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Abstract Asthma and obesity-related health problems

disproportionately impact low-income ethnic minority

communities residing in urban areas. Environmental risk

factors, particularly those related to housing and indoor air,

may impact the development or exacerbation of asthma.

There is increasing evidence to suggest a link between

obesity-related health problems and asthma. Previous

studies have also reported that immigrant status may influ-

ence myriad risk factors and health outcomes among

immigrant populations. The Arab American Environmental

Health Project (AAEHP) was the first study to explore

environmental health problems among Arab Americans.

This paper examined whether hypertensive status modified

the relationship between environmental risk factors and

asthma among Arab Americans in metro Detroit. An envi-

ronmental risk index (ERI) was used to quantify household

environmental risk factors associated with asthma. Physician

diagnosed hypertension was self-reported, and asthma status

was determined using responses to a validated symptoms

checklist and self-reported diagnosis by a physician. Hyper-

tension significantly modified the relationship between ERI

and asthma in this study population. The positive association

between household environmental risk factors and asthma

was stronger among participants diagnosed with hyperten-

sion. Effect modification of the relationship between

environmental risk factors and asthma could have serious

implications among high-risk communities. However, further

research is needed to elucidate the relationships between

hypertension, environmental risk factors, and asthma.
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Introduction

The global epidemics of asthma [1, 2] and obesity-related

health problems [3] have resulted in public health crises.

There are approximately 15 million current asthmatics in

the United States [2] and the prevalence of asthma in North

America has increased by approximately 50% each decade

[4]. The burden of obesity-related health problems [5–8]

including hypertension is also increasing [9, 10]. Global

prevalence of hypertension has been estimated at 26% [11]

and 7.6 million premature deaths per year worldwide have

been attributed to hypertension [12].

The disproportionate burden of asthma morbidity and

mortality among urban-dwelling, low SES, and ethnic

minority populations in the U.S. has been well documented

[13–17]. Asthma has been cited as a major source of health
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disparities among minority and low socioeconomic groups

[17]. LeNoir reported that Hispanic and African Americans

were two to six times more likely to die of asthma com-

pared with white asthmatics [4].

There are also major racial and ethnic disparities in

cardiovascular and metabolic health problems including

obesity, hypertension, cardiovascular disease, and diabetes

[18–20]. Obesity and hypertension have received consid-

erable attention due to their role as risk factors for adverse

cardiovascular and metabolic events [2, 6]. Minor et al.

[20] suggested that racial and ethnic disparities in cardio-

vascular outcomes maybe largely explained by disparities

in hypertension. Finally, there is some evidence that

immigrant status may be related to asthma [21, 22] as well

as metabolic and cardiovascular health problems [23–26].

In order to improve disease management and health

outcomes, it is vital to understand the impact of obesity,

hypertension, and other metabolic/cardiovascular condi-

tions on asthma, particularly in high-risk communities.

There is some evidence to suggest a link between cardio-

vascular/metabolic health problems and asthma [27–29].

However, these links are poorly understood, and the role of

environmental risk factors in those relationships has yet to

be explored.

Disproportionate exposure to environmental risk factors

may contribute to asthma disparities in low SES, urban-

dwelling, and ethnic minority groups [1, 4, 16, 17, 30].

Poor housing quality has received considerable attention in

recent years as a potential determinant of health, particu-

larly among ethnic minorities residing in low-income urban

areas [31–35]. Environmental risk factors associated with

substandard housing have been implicated in a wide range

of health outcomes [36] and the impact of household

environmental insults on asthma outcomes has been well

documented [1, 37–40]. Substandard housing has also been

associated with increased stress and anxiety [30, 41], which

may have a significant impact on multiple disease out-

comes including asthma [42–46] and cardiovascular or

metabolic health problems [47–49].

Poor housing quality, high levels of pollution, barriers to

quality health care and other risk factors found in urban

immigrant reception areas such as Detroit, Michigan may

have significant health impacts, particularly among vul-

nerable populations. This confluence of environmental and

socio-demographic risk factors for asthma has been

explored among various ethnic minority and immigrant

groups [21, 22, 50–52]. However, the Arab American

Environmental Health Project (AAEHP) was the first study

focused on asthma and environmental disease burden

among Arab Americans.

AAEHP previously published the prevalence of asthma

and other chronic health problems among Arab Americans

in metro Detroit [53, 54]. Preliminary analyses of

relationships between environmental risk factors (ERI) and

chronic disease burden in this population were also reported

[53, 54]. The current paper explored whether hypertensive

status modified the relationship between environmental risk

factors and asthma among Arab Americans in the metro

Detroit area.

