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IntroductIon

 The prevalence of chronic diseases 
is high in the United States; 42% of 
the nation’s adults have obesity, 12% 
have diabetes, 15% have chronic 
kidney disease, 48% have cardiovas-
cular diseases, and 40% have been 
diagnosed with cancer sometime in 
their lifetime.1-3 Many people suffer 
from multiple chronic conditions, 
particularly cardiometabolic dis-
eases.4 For example, 50% of people 
with diabetes also have hypertension 
and 18.5% of people with obesity 
have diabetes.5 People with multiple 
chronic conditions are more likely 
to have functional limitations, dis-
ability and have higher health care 
needs and medical costs, and higher 
risks of premature mortality than 
people with just one condition.6,7 
 Some of the most commonly oc-

curring disease clusters involve hy-
pertension, diabetes, heart disease 
and depression.4,8 Studies differ in 
the number and type of chronic 
conditions they use to define multi-
morbidity4,9; therefore, the estimated 
prevalence of multimorbidity var-
ies across publications, with nation-
ally representative estimates of the 
prevalence of multimorbidity for US 
adults ranging from 9% to 26%.4,8 
 Of the US adult population, 
14.4% are foreign-born. Some re-
search has found that foreign-born 
adults are less likely than native-born 
adults to suffer from heart disease, 
overweight, obesity, mental disor-
ders, and several cancers.10 However, 
several studies have also found that 
foreign-born people have worse car-
dio-metabolic health: cardiovascular 
disease, diabetes, and obesity. These 
conditions are generally less prevalent 
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in foreign-born people on arrival, 
but they increase disproportionally 
with time since arrival.11 Some stud-
ies have hypothesized that foreign-
born people resettling in the United 
States acculturate into obesogenic 
contexts, that is, they find themselves 
in food environments and built en-
vironments that are conducive to 
the development of chronic disease, 
and, with time, they adopt the risk 
inherent in these environments.12-16

 Previous studies have reported 
on the prevalence of multimorbidity 

sex, and length of stay.18,20,21 Among 
adult asylum seekers in Switzerland, 
psychiatric conditions were especially 
prevalent in estimates of multimor-
bidity, where 20% had multimorbid-
ity involving psychiatric conditions.17 
In Spain, multimorbidity prevalence 
was 14.2% among foreign-born 
adults (aged ≥15 years), with high-
est prevalence among those from 
Western Europe and North America 
(21.2%), followed by Latin America 
(18.5%), Africa (11.7%), Eastern 
Europe (10.4%), and Asia (10%).20 
 In this study, we used data from 
the nationally representative New 
Immigrant Survey (NIS) to estimate 
the disease patterns and prevalence 
of multimorbidity over time among 
foreign-born adults at the point of 
receiving legal permanent residence 
and green cards in the US in 2003 
and incident over the following five 
years. We identified the most com-
mon patterns of multimorbidity 
overall and by regions of origin and 
sex. Although this is primarily a de-
scriptive study, we hypothesized that 
foreign-born adults from regions of 
origin closer in proximity (ie, Latin 
America and Caribbean) would have 
a higher prevalence of multimorbid-
ity and individual conditions, based 
upon the increase in cardiometabolic 
disease in Latin American and Carib-
bean region over this same time pe-
riod.22  Secondly, due to the change 
in environment, we anticipated a 
higher incidence of multimorbidity 
and individual conditions than we 
would have anticipated based solely 
on aging. This study uses a longitu-
dinal sample from a population in 
middle adulthood and thus, helps 
to fill in gaps related to the progres-

sion of multimorbidity in younger 
ages than is typically evaluated. 

Methods

Setting and Sample
 The New Immigrant Survey (NIS) 
is the only nationally representative 
survey of foreign-born adults in the 
United States. The sampling frame 
of the NIS was based on administra-
tive records compiled by the United 
States Citizenship and Immigration 
Services (USCIS) and consisted of 
foreign-born adults admitted to law-
ful permanent residence between 
May and November 2003.23 The 
sampling frame was stratified by four 
immigrant visa categories: employ-
ment principals, diversity principals, 
spouses of US citizens, and other 
immigrants. Individuals who were 
new arrivals to the United States, as 
well as those who were already in the 
United States with a temporary non-
immigrant visa and had adjusted to 
lawful permanent residency (LPR) 
were also included in the sample. 
Data collection was conducted in 
2003-2004, in the language of the 
respondent’s choice, as soon as pos-
sible after people were granted LPR. 
 A follow-up interview (wave two) 
was conducted from June 2007 to 
December 2009. Re-interview rate 
was 45.5% for adults resulting in a 
sample size of 3,902 with completed 
interviews. Between wave one and 
wave two, the context for interview-
ing immigrants had changed dramati-
cally. The strongest predictors of be-
ing involved in wave two pertained to 
country of origin, years of education, 
and intention for future US residen-

In this study, we used 
data from the nationally 

representative New 
Immigrant Survey (NIS) 

to estimate the disease 
patterns and prevalence 
of multimorbidity over 

time among foreign-born 
adults…

among foreign-born people.17,18 In 
the United States, a cross-sectional 
study of Asian Indian, Chinese, and 
non-Hispanic Whites reported multi-
morbidity prevalence among foreign-
born adults in these groups to be 
26.5% during 2012-2017 (10 chronic 
conditions considered).19 In Europe, 
the prevalence of multimorbidity of 
immigrants has been estimated at 9% 
to 38%, varying by region of origin, 
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cy.24 Immigrants are by definition a 
mobile population, and with an aver-
age gap of around five years between 
the two waves, many original respon-
dents had moved. The NIS created 
non-response weights for use with 
wave two to help mitigate the dif-
ferences in the sample that answered 
wave one vs wave two. We used these 
weights for all wave two analyses and 
the design weights for both waves.
 The NIS adult sample consisted 
of 8,573 respondents. We excluded 
observations missing data on chronic 
health conditions, for a final analytic 
sample at wave one of 8,174 and of 
3,291 for wave two. The final sample 
includes 5,423 people with data only 
at wave one and 3,291 people with 
both wave one and wave two data. 
As a sensitivity analyses, we evalu-
ated those with complete data for 
both waves (n=3,291). Our results 
were parallel to the full sample re-
sults when using the design weights 
and we present the full sample results 
(other results available upon request). 
All procedures were in accordance 
with the ethical standards of the re-
sponsible committee on human ex-
perimentation (institutional and 
national) and with the Helsinki Dec-
laration of 1975, as revised in 2000. 
Informed consent was obtained from 
all participants included in the study.

