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Background: To study the association between the surrounding local environmental factors and the body mass

Methods: We use the New Immigrant Survey, to study the association of obesity prevalence in a region on body
mass index. We consider local obesity rate as an outcome of the local environmental factors. Using ordinary least
squares, three versions of equations are estimated to quantify the contribution of individual-level, acculturation, and

Results: We find statistically significant results for the correlation of local obesity rate and body mass index. For
every 1% increase in the obesity rate, the body mass index levels increase by 0.182 kg/m?. Evidence also suggests
dietary assimilation in immigrants is influenced by local environmental factors and that dietary change affects body

Conclusions: Immigrants’ body mass index increase with the increase in the local obesity rate of the region where

Background

Rising rate of obesity is a policy concern, as it is associated
with increased health risks and health costs. Obesity has
been linked to chronic diseases such as coronary heart dis-
eases, type 2 diabetes, cancer, hypertension, and depres-
sion [1, 2]. These diseases account for 21% of health care
cost in the USA [3]. Obesity is largely viewed as an indi-
vidual outcome originating from individual choices [4-6].
Changes in individual behavior, such as increases in fast-
food consumption [7], increases in the consumption of
sweetened beverages [8], unhealthy eating habits [9], phys-
ical inactivity [10], and increases in television viewing time
[11], have been associated with the rise in obesity. Re-
search has also found that in addition to unobserved social
networks, there are unobserved confounding contextual
factors that are responsible for the spread of obesity [12],
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but isolating the effect of environmental factors has been
challenging. Our research attempts to isolate the context-
ual environmental factors and studies their association
with the obesity prevalence in the immigrant population.

Individual’s local environment is a function of factors
such as the socio-economic status in the area, access to
supermarkets and grocery stores, concentration of fast-
food restaurants, physical infrastructure, economic pol-
icy, cultural environment, and proximity to recreational
centers and parks. These characteristics define choices
available to individuals and in turn affect their health. As
these environmental factors affect the health outcomes
of the local population, they also in turn influence the
local obesity rate (LOR) of that region [13—19]. For this
paper, we consider LOR as the long-run outcome of the
process by which inhabitants affect their environment;
specifically, the social, cultural, and physical environ-
ments of a region, and in turn, are affected by it.

The LOR of a region is defined as the percent of obese
adults in a given region. Even though the obesity rate in the
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USA is 35.7%, there is heterogeneity in the regional obesity
rate [20]. For instance, Colorado, the least obese state in
the country, has an obesity rate of 22.6%, whereas West
Virginia, one of the most obese states in the country, has
an obesity rate of 38.1% [21].

According to the healthy immigrant theory, immi-
grants on arrival are healthier than the native popula-
tion and with time their health converges to that of the
natives [22—24]. Immigrants are a unique population in
that before arrival, they are not exposed to the local en-
vironment of the region, to which they are immigrating.
Upon arrival in the USA, they are potentially influenced
by the habits and lifestyle of their new region of resi-
dence. Indeed, two identical immigrants may face very
different local environments if they move to different
parts of the USA and thus may adopt different lifestyles
and dietary habits because they are exposed to different
environments. These choices influence the health of the
immigrants [25, 26]. We seek to understand if LOR, a
function of the varying environmental factors, have a
varying influence on the body mass index (BMI) levels
of the immigrants. Consider two new immigrants who
have similar characteristics. One of them immigrates to
Mississippi where the obesity rate is 35.5%, while the
other individual immigrates to Utah, where the obesity
rate is 25.7% [21]. Environmental factors that affect the
obesity rate in Mississippi are different from those in
Utah. We ask the question, how does exposure to dif-
ferent environments affect the health status of other-
wise similar individuals?

Immigrants undergo a process of acculturation when
they move into a new environment of the host country.
Adoption to the new social culture and dietary environ-
ment has an effect on immigrant’s health [22]. This
process of adoption to a new lifestyle may result in ac-
quiring new health behavior and dietary habits thus
resulting in unhealthy outcomes [26-31]. Research
shows that with the passage of time, immigrants gain
more weight [25, 32-34] and who arrive at a younger
age are at higher risk of obesity than those who arrive
at an older age [35].

