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The Body Mass Index Assimilation of U.S. Immigrants:
Do Diet and Exercise Contribute?

Abstract

We explore the underlying causes and implications of the previously documented un-
healthy Body Mass Index (BMI) assimilation of U.S. immigrants to native levels.
Diet—measured by fat, carbohydrate, protein, and caloric intake—and exercise have
mixed success in explaining the BMI convergence of immigrants. Food and exercise
assimilation differs by age group, with middle-aged immigrants exhibiting poor behav-
iors consistent with unhealthy BMI assimilation. Worse diets may contribute to BMI
increases among young sub-populations: young immigrants assimilate in their intake
of saturated fats, when calories are held constant. There are differences in behavior by
income, as poorer immigrants exhibit greater convergence to unhealthy native eating
habits. Home country conditions also influence dietary assimilation, with heterogene-
ity across Mexican and non-Mexican immigrants.

1 Introduction

Obesity rates have risen across all industrialized countries in recent decades (OECD Obesity Up-

date, 2014). The rates of obesity in the United States are the highest in the developed world (Food

and Agriculture Organization of the United Nations Report, 2013).1 Obesity is now considered an

epidemic in the U.S. (Ogden et al., 2007).

There are many dimensions to the economic costs of obesity. First, there is the direct medical

spending for diagnosis and treatment of obesity-related health conditions. Obesity is the lead-

ing cause of many health problems including diabetes, hypertension, cardiovascular disease, and

cancer. About 300,000 preventable deaths can be attributed to obesity-related diseases annually

(National Institute of Health, 2014). The estimated annual medical cost of obesity in the U.S. was

$147 billion in 2008 (Finkelstein et al., 2009).2 In addition to direct medical costs, there are pro-
1The average proportion of the developed world that is obese is 22 percent (U.N. Report, 2013).
2An instrumental variables study by Cawley and Meyerhoefer (2012) suggests that previous studies have underes-

timated the true medical costs of obesity, and obesity increases annual medical costs by $2,741 (in 2005 dollars). The
authors estimate that 16.5 percent of U.S. national spending on medical care is used to treat obesity.
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ductivity losses from absenteeism and decreased effort at work. Cawley (2004) finds that obese

individuals earn lower wages compared to lighter members, and there is heterogeneity by sex and

ethnicity. Ricci and Chee (2005) estimate $3.9 billion losses from decreased effort at work of

obese workers. Other economic costs of obesity include increased transportation costs of moving

overweight individuals. Finally human capital accumulation, in the form of quality and quantity of

schooling, can be affected (Hammond and Levine, 2010).

In the context of the United States’ obesity epidemic, it is important to study the health of im-

migrants as their numbers increase and they adopt the American lifestyle.3 According to the U.S.

Census, nearly 15 million new immigrants were added to the U.S. population between 2000 and

2010. Movement across borders can necessitate “acculturation” whereby foreign-born individu-

als may abandon traditional healthier diets and adopt easily available processed foods in the U.S.

Additionally the stress of assimilation can affect health behaviors like exercise and activity.

A well-documented facet of immigrant health assimilation, seen in most developed host coun-

tries, is the “healthy immigrant effect”: upon arrival, immigrants are healthier than natives. This

health advantage erodes as they continue to live in the host country (Stephen et al., 1994). Antecol

and Bedard (2006) and Park et al. (2009) show that Body Mass Index (BMI)4 and obesity fit the

framework in which immigrants enjoy an entry-level advantage but converge to worse native levels.

An unhealthy BMI is an outcome of “energy imbalances.” This involves eating too many calo-

ries and not getting enough physical activity (U.S. Surgeon General’s Call to Action to Prevent and

Decrease Overweight and Obesity, 2001). In this paper, we use four cross sections of the National

Health and Nutrition Examination Survey (NHANES) spanning 2003-2010 to examine food habits

and physical activity changes over immigrants’ years of stay. The objective is to assess which di-

mension can better explain their BMI trends. Using assimilation models, we track both immigrants’

consumption of the major food groups and their proclivity for physical activity at work or leisure

3Throughout this paper, the terms “foreign-born individual” and “immigrant” are used interchangeably to refer to
people born outside the 50 U.S. states and the District of Columbia.

4BMI is equal to an individual’s mass (in kilograms) divided by their squared height (in meters). The standard
categories associated with BMI ranges for adults, defined by the Centers for Disease Control for the U.S. are: below
18.5 is underweight; between 18.5-24.9 is normal; between 25.0-29.9 is overweight; and 30.0 and above is obese.
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over time; for each outcome, we compare immigrants’ levels to natives’. Our regression analyses

are stratified by young, middle, and old age groups because diet and activity assimilation patterns

could differ due to age-specific metabolic activity and health conditions.

The findings of the diet and exercise assimilation models, and their ability to explain immi-

grants’ BMI assimilation are mixed and vary by age group. A combination of increased fat con-

sumption and reduced physical exercise at work is consistent with BMI assimilation of the middle-

aged immigrant group. We also observe increased consumption of fats over the duration of stay

in the U.S. for the oldest age group, however biological weight gain might be different within this

group. For the youngest group of immigrants, we do not see significant dietary assimilation along

broad nutrient lines. Given that this group exhibits increased physical activity at leisure which is

inconsistent with their apparent BMI assimilation, we posit that closer scrutiny of their consump-

tion of processed and fast food may explain their BMI convergence. In fact, we find significant

assimilation in saturated fats for this age-group but not other kinds of fats, when calories are held

constant, indicating that the distribution of foods may change over time.

We also examine the role of income in determining the adoption of “worse” foods. We find

that poorer immigrants exhibit greater convergence to unhealthy native eating habits. Home coun-

try conditions also affect the diet behaviors of different immigrant groups heterogeneously: non-

Mexican immigrants increase their fat consumption to native levels, unlike Mexican immigrants

who traditionally have high fat-content diets.

If “gains” in obesity erode the health of immigrants, both privately and publicly funded health

care costs for the foreign-born population can increase. Immigrant households can suffer from

human capital and labor productivity losses. The results in this paper also indicate that policies

targeting the health of immigrants or the obesity epidemic in general should consider heterogeneous

responses by age, income, and ethnic sub-groups.
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2 Literature Review: Obesity, Immigrants, and Assimilation

As of 2012, the Centers for Disease Control (CDC) reports that 69 percent of U.S. adults are

overweight (including obese). 35 percent of adults are obese. While the proportion of overweight

men and women has remained stable over the last 50 years, the percentage of obese Americans has

more than doubled (Nguyen and El-Serag, 2010). Amidst this obesity epidemic, the U.S. receives

more than 1.2 million immigrants each year. The sheer magnitude of immigrants along with their

differing ethnicities and socioeconomic backgrounds can strain the the U.S. health care system as

immigrants age and chronic ailments increase (Tarraf et al., 2012).

Researchers have noted, for many developed receiving-countries, immigrants tend to enter the

country healthy, and as they reside in the host country, their health deteriorates (Kennedy et al.,

2015; Stephen et al., 1994). The entry level advantage is largely due to selection of immigrants;

healthier immigrants are more capable of migration (Antecol and Bedard, 2006). Economically

successful and educated immigrants are more likely to migrate, and higher income and education

are associated with better health. Additionally, researchers explain the convergence to native lev-

els due to assimilation: the adoption of host country lifestyles associated with poor health (Salant

and Lauderdale, 2003). Differential lifestyles, especially diet and physical activity regimens of

immigrants, between the source and host country have been cited as determinants of their health.

Assimilation also occurs on economic dimensions and implies higher incomes and better jobs for

immigrants over time (Borjas, 1985); however, some immigrants may never catch up to native

wages, which can affect healthy lifestyle choices and access to health care. These studies care-

fully document the acculturation process, but there remains a need to better understand the leading

factors driving the immigrants’ unhealthy BMI convergence towards natives’ levels.

Poor diets and limited exercise have often been cited as leading contributors to the U.S. obesity

epidemic. The CDC’s State Indicator Report 2009 references the unhealthy eating habits of U.S.

adults: 33 percent of adults eat the recommended daily two or more servings of fruits and merely

27 percent consume the targeted three or more servings of vegetables. Eating according to such
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guidelines costs the American adult more.5 Obesity in the U.S. has been linked to the availability

of “externally” prepared processed food and “snacking” (Cutler et al., 2003). The availability

of full service, affordable restaurants (Chou et al., 2004) and growth of Walmart super-centers

(Courtemanche and Carden, 2011) are significant determinants of weight gain. On the other hand,

physical exercise interventions have limited success in reducing obesity, as they are often ineffective

at changing actual activity levels (Harris et al., 2009; Wilks et al., 2011).

