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Abstract
Background: To study the association between the surrounding local environmental factors and the body mass
index of immigrants in the USA.
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
environmental effects on immigrants’ body mass index.
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/m2. Evidence also suggests
dietary assimilation in immigrants is influenced by local environmental factors and that dietary change affects body
mass index of female immigrants.
Conclusions: Immigrants’ body mass index increase with the increase in the local obesity rate of the region where
they reside.
Keywords: Immigrants, BMI, Obesity

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 diseases, type 2 diabetes, cancer, hypertension, and depression [1, 2]. These diseases account for 21% of health care
cost in the USA [3]. Obesity is largely viewed as an individual outcome originating from individual choices [4–6].
Changes in individual behavior, such as increases in fastfood consumption [7], increases in the consumption of
sweetened beverages [8], unhealthy eating habits [9], physical inactivity [10], and increases in television viewing time
[11], have been associated with the rise in obesity. Research 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 contextual 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 fastfood restaurants, physical infrastructure, economic policy, 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 environments 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, immigrants on arrival are healthier than the native population 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 environment 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 residence. 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 different environments affect the health status of otherwise 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 environment has an effect on immigrant’s health [22]. This
process of adoption to a new lifestyle may result in acquiring 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 association 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 factors 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 reasons. First, people’s choice of a place of residence is a
choice of that place’s local environmental characteristics, 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 exposed 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], association of immigrant with their ethnic social network in
the host country accelerates their assimilation process
with host country’s culture and lifestyle, in turn influencing immigrants’ health. Katare and Beatty [36] find
that international students who chose to attend a university 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 immigrants’ 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 characteristics 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 obesogenic environmental factors such as availability of fastfood 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 country. They learn new ways of life, customs, and languages. 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 environmental 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 environmental, 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 sample of full cohort of immigrants who have newly acquired 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 determined 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/m2. 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 Connecticut. For each of the seven states, we assigned their corresponding 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 acculturation 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 environment in which individuals live and shared environmental 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 restaurants, 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 involuntarily 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 controlling individual specific demographic variables, in the first
specification, we estimate the influence of LOR on BMI
measures of immigrants.
BMI is ¼ β 1 ðlocal obesity rateÞis þ β 2 Z is þ ui

ð1Þ

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 corresponding to immigrant i.
In the second specification on Eq. 2, we augment the
first version with acculturation variables (Acculturationis).
BMI is ¼ β 1 ðlocal obesity rateÞis þ β 2 Z is
þ β 3 Acculturationis þ ui

ð2Þ

In the third specification in Eq. 3, we control for environmental variables that are likely to be correlated with
the LOR:
BMI is ¼ β 1 ðlocal obesity rateÞis þ β 2 Z is
þ β 3 Acculturationis þ β4 W is þ ui

ð3Þ

where Wis 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 demographic, health, and acculturation variables of the entire
sample of 1189 male (57%) and 913 female (43%) respondents 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 immigrants 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 residence as expected.
Results from Table 2 show the estimates for the effect
of LOR on the BMI of immigrants. The LOR has a significant 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/m2. 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/m2 (0.182 × 9.1 =
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. (5.1 kg) more weight in
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Table 1 Descriptive statistics of the adult immigrants in NIS 2003
Variables

Entire sample, N = 2102

Male, N = 1189

Female, N = 913

Difference between
male and female

Demographic variables
Age (years)

36.11 (10.31)

35.95 (10.35)

36.33 (10.26)

− 0.83

No. of children

1.51 (1.67)

1.37 (1.61)

1.69 (1.72)

− 4.31***

Income (= income/$10,000)

3.49 (4.54)

4.04 (5.29)

2.77 (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%

5.42***

From Asia (= 1)

32.58%

34.39%

30.23%

2.02**

From Africa (= 1)

13%

16.73%

8.21%

5.79***

From Latin America and the Caribbean (= 1)

