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Abstract

Immigration has changed the United States from having a predominantly white to a more
ethnically diverse population. People who move to the U.S. may initially have diets unlike
native-born Americans but gradually adopt eating patterns more like them. Using
NHANES data and a censored gamma regression model, this study estimated the daily
consumption of major food products among groups of immigrants and the corresponding
groups born in the U.S. Results show that immigrants had lower consumption of meat and
higher consumption of fruits and vegetables, and immigrants’ consumption converged
towards a less healthy American diet after five years in the U.S.
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Introduction

Immigration has changed the makeup of the United States population from having a
predominantly white to a more ethnically diverse population. For example, according
to the 2019 Current Population Survey (CPS), immigrants and their U.S.-born children
now number approximately 90 million people, or 28 percent of the overall population
(Zong and Batalova 2020). Between 2014 and 2060, the population is projected to
increase from 319 to 417 million (Colby and Ortman 2015). While the native-born pop-
ulation is expected to increase by 62 million people, reaching 339 million in 2060, the
foreign-born population is expected to grow from 42 to 78 million in the same period.
People with different ethnic backgrounds have different diets, and this growing diversity
of the population is likely to cause diet-related health issues (Hiza et al. 2013; Dunn,
Sharkey, and Horel 2012; Lin et al. 2016; Tichenor and Conrad 2016).

Few studies have investigated the effects of time of residency on different ethnic
groups of immigrants’ food consumption. Satia-Abouta et al. (2002) found that
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immigrants to the United States gradually adopted U.S. dietary patterns, which tend to
be high in fat and low in fruits and vegetables, as the time of residency in the U.S.
increased. Similarly, Goel et al. (2004) found that after being in the U.S. for 10 years,
the Body Mass Index (BMI) increased across the immigrant subgroups, and the prev-
alence of obesity among immigrants living in the U.S. for at least 15 years approached
that of native-born adults. Hence, they suggested that early intervention with diet and
physical activity represents an opportunity to prevent obesity and obesity-related
chronic illnesses. For Spain, Marin-Guerrero et al. (2015) examined the length of res-
idency effect on Latin American immigrants, reaching the conclusion that a longer
duration of residence was associated with both healthy and unhealthy changes in eating
habits. Specifically, the intake of sugary beverages decreased, while the intake of satu-
rated fat, fiber, olive oil, vegetables, and fish increased.

To effectively combat detrimental food choices and related health nutrition prob-
lems, policy makers and nutrition educators with food assistance programs need
detailed knowledge about the specific food behaviors of different ethnic groups.
Understanding of healthy habits particular groups of immigrants already have and
are at risk of losing through acculturation can inform development of targeted educa-
tional and food assistance programs, such as food packages for The Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC) (USDA
2019) and the school lunch menus for The National School Lunch Program (NSLP)
to meet the different nutrition needs of the different ethnic groups of immigrants.

We have three research objectives. First, the differences in the consumption of five
selected food groups: (1) milk, (2) meat, (3) processed meat, (4) fruits, and (5) vegeta-
bles among people who are born in the U.S. and immigrants are investigated. According
to the National Health and Nutrition Examination Survey (NHANES), the five food
groups account for more than 50 percent of all the foods consumed in the U.S. and
are widely consumed among all ethnic groups. Consumption changes in the five
food groups could provide information on immigrants’ acculturation and dietary
changes across ethnic groups.

Second, we investigate the differences in diets among Asians, blacks, Hispanics, and
non-Hispanic whites who are born in the U.S. and the corresponding immigrant
groups. Third, the effects of the time of residency in the U.S. on the diets among ethnic
groups of immigrants are investigated. A censored gamma regression model was devel-
oped to control for key covariates, which frequently are not controlled for in studies of
immigrants’ food choices (Satia-Abouta et al. 2002; Goel et al. 2004). The model was
used to simulate the expected probability of consumption and the expected daily con-
sumption of five food groups.

Data

NHANES is an ongoing nationally representative survey of the noninstitutionalized
civilian resident population in the 50 states and the District of Columbia of the
United States. The survey uses multiyear sampling strategies and publishes the data
every two years. In addition to information on individuals’ health and nutrition status,
the survey includes a dietary intake module known as What We Eat in America
(WWEIA). Individuals participating in this module complete two 24-hour dietary
recalls on nonconsecutive days. They recall a detailed description of each food and bev-
erage consumed and the consumption amounts. This information can be further
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Table 1. Summary Statistics