The paper adds to the literature by studying the asso-
ciation of local environmental factors and immigrants’
BMI levels. Consider this: if people were to choose their
place of residence independent of the LOR and the fac-
tors that influence it, then the regression of people’s
BMI on the LOR would yield causal results. However,
this is a very strong assumption, mainly for two rea-
sons. First, people’s choice of a place of residence is a
choice of that place’s local environmental characteris-
tics, which also influence the LOR. Second, the place of
residence has a contextual effect on people. They adapt
to the local environment prevalent in the surrounding
area, which is influenced by the observable and
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unobservable preferences of other people living in that
area. As immigrants are born abroad, they are not ex-
posed to the cultures of the regions of the USA. Hence,
they might not be aware of the local characteristics of
the different regions. If we assume that new immigrants
choose to live in a region independent of the LOR and
the factors that drive it, then we can causally identify
the role that environmental factors play in obesity
prevalence.

According to McDonald and Kennedy [25], associ-
ation of immigrant with their ethnic social network in
the host country accelerates their assimilation process
with host country’s culture and lifestyle, in turn influen-
cing immigrants’ health. Katare and Beatty [36] find
that international students who chose to attend a uni-
versity in a higher obesity region gain significantly more
weight as compared to those who chose a university in
a lower obesity region. They show that international
students’ choice of university is independent of the local
environmental factors, thus establishing an almost
causal relationship between the LOR and weight gain in
students. Following this literature, a modest version of
our maintained assumption would be that the immi-
grants’ choice of location within the USA is entirely
based on lowering their adjustment costs such as job
opportunities and available support from relatives and
earlier immigrants, and the local environmental charac-
teristics such as prevalence of obesity, availability of
recreational activities, and density of grocery stores or
fast food restaurants are not considered in the
decision-making process.

Current obesity epidemic in the USA is a result of
changes in local environmental conditions [37] such as
local food environment [19] and types of food stores
[17], which influence the food choices and in turn
affect the health outcomes. The proximity to obeso-
genic environmental factors such as availability of fast-
food restaurants closer to schools or residential areas is
shown to be a risk factor for obesity prevalence [38,
39]. Obesity can be considered as a part of social
phenomenon connected to individuals’ social life [40].
Through the process of acculturation, immigrants
interact with new culture and society in the host coun-
try. They learn new ways of life, customs, and lan-
guages. Acculturation measured by immigrants’
language skills [29], college degree [28], and a measure
of English language preference [27] have been found to
be a risk factor affecting the obesity trajectory.

To the best of our knowledge, this is one of the first
papers that attempt to isolate the effect of local environ-
mental characteristics on the BMI levels of immigrants.
This paper extends prior work by considering how the
weight gain is correlated with the LOR. We study the
mechanism of obesity prevalence by considering the
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correlation between the immigrants’” BMI level and en-
vironmental, acculturation factors.

Methods

We use the New Immigrant Survey, 2003 (NIS 2003), a
nationally representative survey of legal immigrants to
the USA, conducted in 2003-2004. It is a random sam-
ple of full cohort of immigrants who have newly ac-
quired their legal permanent residence. The final sample
construction for this paper is reported in Table 3 in
Additional file 1 consisting 1189 male and 913 female
immigrants. This research is reviewed by the authors’
university’s Institutional Review Board and has deter-
mined that it meets the criteria for exemption under 45
CFR 46.101(b).

BMI is used as the main outcome variable, calculated
from the self-reported height and weight data available
in NIS 2003. BMI range is from 12 to 65.5 kg/m> LOR
is our main variable of interest. State-level obesity rates
for 2003 are obtained from The State of Obesity [41].
NIS 2003 data were collected in 2003-2004, and the
state-level obesity rates used are for the year 2003. NIS
divides the country in eight census regions and seven
states. For each region in the eight census regions, we
calculated the average of the local obesity rate for all the
states included in that given census region. For example,
the LOR mapped to the New England regions is the
average of the obesity rates for Vermont, Rhode Island,
New Hampshire, Massachusetts, Maine, and Connecti-
cut. For each of the seven states, we assigned their cor-
responding state-level obesity rate. The details for the
obesity rate calculation and assignments for each state
and region are in Table 4 in the Additional file 1.