54.37%

48.87%

61.56%

− 5.83***

25.53 (5.03)

25.77 (4.39)

25.21 (5.76)

2.57***

23.26%

30.86%

13.36%

9.61***

Health variables
BMI (kg/m2) (12 < BMI < 65.5)
Health behaviors
Currently smoking cigarettes (= 1)
Currently consuming alcohol (= 1)

41.67%

51.47%

28.91%

10.67***

Change in diet (=1)

52.52%

53.40%

51.36%

0.93

55.18%

61.98%

46.3%

7.24***

Acculturation variables
Speaks English well/very well (= 1)
Speaks English with spouse (= 1)

26.26%

27.83%

24.21%

1.87*

Speaks English at work (= 1)

71.12%

78.38%

61.66%

5.52***

Speaks English with friends (= 1)

51.56%

57.69%

43.59%

6.47***

Education in the USA (years)

1.27 (2.77)

1.34 (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 acculturation 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 environmental variables increases the magnitude of the estimated 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 similar to the previous literature on immigrants’ BMI and
duration of residence [28]. Female immigrants with well
or very well English proficiency level have higher BMI.
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 ≤ 8 years) and longer stay (time of
residence > 8 years). Results presented in Table 7 in Additional file 1 show that the LOR has the same effect on
the BMI of female immigrants regardless of their duration of residence. The coefficients for both the interaction term are statistically similar (P > 0.1). This result
echoes the main results that the local obesity rate influenced female immigrants’ BMI.

0.076** (0.026)
0.197 (0.198)

0.267* (0.192)

− 1.159*** (0.265) − 1.206*** (0.278) − 1.283*** (0.253) − 2.191*** (0.667) − 2.060*** (0.615) − 2.412*** (0.703) − 1.574*** (0.250) − 1.576*** (0.250) − 1.738*** (0.294)

Base

Citizenship sponsored
through employer (= 1)

From Asia (= 1)

From Africa (= 1)

–

− 0.037 (0.314)
− 0.577** (0.207)
0.440 (0.275)

–

–

–

Speaks English well/very
well (= 1)

Speaks English with spouse
(= 1)

Speaks English with friends
(= 1)

1189

1189

N

–
20.15*** (1.138)

–

20.03*** (1.187)

State poverty rate

–

–

Percentage of White
population in the state

0.409* (0.227)

1189

21.16*** (4.051)

− 0.002 (0.047)

− 0.008 (0.025)

0.012 (0.027)

− 0.215 (0.442)

0.463 (0.290)

− 0.583** (0.207)

0.059 (0.317)

− 0.066** (0.029)

− 0.145 (0.280)

913

16.74*** (1.586)

–

–

–

–

–

–

–

–

913

16.88*** (1.329)

–

–

–

− 0.968** (0.374)

0.209 (0.379)

− 0.187 (0.259)

0.736* (0.390)

− 0.072 (0.043)

0.249* (0.127)

0.018 (0.267)

− 0.003 (0.270)
–

− 0.630 (0.744)

− 0.653 (0.731)

–

− 0.026 (0.047)

− 0.027 (0.050)
–

1.679** (0.642)

Base

0.091 (0.430)

0.044* (0.022)

0.546*** (0.137)

1.621** (0.743)

Base

0.253 (0.431)

0.033 (0.025)

0.578*** (0.126)

0.536*** (0.14)

913

10.42** (3.609)

− 0.007 (0.052)

0.047* (0.022)

0.099*** (0.025)

− 0.947** (0.368)

0.319 (0.369)

− 0.169 (0.256)

0.645 (0.384)

− 0.073* (0.041)

0.265* (0.141)

0.017* (0.279)

− 0.616 (0.763)

–

− 0.014 (0.045)

1.317** (0.601)

Base

0.213 (0.443)

0.035 (0.023)

0.050*** (0.014)

1.538** (0.525)

Base

0.224 (0.234)

