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BACKGROUND: Transnational immigration has increased since the 1950s. In countries such as the United States, immigrants now account for >15% of
the population. Although differences in health between immigrants and nonimmigrants are well documented, it is unclear how environmental expo-
sures contribute to these disparities.

OBJECTIVES: We summarized current knowledge comparing immigrants’ and nonimmigrants’ exposure to and health effects of environmental
exposures.

METHODS: We conducted a title and abstract review on articles identified through PubMed and selected those that assessed environmental exposures
or health effects separately for immigrants and nonimmigrants. After a full text review, we extracted the main findings from eligible studies and cate-
gorized each article as exposure-focused, health-focused, or both. We also noted each study’s exposure of interest, study location, exposure and
statistical methods, immigrant and comparison groups, and the intersecting socioeconomic characteristics controlled for.

RESULTS: We conducted a title and abstract review on 3,705 articles, a full text review on 84, and extracted findings from 50 studies. There were 43
studies that investigated exposure (e.g., metals, organic compounds, fine particulate matter, hazardous air pollutants) disparities, but only 12 studies
that assessed health disparities (e.g., mortality, select morbidities). Multiple studies reported higher exposures in immigrants compared with nonimmi-
grants. Among immigrants, studies sometimes observed exposure disparities by country of origin and time since immigration. Of the 50 studies, 43
were conducted in North America.

Discussion: The environmental health of immigrants remains an understudied area, especially outside of North America. Although most identified
studies explored potential exposure disparities, few investigated subsequent differences in health effects. Future research should investigate environ-
mental health disparities of immigrants, especially outside North America. Additional research gaps include the role of immigrants’ country of origin
and time since immigration, as well as the combined effects of immigrant status with intersecting socioeconomic characteristics, such as race/ethnic-

ity, income, and education attainment. https://doi.org/10.1289/EHP9855

Introduction

Transnational immigration has increased since the 1950s, rising
from 103 million immigrants per year in 1980 to 281 million per
year in 2020.' Of countries with reported statistics, the United
States has the largest number of immigrants (i.e., foreign-born resi-
dents) at over 50.6million or 15% of its total population.'*>
Estimates of immigrant populations are typically based on each
country’s census and include residents who have crossed into its
border for any reason. Some countries have fewer total immigrants
overall but larger proportions of the total population who were
foreign born.® These countries include Germany (15.7 million;
19%), Saudi Arabia (13.5million; 39%), United Arab Emirates
(8.7 million; 88%), Canada (8.0million; 21%), and Australia
(7.7 million; 30%)." Among immigrants, there is diversity in race/
ethnicity, country of origin/destination, socioeconomic status (SES),
reason for immigration, refugee status, legal status, time since immi-
gration, and more. These differences impact the immigrant experi-
ence, including access to housing, employment opportunities, and
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other factors that contribute to environmental exposures and ulti-
mately, immigrant health.”® As immigrants become integrated into
their host countries’ societies, understanding how the health of immi-
grants differs from nonimmigrants in relation to environmental expo-
sures becomes increasingly important for each country’s public
health and long-term health care planning.'®

Health differences between immigrants and nonimmigrants in
the general population are well documented.''™"® Depending on
the health outcome, as well as individual characteristics such as
race/ethnicity, country of origin, or time since immigration, immi-
grants may exhibit better or worse health outcomes compared with
nonimmigrants.”'* In the United States, although Black immi-
grants had a longer life expectancy than their nonimmigrant coun-
terparts, Asian immigrants from China, Japan, and the Philippines
had a shorter life expectancy compared with Asian nonimmi-
grants.” For most immigrant groups in the United States, obesity
was more prevalent among nonimmigrants compared with immi-
grants, but the reverse relationship was seen among those with ori-
gins in Cuba and India.'* Similarly, although diabetes risk among
immigrants was lower compared with nonimmigrants overall,
Black Caribbean and African immigrants had a higher risk com-
pared with nonimmigrant Blacks in the United States.'” Time since
immigration was also predictive of immigrant health trajectories in
the United States: For diabetes, of which Black and Hispanic immi-
grants had a lower risk compared with Black and Hispanic nonim-
migrants, the difference between immigrants and nonimmigrants
became smaller as time since immigration grew.® Previous studies
on immigrant health disparities focused on differences in SES,
race/ethnicity, diet, and cultural practices to explain immi-
grant health disparities.”- Differences in nonenvironmental fac-
tors, while contributing to immigrant health disparities, do not fully
explain them.**'®!” Thus, there is a need to explore other aspects
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of the immigrant experience, such as their environmental expo-
sures, to assess whether they help explain immigrant health
disparities. Figure 1 provides a conceptual framework of non-
environmental factors and their relationships with environmen-
tal exposures and health. Differences between immigrants’ and
nonimmigrants’ nonenvironmental experiences and environ-
mental exposures may ultimately lead to health differences
between the two groups.

The contribution of the environment and related exposures to
health disparities between immigrants and nonimmigrants is
understudied. Prior work has documented numerous studies that
explored exposure and health differences between immigrants
and nonimmigrants in occupational settings.'®'® The present
review focuses on environmental exposures but recognizes that
occupational exposures are important health determinants; envi-
ronmental and occupational exposures along with their health
effects sometimes overlap and are difficult to separate. As early as
the 1970s, some researchers have remarked that health differences
between immigrants and nonimmigrants could be due to dispar-
ities in the environmental exposure itself or the health response to
the environmental exposure.’?> Environmental exposures,
such as ambient fine particulate matter [PM <2.5 um in aerody-
namic diameter (PM; s)] air pollution, are ubiquitous, and there is
mounting evidence that they partially explain health disparities
among groups of varying sociodemographic characteristics, such
as race/ethnicity or SES.**> Environmental exposures are also

Pre-Immigration Post-Immigration

Nonenvironmental Factors

Include socioeconomic status, race/ethnicity, gender,
education, diet, nutrition, occupation, efc.

Immigrant Status

Discrimination, language /
cultural barriers,and more

Include metals,organic compounds,
air pollution, extreme temperatures,
access to green space, eftc.

v l E i v
 Health

Includes biological and genetic risk factors

Mortality / morbidities,
birth outcomes,
biomarkers, etc.

Figure 1. Conceptual figure of contributors to and pathways affecting immi-
grant health.
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regarded as a major cause for morbidity worldwide; of 84 risk fac-
tors, the Global Burden of Disease Study regards environmental
exposures among the top contributors to lost disability-adjusted
life years: ambient particulate air pollution ranked 10th, and unsafe
water sources, 14th in 2017.%°

To our knowledge, this work is the first attempt to compre-
hensively review the scientific literature at the intersection of
environmental and immigrant health. Previous reviews focused
on a related subtopic, such as environmental influences on
immigrant respiratory health,”” the environmental health of
Latino children,?® or the health of immigrants in Canada.?® To
fill the knowledge gap, we conducted a state-of-the-science sys-
tematic review to describe and synthesize existing studies on a)
environmental exposure disparities and b) health effect dispar-
ities attributable to environmental exposures among immigrants
and between immigrants and nonimmigrants in the general
population.

Methods

Literature Search

We conducted a systematic literature search for observational
population exposure and epidemiologic studies that investigated
environmental exposures and/or produced health effect esti-
mates from environmental exposures separately for immigrants
and nonimmigrants. Using the Medline/PubMed database, we
searched for articles using a combination of the following

keywords:
1. “environmental exposure,” ‘“environment,” ‘“exposure,”’
“pollution,” “air pollution,” “heat,” “temperature,” OR

“weather,” AND

2. “immigrant,” “foreign born,

born,” or “US born.”