Variables
 Multimorbidity was measured in 
terms of eight chronic conditions. 
NIS participants were asked “Has a 
doctor ever told you that you have/
had… “high blood pressure or hy-
pertension”; “a heart attack, coronary 
heart disease, angina, congestive heart 
failure, or other heart problems”; 

“stroke”; “chronic lung disease such 
as chronic bronchitis or emphysema”; 
“diabetes or high blood sugar”; “can-
cer or a malignant tumor, excluding 
minor skin cancers”; or “arthritis or 
rheumatism” We created the vari-
able for obesity based on self-report-
ed weight and height: underweight 
(BMI < 18.5 kg/m2), normal weight 
(18.5 kg/m2< BMI < 25 kg/m2), over-
weight (25 kg/m2 < BMI < 30 kg/
m2), and obesity (BMI > 30 kg/m2). 
To account for implausible values, 
we excluded BMI values <10 or >60. 
 For each chronic condition, we 
created a dichotomous variable in-
dicating the presence or absence of 
the condition. Individuals were con-
sidered to have multimorbidity if 
they had two or more of the eight 
chronic conditions: hypertension, 
heart problems, stroke, chronic lung 
disease, diabetes, cancer, arthritis, or 
obesity. At wave two, the same se-
ries of questions on chronic condi-
tions were included and we created 
parallel dichotomous variables in-
dicating the presence of conditions 
and multimorbidity at wave two. 
We also measured whether an indi-
vidual gained a new chronic condi-
tion between wave one and wave two.
 The independent variables of in-
terest were: region of origin (Latin 
American and the Caribbean, East 
Asia, South Asia, and the Pacific, 
the Middle East and North Africa, 
Sub-Sahara Africa, Europe, Central 
Asia, and North America); age (18-
44; 45-64; > 65); sex (men, women); 
years of education (< 12 years, ≥12 
years); marital status (not married 
or living together, married or liv-
ing together); length of stay in the 
United States (years since first mi-

gration [< five years, ≥ five years]); 
and health care utilization (yes; no). 
Health care utilization was from the 
following question: “Aside from any 
hospital stays, have you seen or talk-
ed to a medical doctor about your 
health, including emergency room or 
clinic visits in the last 12 months?” 
We did not include income or em-
ployment because they were both 
highly correlated with education. 

Statistical Analysis 
 We conducted analyses using 
STATA15.1. We used sampling 
weights and non-response weights 
for wave two analyses. We ran bivar-
iate analyses for each independent 
variable with the dependent variable. 
We used multinomial logistic regres-
sion to categorize multimorbidity 
severity by the number of chronic 
conditions, where the base refer-
ence category was “no chronic con-
ditions.” We used logistic regression 
to examine whether respondents 
gained a new chronic condition in 
wave two compared to no new con-
ditions after wave one. Full models 
controlled for sex, age, region of 
origin, years of education, marital 
status, health care utilization, and 
length of stay in the United States.

results

 Among foreign-born adults at the 
time of green card receipt, 56.2% 
were women and more than 70% 
were aged <45 years (Table 1). They 
were most commonly from Latin 
America and the Caribbean (44.2%) 
and East Asia, South Asia, and the 
Pacific region (29.5%). The majority 
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had completed more than 12 years of 
education (64.1%), had not consult-
ed a doctor in the past year (62.3%), 
and had been in the United States for 
less than five years (55.2%). Foreign-
born adults without multimorbidity 
in wave one were more often wom-
en (55.9%) and came from Latin 

America and the Caribbean region 
(43.7%).People with multimorbidity 
more often had <12 years of educa-
tion, were married, were in the 45-64 
year-old age group, and had consult-
ed a doctor in the past year (P<.001). 
In 2003, most foreign-born adults 
had no chronic conditions (75.5%); 

18.6% had one chronic condition 
and 5.9% had more than one chronic 
condition. Five years after green card 
receipt (wave two), the percent of for-
eign-born adults who had no chronic 
conditions fell to 64.1%; 23.6% had 
one chronic condition and 12.2% 
had more than one chronic condition.

Table 1. Baseline characteristics of foreign-born adults in the US, N=8,174, 2003

 Overall
No multimorbidity Multimorbidity a

P
% (95% CI) % (95% CI)

Sample size N = 8,174 n = 7,706 n = 468  
Sex <.05d

   Men 43.8 (42.6-45.1) 44.1 (42.8-45.4) 39.1 (34.5-43.9)
   Women 56.2 (54.9-57.4) 55.9 (54.6-57.2) 61.0 (56.1-65.5)
Age, years <.001b

   18-44 72.3 (71.2-73.3) 75.1 (74.0-76.1) 27.9 (23.5-32.6)
   45-64 21.3 (20.3-22.3) 20.0 (19.0-21.0) 42.7 (38.0-47.6)
   65 and above 6.4 (5.9-7.0) 5.0 (4.5-5.5) 29.4 (25.2-34.0)
Region of origin <.01c

   Latin America & the Caribbean 44.2 (43.0-45.5) 43.7 (42.4-45.0) 52.7 (47.8-57.5)
   East Asia, South Asia, & the Pacific 29.5 (28.4-30.7) 29.8 (28.7-31.0) 24.6 (20.8-28.9)
   Sub-Saharan Africa 6.6 (6.0-7.2) 6.7 (6.1-7.3) 4.7 (3.0-7.4)
   Middle East & North Africa 4.4 (3.9-4.9) 4.4 (3.9-5.0) 3.3 (2.0-5.2)
   Europe, Central Asia & North America 15.3 (14.4-16.2) 15.3 (14.4-16.3) 14.7 (11.5-18.6)
Highest level of education <.001b