Variable Definition Mean STES
A Log of age 3.76 0.38
A Squared log of age 14.31 2.81
P Log of year 4.66 0.04
I Log of individual income 4.62 0.48
Married = 1 if married 0.64 0.48
Male =1 if male 0.48 0.50
El =1 if elementary school 0.18 0.38
E2 = 1 if high school 0.24 0.43
E3 = 1 if university 0.58 0.49
us =1 if born in the U.S. 0.85 0.36
usw = 1 if white and born in the U.S. 0.68 0.47
W = 1 if white and born outside the U.S. 0.03 0.18
USLAT = 1 if Hispanic and born in the U.S. 0.05 0.21
ILAT = 1 if Hispanic and born outside the U.S. 0.08 0.27
usB = 1 if black and born in the U.S. 0.10 0.30
1B =1 if black and born outside the U.S. 0.01 0.10
USASI =1 if Asian and born in the U.S. 0.02 0.15
IASI =1 if Asian and born outside the U.S. 0.03 0.17
n Number of observations 30,667

Note: Included participants are 20 years or older. The mean and the standard errors are weighted with the NHANES
sampling weights.

matched with an individual’s age, ethnicity (race), household income, education, and
other demographic characteristics as captured in the broader NHANES.

Multiple cycles of NHANES were used to estimate the model conditional on the
covariates shown in Table 1. The covariates assumed to influence diets were the follow-
ing: log of age, age squared, log of years in the U.S,, log of individual income, and indi-
cator variables for marital status, gender, education, and ethnicity. Our data sample
consists of adults from 20 to 80 years of age. Table 1 shows that the average (weighted)
age is 42.94 years. To construct an income variable which is comparable between house-
holds of different size in different years the following procedure was used: The original
survey question consisted of 15 different intervals of household income. First, we set
household income to the midpoint value of each interval. Then, for each individual,
we divided the household income by the square root of the number of people in the
household (OECD 2008). Finally, the income variable was deflated by the national con-
sumer price index for the survey year. The income variable may then be interpreted as
(an index of) the log of real individual income. Further, in our data, 64 percent are mar-
ried, 48 percent are male, 18 percent have less than high school education, 24 percent
has finished high school, and 58 percent has college education. Eighty-five percent of
our sample was born in the United States.
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Figure 1. Histograms of Daily per Capita Consumption

Each year about 5,000 individuals participated in the NHANES. A total of 30,667
respondents who were 20 years or older were included to estimate the association
between ethnicity and diets using seven cycles from the NHANES surveys: 1999-
2000, 2001-2002, 2003-2004, 2005-2006, 2007-2008, 2009-2010, and 2011-2012.
More details of the NHANES database are described in the National Center for
Health Statistics (2013).

Histograms (Figure 1) of daily per capita consumption of milk, meat, processed
meat, fruits, and vegetables show that, in our data, large shares of respondents did
not consume each of the food types on the days of the survey, i.e., there are mixtures
of two distributions: one for the consumed quantities of a food and another for non-
consumption of the food. In addition, all the histograms are skewed to the right.
This indicates that the daily food consumption is censored gamma distributed. From
Table 1 we note that 85 percent of our sample was born in the United States, and
the largest group born in the U.S. is whites. The largest immigrant group is
Hispanics, comprising about 8 percent of the sample.

The (weighted) shares of respondents who consumed the different food groups on a daily
basis are shown in Table 2. About half the U.S.-born (51 percent) drank milk every day, while
56 percent of the immigrants did so. More people born in the U.S. (81 percent) than immi-
grants (75 percent) consumed meat every day. The consumption rate of processed meat was
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Table 2. Share of Respondents who Consumed the Food Groups on a Daily Basis

Group Milk Meat Processed Meat Fruits Vegetables Number of Observations

Total 0.52 0.80 0.44 0.64 0.87 30,667
(0.50) (0.40) (0.50) (0.48) (0.34)

U.s. 0.51 0.81 0.45 0.62 0.86 23,585
(0.50) (0.39) (0.50) (0.49) (0.34)

Immigrants 0.56 0.75 0.40 0.74 0.88 7,082
(0.50) (0.43) (0.49) (0.44) (0.33)

White U.S. 0.55 0.80 0.45 0.63 0.87 14,360
(0.50) (0.40) (0.50) (0.48) (0.33)

White immigrants 0.60 0.76 0.43 0.75 0.87 754
(0.49) (0.43) (0.50) (0.43) (0.34)

Hispanic U.S. 0.44 0.80 0.45 0.57 0.84 2,905
(0.50) (0.40) (0.50) (0.50) (0.37)

Hispanic immigrants 0.58 0.79 0.36 0.72 0.88 4,687
(0.49) (0.41) (0.48) (0.45) (0.32)

Black U.S. 0.34 0.88 0.46 0.54 0.82 5,656
(0.47) (0.32) (0.50) (0.50) (0.38)

Black immigrants 0.51 0.75 0.40 0.71 0.82 584
(0.50) (0.43) (0.49) (0.46) (0.38)

Asian U.S. 0.44 0.82 0.45 0.60 0.85 664
(0.50) (0.39) (0.50) (0.49) (0.36)

