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Abstract

Background: Epidemiological studies have found that particulate matter is associated with increases in blood
pressure. Yet, less is known about the effects of specific sources or constituents of particulate matter, such as diesel
particulate matter or polycyclic aromatic hydrocarbons (PAHs). We evaluated associations between self-reported
hypertension and residential air levels of diesel particulate matter and PAHs among individuals of Mexican origin
living in a large inner city.

Methods: The Mano a Mano cohort (established in 2001 by the University of Texas MD Anderson Cancer Center) is
comprised of individuals of Mexican origin residing in Houston, Texas. Using geographical information systems, we
linked modeled annual estimates of PAHs and diesel particulate matter at the census tract level from the 2002 and
2005 U.S. Environmental Protection Agency’s National-Scale Air Toxics Assessment to baseline residential addresses
of cohort members who enrolled from 2001 to 2003 or 2004 to 2006, respectively. For each enrollment period, we
applied mixed-effects logistic regression models to determine associations between diesel particulate matter and
PAHs, separately, and self-reported hypertension while adjusting for confounders and the clustering of observations
within census tracts and households.

Results: The study population consisted of 11218 participants of which 77 % were women. The mean participant
age at baseline was 41 years. Following adjustment for age, there was a dose-dependent, positive association between
PAHs and hypertension (medium exposure, adjusted odds ratio (OR) = 1.09, 95 % CI: 0.88-1.36; high exposure,
OR = 1.40, 95 % CI: 1.01-1.94) for individuals enrolled during 2001–2003; associations were generally similar in
magnitude, but less precise, following adjustment for age, gender, smoking, and BMI. No association was detected for
the later period. There was no evidence of an association between residential levels of diesel particulate matter and
hypertension.

Conclusions: This study builds on a limited number of prior investigations of the association between ambient air
levels of PAHs or diesel particulate matter and hypertension by focusing on a relatively young cohort of predominantly
adult women of Mexican origin. Future analyses are warranted to explore associations in the cohort using incident
hypertension when sufficient data become available and to further examine associations between specific chemical
constituents of particulate matter and hypertension in this and other populations.
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Background
A major risk factor for cardiovascular disease (CVD),
the leading cause of death among Hispanics [1] and
worldwide [2], is hypertension. Research has shown that
elevations of 10 mmHg diastolic blood pressure (BP)
and 5 mmHg systolic BP are associated with substantial
(as large as 50 %) increases in risks for CVD [3]. Hyper-
tension is known as a “silent killer” because most people
do not have symptoms, yet consequences can be deadly
as Hispanics experience difficulty in managing hyperten-
sion that may be due, in part, to access to medical care
or not having health insurance [4, 5].
Ambient particulate matter (PM) ranks highly among

causes of death worldwide (13th), taking the lives of
about 800,000 individuals per year [3]. An elevation of
10 μg/m3 of fine particulate matter (particulate matter
2.5 microns or less in aerodynamic diameter) can increase
BP by up to 5 mmHg [6], increasing risk for CVD, over
time, by up to 76 % [3]. Specifically, PM can increase an
individual’s BP by initiating inflammation and oxidative
stress in the lungs and then causing vasoconstriction and
endothelial damage. However, epidemiological studies
have been equivocal. Some have demonstrated that PM
exposure increases BP [3, 6-20], while a few researchers
have shown an inverse or no association [3, 21-25]. This
inconsistency suggests the need for research on specific
sources of PM such as diesel particulate matter (DPM) or
specific components of PM such as polycyclic aromatic
hydrocarbons (PAHs).
Diesel particulate matter is a likely carcinogen [26]

that is formed from combustion of diesel fuel. Similar to
PM, numerous mechanisms have been suggested to
explain how DPM exposure leads to elevated BP, such as
systemic and pulmonary inflammation, an increase of pro-
inflammatory cytokines, and oxidative stress that can im-
pair endothelial function [27-32]. PAHs are a group of
organic compounds (7 are known carcinogens) [33] and a
component of PM formed as byproducts of incomplete
combustion from sources such as fossil fuels and biomass.
They can significantly contribute to increases in BP [34].
The biological mechanisms through which PAHs exert
their effects on BP are similar to DPM, such as oxidative
stress, local inflammatory effects, endothelial damage, and
plaque promotion [35-43].
This cross-sectional investigation aimed to evaluate

the association between exposures to residential air
levels of PAHs and DPM and hypertension among a
large cohort of adults of Mexican-origin who reside in
Houston, Texas.

Methods
Study population
We used data collected from the Mexican American
Cohort Study (MACS), also known as the “Mano a Mano”
cohort study that was established by the Department of
Epidemiology at the University of Texas MD Anderson
Cancer Center (UTMDACC) in 2001. The Mano a Mano
cohort is comprised of individuals of Mexican origin who
at enrollment resided in Houston, TX for at least 1 year.
Recruitment methods included random-digit dialing and
block walking. All adult participants signed an informed
consent and completed a baseline interview to seek infor-
mation about their demographics, medical history, degree
of acculturation, lifestyle habits, and work history. In this
study, we restricted our analyses to a subset of the entire
cohort, comprised of adults aged 18 years and older who
enrolled during the period of 2001–2006 (N = 11218). In-
dividuals from the same household were eligible to partici-
pate. Most households (5147) had one member, 2645
households had two members, 184 households had three
members, 56 households had four members, and one
household had five members. Our study was approved by
The University of Texas Health Science Center, Commit-
tee for Protection of Human Subjects and by the MD
Anderson Cancer Center Institutional Review Board.

Outcome assessment
All participants were interviewed in person to determine
their medical history including hypertension status. In
the current study, we considered that a participant was
hypertensive if they answered yes to the question: “have
you been told by a health professional that you have
high blood pressure or hypertension?”.