   <12 years of education  35.9 (34.7-37.1) 34.4 (33.2-35.6) 59.0 (54.2-63.7)
   ≥ 12 years of education 64.1 (62.9-65.3) 65.6 (64.3-66.8) 41.0 (36.3-45.8)
Current marital status <.001b

   Married or living together 76.5 (75.5-77.5) 77.0 (76.0-78.0) 68.1 (63.5-72.3)
   Not married or living together 23.5 (22.5-24.5) 23.0 (22.0-24.0) 31.9 (27.7-36.5)
Consulted with a doctor in the past year <.01c

   Yes 37.7 (36.5-38.9) 36.7 (25.4-37.9) 54.3 (49.5-59.2)
   No 62.3 (61.1-63.5) 63.3 (62.1-64.6) 45.6 (40.8-50.5)
Length of stay in the US >.05d

   Less than 5 years 55.2 (53.9-56.5) 55.5 (54.1-56.8) 50.9 (45.8-56.0)
   5 years or more 44.8 (43.5-46.1) 44.5 (43.2-45.9) 49.0 (44.0-54.2)  

Green card receipt (2003) Five years after green card 
receipt (2007-09)

Prevalence, % (95% CI)
Number of chronic conditions
   None 75.5 (74.42,76.53) 64.1 (62.17,66.08)
   One 18.6 (17.61,19.63) 23.6 (21.93,25.33)
   Two 4.4 (3.91,4.92) 8.4 (7.38,9.59)
   Three or more  1.5 (1.34,1.97) 3.8 (3.08,4.79)  

Survey data are weighted; Source: New Immigrant Survey, 2003
a. To assess multimorbidity, following chronic conditions were included in the analyses: obesity, hypertension, arthritis, diabetes, heart problem, chronic lung disease, 
cancer, and stroke
b. P significant at the .001 level
c. P significant at the .01 level
d. P significant at the .05 level
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Prevalence of Chronic 
Conditions and 
Multimorbidity by Region of 
Origin
 At the point of green card receipt, 
the most prevalent chronic condition 
in foreign-born adults was obesity 
(12.7%), followed by hypertension 
(8.1%) and arthritis (3.9%) (Table 
2). Multimorbidity prevalence at the 
point of green card receipt was 5.9%. 
Obesity was highest among those 
from Latin America and the Carib-
bean (19.7%). People from East Asia, 
South Asia, and the Pacific had the 
highest prevalence of hypertension 
(8.7%) and stroke (.6%), while those 
from Europe, Central Asia, and North 
America had the highest prevalence 
of arthritis (4.5%), heart problem 
(2.7%), chronic lung disease (1.2%), 
and cancer (.8%). Respondents from 
countries in the Middle East and 
North African region had the highest 
prevalence of diabetes (4.3%). The 
prevalence of multimorbidity was 
highest among foreign-born adults 

from Latin America and the Caribbe-
an (7.1%), followed by Europe, Cen-
tral Asia, & North America (5.7%), 
and was lowest among those from 
Sub-Saharan Africa (4.3%). These 
estimates are lower than the US na-
tional average on individual chronic 
conditions in 2003, for example 
obesity prevalence was 32.2%.25

 Five years later (wave two, Table 
3), the 5-year cumulative incidence 
of multimorbidity was 8.2% and to-
tal prevalence of 12.3%. The gaining 
of a chronic condition (or even two) 
was largely driven by incident obesity 
(8.4%) and hypertension (9.0%). The 
most prevalent chronic condition was 
hypertension (18.7%), followed by 
obesity (16.1%) and arthritis (8.7%). 
Obesity was still highest among those 
from Latin America and the Carib-
bean (25.3%). People from East Asia, 
South Asia, and the Pacific had the 
highest prevalence of hypertension 
(21.9%), arthritis (10.0%) and stroke 
(1.2%). Those from Europe, Central 
Asia, and North America had the 

highest prevalence of heart problems 
(5.5%), chronic lung disease (1.5%), 
and cancer (2.7%). The prevalence of 
multimorbidity was highest among 
foreign-born adults from Latin 
America and the Caribbean (13.7%), 
followed closely by East Asia, South 
Asia and the Pacific (13.4%), and 
was lowest among those from Sub-
Saharan Africa (6.6%). However, 
the prevalence of multimorbidity 
increased over the five-year study pe-
riod for all regions of origin. (Table 3)

Prevalence of Dyads of 
Chronic Conditions
  
 Figure 1 shows a heat map of the 
frequency of co-occurrence of each 
pair of eight conditions at the point 
of green card status and five years 
later separately (wave one and two). 
There was a considerable increase in 
dyads of chronic conditions over five 
years. Five dyads had above a 2% to-
tal population prevalence (hyperten-

Table 2. Total prevalence of chronic conditions by region of origin among foreign-born adults in the United States, green card 
receipt, 2003, n=8174, Prevalence, % (95%CI)

Chronic 
Conditions Total Prevalence US 

Populationa
Latin America & 
the Caribbean

East, South 
Asia & Pacific

Sub-Saharan 
Africa

Middle East & 
North Africa

Europe, Central 
Asia & North 

America

Obesity 12.7 (11.6,13.3) 13.5 19.7 (18.1,21.4)c 4.7 (3.8,5.8)c 11.4 (8.6,15.1) 14.1 (10.3,19.0) 9.3 (7.6,11.4) c

Hypertension 8.1 (7.0, 8.4) 13.8 8.5 (7.5,9.6) 8.7 (7.6,10.0) 6.1 (4.3,8.7) 3.8 (2.3,6.4) c 7.5 (6.0,9.3)
Arthritis 3.9 (3.2, 4.1) 7.0 3.7 (3.0,4.5) 4.1 (3.3,5.0) 2.8 (1.6,4.9) 3.7 (2.1,6.2) 4.5 (3.4,5.9)
Diabetes 3.1 (2.6, 3.5) 4.8 4.0 (3.3,4.7) c 2.9 (2.3,3.6) 2.3 (1.3,4.0) 4.3 (2.5,7.2) 1.2 (.7,1.9)*
Heart Problems 1.7 (1.3, 1.9) 3.1 1.3 (.9,1.8) c 2.1 (1.6,2.8) .6 (.2,1.9)* 1.9 (.9,4.0) 2.7 (1.9,3.9)
Chronic Lung 
Disease .6 (.4, .8) .7 .6 (.4,.9) .4 (.2,.8) .3 (.1,1.1) .5 (.1,2.0) 1.2 (.6,2.1)