Methods

The Arab American Environmental Health Project

(AAEHP) conducted household surveys in 600 Arab

American homes in the metro Detroit area. The research was

conducted in collaboration between Arab Community Cen-

ter for Economic and Social Services (ACCESS) and the

University of Michigan School of Public Health according to

the community based participatory research model [55, 56].

The study design and methods were described in detail by

Johnson et al. [53].

Questionnaire Development

The household survey was developed in collaboration with a

community council comprised of bilingual Arab American

community stakeholders including local teachers, health care

professionals, and other community advocates. The commu-

nity council guided the research in every phase of the study

including identification of research goals, development of

study design, questionnaire development and revision, and

prioritizing research questions during data analysis. For

example, based on feedback from the community council,

questions that were difficult to understand in translation or

deemed unlikely to elicit meaningful responses in the study

community were removed from the questionnaire. Translation

of wheeze and other asthma-related outcomes was reviewed

and approved by this group.

Community Environmental Health Advocates

Trained community environmental health advocates con-

ducted all household surveys. Community health advocates

were all bilingual Arab Americans living in metro Detroit;

several were trained as physicians. In additional to their

professional experience, community advocates received

40 h of training in environmental hazard assessment,

household risk factor evaluation, and basic principles of

environmental justice directed by the project manager

(a bilingual Arab American physician). Community envi-

ronmental health advocates also participated in a series of

workshops led by environmental health experts. All com-

munity environmental health advocates were trained to

understand and discuss asthma-related issues including

symptoms. Following training, community health advocates
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conducted eight home visits under the supervision of the

project manager. Community advocates were able to pro-

vide additional feedback about survey questions after

administering the questionnaire in these homes. Community

advocates of various backgrounds were matched with geo-

graphic areas in Detroit based on predominant dialect

spoken in those areas to optimize communication between

community advocates and participants.

Household Selection

Households were selected from four regions in the Detroit

metropolitan area: Dearborn, Hamtramck, Oak Park, and

Detroit Seven Mile zone. These areas encompass the pre-

dominantly Arab-American immigrant reception pool in

Detroit, and some of the heaviest industrial polluters in

Wayne County. The proportional representation of partic-

ipants from each area—57% from Dearborn, 17% from

Hamtramck, 16% from Detroit Seven Mile, and 10% from

Oak Park—was based on rough estimates of the number of

Arab Americans living in each area.

Participants in Dearborn were selected randomly from a

database of Arab American households developed for a

previous ACCESS study based on property tax informa-

tion. Addresses were collected from property assessment

data for Oak Park, Hamtramck, and the Detroit Seven Mile

area. Property assessment data was augmented with a list of

individual apartment numbers compiled by researchers

walking or driving through the study neighborhoods.

Addresses were randomly selected from the resulting

databases.

Prior to the attacks on the World Trade Center in New

York on September 11th 2001, advocates approached both

Arab and non-Arab American households in the process of

recruiting Arab American participants. This recruitment

method was used to select households in Oak Park. After

the attacks on September 11th, face-to-face screening

became uncomfortable and potentially dangerous for the

community health advocates. In response to this challenge,

advocates compiled lists of Arab American households in

Hamtramck and the Detroit Seven Mile area using block-

by-block survey of predominantly Arab American neigh-

borhoods. Households in Hamtramck and the Detroit Seven

Mile were randomly selected from these lists.

Household Survey

Community advocates initially approached families directly

by knocking on the door. The household assessment survey

was administered at the initial meeting if an adult (18?)

household member was willing to participate. If the house-

hold member was unable to do the interview during the initial

meeting, the advocates arranged appointments to administer

the survey at a more convenient time.

Community health advocates administered question-

naires orally to household participants and filled in

subsequent responses. Questionnaires were administered in

either English or Arabic based on participant preference.

All of the interviewers were native Arab speakers, and

most of the interviews were conducted in Arabic. Partici-

pating households received a baseline incentive of $50

upon completion of the survey. The survey was carried out

between August 2001 and January 2002.

The study design and research methods for the AAEHP

were approved by the University of Michigan Institutional

Review Board (IRB) in accordance with federal regula-

tions. Interviewers obtained written informed consent from

adult members of the household before administering the

survey. The consent form adhered to the provisions out-

lined by the University of Michigan IRB and was available

to participants in both English and Arabic.

Response Rate

Advocates approached each eligible household at least four

times. If they were unable to conduct or schedule an inter-

view within this timeframe, the household was classified as a

refusal. These default refusals included households in which

no one was home during four separate visits.