0.064** (0.024)

0.437*** (0.063)

− 0.0003 (0.284)

0.505 (0.312)

0.052*** (0.013)

1.353** (0.469)

Base

0.298 (0.264)

0.057** (0.026)

0.431*** (0.064)

0.018 (0.285)

0.519 (0.317)

2102

20.23*** (1.312)

–

–

–

–

–

–

–

–

–

0.215 (0.194)

− 0.321 (0.192)

2102

20.69*** (1.138)

–

–

–

− 0.689* (0.376)

0.341 (0.251)

− 0.390* (0.188)

0.264 (0.258)

− 0.071** (0.025)

− 0.013 (0.170)

0.244 (0.192)

− 0.292 (0.185)

2102

18.70*** (3.084)

− 0.002 (0.042)

0.013 (0.018)

0.049** (0.021)

− 0.698* (0.377)

0.396 (0.267)

− 0.383* (0.187)

0.255 (0.258)

− 0.071** (0.024)

− 0.011 (0.164)

0.227 (0.187)

− 0.283 (0.188)

− 0.967*** (0.197) − 0.974*** (0.178) − 0.976*** (0.185)

0.047*** (0.014)

1.569** (0.562)

Base

0.307 (0.230)

0.050** (0.026)

0.456*** (0.061)

− 0.090 (0.288)

0.414 (0.268)
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Constant

–

–

Percentage of immigrant
population

− 0.190 (0.427)

− 0.065** (0.030)

–

Education in the USA
(years)

Speaks English at work (= 1) –

0.410 (0.234)
− 0.149 (0.283)

0.403 (0.245)

–

Alcohol consumer (= 1)

− 0.078 (0.260)

Diet change (= 1)

–

–

− 0.11 (0.257)

Gender

Smoker (= 1)

− 0.077 (0.261)

0.055** (0.022)

0.055** (0.022)

0.049* (0.024)

Income (= income/10000)

1.367** (0.507)

1.461** (0.555)

Base

From Latin America and the 1.430** (0.577)
Caribbean (= 1)

Base

0.240 (0.230)

0.072** (0.027)

0.256** (0.11)

− 0.011 (0.383)

0.850 (0.561)

− 0.478* (0.226)

0.039** (0.017)

0.257** (0.118)

− 0.053 (0.376)

− 0.517** (0.238)

0.040** (0.017)

0.275** (0.118)

0.865 (0.559)

0.814 (0.521)
− 0.198 (0.382)

− 0.552** (0.245)

0.046** (0.017)

Duration of residence in the 0.066** (0.027)
USA (years)

0.614** (0.26)

0.407 (0.232)

− 0.883** (0.343)

0.073*** (0.021)

Number of children

0.608** (0.262)

0.389 (0.232)

− 0.891** (0.346)

0.076*** (0.021)

0.638** (0.267)

− 0.828** (0.353)

0.076*** (0.022)

0.229 (0.238)

− 0.143 (0.256)

0.023 (0.014)

Employed (= 1)

(3)
0.162* (0.092)

Married (= 1)

(2)
0.144** (0.062)

− 0.174 (0.258)

0.148** (0.063)

(1)

0.024 (0.014)

0.261** (0.090)

− 0.186 (0.239)

0.175** (0.077)

0.028* (0.014)

0.182** (0.076)

All

College degree (= 1)

0.089 (0.112)

(3)

Age (years)

0.111* (0.059)

(2)

0.107 (0.061)

(1)

(3)

Female
(2)

Male

(1)

Local obesity rate

Dependent var.: BMI

Table 2 OLS estimates for effect of environment on BMI of immigrants (NIS 2003)
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Yes

No

No

Individual control variables

Acculturation variables

Environmental variables

No

Yes

Yes

0.156

Yes

Yes

Yes

0.157

No

No

Yes

0.253

No

Yes

Yes

0.258

(2)