The U.S. immigrant population originates in countries where the prevalence of obesity is lower

(Streib, 2007). While the diet of the foreign-born population is less likely to include “junk food”

compared to the second generation (Gordon-Larsen et al., 2003), a longer duration of stay in the

U.S. coincides with dietary changes correlated with weight gain (Akresh, 2007; van Hook et al.,

2012). Cultural beliefs play an important role in dietary practices. The diet of older immigrants

has a “traditional” bias, whereas younger immigrants tend to be indifferent between American and

ethnic diets. The desire to “fit in” to American society prompts some immigrant groups to adopt

foods perceived as prototypically American (Guendelman et al., 2011).

While researchers have generally found higher duration of stay associated with increased phys-

ical activity of immigrants (Gordon-Larsen et al., 2003), there are studies showing increases in

sedentary lifestyles for future generations of immigrants (McCullough and Marks, 2014). Further-

more, trends in immigrants’ physical activity levels may differ across leisure-time, workplace, and

housework-related activity.

NHANES allows us to use a more representative and larger immigrant sample, and analyze not

only the BMI assimilation of immigrants, but also the diet and exercise trends over time of the same

groups. Previous studies that focused on Mexican and other Hispanic groups find that later genera-

tions adopt unhealthy dietary behaviors compared to first-generation immigrants. Simultaneously,

later generations increase leisure-time activity as well as sedentary behavior, hence the net impact

of physical activity is hard to determine (Creighton et al., 2012; McCullough and Marks, 2014).

5The Federal Dietary Guidelines for Americans, 2010, emphasized the need for Americans to consume more potas-
sium, dietary fiber, vitamin D, and calcium. Increasing the consumption of potassium, which is the most expensive of
the four recommended nutrients, would add $380 per year to the average consumer’s food costs. The average adult
already spends about $4,000 per year on food (Monsivais et al., 2011).
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In this paper, we consider a sample of adults, as the experiences of first generation immigrants

and their descendants are different. We separate adults by age groups since biological imperatives

can affect weight, food and exercise habits across an individual’s lifetime. We delve deeper into

the contributions of different food groups to dietary changes of immigrants, and we discuss factors

such as income and home-country conditions that can point to heterogeneity in diet and exercise

convergence behavior among immigrant groups.

3 Data and Sample

3.1 National Health and Nutrition Examination Survey: Data Description

We utilize data from the NHANES, a multi-year cross-sectional study that surveys a nationally

representative sample every two years. Our analysis combines data from four waves, the 2003-2004

collection up to the 2009-2010 wave. The NHANES over-samples individuals over age 60, African

Americans, and Hispanics. Each cross section contains sampling weights, strata, and clustering

variables to account for the complex survey design; all estimation in this paper employs these

weights. Due to its size and structure, many NHANES respondents are immigrants.

The NHANES is split into two components: an interview and an examination. Interviews

are conducted in respondents’ homes and examinations take place in mobile trailers under the

supervision of medical technicians. We utilize questionnaire modules on demographics, weight

and health history, smoking habits, health insurance, diet, occupation, and physical activity. From

the examination, we take respondents’ height and weight measures, with which we calculate BMI.

We exclude respondents who complete the interview but not the examination (about five percent of

the sample).

Beginning with the 2003-2004 wave, the NHANES implemented a comprehensive dietary ques-

tionnaire that collects nutritional information from two distinct days during the same week of the

interview. Using a USDA food code database, the NHANES aggregates a complete list of indi-

vidual foods consumed by each respondent into a set of total nutrient intake variables (for each
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individual on each survey day). We only consider data from respondents who complete both days

of the dietary questionnaire (about 85 percent of the remaining sample). We use information on

total intake of calories, fat, protein, and carbohydrates. We observe the day of the week for each

nutritional interview and whether the individual reports having eaten more or less than usual. The

NHANES provides an additional set of sampling weights for the subsample of dietary survey-

takers, which we employ in the corresponding estimation.

NHANES food diaries describe food on the basis of calorie consumption and major nutrient

types, and unfortunately not in terms of the amounts of processed and “junk” food people con-

sume. Lack of these data might obfuscate substitutions within an immigrant’s diet; for instance, an

immigrant can hold their calories constant but move away from traditionally healthier home-cooked

meals to unhealthier processed foods. As we describe later, our results and previous literature does

indeed find circumstantial evidence of this behavior with the younger age-group of immigrants.

3.2 Sample and Selection of Variables

Our sample of interest is examination-takers who are age 20 to 69, who are not pregnant,6 and

who are not extremely underweight (individuals with BMI less than 15) or exceedingly overweight

(individuals with BMI greater than 75). Within this sample of interest, we omit a small number of

respondents with flawed observations for crucial dependent and treatment variables, as it would not

be appropriate to impute their values. These deletions include 212 respondents who “did not stand

straight” during their height measurement (crippling the accuracy of their BMI measurement) and

122 respondents who did not report their immigration status. These deletions comprise less than

2.5 percent of our final sample. The remaining control variables have a small number of missing

observations; we use missing variable dummies to control for possible non-random selection for

these omissions. Our final sample size is 13,479 individuals, which includes 3,201 immigrants.

Table 1 contains summary statistics for important variables. The average BMI is 28.7 for na-

tives and 27.3 for immigrants; thus the average U.S. resident is overweight. The table shows sample

6We also exclude a small number of responses for whom we “cannot ascertain if pregnant at the exam.”
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proportions for important controls, such as health insurance status (covered or not), marital status,

and smoking behavior (never smoked, smoked but quit, smokes every day, smokes occasionally).

Natives perform better than immigrants, on average, on variables such as income and education

which are correlated with better health and lower BMI. Table 1 also contains summary statistics for

physical activity variables. Due to substantial changes in the phrasing of the physical activity ques-

tionnaire in the latter two NHANES waves, our activity data are limited to being binary indicators

of sedentary, moderate, and vigorous activity at work and at leisure (details in Section 5.2). In the

table, leisure-related activity is comparable between natives and immigrants.

Table 2 presents the distribution of U.S.-born respondents and immigrants, grouped by their

residency lengths. Immigrants’ duration of stay is measured in either five or ten year ranges.

4 Methods

4.1 Descriptive Trends in Immigrants’ BMI

In this subsection, we reproduce the BMI convergence trends exhibited by immigrants. We first

present these trends graphically. The NHANES is not a panel study, thus we cannot directly track

changes in BMI across respondents. Instead, we utilize the question on respondents’ immigration

status (Table 2) to calculate sample averages of BMI conditional on length of stay. We also stratify

these sample averages by three age groups: 20-34, 35-49, and 50-69. Weight gain is associated

with age due to a variety of reasons (decrease in the body’s metabolic activity, less muscle mass,

adoption of a more sedentary lifestyle, stress, and menopause for women).

Figure 1 presents the age group specific BMI averages for natives and years-of-stay specific

averages for immigrants of the same age group, along with 95 percent confidence intervals for

immigrant averages. We find that immigrants upon arrival to the U.S. are “thinner,” but those with

longer U.S. residency tend to be closer to the higher BMI levels of natives. This holds true for men,

women, and the full sample, although it is less pronounced for the oldest age group.7 Additionally

7Medical research suggests that a decline in an individual’s physical abilities starts around age 30, continues there-
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we see that very few group means convey healthy average weight levels (overweight is designated

by BMI from 25-30 and obesity by BMI over 30). The healthiest weight groups are the youngest

and most recent immigrants. We also observe a similar unhealthy assimilation in non-BMI weight

measures—such as the proportion of obese individuals in the population—which are shown in

Section 1 of the Online Appendix.8 Thus the plots suggest that the BMI increase is not merely a

“healthy fattening” of immigrants who might otherwise be “too thin” or malnourished, but it is an

unhealthy convergence to the weight levels of natives.

While there is evidence of convergence in BMI over years of stay, particularly for the young and

middle-age groups, the confidence intervals are large, making it difficult to reject the hypothesis

that the estimates are same across some duration bins. This is mainly due to the small sizes in

some of the duration groups, as shown in Table 2. We move to a regression analysis for the sample,

stratified by age group.

4.2 Regression Framework to Measure Immigrant Convergence

The primary model used in this paper to measure immigrant convergence to native levels is a

regression framework popularized by Borjas (1985) for immigration studies, and later modified

by Antecol and Bedard (2006) for immigrant health assimilation. Outcome differences between

natives and immigrants in any single cross section arise from not only the rate of convergence of

immigrants to native levels, but also from differences across cohorts. Differences across cohorts9

can arise as a result of selective emigration of foreign-born population or a change in the mix of

source countries, as well as institutional changes related to U.S. immigration policy. For example,

policy changes in the 1990s led to a rise of skilled and educated immigrants. If such individuals are

likely to make healthier life choices, we might observe that immigrants entering during this period

after, and levels off between ages 60 and 70 (Kravitz, 2012). The rate of weight gain plateaus in an individual’s 50s
(National Health and Nutrition Education Survey, Center for Disease Control, 2012). The proclivity to gain weight for
the newer arrivals in the oldest age group may be smaller, since they arrived in their 50s. On the other hand, we see that
immigrants in this age group who have thirty plus years of residency in the U.S. are more likely to converge to native
levels. These individuals have spent their middle age (which is a period of rapid weight gain) in the United States.