Of the 706 households that were eligible, only 12%

refused to participate directly or were excluded after four

unsuccessful attempts to contact the household. A total of

618 household surveys were completed. Of the 618 com-

pleted surveys, 600 were used in the analysis. One of the

original community advocates left the project after com-

pleting 15 surveys; these surveys were subsequently omitted

from the final analysis. Survey data from three additional

households were excluded from the analysis because they

were incomplete. Pilot surveys conducted during community

advocate training were not included in the analysis.

The AAEHP gathered information about the 600 adult

respondents, 432 spouses, and 430 children as part of the

household survey. The complete dataset includes data for a

total of 1,462 individuals. This paper focused on data for

the 600 adult respondents who participated in the house-

hold survey.

Environmental Risk Index

The survey included a ranking scheme for 17 critical risk and

protective factors that were used to estimate the environ-

mental risk index (ERI) for each household [53]. The ERI

focused on shared household exposures, e.g., risk factors

present in living spaces utilized by the entire household such

as the kitchen or the family room, or exposures such as
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heating source or temperature that affect the entire home

rather than individual spaces such as a bedroom. The envi-

ronmental risk index considered physical features of the

home (e.g., year built, housing material, central air condi-

tioning, basement, heating source, furnace type and filter,

garage presence/proximity to home/and usage, weather-

proofing, clothes drier, pesticide application on property,

water leaks in the home, pet ownership, cockroach problems,

and daytime indoor temperature) as well as some subjective

evaluation (such as difficulty in getting the landlord to make

repairs and self-reported quality of the home).

Risk factors were assigned positive scores and protective

factors were assigned negative scores. Score magnitude for

each risk or protective factor was based on the strength of its

association with asthma in the literature. Scores for the

individual questions were added together to form a summary

ERI value for each household. ERI score ranged from 1 to 17

with a mean and median of 6.0. ERI was considered as a

continuous variable scaled by interquartile range (IQR) and

as a binary variable (top 10% versus lower 90%) in the

analyses presented in this paper.

Asthma and Other Chronic Health Problems

The survey assessed self-reported asthma and doctor-

diagnosed asthma in the study population. Doctor-diag-

nosed asthma was defined as a positive response to the

question: ‘‘have you ever been diagnosed with asthma by a

physician?’’ Self-reported asthma was based on response to

questions about symptoms and hospitalization. Community

advocates administered the asthma diagnostic checklist, a

series of 13 yes/no questions developed by the American

College of Allergy, Asthma & Immunology and used in a

national screening program to identify potential asthmatics

[57]. The checklist has also been used as a screening tool in

numerous clinical settings including the University of

Michigan Health Services [58].

Respondents who answered yes to four or more of the

checklist questions were considered to be at some risk for

asthma. In addition to responding yes to 4 or more questions

on the asthma diagnostic checklist, participants identified as

‘‘at risk’’ for asthma had to report wheezing symptoms with

or without a cold, or wheezing that caused breathing diffi-

culty in a separate section of the survey in order to be

classified as self-reported asthmatics. Both doctor-diagnosed

and self-reported asthmatics were considered asthmatic in

the statistical analysis; however, some analyses were limited

to participants with doctor-diagnosed asthma or asthma-

related hospitalization. The survey assessed the prevalence

of other doctor-diagnosed health problems including aller-

gies, hypertension, high cholesterol, heart disease, diabetes,

frequent bladder infections, frequent ear infections, frequent

sinus infections, cancer, and chronic fatigue.

Covariates

The study assessed numerous socio-demographic factors

including age, sex, education, employment status, and

health care access. Age was divided into three categories

for stratified analyses: 18–30, 31–50, and 51–71 or older.

Education ranged from no formal schooling to post-grad-

uate degree. Reporting a regular family doctor was used as

a surrogate for health care access in the analyses. Unem-

ployment was coded as a three-level variable. Participants

who were unemployed and looking for work were assigned

an unemployment value of two; participants who reported

having full-time employment outside of the home were

assigned an unemployment value of zero; and those who

were retired, students, housewives, on disability, or

employed part-time were assigned an unemployment score

of one. Smoking was assessed for a subset of the partici-

pants (N = 200). Analyses adjusting for environmental

tobacco smoke (ETS) were considered for this subset of the

study population.