Yes

Yes

Yes

0.263

(3)

No

No

Yes

0.191

(1)

All

No

Yes

Yes

0.195

(2)

Yes

Yes

Yes

0.198

(3)

Standard errors are corrected for heteroscedasticity and clustered at state level. Robust standard errors are in parentheses. *P < 0.1, **P < 0.05, ***P < 0.01. Individual controls are immigrant demographic variables such
as age, employment status, number of children, marital status, year, if citizenship was sponsored, and the region of origin. Acculturation variables are English-speaking proficiency, use of English while conversing at
work, use of English with friends, use of English with a spouse, years of education in the USA. Environmental variables are poverty rate, percent of immigrants, and percent of White population in the state

0.151

(1)

(3)

Female
(2)

Male

(1)

R square

Dependent var.: BMI

Table 2 OLS estimates for effect of environment on BMI of immigrants (NIS 2003) (Continued)
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Discussion and conclusions
This paper uses NIS 2003 data to examine the relationship 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 association with their BMI.
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 BMI.
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 different effects on their BMI. This result is important because 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 individuals. 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 immigrants [22] and that the female immigrants’ body composition 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 immigrant’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 acculturation [45] and is a significant predictor of obesity in
female immigrants [46, 47]. Similarly, college-educated female 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 interrelation between the environmental variables and the degree
of acculturation in female immigrants. Factors such as
employment, education, and proficiency in English language 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 effectiveness of policy interventions geared toward modifying
the local environment, such as state taxes on sugarsweetened beverages, immigrant population, public transportation, 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 BMI. 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 region and the state poverty rate. These results are supported
by the previous literature on environmental factors. McDonald and Kennedy find that immigrants in areas with
higher ethnic population have lower weight gain as compared 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 individual health outcomes. Our results cautiously suggest that
to improve individual health outcomes, there is a need to
implement policies to modify the environment. An unhealthy environment may limit the effect of individuallevel interventions thus restricting the effect of these interventions 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 immigrants are aware of the local environmental characteristics in a region, and this knowledge motivates them to
move to a certain region. It is also possible that immigrants 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 environments within a state can create a classical error-invariables 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 between the local environmental factors in the form of the
LOR and the BMI levels of immigrants.

Katare and Chakrovorty Journal of Health, Population and Nutrition

Additional files
Additional file 1: Table S1. Sample construction -NIS 2003 Table S2.
Local obesity rate calculation for 15 regions Table S3. Descriptive
Statistics for Environmental Variables Table S4. Descriptive Statistics for
different BMI categories Table S5. OLS Estimates for Effect of
Environment on BMI of Immigrants with interaction of local obesity rate
and duration of stay (NIS 2003). (DOCX 42 kb)

(2019) 38:15

9.

10.

11.
Acknowledgements
Not applicable
12.
Authors’ contributions
BK initiated the study, reviewed and interpreted the results, and conceptualized
and drafted the manuscript. SC performed the data analysis and literature
review and contributed to the manuscript. Both authors read and approved the
final manuscript.

13.

14.
Funding
This work is not financially supported by any agency.
15.
Availability of data and materials
This study used publicly available data for New Immigrant Survey (NIS) 2003
(https://nis.princeton.edu/index.html).
Ethics approval and consent to participate
This study used publicly available data for New Immigrant Survey (NIS) 2003
(https://nis.princeton.edu/index.html).

16.
17.

18.
Consent for publication
Both the authors consent for publishing the manuscript in this journal.
Competing interests
The authors declare that they have no competing interests.

19.

Author details
Department of Agricultural Economics, Purdue University, 640 Krannert
Building, 403 W State Street, West Lafayette, IN 47906, USA. 2Department of
Agricultural Economics, Purdue University, 631 Krannert Building, 403 W State
Street, West Lafayette, IN 47906, USA.

20.

1

21.
22.

