). Previous studies have shown
that short-term exposure (i.e., days or months) to traffic pol-
lution is associated with indicators of cardiovascular health

(8–10). Animal studies on long-term associations with expo-
sure (i.e., years) have demonstrated pro-atherosclerotic effects
of diesel exhaust particles and concentrated ambient urban
particles (11–13). Epidemiologic studies have also found as-
sociations between markers of atherosclerosis and particulate
matter or residential proximity to major roadways (14–25).
However, all of these studies investigated the associations in
urban populations that were entirely or predominately white.
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To our knowledge, no study has examined the associations
for African Americans in a mixed urban-rural area of the
Deep South. African Americans in general, and particularly
those living in the US South, have higher cardiovascular dis-
ease (CVD) risk and prevalence and may experience twice as
much exposure to traffic-related pollution as other subpopula-
tions (26). It is not clear whether previous results from white
populations are generalizable to African Americans with a
different CVD risk profile and disease burden.

We examined the hypothesis that residential proximity
to major roadways, a marker of long-term exposure to
traffic pollution, is associated with atherosclerosis in the
Jackson Heart Study (JHS), the largest prospective all-
African-American cohort study to examine CVD etiology
to date. We evaluated the hypothesis in 4 vascular beds,
including the carotid, coronary, abdominal, and peripheral
vascular beds.

METHODS

Between 2000 and 2004, the JHS recruited a total of 5,301
noninstitutionalized African-American men and women aged
21–95 years residing in the tricounty Jackson, Mississippi,
Metropolitan Statistical Area through 4 recruitment strate-
gies, including random sampling of the Jackson subpopula-
tion of the Atherosclerosis Risk in Communities Study
(22%), random sampling of eligible households in the
Jackson Metropolitan Statistical Area (17%), structured
community-based volunteer programs (30%), and recruit-
ment of eligible family members aged 21 years or more
(31%), as previously described (27, 28). The structured
community-based volunteer programs used a community
sampling frame with enrollment units stratified by socio-
economic status (SES) proxy to recruit volunteers who met
JHS eligibility criteria. The JHS cohort has been shown to
be representative of the underlying African-American pop-
ulation living in the Jackson area (29). Previous studies
have indicated that pollution from vehicle combustion is
the primary contributor to air pollution in the Jackson area
(30), in the absence of major industries.

At baseline, participants completed an in-home interview
followed by a clinic visit. At the time of the first follow-up
(2005–2008) after the initial recruitment period (2000–
2004), participants returned to complete a follow-up clinic
visit. All participants provided written informed consent.
All JHS protocols were reviewed and approved by the
institutional review boards at Jackson State University,
Tougaloo College, and the University of Mississippi
Medical Center. This analysis was approved by the institu-
tional review boards at Indiana University and Brown
University.

Markers of atherosclerosis

We assessed atherosclerosis in 4 vascular beds using
carotid intima-media thickness (CIMT), ankle-brachial index
(ABI), coronary artery calcification (CAC), and abdominal
aortic calcification (AAC). During the baseline clinical exam-
ination, JHS investigators measured the intima-media thick-
ness of the far-wall common carotid artery using B-mode

ultrasound. We took the average of the CIMTs measured at
the left and right sides of the neck as a marker of atheroscle-
rosis in the carotid vascular bed (31). In addition, JHS staff
measured systolic blood pressure (mm Hg) at the posterior
tibial artery in the leg and the brachial artery in the arm on
both sides of the body using Doppler ultrasound. We calcu-
lated ABI, the ratio of the systolic blood pressure of the pos-
terior tibial artery to that of the brachial artery, separately for
each side of the body. We then took the lower value of the 2
ABIs for each participant as a marker of atherosclerosis in
the peripheral vascular bed (32). We defined peripheral artery
disease (PAD) as present if ABI ≥1.3 or ABI ≤0.9 and
absent otherwise (33).