We conducted the search on 26 September 2021. The results
included articles published as early as 1961 and as recently as
2021. We documented our search strategy in greater detail using
a Population, Intervention, Comparison, Outcome, and Study
Design (PICOS) worksheet (see the section “PICOS Worksheet
and Search Strategy” in the Supplemental Material).*

99 99 . EET3

nativity,” “migrant,” “native

Screening

We screened each initially identified article’s title and abstract for
inclusion in this systematic review. We included only English-
language original research articles, disqualifying any reviews,
commentaries, and editorials. Studies were restricted to those that
focused on humans in population health and epidemiologic set-
tings. Furthermore, articles needed to compare the levels and/or
effects of an environmental exposure in, at minimum, one immi-
grant and one nonimmigrant group. Each team member was
instructed to use their expert judgment in deciding if the exposure
of interest was environmental, keeping in mind that the focus of
the review was on nonbiological physical and chemical exposures.
Thus, included studies were anticipated to include environmental
exposures, such as metals, organic compounds, air pollution, heat,
and green space, measured at the individual level (e.g., as an en-
dogenous factor via blood sampling) or estimated at the population
level (e.g., PM; 5 pollution levels estimated via land use regres-
sion). We did not consider viral or biological pathogens. Because
we were interested in immigrants in the general population, we
excluded studies in occupational settings. Included studies could
have an exposure or health outcome if they were observational in
study design; nonpopulation-based studies (i.e., those that involved
experimental or randomized exposure schemes) were excluded.
Procedurally, each article was considered for inclusion by two
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team members working independently. In instances of disagree-
ment for inclusion, a third member adjudicated and made the final
decision. After the titles and abstracts of each article were
screened, the full text of each remaining article was scrutinized for
eligibility. Each article’s full text was reviewed by two separate
members of the team. When there was a disagreement, a third
member reviewed the full text and made the final decision for
inclusion. Figure S1 illustrates the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow diagram
for study inclusion.®!

Full Text Review

For studies that were deemed eligible after the initial title and
abstract screening, as well as the full text review, two members
of the study team independently extracted the following informa-
tion from each article: study design, location, time period and du-
ration of study, population size, population comparison groups
(e.g., nonimmigrants), exposure(s) considered, health outcome(s),
statistical methods, and main results. The first author of this manu-
script (K.C.F.) then compiled the results and independently veri-
fied extracted details in cases of conflicting information.

Results

Literature Search

In total, we screened the titles and abstracts of 3,705 articles. We
excluded 3,488 that were not performed in human populations, did
not consider immigrant status, were on occupational exposures,
did not have comparison groups, were not population based, or
were reviews or commentaries. For the remaining 84 articles, we
completed a full text review. Of these, 50 were selected for inclu-
sion in the study (Figure S1). These were studies on environmental
exposures or environmental exposure health effects in immigrants
vs. nonimmigrants in a nonrandomized observational setting (i.e.,
cohort study, case—control study, cross-sectional study, ecologic
study, or time-series).

The findings of each of the 50 studies are summarized in
Excel Table S1, organized into three broad categories of expo-
sure: endogenous factors (i.e., blood metal and biomarker con-
centrations), air pollution, or other. In total, 23 articles focused
on endogenous factors (46% of total), 17 on air pollution (34%),
and 10 on other exposures (20%), such as temperature or green
space (Figure 2). The majority (n=31, 62%) of the studies were
conducted in the United States, with Canada being a distant sec-
ond (n=12, 24%) (Figure 2A). Most studies investigated only
exposure disparities (n =38, 76%) rather than health disparities
(n="7, 14%) (Figure 2B). The remainder (n=5, 14%) assessed
both exposure and health disparities. Most articles were pub-
lished within the past decade (2011-2021) (Figure 2C).

Endogenous Factors

We identified 23 studies on endogenous factors, which included
chemicals and metabolites detected in blood or other human tis-
sues.*>* Twelve were conducted in the United States, 7 in
Canada, and 1 each in Costa Rica, Spain, Taiwan, and the United
Kingdom. Of these studies, 22 estimated disparities in endoge-
nous factors by immigrant status and not the resulting disparities
in health effects from exposure. The remaining study investigated
exposure and health (diabetes) disparities.32 There were 18 stud-
ies that investigated exposure disparities in metals, such as ar-
senic, lead, and cadmium, in blood or urine. Nine studies
focused on organic compounds and included organobromines,
such as polybrominated diethyl ether (PDBE; found in flame
retardants), organochlorines, such as dichlorodiphenyldichloro-
ethylene [p,p’DDE; a metabolite of the pesticide dicholorodi-
phenyltrichloroethane (DDT, or p,p'DDT)], and phthalates,
which are found in many consumer products. Because metals
and organic compounds have the propensity to affect fetal de-
velopment,”>>® many of the studies focused on quantifying
exposures in pregnant women or women of reproductive age.
Some measured endogenous factors in newborns or young chil-
dren, comparing those born to immigrant mothers to those born
to nonimmigrant mothers.
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Figure 2. Included articles by exposures investigated, study region, disparity focus, and year published (n =50). The graphs show the breakdown of the articles
(A) between the region of study and the exposures investigated, (B) between disparity focus and exposures investigated, and (C) between exposures investi-
gated and year published. Endogenous factors exposures include metals (lead, arsenic, mercury, cobalt, and cadmium) and organic compounds (e.g., phthalates,
persistent organic pollutants) measured in sampled blood and urine; air pollution exposures include monitored or modeled ambient concentrations of nitrogen
dioxide, ozone, black carbon, fine particulate matter (PM,s), and hazardous air pollutants assessed by the U.S. EPA in 2011; other exposures include parks/
green space, flood risk, noise, sunlight, and extreme temperatures (extreme heat or cold). Raw data are found in Table S1. Note: EPA, Environmental

Protection Agency.
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The 18 articles that examined blood metal levels consistently
found higher levels in immigrants compared with nonimmi-
gr::mts.3342’44’49’5 152 An early study in Los Angeles, California,
measured blood lead levels (BLLs) in 1,932 pregnant women, of
which 1,428 were immigrants.33 They found that immigrants had
significantly higher BLLs and that 25 of the 30 cases of elevated
BLL (>10 pg/dL) were in immigrant women. Moreover, BLLs
were dependent on time since immigration, with more recent
immigrants having higher BLLs. A smaller study of 28 pregnant
women conducted around the same time (1996-1999) in New
York City also found that more recent immigrants had signifi-
cantly higher BLLs.**