Received: 11 October 2018 Accepted: 4 June 2019
23.
References
1. Hu FB. Obesity epidemiology. Oxford University Press; 2008. https://doi.org/
10.1093/acprof:oso/9780195312911.001.0001.
2. Dixon JB. The effect of obesity on health outcomes. Mol Cell Endocrinol.
2010;316:104–8. https://doi.org/10.1016/j.mce.2009.07.008.
3. Cawley J, Meyerhoefer C. The medical care costs of obesity: an instrumental
variables approach. J Health Econ. 2012;31:219–30. https://doi.org/10.1016/j.
jhealeco.2011.10.003.
4. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et
al. The global obesity pandemic: shaped by global drivers and local
environments. Lancet. 2011;378:804–14. https://doi.org/10.1016/S01406736(11)60813-1.
5. Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP. What are
the most effective techniques in changing obese individuals’ physical activity
self-efficacy and behaviour: a systematic review and meta-analysis. Int J Behav
Nutr Phys Act. 2013;10:29. https://doi.org/10.1186/1479-5868-10-29.
6. Pulsford RM, Stamatakis E, Britton AR, Brunner EJ, Hillsdon MM. Sitting
behavior and obesity. Am J Prev Med. 2013;44:132–8. https://doi.org/10.
1016/j.amepre.2012.10.009.
7. Rosenheck R. Fast food consumption and increased caloric intake: a
systematic review of a trajectory towards weight gain and obesity risk. Obes
Rev. 2008;9:535–47. https://doi.org/10.1111/j.1467-789X.2008.00477.x.
8. Malik VS, Popkin BM, Bray GA, Despres J-P, Willett WC, Hu FB. Sugarsweetened beverages and risk of metabolic syndrome and type 2 diabetes:
a meta-analysis. Diabetes Care. 2010;33:2477–83. https://doi.org/10.2337/
dc10-1079.

24.

25.

26.
27.

28.
29.
30.
31.

32.