During the first follow-up clinic visit, we assessed ath-
erosclerosis using CAC and AAC in the coronary and
abdominal vascular beds, respectively. JHS staff measured
CAC and AAC using chest and abdomen computed tomog-
raphy (CT) with a cardiac-gated electron-beam CT scanner
based on the CT scanning and interpretation protocol used
in the Multi-Ethnic Study of Atherosclerosis (MESA), as
previously described (34). Experienced radiologists at the
JHS core reading center (Wake Forest University School of
Medicine) performed all CT scan reading and scoring, with
an interobserver scoring agreement of 0.99 (32). We
defined CAC or AAC as present if the Agatston score was
greater than 0 (32).

Residential proximity to nearest major roadways

We calculated residential distance to the nearest major
roadway as a marker of long-term exposure to traffic pollu-
tion. We used ArcGIS (version 9.2; Esri, Inc., Redlands,
California) to geocode addresses available at baseline and at
the first follow-up visit (35). We calculated the Euclidean
distance from each participant’s residence to the nearest
major roadway, defined as roads with US Census Feature
Class Code A1 (primary highway with limited access; inter-
state highways) or A2 (primary road without limited access;
US highways and state roads between major towns), as pre-
viously described (36). We used residential distance to A1
or A2 roads as the marker of long-term exposure to traffic
pollution in primary analyses, and we used residential dis-
tance to A1 roads in secondary analyses.

Covariates

During the baseline in-home interview, JHS investigators
obtained detailed information on participant age, sex, edu-
cation, household income, physical activity, and smoking
history, as previously described (28). Household income
was self-reported in 11 categories (≤$5,000–≥$100,000),
and participants were classified into 4 categories (low,
lower middle, upper middle, and high) based on family
size, number of children under 18 years of age, and US
Census-designated poverty level, as previously shown (37).
Self-reported physical activities during leisure time, at
work, at home, and in sports were measured, with a total
score that could range from 3 to 20, using the validated
JHS Physical Activity Cohort instrument (38).
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During the baseline clinic examination, JHS investiga-
tors collected additional information on medical history,
current medications, and alcohol consumption. JHS staff
also measured height, weight, and supine blood pressure
and collected a fasting venous blood sample, as previously
described (28). Participants were classified as hypertensive
if their blood pressure was ≥140/90 mm Hg or they were
taking blood pressure-lowering medication (39, 40). Parti-
cipants were classified as having diabetes if they reported a
past diagnosis of diabetes, if they reported using any diabe-
tes medications (self-reported and actual use of medications
brought in by patients that were used during the 2 weeks
prior to clinic examination), if their measured hemoglobin
A1c level was ≥6.5%, or if their fasting glucose measure-
ment was ≥126 mg/dL (41). Participants were classified as
having hyperlipidemia if their total cholesterol level was
≥200 mg/dL, their low-density lipoprotein cholesterol level
was ≥130 mg/dL, or they were taking lipid-lowering medi-
cation (36).

Neighborhood-level SES is an important and significant
predictor for a variety of outcomes related to cardiovascular
health (42–44). We derived neighborhood SES at the cen-
sus tract level using a z-score-based index of 6 variables
obtained from the 2010 US Census (45). We assigned the
neighborhood SES index to each participant based on the
census tract of residence, with higher scores indicating
more affluent tracts. In addition, we also calculated the
numbers of fast-food outlets and grocery stores per 1,000
people within 1.5 miles (2.4 km) (a distance that covers
most errands and short transportation trips (46)) of each par-
ticipant’s residence (45). Previous studies have shown that
neighborhood food environment, such as lack of access to
fruit and vegetables, is associated with cardiovascular health
(47–49).

Statistical analyses

In all analyses, we excluded participants whose ad-
dresses were not geocoded at the street level. We catego-
rized distance to major roadways (A1/A2) as <150 m,
150–300 m, or >300 m, because 1) the concentration of
particulate matter from highway traffic pollution decreases
by 50% at 150 m and fades to background level after
300 m (50) and 2) natural splines of associations between
continuous distance (with 3 degrees of freedom (df)) and
prevalence ratios for PAD, CAC, and AAC and log CIMT
suggest a linear dose response (see Web Figures 1–4, avail-
able at http://aje.oxfordjournals.org/). We modeled distance
to major roadways 1) as a categorical variable, testing for
linear trend by assigning the median distance to each cate-
gory and including the term as a continuous variable in
regression models, and 2) as a continuous variable on both
the original scale and after taking the natural logarithm.
We transformed CIMT data to improve the normality of
the outcome distribution. We modeled log CIMT in linear
regression analysis to estimate the percent difference in
CIMT for persons living less than 150 m from major road-
ways compared with those living more than 300 m from
such roadways, per 150-m increase in distance or for every
doubling of the increase in distance. We used modified