The comparison between immigrants and nonimmigrants in
BLLs also applied to children.*>=”*' In a study of 1,148 refugee
children in Massachusetts, the risk ratio for having an initial BLL
>20 pg/dL was 12.3 [95% confidence interval (CI): 6.2, 24.5],
comparing immigrant refugee children to nonimmigrant chil-
dren.*® Among the immigrant refugee children, those who came
from West Africa, the Near East, and South Asia were more
likely to have elevated BLLs compared with those from Europe,
Central Asia, and East Asia. Another study of BLLs further
specified that immigrant refugee children from Nepal, Thailand,
and Iraq to the United States had higher odds of elevated BLL
compared with those from other countries.’” BLLs have also
been measured in Burmese refugee children in Fort Wayne,
Indiana.*' This relatively smaller study of 197 children with
Burmese origins found that the prevalence of elevated BLL
(>10 pg/dL) was 7.1% among the Burmese refugee children
compared with 0.7% among all children in Indiana.*' A study
of the Burmese immigrant adult population residing in the
Great Lakes Region in New York and reported consuming >12
fish meals sourced from local water bodies in the past year
found that they had higher blood cadmium, lead, and mercury
levels than local licensed anglers who reported consuming >1
fish caught in the past year.*® Using data from the U.S. National
Health and Nutrition Examination Survey (NHANES) from
1999 onward, a study of children 6-18 years of age also found
that BLLs were higher in immigrant children and adolescents
than their nonimmigrant counterparts.’® Compared with immi-
grants of different world regions and to nonimmigrant adoles-
cents, those from Mexico had the highest BLLs, blood mercury,
and urinary cadmium levels. Among women of reproductive
age (20-44 years of age), immigrants had higher blood lead,
blood mercury, and urinary arsenic levels than nonimmigrants;
these blood metal disparities by nativity were similar to those
observed for race/ethnicity.38 Among pregnant women in Los
Angeles, Hispanic immigrants also had higher urinary arsenic
levels compared with Hispanic nonimmigrants.** In the general
NHANES adult population, data on 40,000 participants showed
that urinary cobalt and blood cadmium levels were higher in
immigrants compared with nonimmigrants.4°

Similar to patterns observed for metals, organic compound
exposures were often higher in immigrants compared with non-
immigrants.32’36’39’40’43’47’50’53’54 A small study of 24 pregnant
women in California conducted with data collected from 1999 to
2001 found that immigrant women from Mexico had high blood
PDBE concentrations.”> Among the immigrant women in this
study, those who were more recent immigrants (<5 y since arriv-
ing in the United States) had 4.2 ng/g lipid (calculated difference;
95% CI not available) lower PDBE concentrations than those
who had been in the United States for longer. In adolescents
6-18 years of age sampled from NHANES, p,p'DDE concen-
trations were higher in immigrants compared with nonimmi-
grants, with Mexican Americans as the population subgroup
with the highest levels.*® Burmese immigrants consuming >12
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fish meals sourced from local waterbodies in the past year and
residing in the Great Lakes Region in New York had higher blood
concentrations of perfluoroalkyl substances (PFAS) than nonimmi-
grant licensed anglers consuming >1 fish from local waterbodies
in the past year and residing in the same area.”” In the general
NHANES population, immigrants had higher organochlorine
metabolite concentrations than nonimmigrants.*® However, for or-
ganic compounds, such as polychlorinated biphenyls and poly-
fluorinated compounds, immigrants had lower concentrations than
nonimmigrants. This pattern held when comparing immigrants
to nonimmigrants within racial/ethnic groups (non-Hispanic
White, non-Hispanic Black, Hispanic). A more recent analysis
of NHANES data found that urinary phthalate metabolite con-
centrations were generally higher among immigrants than non-
immigrants.** In summary, although most studies based in the
United States found that exposure to organic compounds was
higher in immigrants compared with nonimmigrants, there were
exceptions due to the variety and ubiquity of these pollutants in
the environment.

Findings from Canada on immigrant disparities in metals
and organic compound exposures were similar to those reported
in the United States.**° Across five cities in Canada, a study
of 123 pregnant women found that immigrants had significantly
higher levels of metals and persistent organic compounds.*” A
quartet of papers described blood metal disparities between
newcomer (<5y since immigration) immigrant women of
reproductive age (19-45 years of age) residing in two major
cities and nonimmigrant Canadian women measured through a
previous biomonitoring study.*****® In a sample of 211 per-
sons residing in Toronto, newcomer immigrant women had
higher concentrations of blood cadrnium,46 lead,44 and mer-
cury.*® This set of studies investigated differences among immi-
grants by region of origin. For blood lead, those from Bangladesh
had the highest BLL compared with those from other parts of
South Asia and East Asia.** For blood cadmium and mercury,
East Asian women had higher levels compared with South Asian
women.*>*® In a separate sample of 164 women of reproductive
age residing in Vancouver, researchers found similar disparities
between newcomer immigrant and nonimmigrant women, and
between South Asian and East Asian newcomer immigrant
women.*®

An ongoing and larger effort to study endogenous factors, the
Maternal-Infant Research on Environmental Chemicals (MIREC)
cohort, yielded two more studies showinsg similar patterns for ar-
senic and persistent organic pollutants.***° Recruiting from multi-
ple sites across Canada, immigrant pregnant women (n = 677) had
higher blood and urinary arsenic levels compared with 2,934 non-
immigrant pregnant women.* Specifically, average arsenic con-
centrations measured during the first and third trimesters were
significantly higher among immigrant women (geometric mean =
0.84 pg/L; 95% CL 0.79, 0.90) than nonimmigrant women
(geometric mean =0.69 pg/L; 95% CI: 0.66, 0.71). This disparity
was larger than those observed between groups by household
income, education, or maternal prepregnancy body mass index.
By region of origin, those from Asia had the highest levels, fol-
lowed by Europe, the Caribbean, and Africa. Also using the
MIREC cohort, persistent organic pollutants, such as organochlor-
ines and polychlorinated biphenyls, were higher in immigrant
mothers compared with nonimmigrant mothers.”®

We identified four studies in this exposure category that
were conducted outside North America.*>”'*>* A recent study
in Spain found that among children 1-16 years of age, the odds ra-
tio (OR) of immigrants having elevated BLL (>5 pg/dL) com-
pared with nonimmigrants was 11.9 (95% CI: 4.5, 31.3).>" In this
analysis, immigrant status was the risk factor with the highest OR
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compared with others such as gender, SES, parental education
level, iron bioavailability in diet, iron deficiency, and overweight
status. In Taiwan, researchers looked at the heavy metals in
baby meconium of immigrant compared with nonimmigrant
mothers.’ Lead and arsenic levels in those born to immigrant
mothers were significantly higher than those born to nonimmigrant
mothers. They did not detect significant differences in mercury and
cadmium levels. In another study, researchers in Costa Rica studied
urinary ethylene, a metabolite proxy of Mancozeb, which is an aer-
ially spayed agricultural fungicide.54 Immigrant women from
Nicaragua (n=83) and El Salvador (n=1) had, on average, 6.2%
(95% CI: 1.0, 13%) higher levels of ethylene thiourea than nonim-
migrant women.”* In London, England, South Asian immigrants
had three to nine times higher blood concentrations of organochlor-
ines, such as p,p’DDE, p,p'DDT, beta-hexachlorocyclohexane
(B-HCH), and polychlorinated biphenyl-118 (PCB-118), compared
with European White nonimmigrants.”” Furthermore, immigrant
South Asians diagnosed with diabetes mellitus were much more
likely to have high p,p’DDE and B-HCH levels compared with
immigrant South Asians without a diabetes diagnosis.

Air Pollution

We identified 17 total studies that analyzed immigrant disparities
in exposure to or health effects from air pollution.”’"* Of the 17
studies, 12 were based in the United States and 5 in Canada.
These studies often found that immigrants or areas with higher
immigrant proportions had higher exposures to air pollution
compared with nonimmigrants or areas with lower immigrant
proportions.