Previous research indicates that the process of accul-
turation varies by gender [42, 43]; hence, we perform the
analysis separately for men and women. Prior work has
also suggested that spread of obesity is related to the en-
vironment in which individuals live and shared environ-
mental factors can cause the appearance of social
network effects [12]. Community-level effects arise due
to shared experiences. In other words, individuals living
in the same area are exposed to the same fast-food res-
taurants, the same exercise and wellness facilities, and
the same obesity rate. These factors affect the health or
BMI levels of all individuals who might or might not be
in one another’s social circles. When a foreign individual
is introduced into a population, he/she voluntarily or in-
voluntarily adapts to the given social and physical
infrastructure.

We want to quantify the contribution of each level of
variation (individual-level effects, acculturation effects,
and environmental effects) on immigrants’ BMI levels.
We estimate three versions of equations using ordinary
least squares. Standard errors are corrected for
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heteroscedasticity and are clustered at the state level to
correct for arbitrary within-state correlation. By control-
ling individual specific demographic variables, in the first
specification, we estimate the influence of LOR on BMI
measures of immigrants.

(1)

where the LOR corresponds to the percent of adults
who are obese in the state s of residence of immigrant i
and Z is a vector of individual-level control variables cor-
responding to immigrant i.

In the second specification on Eq. 2, we augment the
first version with acculturation variables (Acculturation;y).

BMIs = B, (local obesity rate),, + B,Zis + u;

BMI;; = B, (local obesity rate),, + BrZ;s
+ BsAcculturation;s + u;

2)

In the third specification in Eq. 3, we control for envir-
onmental variables that are likely to be correlated with
the LOR:

BMTI;s = B,(local obesity rate),, + B,Zis
+ BsAcculturationis + B, Wis + u;

(3)

where Wi, is a vector of environmental variables in the
region of residence of immigrant i in state s.

Results

Table 1 presents the descriptive statistics for the demo-
graphic, health, and acculturation variables of the entire
sample of 1189 male (57%) and 913 female (43%) re-
spondents separately. More male immigrants have a
college degree and are employed as compared to female
immigrants. The average duration of residence in the
USA for the entire sample is 8 years, and 68% of immi-
grants are married. The highest numbers of immigrants
are from Latin America followed by Asian countries.
More than 55% of immigrants consider themselves to
speak English “well” or “very well.” The last column in
Table 1 reports the differences between male and
female characteristics, and almost all the variables are
statistically different, except for age and time of resi-
dence as expected.

