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Abstract

Purpose of Review.—This review summarizes the recent epidemiologic literature examining 

environmental exposures and health outcomes in rural, minority populations in the southwestern 

and mountain west region of the United States identifying areas requiring further data and 

research.

Recent Findings.—Recent studies (2012–2017) in this region have primarily focused on arsenic 

exposure (n=10 studies) with similar results reported across populations in this region. 

Associations between arsenic and cadmium were reported for cardiovascular and kidney disease, 

type II diabetes, cognitive function, hypothyroidism, and increased prevalence and mortality for 

lung and other cancers. Also in this review are studies of exposure to particulate matter, 

environmental tobacco smoke, pesticides and fungicides, heat and ozone.

Summary.—Although small, the current literature identified in this review report consistent 

adverse health outcomes associated with particulate matter, arsenic, cadmium, and other exposures 

among rural, minority populations in the southwest/mountain west region of the U.S. This 

literature provides important insight into the environmental exposures and health effects 

experienced by the rural populations in these regions. Additional studies that identify sources of 

environmental exposure are needed. Greater representation of the rural and minority populations 

from this region into large health studies also remains a need.
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Introduction

The southwestern/mountain west region of the United States, rich in minerals and other 

natural resources, played a significant role in the frontier history of the country. The 

population of this region includes a large proportion of Hispanics and Native Americans [1]. 

In fact, almost one-half of the US Native American population live in the western region [2]. 

Because the region is sparsely populated [3], it is the beneficiary of relatively few 

epidemiology studies assessing the association of environmental exposures and health 

outcomes. Our objective is to conduct a systemized review [4] of the environmental 

epidemiology studies conducted among rural, minority populations in southwestern/

mountain west region of the U.S. published between mid 2012 and mid 2017.

Methods

Database search and eligibility criteria

We developed an a priori protocol which guided our search and inclusion/exclusion criteria 

by which we judged eligibility of study inclusion. We performed searches in PubMed, 

EMBASE, CINAHL, PsychINFO, Cochrane Library, Web of Science, Scopus, and the 

Native Health Database during August 2017 using controlled and keyword terms for 

Environmental Exposure, Epidemiology, Rural, and Minority. We also performed hand 

searching of reference lists, the National Institute of Environmental Health Sciences website, 

and Google Scholar. Similar to the other reviews in this issue, we limited our searches in 

each database to those studies published in the five years between July 2012 and June 2017 

in English. Full search strategies for each database are available in supplemental 

information.

Studies were eligible for inclusion if they were environmental epidemiological studies in 

rural populations; conducted in the Southwest and Mountain West geographical locations of 

the U.S., in an area including the states of Arizona (AZ), Colorado (CO), Nevada (NV), New 

Mexico (NM), Texas (TX), and Utah (UT), and reported a clinical health outcome related to 

an environmental exposure. Studies that were conducted in urban locations were excluded, 

as were studies of pre-clinical biomarkers. After a pilot round to calibrate agreement, two 

investigators independently screened titles and abstracts against the exclusion criteria. Three 

investigators then screened full-text articles against the inclusion criteria. We managed this 

process with the systematic review application Rayyan [5].

Data Abstraction, evaluation, and synthesis

Data were abstracted from the records to capture exposure, study design, location and 

population, health outcome(s), covariates and main results. The main results during the 

article evaluation and selection phase were defined as the measures of association between 
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exposure and health outcome reported in the abstract and along with the confidence interval 

or significance level. Records were classified by exposure type and the data organized in 

tables.

Results

Search Results

Our search identified 1413 studies via database searching and hand-searching relevant 

publications. After removing duplicates, 977 records remained to be screened by review of 

the title and abstract. This resulted in exclusion of 910 that with closer review did not meet 

our inclusion criteria of including an environmental exposure and a health outcome and a 

rural population from our study region. After screening the remaining studies by reading the 

full text (N=67), we further excluded 46 that did not fully fit the above inclusion criteria, as 

they were either not epidemiological studies (n=27), not a rural population (n=7), not a 

minority population (n=9), and were outside of the geographical region of interest (n=3). 

Twenty one studies were included in our final narrative synthesis. Figure 1 is a flowchart of 

the search, screening, and inclusion/exclusion process. Tables 1a-1d describe the data 

organized by exposure category: air, water, biomarker, and all other exposures.