Asian immigrants 0.48 0.66 0.45 0.78 0.89 1,057
(0.50) (0.48) (0.50) (0.41) (0.31)

Note: The standard deviations are printed in the parentheses. The mean and the standard deviations are weighted with the NHANES sampling weights. These weights incorporate adjustments for
unequal selection probability, non-responses, and corrections for age, sex, and ethnicity categories.
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also higher among U.S.-born people (45 percent) than immigrants (40 percent). The
rates were lowest among Hispanic immigrants (36 percent) and black immigrants (40
percent). A larger share of immigrants (74 percent) than U.S.-born (62 percent) con-
sumed fruits every day. The rate of daily vegetable consumption of all respondents
was between 82 percent and 89 percent.

There were also many substantial differences in the consumption between
U.S.-born and immigrants for many ethnic groups. For example, the rate of daily
consumption of milk was 17 percentage points higher among blacks immigrants
than among blacks born in the U.S., daily meat consumption was 13 percentage
points higher among blacks born in the U.S. than among black immigrants, daily
processed meat consumption was 11 percentage points higher among Hispanics
born in the U.S. than among Hispanic immigrants, and daily fruit consumption
was 18 percentage points higher among Asian immigrants than Asians born in the
U.S. Such differences indicate that several immigrant groups are at risk of getting a
less healthy diet.

The daily (weighted) average consumption of each food category by each ethnic group
is shown in Table 3. The consumption of milk was higher among U.S.-born (144 grams)
than immigrants (132 grams). U.S.-born whites had the highest milk consumption (157
grams), while U.S.-born blacks had the lowest (70 grams). Meat consumption was also
higher among U.S.-born (93 grams) than immigrants (82 grams). blacks born in the
U.S. had the highest consumption (120 grams), while Asian immigrants consumed the
least (62 grams). Immigrants consumed less processed meat (76 grams) than U.S.-born
(86 grams). However, Asian immigrants had the highest consumption of processed
meat (92 grams), while Hispanic immigrants had the lowest (66 grams). Fruit consump-
tion was substantially higher among immigrants (192 grams) than U.S.-born (132 grams).
White immigrants consumed more than twice as much fruit (234 grams) as Hispanics
born in the U.S. (113 grams). The consumption of vegetables was also higher among
immigrants (155 grams) than U.S.-born (134 grams). White immigrants had the highest
vegetable consumption (173 grams), while blacks (107 grams) and Asians (108 grams)
born in the U.S. had the lowest consumption.

Several immigrant groups seem to be at risk of getting a less healthy diet after
some time of residency in the U.S. For example, the consumption of milk was 34
grams higher among black immigrants than among blacks born in the U.S., meat
consumption was 39 grams higher among blacks born in the U.S. than among
black immigrants, processed meat consumption was 23 grams higher among
Hispanics born in the U.S. than among Hispanic immigrants, fruit consumption
was 100 grams higher among white immigrants than whites born in the U.S., and
vegetable consumption was 32 grams higher among white immigrants than among
whites born in the U.S.

Econometric Model

For each food group, we estimated the probability of consumption and the daily con-
sumption. As discussed above, the distribution of the daily consumption of each
food group is skewed to the right and censored at zero. Hence, the daily consumption
of each group is not normally distributed, and the use of Tobit type censored regression
models could produce inconsistent results (Pagan and Vella 1989; Lee 1996).
Consequently, we estimated a generalized linear model with a zero-adjusted gamma dis-
tribution (Rigby and Stasinopoulos 2005; Tong, Mues, and Thomas 2013). The gamma
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Table 3. Daily Average Consumption of Food Groups Across Ethnic Groups

Group Milk Meat Processed Meat Fruits Vegetables Number of Observations

Total 141.85 90.90 84.47 141.06 137.39 30,667
(245.03) (94.25) (142.85) (196.09) (164.18)

U.S. 143.62 92.57 85.94 132.02 134.20 23,585
(251.19) (94.51) (143.68) (186.26) (164.03)

Immigrants 131.85 81.57 76.22 192.01 155.34 7,082
(206.58) (92.21) (137.84) (237.85) (163.83)

White U.S. 156.96 88.74 86.31 134.51 140.08 14,360
(262.38) (90.75) (144.44) (182.12) (170.91)

White immigrants 141.05 84.89 86.95 234.45 172.55 754
(233.23) (102.82) (144.41) (286.58) (199.67)

Hispanic U.S. 117.28 90.37 88.27 112.79 118.59 2,905
(224.52) (93.45) (149.01) (182.92) (138.46)

Hispanic immigrants 141.82 88.04 65.55 177.15 147.30 4,687
(211.58) (92.68) (124.45) (226.29) (148.15)

Black U.S. 69.59 120.39 82.25 123.64 107.23 5,656
(156.26) (114.07) (136.15) (208.08) (128.09)

Black immigrants 103.92 81.63 74.99 195.76 135.52 584
(179.89) (89.94) (160.35) (256.03) (156.05)

Asian U.S. 118.75 91.64 85.91 133.01 107.95 664

(Continued)

MIATY SIIUOUOIT 9IINO0SIY PUD [DINJNILLSY

6%


https://doi.org/10.1017/age.2020.17

https://doi.org/10.1017/age.2020.17 Published online by Cambridge University Press

Table 3. (Continued.)