Poisson regression with robust error variance to estimate the
prevalence ratio for PAD at baseline and for CAC and AAC
at the first follow-up visit among persons living less than
150m from major roadways compared with those living
more than 300m away, per 150-m increase in distance or for
every doubling of the increase in distance. Modified Poisson
regression provides a direct estimate of the prevalence ratio,
whereas standard logistic regression would instead provide
an estimate of the prevalence odds ratio (51).

We incrementally adjusted for potentially confounding fac-
tors, including 1) only age (years; natural spline with 3 df) and
sex in a model with minimal adjustment; 2) additionally
household income (low, lower middle, upper middle, high),
education (high school or less, college or vocational school,
graduate school), and neighborhood SES; 3) in a fully adjust-
ing model, additionally (linear continuous) body mass index
(weight (kg)/height (m)2; natural spline with 3 df), smoking
(never, past, or current smoker), physical activity (natural
spline with 3 df), alcohol consumption in the past year (yes vs.
no), history of self-reported and physician-diagnosed coronary
heart disease (CHD), myocardial infarction, stroke, and carotid
angioplasty, and neighborhood food environment, including
number of fast-food restaurants (linear continuous variable)
and number of grocery stores (linear continuous variable); and
4) additional adjustment for diabetes mellitus (yes vs. no),
hypertension (yes vs. no), and hyperlipidemia (yes vs. no),
because these variables may be confounding risk factors but
might also plausibly be intermediates along the causal pathway
from traffic pollution to atherosclerosis. Data on all covariates
were available at both baseline and follow-up except for sex,
education, and household income (only available at baseline).

Among the fully adjusting models, where there were sig-
nificant associations between atherosclerosis and distance to
roadways, we further attempted to identify subgroups more
likely to have a higher prevalence of atherosclerosis associ-
ated with long-term exposure to traffic pollution. We stratified
the results from the full-adjustment models by age, sex, smok-
ing, alcohol consumption, hypertension, diabetes, hyperlipid-
emia, and history of CHD, myocardial infarction, stroke, or
carotid angioplasty, based on an a priori hypothesis that these
major CVD risk factors may confer additional susceptibility
to traffic pollution. Some prior studies also explored the possi-
bility that SES indicators such as household income may
modify the association between air pollution and blood pres-
sure (52). We also tested the interactions between these fac-
tors and residential distance.

Sensitivity analyses

We conducted sensitivity analyses to evaluate the robust-
ness of our findings. First, we redefined outcomes one at a
time: 1) We defined PAD as present if ABI ≥1.3 or ABI
≤0.9 and absent if ABI equaled 1.0–1.3; 2) we excluded
participants with ABI >1.4; 3) we defined CAC as present if
the Agatston score was greater than 100 for males and
greater than 0 for females; 4) we defined CAC and AAC as
present if the Agatston score was greater than 20. Second,
we modified exposure classifications by dichotomizing
distance to roadways using a cutoff of 150 m or 300 m or
by assessing distance to A1 roads. Third, we adjusted for
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fast-food outlets and grocery stores within a radius of 0.75
miles (1.2 km) or 1.5 miles (2.4 km) from each residence.
These distances were chosen on the basis of urban planning
literature (46) to capture both a walkable distance (0.75
miles) and a larger distance that encompasses the majority
of a person’s daily activities (1.5 miles), as previously used
for participants in the Women’s Health Initiative (45, 53).
Fourth, we restricted our analyses to 1) participants living in
urban areas, as defined by the 2010 US Census Urban and
Rural Classification (54); 2) participants free of a history of
self-reported and physician-diagnosed CHD, stroke, myocar-
dial infarction, and carotid angioplasty; or 3) participants liv-
ing within 4,000m (≤4,000 m) of major roads.

All analyses were performed using R statistical software
(version 2.13; R Foundation for Statistical Computing, Vienna,
Austria). A 2-sided P value less than 0.05 was considered sta-
tistically significant.