In the United States, there was a range of small area-level
studies and large regional studies with individual data that found
disparities in exposures to monitored black carbon (BC)’* and
ozone (03),°® as well as model-predicted fine particulate matter
(PM2,5)61’63’65’73 and hazardous air pollutants (HAPS).57’66’67’69
HAPs are 187 toxic air chemicals, including benzene, per-
chloroethylene, and methylene chloride, on a list maintained
through the U.S. Environmental Protection Agency’s (EPA)
2011 National Air Toxics Assessment.’* In California, an area-
level study found that communities with high immigrant
Vietnamese populations had higher BC levels compared with
the statewide mean BC concentrations.”> Two counties with a
high Vietnamese immigrant proportion, Alameda and Orange,
were the two counties with the highest levels in the state, with
BC levels 10 times higher than the state average. A similar
trend was found for Os. In a national cohort of 4,600 children,
researchers found that overall, immigrant and nonimmigrant chil-
dren of Mexican parental origin, compared with non-Hispanic
White children, lived in counties with three times more days with
elevated O3 levels.”® On average, children of Mexican origins
with at least one immigrant parent had, on average, 24.2 annual
days with elevated O3, whereas children with Mexican origins
with nonimmigrant parents had, on average, 21.4 annual days with
elevated Os.

Four studies in the United States investigated immigrant
exposure disparities to HAPs.>”%%%"-% In Miami, Florida,
Hispanic immigrants were exposed to a larger number of HAPs
than nonimmigrant Hispanics and nonimmigrant populations of
other ethnicities.®” A separate national analysis with aggregated
U.S. Census demographic estimates for each of 12,516 school
districts concluded that the proportion of immigrant children in
a school district was positively associated with higher levels of
HAPs.% In Houston, Texas, the proportion of residents who
were immigrants in a census tract was positively associated
with higher levels of HAPs from on-road sources, according to
estimates from the 2011 U.S. EPA National-Scale Air Toxics
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Assessment.®” In the national Early Childhood Longitudinal
Study, 32% of the children of immigrant mothers were exposed to
the highest quartile of HAPs compared with 21% of children of
nonimmigrant mothers.>” A recent study investigated multigenera-
tional immigrant trajectories in exposure to PM, s among third-
grade schoolchildren.®® Immigrant schoolchildren and nonimmi-
grant schoolchildren with two immigrant parents had significantly
higher PM, 5 exposures than nonimmigrant schoolchildren with at
least one nonimmigrant parent.

Another recent U.S. study investigated the relationship
between immigrant proportion at the census tract level and PM; 5
concentrations.®’ Overall, areas with a higher immigrant propor-
tion had higher annual average PM;s in both 2000 and 2010,
with higher levels in areas with higher proportions of immigrants
from Asia, Latin America, and Africa. Another study using 2015
PM, 5 data from a different exposure prediction model also found
that U.S. Census tract immigrant percentage was associated with
higher exposures.®® In a smaller setting using Texas school dis-
tricts, a similar analysis found county-level immigrant children
proportion was positively associated with higher nitrogen dioxide
(NO») levels.®

Most studies in Canada were national in scale. Four studies
used individual-level data collected through the Canadian
Census, and model-predicted PM; 5 air pollution.sg’(’z’c"t’71 The
study with the longest study period, which combined data from
separate cohorts spanning 1991 to 2016, found that immigrants
had PM,s exposures 20% higher than residents born in
Canada.®® The smallest Canadian study using only 2006 data
similarly found that immigrants had higher exposure to PM; 5
than nonimmigrants.”' Notably, they found that even as time
since immigration increased, immigrants in urban-core areas
had higher exposure to PM, 5 (8.41-8.80 pg/m?®) than nonimmi-
grants (7.81 ug/m?). The most recent study estimated long-term
PM, 5 exposure to be 9.3 pug/m? among immigrants and 7.5 pug,/m?3
among nonimmigrants.®> Another study found a similar overall pat-
tern in exposure disparities but additionally reported that those with
a longer time since immigration had lower exposures compared
with those with shorter times since imnljgration.59 This study also
found that average Oz exposure was higher among immigrants
(38.1 micrograms per meter cubed) compared with nonimmigrants
(35.7 micrograms per meter cubed), as was average NO, exposure
at 11.2 ug/m? for immigrants compared with 8.1 ug/m? in nonim-
migrants. Aside from these national studies with individual data, a
recent study on Toronto’s Census dissemination areas showed that
ultrafine particle (UFP) concentrations along school commutes were
higher in areas with a higher immigrant propottion.60

Six studies investigated the disparities between immigrants
and nonimmigrants in health effects resulting from air pollution
exposure.57’59’62’64’70’73 A study based in the San Joaquin Valley
in California investigated the relationship between air pollution
exposure to expectant Hisganic mothers and neural tube defects
(NTDs) in their newborns.”® Although NTDs were more preva-
lent among those born to Hispanic immigrant mothers than
U.S.-born Hispanic mothers, carbon monoxide, nitrogen oxide,
and NO, exposures were more strongly associated with NTDs
among nonimmigrant mothers than among immigrant mothers.
Another study, in Boston, Massachusetts, estimated that the
negative effect of maternal exposure to PM; s during pregnancy
on fetal growth, measured by infant birth weight, was more
severe among those born to immigrant mothers than nonimmi-
grant mothers.”> In the children of the Early Childhood
Longitudinal Study, the estimated effect of HAPs exposure on
neurodevelopment measured via the Bayley’s Short Form—
Research Edition (BSF-R) was more detrimental among
children born to immigrant mothers than those born to
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nonimmigrant mothers, although the difference in effect esti-
mates was not statistically significant [immigrant mothers:
—0.12 (95% CI —-0.23, —0.01) vs. nonimmigrant mothers:
—0.03 (95% CI-0.10, 0.03); praeraction =0.181.77

In Canada, the direction and magnitude of the disparity
between immigrants and nonimmigrants in the estimated effect of
PM, 5 were inconsistent across years.®* Although immigrants en-
rolled in the cohort in 2001 had higher risk for various cardiovas-
cular disease mortality associated with increased PM, 5 exposure
compared with nonimmigrants, those enrolled in other years
(1991, 1996, selected years from 2003 to 2016) did not. In a
recent study, researchers reported that per 10 ug/m? increment in
PM, 5, immigrants with >10 y since arrival had a hazard ratio of
0.98 (95% CI: 0.83, 1.16) for nonaccidental mortality, which was
lower than that of nonimmigrants, whose hazard ratio was 1.14
(95% CI: 1.07, 1.23).59 For cardiovascular mortality, the hazard
ratio for cardiovascular mortality per 10pg/m® increment in
PM, 5 was estimated to be 1.22 (95% CI: 1.12, 1.34) in immi-
grants, which was larger in magnitude compared with 1.12 (95%
CI: 1.07, 1.18) in nonimmigrants, although the results were not
statistically different.®> There were similar health effect dispar-
ities from PM; 5 exposure for cerebrovascular mortality and re-
spiratory disease mortality. This study also observed that more
recent immigrants (with <20 y since immigration) had a higher
mortality risk from PM; 5 than more established immigrants and
nonimmigrants. Disparities by place of birth, age of immigration,
and neighborhood ethnic concentration were comparatively small
and negligible. In summary, there was a small number of studies,
most of which were conducted in Canada, that investigated immi-
grant disparities in health effects from air pollution.

Other Exposures

We identified 10 studies that investigated immigrant environmen-
tal disparities other than endogenous factors or air pollution.” %
Seven of the 10 studies were conducted in the United States.
They examined environmental disparities in proximity to green
spaces/parks, chemical concentrations, and residence within
flooding zones. For disparities in health response to environmen-
tal conditions, studies examined self-reported health and mortal-
ity from green space exposure, insomnia from noise, melanoma
from sun exposure, and heat- and cold-related mortality.