Exposure assessment
Modeled estimates of ambient air levels of PAHs and
DPM were extracted from the 2002 and 2005 National-
Scale Air Toxics Assessment (NATA) developed by the
U.S. Environmental Protection Agency (EPA) [44]. NATA
provides information on more than 180 toxic air pollut-
ants (181 in 2002 and 187 in 2005) based primarily on
emissions from point sources, non-point sources, mobile
sources, background sources, and sources from secondary
formation (i.e., the transformation of one pollutant to an-
other pollutant) in specific geographic areas [45, 46]. To
generate the nationwide estimates of ambient air levels of
toxic air pollutants (reported in units of μg/m3), depend-
ing on the source of emissions, NATA uses the National
Emissions Inventory or the National Mobile Inventory
Model (NMIM) to input data into two models, the As-
sessment System for Population Exposure Nationwide
(ASPEN) and the Human Exposure Model 3 (HEM-3),
respectively. In NATA, 16 PAHs are included among
the broad classification of compounds termed Polycyc-
lic Organic Matter (PAHPOM) [44].
Table 1 shows a breakdown of DPM and PAH mod-

eled concentrations in percentiles. For analyses, we con-
verted μg/m3 of PAHs to ng/m3. Using geographic



Table 1 Residential air levels for diesel particulate matter (DPM)
(μg/m3) and polycyclic aromatic hydrocarbons (PAHs) (ng/m3)

Enrollment
period

Percentiles

5 25 50 75 95

DPM

2001–2003 2.44 3.58 4.82 10.66 25.32

2004–2006 1.18 1.71 2.53 3.80 7.28

PAHs

2001–2003 1.79 2.16 2.48 3.77 7.20

2004–2006 1.26 1.42 1.63 1.92 2.62
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information systems (Arc GIS, version 10 (ESRI, Redlands,
CA)), the geocoded residences of participants who en-
rolled during 2001 to 2003 or 2004 to 2006 were linked to
the 2002 or 2005 data, respectively.
Potential confounders
Information that was collected during the baseline inter-
view included: date of birth, gender, comorbid condi-
tions (previous diagnosis of diabetes, heart attack/
disease, or high cholesterol), smoking status (current,
former, and never), alcohol use (current, former, and
never), body mass index (BMI) based on self-reported
height and weight, educational attainment (bachelor de-
gree and higher, high school graduate or GED, some
high school, and no formal schooling or elementary or
middle school), nativity status (U.S. born or Mexican
born), length of residence at baseline address (<1 year, 1
to 5 years, > 5 years), number of years living in the U.S.,
physical activity (“active” if a participant engaged in
strenuous exercise ≥ 1.5 h/week or moderate exercise ≥
3 h/week; otherwise, “not active”), current employment
status (currently working or currently not working), and
degree of acculturation based on the Bidimensional Ac-
culturation Scale for Hispanics (BAS) (high, BAS > 2.50
and low, BAS ≤ 2.50) [47].
Statistical analysis
In preliminary analyses, we generated frequency distribu-
tions of socio-demographic and lifestyle factors among
our study population. We performed chi-squared analyses
to evaluate differences in categorical risk factors between
enrollment periods, as well as simple logistic regression
analyses to evaluate crude associations between covariates
and hypertension status at a significance level of 0.05. We
used multilevel mixed-effects logistic regression models to
examine associations between PAHs or DPM and hyper-
tension status. Air pollutant concentrations were modeled
as both continuous and categorical variables, the latter
based on the following categorization scheme: <50th,
50-89th, ≥90th percentiles. We included random effects
for census tract and household to account for corre-
lated observations as individuals were nested within
households and households were nested within census
tracts. To assess for confounding, we applied multiple
logistic regression models to determine associations be-
tween DPM and PAHs and hypertension while adjusting
for the covariates listed above (see section on “Potential
Confounders”), one at a time. Covariates were retained in
the final model if their inclusion resulted in ≥ 10 % change
in the estimate of the odds ratio [48].
Additionally, we compared associations for partici-

pants who lived at their baseline address for less than or
equal to five years and for those that have lived at their
baseline address for greater than five years because we
expected less misclassification of exposure among indi-
viduals who lived at their residence for the longer time
period. We also conducted a sensitivity analysis based
on employment status at baseline because our exposure
assessment that relied on residential location may have
resulted in a different error structure for individuals who
did not work outside of the home as compared to those
who did. All statistical analyses were conducted using
Intercooled STATA, version 11 (StataCorp LP, College
Station, TX).

Results
The study population consisted of 11218 participants
from 8033 households enrolled between 2001 and 2006.
In total, 13.1 % and 16.7 % of the cohort who enrolled in
2001–2003 or 2004–2006, respectively, reported having
hypertension. Across both time periods, approximately
77 % of study participants were women and more than
50 % of participants were between 25 and 44 years of
age. The mean age at baseline was 41 years. Most partic-
ipants did not possess a high school degree (about 60 %)
and approximately 60 % were currently employed.
Table 2 provides a breakdown of the distribution of co-
variates for participants by hypertension status for each
enrollment period. Except for age and degree of accultur-
ation (as assessed by the BAS score), there were differ-
ences (p < 0.05) for all other selected covariates. Notably,
the proportion of women who enrolled in the cohort was
greater in 2004–2006 (82 %) as compared to 2001–2003
(72 %) and 73 % of cohort members were currently
employed in the earlier time period while only 48 % were
currently employed in the later time period.
In simple logistic regression analyses (see Table 2),

odds of prevalent hypertension increased with age, years
living at the baseline address, and BMI. Increased odds
of hypertension were also detected among persons with
diagnoses of high cholesterol, a prior heart attack, or
diabetes, as well as those who were physically inactive.
We detected higher odds for hypertension among U.S.
born individuals as compared to those born in Mexico;



Table 2 Distribution of characteristics for participants and crude associations with hypertension status by enrollment period (N = 1121

Characteristic 2001–2003 2004–2006

Hypertension OR 95 CI Hypertensio OR 95 CI

No Yes No Yes

Gender**

Men 1237 156 Ref Ref 943 207 Ref Ref

Women 3053 489 1.32* 1.07 - 1.62 4294 839 0.9 0.74 - 1.09

Age

18–34 2021 31 Ref Ref 2445 97 Ref Ref

35–54 1680 240 9.60* 6.52 - 14.14 2142 419 5.42* 4.20 - 6.99

55–74 589 374 45.39* 29.78 - 69.17 650 530 26.37* 18.87 - 36.86

Level of education**

Middle School or less 1523 371 2.78* 2.12 - 3.64 1780 574 2.77* 2.13 - 3.60

Some High School/High School Graduate/GED 1743 172 1.00 0.76 - 1.33 2571 349 0.97 0.75 - 1.25