Study Locations and Populations

The results included studies from eight states (AZ, CO, NM, TX, Oklahoma (OK), North 

Dakota (ND), and South Dakota (SD)). The study populations included 15 studies of Native 

Americans from AZ, OK, SD, and ND, and five studies of with large proportions of 

Hispanics from NM, CO, and TX (see Table 2). Five of these states were included among 

our original six target states, no studies in UT were found, and OK, ND and SD were 

included as these populations were aggregated with a large cohort from AZ and it was not 

possible to disaggregate the results. The population in that study cohort was Native 

American and rural, and shared many of the characteristics of our targets as well. Exposure 

and outcomes were evaluated with the same methods and the populations represented were 

all rural.

Seventeen studies represented the results of two population-based cohorts. Three of these 17 

studies were included from the Facing Rural Obstacles Now Through Intervention, 

Education and Research (FRONTIER study), which was based in rural western TX and 

focused on Hispanics [6–8]. Fourteen of the 17 studies were included from the Strong Heart 

Study cohort of Native Americans living in AZ, OK, ND and SD.

Recent Findings

Particulate Matter and Environmental Tobacco Smoke—Mass concentration of 

ambient particulate matter (PM) less than or equal to 10 um in diameter (PM10) and 

PM10–2.5 (the mass difference between PM10 and PM2.5) were associated with an increase 

emergency room visits for cardiovascular events among adults during the warm season in a 

southern NM community adjacent to the U.S.-Mexico border [9]. Similar effects were noted 

for respiratory emergency visits when high PM10 (>4150 μg/m3) concentrations were 

excluded. Participants exposed to environmental tobacco smoke in the Strong Heart Study (n 
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=1843 non-smoking Native Americans) were at increased risk for cardiovascular disease 

relative to unexposed participants as demonstrated in the hazard ratio of 1.22 (CI:1.03 – 

1.44) [10]. Stronger effects were observed among participants who consumed low vitamin E 

diets compared to those consuming higher amounts, particularly on the additive scale.

Arsenic and Iodine

Cardiovascular Disease.: When analyzing urinary arsenic exposure markers among Strong 

Heart Study participants, Moon et al. [11] reported significant associations with 

cardiovascular disease incidence as well as mortality. Although long-term, low-to-moderate 

concentrations of urinary arsenic and increasing arsenic methylation did not impact 

atherosclerosis risk among Strong Heart Study participants [12], these species were 

associated with small increases in carotid intima media thickness and atherosclerotic plaque 

in the carotid [13]. In the FRONTIER study, arsenic exposure - quantified by interpolated 

residential groundwater concentrations - was associated with coronary heart disease and 

hypertension, while hyperlipidemia association was associated with an allelic variant of the 

AS3MT gene, but not water arsenic concentrations [7].

Kidney Disease and Metabolic Disorders.: Also in the Strong Heart Study, long-term, 

low-to-moderate urinary arsenic concentrations and increasing arsenic methylation 

significantly elevated the risk of diabetes and chronic kidney disease [12]. The sum of 

inorganic and methylated species combined also increased the risk for diabetes [14–16]. 

Higher relative levels of urinary dimethylated arsenic species (DMA) excretion and lower 

levels of monomethylated species (MMA) were associated with increased body mass index 

[17]. In the FRONTIER study, Gong et al. [8] investigated associations between arsenic and 

iodine groundwater concentrations and hypothyroidism among 726 participants. Arsenic in 

groundwater >8 µg/L and cumulative arsenic exposure were significant predictors for 

hypothyroidism among Hispanics.

Kidney Disease.: Independent findings of the inverse association of inorganic arsenic with 

the prevalence of chronic kidney disease as evidenced by elevated prevalence of albuminuria 

points toward the importance of the detoxication processes of accumulated body burden of 

arsenic [18]. In a follow up analysis, both MMA and DMA were associated with increased 

chronic kidney disease incidence [19].

Other Outcomes.: Comparing the 80th versus 20th percentiles of urinary arsenic 

concentrations in the Strong Heart Study cohort, concentrations of methylated and inorganic 

urinary arsenic were also shown to increase the risk for lung and prostate cancer mortality 

[20]. Edwards et al. [6] reported that exposure to low-level arsenic, based on estimated 

ground water concentrations in the FRONTIER study, was negatively associated with 

language (p < 0.001) and executive functioning (p < 0.001).

Cadmium—Urinary cadmium levels were associated with increased risk for cardiovascular 

and coronary heart disease mortality in the Strong Heart Study cohort when comparing the 

80th to the 20th percentile of concentrations [21]. The associations were similar in most 

study subgroups, including never-smokers. Urinary cadmium concentrations were also 
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associated with an increased risk for incident peripheral arterial disease in models adjusted 

for smoking [22], and elevated systolic blood pressure in models adjusted for kidney 

function [23]. Also in the Strong Heart Study, Garcia-Esquinas et al. [24] reported 

significant associations between urinary cadmium concentrations and total incidence of 

cancer, as well as increased mortality from lung cancer, pancreatic cancer, and all smoking-

related cancers combined.