Two studies investigated immigrant disparities in proximity
to green space or park access.”®”” Both studies were area based
and used U.S. Census data to ascertain immigrant proportion.
The first, conducted in El Paso, Texas, found that neither the
number of park facilities nor amenities was associated with ter-
tiles of immigrant proportion by census tract.”” The second study,
which was national in geographic scope, found that immigrant pro-
portion in a U.S. Census tract was negatively associated with green
space, measured as normalized difference vegetation index (NDVT)
and the enhanced vegetation index (EVI), which are two related
satellite remote sensing greenness indices.”® Furthermore, they
found differences in associations between immigrant proportion
and greenness depending on the immigrant’s region of origin, with
the strongest negative associations with greenness for tracts with
high immigrant proportion of immigrants from Latin America.

Another study employed an area-level approach to compare
toxicity-weighted chemical concentrations in immigrants vs. non-
immigrants in the United States.® The area unit of analysis was a
public use microdata area (PUMA), which is a U.S. Census
Bureau—defined area with at least 100,000 residents. The
toxicity-weighted chemical concentration in each census tract
was based on the Risk-Screening Environmental Indicators
model from the U.S. EPA.* Nationally, they found that immi-
grant proportion (i.e., the fraction of the population that was
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immigrants) was not associated with higher chemical releases
reported in the Toxics Release Inventory for PUMAs. However,
when assessing only the wealthier areas, immigrants from
Mexico were more likely than immigrants from Europe, Asia, or
Latin America (excluding Mexico) to reside in areas with the
highest chemical toxin release.

Seven studies used individual-level data.”>"% %3 In a sample of
213 Hispanic immigrants and 867 nonimmigrants residing in two
U.S. cities, researchers found that Hispanic immigrants were more
likely to reside in historically flood-prone areas in Houston, but not
in Miami.”® A study in Brussels, Belgium, found disparities in
health response to urban green space measured via NDVIL.” Given
the same NDVI increment, immigrants to Belgium from high-
income countries had the lowest odds for poor self-rated health and
natural cause mortality compared to nonimmigrants or immigrants
from low- and middle-income countries, as did nonimmigrants.
Disparities between the effect estimates were not statistically sig-
nificant. Four studies used individual-level data to explore differen-
ces in the health response to environmental conditions, such as
sunlight, noise, and weather.”>8'783 An early study in Australia
observed that immigrants had much lower odds of developing ma-
lignant melanoma compared with nonimmigrants, even when the
nonimmigrants had relatively low total hours of sunlight expo-
sure.®’ Among immigrants, those who arrived later in life had
lower risks for melanoma compared with immigrants who arrived
during childhood. Disparities in insomnia due to noise exposure
were investigated among immigrant and nonimmigrant Latinos
residing in the United States in Chicago, Miami, the Bronx, and
San Diego.*” This questionnaire-based study found that although
overall increased noise exposure was associated with insomnia, the
findings did not provide strong evidence that immigrant Latinos
were differentially affected compared with nonimmigrants. A
study in the United States used citizenship as a proxy for immigrant
status to estimate disparities in heat-related mortality.®® Using data
on the cause of death on death certificates for persons 5-64 years of
age, the researchers found that noncitizens were more likely to die
from heat exposure than U.S. citizens. The differences in standar-
dized heat-related mortality ratio between noncitizens and citizens
were largest in the 5- to 17- and the 18- to 24-years-of-age ranges.
In France, researchers conducted a large matched case—control
study of 573,384 immigrant deaths matched to an equal number of
nonimmigrant deaths based on sex, month-year of birth, and resi-
dential commune to estimate potential disparities in temperature
effects on mortality.”>

Overall, the estimated effects of temperature on mortality
were similar between immigrants and nonimmigrants. There
were some significant differences when comparing those who
emigrated from Southern Europe to their nonimmigrant controls:
In the Mediterranean and Continental regions of France, the
Southern Europe immigrants’ attributable mortality fraction due
to cold exposure was higher than nonimmigrants; in the Northern
regions of France, the Southern Europe immigrants’ attributable
mortality fraction due to heat exposure was lower. A separate
study using daily mortality data in Kuwait from 2010 to 2016
found that non-Kuwaitis had a higher mortality risk from extreme
heat exposure compared with Kuwaitis.*

In this group of studies that explored exposures other than en-
dogenous factors and air pollution, there was a variety of increas-
ingly health-relevant factors (e.g., green space, heat, flood risk).
In the 10 included studies, there was a balance between area- and
individual-based analyses. Compared with the endogenous fac-
tors and air pollution groups of studies, there was a larger propor-
tion that investigated health disparities. Similar to the previous
groups of studies, the overwhelming majority of the articles were
conducted on populations in North America.
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Table 1. Summary of findings on exposure disparities from the literature review.

Exposure

Main findings

Endogenous factors
Metals (biomarkers such as lead, arsenic, mercury, cobalt,
cadmium measured in blood and urine)

Organic compounds (biomarkers of exposure measured in
blood and urine)

Air pollution
Black carbon (monitored at ground level)

Ozone (monitored at ground level)

NO; (modeled)

HAPs (2011 U.S. EPA National Air Toxics Assessment)

PM, 5 (variety of exposure prediction models)

Other
Green space (city-level map or satellite imagery)

Flood risk (historical maps)

® Higher blood and urinary metal levels (i.e., lead, cobalt, arsenic, mercury) in
immigrants compared with nonimmigrants in the United States>>-**~*°

¢ Higher among immigrant children and adolescents compared with their non-
immigrant counterparts in the United States>> 74142

¢ In the United States, higher blood lead levels in recent immigrants compared
with those who had had a longer time since immigration™>-*

¢ In Canada, Spain, and Taiwan, higher heavy metal exposure in immigrants com-
pared with nonimmigrants®'>; further disparities by region of origin in
Canada 4464849

* Higher levels of phthalates, organobromines (i.e., PDBE), organochlorines
(i.e., p,p'DDE), and organofluorines (i.e., PFAS) among immigrants com-
pared with nonimmigrants in the United States>©-3943-53

e In the United States,*® polychlorinated biphenyls and polyfluorinated com-
pounds were lower among immigrants

¢ Patterns of higher levels among immigrants com]zaared with nonimmigrants in
szmada,‘w'50 Costa Rica,54 and London, England 2

* Higher in communities with large immigrant Vietnamese populations in
California, USA”

® Compared with non-Hispanic White children, those with Mexican origins
lived in counties with three times more elevated ozone days in the United
States®®

¢ In Texas school districts, higher county-level percentage immigrant children
associated with higher NO, levels®®

¢ Exposure to higher number of HAPs among immigrant Hispanics compared
with nonimmigrant Hispanics and nonimmigrant populations of other ethnic-
ities in Miami, USA®’

¢ Immigrant mothers to the United States exposed to highest quartile more of-
ten than nonimmigrant mothers®’

¢ In the United States, higher HAPs exg)osure among immigrants and in areas
with higher immigrant proportion®®¢76°

¢ In Canada, higher exposures among immigrants than nonimmigrants

¢ Those with longer time since immigration had lower exposures compared
with more recent immigrants in Canada®’

¢ In the United States, higher exposures in immigrants compared with nonim-
migrants, although the difference was smaller than those found in Canada®'

¢ U.S. Census tract immigrant proportion positively associated with higher
exposures®’

¢ Higher exposures in immigrant children and children with both immigrant
parents to the United States vs. those with at least one nonimmigrant parent®

59,62,64,71

¢ In the United States, mixed results with one study finding no relationship
between immigrant proportion and number of park facilities’’ and another
finding that areas with higher immigrant proportion had lower green space
measured via satellite remote sensing

¢ Immigrants more likely to live in areas of high flood risk, according to
Federal Emergency Management Agency 100-y digital maps of flood rates,
in Houston, but not in Miami, USA”™®

Note: Further details on each study are found in Excel Table S1. EPA, Environmental Protection Agency; HAPs, hazardous air pollutants; NO,, nitrogen dioxide; PDBE, polybromi-
nated diethyl ether; PFAS, perfluoroalkyl substances; PM, s, fine particulate matter; p,p'DDE, dichlorodiphenyldichloroethylene.