More than High School 1024 102 Ref Ref 882 122 Ref Ref

Missing 0 0 NA NA 4 1 NA NA

Currently employed**

No 233 24 0.64 0.41 - 1.00 2282 496 1.20* 1.02 - 1.42

Yes 3097 493 Ref Ref 2563 475 Ref Ref

Missing 960 128 NA NA 392 75 NA NA

Years living at baseline address**

<1 668 54 Ref Ref 1009 108 Ref Ref

1–5 1718 146 1.07 0.75 - 1.52 2249 326 1.39* 1.07 - 1.81

>5 1902 445 3.23* 2.32 - 4.49 1979 612 3.32* 2.56 - 4.31

Missing 2 0 NA NA 0 0 NA NA

High cholesterol diagnosis**

Yes 273 171 6.41* 4.86 -8.43 528 364 6.88* 5.35 - 8.86

No 4017 474 Ref Ref 4709 682 Ref Ref

Heart attack diagnosis**

Yes 15 12 5.92* 2.41 - 14.53 19 36 14.72* 7.15 - 30.31

No 4275 633 Ref Ref 5218 1010 Ref Ref

Diabetes diagnosis**

Yes 365 241 6.89* 5.49 - 8.66 470 385 7.74* 6.09 - 9.84

No 3925 404 Ref Ref 4767 661 Ref Ref
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Table 2 Distribution of characteristics for participants and crude associations with hypertension status by enrollment period (N = 11218) (Continued)

Smoking status**

Current 630 75 0.82 0.62 - 1.09 637 115 0.94 0.73 - 1.21

Former 565 155 2.03* 1.61 - 2.57 667 194 1.57* 1.27 - 1.94

Never 2916 415 Ref Ref 3897 737 Ref Ref

Missing 179 0 NA NA 36 0 NA NA

Alcohol use**

Current 1157 113 0.58 0.46 - 0.74 1204 182 0.71 0.57 - 0.87

Former 431 129 1.97* 1.53 - 2.54 430 164 2.16* 1.68 - 2.77

Never 2524 403 Ref Ref 3487 698 Ref Ref

Missing 178 0 NA NA 116 2 NA NA

Physical activity level**

Active 1160 110 Ref Ref 1209 176 Ref Ref

Not active 3099 530 1.91* 1.50 - 2.41 4002 864 1.58* 1.29 - 1.94

Missing 31 5 NA NA 26 6 NA NA

BMI (kg/m2)**

Underweight/Normal (<24.9) 1020 82 Ref Ref 1180 102 Ref Ref

Overweight (25.0–29.9) 1559 187 1.55* 1.16 - 2.09 1798 331 2.40* 1.83 - 3.16

Obese I-III (≥30.0) 1674 375 3.13* 2.36 - 4.15 2115 588 3.96* 3.02 - 5.20

Missing 37 1 NA NA 144 25 NA NA

Degree of acculturation

High level of acculturation (BAS > 2.50) 1583 219 0.83 0.68 - 1.01 1903 377 0.95 0.80 - 1.12

Low level of acculturation (BAS ≤ 2.50) 2699 426 Ref Ref 3317 665 Ref Ref

Missing 8 0 NA NA 17 4 NA NA

No. of years living in the U.S.**

≤9 1207 63 Ref Ref 1613 158 Ref Ref

10–14 614 42 1.34 0.88 - 2.03 845 96 1.18 0.88 - 1.59

≥15 2469 540 4.54* 3.39 - 6.08 2778 792 3.34* 2.68 - 4.15

Missing 0 0 NA NA 1 0 NA NA

Nativity**

U.S. born 1288 255 1.52* 1.26 - 1.84 1347 368 1.66* 1.39 - 1.97

Mexico born 3001 390 Ref Ref 3874 676 Ref Ref

Other 1 0 NA NA 16 2 NA NA

Abbreviations: CI confidence interval, OR odds ratio, NA not applicable
*p < 0.05 for associations between covariates and hypertension status (crude odds ratio)
**p < 0.05 for associations between covariates and enrollment period (chi-squared analysis)

Bangia
et

al.Environm
entalH

ealth
 (2015) 14:51 

Page
5
of

11



Bangia et al. Environmental Health  (2015) 14:51 Page 6 of 11
odds also increased with the number of years living in
the U.S. Women experienced higher odds of hyperten-
sion as compared to men enrolled in 2001-2003, but not
in 2004-2006.
Age at baseline was the only variable identified as a

confounder for the association between DPM and hyper-
tension. Gender, smoking, and BMI, risk factors of hyper-
tension were then added to the model to determine if
joint confounding was evident. Results indicated less than
a 10 % difference in the odds ratios when comparing the
results for the age-adjusted model to the fully adjusted
model. Nonetheless, for completeness, we present the
fully-adjusted results along with prevalence odds ratios
(ORs) and 95 % Confidence Intervals (CIs) for the associ-
ation between hypertension and DPM adjusted only for
the random effects (census tracts and households) and age
at baseline in Table 3.
For the 2001-2003 enrollment period with only random

effects included in the model, the odds of hypertension
were elevated for DPM in the medium and high exposure
groups when compared to the referent category (OR =
1.31, 95 % CI: 1.07-1.61; OR = 1.13, 95 % CI: 0.81-1.58).
Following additional adjustment for age at baseline, odds
ratios (medium exposure category: OR = 1.15, 95 % CI:
0.92-1.42; high exposure category: OR = 1.10, 95 % CI:
0.77-1.57) diminished somewhat in magnitude and results
were less precise. For the 2004-2006 enrollment period,
we observed odds ratios of 1.29 (95 % CI: 1.04-1.61) and
1.14 (95 % CI = 0.80-1.62) for the medium and high expos-
ure groups, respectively. Following adjustment for age, the
ORs were close to the null (medium: OR = 1.03; 95 %
CI = 0.85-1.25; high: OR = 0.92; 95 % CI = 0.67 - 1.27).
For both enrollment periods, associations were generally
similar in magnitude, but less precise, following adjust-
ment for age, gender, smoking, and BMI. No associations
Table 3 Odds Ratios (95 % CIs) for the associations between hypert

Enrollment period DPMa N OR b

2001–2003 Referent (1.39 – 4.81) 2450 —

Medium (4.82 – 17.69) 1987498 1.31*

High (17.70 – 25.32) 1.13

Continuous (per μg/m3) 1.01

2004–2006 Referent (0.75 – 2.52) 2874 —

Medium (2.53 – 5.82) 2735 1.29*

High (5.83 – 8.77) 674 1.14

Continuous (per μg/m3) 1.03

Abbreviations: CI confidence interval, OR odds ratio
*Significant at p < 0.05
aReferent: < 50th percentile, Medium: 50-89th percentile, High: ≥ 90th percentile
bAdjusted for census tract and household as random effects
cAdjusted for age at baseline and census tract and household as random effects
dAdjusted for age at baseline, gender, smoking, and BMI and census tract and hous
in any of the models were detected when DPM was mod-
eled as a continuous variable.
Similar to DPM, age at baseline was the only variable