Other Exposures—Associations between residential proximity to natural gas 

development and birth outcomes were examined using 124,842 birth records from Colorado 

Vital Birth Statistics [25]. Prevalence of congenital heart defects increased with exposure 

tertile. Neural tube defect was associated with the highest tertile of exposure (>125 natural 

gas wells per mile) compared with no natural gas wells within a 10-mile radius. Exposure 

was negatively associated with preterm birth and positively associated with fetal growth and 

no association was found between exposure and oral clefts.

Zhang et al. [26] evaluated the effects of daily temperature, humidity and ozone on clinic 

visits in a retrospective electronic medical records review that included 380 clinic visits from 

Hispanic migrant and seasonal farmworkers to a community clinic in CO. Heat effects were 

associated with increased average daily clinic visits among migrant farmworkers, with 

stronger associations among male seasonal farmworkers. Increased excess risk on patient 

clinic visits were 88.0% without adjustment for ozone, and 92.6% with adjustment.

Conclusions

Although small, the current body of literature suggests that rural populations in the 

southwest, mountain west, and adjacent regions of the US experience exposures to 

environmental pollutants sufficient to result in elevated risks for numerous health outcomes 

despite living in areas with lower levels of many anthropogenic pollutants characteristic of 

urban areas. Sources of these pollutants may differ from those in urban areas, but exposures 

are still identifiable as are associated adverse health outcomes. Rural populations in this 

region can experience exposures from anthropogenic sources such as resource extraction, 

smoking, and wood smoke, as well as from naturally occurring contaminants such as arsenic 

in drinking water and particulate matter from windblown dust.

There are many inherent challenges to conducting environmental population studies in rural 

areas. Due to sparse population density, and low environmental exposure levels, it is a 

challenge to obtain sufficient sample size to achieve statistical power. Therefore, the 

environmental epidemiology studies represented in this review provide important insight 

into the burden environmental exposures and health effects experienced by the rural 

populations in this region, often by inclusion of numerous similar populations across 

multiple regions with similar exposures.

The body of literature identified and summarized in this review consistently reported adverse 

health outcomes associated with environmental exposure to particulate matter, arsenic, 

cadmium, and other agents for rural, minority populations. These findings were also 

supported by a large US-wide cancer prevention study analysis that reported that arsenic and 
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other metals had significant contribution to health risks through particulate matter exposure 

pathways [27].

It is important to emphasize that there is still an existing research gap in understanding the 

mechanisms through which arsenic and its methylated products influence cardiovascular 

risk, mortality, and type II diabetes development resulting in consistently adverse, severe 

health effects. There remains opportunity to build on this work to further address the 

environmental and health disparities observed among these populations. Resource and land 

use patterns among rural and minority populations often differ from those in urban areas, 

and extrapolation to exposure may require different modeling methods.

Additional studies that more explicitly identify sources of contaminant exposure and provide 

multiple and consistent methods to identify exposures, including spatial analytical 

methodologies, are urgently needed. Large-scale land-use information that can integrate with 

community settings, outdoor recreational activities and potential toxicant patterns would aid 

future intervention efforts to reduce exposures. Additionally, more inclusion of rural and 

minority populations in larger health studies would further illustrate existing disparities 

among populations with the ultimate goal to find solutions decreasing such health inequities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart of the search, screening, and inclusion/exclusion process. From [6]. For more 

information, visit www.prisma-statement.org
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Table 2:

Summary of reviewed studies by gender, race/ethnicity, exposure, and health outcomes for adults and children

Variable Adults (18 years and older) Children

Gender Male and female6–26 Male and female25

Race/Ethnicity of Study Population Native American10–24

Mixed6–9,25,26
Mixed25

Exposure Media Water6–8,11

Air9,10

Other22,27

Air26

Other25

Exposure Measurement Ambient Ozone26

Ambient PM9

Body composition17

Diet10

Drinking water7

GIS interpolation6,8

Daily Temperature26

Proximity to emission sources25

Environmental Tobacco Smoke10

Urinary metabolites11–16,18–26

Proximity to emission sources25

Health Outcomes Arsenic metabolism17

Blood pressure23

Cancer mortality20,24

Cardiovascular Disease7,9–13,21,22

Clinic visits26

Cognitive function6

Diabetes (Type II)14–16

Hypothyroidism8

Kidney disease19,26

Respiratory conditions9

Birth defects25
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