Research Synthesis

Overall, most included studies reported that immigrants, com-
pared with nonimmigrants in the same country of residence, were
exposed to higher levels of detrimental environmental stressors
such as metals, organic chemicals, and air pollutants (Tables 1
and 2). Compared with the number of studies documenting expo-
sure disparities by immigrant status, there were relatively few
studies that reported that immigrants were differentially affected
by environmental exposures compared with nonimmigrants in
their respective countries.

Excel Table S1 details each of the included studies, including
the disparity focus, exposure, study location, methods, immigrant
and comparison groups, and results and main conclusions. It also
summarizes whether a study controlled for SES characteristics
that intersect with immigrant status in affecting environmental
exposure or health disparities. These characteristics include race/
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ethnicity, income, education, among other related variables.
Although 32 of the 50 studies controlled for SES characteristics,
only 7 studies calculated immigrant subgroup-specific exposure
or health effect estimates (e.g., among immigrants, the effect of
income or education) via stratification, interactive terms, or effect
modification analyses. This points to a research gap in under-
standing immigrant environmental health disparities.

Discussion

We propose a conceptual framework to illustrate the contribu-
tors to and pathways affecting immigrant health (Figure 1).
Individual immigrant status can intersect with SES, race/ethnic-
ity, gender, and other characteristics to affect levels of discrimi-
nation, language and cultural barriers, and other challenges
of access, which, along with directly affecting individual health
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Table 2. Summary of findings on health disparities from literature review.

Outcome

Main findings

Endogenous factors
Diabetes mellitus (prospective cohort)

Air pollution
NTDs (birth defects monitoring)

Fetal growth (birth cohort)

Mortality (census-based cohort and health survey)

Other
Insomnia (home sleep testing)

Mortality (national death certificate registrssssies)

Melanoma (national schoolchildren cohort)

¢ Among South Asian immigrants with diabetes, higher odds of high exposure
of p,p'DDE or B-HCH in London, England*?

¢ Estimated association between air pollution exposure (carbon monoxide,
nitrogen oxide, and NO,) and NTD risk higher among those born to
Hispanic immigrant mothers than Hispanic nonimmigrant mothers in
California, USA”’

* More severe negative association between air pollution exposure during preg-
nancy and birth weight in those born to immigrant mothers than those born to
nonimmigrants in Boston, USA”?

* PM, 5 effect on mortality inconsistent across years®* but suggestive of higher
PM, 5 mortality risks in immigrants compared with nonimmigrants in
Canada

¢ In Canada, immigrants’ risks higher for some specific mortalities, such as
those from cardiovascular and cerebrovascular causes®

¢ No strong evidence of differences between immigrants and nonimmigrants in
risk of noise-induced insomnia in the United States®>

¢ In France, small differences in attributable mortality heat or cold exposure
between immigrants and nonimmigrants’>

* Higher mortality rates among non-Kuwaitis compared with Kuwaitis in
response to extreme heat®

 More non-citizen deaths due to heat in the United States®

* Immigrants to Belgium from high-income countries had higher magnitude
estimated reductions to mortality and benefits to self-rated health associated
with green space exposure compared with immigrants from low- and middle-
income countries and nonimmigrants, although differences between groups
were not statistically significant’®

* Lower risk among immigrants compared with nonimmigrants, even when
nonimmigrants had low sunlight exposure; lower risk among immigrants
arriving later in life®!

Note: Further details on each study are found in Excel Table S1. B-HCH, beta-hexachlorocyclohexane; PM; s, fine particulate matter; NO,, nitrogen dioxide; NTD, neural tube defect;

p.p'DDE, dichlorodiphenyldichloroethylene.

outcomes, can affect one’s environment, including their resi-
dence and its surroundings.'®*¢®% Along with other nonenvir-
onmental factors, individual immigrant status can lead to
differences in that individual’s community-level vulnerability,
which includes environmental exposures, such as metals, air
pollution, and extreme temperatures, among others, and ulti-
mately affects individual-level risk of health outcomes.®® In
fact, immigrant status can affect environmental exposure levels
and consequent health effects through multiple pathways, likely
on different spatial scales. Contextual factors at the household
and community (e.g., municipal, national) levels could interact
with individual immigrant status to affect environmental expo-
sure and health.”*>*” For example, an immigrant in one com-
munity that has had low rates of immigration may experience
challenges that increase their levels to or health risks from environ-
mental exposures compared with a comparable immigrant in
another community with higher rates of immigration and increased
resources to integrate newcomers into its society (e.g., assistance
for housing, health literacy programs). Although Figure 1 does not
exhaustively list all health determinants and potential pathways, it
illustrates that pre- and post-immigration nonenvironmental factors
and environmental exposures together can theoretically affect
health and observed post-immigration outcomes through distinct
pathways.

Our review identified articles that support links between immi-
grant status and environmental exposure levels, which can be con-
sequential for health (Figure 1). Such disparities in endogenous
factors and air pollution exposure could potentially lead to im-
portant differences in health outcomes between immigrants and
nonimmigrants, as well as among immigrants themselves. Of
the 50 studies reviewed, 43 investigated disparities in exposures
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that are known to be harmful to human health. Metals such as
arsenic are linked to increased risk for cancer,”® diabetes,”” and
cardiovascular disease among adults.”>°" Furthermore, these
exposures were often measured in reproductive age or pregnant
women because they can cross the placenta and into the fetus,
affecting neurodevelopment.”>* Similarly, organic chemicals
such as organobromines (e.g., polybrominated diphenyl ethers;
PDBE), organochlorines (e.g., p,p’'DDE), and phthalates disrupt
endocrine function and can impair human reproduction, neurode-
velopment, and the allergic response.gs’% Besides metals and or-
ganic chemicals, we found evidence for disparities in exposures to
HAPs and PM; 5 in studies conducted in the United States. The
list of HAPs is maintained by the U.S. EPA and includes air pollu-
tants known to cause cancer and other serious effects.”* The identi-
fied studies suggest that Hispanic immigrants living in the United
States would have higher lifetime cancer risks compared with non-
immigrant populations.(’G’(ﬂ’69 Another class of air pollutants,
PM, s, consists of ambient particles that can reach the alveoli, the
deepest parts of human lungs responsible for gas exchange. PM; s
exposure has been linked to oxidative stress, inflammation, among
other negative health effects.”>*” The identified studies estimated
that PM, 5 exposure disparities lead to higher mortality and morbid-
ity burdens in immigrants compared with nonimmigrants.®"-**"!
Potential differences in environmental exposures by immi-
grant status may be linked to nonenvironmental factors, such as
settlement patterns, cultural differences, and dietary preferen-
ces. In North America, immigrants have historically settled in
more urban areas in gateway cities, close to places where they
have existing family or cultural ties.”®?? Overall, immigrants
also tend to have lower annual household incomes than nonim-
migrants.'® Given that more affordable urban areas are often more
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polluted,”>** immigrants with limited financial resources are more
likely to live in more polluted areas, exposing them to higher chemi-
cal and other pollution compared with nonimmigrants overall. In
addition to differences in affordability between neighborhoods,
immigrants face nonenvironmental factors, such as discrimination,
which can residentially segregate them to neighborhoods of
lower env1ronmental quahty (e.g., dirty air, poor water supply,
contaminated land) 1ot