identified as a confounder for PAHs. Gender, smoking,
and BMI were also added to this model, but similarly to
DPM, there was little evidence of joint confounding. Re-
sults for PAHs are reported in Table 4. Following adjust-
ment for the random effects for census tracts and
households, we observed elevated odds for hypertension
in the medium (OR = 1.09; 95 % CI: 0.89-1.34) and high
(OR = 1.56; 95 % CI = 1.16-2.11) exposure groups for
those members enrolled in the earlier (2001–2003) en-
rollment period (Table 4). Following additional adjust-
ment for age at baseline, odds ratios remained elevated
for both exposure groups (OR = 1.09; 95 % CI = 0.88-
1.36 for the medium exposure group and OR = 1.40;
95 % CI: 1.01-1.94 for the high exposure group). After
adjusting for age, gender, smoking, and BMI, associa-
tions were similar in magnitude, albeit less precise.
Additionally, for the 2001-2003 enrollment period in
the age-adjusted model, the odds for hypertension also
increased by 5 % (OR = 1.05, 95 % CI: 1.00-1.12) for a
one unit increase (ng/m3) in ambient PAH levels. For
the 2004-2006 enrollment group, no associations be-
tween PAHs and hypertension were detected.
For the 2001-2003 enrollment group living more than

5 years at their baseline address, age-adjusted odds ra-
tios were elevated for the medium (OR = 1.12, 95 % CI:
0.86 - 1.47) and high (OR = 1.33, 95 % CI: 0.90 - 1.97) ex-
posure groups. For persons living five years or less at their
baseline address, age-adjusted odds ratios were 1.05 (95 %
CI: 0.72 - 1.54) and 1.68 (95 % CI: 0.93 - 1.13) for the
medium and high exposed groups, respectively. For per-
sons who did not work outside of the home, odds ratios
were elevated but extremely imprecise due to small
ension and diesel particulate matter (DPM) (μg/m3)

95 % CI ORc 95 % CI ORd 95 % CI

— — — — —

1.07 – 1.61 1.15 0.92 – 1.42 1.13 0.91 – 1.41

0.81 – 1.58 1.10 0.77 – 1.57 1.01 0.71 – 1.45

0.99 – 1.03 1.01 0.99 – 1.02 1.00 0.99 – 1.02

— — — — —

1.04 – 1.61 1.03 0.85 – 1.25 1.05 0.86 – 1.29

0.80 – 1.62 0.92 0.67 – 1.27 0.84 0.61 – 1.17

0.98 – 1.10 0.99 0.94 – 1.04 0.98 0.93 – 1.03

ehold as random effects



Table 4 Odds Ratios (95 % CIs) for the associations between hypertension and polycyclic aromatic hydrocarbons (PAHs) (ng/m3)

Enrollment period PAHsa N ORb 95 % CI ORc 95 % CI ORd 95 % CI

2001–2003 Referent (0.92 – 2.47) 2338 — — — — — —

Medium (2.48 – 4.76) 2083 1.09 0.89 – 1.34 1.09 0.88 – 1.36 1.07 0.85 – 1.33

High (4.77 – 12.38) 514 1.56* 1.16 – 2.11 1.40* 1.01 – 1.94 1.32 0.95 – 1.83

Continuous (per ng/m3) 1.07* 1.02 – 1.13 1.05* 1.00 – 1.12 1.04 0.98 – 1.10

2004–2006 Referent (0.91 – 1.62) 3112 — — — — — —

Medium (1.63 – 2.30) 2511 0.96 0.78 – 1.19 0.90 0.74 – 1.09 0.87 0.72 – 1.06

High (2.31 – 12.76) 660 0.79 0.56 – 1.11 0.96 0.71 – 1.31 0.97 0.71 – 1.33

Continuous (per ng/m3) 1.01 0.91 – 1.12 0.99 0.90 – 1.08 0.99 0.90 – 1.09

Abbreviations: CI confidence interval, OR odds ratio
*Significant at p < 0.05
aReferent: < 50th percentile, Medium: 50-89th percentile, High: ≥ 90th percentile
bAdjusted for census tract and household as random effects
cAdjusted for age at baseline and census tract and household as random effects
dAdjusted for age at baseline, gender, smoking, and BMI and census tract and household as random effects
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sample sizes among those with hypertension (n = 24) and
hence the results are not shown.

Discussion
While epidemiological studies have found that particulate
matter is associated with increases in blood pressure, less
is known about the effects of specific sources or constitu-
ents of PM, such as diesel particulate matter or polycyclic
aromatic hydrocarbons. In our cross-sectional evaluation
of the associations between hypertension and residential
air levels of DPM and PAHs among individuals of
Mexican-origin, our results indicate an association be-
tween PAHs and hypertension for individuals enrolled
in the 2001-2003 time period, but not in the later time
period. There were little to modest differences in the
associations when the cohort was stratified on the basis
of how long participants lived at their current addresses
at baseline. No associations were detected for DPM in
either time period.
Our positive findings for an association between PAHs

and hypertension agree with the panel study by Jacobs
et al. [49], who concluded that chrysene-5,6-dione and
benzo[a]pyrene-3,6-dione can increase systolic BP and
pulse pressure. In addition, animal studies have demon-
strated that arterial BP can increase due to exposure to a
PAH-contained organic mixture derived from coal [50],
as well as to specific PAHs, benzo[a]pyrene (BaP), and
dimethylbenz[a]anthracene (DMBA) [36, 51, 52]. An-
other study, however, showed a lack of association be-
tween PAHs and BP in rats [53], but was criticized for
its BaP administration and BP monitoring methods [36].
Contrary to the positive associations reported in Cosselman
et al. [54] and Nemmar et al. [30], our results did not
provide evidence for an association between DPM and
hypertension for individuals in either enrollment
period. However, our findings are similar to the four
previous randomized, double-blind, cross-over studies
conducted on DPM and cardiopulmonary effects that
concluded that DPM had no significant effect on BP
[28, 29, 55, 56].
We observed a dose-dependent association between