8May be found on the authors’ websites and is also available upon direct requests sent to the authors.
(https://www.usna.edu/Users/econ/insler/Research.php; http://irving.vassar.edu/faculty/sb/sb.htm)

9In immigration literature, this is often considered to be the “quality” of the cohort.
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tend to have better outcomes than other cohorts, reflected not just as better initial conditions, but

also better trajectories of health.

The framework shown below is appropriate since it allows us to track both permanent cohort

differences and the trajectory of assimilation for all immigrants. The specification assumes that the

assimilation rate is common across cohorts but varies by age group.10 Our specification does not

include an interaction between assimilation and cohort terms; hence the cohort effects may not just

indicate the entry-level gap between a cohort and natives, but also the cohort’s proclivity to assimi-

late to native BMI levels. Giuntella and Stella (2016), using National Health Interview Survey data

from 1989 to 2014, find that newer cohorts have smaller initial obesity gaps vis-à-vis natives and

exhibit faster convergence to native levels of obesity. Modeling cohort-specific assimilation paths

separate from entry-level cohort gaps and overall immigrant assimilation unfortunately requires a

longer time horizon than we have within our data. Hence, we will use the terms “permanent or

cohort difference” to refer to cohort effects vis-à-vis natives.11

The availability of multiple waves is important since it permits us to follow quasi-cohorts over

the course of their U.S. residencies, allowing us to separately identify the cohort and assimilation

effects. The regression model is as follows:

Outcomei,a = βc,aCohorti,a + γaY earsUSAi,a + θaZi,a + ωaSurveyY eari,a + εi,a (1)

where i denotes an individual belonging to age group a. By stratifying the sample into age

groups, we can focus on the assimilation of immigrants vis-à-vis similarly aged natives, without

the effects of aging affecting outcomes.12

Outcomei,a is the dependent variable of interest, such as BMI, various nutrient quantities, or

binary physical activity. Cohorti,a refers to the cohort of arrival for a foreign-born respondent and

10This assumption may not be innocuous. The worldwide prevalence of obesity has nearly doubled since 1980
(World Health Organization Factsheet, 2015). Secular changes around the globe could mean entry-level gaps and
convergence rates are heterogeneous across cohorts.

11We will sometimes interpret cohorts effects as initial condition differences between a cohort and natives, only
when we wish to compare our results with the existing body of immigrant health assimilation literature.

12We do, however, include a linear control for age within each age group stratification.

10



is represented by a vector of binary variables. All immigrants are classified into one of four possible

cohorts: immigrated in 2000-2010, 1990-1999, 1980-89, and before 1980.1314 The coefficients βc,a

are cohort specific shifts within each age group stratification. This specification, within an age-

group, gives each cohort a unique intercept and allows us to capture permanent differences between

cohorts. The variable Y earsUSAi,a indicates how long an immigrant has lived in the U.S., and

its coefficient γa shows the rate of convergence in the outcome variable for each additional year

spent in the U.S. by immigrants.15 The Y earsUSAi,a variable comes from the bins described in

Footnote 12. To capture an immigrant’s years of stay, this variable is set equal to the midpoint of

his or her bin.16 Y earsUSAi,a is set to zero for natives. Thus the reference group “natives,” is

specified when Y earsUSAi,a = 0 jointly with every cohort dummy Cohorti,a = 0.

Zi,a includes other individual level controls: height (except in BMI-outcome models); sex; age;

13The exact year of arrival for immigrants is not reported. The year of entry variable is constructed using the survey
year and years of arrival variables. Years of stay is only reported in 5 or 10 year bins. We construct 10-year cohorts to
maximize the number of correct assignments of immigrants to cohorts. Members of the 2000-2010 cohort include all
immigrants who have lived in the U.S. for 0-5 years in any of the survey years or 5-10 years for survey years 2009-2010
and 2007-2008. Members of the 1990-1999 cohorts includes immigrants who reported living in the U.S. for 5-10 years
in survey years 2003-04 and 2005-06, as well as anyone reporting 10-15 years of stay for any survey year. We also
included in the 1990s cohort anyone reporting 15-20 years of stay in 2007-08 and 2009-10. Members of the 1980-89
cohort include anyone reporting 15-20 years of stay in 2003-04 and 2005-06 as well as anyone reporting 20-30 years
of stay in 2007-08 and 2009-10. For all other durations of stay in all other survey years, immigrants were classified as
belonging to the pre-1980 cohort. Therefore, we classify all immigrants in our sample to one of these four cohorts.

14There remains the possibility of “cohort straddlers.” In this respect, our assignments are as logical as possible.
When unsure, we assign immigrants to the most recent cohort (because we would rather underestimate duration than
overestimate), with a few reasonable exceptions. For instance, in the previous footnote we state:

“Members of the 1980-89 cohort include anyone reporting 15-20 years of stay in 2003-04 and 2005-06
as well as anyone reporting 20-30 years of stay in 2007-08 and 2009-10.”

An immigrant surveyed in 2005-2006 who has been in the U.S. exactly 15 years would have arrived in the 1990s. But
it is far more likely that he or she arrived in the late 1980s, given the five-year window. In this case, it would not
be appropriate to assign him or her to the newer cohort. We have also checked if our results are sensitive to changes
in this assignment rule (always assigning straddlers to the newer cohort, or always assigning straddlers to the older
cohort). And we have checked robustness of our results for when straddlers are removed from the analysis. Although
the sample size is smaller in the latter case, results do not significantly change across these experiments.

15The functional form yields a rate of assimilation that is not cohort-specific—as discussed in the previous para-
graph—but it is age group specific. We checked for high collinearity between Cohorti,a and Y earsUSAi,a: For
every age group, all but two pairwise correlations are below 0.5 (among 30-49 year-olds, the pre-1980s cohort is has as
correlation coefficient of 0.72 with Y earsUSAi,a, and among 50-69 year-olds, the pre-1980s cohort has a correlation
coefficient of 0.89 with Y earsUSAi,a).

16We recognize the possibility of measurement error in the years of stay variable. As such, our estimates can have
attenuation bias, and subsequently we may underestimate the rate of convergence in our outcome variables. We cannot
use binary indicators for duration of stay similar to previous research (Antecol and Bedard, 2006) due to the smaller
sample size of the NHANES. Their study could overcome the issue of higher dimensionality by using the National
Health Interview Surveys from 1989-1996, which gives a larger sample but little information on diet and exercise.
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race/ethnicity; English spoken at home; education level; family income group; insurance status;

marital status; smoking behavior; two-digit occupation dummies; indicators for diabetes, thyroid

conditions, and diabetes; and an indicator for being on a diet. SurveyY eari,a is a set of binary

variables for the survey wave. In order to identify both cohort and assimilation effects, we assume

that the time effect ωa is the same for natives and immigrants.17 εi,a is a random error term.

The NHANES is a cross-sectional data source and we are unable to control for return migra-

tion. The selective attrition of migrants, when studying their health, is a vital concern. Unhealthy

immigrants are more likely to return home or die (Antecol and Bedard, 2006). Given our empirical

specification and data limitations, we cannot ascertain the importance of endogenous selection into

return migration. However, since we determine that immigrants’ outcomes tend to converge to na-

tives’ less healthy habits, we view our estimates as lower bounds on initial gaps and convergence

rates, before adjusting for potential selection.

We estimate equation (1) with BMI as the dependent variable for the three age group-stratified

subsamples of natives and immigrants, using Ordinary Least Squares (OLS). Table 3 reports results.

The cohort dummies’ coefficients imply that immigrants are significantly “thinner” than natives,

and this is true for all age groups. The middle age group of immigrants exhibit the largest cohort

difference in BMI compared to natives across all cohorts: the gap ranges from 3 to 7 points. This

age group also has the highest rate of assimilation to the native BMI levels. Given the rising rates

of obesity across the world, it is not surprising that permanent advantages in BMI fall for recent

cohorts. The coefficient on the Y earsUSAi,a variable shows that BMI increases for all age groups

with more years in the U.S., and the estimate is significant for the youngest and middle age groups.