Cancer .5 (.4,.8) 1.0 .5 (.3-.9) .6 (.3,1.1) --b .2 (.1,1.4) .8 (.4,1.5)
Stroke .4 (.3, .6) .9 .4 (.3,.7) .6 (.3,1.0) .3 (.1,1.4) .3 (.1,2.1) .3 (.1,.8)
Multimorbidity 5.9 (5.4-6.5) 8.2 7.1 (6.2,8.1)c 5.0 (4.1,6.0)* 4.3 (2.7,6.7) 4.4 (2.8,7.1) 5.7 (4.4,7.3)

Notes: New Immigrant Survey, 2007-09; all data significant at the .05 level, compared to the overall prevalence; survey weighted and non-response weights
a. Age-standardized to 2000 US Census Population
b. Not enough data
c. P<.05
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sion-heart attack; obesity-diabetes; 
hypertension-diabetes; hypertension-
arthritis; and hypertension-obesity).

Determinants of 
Multimorbidity
 At the point of green card re-
ceipt (wave one), the odds of having 
multimorbidity were higher among 

those who were older: 45-64 years: 
8.0 (6.0,10.5); ≥65 adults: 25.7 
(18.1,36.4) (Table 4). Foreign-born 
adults from East Asia, South Asia 
and the Pacific had lower odds of 
having multimorbidity (Asia: .6 
[.4,.8]) compared to foreign-born 
adults from Latin America and the 
Caribbean. Foreign-born adults with 

12 or more years of education had 
lower odds of multimorbidity com-
pared to those with no education (.6 
[.4,.8]). Foreign-born adults who 
had lived in the United States for ≥5 
years had higher odds of multimor-
bidity compared to those who had 
lived in the United States for <5 years 
(1.6 [1.02,2.0]). Foreign-born adults 

Table 3. Total prevalence and five-year incidence of chronic conditions by region of origin among foreign-born adults in the 
United States, five years after green card receipt, 2007-09, n=3291, Prevalence, % (95%CI)

Chronic 
Conditions

5-yr
Cumulative 
Incidence

Total 
Prevalence

US 
Populationa

Latin America 
& the 

Caribbean

East, South 
Asia & Pacific

Sub-Saharan 
Africa

Middle East & 
North Africa

Europe, 
Central Asia 

& North 
America

Obesity 8.4 (7.18,9.71) 16.1 
(14.5,17.8) 13.7 25.3 (22.4,28.5)b 5.9 (4.4,8.0)b 13.2 (9.2,18.0) 17.7 (10.6,28.2) 11.4 (8.1,15.7) b 

Hypertension 9.0 
(7.87,10.23)

18.7 
(17.1,20.3) 14.5 19.1 (16.8,21.7) 21.9 (18.8,25.3) 15.6 (11.5,20.9) 9.4 (5.3,16.2)b 16.3 (13.1,20.2)

Arthritis 3.9 (3.16,4.69) 8.7 (7.6,10.0) 7.3 9.5 (7.7,11.7) 10.0 (8.0,12.6) 4.8 (2.3,9.7) 3.7 (1.7,7.6)b 8.0 (5.8,10.9)
Diabetes 3.8 (3.00,4.71) 7.7 (6.7,8.8) 5.1 9.4 (7.6,11.5)b 8.4 (6.7,10.5) 3.4 (1.8,6.5) 5.8 (3.0,10.9) 4.0 (2.6,6.0)
Heart Problems 1.6 (1.21,2.11) 3.4 (2.7,4.2) 3.2 1.9 (1.2,3.0)b 5.1 (3.6,7.2) 1.0 (.4,2.9)b 1.7 (.7,4.3) 5.5 (3.3,9.1)
Chronic Lung 
Disease .04 (.005,.25) .7 (.5, 1.2) .7 .7 (.4,1.2) .5 (.2,1.3) .6 (.1,3.5) .6 (.08,4.2) 1.5 (.6,4.2)

Cancer .7 (.47,1.04) 1.1 (.8,1.5) 1.0 .6 (.3,1.2) 1.3 (.8,2.3) .5 (.1,1.9) .07 (.01,.5) 2.7 (1.7,4.2)b 
Stroke .4 (.19,1.02) .8 (.5,1.3) .9 .6 (.3,1.1) 1.2 (.4,3.2) .2 (.02,1.2) 1.1 (.3,4.0) .6 (.2,2.0)

Multimorbidity 8.2 (6.9,9.4) 12.3 
(11.0,13.7) 10.7 13.7 (11.6,16.0) 13.4 (10.9,16.3) 6.6 (4.2,10.4)b 8.0 (4.2,14.7)b 10.3 (7.9,13.3)

Source: New Immigrant Survey, 2007-09; all data significant at the .05 level, compared to the overall prevalence; survey weighted and non-response weights. 
a. Age-standardized to 2010 US Census Population 
b. P<.05

Stroke Cancer Chronic Lung Disease Heart Attack Diabetes Arthritis Hypertension Obesity
Obesity 0.1% 0.1% 0.1% 0.3% 0.9% 0.6% 1.9%
Hypertension 0.1% 0.1% 0.1% 0.7% 1.2% 1.0% 5.4%
Arthritis 0.1% 0.1% 0.1% 0.4% 0.4% 4.3% 1.6%
Diabetes 0.1% 0.04% 0.1% 0.3% 1.8% 4.6% 2.3%
Heart Attack 0.1% - 0.04% 0.9% 1.1% 2.1% 0.5%
Chronic Lung Disease - - 0.1% 0.1% 0.2% 0.4% 0.2%
Cancer - - 0.1% 0.2% 0.2% 0.6% 0.3%
Stroke - - 0.2% 0.1% 0.2% 0.5% 0.1%