Group Milk Meat Processed Meat Fruits Vegetables Number of Observations
(231.17) (93.81) (141.15) (209.53) (119.79)

Asian immigrants 106.26 61.81 91.70 182.04 163.42 1,057
(164.14) (75.39) (151.34) (191.84) (158.56)

Note: Consumption is measured in grams. The standard deviations are printed in the parentheses. The mean and the standard deviations are weighted with the NHANES sampling weights. These
weights incorporate adjustments for unequal selection probability, non-responses, and corrections for age, sex, and ethnicity categories.
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distribution is part of the exponential family of probability distributions, which typically
are used to construct generalized linear models (GLM).!

Our response variable, y is assumed to follow a gamma distribution when it is pos-
itive. The gamma distribution is given by:

. _ 1 a=1,-y/B
B a)—[r(a)ﬁa]y e P, )

where the parameters o > 0 and > 0, and I'(@) is the gamma function. The mean of y is
given by:

E(y) = p=aB, 2)
and the variance of y is given by:
vary = o = af’. 3)

Equations (1), (2), and (3) are used to reparametrize the gamma distribution to be a
function of 1 and o2, such that:

1 [
f(y|M, (T) = (UZM)I/O"Z r(l/(ﬂ) : (4)

We assume a log link function, which ensures non-negative predictions:

1, = log(w) = x, By, 5)

where x) 3, is the linear predictor in the gamma regression model.
To take account of the censoring in our data, we include a probability term, 7,
defined as the cumulative of a logistic distribution:

eX/z B,

For 0 < y < oo the model is given by:

mif y=0

fOlu o, p) = (1_77)[ R han PLCD)

o
(V™ T(1/o) } iy =0

"The GLM is a family of statistical models, which includes regression models such as ordinary least
squares, logit, probit, Poisson, and gamma. All of these models can be transformed to a linear model
with the use of a link function, and all GLM models have outcome variables that are members of the expo-
nential family of distributions (Nelder and Wedderburn 1972; Dobson 2002). Exponential distributions
have some properties that simplify the modelling (Dobson 2002; Casella and Berger 2002). The expected
value of y is always modeled, even after a nonlinear transformation. As a result, it does not matter that
the expectation of a transformation is different from the transformation of an expectation.


https://doi.org/10.1017/age.2020.17

https://doi.org/10.1017/age.2020.17 Published online by Cambridge University Press

52 Gustavsen et al.

Equations (5) to (7) are the GLM model with the zero adjusted gamma (ZAGA) distri-
bution. The associated likelihood function is given by:

- R L P
r=1i-e- W)[(azm‘/"z ra/e | ©

y=0 y>0

The conditional expectation of the outcome variable of Equation (2) becomes:

ex/zﬁz ,
E(ylx1, x2) = [1 - m}exlﬁV ©)

To investigate the effects of time of stay since immigration to the U.S, we calculate
the expected difference in probability and consumption level between an immigrant
who has been in the U.S. for less than a year, and an immigrant who has been
in the U.S. for five years. We chose a five-year time span given that this would
generally be considered enough amount of time to adjust to the U.S. food culture.
Let s = [1— iTij(ic/2[32|time = 5years)] and r; = [1 — (X’ 32|time < lyear)].
Then, for each food and ethnic group, we calculate the difference in the predicted prob-
ability, A4, and consumption level, A, as:

Adry = (1 — 7rys) — (1 — ) = Frpg — s (10)
and

[(1 — rys5) exp (kﬁ,@ﬂtime = 5years) — (1 — 1) exp ()’cﬁﬁﬂtime < lyear)] - 100

Aﬁ“ij = A = Q14
(1 — ;1) exp (x1 B, |time < 1 year)

an

where ¥; and X,are the vectors of mean values of the regressors in Equations (5) and (6)
and the ethnic dummy variables are set to either zero or one.

The model was estimated by using the covariates in Table 1 and the R package
GAMLSS. To calculate the standard errors, we used a nonparametric bootstrap. In
each bootstrap repetition, the probability of positive consumption and consumption
level were predicted. This procedure was repeated 500 times, and the covariance matrix
between the predictions was used to create the standard errors and t-statistics of the
expected probabilities and consumption levels.