RESULTS

Analyses related to CIMT and ABI at baseline

We had 4,800 participants for analysis related to CIMT
after excluding 195 participants with addresses that were not
geocoded at the street level (Table 1). Participants in the
CIMT analysis were predominately female (63.7%), with a
mean age of 55.5 (standard deviation (SD), 12.7) years and
a mean body mass index of 31.6 (SD, 7.2). The mean CIMT
was 0.8mm (SD, 0.2). Participants living less than 150m
from the nearest major (A1/A2) roadways were more likely
to be female, less educated, and current smokers and more
likely to have higher body mass index, hyperlipidemia, and
a history of CHD, myocardial infarction, stroke, or cardiac
angioplasty but a lower income and lower prevalences of
diabetes and hypertension. Most participants lived within
4,000 m of A1/A2 roads (Figure 1).

Table 1. Baseline Characteristics of Participants With Carotid Intima-Media Thickness Measurements, by Residential Distance to Major
Roadways, Jackson Heart Study, 2004

Characteristic

Residential Distance to Major Roadwaysa

All (n = 4,800)b <150m (n = 103) 150–300m (n = 158) >300m (n = 4,539)

Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %

Age, years 55.5 (12.7) 55.4 (12.9) 59.1 (12.5) 55.4 (12.7)

Female sex 63.7 68.0 63.8 63.6

Body mass indexc 31.6 (7.2) 32.9 (8.4) 30.8 (6.7) 31.6 (7.1)

Education

High school or less 38.0 43.1 38.0 38.0

College or vocational school 29.1 30.4 24.1 29.2

Graduate school 32.9 26.5 37.9 32.8

Household income

Low 15.1 20.0 8.4 15.2

Lower middle 24.1 24.0 25.2 24.0

Upper middle 29.9 21.3 29.8 30.1

High 30.9 34.7 36.6 30.7

Alcohol consumption 45.6 40.8 38.2 46.0

Ever smoking

Never smoker 68.2 66.0 75.3 68.0

Past smoker 18.9 13.6 15.8 19.0

Current smoker 12.9 20.4 8.9 12.8

Hypertension 62.6 56.4 67.7 62.5

Diabetes mellitus 21.6 16.5 21.8 21.7

Hyperlipidemia 54.7 60.2 58.9 54.4

History of CHD, stroke, or MI 5.3 7.8 3.2 5.3

No. of fast-food outlets per square mile 1.6 (2.5) 1.7 (2.4) 1.9 (2.6) 1.5 (2.5)

No. of grocery stores per square mile 2.7 (4.3) 4.0 (5.3) 3.9 (5.1) 2.6 (4.2)

Carotid intima-media thickness, mm 0.8 (0.2) 0.7 (0.2) 0.8 (0.3) 0.8 (0.2)

Abbreviations: CHD, coronary heart disease; MI, myocardial infarction; SD, standard deviation.
a Major roadways were defined as US Census Feature Class Code A1 or A2 roads.
b Missing data: body mass index, n = 5; education, n = 17; household income, n = 742; alcohol consumption, n = 16; ever smoking, n = 32;

hypertension, n = 42; diabetes, n = 52.
c Weight (kg)/height (m)2.
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Similarly, we had 4,443 participants for analysis related
to ABI after excluding 40 participants with addresses not
geocoded at the street level. Participants in the ABI analy-
sis had similar characteristics as those in the CIMT analysis
(see Web Table 1).

We found that, compared with living more than 300m
from A1/A2 roads, living within 150m of such roads was
associated with a significant 6.67% (95% confidence interval
(CI): 1.28, 12.35) increase in CIMT after adjustment for con-
founders (Table 2). The prevalence of PAD among persons
living less than 150m from A1/A2 roads was 1.17 (95% CI:
0.73, 1.86) times that of persons living more than 300m
from such roads, but this result was not statistically signifi-
cant. When considering only distance to A1 roads, the results
were similar but not statistically significant (Web Table 2).