Wave  2  (n= 3291)
Av erage  Age: 43

Wave 1 (n=7456)
Average Age: 38

Figure 1. Prevalence of multimorbidity dyads among foreign-born adults in the US in 2003 and five years later
Heat Map of the burden of multimorbidity in terms of absolute frequency for Wave 1 and Wave 2. The number in each square is the percent of co-occurrence in the 
overall population (all ages and sex combined). The eight conditions are listed on the X and Y axes of both panels. Values for wave 2 are shown in the lower right triangle, 
and values for wave 1 are shown in the upper left triangle. 
Prevalence Legend: light yellow: none; dark yellow: .1-.4%; light orange: .5-.9%; dark orange: 1.0-1.9%; red: ≥2.0%
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who had consulted with a doctor in 
the past year had higher odds of hav-
ing multimorbidity (2.4 [1.9,3.0]).
 Five years after green card re-
ceipt (wave two), foreign-born 
older adults had higher odds of 
multimorbidity with a gradient ef-
fect by increasing age and increas-
ing number of conditions. Regional 
differences at wave one persisted in 
wave two. However, foreign-born 

adults from Sub-Saharan Africa had 
lower odds of having multimorbid-
ity five years after green card receipt 
(.4 [.2,.8]). 22.5% of all foreign-
born adults gained one new chronic 
condition between 2003 and 2008 
(5 years; average 38 to 43 years). 
When exploring the determinants 
of adding one chronic condition 
compared to no change in number 
of conditions (Table 4, Column 

5), older adults had higher odds of 
adding a chronic condition over five 
years (45-64 years: 2.8 [2.2,3.5]); 
(older adults: 3.2 [2.2,4.7]).

dIscussIon

 In this study, we used data from 
the nationally representative New 
Immigrant Survey (NIS) to estimate 

Table 4. Odds of having one chronic condition and multimorbidity among foreign-born adults in the US between green card 
receipt (2003) and five years later (2007-09)

 Green card receipt - 2003  Five years after green card receipt,  
2007 - 09  

Five years 
after green 
card receipt 
2007 - 09

One chronic 
condition Multimorbidity One chronic 

condition Multimorbidity
Gaining 

one chronic 
condition

Reference: no chronic conditions Reference: no chronic conditions

Reference: 
no change in 
number of 
conditions

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Sex (Men)
   Women 1.1 (.9,1.2) 1.1 (.9,1.4) .8 (.6, .99)a 1.04 (.8,1.4) .9 (.8,1.2)
Age, years (18-44 at baseline)
   45-64 at baseline 2.6 (2.2,3.0)a 8.0 (6.0,10.5)a 2.8 (2.2,3.6)a 9.4 (6.7,13.3)a 2.8 (2.2,3.5)a

   65 and above at baseline 4.7 (3.7,6.0) a 25.7(18.1,36.4)a 7.7 (4.6,13.0)a 40.2(23.6,68.6)a 3.2 (2.2,4.7)a

Region of origin (Latin America & the 
Caribbean)
   East Asia, South Asia & the Pacific .6 (.5,.7)a .6 (.4,.8)a .6 (.5,.8) a .5 (.4,.9)a .8 (.6,1.1)
   Sub-Saharan Africa .7 (.5,1.0) .7 (.4,1.3) .8 (.5,1.2) .4 (.2,.8)a .9 (.6,1.3)
   Middle East & North Africa .9 (.7,1.3) .9 (.5,1.6) .8 (.5,1.3) .8 (.3,2.0) .9 (.5,1.6)
   Europe, Central Asia & North America .7 (.6,.9)a 1.0 (.7,1.4) .7 (.5,.9)a .6 (.4, .99)a .9 (.6,1.3)
Years of education (< 12 years of 
education)
   ≥12 years of education .8 (.7,.9)a .6 (.4,.8)a .9 (.7,1.1) .9 (.5,1.2) .8 (.6,1.1)
Current marital status (not married or 
living together)
   Married or living together 1.0 (.8,1.1) .9 (.7,1.2) 1.2 (.9,1.5) .9 (.7,1.3) 1.1 (.9,1.4)
Consulted with a doctor in the past 
year (No)
   Yes 1.2 (1.0,1.4) 2.4 (1.9,3.0)a 1.1 (.8,1.3) 1.6 (1.2,2.2)a 0.8 (.7,1.03)
Length of stay in the US (< 5 years)
   5 years or more 1.5 (1.3,1.8)a 1.6 (1.02,2.0)a  1.1 (.9,1.4) 1.3 (.9,1.8)  .9 (.7,1.2)

Source: New Immigrant Survey, 2003; 2007-09; Wave 1 (n=8,174); Wave 2 (n=3,291); Multivariate analysis was performed where each variable was adjusted for all 
other variables presented in the table; Reference categories are shown in parenthesis; Survey weighted and non-response weights for wave 2 
a. P<.05 
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the patterns of chronic conditions 
and prevalence of multimorbidity at 
two time points among foreign-born 
adults (average age: 38 years). We 
identified the most common patterns 
of multimorbidity, and distinguished 
experiences with multimorbidity 
among people by regions of origin. 
The overall prevalence of multimor-
bidity, the presence of two or more 
chronic diseases in an individual, 
was approximately 6% in 2003 and 
more than 12% in 2008. The preva-
lence of multimorbidity was higher in 

multimorbidity status in the study. 
 The estimates in this study are 
relatively low compared to previ-
ous cross-sectional studies among 
foreign-born adults in Europe where 
multimorbidity estimates ranged 
from 9% to 35%.18 The prevalence 
of multimorbidity was also lower 
in 2003 than in the total US popu-
lation, which ranged from 9% to 
26% in previous studies for a total 
of 9-10 disease count, but was with-
in range by wave two.4,8,26 Several 
factors might help explain the low 
prevalence of multimorbidity in this 
study, such as total disease count, the 
measure of multimorbidity, and the 
length of stay in the United States. 
This study included eight chronic 
conditions to assess multimorbid-
ity as they were the most relevant 
in the published literature and were 
available in the NIS dataset.8,26 The 
inclusion of eight conditions might 
result in a lower prevalence of multi-
morbidity in the study.18,27,28 Some of 
the chronic conditions listed in other 
studies were sleep apnea, depression, 
anxiety, dementia, chronic pain, hy-
perlipidemia, hepatitis, human im-
munodeficiency virus (HIV), osteo-
porosis, gastrointestinal disease, and 
chronic kidney disease.27,29 However, 
data on these chronic conditions list-
ed in other studies, except for depres-
sion, were not available in the NIS. 
Depression is not commonly used in 
multimorbidity studies among mi-
grant populations.4,8,26 In addition, 
all chronic conditions in this study 
were self-reported, which can lead to 
a lower diagnosis of chronic diseases 
among foreign-born adults, resulting 
in lower multimorbidity prevalence. 
Literature has previously shown mul-