Results from Table 2 show the estimates for the effect
of LOR on the BMI of immigrants. The LOR has a sig-
nificant effect on the BMI levels of all the immigrants.
For every 1% increase in the LOR, the BMI of female
immigrants increases by 0.182 kg/m®. For interpretation,
consider if a person instead of immigrating to Colorado
(obesity rate 22.3%), immigrated to Georgia (obesity rate
31.4%), her BMI would be 1.66 kg/m* (0.182x9.1=
1.66) more than her BMI in Colorado. Translating this
into weight will mean that instead of immigrating to
Colorado, if a person immigrated to Georgia, she would
have gained almost 11.15 lbs. (5.1kg) more weight in
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Table 1 Descriptive statistics of the adult immigrants in NIS 2003
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Variables Entire sample, N=2102 Male, N= 1189 Female, N=913 Difference between
male and female
Demographic variables
Age (years) 36.11 (1031) 35.95 (10.35) 3633 (10.26) -0.83
No. of children 1.51 (1.67) 1.37 (1.61) 1.69 (1.72) —4.37%%%
Income (= income/$10,000) 349 (4.54) 404 (529 277 (3.18) 6.45%**
Duration of residence in the USA (year) 8.21 (6.90) 8.16 (6.79) 8.27 (7.06) -0.36
Female - 56.57% 43.43% -
College degree (=1) 34.1% 38.77% 28.1% 5.11%%*
Married (=1) 67.98% 71.57% 63.3% 4.03%*¢
Employed (=1) 80.20% 88.22% 69.76% 10.81%**
Citizenship sponsored through employer (= 1) 24.73% 29.18% 18.94% 542%%%
From Asia (=1) 32.58% 34.39% 30.23% 2.02%*
From Africa (=1) 13% 16.73% 821% 5.79%**
From Latin America and the Caribbean (=1) 5437% 48.87% 61.56% — 5.83***
Health variables
BMI (kg/mz) (12 <BMI < 65.5) 25.53 (5.03) 25.77 (4.39) 25.21 (5.76) 2.57%%%
Health behaviors
Currently smoking cigarettes (= 1) 23.26% 30.86% 13.36% 9.61%**
Currently consuming alcohol (= 1) 4167% 51.47% 2891% 10.67%%*
Change in diet (=1) 52.52% 5340% 51.36% 093
Acculturation variables
Speaks English well/very well (= 1) 55.18% 61.98% 46.3% 7.24%%%
Speaks English with spouse (= 1) 26.26% 27.83% 2421% 1.87%
Speaks English at work (= 1) 71.12% 78.38% 61.66% 5.52%%*
Speaks English with friends (= 1) 51.56% 57.69% 4359% 6.47%%*
Education in the USA (years) 127 277) 134 (2.8) 1.16 (2.73) 1.48

Standard deviation values are in parentheses when reporting averages. For continuous variables, we report mean and corresponding standard deviations in
parentheses. For binary variables, we report percentages. *P < 0.1, **P < 0.05, ***P < 0.01. Statistics for BMI categories are reported in Table 6 in Additional file 1

Georgia than she would have gained in Colorado (the
reference height for these calculations is 1.75 mts and
weight 50 kg). However, female immigrants drive these
results. The local environmental factors and the accul-
turation factors have a higher and significant effect on
the female immigrants as compared to the male
immigrants.

The inclusion of acculturation variables in column 2
does not change the magnitude of the estimate (0.175
kg/m2), indicating that the acculturation variables are
not correlated to the LOR. The inclusion of environ-
mental variables increases the magnitude of the esti-
mated coefficient for the LOR significantly by almost
43% implying that 43%, i.e., (0.261-0.182)/0.182, of the
correlation between the LOR and female immigrants’
BMI level can be attributed to the heterogeneity among
states rather than the heterogeneity among respondents.
Result also shows that immigrants living in the USA for

a longer period had higher BMI. These results are simi-
lar to the previous literature on immigrants’ BMI and
duration of residence [28]. Female immigrants with well
or very well English proficiency level have higher BML
Male immigrants conversing in English with their
spouses have lower BMI than those who do not converse
in English.

We also estimated a model with an interaction term
between LOR and duration of residence. The duration
of residence was divided into two categories, short stay
(time of residence <8years) and longer stay (time of
residence > 8 years). Results presented in Table 7 in Add-
itional file 1 show that the LOR has the same effect on
the BMI of female immigrants regardless of their dur-
ation of residence. The coefficients for both the inter-
action term are statistically similar (P> 0.1). This result
echoes the main results that the local obesity rate influ-
enced female immigrants’ BMI.
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Discussion and conclusions

This paper uses NIS 2003 data to examine the relation-
ship between immigrants’ BMI and LORs. Results show
that BMI among immigrants increased with an increase
in the LOR. For immigrants located in environments
with a higher percentage of the obese population, the
local environmental characteristics have a positive asso-
ciation with their BML