When modeling exposure as a continuous distance on
the logarithmic scale, CIMT decreased by 0.02% for every
doubling of the distance to A1/A2 roads, but the results were
not statistically significant (Table 3). We also observed
decreased prevalence of PAD for every doubling of distance
to A1/A2 roads. The results were not materially different
when exposure was modeled on the natural scale (Table 3)
or when distance to A1 roads was considered (Web Table 3).

Analyses related to CAC and AAC measured at the first
follow-up visit

We had 2,682 participants for analysis related to CAC,
excluding 201 participants with addresses not geocoded at the
street level (Table 4). Compared with those with CIMT mea-
surements (Table 1), participants with CAC measurements
were more educated, more likely to have a higher income and
hypertension, and less likely to have a history of CHD, myo-
cardial infarction, stroke, or cardiac angioplasty. Participants

living less than 150 m from A1/A2 roads versus those living
more than 300 m from such roads had lower prevalences of
CAC (42.9% vs. 48.7%) and AAC (58.9% vs. 66.1%).

All participants with CAC measurements had AAC mea-
surements, except 1 participant. Thus, we had a sample of
2,681 participants for analysis related to AAC (data not
shown).

We did not observe an elevated prevalence of atheroscle-
rosis as shown above for CIMT and PAD among persons
living less than 150 m from A1/A2 roads (Table 2). We
observed similar results when considering A1 roads only
(Web Table 2), and none of those associations were statisti-
cally significant.

We also observed lower prevalences of CAC and AAC
for every doubling of residential distance to A1/A2 roads
(Table 3). The results were not materially different when
modeling exposure on the natural scale (Web Table 3) or
when considering distance to A1 roads (Web Table 3).

Effect modification

We tested whether the association between markers of
atherosclerosis and residential distance differed among sub-
groups. We found positive increases in CIMT associated
with proximity to A1/A2 roads for mostly all strata, but
there was little evidence of interaction, except for partici-
pants with a history of CHD, myocardial infarction, stroke,
or cardiac angioplasty (Figure 2).

Sensitivity analysis

When restricting our analyses to participants living in
urban areas, we found that the increase in CIMT for per-
sons living less than 150 m from A1/A2 roads was elevated
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Figure 1. Residential distance to US Census Feature Class Code A1/A2 roads among 4,800 participants with data on carotid intima-media
thickness (A) and among participants living within 1,000m (≤1,000m) of A1/A2 roads (B), Jackson Heart Study, 2000–2008.
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by 1%–2% and remained statistically significant (data not
shown). The results for PAD, CAC, and AAC were not
materially different after analyses were restricted to urban
residents (data not shown). When we restricted analyses to
participants free of a history of CHD, stroke, or cardiac
angioplasty, the results were attenuated but did not change
materially (Web Table 4). The results were not materially
different in any other sensitivity analyses, including restric-
tion of the analyses to persons living within 4,000 m of
A1/A2 roads (data not shown).

DISCUSSION

We found that, compared with living more than 300m
from A1/A2 roadways, participants living less than 150m
from A1/A2 roads had a significant 6.67% (95% CI: 1.28,
12.35) increase in CIMT after adjustment for confounders.
The prevalence of PAD among participants living less than
150m from A1/A2 roads was 1.17 (95% CI: 0.73, 1.86) times
that for participants living more than 300m from such roads,
but this association was not statistically significant. We did not

Table 2. Associations Between Residential Distance to the Nearest Major Roadways and Carotid Intima-Media Thickness and the Presence
of Peripheral Artery Disease at Baseline and the Presence of Coronary Artery Calcification or Abdominal Aortic Calcification at the First Follow-
up Visit, Jackson Heart Study, 2000–2008a

Outcome
and

Model

Residential Distance to Major Roadwaysb

Ptrend<150m 150–300m >300m

% Difference PR 95% CI % Difference PR 95% CI % Difference PR 95% CI

Baseline

CIMT (n = 103) (n = 158) (n = 4,539)

1c 4.13 −0.29, 8.74 0.03 −3.44, 3.61 0 1 Referent 0.23

2d 5.06 −0.17, 10.58 0.12 −3.69, 4.09 0.19

3e 5.93f 0.63, 11.52 −0.45 −4.34, 3.60 0.22

4g 6.67f 1.28, 12.35 0.04 −3.89, 4.14 0.12

PAD (n = 90) (n = 149) (n = 4,204)