timorbidity prevalence to increase 
substantially when chronic diseases 
were clinically measured compared 
to self-reported (eg, measured: 56.3% 
vs self-reported: 34.8%).28 Although 
the prevalence of individual chronic 
conditions and multimorbidity was 
lower among foreign-born adults 
than the US national average, the 
increase in prevalence of individual 
conditions and five-year cumula-
tive incidence was greater than seen 
among US national populations.1,25

 Length of stay in the host coun-
try has also often been shown in the 
literature as a significant predictor of 
health-related outcomes.20,29 Foreign-
born adults are often healthier than 
their native counterparts on arrival 
to the host country.18,20,29 However, 
with increasing length of stay, for-
eign-born adults often converge to 
the health status of the host popula-
tion due to lifestyle changes, social, 
and other environmental factors.30 As 
a result of these factors, foreign-born 
populations face increasing health 
risks, which often lead to risk factors 
for chronic diseases such as elevated 
blood pressure, high BMI, and in-
creased glucose level.31 The healthy 
migrant effect among foreign-born 
individuals might also partly explain 
the low multimorbidity prevalence 
in this study in 2003, as the majority 
of the study participants did not live 
in the United States long enough at 
the time of the data collection to ex-
perience a gradual decline in health. 
 The prevalence of individual 
chronic diseases and multimorbid-
ity also varied by place of origin, 
consistent with previous studies.20 
The prevalence of obesity was high-
est among foreign-born adults from 

The overall prevalence 
of multimorbidity, 

the presence of two or 
more chronic diseases 
in an individual, was 
approximately 6% in 

2003 and more than 12% 
in 2008.

women than men and was the high-
est among foreign-born people from 
Latin America and the Caribbean 
region at both time points, which is 
consistent with findings from previ-
ous studies.18,21 The combination of 
hypertension with obesity, diabetes, 
and arthritis were the most common-
ly occurring disease pairs. Age, socio-
economic status, and length of stay 
in the United States were the most 
important measured predictors of the 
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the Latin American and Caribbean 
region, and the prevalence of hy-
pertension was highest among those 
from East Asia, South Asia, and 
the Pacific region; these findings 
are compatible with prior studies.32 
The study also found that the odds 
of multimorbidity was lower among 
foreign-born adults from countries 
of origin geographically further   
from the United States. For example, 
the prevalence of multimorbidity 
was highest among those from Latin 
America and the Caribbean, fol-
lowed by those from Europe, Cen-
tral Asia, and North America, and 
lowest among East Asia, South Asia, 
and the Pacific. These findings are in 
agreement with previous literature 
which has shown long-distance mi-
grants were less likely to suffer long-
term illnesses, followed by short-
distance and non-migrants.33 Given 
that the majority of the study popu-
lation had been in the United States 
for less than five years and became 
legal permanent residents at the time 
of data collection, this study con-
firms that this specific population 
of foreign-born adults who are in 
good health are often more likely to 
move long distance than those who 
are in poor health conditions.34 Fur-
thermore, the region including Latin 
America and the Caribbean has seen 
large increases in the prevalence of 
chronic diseases within this same 
time frame. For example, the preva-
lence of diabetes in Mexico increased 
by 22% between 1993 and 2000.22

Study Limitations
 This study has several limitations. 
The NIS only samples immigrants 
with newly acquired legal permanent 

residence status, who may be different 
from immigrants without legal per-
manent residence status. This study 
was also a secondary analysis, and 
therefore there was no control over 
the data collection process. Chronic 
disease status to assess multimorbidity 
was self-reported, thereby leading to 
potential recall and misreporting bias. 
Lastly, our measurement of chronic 
disease is endogenous to being told by 
a doctor you have a disease, and there-
fore also tied to having gone to see a 
doctor. Furthermore, we do not have 
a comparison group of native-born 
adults. Moreover, all chronic disease 
variables used to assess multimorbid-
ity were dichotomous variables. Be-
cause the data were not continuous, 
the severity of each chronic disease 
was not accounted for in the study. 

conclusIon

 This study demonstrates an in-
crease in prevalence of multimor-
bidity within five years among a 
relatively young population typically 
hypothesized to be healthier than the 
native-born US population. More 
than half of the respondents had been 
in the United States for less than five 
years in 2003, typically cited as the 
healthiest time for immigrant popu-
lations.11 Instead of diagnosing and 
treating chronic conditions individu-
ally, multimorbidity can represent a 
new approach and paradigm shift to 
understanding and clinically manag-
ing combined chronic conditions. 
Research should endeavor to fur-
ther investigate sentinel conditions 
and the progression of multimor-
bidity more broadly. These findings 

provide important insights into the 
health care needs of the foreign-born 
adults and are expected to enhance 
the evidence base on co-occurring 
chronic conditions among this group.

Data Availability Statement 
 The data that support the findings of this 
study are openly available in Princeton Office 
of Population Research Archive at https://nis.
princeton.edu/data.html 

AcknowledgMents

 REJ was supported by the National 
Heart, Lung, and Blood Institute (NHLBI) 
Postdoctoral T32 Multidisciplinary Re-
search Training to Reduce Inequities in 
Cardiovascular Health (grant number 
5T32HL130025).

Conflict of Interest
 No conflicts of interest to report. 