Results
Differences between Immigrant Groups and Their U.S.-Born Counterparts

Food consumption is likely to vary among ethnic groups before immigration to the
United States. These differences may reflect differences in dietary needs as well as dif-
ferences in food culture and habits in their originating countries. To investigate such
differences, we tested for significant differences in the expected probabilities and con-
sumption levels among ethnic groups born in the U.S. among ethnic groups of
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Table 4. T-Values for Tests of No Difference in the Expected Probabilities of Consumption and Consumption Levels

Milk Meat Processed Meat Vegetables Fruits
Group Proba Consb Proba Consb Proba Consb Proba Consb Proba Consb
Born in the U.S. vs —14.43* —3.42* 12.69* 15.64* 12.50* 10.40* -8.91* -16.33* —28.39* —22.10*
immigrants
Born in the U.S.
White vs Hispanic 6.69* 10.15* —1.28 0.69 0.94 1.38 —2.95* -1.39 —5.16* -1.13
White vs Black 27.42* 31.27* —16.05* —20.16* 1.12 3.23* 1.04 5.54* 3.38* —1.48
White vs Asian 4.09* 4.66" -0.21 0.08 113 0.56 0.51 1.55 —1.40 —2.25* o:g
Hispanic vs Black 11.95* 11.64* —9.35* —15.55* —0.08 0.96 341 4.82* 6.90* —0.14 §
Hispanic vs Asian 0.51 —0.32 0.42 —0.25 0.58 —0.15 1.64 2.03* 1.09 -1.67 §
Black vs Asian —5.93* -5.96* 5.49* 8.87* 0.67 -0.72 0.12 —0.42 —2.70* -1.63 §‘
Immigrants to the U.S. §h
White vs Hispanic —0.88 —-0.84 -1.62 1.29 2.95* 3.38* —4.68* -1.02 —4.4T7* 1.82 §
White vs Black 2.66* 5.16* 0.55 1.09 0.25 0.91 0.36 1.83 —0.56 1.66 §
White vs Asian 4.24* 247" 6.71* 6.44* 0.04 -0.31 —1.09 —-0.94 -1.91 3.56* Q
Hispanic vs Black 3.85* 7.29* 2.07* 0.24 -2.32* —1.99* 4.45* 3.49* 3.70* 0.46 §
Hispanic vs Asian 6.63* 4.29* 10.03* 8.78* —3.28* —4.31* 3.75* —0.05 2.77* 3.14* §
Black vs Asian 1.24 —2.59* 5.92* 5.24* —-0.23 -131 —1.40 -2.91* -1.26 141 ?
Note: An asterisk indicates a significant value at the 5% level of significance. §'

aT-values for tests of no difference in the expected probability of a positive consumption for various ethnic groups.
bT-values for tests of no difference in the expected consumption for various ethnic groups.
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immigrants, and between immigrant groups and their U.S.-born counterparts. The
results are shown in Table 4. More than half of the 104 tested differences among the
ethnic groups born in the U.S. were significant. There were many significant differences
for milk but few for processed meat. For immigrants, more than half of the differences
were significant, and there were many significant differences for each group of food.
Food consumptions were also significantly different between immigrants and their
U.S.-born counterparts across all ethnic groups.

To further compare the differences, the expected probabilities of daily consumption
and the per capita expected consumption in grams per day are calculated and presented
in Table 5. It appears that immigrants had a healthier diet than the U.S.-born popula-
tion, with a lower consumption of meat and processed meat and a higher consumption
of milk, fruits, and vegetables. In many cases, the differences between the unconditional
values reported in Tables 2 and 3 and the expected values are small. However, there
were several notable differences between these values. For example, immigrants had
higher milk consumption than people born in the U.S., the highest probability of
milk consumption was among Hispanic immigrants, the highest consumption of pro-
cessed meat was among whites born in the U.S., the highest probability of vegetable
consumption was among Hispanic immigrants, the highest vegetable consumption
was among Asian immigrants, and the highest probability of consumption of fruits
was among Hispanic immigrants.

Each immigrant group had a higher probability of fruit consumption and higher
average consumption of fruits and vegetables than the corresponding groups born in
the U.S. Identical probability of vegetable consumption was rejected for Hispanics
but not for the other groups, and Hispanic immigrants had a higher probability of con-
suming vegetables than Hispanics born in the U.S. Asian immigrants and Hispanic
immigrants had the highest expected consumption of vegetables. U.S.-born blacks
had the lowest vegetable consumption. Interestingly, white immigrants had the highest
expected fruit consumption, but whites born in the U.S. had the lowest expected con-
sumption of fruit. Except for Asians, each of the immigrant groups had a higher prob-
ability of milk consumption than the corresponding groups born in the U.S. Hispanics
and blacks had higher expected milk consumption among immigrants than among
those who were born in the U.S.; however, the expected milk consumption among
U.S.-born whites was significantly higher than among white immigrants. For all ethnic
groups except Asians, people who were born in the U.S. had higher expected probabil-
ities to eat meat and processed meat than immigrants in the corresponding ethnic
group. Asian immigrants had a lower probability of eating meat but not of eating pro-
cessed meat. Hispanics, blacks, and Asians born in the U.S. also had significantly higher
consumption levels of meat than the corresponding immigrant groups. Finally,
U.S.-born whites and Hispanics had higher consumption levels of processed meat
than the corresponding immigrant groups.