1 0.93 0.60, 1.44 0.86 0.61, 1.22 0 1 Referent 0.41

2 1.12 0.69, 1.79 0.83 0.56, 1.24 0.66

3 1.11 0.70, 1.78 0.90 0.60, 1.34 0.90

4 1.17 0.73, 1.86 0.88 0.58, 1.32 0.92

First Follow-up Visit

CAC (n = 56) (n = 140) (n = 2,542)

1 0.86 0.66, 1.12 0.81 0.63, 1.02 0 1 Referent 0.04

2 0.88 0.63, 1.24 0.81 0.62, 1.06 0.09

3 0.85 0.60, 1.22 0.82 0.62, 1.07 0.09

4 0.90 0.62, 1.31 0.80 0.61, 1.05 0.11

AAC (n = 56) (n = 140) (n = 2,541)

1 0.90 0.76, 1.06 1.00 0.99, 1.00 0 1 Referent 0.19

2 0.91 0.74, 1.11 1.03 0.90, 1.19 0.85

3 0.92 0.73, 1.11 1.07 0.93, 1.23 0.90

4 0.92 0.74, 1.13 1.06 0.92, 1.22 0.87

Abbreviations: AAC, abdominal aortic calcification; CAC, coronary artery calcification; CI, confidence interval; CIMT, carotid intima-media
thickness; PAD, peripheral artery disease; PR, prevalence ratio.

a Estimates represent relative percent difference in CIMT modeled as a continuous outcome and PRs for PAD, CAC, and AAC modeled as
categorical outcomes.

b Major roadways were defined as US Census Feature Class Code A1 or A2 roads.
c Model 1 adjusted for age (natural spline, 3 df) and sex.
d Model 2 additionally adjusted for household income, education, and neighborhood socioeconomic status.
e Model 3 additionally adjusted for body mass index (natural spline, 3 df), smoking, physical activity (natural spline, 3 df), alcohol consump-

tion, history of self-reported and physician-diagnosed coronary heart disease, myocardial infarction, stroke, and carotid angioplasty, and neigh-
borhood food environment (number of fast-food restaurants or grocery stores within 1.5 miles (2.4 km) of residence).

f P < 0.05.
g Model 4 additionally adjusted for diabetes mellitus, hypertension, and hyperlipidemia.
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observe an elevated prevalence of CAC or AAC among per-
sons living less than 150m from A1/A2 roadways. These re-
sults were robust to a number of sensitivity analyses.

Our conclusion that long-term exposure to traffic pollu-
tion, marked by residential proximity to A1/A2 roads, in-
creases CIMT was consistent with the findings in large,
predominately white cohorts such as MESA, the Heinz
Nixdorf Recall Study, and the ESCAPE Study (14–19).
Previous investigation in the Normative Aging Study also
found positive but nonsignificant increases in CIMT associ-
ated with residential proximity to A1/A2 roads (20).

Very few investigators have studied the association
between long-term exposure to traffic pollution and PAD.
We observed that living close to major roads increased
PAD prevalence. Though it was not statistically significant,
this result for persons living less than 150 m from major
roads was consistent overall with the findings of Hoffmann
et al. (22), in whose study persons living less than 50 m
and 50–100 m from a major road had odds ratios of 1.77
(95% CI: 1.01, 2.10) and 1.02 (95% CI: 0.58, 1.80),
respectively, for PAD as compared with those living more
than 200 m away from such roads.

Table 3. Associations Between Continuous Residential Distance to the Nearest Major Roadways and Carotid Intima-Media Thickness and the
Presence of Peripheral Artery Disease at Baseline and the Presence of Coronary Artery Calcification or Abdominal Aortic Calcification at the
First Follow-up Visit, Jackson Heart Study, 2000–2008a