PAHs and hypertension among individuals enrolled in
the 2001-2003 time period, but no association for indi-
viduals who enrolled in the 2004-2006 period. Differ-
ences in characteristics of the study population between
enrollment periods may explain the equivocal findings.
There were more women enrolled in the cohort in
2004-2006 (who appear to have a more modest associ-
ation between PAHs and hypertension than men - see
discussion below) as compared to 2001-2003, and a
significantly greater proportion of participants were cur-
rently employed in the earlier time period than in the later
time period. Secondly, there were differences in the distri-
butions of PAH modeled concentrations by time period
(the interquartile range for PAHs in 2002 was 1.61 ng/m3

as compared to 0.5 ng/m3 in 2005) that may also explain
the equivocal findings. While such differences may be due
to the change in methodology that NATA used to gener-
ate the two data releases, a decline in emissions or both
[45, 46], decreased levels of variability in the 2005
NATA data likely diminished the comparisons that
could be made between exposure groups.
Based on the results from our sensitivity analyses be-

tween those who lived at their residential address for five
or more years as compared to those who lived at their
address for less than 5 years, there appeared to be a
modest increase in the odds ratio for the longer-term
residents when comparing the high exposure group (but
not the middle exposure group) to the low exposure
group. Results from previous studies that evaluated asso-
ciations between PM exposures and CVD outcomes pro-
duced equivocal results, with some studies reporting
little differences based on length of residence whereas
others reported stronger associations for participants



Table 5 Associations between PAHs (ng/m3) and hypertension
by age, gender, and smoking status (2002 enrollment period)

Potential covariate PAHsa OR 95 % CI

Ageb

18-34 (n = 2052) Referent (0.92 – 2.47) —

Medium (2.48 – 4.76) 1.35 0.63 - 2.89

High (4.77– 12.38) 1.70 0.54 - 5.31

Continuous (per ng/m3) 1.05 0.87 - 1.27

35-54 (n = 1920) Referent (0.92 – 2.47) —

Medium (2.48 – 4.76) 1.01 0.74 - 1.40

High (4.77 – 12.38) 1.45 0.91 - 2.33

Continuous (per ng/m3) 1.06 0.98 - 1.15

55-74 (n = 963) Referent (0.92 – 2.47) —

Medium (2.48 – 4.76) 1.09 0.81 - 1.47

High (4.77 – 12.38) 1.30 0.84 - 2.02

Continuous (per ng/m3) 1.05 0.97 - 1.14

Genderc

Men (n = 1393) Referent (0.92 – 2.47) — —

Medium (2.48 – 4.76) 1.51 0.67 – 3.39

High (4.77 – 12.38) 2.03 0.52 – 7.97

Continuous (per ng/m3) 1.09 0.87 – 1.37

Women (n = 3542) Referent (0.92 – 2.47) — —

Medium (2.48 – 4.76) 1.06 0.80 - 1.42

High (4.77 – 12.38) 1.41 0.93 – 2.15

Continuous (per ng/m3) 1.06 0.99 – 1.14

Smokingc

Never (n = 3331) Referent (0.92 – 2.47) — —

Medium (2.48 – 4.76) 1.00 0.76 – 1.32

High (4.77 – 12.38) 1.02 0.67 – 1.56

Continuous (per ng/m3) 1.01 0.94 – 1.09

Current (n = 705) Referent (0.92 – 2.47) — —

Medium (2.48 – 4.76) 1.30 0.75 – 2.25

High (4.77 – 12.38) 1.84 0.81 – 4.18

Continuous (per ng/m3) 1.10 0.95 – 1.27

Former (n = 720) Referent (0.92 – 2.47) — —

Medium (2.48 – 4.76) 1.41 0.69 – 2.86

High (4.77 – 12.38) 4.99* 1.35 – 18.46

Continuous (per ng/m3) 1.18 0.97 – 1.44

Abbreviations: CI confidence interval, OR odds ratio
*Significant at p < 0.05
aReferent: < 50th percentile, Medium: 50-89th percentile,
High: ≥ 90th percentile
bAdjusted for census tract and household as random effects
cAdjusted for age at baseline and census tract and household as
random effects
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who lived for longer periods at their current residential
addresses [57, 58]. Associations between roadway traffic
noise and hypertension were also stronger for residents liv-
ing at their current addresses for more than 10 years [59].
In post-hoc analyses, we further explored the potential

for effect measure modification due to sex, smoking, and
age for the association between PAHs and hypertension
among individuals enrolled in the earlier time period
(Table 5). While we recognize that our study was under-
powered to evaluate effect modification, interesting results
emerged. Both men and women showed dose response re-
lationships between PAH exposure and hypertension sta-
tus. Differences were also detected on the basis of smoking
status, with the strongest association between hyperten-
sion and high level of PAH exposure observed among
former smokers. When evaluating potential differences by
age at enrollment, stronger associations were observed for
individuals in the youngest (18–34 years) age category.
An advantage of the current study was that it built

upon a large cohort of relatively young individuals,
mostly women, of Mexican origin who live in Houston,
TX. Also, as result of having data on cohort members
collected by interview, this study provided a substantial
amount of information on potential factors that may op-
erate as confounders. Houston is the fourth largest
metropolitan city in the U.S., is one of the busiest sea-
ports, has considerable amounts of traffic, and is home
to the largest petrochemical complex in the country.
Houstonians are exposed to more air pollutants than in-
dividuals residing in most other U.S. cities [60], and
therefore, the city of Houston was an ideal location for
this study. While inferences are limited to individuals of
Mexican origin, research has shown that Hispanics have
poorer cardiovascular profiles [60], lower socioeconomic
status, increased all-cause mortality rates, and are less
likely to have health insurance than other ethnic groups
[5]. These individuals represent a rapidly growing popu-
lation (60 % of the Hispanic population), which has re-
ceived little attention regarding health effects due to air
pollutant exposure in Houston, TX.
Limitations of this study include analyzing prevalent ra-

ther than incident disease, which calls into question the
temporal relationship between the two primary exposures
of interest (PAHs and DPM) and hypertension. As previ-
ously noted, the Mano a Mano cohort is predominantly
female and young and hence our results may not be
generalizable to males or to an older population. For our
outcome assessment, cohort members self-reported their
hypertension status. Research has been inconsistent in de-
termining whether self-reporting hypertension is an accur-
ate measure of hypertension [61-63]. We would have
preferred to use measured blood pressure, prescription
history for anti-hypertensive medications, or physicians’
reports to determine hypertension status, but such data
were not available. We cannot rule out information bias
because participants who live in neighborhoods with
poorer air quality may have been more likely to self-
report having hypertension due to living in worse built
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environments and exposures to myriad psychosocial
stressors. Finally, it is possible that some younger
women were reporting gestational hypertension in re-
sponse to the question about having hypertension, but the
questionnaire did not differentiate pregnancy-induced
hypertension from other types.
Generating exposure estimates from modeled rather

than monitored assessments has strengths and limita-
tions. Using data from NATA allowed us to account for
a variety of stationary and mobile sources along with
providing the ability to have specific components of PM
measured [45, 46]. However, NATA does not model in-
door exposure sources or account for individual behav-
iors and activities, which may contribute significantly to
personal exposures. Studies on comparisons between in-
door, outdoor, and personal exposures have found mixed
results [64-66]. While questions remain whether NATA
modeled estimates can appropriately act as surrogates
for personal exposures to PAHs and DPM, there are lim-
ited epidemiologic investigations assessing the influence
of outdoor air levels of PAHs and DPM on hypertension
and the use of this secondary data was a cost-effective
first approach in assessing these associations.