Page 8 of 9

Deshmukh-Taskar PR, Nicklas TA, O’Neil CE, Keast DR, Radcliffe JD, Cho S.
The relationship of breakfast skipping and type of breakfast consumption
with nutrient intake and weight status in children and adolescents: the
national health and nutrition examination survey 1999-2006. J Am Diet
Assoc. 2010;110:869–78. https://doi.org/10.1016/j.jada.2010.03.023.
Scarborough P, Bhatnagar P, Wickramasinghe KK, Allender S, Foster C, Rayner
M. The economic burden of ill health due to diet, physical inactivity, smoking,
alcohol and obesity in the UK: an update to 2006-07 NHS costs. J Public Health
(Bangkok). 2011;33:527–35. https://doi.org/10.1093/pubmed/fdr033.
Boulos R, Vikre EK, Oppenheimer S, Chang H, Kanarek RB. ObesiTV: how
television is influencing the obesity epidemic. Physiol Behav. 2012;107:146–
53. https://doi.org/10.1016/j.physbeh.2012.05.022.
Cohen-Cole E, Fletcher JM. Is obesity contagious? Social networks vs. environmental
factors in the obesity epidemic. J Health Econ. 2008;27:1382–7. https://doi.org/10.
1016/j.jhealeco.2008.04.005.
Hendrickson D, Smith C, Eikenberry N. Fruit and vegetable access in four
low-income food deserts communities in Minnesota. Agric Human Values.
2006;23:371–83. https://doi.org/10.1007/s10460-006-9002-8.
Gordon-Larsen P, Nelson MC, Page P, Popkin BM. Inequality in the built
environment underlies key health disparities in physical activity and obesity.
Pediatrics. 2006;117:417–24. https://doi.org/10.1542/peds.2005-0058.
Ford PB, Dzewaltowski DA. Disparities in obesity prevalence due to variation
in the retail food environment: three testable hypotheses. Nutr Rev. 2008;66:
216–28. https://doi.org/10.1111/j.1753-4887.2008.00026.x.
Holsten JE. Obesity and the community food environment: a systematic review.
Public Health Nutr. 2008;12:1. https://doi.org/10.1017/S1368980008002267.
Morland KB, Evenson KR. Obesity prevalence and the local food
environment. Health Place. 2009;15:491–5. https://doi.org/10.1016/j.
healthplace.2008.09.004.
Chi S-H, Grigsby-Toussaint DS, Bradford N, Choi J. Can geographically weighted
regression improve our contextual understanding of obesity in the US? Findings
from the USDA Food Atlas. Appl Geogr. 2013;44:134–42. https://doi.org/10.1016/j.
apgeog.2013.07.017.
Yan R, Bastian ND, Griffin PM. Association of food environment and food
retailers with obesity in US adults. Health Place. 2015;33:19–24. https://doi.
org/10.1016/j.healthplace.2015.02.004.
Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult
obesity in the United States, 2011-2012. JAMA. 2014;311:806. https://doi.org/
10.1001/jama.2014.732.
Centers for Disease Control and Prevention (CDC). State level obesity rates 2014.
2014. https://www.cdc.gov/obesity/data/table-adults.html. Accessed 8 Mar 2017.
Antecol H, Bedard K. Unhealthy assimilation: why do immigrants converge
to American health status levels? Demography. 2006;43:337–60.
Biddle N, Kennedy S, MCdoland JT. Health assimilation patterns amongst
Australian immigrants. Econ Rec. 2007;83:16–30. https://doi.org/10.1111/j.
1475-4932.2007.00373.x.
Malmusi D, Borrell C, Benach J. Migration-related health inequalities: showing
the complex interactions between gender, social class and place of origin. Soc
Sci Med. 2010;71:1610–9. https://doi.org/10.1016/j.socscimed.2010.07.043.
McDonald JT, Kennedy S. Is migration to Canada associated with unhealthy
weight gain? Overweight and obesity among Canada’s immigrants. Soc Sci
Med. 2005;61:2469–81. https://doi.org/10.1016/j.socscimed.2005.05.004.
Zavodny M. Determinants of recent immigrants’ locational choices. Int Migr
Rev. 1999;33:1014. https://doi.org/10.2307/2547361.
Unger JB, Reynolds K, Shakib S, Spruijt-Metz D, Sun P, Johnson CA. Acculturation,
physical activity, and fast-food consumption among Asian-American and
Hispanic adolescents. J Community Health. 2004;29:467–81. https://doi.org/10.
1007/s10900-004-3395-3.
Kaushal N. Adversities of acculturation? Prevalence of obesity among
immigrants. Health Econ. 2009;18:291–303. https://doi.org/10.1002/hec.1368.
Iversen T, Ma CA, Meyer HE. Immigrants’ acculturation and changes in Body Mass
Index. Econ Hum Biol. 2013;11:1–7. https://doi.org/10.1016/j.ehb.2012.02.003.
Edmonds VM. The nutritional patterns of recently immigrated Honduran women. J
Transcult Nurs. 2005;16:226–35. https://doi.org/10.1177/1043659605274959.
Neuhouser ML, Thompson B, Coronado GD, Solomon CC. Higher fat intake
and lower fruit and vegetables intakes are associated with greater
acculturation among Mexicans living in Washington State. J Am Diet Assoc.
2004;104:51–7. https://doi.org/10.1016/j.jada.2003.10.015.
Ro A, Bostean G. Duration of U.S. stay and body mass index among Latino
and Asian immigrants: a test of theoretical pathways. Soc Sci Med. 2015;144:
39–47. https://doi.org/10.1016/j.socscimed.2015.09.001.