Outcome
and

Model

Residential Distance to Major Roadwaysb

Per Doubling in Distance Per 150-m Increase in Distance

% Difference PR 95% CI % Difference PR 95% CI

Baseline

CIMT

1c −0.33 −0.75, 0.09 −0.020 −0.074, 0.035

2d −0.04 −0.51, 0.44 0.017 −0.042, 0.077

3e −0.02 −0.51, 0.47 0.022 −0.039, 0.083

4f −0.05 −0.54, 0.44 0.022 −0.039, 0.083

PAD

1 1.00 0.96, 1.04 1.00 0.99, 1.006

2 0.98 0.94, 1.03 1.00 0.99, 1.006

3 0.98 0.94, 1.02 0.99 0.99, 1.005

4 0.98 0.94, 1.03 1.00 0.99, 1.006

First Follow-up Visit

CAC

1 1.01 0.96, 1.04 0.99 0.99, 1.003

2 1.00 0.97, 1.03 0.99 0.99, 1.001

3 1.00 0.97, 1.04 0.99 0.99, 1.003

4 1.00 0.97, 1.04 0.99 0.99, 1.003

AAC

1 1.02 0.99, 1.03 1.00 0.99, 1.003

2 1.00 0.98, 1.02 1.00 0.99, 1.003

3 0.99 0.98, 1.02 1.00 0.99, 1.003

4 0.99 0.98, 1.02 1.00 0.99, 1.003

Abbreviations: AAC, abdominal aortic calcification; CAC, coronary artery calcification; CI, confidence interval; CIMT, carotid intima-media
thickness; PAD, peripheral artery disease; PR, prevalence ratio.

a Estimates represent relative percent difference in CIMT and PRs for PAD, CAC and AAC per 150-m increase in distance when distance is
modeled on the natural scale or per doubling in distance when distance is modeled on a logarithmic scale.

b Major roadways were defined as US Census Feature Class Code A1 or A2 roads.
c Model 1 adjusted for age (natural spline, 3 df) and sex.
d Model 2 additionally adjusted for household income, education, and neighborhood socioeconomic status.
e Model 3 additionally adjusted for body mass index (natural spline, 3 df), smoking, physical activity (natural spline, 3 df), alcohol consump-

tion, history of self-reported and physician-diagnosed coronary heart disease, myocardial infarction, stroke, and carotid angioplasty, and neigh-
borhood food environment (number of fast-food restaurants or grocery stores within 1.5 miles (2.4 km) of residence).

f Model 4 additionally adjusted for diabetes mellitus, hypertension, and hyperlipidemia.
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In the coronary vascular bed, our null results for CAC
were not consistent with previous significant findings from
the Heinz Nixdorf Recall Study (23) and the Danish
National Registry (25). The American Heart Association
has concluded that CIMT is a good surrogate measure of
subclinical atherosclerosis (55), and many studies using
CIMT have shown that long-term exposure to traffic pollu-
tion increases risk of atherosclerosis in white populations.
However, in comparison with CIMT, CAC as a surrogate
measure of subclinical atherosclerosis may be different in
African Americans. Despite the American Heart Associa-
tion’s consensus on CAC being a good surrogate for coro-
nary atherosclerosis, the use of CAC in African Americans
may have limited discriminatory power, because the absence
of CAC does not necessarily imply an absence of CVD risk
in African Americans (56, 57). Previous studies have shown
that African Americans who have higher systolic blood pres-
sure and rates of CHD events have a lower prevalence of

CAC (58). It is plausible that JHS participants with CHD
at the first follow-up visit had little or no CAC, leading
to underestimation of CAC cases and biasing the results
towards the null.

In the abdominal vascular bed, Allen et al. (24) reported
no association between residential proximity to major road-
ways and AAC in MESA participants, which was consis-
tent with our results. AAC is associated with increased risk
of vascular atherosclerosis at nonaortic sites and is consid-
ered to have additive value over other surrogate measures.

The differences in CIMT across strata defined by potential
susceptibility factors were small and not statically signifi-
cant, with the exception of history of CHD, myocardial
infarction, stroke, or cardiac angioplasty. The larger increase
in CIMT associated with living closer to A1/A2 roads was
consistent with previous studies for females (16, 17), never
smokers (18), and persons with a history of CHD (17). As
one might expect, there was no association with CIMT

Table 4. Characteristics of Participants With Coronary Artery Calcification Measurements at the First Follow-up Visit, by Residential Distance
to Major Roadways, Jackson Heart Study, 2005–2008

Characteristic

Residential Distance to Major Roadwaysa

All (n = 2,682)b <150m (n = 56) 150–300m (n = 84) >300m (n = 2,542)

Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %

Age, years 60.5 (11.1) 60.8 (12.4) 62.5 (10.3) 60.5 (11.0)

Female sex 65.5 66.1 63.1 65.7

Body mass indexc 31.6 (6.4) 29.9 (5.2) 31.1 (5.7) 31.7 (6.5)

Education

High school or less 33.9 29.1 27.4 34.1

College or vocational school 46.1 52.7 44.0 46.1

Graduate school 20.0 18.2 28.6 19.8

Household income

Low 11.0 9.8 9.8 11.1

Lower middle 22.0 31.7 16.9 22.0

Upper middle 31.6 17.1 26.8 32.1

High 35.3 41.4 46.5 34.8

Alcohol consumption 46.2 57.1 50.0 45.9

Ever smoking

Never smoker 70.2 69.6 76.2 70.0

Past smoker 19.1 16.1 13.1 19.4

Current smoker 10.7 14.3 10.7 10.6

Hypertension 71.2 50.0 72.6 71.6

Diabetes mellitus 21.8 14.3 23.8 22.0

Hyperlipidemia 58.6 67.9 56.0 58.4

History of CHD, stroke, or MI 0.4 0 0 0.4

No. of fast-food outlets per square mile 1.6 (2.7) 1.6 (2.3) 2.1 (2.8) 1.5 (2.8)

No. of grocery stores per square mile 2.5 (4.8) 3.9 (5.6) 3.5 (4.8) 2.5 (4.7)

Coronary artery calcification 48.7 42.9 42.9 49.0

Abbreviations: CHD, coronary heart disease; MI, myocardial infarction; SD, standard deviation.
a Major roadways were defined as US Census Feature Class Code A1 or A2 roads.
b Missing data: body mass index, n = 37; education, n = 3; household income, n = 400; alcohol consumption, n = 8; ever smoking, n = 19.
c Weight (kg)/height (m)2.
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among current smokers, suggesting that the associations
seen in other strata may largely reflect the associations with
current smoking. The lower increase found in this study was
also observed in previous studies for nondiabetic participants
(16), although the exact reason is unclear.

Our study had some limitations. First, the use of residential
proximity to major roadways as a surrogate measure of long-
term exposure to traffic-related pollution may lead to exposure
misclassification. This crude surrogate measure may not reflect
the spatial distribution of pollutant concentrations due to differ-
ences in traffic volume and vertical concentration gradients. It
also does not account for other potential confounders, such as
traffic-related noise. However, many studies using residential
proximity have shown positive results for persons living clos-
est to major roadways, which is consistent with associations
found in studies using sophisticated air pollution modeling

(59). Second, we did not have information on residential his-
tory and the duration of residence at each location prior to
each study visit. However, any resulting exposure misclassifi-
cation was probably nondifferential. Third, this was a cross-
sectional study, from which we were not able to discern
the temporal relationship between long-term exposure to
traffic-related pollution and atherosclerosis.

The study also had some strengths. To our knowledge,
this was the first study to simultaneously evaluate markers
of atherosclerosis in 4 different vascular beds associated
with long-term exposure to traffic pollution. This was also
the first attempt to replicate previous findings in a large,
all-African-American population, although the findings may
not be generalizable to the general African-American popula-
tion of the United States, due in part to a different CVD risk
factor profile unique to African Americans living in the South.

Figure 2. Stratified relative risk (RR) of atherosclerosis (measured by carotid intima-media thickness) for participants living less than 150m
from US Census Feature Class Code A1/A2 roads as compared with those living more than 300m from A1/A2 roads, Jackson Heart Study,
2000–2008. Bars, 95% confidence intervals (CIs).
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In conclusion, among African Americans in the JHS, long-
term exposure to traffic pollution is associated with CIMT, a
marker of atherosclerosis in the carotid vascular bed, but not
with CAC, AAC, or PAD in the coronary, abdominal, and
peripheral vascular beds, respectively. Our results highlight the
need to consider residential proximity to major roadways a
potential CVD risk factor for African Americans, especially
when tackling environmental injustice issues, although the
traffic-atherosclerosis association may be relatively small com-
pared with other established risk factors.
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