The oldest age group has the slowest rate of convergence, and the rate is not significant at the 10

percent level. Once again, this is consistent with the CDC (2012) finding that weight gains plateau

in a person’s 50s. Newer arrivals in this age group may be less inclined to gain weight, and the

positive assimilation coefficient is a result of the weight gain of longer-residing members of this

group. Gender and race coefficients are similar to previous research (Antecol and Bedard, 2006).

17 The coefficients on the other variables in the vector Zi,a are assumed to be the same between immigrants and
natives across years.
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The main BMI convergence estimate in Table 3 displays a 0.2-point increase in BMI for an

additional year of stay for individuals age 35-49. To provide a simple interpretation of this estimate,

consider an individual who is 160 pounds (72.6 kg) and five feet, nine inches tall (1.75 m). This

individual has a BMI of 23.7, which would increase, on average, to 23.9 given an additional year of

U.S. residency. Assuming no height changes, the individual thus gains nearly 1.4 pounds (0.6 kg)

in a year. Across ten years, the individual in our example would gain nearly 14 pounds (6 kg).18

To assess the economic importance of these results, we continue to focus on immigrants of ages

35-49, specifically the 1980s cohort which has been in the U.S. for 15-20 years in the 2003-04 and

2005-06 NHANES waves, and 20-30 years in 2007-08 and 2009-10 waves. These immigrants have

a cohort gap of six lower BMI points compared to natives. Assuming we attribute the entire gap to

an entry-level difference between the 1980 cohort and natives, and factoring in the rate of increase

is 0.2 BMI points every year, the convergence to native levels takes about 30 years. We can expect

by age 65, members of this group to converge to native levels on average. Despite the seemingly

slow “headline” number for convergence, the effect is economically significant. Individuals over

65 have the highest health care spending (Stanton and Rutherford, 2005), and spending is very high

for chronic conditions like heart-disease and hypertension, which are correlated with weight gain.

5 Results

In the previous subsection, we replicated the BMI convergence of immigrants reported in the litera-

ture. Now, we investigate changes in immigrants’ diet and physical activity, relative to their length

of U.S. residency. Given we use repeated cross-sections and not panel data, we cannot directly

assess the causal contributions of American diets and exercise habits to the BMI assimilation of

immigrants. Our aim is to investigate if the documented diet and exercise patterns are consistent

with unhealthy immigrant BMI assimilation, given that the BMI, diet, and exercise outcomes orig-

inate from the same samples of people. Hence we can link unhealthy behavioral patterns, if they

18It is worth noting that there are differences in smoking habits among natives and immigrants, but such difference
do not drive our results. For evidence, see Online Appendix Table A.1 and the connected discussion.
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exist, to BMI convergence of immigrants.

5.1 Results: Diet

We analyze the dietary habits of immigrants in a regression framework similar to equation (1).

Once again, this framework allows us to compare any cohort differences in food habits that could

arise due to changes in country-of-origin mixes over time or policy changes in the U.S. affecting

the composition of immigrants. We now follow the pattern of assimilation in immigrants’ food

intake as they continue to reside in the U.S. using the following regression equation:

log(Foodi,a)

= βc,aCohorti,a + γaY earsUSAi,a + θaZi,a + πaMetai,a + ωaSurveyY eari,a + εi,a (2)

For the dependent variable, we employ the natural logarithm functional form, log(Foodi,a),

as it is more appropriate to consider proportional changes in nutritional intake variables rather

than absolute changes, particularly when comparing individuals of different sizes and genders. In

separate models, we track immigrants’ consumption of the various nutrient groups: Foodi,a can be

calories, or fats, proteins, or carbohydrates (measured in grams). The availability of data on food

groups allows us to see if immigrants abandon certain foods and adopt others as they continue to

reside in the United States. The regressors and the interpretation of their coefficients are similar to

equation (1) in Section 4.2. Here we include a set of variables that capture metabolism, Metai,a:

height, occupation, and the presence of a thyroid condition, diabetes, or hypertension. In addition

to the same controls as in equation (1), Zi,a now includes binary indicators for reports of more (or

less) food consumption than usual, whether both (or neither) food interview days took place on

weekends, and whether the respondent was “on a diet” at the time of the survey.

Tables 4 and 5 present the food assimilation results. In Table 4, the dependent variable in

columns 1-3 is log(Calories) and in columns 4-6 it is log(grams of fat). Similarly, the dependent
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variable in columns 1-3 of Table 5 is log(grams of carbohydrates) and in columns 4-6 it is log(grams

of proteins). All nutrient measures are reported in per day units.

Table 4 shows that the permanent difference in calorie consumption between natives and im-

migrants is negative but insignificant for all age groups but the oldest age group. Immigrants with

more years in the U.S. appear to consume more calories, but the assimilation parameter is insignifi-

cant and imprecisely estimated across all age groups. The most striking results come from changes

in immigrants’ fat consumption. Across all cohorts and age groups, the cohort fat consumption

coefficients’ estimates are notably lower for immigrants compared to natives. Immigrants of the

middle and oldest age groups have a permanent difference of 20-40 percent lower fat consumption

than natives. However, the rate of growth of fat consumption as immigrants reside in the U.S. is

positive for all age groups, and significant for the middle and oldest age groups at the 5 and 10 per-

cent levels, respectively. For every ten years of stay, these immigrants increase their consumption

of fats by an average of 6.6-6.8 percent. While middle and old age group immigrants increase their

fats consumption significantly with stay, the results are less clear for the younger age group.

The trend in consumption of carbohydrates over time for immigrants has a less certain picture

(see Table 5). For some cohorts, the initial gap vis-à-vis natives is positive and for others it is nega-

tive, though all gaps are insignificant. Similarly, the rate of growth in consumption of carbohydrates

has different signs for different age groups, and is also insignificant. These findings conform to the

basic summary statistics in Table 1, which show no large differences in the average consumption

of carbohydrates between natives and immigrants.

Immigrants have been found to increase their consumption of meat as they reside in the U.S.

(Akresh, 2007). Since meat is a main source of protein, we may expect to find trends in protein

consumption similar to fats. However, we see only weak evidence that immigrants enter the U.S.

with lower protein consumption vis-à-vis natives and the youngest age groups increase their intake

over time; the assimilation parameter for each group has the expected sign but is statistically sig-

nificant only for the middle age group. For the older group, protein intake actually falls with their

duration of stay, although this effect is also insignificant. Finally, the effect of protein consump-
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tion on weight-gain is ambiguous; with researchers claiming its effects mostly occur via increased

calorie intake (Bray et al., 2012), which we do not see within any age groups. A meta-analysis of

studies involving high-protein diets finds that such habits are weakly correlated with weight loss

(Santesso et al., 2012).

In all models, height is positively correlated with consumption. Nutrient consumption appears

to have an inverted U-shaped relationship with age (within each age group): it rises with age for

the youngest age group (20-35), may either rise or fall for the middle age group, and falls with age

for the oldest age group. Recall that we found slowest BMI convergence for the oldest group of

immigrants; besides the physiological reasons of reduced metabolic activity and reduced muscle

mass from aging, lower nutrient intake may also contribute to lower BMI gain among this group.

5.2 Results: Physical Activity

Each NHANES survey wave contains a module on physical activity habits. The specific questions

were substantially altered in the 2007-2008 wave and beyond, but we are able to reconcile the

differences across our four waves by using binary indicators of physical activity. In all survey

waves, respondents report whether they perform any physical activity while engaged in work (or

housework) or at leisure on a typical day; activity is classified as sedentary, moderate, or vigorous.19

For example in the questionnaire, moderate activity is defined as at least sufficient to “cause small

increases in breathing or heart rate such as brisk walking or carrying light loads for at least 10

minutes continuously.”

We employ probit estimation on binary choice assimilation models that otherwise comparable

19 We cannot reconcile differences sufficiently to consider richer time-use data.
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to those in equation (2). Physical activity models are specified as follows:

Pr (Activityi,a = 1)

= Φ (βc,aCohorti,a + γaY earsUSAi,a + θaZi,a + πaMetai,a + ωaSurveyY eari,a + εi,a) (3)

The dependent variable is Activityi,a, which may refer to either “moderate or vigorous activity

reported at leisure” or “moderate or vigorous activity reported at work” (we estimate each model

separately). Φ is the normal CDF and other controls remain the same as in equation (2).

Table 6 presents the estimation results; coefficients are marginal effects calculated at variable

means. In Table 6, the dependent variable in columns 1-3 is leisure-related physical activity and

in columns 4-6 it is work-related physical activity. The cohort difference in leisure-related activity

between natives and immigrants is usually negative but significant only for the youngest age group.