Statistical Analyses

Statistical analyses were performed using SAS 8.0 (SAS

Institute, Cary, North Carolina, USA). Basic descriptive

statistics were generated using univariate and frequency

analysis. Multivariate regression analyses were used to

assess ERI and hypertension as independent predictors of

asthma, and to evaluate whether ERI was associated with

hypertension. All tests were considered statistically sig-

nificant at alpha\0.05. Associations with a P value greater

than 0.050 and less than 0.10 were considered to be mar-

ginally significant.

Potential effect modification of the relationship between

ERI and asthma by hypertension was evaluated by testing

the statistical significance of the multiplicative interaction

term (Model 1).

Model 1:

Asthma ¼b0þ b Hypertension�ERIþ bHypertension

þb ERIþ b age þ b sex

þb health care accessþ b education

Effect modification was also evaluated using the Likeli-

hood Ratio test (LR): LR = [-2 ln L(reduced)] - [-2 ln

L(full)] to compare a multivariate model that included a

multiplicative interaction term for ERI and hypertension

(Model 1) with a multivariate model omitting the interac-

tion term (Model 2).

Model 2:

Asthma ¼b0þ b Hypertensionþ b ERIþ bage

þb sexþ b health careaccessþ b education
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The full model for the LR test contained an interaction

term for ERI and hypertension in addition to ERI, hyper-

tension and potential confounders, while the nested model

included all variables in the full model with the exception

of the multiplicative interaction term. LR was tested for

significance using the Chi Square table, with degrees of

freedom (df) equal to the difference in parameter number

between the full and nested models (e.g., for the compar-

isons reported in this paper df = 1).

Stratum-specific odds ratios for participants with and

without hypertension were generated using interaction

models with stratum specific parameter estimates for ERI

and hypertensive status (Model 3).

Model 3:

Asthma ¼b0þ b Hypertension�ERI

þb Non - Hypertension�ERI

þb Hypertensionþ b ageþ bsex

þb health care accessþ beducation

where non-hypertension = 0 when hypertension = 1, and

non-hypertension = 1 when hypertension = 0.

Odds ratios for stratum-specific ERI were similar

for models including stratum-specific confounders (e.g.,

hypertension*age and non-hypertension*age), therefore,

stratum-specific parameter estimates from the simplified

model (Model 3) were reported in this paper.

Results

Descriptive Statistics

Women accounted for 58% of the study population

(Table 1). Approximately 40% of the study participants

had completed high school and 19% were employed full

time outside of the home. These frequencies were similar

when self-reported asthmatics were omitted from the study

population. The prevalence hypertension was 18% in the

study population and 16% of study participants were

asthmatic. ERI score ranged from 1 to 17 with a mean and

median score of 6.0. IQR for ERI score was 4.0.

Factors Associated with Hypertension

Logistic regression analyses of socio-demographic and

environmental factors associated with hypertension are

presented in Table 2. Age and health care access were

positively associated with hypertension. The prevalence of

hypertension did not vary by gender or education. ERI

Table 1 Demographic characteristics, environmental risk factors, and health outcomes among Arab Americans in metro Detroit

Total study population

(N = 590)

Self-reported asthmatics

omitted (N = 559)

Hypertensive

(N = 105)

Non-hypertensive

(N = 485)

Frequency (%)

Age

18–30 years 32 32 6.7 37

31–50 years 40 40 22 44

51–70? years 28 28 71 19

Sex

Female 58 59 52 59

Male 42 41 48 41

Education

Less than high school education 59 58 78 55

High school only 21 22 16 22

Any post secondary education 20 20 6 23

Health care access

Regular family doctor 84 85 96 82

Health outcomes

Asthmatic 16 11 28 13

Hypertensive 18 18 – –

Mean score (Range)

Environmental risk factors

Environmental risk index (ERI) 6.0 (1.0–17) 6.0 (1.0–17) 6.6 (1.0–17) 6.0 (1.0–17)
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score was not significantly associated with hypertension,

although there was a marginally significant positive asso-

ciation between binary ERI score (top 10% versus lower

90%) and hypertension in univariate models.

Factors Associated with Asthma

Logistic regression analyses of factors associated with

asthma are presented in Table 3. Age was positively asso-

ciated with asthma in univariate models; however the

association between age and asthma was no longer signifi-

cant in multivariate models including sex, health care access,

education and ERI score. Health care access was positively

associated with asthma in univariate and multivariate anal-

yses, although the association between health care access and

asthma only achieved statistical significance in univariate

analyses excluding self-reported asthmatics. Education was

inversely associated with asthma in univariate models, but

this association was only marginally significant in multi-

variate models. Asthma prevalence did not vary by gender.