Author Contributions
 Research concept and design: Jones, 
Tasnim, Cunningham; Acquisition of data: 
Jones, Tasnim; Data analysis and interpreta-
tion: Jones, Tasnim, Cunningham; Manu-
script draft: Jones, Cunningham; Statistical 
expertise: Jones, Cunningham; Acquisition 
of funding: Jones; Administrative: Jones, 
Tasnim; Supervision: Cunningham

References
1. Benjamin EJ, Muntner P, Alonso A, et al; 

American Heart Association Council on Epide-
miology and Prevention Statistics Committee 
and Stroke Statistics Subcommittee. Heart 
Disease and Stroke Statistics-2019 Update: A 
Report From the American Heart Association. 
Circulation. 2019;139(10):e56-e528. https://
doi.org/10.1161/CIR.0000000000000659 
PMID:30700139

2. Centers for Disease Control and Prevention. 
National Diabetes Statistics Report 2020: Esti-
mates of Diabetes and its Burden in the United 
States. 2020:1-32. Last accessed April 25, 2022 
from https://www.cdc.gov/diabetes/pdfs/data/
statistics/national-diabetes-statistics-report.pdf

3. Hales CM, Carroll MD, Fryar CD, Ogden CL. 
Prevalence of obesity and severe obesity among 
adults: United States. NCHS Data Brief. 2017-
2018;2020(360):1-8. PMID: 32487284. 

4. Ward BW, Schiller JS. Prevalence of multiple 
chronic conditions among US adults: estimates 
from the National Health Interview Survey, 
2010. Prev Chronic Dis. 2013;10(120203):E65. 
https://doi.org/10.5888/pcd10.120203 

https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1161/CIR.0000000000000659
https://www.ncbi.nlm.nih.gov/pubmed/30700139
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://doi.org/10.5888/pcd10.120203


Ethnicity & Disease, Volume 32, Number 3, Summer 2022222

Multimorbidity among Immigrants to the United States - Jones et al

PMID:23618545
5. Saydah S, Bullard KM, Cheng Y, et al. 

Trends in cardiovascular disease risk fac-
tors by obesity level in adults in the United 
States, NHANES 1999-2010. Obesity (Silver 
Spring). 2014;22(8):1888-1895. https://doi.
org/10.1002/oby.20761 PMID:24733690

6. Dugravot A, Fayosse A, Dumurgier J, et al. 
Social inequalities in multimorbidity, frailty, 
disability, and transitions to mortality: a 
24-year follow-up of the Whitehall II cohort 
study. Lancet Public Health. 2020;5(1):e42-
e50. https://doi.org/10.1016/S2468-
2667(19)30226-9 PMID:31837974

7. Willadsen TG, Siersma V, Nicolaisdóttir 
DR, et al. Multimorbidity and mortality: a 
15-year longitudinal registry-based nation-
wide Danish population study. J Comorb. 
2018;8(1):2235042X18804063. https://doi.
org/10.1177/2235042X18804063

8. Staimez LR, Wei MY, Kim M, Narayan KMV, 
Saydah SH. Multimorbidity of four cardiomet-
abolic and chronic pulmonary disease groups: 
prevalence and attributable fraction in US 
adults, 2007-2012. J Comorb. 2017;7(1):22-
32. https://doi.org/10.15256/joc.2017.7.89 
PMID:29090186

9. Davis J, Penha J, Mbowe O, Taira DA. 
Prevalence of single and multiple leading 
causes of death by race/ethnicity among US 
adults aged 60 to 79 years. Prev Chronic Dis. 
2017;14(e101):E101. https://doi.org/10.5888/
pcd14.160241 PMID:29049018

10. Argeseanu Cunningham S, Ruben JD, 
Narayan KM. Health of foreign-born people 
in the United States: a review. Health Place. 
2008;14(4):623-635. https://doi.org/10.1016/j.
healthplace.2007.12.002 PMID:18242116

11. Antecol H, Bedard K. Unhealthy as-
similation: why do immigrants converge to 
American health status levels? Demography. 
2006;43(2):337-360. https://doi.org/10.1353/
dem.2006.0011 PMID:16889132

12. Sam DL, Berry JW. Acculturation: 
when individuals and groups of differ-
ent cultural backgrounds meet. Perspect 
Psychol Sci. 2010;5(4):472-481. https://
doi.org/10.1177/1745691610373075 
PMID:26162193

13. Gordon-Larsen P, Harris KM, Ward DS, 
Popkin BM; National Longitudinal Study 
of Adolescent Health. Acculturation and 
overweight-related behaviors among Hispanic 
immigrants to the US: the National Lon-
gitudinal Study of Adolescent Health. Soc 
Sci Med. 2003;57(11):2023-2034. https://
doi.org/10.1016/S0277-9536(03)00072-8 
PMID:14512234

14. Alba R, Nee V. Remaking the American Main-
stream: Assimilation and Contemporary Immigra-
tion. 2005. Harvard University Press. https://
doi.org/10.4159/9780674020115  

15. Lopez-Class M, Castro FG, Ramirez AG. 
Conceptions of acculturation: a review 

and statement of critical issues. Soc Sci 
Med. 2011;72(9):1555-1562. https://doi.
org/10.1016/j.socscimed.2011.03.011 
PMID:21489670

16. Castro FG, Marsiglia FF, Kulis S, Kellison JG. 
Lifetime segmented assimilation trajectories 
and health outcomes in Latino and other 
community residents. Am J Public Health. 
2010;100(4):669-676. https://doi.org/10.2105/
AJPH.2009.167999 PMID:20167890

17. Pfortmueller CA, Stotz M, Lindner G, Müller 
T, Rodondi N, Exadaktylos AK. Multimorbid-
ity in adult asylum seekers: a first overview. 
PLoS One. 2013;8(12):e82671. https://
doi.org/10.1371/journal.pone.0082671 
PMID:24376565

18. Lenzi J, Avaldi VM, Rucci P, Pieri G, Fantini 
MP. Burden of multimorbidity in relation to 
age, gender and immigrant status: a cross-
sectional study based on administrative data. 
BMJ Open. 2016;6(12):e012812. https://
doi.org/10.1136/bmjopen-2016-012812 
PMID:28003289

19. Zhang Y, Misra R, Sambamoorthi U. Preva-
lence of multimorbidity among Asian Indian, 
Chinese, and non-Hispanic White adults in the 
United States. Int J Environ Res Public Health. 
2020;17(9):3336. https://doi.org/10.3390/
ijerph17093336 PMID:32403412