Results also show that among immigrants who have
been living in the USA for a longer period, there was a
significant effect of environmental factors on their BMIL
With the passage of time, the effect of the environment
is replaced by the effect of the behavioral change. Even if
people in different regions have spent the same amount
of time, the influence of different environments has dif-
ferent effects on their BMI. This result is important be-
cause it provides additional support for our initial
hypothesis that environmental factors affect BMI levels.
These support the idea of policy interventions to modify
the environment to provide healthier choices for the in-
dividuals. Healthier environment may motivate people in
making healthier choices and may lead to positive health
outcomes. Female immigrants mainly drive the results.
These results are supported by the existing literature,
which states that female immigrants converge to the
American BMIs at a faster rate than the male immi-
grants [22] and that the female immigrants’ body com-
position is affected more as compared to men after
moving to the USA. [44]. Results underline the higher
health risk in female immigrants and the need to design
obesity prevention policies taking into account gender
and ethnic heterogeneity.

We find that acculturation measured as female immi-
grant’s English language skills was significantly correlated
with their BMI. These results contribute to the literature
that the language used at home is an important level of ac-
culturation [45] and is a significant predictor of obesity in
female immigrants [46, 47]. Similarly, college-educated fe-
male immigrants had lower BMI than those with lower
levels of education, which is similar to the results from
previous literature [28]. There is a possibility of interrela-
tion between the environmental variables and the degree
of acculturation in female immigrants. Factors such as
employment, education, and proficiency in English lan-
guage determine the dimension of acculturation through
access to American lifestyle and adoption of habits such
as decreased physical activity and increased consumption
of high-fat energy dense food [48].

Our results contribute to the knowledge about the effect-
iveness of policy interventions geared toward modifying
the local environment, such as state taxes on sugar-
sweetened beverages, immigrant population, public trans-
portation, density of food deserts, parks and recreation
infrastructure, and outdoor recreation opportunities.
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However, our results do not provide information about
specific environmental factors (such as concentration of
fast food restaurants versus convenience stores) those may
influence immigrant BMIL. One main reason is our data
does not allow us to define a geographical unit finer than
at state level restricting to account for these environmental
factors. Our results show that immigrant BMI is correlated
with the percentage of immigrant population in their re-
gion and the state poverty rate. These results are supported
by the previous literature on environmental factors. McDo-
nald and Kennedy find that immigrants in areas with
higher ethnic population have lower weight gain as com-
pared to others [25]. Similarly, Kling et al. find that moving
from a higher to a lower poverty neighborhood reduces
the probability of being obese [49]. Katare and Beatty find
that limited access to healthy food has a significant effect
on weight gain in international students [36]. These studies
provide evidence that environmental factors influence indi-
vidual health outcomes. Our results cautiously suggest that
to improve individual health outcomes, there is a need to
implement policies to modify the environment. An un-
healthy environment may limit the effect of individual-
level interventions thus restricting the effect of these inter-
ventions on individual health behavior and choices.

We are assuming that prior to arriving in the USA,
immigrants are unaware of the local conditions of their
places of immigration. This assumption can fail for
several reasons. For instance, it is possible that the im-
migrants are aware of the local environmental character-
istics in a region, and this knowledge motivates them to
move to a certain region. It is also possible that immi-
grants move to a place with a high percentage of their
co-ethnic population. This may shield immigrants from
the social and cultural environments in the region.

Immigrants are a unique population as they are placed
in a new and unknown environment and make choices
available in their foreign environment. Hence, their results
might not be generalizable to other populations. Another
important concern with respect to the magnitude of the
coefficients is that environmental variables can vary within
the states, with respect to their per-capita income,
infrastructure, and population density. These varying envi-
ronments within a state can create a classical error-in-
variables problem and would bias the co-efficient towards
zero. Change in physical activity after coming to the USA
can play an important role in the weight gain mechanism
for the immigrant population. Future work can be focused
on exploring this relationship. Regardless of the above
problems, this paper contributes both to the obesity and
immigration literature by examining the influence of the
local environment on the BMI levels among immigrants.
Results establish a robust and non-trivial association be-
tween the local environmental factors in the form of the
LOR and the BMI levels of immigrants.
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