Thus, when comparing communities, there could be associa-
tions between immigrant composition and environmental risks.
For example, Hispanic immigrants were more likely than nonim-
migrants to reside in flood zones in Houston, but not in Miami.”®
The researchers suggested that this could be because Miami’s de-
sirable and higher SES neighborhoods are more likely to be in
flood zones. Another study linked housing conditions to immi-
grant disparities, finding that, in Costa Rica, immigrants had
lower access to proper housing conditions, which likely led to
higher exposures to pesticides.® Aside from settlement pat-
terns, immigrants maintain cultural practices that persist after
immigration that can lead to higher levels of endogenous fac-
tors. One study referred to the use of traditional remedies as a
likely cause of high blood levels among Burmese immigrants.*'
A digestive remedy, Daw Tway, was tested to have lead concen-
trations of 520 ppm. The use of imported cosmetics or pottery
with high metal content and oral exposure via pica or through
metal jewelry could also explain higher metal concentrations
detected In imrnigrants.33’34’39’48 Also, immigrants can have
markedly different diets compared with nonimmigrants.
Consumption of imported foods could explain higher metal
and organic chemical concentrations in immigrants.”’48 One
study documented that Burmese immigrants consumed caught
sportfish from the Great Lakes region at higher rates than non-
1mm1grant licensed anglers, likely e 5plaining higher blood
mercury in this group of immigrants.”™ Although higher blood
metal concentrations among immigrants compared with nonimmi-
grants could partially be due to pre-immigration exposures, the
identified literature included numerous examples of higher expo-
sures post-immigration as a result of settlement patterns,”*’® cul-
tural practices,”*'*® and dietary practices.?>>%4>48

Aside from disparities in environmental exposure levels, dif-
ferences can also exist between immigrants and nonimmigrants
in their health responses associated with a given level of environ-
mental exposure owing to effect modification or interactions with
nonenvironmental factors. However, few studies (12 of the 50
studies) investigated health disparities associated with environ-
mental exposures by immigrant status (Figure 2B). Collectively,
these studies provide evidence of more severe health detriments
from air pollution (i.e., PM; 5, NO,, carbon monoxide) in immi-
grants compared with nonimmigrants on fetal growth,” risk for
NTDs,” and mortality.”>**** Although the Canadian studies
used national data,>®6%>4 many of the studies in the United States
were regional in geographic scope.m’73 Besides air pollution ex-
posure, one study found no evidence of immigrant disparities in
the health effects of noise and insomnia,** whereas three identi-
fied dlsgarmes in the effect of extreme temperature on mortal-
1ty In summary, there are few studies that estimated
differences in health response associated with a given level of
environmental exposure. Adding to this, the Canadian air pollu-
tion studies used similar data sets to estimate health effects. Thus,
assessing disparities in health effects from environmental expo-
sures by immigrant status is a clear knowledge gap that future
studies should aim to address.

Future studies should aim to elucidate how environmental ex-
posure and environmental health disparities differ among immi-
grants themselves. As illustrated in Figure 1, immigrant status
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encompasses not only whether or not one is foreign born but also
detailed characteristics such as time since immigration and place
of origin, which can be consequential for health. Time since im-
migration is a distinguishing characteristic among immigrants
because it approximates the level of acculturation: the degree to
which immigrants resemble nonimmigrants in the destination
country. As immigrants become acculturated and integrated into
the society of their destination countries, they may adopt resi-
dential, cultural, and dietary preferences that more closely
resemble those of nonimmigrants. Studies showing declining
environmental exposure disparities between immigrants and
nonimmigrants based on time since immigration support this
acculturation hypothesis.*>**>® Furthermore, the health risk
from PM, s was found to be more similar between established
immigrants and nonimmigrants than between recent (<20y
since immigration) immigrants and nonimmigrants.®>

Studying immigrant differences by time since immigration
requires understanding that paths toward acculturation are not
equally available to all immigrants. How acculturated immigrants
become may depend on race/ethnicity, SES, education, and other
factors.” Immigration acculturation may also be influenced by
area-level factors, such as the presence or formation of immigrant
enclaves. Another important distinguishing feature among immi-
grants is their place of origin. Depending on the immigrant’s place
of origin, pre-immigration environmental exposures and nonenvir-
onmental factors would differ. Although many studies did not
investigate disparities by place of orlgln some other studies identi-
fied exposure disparities by place of origin,*>37#>4%6173 1y (otal,
among the 50 identified articles, 11 explored differences by time
since immigration and 14 explored differences among immigrants
by place of origin. An additional knowledge gap is the contribution
of refugee status, which can impact access to housing, employment
opportunities, health care, and other factors leading to environmen-
tal exposure or consequent health disparities when compared with
other immigrants or the native-born. The four reviewed studies that
specified refugees as their study population did not investigate dif-
ferences in environmental exposures or health outcomes between
refugees and nonrefugee immigrants.”>~">**! Given that immi-
grants are not a monolithic group, future studies are needed to gain
a deeper understanding of how environmental health disparities
arise between immigrants and nonimmigrants as well as among
immigrants by evaluating potential differences by characteristics
such as time since immigration, place of origin, and refugee status.
Moreover, immigrant status intersects with SES characteristics,
such as income and education, in ways that could affect environ-
mental exposure levels and health disparities. Although 32 of the
reviewed studies accounted for SES characteristics in their analysis
of exposure levels or health effects in immigrants compared with
nonimmigrants (Excel Table S1), only 7 conducted further analysis
with stratification, interactive model terms, or effect modification by
intersecting SES characteristics, such as race/ethnicity,36’42’43’65’83
income,79 or neighborhood acculturation factors, such community
immigrant proportion and foreign language speakers.”” When
possible, future studies should address knowledge gaps in the
combined effects of immigrant status and SES, race/ethnicity, or
related characteristics, as well as the pathways through which
immigrant status could influence environmental health by includ-
ing household or area-level contextual variables.

Although published work on this topic has increased in
recent years (Figure 2), challenges remain to conducting
research on the environmental health of immigrants. The col-
lection and availability of health data that contain or are linked
to information on immigrant status are limited, especially out-
side of North America. Evidence is particularly needed for
areas outside of North America, given that 43 of the 50 studies
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identified in this review were conducted in the United States or
Canada. Although this is partially explained by the United
States and Canada being top destinations for immigrants in the
late 20th and early 21st centuries,’ it points to a lack of research
on transnational immigrant health outside North America.
Increased resources dedicated to studying the environmental
health of immigrants can lead to new insights on health in a
world with increased mobility. For example, although studies
have addressed disparities among immigrants by country of ori-
gin in a destination country (e.g., how different immigrant
groups fare in the United States), an analysis that investigates
potential exposure or health disparities by destination country
among immigrants from a specific place (e.g., country or
region) of origin was not identified (e.g., how immigrants from
Mexico fare across different destination countries). With
increased collaboration leading to multicountry data, such a
study could inform on potential environmental health disparities
experienced by immigrants from a specific region in different
destination countries.