Conclusions
To our knowledge, this is among the first studies to
analyze the relationship between ambient levels of two
air pollutants, PAHs and DPM, and self-reported hyper-
tension among relatively young individuals, mostly
women, of Mexican origin. Our multiple logistic regres-
sion analysis suggests that ambient levels of PAHs were
associated with hypertension for the 2001-2003 enrolled
individuals and did show a dose response relationship.
No associations between ambient levels of DPM and
odds of hypertension were observed. Future analyses are
warranted to further explore associations in the Mano a
Mano cohort using incident hypertension when sufficient
data become available and to explore risks of hypertension
with specific chemical constituents (e.g., metals and or-
ganic carbon) of particulate matter.

Abbreviations
BAS: Bidimensional Acculturation Scale for Hispanics; BMI: Body mass index;
BP: Blood pressure; CVD: Cardiovascular disease; DPM: Diesel particulate
matter; NATA: National Air Toxics Assessment; PAHs: Polycyclic aromatic
hydrocarbons; PM: Particulate matter.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
KB performed the statistical analysis for this study and drafted the
manuscript. ES developed the study design, directed the analysis, and
drafted the manuscript. SS provided access to the Mano a Mano cohort data
and reviewed the manuscript. MB provided access to the Mano a Mano
cohort data and reviewed the manuscript. All authors reviewed and
approved the final manuscript.
Acknowledgements
This research has been supported in part by a grant (#834581) from the U.S.
Environmental Protection Agency's Science to Achieve Results (STAR)
program. It has not been formally reviewed by the EPA. The views expressed
in this document are solely those of the authors and the EPA does not
endorse any products or commercial services mentioned in this publication.
The Mano a Mano cohort study is partially supported by funds from the
UTMDACC Duncan Family Institute for Cancer Prevention and Risk
Assessment and by funds collected pursuant to the Comprehensive Tobacco
Settlement to the UTMDACC.

Author details
1Office of Environmental Health Hazard Assessment, 1515 Clay St. Suite 1600,
Oakland, CA 94612, USA. 2Department of Epidemiology, Human Genetics
and Environmental Sciences, Southwest Center for Occupational and
Environmental Health, 1200 Herman Pressler St. Suite W-1028, Houston, TX
77030, USA. 3Department of Epidemiology, The University of Texas MD
Anderson Cancer Center, Unit 1340, 1155 Pressler Street, Houston, TX
77030-4009, USA. 4Baylor College of Medicine, One Baylor Plaza, Houston, TX
77030, USA.

Received: 7 November 2014 Accepted: 29 May 2015
References
1. Statistical Fact Sheet - Populations, 2009 Update, Hispanics/Latinos and

Cardiovascular Diseases - Statistics. Vol. 2009.
2. World Health Organization. Top ten leading causes of death by broad

income group. 2004. http://www.who.int/mediacentre/factsheets/
fs310_2008.pdf. Accessed 10 Mar 2011.

3. Brook RD. Particulate matter, air pollution, and blood pressure. J Am Soc
Hypertens. 2009;3(5):332–50.

4. Aranda Jr JM, Calderon R, Aranda Sr JM. Clinical characteristics and
outcomes in hypertensive patients of Hispanic descent. Prev Cardiol.
2008;11(2):116–20.

5. Goldman N, Kimbro RT, Turra CM, Pebley AR. Socioeconomic gradients in
health for white and Mexican-origin populations. Am J Public Health.
2006;96(12):2186–93.

6. Brook RD. Particulate matter air pollution and cardiovascular disease: an
update to the scientific statement from the American Heart Association.
Circulation. 2010;121(21):2331–78.

7. Adamopoulos D, Vyssoulis G, Karpanou E, Kyvelou SM, Argacha JF, Cokkinos
D, et al. Environmental determinants of blood pressure, arterial stiffness, and
central hemodynamics. J Hypertens. 2010;28(5):903–9.

8. Auchincloss AH, Diez Roux AV, Dvonch JT, Brown PL, Barr RG, Daviglus ML,
et al. Associations between recent exposure to ambient fine particulate
matter and blood pressure in the Multi-ethnic Study of Atherosclerosis
(MESA). Environ Health Perspect. 2008;116(4):486–91.

9. Briet M, Collin C, Laurent S, Tan A, Azizi M, Agharazii M, et al. Endothelial
function and chronic exposure to air pollution in normal male subjects.
Hypertension. 2007;50(5):970–6.

10. Brook RD, Urch B, Dvonch JT, Bard RL, Speck M, Keeler G, et al. Insights into
the mechanisms and mediators of the effects of air pollution exposure on
blood pressure and vascular function in healthy humans. Hypertension.
2009;54(3):659–67.

11. Choi JH, Xu QS, Park SY, Kim JH, Hwang SS, Lee KH, et al. Seasonal variation
of effect of air pollution on blood pressure. J Epidemiol Community Health.
2007;61(4):314–8.

12. Chuang K-J, Yan Y-H, Cheng T-J. Effect of air pollution on blood pressure,
blood lipids, and blood sugar: a population-based approach. J Occup
Environ Med. 2010;52(3):258–62.

13. Delfino RJ, Tjoa T, Gillen DL, Staimer N, Polidori A, Arhami M, et al.
Traffic-related air pollution and blood pressure in elderly subjects with
coronary artery disease. Epidemiology. 2010;21(3):396–404.

14. Dvonch JT, Kannan S, Schulz AJ, Keeler GJ, Mentz G, House J, et al. Acute
effects of ambient particulate matter on blood pressure: differential effects
across urban communities. Hypertension. 2009;53(5):853–9.

15. Guo Y, Tong S, Zhang Y, Barnett AG, Jia Y, Pan X. The relationship between
particulate air pollution and emergency hospital visits for hypertension in
Beijing China. Sci Total Environ. 2010;408(20):4446–50.

http://www.who.int/mediacentre/factsheets/fs310_2008.pdf
http://www.who.int/mediacentre/factsheets/fs310_2008.pdf


Bangia et al. Environmental Health  (2015) 14:51 Page 10 of 11
16. Johnson D, Parker JD. Air pollution exposure and self-reported cardiovascular
disease☆. Environ Res. 2009;109(5):582–9.