ERI score was positively associated with asthma in

multivariate models adjusting for age, sex, health care

access, and education (Table 3). The odds of having

asthma increased by 1.5 per IQR (IQR = 4.0) of ERI score

and participants with the highest ERI scores (top 10%)

were 2.5 times more likely to have asthma compared

with the rest of the study population. Associations between

ERI and asthma were similar for models with and without

self-reported asthmatics, although only the comparison of

high versus low ERI score achieved statistical significance

when self-reported asthmatics were excluded.

Hypertension was significantly associated with asthma

adjusting for age, sex, health care access, education and ERI

score (Table 3). However, there was evidence of a positive

(multiplicative) interaction between ERI score and hyper-

tension as predictors of asthma (Tables 3, 4). This interaction

was statistically significant in multivariate models (Table 3).

Comparison of models including an interaction term for ERI

and hypertension (Model 1) with models omitting the inter-

action term (Model 2) using the Likelihood Ratio test

suggested that Model 1 (including multiplicative interaction

between ERI and hypertension) was a better model for this

study population (p value \ 0.001).

Model 1:

Asthma ¼ b0þ b Hypertension�ERIþ bHypertension

þ b ERIþ b ageþ b sex

þ b health care accessþ b education

Model 2:

Asthma ¼ b0þ b Hypertensionþ b ERI þ b age

þ b sexþ b healthcare accessþ b education

Stratum-specific odds ratios for participants with and

without hypertension (Model 3) are presented in Table 4.

The odds of reporting asthma were approximately

2.4 times greater per IQR increase in ERI among

Table 2 Logistic regression

analysis of factors associated

with hypertension among Arab

Americans in metro Detroit

a Adjusted odds ratios from

multivariate models including

age, sex, health care access,

education, and ERI score (per

IQR)
b Adjusted for age, sex, health

care access, and education

Total study population

(N = 590)

Self-reported asthmatics

omitted (N = 559)

OR 95% CI P value OR 95% CI P value

Univariate models

Socio-demographic factors

Age 2.2 [1.89, 2.62] \0.0001 2.4 [1.99, 2.82] \0.0001

Sex (Reference = Male) 0.75 [0.49, 1.15] 0.19 0.79 [0.51, 1.22] 0.29

Health care access (regular family doctor) 5.5 [1.98, 15.4] 0.0011 5.1 [1.82, 14.2] 0.0019

Education 0.72 [0.64, 0.81] \0.0001 0.70 [0.62, 0.80] \0.0001

Environmental risk factors

ERI Score (top 10% versus lower 90%) 1.7 [0.94, 3.02] 0.078 1.7 [0.93, 3.18] 0.084

ERI Score (per IQR) 1.2 [0.88, 1.56] 0.29 1.1 [0.84, 1.55] 0.40

Multivariate models

Socio-demographic factors

Agea 2.1 [1.77, 2.57] \0.0001 2.3 [1.87, 2.79] \0.0001

Sex (Reference = Male)a 1.1 [0.67, 1.94] 0.62 1.2 [0.71, 2.19] 0.44

Health care access (regular family doctor)a 3.6 [1.21, 10.4] 0.021 3.4 [1.14, 10.1] 0.028

Educationa 0.95 [0.83, 1.09] 0.47 0.94 [0.81, 1.08] 0.39

Environmental risk factors

ERI Score (top 10% versus lower 90%)b 1.6 [0.80, 3.21] 0.18 1.7 [0.82, 3.64] 0.15

ERI Score (per IQR)b 1.1 [0.80, 1.55] 0.53 1.1 [0.76, 1.56] 0.64
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participants with hypertension. Odds ratios for ERI and

asthma among participants without hypertension were

close to one per change in IQR.

The relationship between ERI and asthma did not vary

significantly by gender (data not shown). ERI score

appeared to be a stronger predictor of asthma among

older adults (51–70? years), but further analyses sug-

gested that this apparent association was due to the high

prevalence of hypertension among older adults (data not

shown).