The Effects of Time of Residency in the U.S. on Diets of Immigrant Groups

The log of the number of years since arrival in the U.S. was included as a control var-
iable, and the probabilities and consumption levels as functions of the time of residency
were predicted. The expected differences in probabilities and consumption levels
between immigrants who had been in the U.S. for less than one year and immigrants
who had been in the U.S. for five years are summarized in Table 6. Information on
the number of people for “<1 year residency”, “>5 years residency”, and the remaining
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Table 5. Expected Probabilities of Consumption and Expected Consumption Levels of Food Groups Across Ethnic Groups

Milk Meat Processed Meat Vegetables Fruits
Group Proba Consb Proba Consb Proba Consh Proba Consb Proba Consb
Total 0.53 138.33 0.81 86.84 0.42 76.80 0.87 133.66 0.67 152.72
(0.00) (1.30) (0.00) (0.53) (0.00) (0.75) (0.00) (0.86) (0.00) (1.22)
U.S. 0.51* 136.11* 0.82* 91.05* 0.43* 81.40* 0.86* 125.14* 0.62* 135.26*
(0.00) (1.54) (0.00) (0.57) (0.00) (0.87) (0.00) (1.00) (0.00) (1.36)
Immigrants 0.61 146.12 0.74 72.88 0.35 61.82 0.90 163.14 0.80 211.37
(0.01) (2.49) (0.01) (1.02) (0.01) (1.58) (0.00) (2.01) (0.01) (3.09) S
White U.S 0.57* 166.87* 0.80* 83.77 0.44* 83.98* 0.86 127.50* 0.62* 132.54* °§
(0.00) (2.25) (0.00) (0.71) (0.00) (1.22) (0.00) (1.25) (0.00) (1.65) %
White immigrants 0.61 146.51 0.76 80.99 0.38 73.77 0.85 157.37 0.74 231.60 §.
(0.02) (7.22) (0.02) (3.28) (0.02) (5.11) (0.01) (6.91) (0.02) (10.00) §
Hispanic U.S. 0.50* 120.80* 0.81* 82.70* 0.43* 79.89* 0.88* 132.10* 0.67* 137.16* ?
(0.01) (3.96) (0.01) (1.50) (0.01) (2.50) (0.01) (2.89) (0.01) (3.58) §
Hispanic immigrants 0.63 153.82 0.78 76.58 0.33 55.19 0.92 164.80 0.82 211.32 E;
(0.01) (3.21) (0.01) (1.15) (0.01) (1.81) (0.00) (2.39) (0.01) (3.91) g
Black U.S. 0.36* 70.28* 0.89* 113.81* 0.44* 76.91 0.85 115.66* 0.59* 137.26* §
(0.01) (2.03) (0.00) (1.30) (0.01) (1.77) (0.00) (1.84) (0.01) (2.91) %
Black immigrants 0.54 99.45 0.74 75.63 0.38 66.51 0.84 140.57 0.76 207.01 §'
(0.02) (6.79) (0.02) (3.33) (0.02) (5.59) (0.02) (6.43) (0.02) (10.63) s

(Continued)
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Table 5. (Continued.)

Milk Meat Processed Meat Vegetables Fruits
Group Proba Consb Proba Consb Proba Consh Proba Consb Proba Consb
Asian U.S. 0.49 124.25 0.81* 83.65* 0.42 80.96 0.85 118.39* 0.65* 151.32*
(0.02) (8.81) (0.02) (3.18) (0.02) (5.30) (0.02) (5.78) (0.02) (8.06)
Asian immigrants 0.51 123.37 0.60 54.33 0.38 75.67 0.87 165.31 0.78 188.81
(0.02) (6.22) (0.02) (2.31) (0.02) (4.34) (0.01) (5.40) (0.01) (6.51)

Notes: Standard errors are printed in the parentheses. An asterisk denotes that a t-test either for the hypothesis: “Hy: There is no difference in the probability of consumption within the group
among those born in the U.S. and those born outside the U.S.” or the hypothesis: “Hy: There is no difference in the consumption level within the group among those born in the U.S. and those

born outside the U.S.” is rejected at the 5% level of significance.
aThe expected probability of a positive consumption.
bThe expected consumption in grams per day.
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Table 6. Differences in Expected Probabilities of Consumption and Expected Consumption Levels Between Immigrants with Less Than One and Five Years of Residency