The youngest age group of immigrants also increases their propensity to exercise at leisure by 1.8

percent on average with each additional year of residency (significant at the 1 percent level). We

also see some significant results from the work-related physical activity model. For the middle age

group, the work-related activity level difference of all cohorts is higher for immigrants compared

to natives, and the difference is statistically significant for three of the four cohorts. Further, there

is evidence that the gap is smaller for more recent cohorts. None of these differences are significant

for the oldest age group. However, middle aged immigrants’ work-activity approaches natives’

(lower) levels as they remain in the United States, and the assimilation parameter is significant at

the 1 percent level.

We also split the dependent variable into more specific reports on vigorous physical activity

or moderate physical activity, at either leisure or work (see Online Appendix Table A.2). Results

strongly suggest that the above results are driven primarily by vigorous activity; we do not estimate

statistically significant initial gaps or assimilation parameters for immigrants’ binary reports of

moderate activity.

The Mincerian labor market effort profile suggests that workers at the beginning of their careers
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increase their work activity with age, while middle aged and older workers reduce their work activ-

ity with age. This secular trend must be considered when interpreting our estimates of permanent

differences between immigrants’ and natives’ physical activity, as well as estimates of immigrants’

assimilation parameter. Table 6 shows that middle age group immigrants exhibit a permanent ad-

vantage in work activity, compared to natives. With more years of stay—which cannot be perfectly

disentangled from age in our assimilation model—middle age immigrants reduce their work activ-

ity. We cannot be sure whether this effect may stem from actual behavioral changes, or whether

it is a product of the imperfectly partialled-out relationship between years of stay and age. In this

case, the direction of physical activity changes align with BMI assimilation. This is not the case,

however, in Table 6’s illustration of younger immigrants’ proclivity for leisure activity, which in-

creases with additional years of stay. In general, when secular trends in the dependent variable

are present—specifically when they track with age—our assimilation estimates must be interpreted

with caution. In the next subsection, we summarize all dietary and physical activity results and

discuss their ability to explain BMI trends within age groups.

5.3 Reconciling Diet and Exercise Results within Age Groups

We find evidence of assimilation in fat intake for the middle-age and older groups, with the latter

exhibiting a slower rate of assimilation. There is no evidence that these groups increase their

calorie or carbohydrate intake, though we see some evidence that middle-age groups assimilate

on protein consumption. These dietary patterns of the middle-age and older groups are consistent

with their BMI assimilation. Consumption of fats, without an overall change in calories, is linked

to BMI increases (Layman, 2004; Paddon-Jones et al., 2008). We also find evidence of reduced

work activity for the middle-age group. While this could be a facet of declining effort over the

work-life, this is also consistent with BMI increases. For older age-groups, BMI assimilation itself

was slow and mainly exhibited by older cohorts in this group (Figure 1). The cohort differences

show that older cohorts had larger gaps in their fat consumption vis-à-vis natives, and over time fat

18



consumption is consistent with weight gain for these cohorts.

There is no significant evidence of dietary assimilation for the youngest age group. Moreover,

there is increased leisure activity over their stay combined with significant BMI assimilation. To

reconcile these results, we have to look for reasons that are not apparent in the primary diet and

exercise models. As mentioned before, NHANES diet modules only list basic nutrient groups.

Young people may be more likely to consume processed food or eat at restaurants, which would

contribute to weight gain (Chou et al., 2004). Younger immigrants are also likely to be poorer.

Newly arrived young immigrants are also less likely to retain traditional diets of their country

(Akresh, 2007). We provide further evidence in support of these ideas in the next subsection,

where we further investigate the sources of BMI assimilation.

5.4 Further Analysis

In this section we further consider variables that can affect dietary and exercise behavior, and thus

BMI. In doing so we also note some policy-relevant effects. We detail each new analysis below,

but to save space full tables of results are located in the Online Appendix.

5.4.1 Assimilation: By Income Stratifications

Nutrition results presented in Tables 4 and 5 are average results for all immigrants; they do not

capture heterogeneous responses within the immigrant population. Nutrients and physical activity

may be viewed as normal or inferior goods, given that their consumption may vary across income

groups. If healthier foods substitute for cheap and unhealthy foods among wealthier immigrants

with more years of stay in the U.S., the latter are inferior goods; in this case we would observe

better diets—and possibly less unhealthy convergence to natives’—among richer immigrant sub-

populations. Similarly, if workers transition from physically-intensive low-paid work to high-wage

lower-physical effort jobs as they age, we could interpret activity at work to be an inferior good.

The average American adult spends about $4,000 per year on food, and eating healthy costs
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more (Monsivais et al., 2011). High food prices might prevent low-income families from eating

healthy diets (Drewnowski and Darmon, 2005). A significantly larger number of immigrant fami-

lies, compared to native ones, are of lower income. 64 percent of immigrants from our NHANES

sample belong to the bottom two income quartiles, compared to only 49 percent of natives.20

We divide the sample into four income quartiles and estimate equations (1), (2), and (3) sep-

arately for each income quartile (each income quartile remains further stratified into three age

groups). The sample size is small for many of the income-age cells. The estimates from the het-

erogeneous income version of each equation are reported in Online Appendix Table A.3 (thus the

table includes BMI, nutrient, and physical activity reports as dependent variables). Among nutrient

groups, cohort gaps are sparsely significant except for fat consumption.21 Comparing those average

growth rates to the growth rates for the two lowest income quartiles we see that poorer immigrants

increase their fat consumption at a faster rate than average immigrants, but the effect is statistically

significant for only the following groups: ages 35-49 and 50-69 in the poorest quartile (for every 10

years of stay, increase of 22.3 and 13.4 percent respectively) and ages 35-49 in the second poorest

quartile (for every 10 years of stay, increase of 11.1 percent compared to 6.6 percent from Table

4). Conversely, we estimate a slower rate of growth for individuals in richer quartiles, although

these estimates are not statistically significant. Furthermore, many of the fat consumption cohort

gaps are larger for the lower two income quartiles, compared to the average gaps from Table 4.

These trends largely hold for the middle and oldest age groups; we conjecture that the younger age

groups might be more likely to adopt American foods or are indifferent between ethnic foods and

host-country diets.

For income-stratified assimilation in the other food groups, we find evidence of additional pro-

tein consumption among the poorest quartile; however we cannot be sure if, for instance, this is in

the form of meats, dairy products, or beans, to more directly infer possible price effects. Inferences

20According to the American Community Survey (ACS) of 2010, 61 percent of the immigrant population in the
U.S. belongs to the poorest two income quartiles. The small discrepancy in statistics obtained from the ACS and our
NHANES sample likely arises from the fact that income in the NHANES is reported in $5,000 or $10,000 brackets
rather than exact dollar amounts.

21 Recall from Table 4 that the average rates of assimilation in fat consumption range between 6.6-6.8 percent per
10 years of stay for the youngest, middle, and oldest age groups.
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for these other food groups are based on point estimates that are not statistically significant.

Work activity is generally reduced with stay in the U.S. across all income groups (not just the

richest). And as seen previously in Table 6, the declines are predominant in older age groups. This

behavior is commensurate with life-cycle labor market trajectories of workers. Leisure activity rises

with stay (or the change is insignificant) for the poorest two quartiles. These two groups might be

substituting their efforts between leisure and work over their stay in the U.S., and not necessarily

moving to higher paid jobs. The BMI convergence for these groups of immigrants to higher native

levels occurs despite physical activity changes, and the role of physical activity seems limited.

The growth in consumption of fatty foods is fastest for the lowest two income quartiles com-

pared to the richer income quartiles. Our results suggest that fats are normal goods for poorer

income quartiles, and become inferior goods for higher income individuals who substitute fats for

better foods with longer U.S. residency.

Besides income responses, prices of food are not constant across the United States (Bureau of

Labor Statistics, 2013). Immigrant settlement patterns do not follow a random geographic pattern.

Unfortunately, the publicly available version of the NHANES does not provide any geographical

information for the respondents. It is possible that some of the income effect is also the lower

income quartiles’ response to food prices. It would be of future interest to see if immigrant food

assimilation responses vary by geographical area.22

5.4.2 Assimilation: By Origin

Many home countries of foreign-born U.S. residents have lower obesity rates (Streib, 2007), and

of course, the similarities between “traditional” and American diets can differ by country of ori-

gin. Dietary acculturation can occur at differential rates across different origin groups (Holmboe-

Ottesen and Wandel, 2012; Satia-Abouta et al., 2002). The NHANES does not report all the origin

countries of the foreign-born population but it does reveal if an immigrant was born in Mexico or

some other non-U.S. country. Almost 30 percent of the entire adult immigrant population of the

22The Centers for Disease Control (2014) shows the wide variation in obesity rates across U.S. states.
http://www.cdc.gov/obesity/data/prevalence−maps.html
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U.S. is from Mexico (American Community Survey, 2010); however 53 percent of our immigrant

sample is Mexican since the NHANES over-samples Hispanics.