Discussion

This study explored relationships between environmental

risk factors, hypertension and asthma among Arab American

adults in the metro Detroit area. Asthma and hypertension

were more common among respondents with low SES, while

hypertension was more common among older adults in the

study population. As reported in previous publications, [53,

54] the environmental risk index (ERI), a summary measure

of household environmental risk factors, was positively

Table 3 Logistic regression

analysis of factors associated

with asthma among Arab

Americans in metro Detroit

a Adjusted odds ratios from

multivariate models including

age, sex, health care access,

education, and ERI score (per

IQR)
b Adjusted for age, sex, health

care access, and education
c Adjusted for age, sex, health

care access, education, and ERI

score (per IQR)
d Adjusted for age, sex, health

care access, education, ERI

score (per IQR), and

hypertension

Total study population

(N = 590)

Self-reported asthmatics

omitted (N = 559)

OR 95% CI P value OR 95% CI P value

Univariate models

Socio-demographic factors

Age 1.2 [1.02, 1.33] 0.027 1.1 [0.96, 1.34] 0.13

Sex (Reference = Male) 0.75 [0.48, 1.17] 0.21 0.87 [0.51, 1.48] 0.60

Health care access (regular family doctor) 2.1 [0.98, 4.50] 0.056 3.9 [1.18, 12.6] 0.025

Education 0.87 [0.78, 0.97] 0.012 0.82 [0.72, 0.94] 0.0056

Environmental risk factors

ERI Score (top 10% versus lower 90%) 2.4 [1.37, 4.32] 0.0024 2.1 [1.07, 4.30] 0.031

ERI Score (per IQR) 1.5 [1.09, 1.97] 0.012 1.3 [0.89, 1.84] 0.18

Comorbidity

Hypertension 2.7 [1.66, 4.50] \0.0001 3.4 [1.92, 6.06] \0.0001

Multivariate models

Socio-demographic factors

Agea 1.0 [0.89, 1.21] 0.63 0.98 [0.81, 1.18] 0.82

Sex (Reference = Male)a 0.71 [0.44, 1.15] 0.16 0.74 [0.41, 1.32] 0.30

Health care access (regular family doctor)a 2.1 [0.96, 4.62] 0.064 3.7 [1.10, 12.2] 0.034

Educationa 0.88 [0.78, 1.00] 0.056 0.83 [0.71, 0.97] 0.020

Environmental risk factors

ERI Score (top 10% versus lower 90%)b 2.5 [1.40, 4.60] 0.0021 2.3 [1.14, 4.84] 0.021

ERI Score (per IQR)b 1.5 [1.08, 1.99] 0.014 1.3 [0.88, 1.88] 0.18

Comorbidity

Hypertensionc 2.3 [1.30, 4.22] 0.0045 3.4 [1.68, 6.78] 0.0006

Interaction between ERI and hypertension

ERI Score (per IQR) * Hypertensiond 2.1 [1.02, 4.20] 0.043 2.8 [1.23, 6.54] 0.015

Table 4 Stratum-specific odds

ratios for ERI and asthma for

study participants with and

without hypertensiona

a Stratum-specific odds ratios

for ERI and asthma adjusted for

age, sex, education, and health

care access

Odds ratios for participants

with hypertension

Odds ratios for participants

without hypertension

OR 95% CI P value OR 95% CI P value

Total study population (N = 590)

ERI Score (top 10% versus lower 90%) 3.9 [1.34, 11.4] 0.012 1.9 [0.89, 4.08] 0.099

ERI Score (per IQR) 2.4 [1.31, 4.28] 0.0042 1.1 [0.78, 1.68] 0.50

Self-reported asthmatics omitted (N = 559)

ERI Score (top 10% versus lower 90%) 4.3 [1.35, 13.6] 0.014 1.3 [0.42, 3.83] 0.67

ERI Score (per IQR) 2.3 [1.22, 4.45] 0.011 0.82 [0.48, 1.40] 0.47
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associated with asthma. ERI was not significantly associated

with hypertension in multivariate models. This study also

found that the relationship between ERI and asthma was

significantly stronger among study participants with

hypertension.

Few studies have explored the burden of chronic health

problems among Arab Americans, and no previous studies

have reported asthma prevalence in this population.

Asthma prevalence among Arab Americans in the current

study was compared with state, national, and international

prevalence of asthma in a previous publication [53]. The

prevalence of hypertension in the current study was con-

sistent with the results of previous studies among Arab

Americans. Hatahet et al. [59] reported high prevalence of

risk factors for heart disease including obesity, hyperten-

sion and high cholesterol among Arab Americans residing

in Southeast Michigan, while Dallo and James [60]

reported a hypertension prevalence of 16% among Chal-

dean-American women in metro Detroit.

Socio-Demographic and Environmental Risk Factors

for Asthma and Hypertension

Age was positively associated with hypertension, but not

with asthma, in multivariate models adjusting for socio-

demographic and environmental risk factors. Education was

inversely associated with both asthma and hypertension;

although associations between education and hypertension

did not achieve statistical significance in multivariate

models. The prevalence of asthma and hypertension did not

vary by gender in this study population.