Milk Meat Processed Meat Vegetables Fruits

Group Proba % Consb Proba % Consb Proba % Consb Proba % Consb Proba % Consb

Total —0.01 —3.86 0.05* 8.43* 0.01 -1.67 0.02* —3.62 —0.02* —5.26*

(0.01) (2.71) (0.01) (2.86) (0.01) (4.22) (0.01) (2.30) (0.01) (2.43)
White —0.01 15.28 0.07* 10.49 0.03 5.57 0.01 —10.83 —0.03 —15.34* S
(0.03) (10.60) (0.04) (9.04) (0.03) (13.09) (0.02) (6.49) (0.02) (5.88) °§
o
Hispanic 0.00 —4.22 0.02 0.75 0.01 2.83 0.02* 1.75 —0.01 —1.06 §
=
(0.01) (3.26) (0.01) (3.00) (0.01) (5.79) (0.01) (2.83) (0.01) (3.44) §
Q
Black -0.12* —28.81* 0.07 25.02 —0.02 291 0.04 -13.21 —0.06* —21.79* §h
(0.03) (6.71) (0.04) (13.94) (0.04) (15.67) (0.04) (9.43) (0.02) (6.24) ?
Asian —0.05 —8.76 0.08* 22.94* 0.04 -9.35 0.01 —5.04 —0.03* —4.24 §
o
(0.03) (7.46) (0.03) (10.14) (0.03) (9.33) (0.02) (4.90) (0.01) (4.49) ;
o
Notes: Standard errors are printed in the parentheses. An asterisk denotes that a t-test either for the hypothesis: “Ho: There is no difference in the probability of consumption between immigrants g
with less than one year and with five years of residency” or the hypothesis: “Hy: there is no difference in the consumption level between immigrants with less than one year and with five years of )
residency” is rejected at the 5% level of significance. §
aThe difference in expected probability of a positive consumption between immigrants who have been in the U.S. for less than one year and immigrants who have been in the U.S. for five years. a
bThe expected percentage difference in consumption between immigrants who have been in the U.S. for less than one year and immigrants who have been in the U.S. for five years. ?
=
=
S

LS
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Table 7. The Number of Immigrants by Ethnicity and Length of Stay in the U.S.

<1 Year 1-5 Years >5 Years Total
White immigrants 24 78 648 750
Hispanic immigrants 141 529 3897 4567
Black immigrants 17 67 486 570
Asian immigrants 36 165 848 1049

Note: In theory, the total number of immigrants for each ethnic group should be the same as the total number of the
same groups in Table 2 and Table 3. However, the number is slightly less because of non-responses in the question
about time of stay in U.S.

within each ethnicity group and within the total is also provided in Table 7. The results
show significant differences in the expected probabilities of consumption of meat, veg-
etables, and fruits and in the consumption levels of meat and fruits for immigrants as a
group.

The annual effects of one to ten years of residency relative to a newly arrived immi-
grant are shown in Figure 2. The top-row panels show results for milk. The probabilities
of milk consumption and the consumption levels were declining over time for blacks
and Asians, were stable for Hispanics, and were increasing for whites. Given the
reported differences in Table 5, these results indicate a convergence for whites and
blacks, staggering for Hispanics, and a small divergence for Asians. As shown in
Table 6, the differences between recent black immigrants and black immigrants with
five years of residency were significant and quite substantial. blacks reduced their prob-
ability of consuming milk by 12 percentage points and reduced their milk consumption
by nearly 30 percentage points over the five-year period. Given the relatively low milk
consumption among blacks in the U.S., these reductions may be less healthy.

The second-row panels of Figure 2 show that the probabilities of meat consumption
and the consumption levels increased over the time for all groups except Hispanics.
Given the differences between immigrants and U.S.-born reported in Table 5, these
increases indicate a convergence in meat consumption for all groups except
Hispanics. Table 6 shows that whites increased their probability of meat consumption
by 7 percentage points and Asians by 8 percentage points. Asians increased the level of
meat consumption with 23 percentage points. Given the high meat consumption
among U.S.-born, these increases are not healthy.

The third-row panels of Figure 2 indicate relatively minor changes for processed
meat. The probabilities were slightly increasing for Asians and whites. However, the
increased probability of consuming processed meat among Asians was offset by a
reduced level. Unlike Asians, whites kept the same consumption level over time. So,
an increase of consumption probability given an already high consumption of processed
meat among whites is unhealthy.