17. Kannan S, Dvonch JT, Schulz AJ, Israel BA, Mentz G, House J, et al. Exposure
to fine particulate matter and acute effects on blood pressure: effect
modification by measures of obesity and location. J Epidemiol Community
Health. 2010;64(1):68–74.

18. Lin LY, Lin CY, Lin YC, Chuang KJ. The effects of indoor particles on blood
pressure and heart rate among young adults in Taipei Taiwan. Indoor Air.
2009;19(6):482–8.

19. McCracken JP, Smith KR, Díaz A, Mittleman MA, Schwartz J. Chimney stove
intervention to reduce long-term wood smoke exposure lowers blood pressure
among Guatemalan women. Environ Health Perspect. 2007;115(7):996–1001.

20. Zanobetti A. Ambient pollution and blood pressure in cardiac rehabilitation
patients. Circulation. 2004;110(15):2184–9.

21. Mordukhovich I, Wilker E, Suh H, Wright R, Sparrow D, Vokonas PS, et al.
Black carbon exposure, oxidative stress genes, and blood pressure in a
repeated-measures study. Environ Health Perspect. 2009;117(11):1767–72.

22. de Paula SU. Effects of air pollution on blood pressure and heart rate
variability: a panel study of vehicular traffic controllers in the city of Sao
Paulo Brazil. Eur Heart J. 2004;26(2):193–200.

23. Madsen C, Nafstad P. Associations between environmental exposure and
blood pressure among participants in the Oslo Health Study (HUBRO). Eur J
Epidemiol. 2006;21(7):485–91.

24. Brauer M, Ebelt ST, Fisher TV, Brumm J, Petkau AJ, Vedal S. Exposure of
chronic obstructive pulmonary disease patients to particles: respiratory and
cardiovascular health effects. J Expo Anal Environ Epidemiol.
2001;11(6):490–500.

25. Harrabi I, Rondeau V, Dartigues JF, Tessier JF, Filleul L. Effects of particulate
air pollution on systolic blood pressure: a population-based approach.
Environ Res. 2006;101(1):89–93.

26. United States Environmental Protection Agency. Diesel Particulate Matter.
http://www.epa.gov/NE/eco/airtox/diesel.html. Accessed 11 Mar 2011.

27. Brito JM, Belotti L, Toledo AC, Antonangelo L, Silva FS, Alvim DS, et al. Acute
cardiovascular and inflammatory toxicity induced by inhalation of diesel
and biodiesel exhaust particles. Toxicol Sci. 2010;116(1):67–78.

28. Tornqvist H, Mills NL, Gonzalez M, Miller MR, Robinson SD, Megson IL, et al.
Persistent endothelial dysfunction in humans after diesel exhaust inhalation.
Am J Respir Crit Care Med. 2007;176(4):395–400.

29. Nightingale JA, Maggs R, Cullinan P, Donnelly LE, Rogers DF, Kinnersley R,
et al. Airway inflammation after controlled exposure to diesel exhaust
particulates. Am J Respir Crit Care Med. 2000;162(1):161–6.

30. Nemmar A, Dhanasekaran S, Yasin J, Ba-Omar H, Fahim MA, Kazzam EE,
et al. Evaluation of the direct systemic and cardiopulmonary effects of diesel
particles in spontaneously hypertensive rats. Toxicology. 2009;262(1):50–6.

31. Gottipolu RR, Wallenborn JG, Karoly ED, Schladweiler MC, Ledbetter AD,
Krantz T, et al. One-month diesel exhaust inhalation produces hypertensive
gene expression pattern in healthy rats. Environ Health Perspect.
2009;117(1):38–46.

32. Grahame TJ, Schlesinger RB. Cardiovascular health and particulate vehicular
emissions: a critical evaluation of the evidence. Air Qual Atmos Health.
2010;3(1):3–27.

33. United States Environmental Protection Agency. Estimated order of
potential potencies of selected PAH based on mouse skin carcinogenesis.
1993. http://www.epa.gov/oswer/riskassessment/sghandbook/pdfs/pah-rpfs.pdf.
Accessed 12 Apr 2011.

34. Urch B, Silverman F, Corey P, Brook JR, Lukic KZ, Rajagopalan S, et al. Acute
blood pressure responses in healthy adults during controlled air pollution
exposures. Environ Health Perspect. 2005;113(8):1052–5.

35. Lee MS. Magari S. Cardiac autonomic dysfunction from occupational
exposure to polycyclic aromatic hydrocarbons. Occup Environ Med:
Christiani DC; 2010.

36. Gentner NJ, Weber LP Intranasal benzo[a]pyrene alters circadian blood
pressure patterns and causes lung inflammation in rats. Arch Toxicol. 2010.

37. Curfs DMJ, Knaapen AM, Pachen DMFA, Gijbels MJJ, Lutgens E, Smook MLF,
et al. Polycyclic aromatic hydrocarbons induce an inflammatory
atherosclerotic plaque phenotype irrespective of their DNA binding
properties. FASEB J. 2005.

38. Curfs DMJ, Lutgens E, Gijbels MJJ, Kockx MM, Daemen MJAP, van Schooten
FJ. Chronic exposure to the carcinogenic compound benzo[a]pyrene
induces larger and phenotypically different atherosclerotic plaques in
ApoE-Knockout mice. Am J Pathol. 2004;164(1):101–8.
39. Thirman MJ, Albrecht JH, Krueger MA, Erickson RR, Cherwitz DL, Park SS,
et al. Induction of cytochrome CYPIA1 and formation of toxic metabolites
of benzo[a]pyrene by rat aorta: a possible role in atherogenesis. Proc Natl
Acad Sci U S A. 1994;91:5397–401.

40. Hough JL, Baird MB, Sfeir GT, Pacini CS, Darrow D, Wheelock C.
Benzo[a]pyrene enhances atherosclerosis in White Carneau and Show Racer
Pigeons. Arterioscler Thromb. 1993;13(12):1721–7.

41. Penn A, Snyder C. Arteriosclerotic plaque development is ‘promoted’ by
polynuclear aromatic hydrocarbons. Carcinogenesis. 1988;9(12):2185–9.

42. Everett CJ, King DE, Player MS, Matheson EM, Post RE, Mainous Iii AG.
Association of urinary polycyclic aromatic hydrocarbons and serum C-reactive
protein. Environ Res. 2010;110(1):79–82.