The discussion in this section will mainly focus on Mexican population, since the non-Mexican

population is an aggregate of all other immigrant groups. The traditional diet in Mexico is a combi-

nation of complex carbohydrates (corn, beans, and breads) and proteins (Smith, 2010). At the same

time, Mexico is second only to the U.S. in obesity rates among OECD countries (OECD Obesity

Update, 2014). Rising obesity rates are attributed to a transition to fried foods and sugars.23

We divide the NHANES sample into Mexican and non-Mexican immigrants and estimate equa-

tions (1), (2), and (3) separately for the two origin groups. We continue to stratify by age group. Re-

sults are presented in Online Appendix Table A.4. As anticipated, the BMI gaps between Mexicans

and U.S. residents are less pronounced—particularly for older ages—compared to non-Mexican

immigrants. While we see BMI convergence to native levels for middle-age groups, irrespective of

origin, convergence is only significant for other age-groups in the non-Mexican sample. Hence the

original BMI assimilation differs across origin countries. We observe different patterns in initial

caloric intake and carbohydrate consumption, where intake levels are initially higher for middle

aged Mexican immigrants. However, convergence still occurs as their carbohydrate consumption

decreases as they continue to live in the U.S., on average, by 11 percent every 10 years.

For fat consumption, the initial entry gaps are small and insignificant for Mexican immigrants,

suggesting that assimilation in fats is driven by the non-Mexican immigrant population. Protein

consumption trends between the two groups are not statistically different although the point esti-

mates have different signs. In general these results suggest that Mexicans may already arrive with

some aspects of the American diet, and other immigrants likely do not. Thus, in recent years when

obesity has become a problem in North America and not other parts of the world, non-Mexican

immigrants may be the source of the “healthy immigrant effect.”

Besides differences in home-country diets, another reason for the different food trends between

Mexican and non-Mexican immigrants can stem from income disparities (Smith, 2010). Mexican

23The rise of U.S. fast-food restaurants, and the proximity to the U.S. have also been cited as reasons for Mexico’s
growing obesity (Creighton et al., 2011).
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immigrants, on average, have lower incomes than non-Mexican immigrants (American Community

Survey, 2010): 60 percent of Mexican and 40 percent of non-Mexican households earn below the

median income. We find no notable differences in physical activity trends across origin group,

except that leisure activity gaps and convergence is more precisely estimated for youngest and

oldest Mexicans, compared to non-Mexicans.

5.4.3 Assimilation: By Consumption of Processed and “Fast" Foods

We previously suggested that young immigrants may assimilate on the consumption of processed

and “fast” foods, and this contributes to their BMI assimilation. Indeed the evidence that poorer im-

migrants and immigrants from source countries with significantly different diets from the U.S. were

more likely to adopt unhealthy diets is consistent with young immigrants doing the same. In this

subsection, we further provide evidence that the “unhealthiness” of the diet of young immigrants

may exist in ways not wholly captured by broad nutrient groups.

Online Appendix Table A.5 presents assimilation models for the “type” of fat, conditional on

calories consumed, for young immigrants. The three types of fats considered, in the order of

their negative effects on health according to the American Heart Association (AHA) are: saturated,

monounsaturated, and polyunsaturated.24 Processed and “fast” foods that are rich in meat and dairy

are also rich in saturated fats.25 Animal studies show that a high saturated fat diet leads to obesity

compared to a diet when saturated fat is replaced with unsaturated fats (Hariri et al., 2010).

Young immigrants have significantly lower consumption of saturated and monosaturated fats

upon entry as indicated by the cohort differences, however they assimilate to native levels of con-

sumption of saturated fats. The differences in consumption of polysaturated fats are insignificant

both in terms of cohort and assimilation effects. Given that these assimilations are all conditional

on calories, these assimilation patterns support changes in the “distribution of fats” in one’s diet

24The AHA recommends a diet that achieves 5 to 6 percent of calories from saturated fat. The AHA also states that
polyunsaturated fats can also benefit health when eaten in moderation and used to replace saturated fat.

25These foods also contain unhealthy trans-fats, however NHANES does not have information on those.
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rather than changes in aggregate nutrient intakes.26 Hence, much of the BMI assimilation patterns

of young immigrants are consistent with a move towards packaged or processed and “fast” foods.27

5.4.4 Assimilation: By Language Spoken at Home

The Food and Drug Administration only requires food and drug labels to be published in English.

However, over 80% of foreign-born individuals report speaking a non-English language at home,

and two-thirds of these immigrants report being able to speak English proficiently (U.S. Census

Bureau, 2010). Thus nutritional information may not be conveyed correctly to those with limited

English-language skills, and this could lead to adoption of poorer foods. Given that English profi-

ciency and labor market success are closely related, those with limited English skills are also likely

to be in the lower income quartiles. On the other hand, better English and adoption of native diets

could indicate acculturation and occur simultaneously. It is unclear how this might affect the size

of the initial gaps and assimilation parameter; we cannot be certain whether an immigrant arrived

“more assimilated” in this manner or simply adopted native customs more readily.

We explore this question in Online Appendix Table A.6 which presents BMI, food, and activity

assimilation models that are stratified into groups that speak English at home versus those who do

not (in addition to the usual age group strata). While it is difficult to ascertain differences in these

small language-age cells, a few outcomes yield interesting findings. Young non-English speakers

exhibit statistically significant initial gaps in BMI and convergence, while English-speakers do not.

This result may be driven primarily by fat consumption, which follows a similar pattern. Physical

activity models suggest that initial gaps are larger in size for non-English speakers.

Finally, we estimated versions of all assimilation models that no longer include controls for

race/ethnicity and language spoken at home (see Online Appendix Table A.7). Initial gaps are only

slightly larger in models without these controls; assimilation parameters are very comparable in

26We also find that younger age groups have large point estimates for assimilation effects of sodium intake, another
common ingredient in processed foods. These results are available upon request.

27The middle and old age groups show significant assimilation in both saturated and monounsaturated fats, condi-
tional on calories consumed. While there may be some increased intake of processed foods for these age groups, there
is also increased intake of plant-based oils, nuts, and legumes (foods rich in monounsaturated fats). The American
Heart Association recommends these fats in moderation.
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both sign and size. There are no notable differences among food and physical outcome models.

For completeness, the Online Appendix also includes stratifications by gender (see Table A.8).

We continue to observe similar patterns in initial gaps and convergence across both men and

women.

6 Conclusion

This paper expands upon the existing literature on the American obesity epidemic and on immi-

grants’ health patterns as they reside in the United States. The role of unhealthy BMI assimilation

in explaining the initial health advantage immigrants enjoy, compared to natives, and its subsequent

deterioration with duration of stay, is well-documented (Antecol and Bedard, 2006). We find ev-

idence that factors explaining immigrants’ weight gain are complicated, as they can differ by age

group, income, and country-of-origin. Moreover, data on major nutrients such as calories or fat may

not drill down enough to fully capture the dietary habits driving BMI trends in all age groups. In

particular, increasingly fattening diets and diminishing exercise are prominent in middle-age group

immigrants, and these trends are consistent with their unhealthy BMI assimilation. Among older

immigrants, BMI assimilation is less pronounced, but immigrant cohorts who exhibit increases in

fat intake also exhibit the most prominent BMI increases. In both of these age groups, we find that

income and home-country conditions matter.

The path we envision for future research is best-highlighted by our results for younger age

groups of immigrants. Broad nutrient groups do not provide convincing evidence consistent with

unhealthy BMI assimilation; at the same time their leisure-time exercise rises. We can speculate

that since young people, particularly young immigrants, have lower incomes, they may substitute

unhealthy but cheap food (processed food, “fast” food, etc.) for healthy fruits and vegetables. We

find some evidence that, holding calories constant, young immigrants assimilate in their consump-

tion of unhealthy saturated fats, a common ingredient in processed and “fast” foods, but there is no

significant assimilation in consumption of healthy polysaturated fats. Future study of richer data
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in this regard could better inform policy makers on the effects of diet for the full spectrum of age

groups. Similarly, the contribution of physical activity changes is somewhat unclear in our study

since declines in one type of activity can be compensated by increases in another (Creighton et al.,

2012; Crespo et al., 2001). Richer time-use data could help in this regard, as well.