The fourth-row panels of Figure 2 show relatively stable probabilities of vegetable
consumption and decreased consumption levels for all groups except Hispanics.
Hispanics kept their consumption level stable over time. Given the differences between
immigrants and U.S.-born reported in Table 5, the reduced vegetable consumption
indicates a convergence for all immigrant groups except Hispanics. As shown in
Table 6, there was a 2-percentage point increase in the probability of vegetable con-
sumption among Hispanics after five years. This is a healthy increase; however, the
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Figure 2: Effects of Time in the U.S. on Probabilities and Consumption Levels Relative to an Immigrant Who Has
Recently Arrived in the U.S.

reduced levels among all immigrant groups may give cause for some concern, even
though the differences were not significant after five years.

As shown in the bottom-row panels of Figure 2, the probabilities and levels of fruit
consumption were declining for all groups. The declines in the level of consumption
among blacks and whites were large. Given the reported differences in Table 5, these
results indicate a convergence in fruit consumption among all groups, possibly except
for Hispanic. As shown in Table 6, the probabilities of fruit consumption decreased by 6
percentage points among blacks and 3 percentage points among Asians. Whites and
blacks reduced their consumption level by 15 and 22 percentage points, respectively.
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Discussion and Conclusions

The United States has frequently been described as a country of immigrants, given its
historically and ethnically diverse population. With this diversity comes heterogeneity
in dietary behaviors and consequences in terms of health disparities. Knowledge
about differences in diets across different ethnic groups and between those born in
the U.S. and immigrants provides insight into understanding health disparities between
ethnic groups and also in the design of nutritional education and food assistance pro-
grams for more vulnerable groups of the population.

Several key results emerge. First, there are significant differences in the expected
probability of daily consumption and the average daily consumption for all the five
selected food groups among immigrants and people born in the U.S. Immigrants con-
sume less meat and processed meat and more milk, fruits, and vegetables than
U.S.-born, which indicates a relatively healthier diet among immigrants.

Second, there are many differences in the diets among the four ethnic immigrant
groups and the corresponding groups born in the U.S. These differences suggest that
it is fruitful to divide the population into broader ethnic groups to highlight differences
regarding healthy and less healthy diets. For example, there is a relatively high proba-
bility of daily consumption and a relatively high consumption level among blacks born
in the U.S. for meat. For processed meat, there is a relatively high consumption level
among whites born in the U.S. and among Asian immigrants, while for fruits, there
is a relatively low probability of consumption among blacks born in the U.S., and the
consumption level is relatively low among Hispanics born in the U.S. For vegetables,
the consumption levels are relatively low among blacks and Asians born in the U.S.

Third, there are significant differences in the expected probability of consuming
meat, vegetables, and fruits and in the consumption levels of meat and fruits between
immigrants who have been in the U.S. for less than one year and immigrants who have
been in the country for five years. There is an increased probability of meat consump-
tion and an increased meat consumption, while the probability of consuming fruits and
the fruit consumption are reduced. The directions of these changes indicate that immi-
grants gradually adopt a U.S. dietary pattern as their time in the U.S. increases and cor-
respond well with an acculturation hypothesis as discussed in Satia-Abouta et al. (2002).

Fourth, there are different effects of the time of residency on the different ethnic
groups who have been in the U.S. for less than one year and immigrants who have
been in the country for five years, which may indicate less healthy convergences in con-
sumption. Whites have an increased probability of meat consumption and a reduced
fruit consumption, blacks have reduced probabilities of milk and fruit consumption
and reduced consumption of milk and fruits, and Asians have an increased probability
of meat consumption and an increased meat consumption.

Our findings have some implications for food and health policies, given that the
diets of U.S.-born respondents are generally correlated with high obesity rates. For
example, unhealthy convergences of immigrants’ diets could be reversed with some
interventions during the first few years of immigrants’ stay in the U.S. These interven-
tions, for instance, could be reflected in school and food assistance programs, such as
NSLP and WIC, which are utilized by many new immigrants. This may give nutrition
educators working with food assistance programs an opportunity to work with immi-
grants during their first few years in the U.S., before they change their diets and adopt
less healthy ones, mitigating or even reversing the convergence of their diets towards
those of their U.S.-born counterparts.
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We have examined dietary variation among immigrant ethnic groups and their
U.S.-born counterparts. However, dietary variation may also exist across residential
areas in the U.S. where immigrants choose to stay. Given limited data accessibility,
we were not able to examine the influences of community and neighborhood environ-
ment on diets and acculturation of immigrants. Immigrants may choose a community
to live according to their ethnicity, which can impact their lifestyle, including food con-
sumption. Future research may examine the influence of variables such as neighbor-
hood environment, social network, food-away-from-home accessibility, grocery
shopping environment on the dietary changes and the outcome of acculturation of
immigrants. Such research may help explain how the food environment affects dietary
changes among immigrant ethnic groups after they move to the U.S. Future research
should also test the robustness of our findings by including the more recent years of
the NHANES data in the analysis.

Disclaimer. The findings and conclusions in this article are those of the authors and should not be
construed to represent any official USDA or U.S. Government determination or policy.
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