Katare and Chakrovorty Journal of Health, Population and Nutrition

33. Goel MS, McCarthy EP, Phillips RS, Wee CC. Obesity among US immigrant
subgroups by duration of residence. JAMA. 2004;292:2860. https://doi.org/
10.1001/jama.292.23.2860.
34. Afable A, Ursua R, Wyatt LC, Aguilar D, Kwon SC, Islam NS, et al. Duration of US
residence is associated with overweight risk in Filipino immigrants living in New
York metro area. Fam Community Health. 2016;39:13–23. https://doi.org/10.1097/
FCH.0000000000000086.
35. Roshania R, Narayan KMV, Oza-Frank R. Age at arrival and risk of obesity among
US immigrants. Obesity. 2008;16:2669–75. https://doi.org/10.1038/oby.2008.425.
36. Katare B, Beatty TKM. Do environmental factors drive obesity? Evidence
from international graduate students. Health Econ. 2018. https://doi.org/10.
1002/hec.3789.
37. Jeffery RW, Utter J. The changing environment and population obesity in the
United States. Obes Res. 2003;11:12S–22S. https://doi.org/10.1038/oby.2003.221.
38. Currie J, DellaVigna S, Moretti E, Pathania V. The effect of fast food
restaurants on obesity and weight gain. Am Econ J Econ Policy. 2010;2:32–
63. https://doi.org/10.1257/pol.2.3.32.
39. Reitzel LR, Regan SD, Nguyen N, Cromley EK, Strong LL, Wetter DW, et al.
Density and proximity of fast food restaurants and body mass index among
African Americans. Am J Public Health. 2014;104:110–6. https://doi.org/10.
2105/AJPH.2012.301140.
40. Costa-Font J, Gil J. Social interactions and the contemporaneous
determinants of individuals’ weight. Appl Econ. 2004;36:2253–63. https://doi.
org/10.1080/0003684042000280562.
41. Adult obesity in the United States - the state of obesity. https://
stateofobesity.org/adult-obesity/. Accessed 16 Jan 2018.
42. Cerrutti M, Massey DS. On the auspices of female migration from Mexico to
the United States. Demography. 2001;38:187–200.
43. Lopez-Gonzalez L, Aravena VC, Hummer RA. Immigrant acculturation,
gender and health behavior: a research note. Soc Forces. 2005;84:581–93.
https://doi.org/10.1353/sof.2005.0112.
44. Hao L, Kim JJH. Immigration and the American Obesity Epidemic. Int Migr
Rev. 2009;43:237. https://doi.org/10.1111/J.1747-7379.2009.00764.X.
45. Singh GK, Kogan MD, Yu SM. Disparities in obesity and overweight prevalence
among US immigrant children and adolescents by generational status. J
Community Health. 2009;34:271–81. https://doi.org/10.1007/s10900-009-9148-6.
46. Himmelgreen DA, Pérez-Escamilla R, Martinez D, Bretnall A, Eells B, Peng Y,
et al. The longer you stay, the bigger you get: length of time and language
use in the U.S. are associated with obesity in Puerto Rican women. Am J
Phys Anthropol. 2004;125:90–6. https://doi.org/10.1002/ajpa.10367.
47. Takeuchi DT, Zane N, Hong S, Chae DH, Gong F, Gee GC, et al. 84 |
Disentangling mental health disparities | peer reviewed. Am J Public Health
2007;97. doi:https://doi.org/10.2105/AJPH.2006.088401.
48. Gordon-Larsen P, Harris KM, Ward DS, Popkin BM, National Longitudinal
Study of Adolescent Health. Acculturation and overweight-related behaviors
among Hispanic immigrants to the US: the National Longitudinal Study of
Adolescent Health. Soc Sci Med. 2003;57:2023–34.
49. Kling JR, Liebman JB, Feins J, Goodson B, Jacob R, Kennedy S, et al.
Experimental analysis of neighborhood effects on youth. 2004. http://www.
nber.org/mtopublic/483.pdf. Accessed 8 Dec 2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

(2019) 38:15

Page 9 of 9