Socio-demographic risk factors for hypertension and

asthma among Arab Americans were consistent with pre-

viously reported risk factors for asthma and hypertension.

In the U.S. and other developed nations, the risk and

prevalence of hypertension has been identified as higher

among ethnic minority, low SES, and older age groups

[61–64]. Low SES and ethnicity have also been identified

as independent risk factors for asthma [65, 66]. As in the

general population, SES indicators such as education and

employment have also been inversely associated with

systolic and diastolic blood pressure in a previous study

among Arab Americans [60].

The environmental risk index (ERI) score was positively

associated with asthma, but not with hypertension in

multivariate models adjusting for socio-demographic con-

founders. The relationship between ERI score and asthma

was consistent with the goal of developing the environmental

risk index to assess household environmental risk factors for

asthma. The relationship between ERI and asthma has been

discussed in depth by Johnson et al. [53]. Although envi-

ronmental risk factors such as low-level lead exposure [67,

68] have been associated with hypertension, there is no

evidence in the literature to suggest that household envi-

ronmental risk factors for asthma were associated with

hypertension. Therefore it was unsurprising that an instru-

ment designed to assess environmental risk factors for

asthma was not predictive of hypertensive status.

Asthma, ERI, and Hypertension

In the current study, the relationship between household

environmental risk factors and asthma was stronger among

participants with physician-diagnosed hypertension com-

pared to those without a diagnosis of hypertension. There are

several possible explanations for this apparent effect modi-

fication. For example, hypertension could act as a surrogate

for a true effect modifier, most likely a shared risk factor for

both asthma and hypertension. Alternately, hypertensive

status could indicate increased susceptibility for asthma

development. Increased susceptibility could arise from

shared pathways and/or mechanisms of pathology associated

with both asthma and hypertension, or increased suscepti-

bility for asthma development due to physiological changes

associated with hypertension. Although biological pathways

and susceptibility are discussed in this paper as potential

explanations for the interaction between environmental risk

factors and hypertension as predictors of asthma, the cross-

sectional nature of the current study limits our interpretation

of this effect modification.

Hypertension could have acted as a surrogate for a risk

factor that was not measured in the current study. For

example, the true effect modifier could be a shared risk

factor for asthma and hypertension that was not measured

in the study population. There are several important risk

factors shared by asthma and hypertension. Obesity has

been linked with the development of both asthma [69–73]

and hypertension [9, 10, 74–76]. Psychosocial stress has

also been implicated in causal pathways for asthma [42–

46] and hypertension [47–49]. Finally, environmental

tobacco smoke (ETS) has been associated with both the

development and exacerbation of asthma [77–81] and

hypertension [82–85]. ETS was not assessed for all of the

participants in this study, therefore the role of ETS could

not be considered in the current analyses. However, among

the subset of participants (N = 200) for whom ETS data

was collected, the interaction between ERI and hyperten-

sion was similar, P \ 0.05 (data not shown).

With the exception of ETS, there is little evidence in the

literature to suggest shared environmental risk factors for

asthma and hypertension. Low-level lead exposure has

been causally associated with hypertension [67, 68] and a

few studies have explored a potential association between

lead exposure and asthma; however, current evidence is

inconclusive. Pugh [86] found a significant association

between lead poisoning and asthma among high-risk
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children in Saginaw, Michigan, while Myers et al. [87]

found no significant association between asthma and lead

poisoning among children in Chicago, Illinois. Both studies

were limited by design issues such as small sample size and

accurate assessment of disease outcomes in the age group

considered by the study. It is possible that the interaction

observed in the current study could be due to unmeasured

environmental insults, e.g., traffic pollution; however,

further research is needed to explore this possibility.

Obesity may be the strongest risk factor associated with

both hypertension and asthma in the literature. The role of

obesity in hypertension has been well characterized [9, 10,

74–76] and there is growing evidence that obesity plays a

causal role in asthma etiology [69–73]. However, the

mechanism for increased asthma risk remains unclear. Sev-

eral pathways including leptin or adiponectin production,

mechanical changes in the smooth muscles of the airways,

increased estrogen levels, and shared genes for asthma and

obesity have been explored [9, 10, 73]. It has been suggested

that the association between obesity and asthma could be

explained by pathophysiological changes associated with

hypertension [73]. Shared risk factors such as ETS, obesity,

and stress have also been posited as potential explanations

for asthma disparities among urban dwelling, low SES, and

ethnic minority groups [15–17]. Further research is needed to

determine the respective roles of hypertension and obesity in

asthma outcomes and susceptibility.