As our analysis of exercise is less conclusive, future policy interventions should strongly con-

sider healthy-food initiatives. Programs that educate immigrants on what foods would best fit their

budgets could be implemented, and this is particularly true for young immigrants. On the other

hand, programs like Let’s Move and NFL Play 60 could emphasize better nutrition along with their

exercise components, which may benefit middle-age immigrants. Recognizing the differences in

dietary assimilation across Mexican and non-Mexican immigrants also indicates that dietary edu-

cation has to target specific immigrant communities differentially.
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A Appendix: Figures

Figure 1: BMI Convergence
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Note: The figures above compare sample averages (points are marked by circles) and 95 percent confidence
intervals of immigrants’ BMI to the sample average of natives’ BMI, grouped by age, gender, and length of
stay in the United States.
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B Appendix: Tables

Table 1: Summary Statistics
Natives Immigrants

Mean Std. Dev. Mean Std. Dev.
Female* 0.52 0.50 0.47 0.50
Height (m) 1.70 0.10 1.66 0.10
Age (years) 43.8 13.7 41.1 12.4
BMI 28.7 6.7 27.3 5.3
Insured* 0.82 0.39 0.61 0.49
Married* 0.56 0.50 0.62 0.49
English spoken at home (50 percent or more)* 0.99 0.12 0.38 0.48

Race/ethnicity:
Mexican* 0.04 0.20 0.32 0.47
Non-Mexican Hispanic* 0.02 0.13 0.19 0.39
Black* 0.13 0.33 0.07 0.25
White* 0.79 0.41 0.22 0.41
Other (non-white) race* 0.03 0.17 0.20 0.40

Family income:
Under $20,000* 0.16 0.37 0.21 0.41
$20,000 to $34,999* 0.16 0.37 0.22 0.41
$35,000 to $54,999* 0.18 0.38 0.18 0.38
$55,000 to $74,999* 0.13 0.34 0.11 0.32
$75,000 and higher* 0.32 0.47 0.21 0.41

Education level:
Less than 9th grade* 0.02 0.15 0.19 0.39
Some high school* 0.11 0.31 0.14 0.35
High school grad. or GED* 0.25 0.43 0.17 0.37
Some college or Jr. college* 0.34 0.47 0.23 0.42
College graduate or above* 0.28 0.45 0.27 0.44

Smoking status:
Smokes everyday* 0.22 0.42 0.12 0.32
Smokes occasionally* 0.04 0.19 0.05 0.22
Never smoked* 0.51 0.50 0.65 0.48
Smoked but quit* 0.23 0.42 0.18 0.38

Relevant health conditions:
Has diabetes* 0.08 0.27 0.08 0.27
Has a thyroid condition* 0.07 0.26 0.03 0.18
Has hypertension* 0.28 0.45 0.16 0.37

Nutrition:
Calories (per diem) 2198 872 2055 799
Fat (gm, per diem) 84.6 39.7 70.4 36.2
Protein (gm, per diem) 85.4 36.2 84.9 36.0
Carbohydrates (gm, per diem) 262.6 113.2 264.6 104.6
Ate “more than usual” on both survey days* 0.11 0.31 0.13 0.34
Ate “less than usual” on both survey days* 0.24 0.43 0.23 0.42
Both survey days on weekend* 0.05 0.22 0.06 0.25
Both survey days on weekdays* 0.47 0.50 0.44 0.50
Currently on a diet* 0.16 0.37 0.11 0.31

Physical activity for leisure* 0.64 0.48 0.54 0.50
Sedentary* 0.36 0.48 0.46 0.50
Moderate* 0.31 0.46 0.26 0.44
Vigorous* 0.33 0.47 0.29 0.45

Physical activity at work or for housework* 0.63 0.48 0.56 0.50
Sedentary* 0.37 0.48 0.44 0.50
Moderate* 0.47 0.50 0.41 0.49
Vigorous* 0.15 0.36 0.15 0.36

Number of observations 10,278 3,201

Note: *Dummy variable; sample means reflect sample proportions. Categorical variables’ proportions—income,
education, smoking—do not add up to one because the additional missing value bin is not shown in the table.
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Table 2: Immigration Status Distribution of NHANES Sample (by age group)

Age group: 20-34 35-49 50-69
Number of respondents Number of respondents Number of respondents

Born in USA 2,999 3,178 4,101
Immigrated to USA within:

5 years 263 115 66
5 to 10 years 307 171 80
10 to 15 years 157 187 74
15 to 20 years 101 209 92
20 to 30 years 94 326 252
30 to 40 years 14 97 278
40 to 50 years 49 185
50 or more years 84

Total respondents 3,935 4,332 5,212
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Table 3: BMI Assimilation

Dependent Variable: BMI
Age group: 20-34 35-49 50-69
Immigration status:

Years in USA 0.140** 0.191*** 0.0624
(0.0697) (0.0628) (0.0387)

2000s cohort -2.235*** -3.052*** -1.437*
(0.572) (0.561) (0.814)

1990s cohort -3.273*** -4.492*** -2.935**
(0.994) (0.942) (1.152)

1980s cohort -2.746 -6.066*** -2.417*
(1.784) (1.436) (1.286)

Pre-1980s cohort -4.423** -7.773*** -4.418**
(2.144) (1.920) (1.776)

Age (years) 0.174*** -0.0613** -0.0703***
(0.0337) (0.0295) (0.0214)

Female -0.0344 -0.736** -0.267
(0.302) (0.306) (0.239)

Race/ethnicity: (ref. group: white, non-Hispanic)
Mexican 2.315*** 1.540*** 1.552***

(0.416) (0.448) (0.388)
Non-Mexican Hispanic 1.039* 1.777*** 1.116**

(0.563) (0.641) (0.526)
Black (non-Hispanic) 2.434*** 2.015*** 1.068***

(0.381) (0.332) (0.281)
Other (non-white) race -0.608 -0.465 -1.061*

(0.470) (0.537) (0.569)

Number of observations: 3935 4332 5212
R2 0.147 0.165 0.193

Note: * p<.10, ** p<.05, *** p<.01. Other control variables included in models (but not presented
above): Survey cross-section; English spoken at home; education level; family income group;
insurance status; marital status; smoking behavior; two-digit occupation dummies; indicators for
diabetes, thyroid conditions, and diabetes; an indicator for being on a diet; and a constant. Models
also include dummies for variables that have missing values.
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Table 4: Calories and Fat Models
Dependent Variable: log(Calories per diem) log(Fat grams per diem)
Age group: 20-34 35-49 50-69 20-34 35-49 50-69
Immigration status:

Years in USA 0.00198 0.00176 0.00230 0.00650 0.00663* 0.00681**
(0.00528) (0.00238) (0.00195) (0.00675) (0.00350) (0.00271)

2000s cohort -0.0385 -0.0603 -0.0856* -0.141** -0.177*** -0.224***
(0.0427) (0.0433) (0.0458) (0.0603) (0.0550) (0.0624)

1990s cohort -0.0512 -0.0915* -0.166*** -0.162* -0.270*** -0.420***
(0.0745) (0.0522) (0.0485) (0.0926) (0.0730) (0.0702)

1980s cohort -0.108 -0.0494 -0.212*** -0.303* -0.258** -0.407***
(0.131) (0.0669) (0.0722) (0.173) (0.0985) (0.0955)

Pre-1980s cohort -0.0971 -0.113 -0.165** -0.207 -0.331** -0.419***
(0.155) (0.0900) (0.0822) (0.200) (0.134) (0.112)

Height (m) 0.664*** 0.537*** 0.724*** 0.731*** 0.677*** 0.869***
(0.108) (0.109) (0.0851) (0.154) (0.136) (0.125)

Age (years) 0.00266 -0.00121 -0.00596*** 0.00423* -0.000809 -0.00636***
(0.00184) (0.00184) (0.00135) (0.00250) (0.00244) (0.00208)

Female -0.251*** -0.273*** -0.189*** -0.226*** -0.251*** -0.171***
(0.0226) (0.0215) (0.0167) (0.0254) (0.0264) (0.0244)

Race/ethnicity: (ref. group: white, non-Hispanic)
Mexican 0.0423* 0.0316 0.00659 0.0555 0.0444 0.00991

(0.0242) (0.0275) (0.0189) (0.0383) (0.0337) (0.0241)
Non-Mexican Hispanic 0.0208 0.00595 -0.000991 -0.0251 -0.00112 -0.0437

(0.0360) (0.0277) (0.0285) (0.0529) (0.0377) (0.0354)
Black (non-Hispanic) -0.0126 -0.0373* -0.0676*** 0.0246 -0.0444* -0.100***

(0.0220) (0.0218) (0.0166) (0.0344) (0.0262) (0.0232)
Other (non-white) race -0.0411 -0.0384 0.0185 -0.0491 -0.0714 0.0323

(0.0349) (0.0425) (0.0333) (0.0508) (0.0528) (0.0430)
Dietary Controls:

Both survey days on wknd. -0.0161 -0.0107 0.0854*** -0.0437 -0.0176 0.106**
(0.0269) (0.0261) (0.0286) (0.0308) (0.0360) (0.0494)

Neither survey day on wknd. -0.0354** -0.0223* -0.00124 -0.0499** -0.0339** -0.0268
(0.0136) (0.0126) (0.0129) (0.0189) (0.0157) (0.0184)

Reported ate more than usual 0.00638 0.0664*** 0.111*** 0.0255 0.0797*** 0.145***
(0.0247) (0.0183) (0.0164) (0.0331) (0.0230) (0.0227)

Reported ate less than usual -0.0778*** -0.104*** -0.0789*** -0.108*** -0.0985*** -0.0940***
(0.0215) (0.0168) (0.0179) (0.0264) (0.0208) (0.0254)

Number of observations: 3935 4332 5212 3935 4332 5212
R2 0.277 0.298 0.284 0.217 0.250 0.227

Note: * p<.10, ** p<.05, *** p<.01. Other control variables included in models (but not presented
above): Survey cross-section; English spoken at home; education level; family income group;
insurance status; marital status; smoking behavior; two-digit occupation dummies; indicators for
diabetes, thyroid conditions, and diabetes; an indicator for being on a diet; and a constant. Models
also include dummies for variables that have missing values.
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Table 5: Carbohydrates and Protein Models
Dependent Variable: log(Carbohydrate grams per diem) log(Protein grams per diem)
Age group: 20-34 35-49 50-69 20-34 35-49 50-69
Immigration status:

Years in USA 0.00130 -0.00301 0.000511 0.00332 0.00499* -0.000743
(0.00615) (0.00320) (0.00247) (0.00487) (0.00284) (0.00236)

2000s cohort 0.0275 -0.00559 -0.0417 -0.0572 -0.0128 -0.00244
(0.0521) (0.0467) (0.0605) (0.0387) (0.0580) (0.0545)

1990s cohort -0.0166 0.0210 -0.0560 -0.0558 -0.0619 -0.0554
(0.0878) (0.0640) (0.0603) (0.0736) (0.0561) (0.0555)

1980s cohort -0.00914 0.115 -0.100 -0.174 -0.0908 -0.130
(0.154) (0.0872) (0.0840) (0.114) (0.0733) (0.0826)

Pre-1980s cohort -0.0909 0.0768 -0.0904 -0.0980 -0.213** 0.0391
(0.186) (0.127) (0.109) (0.142) (0.105) (0.0955)

Height (m) 0.562*** 0.475*** 0.674*** 0.637*** 0.471*** 0.524***
(0.122) (0.109) (0.0890) (0.137) (0.131) (0.0926)

Age (years) 0.000298 -0.00266 -0.00536*** 0.00664*** -0.00131 -0.00527***
(0.00213) (0.00196) (0.00120) (0.00241) (0.00210) (0.00162)

Female -0.224*** -0.248*** -0.159*** -0.302*** -0.301*** -0.208***
(0.0278) (0.0208) (0.0179) (0.0247) (0.0257) (0.0211)

Race/ethnicity: (ref. group: white, non-Hispanic)
Mexican 0.0203 0.0322 0.0220 0.0674** 0.0442 -0.0106

(0.0259) (0.0363) (0.0247) (0.0279) (0.0302) (0.0238)
Non-Mexican Hispanic 0.0122 -0.00131 0.0230 0.0545 0.0416 -0.00951

(0.0375) (0.0332) (0.0330) (0.0387) (0.0282) (0.0415)
Black (non-Hispanic) -0.0370 -0.0294 -0.0473** -0.0194 -0.0219 -0.0989***

(0.0248) (0.0243) (0.0187) (0.0247) (0.0218) (0.0204)
Other (non-white) race -0.0293 -0.0181 0.0447 0.00780 -0.0457 0.00226

(0.0333) (0.0385) (0.0330) (0.0386) (0.0443) (0.0387)
Dietary Controls:

Both survey days on wknd. -0.00392 -0.0213 0.0831*** -0.0241 -0.00125 0.0659
(0.0357) (0.0265) (0.0268) (0.0305) (0.0292) (0.0500)

Neither survey day on wknd. -0.0148 -0.00868 0.0175 -0.0416** -0.00359 -0.00572
(0.0148) (0.0162) (0.0141) (0.0162) (0.0128) (0.0135)

Reported ate more than usual 0.00238 0.0602*** 0.105*** -0.00914 0.0672*** 0.0861***
(0.0253) (0.0218) (0.0179) (0.0276) (0.0242) (0.0212)

Reported ate less than usual -0.0407 -0.0994*** -0.0537*** -0.121*** -0.138*** -0.129***
(0.0248) (0.0181) (0.0188) (0.0222) (0.0229) (0.0229)

Number of observations: 3935 4332 5212 3935 4332 5212
R2 0.205 0.218 0.193 0.275 0.269 0.237

Note: * p<.10, ** p<.05, *** p<.01. Other control variables included in models (but not presented
above): Survey cross-section; English spoken at home; education level; family income group;
insurance status; marital status; smoking behavior; two-digit occupation dummies; indicators for
diabetes, thyroid conditions, and diabetes; an indicator for being on a diet; and a constant. Models
also include dummies for variables that have missing values.
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Table 6: Physical Activity Models
Binary Dependent Variable: Leisure: Mod. or Vig. Activity Work: Mod. or Vig. Activity
Age group: 20-34 35-49 50-69 20-34 35-49 50-69
Immigration status:

Years in USA 0.0183*** 0.00590 0.00115 0.000919 -0.0196*** -0.00437
(0.00695) (0.00513) (0.00319) (0.00693) (0.00489) (0.00398)

2000s cohort -0.214*** -0.0569 -0.0638 -0.0873 0.0729 -0.0921
(0.0504) (0.0753) (0.0963) (0.0597) (0.0767) (0.0821)

1990s cohort -0.193** -0.117 -0.0317 0.0211 0.230** -0.0821
(0.0903) (0.0947) (0.109) (0.0959) (0.0918) (0.102)

1980s cohort -0.421** -0.177 0.0543 -0.00329 0.380*** -0.0140
(0.177) (0.132) (0.128) (0.153) (0.129) (0.128)

Pre-1980s cohort -0.438** -0.173 0.0310 -0.0469 0.604*** 0.112
(0.206) (0.175) (0.147) (0.232) (0.156) (0.180)

Height (m) 0.111 -0.232 0.215 0.501*** 0.154 -0.0747
(0.173) (0.166) (0.144) (0.192) (0.169) (0.174)

Age (years) -0.0102*** -0.00442* -0.00122 0.00275 0.00260 -0.00264
(0.00227) (0.00257) (0.00192) (0.00283) (0.00249) (0.00189)

Female -0.0971*** -0.0475 -0.0598* 0.00135 -0.0343 -0.0662**
(0.0313) (0.0322) (0.0305) (0.0342) (0.0314) (0.0309)

Race/ethnicity: (ref. group: white, non-Hispanic)
Mexican -0.0436 -0.0292 -0.0643* 0.0827*** -0.0297 -0.0265

(0.0399) (0.0460) (0.0355) (0.0288) (0.0423) (0.0347)
Non-Mexican Hispanic 0.0115 -0.105** 0.0294 0.0255 -0.0544 -0.0367

(0.0450) (0.0484) (0.0515) (0.0378) (0.0595) (0.0475)
Black (non-Hispanic) -0.0744*** -0.0449 -0.0881*** -0.0361 -0.0540 -0.0940***

(0.0284) (0.0339) (0.0270) (0.0306) (0.0334) (0.0256)
Other (non-white) race -0.0528 0.0388 -0.0311 -0.00568 -0.0326 -0.0442

(0.0517) (0.0399) (0.0586) (0.0506) (0.0583) (0.0528)

Both survey days on wknd. 0.0353 0.0204 -0.0799 -0.0529 -0.0960** -0.0857
(0.0403) (0.0428) (0.0718) (0.0625) (0.0468) (0.0691)

Neither survey day on wknd. 0.0322 0.0269 0.0144 -0.0219 -0.0546*** 0.0269
(0.0206) (0.0207) (0.0223) (0.0211) (0.0210) (0.0181)

Number of observations: 3920 4327 5193 3796 4210 5171

Note: * p<.10, ** p<.05, *** p<.01. Other control variables included in models (but not presented
above): Race/ethnicity; survey cross-section; English spoken at home; education level; family
income group; insurance status; marital status; smoking behavior; two-digit occupation dummies;
indicators for diabetes, thyroid conditions, and diabetes; an indicator for being on a diet; and a
constant. Models also include dummies for variables that have missing values.
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