Similarly, a multicountry comparison of immigrants by time
since immigration could inform on whether acculturation effects (i.
e., immigrants experiencing similar exposures and health effects as
nonimmigrants) differ between destination countries. A prior
review of mortality risks of immi§rants in different destination
countries found complex patterns.'®> Those who immigrated to a
country with a similar climate as their originating country tended
to have lower mortality risks compared with the nonimmigrants of
their destination country, or a mortality advantage. In contrast,
those who moved from a country with a warmer climate to a coun-
try with a colder climate did not have a mortality advantage and
exhibited higher cardiovascular mortality compared with the nonim-
migrants of the destination country. That study did not estimate tem-
perature exposure or temperature—mortality disparities between
immigrants and nonimmigrants. Increasing efforts to collect data on
place of origin and time since immigration would also address a limi-
tation of exposure assessment. Specifically, although disparities by
immigrant status in air pollution, temperature, noise, and green space
can be evaluated in the destination countries post-immigration, dis-
parities in endogenous factors, such as metals and organic com-
pounds, cannot be explicitly linked to the post-immigration
environment. In other words, for endogenous factors, the pre- and
post-immigration environments need to be considered because,
depending on the specific metal or organic compound, endogenous
factors could accumulate and be present in the blood or other body
samples years after exposure. This motivates the collection of time
since immigration and place of origin data because such variables
can potentially adjust for pre-immigration exposures that were not
measured. In summary, assessing environmental health disparities
between immigrants and nonimmigrants, as well as among immi-
grants, remains challenging due to data limitations.

Our review has some limitations. In our search for studies on
environmental health disparities between immigrants and nonim-
migrants, some relevant studies may have not been captured by
our search terms. Because this research area is relatively small
and often a peripheral focus of larger studies, there is not a con-
sistent list of terms that encapsulates the topic of immigrant envi-
ronmental health disparities. To maximize our chances of
screening all relevant studies, we used terms as general as “envi-
ronmental exposure” and “pollution” but also specific terms of
well-established exposures such as “air pollution” and “tempera-
ture.” Along the same lines, to increase our chances of finding
studies that involved comparisons between immigrants and non-
immigrants, we used terms such as “migrant,” “nativity,” and
“foreign born.” However, we likely missed studies that could
have been relevant for this systematic review. For example,
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studies on immigrant disparities in water contamination, soil con-
tamination, and specific pathogens could have been missed by
our search terms. Adding to this, although we included “US
born” as a search term because of an understanding that it is an
established term and that many immigrant health disparities
have been conducted in the United States, doing so could have
biased our literature search toward studies based in the United
States and excluded studies in other locales. Although we did
not require the term “US born” and included other relevant ter-
minology (“immigrant,” “foreign born,” “nativity,” “migrant,”
or “native born”), we did not incorporate analogous terms for
other countries (e.g., “Canadian born”).

An additional limitation of our search terms is the lack of terms
such as “health” or “health disparities.” Our search could have
missed studies that focused specifically on immigrant health dis-
parities; however, this subset would have been unlikely to yield
additional studies that investigated immigrant health disparities
from environmental exposures, given that the latter was well cov-
ered by our search terms. Besides search terms, some studies may
have been missed because we considered only English language
publications. Moreover, as we targeted observational population
exposure and epidemiologic studies, we may have excluded poten-
tially informative clinical and randomized controlled studies that
describe immigrant disparities related to environmental exposures
and consequent health outcomes. In the future, as more studies
investigate immigrant environmental health disparities, we antici-
pate increased consistency in the terms used to describe research
on environmental health disparities between immigrants and non-
immigrants. More studies would allow a more extensive evaluation
of the existence of immigrant disparities in environmental expo-
sure levels and health effects.

Another limitation is that there is substantial overlap between
exposures experienced in occupational and nonoccupational set-
tings. For our review, we focused on research in nonoccupational
settings. However, for some studies, especially those on endoge-
nous factors measuring levels of metals and organic compounds,
disparities between immigrants and nonimmigrants were likely
related to different experiences in occupational and nonoccupa-
tional settings.*>-*404>%>>% Eor assessing environmental exposures
and their health consequences, the demarcation between exposures
from occupational and nonoccupational settings is not clear-cut.
Researchers will continue to face the challenge of distinguishing
between occupational and nonoccupational exposures when investi-
gating immigrant environmental health disparities. In the future, we
could strive to disentangle exposure and health differences stem-
ming from occupational and nonoccupational settings by simultane-
ously collecting data on immigrant status and occupation. Finally,
as with all literature reviews, publication bias most likely limited
our ability to identify all studies that investigated immigrant envi-
ronmental exposure and health disparities. This bias likely reduced
the number of included studies that had null findings (e.g., no differ-
ences in exposure or health disparities stemming from exposure
between immigrants and nonimmigrants).

Despite some limitations, this review has numerous strengths.
We posed a question at the innovative intersection of immigrant and
environmental health then summarized findings on whether immi-
grants experience disparate levels of or effects from environmental
exposures. Our review was comprehensive in that it covered a wide
variety of exposures ranging from metals to organic compounds, air
pollution to noise to extreme temperatures, green space to flood risk,
and more. Furthermore, our review addresses an area of increasing
public health relevance. In countries with high immigrant popula-
tions, often with an increasing number of aging immigrants, it is a pri-
ority to better understand the role of the environment in the etiology
of health differences between immigrants and nonimmigrants.'®
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Conclusion

The environmental health of immigrants in the general popula-
tion has received increased research interest in recent years,
as demonstrated by a growing number of relevant studies.
However, when compared with the body of literature on dispar-
ities by sociodemographic characteristics, such as race/ethnicity
and SES, there remains a dearth of original research on environ-
mental health disparities by immigrant status. In this state-of-
the-science review, we found numerous studies concluding
higher metal, organic compound, and air pollution (i.e., hazard-
ous air pollutants or PM; s) exposures in immigrants compared
with nonimmigrants.

Our review points to clear research gaps and future directions
in the environmental health of immigrants, thus we offer the fol-
lowing specific recommendations. First, future studies should
seek to investigate differential health effects from environmental
exposures between immigrants and nonimmigrants. This includes
the need for studies focused both on exposure itself and on the
subsequent health outcomes. Our literature search yielded rela-
tively few studies on differential health effects from environmen-
tal exposures. Furthermore, the severity to which immigrants
experience health effects from environmental exposures com-
pared with nonimmigrants is unclear. Second, the majority of the
reviewed studies were conducted in North America, pointing to a
need for research in other countries that have large immigrant
populations (e.g., Germany, Saudi Arabia, United Arab Emirates,
Australia). Furthermore, in the reviewed literature, few studies
looked beyond immigrant status (i.e., whether one is foreign
born). Some studies showed that there could be additional envi-
ronmental exposure and health disparities by detailed immigrant
characteristics, such as country of origin and time since immigra-
tion. Therefore, future analyses of immigrant environmental
health should explore disparities beyond simply foreign-born sta-
tus. Adding to this, immigrant status may interact with SES;
future research should address the combined effects of immigrant
status with intersecting characteristics such as race/ethnicity,
income, and education attainment. Finally, given that data on
these issues are often unavailable, more detailed data collection
and curation are needed for impactful research on this emerging
topic because many countries have substantial and growing
immigrant populations. With a greater understanding of the role
environmental exposures play in influencing immigrant health
disparities, stakeholders would better anticipate emerging health
needs of the population and design appropriate environmental
and health policies.
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