43. Burstyn I, Kromhout H, Partanen T, Svane O, Langard S, Ahrens W, et al.
Polycyclic aromatic hydrocarbons and fatal ischemic heart disease.
Epidemiology. 2005;16(6):744–50.

44. United States Environmental Protection Agency. National Air Toxics Assessments.
http://www.epa.gov/ttn/atw/natamain/index.html. Accessed 14 Mar 2011.

45. United States Environmental Protection Agency. National-Scale Air Toxics
Assessment for 2005 Fact Sheet. 2011. http://www.epa.gov/ttn/atw/
nata2005/05pdf/nata2005_factsheet.pdf. Accessed 14 Mar 2011.

46. United States Environmental Protection Agency. National-Scale Air Toxics
Assessment for 2002 Fact Sheet. 2009. http://www.epa.gov/ttn/atw/
nata2002/factsheet.html. Accessed 14 Mar 2011.

47. Marin G, Gamba R. A new measurement of acculturation for Hispanics: the
bidemensional acculturation scale for Hispanics (BAS). Hisp J Behav Sci.
1996;18:297–316.

48. Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. 3rd ed.
Philadelphia: Lippincott Williams & Wilkins; 2008.

49. Jacobs L, Buczynska A, Walgraeve C, Delcloo A, Potgieter-Vermaak S, Van
Grieken R, et al. Acute changes in pulse pressure in relation to constituents
of particulate air pollution in elderly persons. Environ Res. 2012;117:60–7.

50. Sasser L, Lundstrom D, Zangar R, Springer D, Mahlum D. Elevated blood
pressure and heart rate in rats exposed to a coderived complex organic
mixture. J Appl Toxicol. 1989;9(1):47–52.

51. Kellen JA, Anderson KM. Hypertension in Sprague–Dawley rats after single
or multiple challenge with DMBA. Res Commun Chem Pathol Pharmacol.
1972;3(1):123–8.

52. Jules GE, Pratap S, Ramesh A, Hood DB. In utero exposure to benzo(a)pyrene
predisposes offspring to cardiovascular dysfunction in later-life. Toxicology.
2012;295(1–3):56–67.

53. Ichihara S, Yamada Y, Gonzalez FJ, Nakajima T, Murohara T, Ichihara G.
Inhibition of ischemia-induced angiogenesis by benzo[a]pyrene in a manner
dependent on the aryl hydrocarbon receptor. Biochem Biophys Res Commun.
2009;381(1):44–9.

54. Cosselman KE, Krishnan RM, Oron AP, Jansen K, Peretz A, Sullivan JH, et al.
Blood pressure response to controlled diesel exhaust exposure in human
subjects. Hypertension. 2012;59(5):943–8.

55. Mills NL, Tornqvist H, Robinson SD, Gonzalez M, Darnley K, MacNee W, et al.
Diesel exhaust inhalation causes vascular dysfunction and impaired
endogenous fibrinolysis. Circulation. 2005;112(25):3930–6.

56. Langrish JP, Lundback M, Mills NL, Johnston NR, Webb DJ, Sandstrom T,
et al. Contribution of endothelin 1 to the vascular effects of diesel exhaust
inhalation in humans. Hypertension. 2009;54(4):910–5.

57. Krishnan RM, Adar SD, Szpiro AA, Jorgensen NW, Van Hee VC, Barr RG, et al.
Vascular responses to long- and short-term exposure to fine particulate
matter: MESA Air (Multi-Ethnic Study of Atherosclerosis and Air Pollution). J
Am Coll Cardiol. 2012;60(21):2158–66.

58. Allen RW, Criqui MH, Diez Roux AV, Allison M, Shea S, Detrano R, et al. Fine
particulate matter air pollution, proximity to traffic, and aortic
atherosclerosis. Epidemiology. 2009;20(2):254–64.

59. Leon Bluhm G, Berglind N, Nordling E, Rosenlund M. Road traffic noise and
hypertension. Occup Environ Med. 2007;64(2):122–6.

60. Boykin S, Diez-Roux AV, Carnethon M, Shrager S, Ni H, Whitt-Glover M.
Racial/ethnic heterogeneity in the socioeconomic patterning of CVD risk
factors: in the United States: the multi-ethnic study of atherosclerosis. J
Health Care Poor Underserved. 2011;22(1):111–27.

61. White K, Avendano M, Capistrant BD, Robin Moon J, Liu SY, Maria Glymour
M. Self-reported and measured hypertension among older US- and
foreign-born adults. J Immigr Minor Health. 2012;14(4):721–6.

62. Goldman N, Lin IF, Weinstein M, Lin YH. Evaluating the quality of self-reports of
hypertension and diabetes. J Clin Epidemiol. 2003;56(2):148–54.

http://www.epa.gov/NE/eco/airtox/diesel.html
http://www.epa.gov/oswer/riskassessment/sghandbook/pdfs/pah-rpfs.pdf
http://www.epa.gov/ttn/atw/natamain/index.html
http://www.epa.gov/ttn/atw/nata2005/05pdf/nata2005_factsheet.pdf
http://www.epa.gov/ttn/atw/nata2005/05pdf/nata2005_factsheet.pdf
http://www.epa.gov/ttn/atw/nata2002/factsheet.html
http://www.epa.gov/ttn/atw/nata2002/factsheet.html


Bangia et al. Environmental Health  (2015) 14:51 Page 11 of 11
63. Sorensen M, Hoffmann B, Hvidberg M, Ketzel M, Jensen SS, Andersen ZJ,
et al. Long-term exposure to traffic-related air pollution associated with
blood pressure and self-reported hypertension in a Danish cohort. Environ
Health Perspect. 2012;120(3):418–24.

64. Payne-Sturges DC, Burke TA, Breysse P, Diener-West M, Buckley TJ. Personal
exposure meets risk assessment: a comparison of measured and modeled
exposures and risks in an urban community. Environ Health Perspect.
2004;112(5):589–98.

65. Turpin BJ, Weisel C, Morandi MT, Colome SD, Stock C, Eisenreich SJ, Buckley
B. Relationships of Indoor, Outdoor, and Personal Air (RIOPA): Part II. Analysis
of Concentrations of Particulate Matter Species. In: Health Effects Institute,
Mickey Leland National Urban Air Toxics Research Center; 2007.

66. Naumova YY, Eisenreich SJ, Turpin BJ, Weisel CP, Morandi MT, Colome SD,
et al. Polycyclic aromatic hydrocarbons in the indoor and outdoor air of
three cities in the U.S. Environ Sci Technol. 2002;36(12):2552–9.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Outcome assessment
	Exposure assessment
	Potential confounders
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