An interaction between environmental risk factors and

hypertension as predictors of asthma could be explained by

shared mechanisms or pathways involved in disease

pathology for both asthma and hypertension. Similarities

between airway and vascular remodeling characteristic of

asthma and hypertension, respectively, were identified in

the early 1990s [88]. Recent research suggests that these

pathways may include shared mechanisms such as differ-

entiation and regulation of (vascular and airway) smooth

muscle cells [89–91]. For example, abnormal contraction

of smooth muscle cells regulated by myosin II through

Ca2?? independent phosphorylation of regulatory myosin

light chain has been implicated in the pathology of both

asthma and hypertension [91].

Previous research suggests that endothelial dysfunction

plays an integral role in the pathology of asthma and

hypertension [73, 74, 92, 93]. Endothelins (ET), a family of

peptides that influence vasoconstriction and vasodilation,

have been identified as important factors in hypertension [9,

94–96]. ET has also been implicated in various pathways

involved in asthma pathogenesis including bronchocon-

striction, inflammation, airway remodeling, and mucous cell

hyperplasia [73].

There is also evidence from previous studies that oxi-

dative stress, inflammatory mediators, and inflammation,

e.g., reactive oxygen species (ROS), may play a role in

both obesity-related hypertension [74, 76, 97–99] and

asthma [29, 70, 71, 73]. Markers of oxidative stress such as

reactive oxygen species (ROS) may reflect disease induced

tissue damage. However, there is also some evidence that

ROS can exacerbate disease processes, e.g., Damjanovi and

Barton [100] reported potential vasoconstrictive properties

of ROS.

Many of the mechanisms and pathways described above

could play a role in the development of both asthma and

hypertension. Alternately, increased levels of ET, ROS, and

other factors associated with hypertension could contribute

to asthma outcomes following the development of hyper-

tension. Hypertensive status could also confer susceptibility

with respect to asthma development through physiological

changes associated with hypertension. In a recent review

article, Shore [73] suggested several possible mechanisms

through which hypertension could impact asthma outcomes.

For example, hypertension induced heart failure could lead

to peribronchial edema, which could exacerbate detachment

of the airway wall from the lung parenchyma [73] and con-

tribute to airway hyper-responsiveness.

The biological mechanisms and pathways identified in

previous studies may provide potential explanations for the

findings reported in the current study. However, the

AAEHP did not collect data that could provide support for

these hypotheses. Furthermore, the cross-sectional study

design of the AAEHP precludes any causal inferences

based on these analyses. Thus, the interpretations discussed

in this paper remain speculative. While the results of this

study were suggestive, further research is needed to

determine whether hypertension acts as a risk factor for

asthma and to explore the interaction between hyperten-

sion, environmental risk factors, and asthma.

The Arab American Environmental Health Project was

the first to consider hypertension as a potential effect

modifier of the relationship between environmental risk

factors and asthma. However, several study characteristics

limited the current analysis. The sample size was relatively

small for assessing potential effect modification and per-

forming stratified analyses. In addition, many additional

variables that could have provided insight about the rela-

tionships reported in this paper were not assessed in the

study population. For example, information about obesity,

stress and post-traumatic stress disorder were not collected

at the individual level for participants in this study;

and ETS was collected for only a subset of the households

in the study. Finally, the cross-sectional study design pre-

cluded conclusions about causality. Despite these

limitations, the strength of the interaction between ERI and

hypertension as predictors of asthma status in the current

study suggests that this relationship warrants further scru-

tiny. Further research is needed to explore and evaluate this

interaction among diverse populations.

J Immigrant Minority Health

123



Immigrant communities face a confluence of risk factors

including dietary changes that may increase risk for met-

abolic and cardiovascular health problems including

obesity and hypertension. New immigrants may also

experience disproportionate exposure to environmental risk

factors through substandard housing and residence in urban

areas heavily impacted by ambient air pollution. While

these issues have been explored in depth among other

immigrant communities, AAEHP was the first study to

assess asthma among Arab Americans and the first to

explore potential modification of the relationship between

environmental risk factors and asthma by metabolic/car-

diovascular health problems.

The results of the current study suggest that individuals in

this community with both hypertension and a high burden of

environmental risk factors were more likely to have asthma.

Effect modification of the relationship between environ-

mental risk factors and asthma by hypertension could have

serious implications among high-risk communities with a

disproportionate burden of both asthma and cardiovascular/

metabolic health problems. However, while these results are

suggestive, further research is needed to confirm these

findings and elucidate mechanisms or pathways that may

explain the impact of hypertension on relationships between

environmental risk factors and asthma.
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