20. Gimeno-Feliu LA, Calderón-Larrañaga A, 
Díaz E, et al. Multimorbidity and immigrant 
status: associations with area of origin and 
length of residence in host country. Fam Pract. 
2017;34(6):662-666. https://doi.org/10.1093/
fampra/cmx048 PMID:29106530

21. Jackson Y, Paignon A, Wolff H, Deli-
cado N. Health of undocumented mi-
grants in primary care in Switzerland. 
PLoS One. 2018;13(7):e0201313. https://
doi.org/10.1371/journal.pone.0201313 
PMID:30052674

22. Dirks JH, Robinson S, Burdmann E, Correa-
Rotter R, Mezzano S, Rodríguez-Iturbe B. 
Prevention strategies for chronic disease 
in Latin America. Nat Clin Pract Nephrol. 
2006;2(7):347. https://doi.org/10.1038/ncp-
neph0226 PMID:16932457

23. Jasso G, Massey DS, Rosenzweig MR, Smith 
JP. The U.S. New Immigrant Survey: Overview 
and Preliminary Results based on the New-
Immigrant Cohorts of 1996 and 2003. In: 
Morgan B, Nicholson B, eds. Longitudinal 
Surveys and Cross-Cultural Survey Design. UK 
Immigration Research and Statistics Service 
Publisher (London); 2005.

24. Massey DS, Jasso G, Espinoza M. Weighting 
for Nonresponse on Round Two of The New Im-
migrant Survey. 2017. New Immigrant Survey: 
Documentation. https://nis.princeton.edu/
downloads/nis_2003_2/NIS-2003-2-Nonre-
sponse-Weights-R2.pdf 

25. Ogden CL, Fryar CD, Martin CB, et al. 
Trends in obesity prevalence by race and 
Hispanic origin- 1999-2000 to 2017-

2018. JAMA. 2020;324(12):1208-1210. 
https://doi.org/10.1001/jama.2020.14590 
PMID:32857101

26. Hajat C, Stein E. The global burden of 
multiple chronic conditions: A narrative 
review. Prev Med Rep. 2018;12:284-293. 
https://doi.org/10.1016/j.pmedr.2018.10.008 
PMID:30406006

27. Agborsangaya CB, Ngwakongnwi E, Lahtinen 
M, Cooke T, Johnson JA. Multimorbid-
ity prevalence in the general population: the 
role of obesity in chronic disease clustering. 
BMC Public Health. 2013;13(1611):1161. 
https://doi.org/10.1186/1471-2458-13-1161 
PMID:24325303

28. Pache B, Vollenweider P, Waeber G, Marques-
Vidal P. Prevalence of measured and reported 
multimorbidity in a representative sample of 
the Swiss population. BMC Public Health. 
2015;15(164):164. https://doi.org/10.1186/
s12889-015-1515-x PMID:25885186

29. Diaz E, Poblador-Pou B, Gimeno-Feliu 
LA, Calderón-Larrañaga A, Kumar BN, 
Prados-Torres A. Multimorbidity and its 
patterns according to immigrant origin. A 
nationwide register-based study in Norway. 
PLoS One. 2015;10(12):e0145233. https://
doi.org/10.1371/journal.pone.0145233 
PMID:26684188

30. Wang Y, Min J, Harris K, Khuri J, Anderson 
LM. A Systematic examination of food intake 
and adaptation to the food environment by 
refugees settled in the United States. Adv 
Nutr. 2016;7(6):1066-1079. https://doi.
org/10.3945/an.115.011452 PMID:28140324

31. van Vollenhoven RF. Sex differences in 
rheumatoid arthritis: more than meets the 
eye. BMC Med. 2009;7(1):12. https://
doi.org/10.1186/1741-7015-7-12 
PMID:19331649

32. Commodore-Mensah Y, Selvin E, Aboagye J, 
et al. Hypertension, overweight/obesity, and 
diabetes among immigrants in the United 
States: an analysis of the 2010-2016 National 
Health Interview Survey. BMC Public Health. 
2018;18(1):773. https://doi.org/10.1186/
s12889-018-5683-3 PMID:29925352

33. Boyle P, Norman P, Rees P. Does migration 
exaggerate the relationship between deprivation 
and limiting long-term illness? A Scottish anal-
ysis. Soc Sci Med. 2002;55(1):21-31. https://
doi.org/10.1016/S0277-9536(01)00217-9 
PMID:12137186

34. Norman P, Boyle P, Rees P. Selective migra-
tion, health and deprivation: a longitudinal 
analysis. Soc Sci Med. 2005;60(12):2755-
2771. https://doi.org/10.1016/j.socs-
cimed.2004.11.008 PMID:15820585

https://www.ncbi.nlm.nih.gov/pubmed/23618545
https://doi.org/10.1002/oby.20761
https://doi.org/10.1002/oby.20761
https://www.ncbi.nlm.nih.gov/pubmed/24733690
https://doi.org/10.1016/S2468-2667(19)30226-9
https://doi.org/10.1016/S2468-2667(19)30226-9
https://www.ncbi.nlm.nih.gov/pubmed/31837974
https://doi.org/10.1177/2235042X18804063
https://doi.org/10.1177/2235042X18804063
https://doi.org/10.15256/joc.2017.7.89
https://www.ncbi.nlm.nih.gov/pubmed/29090186
https://doi.org/10.5888/pcd14.160241
https://doi.org/10.5888/pcd14.160241
https://www.ncbi.nlm.nih.gov/pubmed/29049018
https://doi.org/10.1016/j.healthplace.2007.12.002
https://doi.org/10.1016/j.healthplace.2007.12.002
https://www.ncbi.nlm.nih.gov/pubmed/18242116
https://doi.org/10.1353/dem.2006.0011
https://doi.org/10.1353/dem.2006.0011
https://www.ncbi.nlm.nih.gov/pubmed/16889132
https://doi.org/10.1177/1745691610373075
https://doi.org/10.1177/1745691610373075
https://www.ncbi.nlm.nih.gov/pubmed/26162193
https://doi.org/10.1016/S0277-9536(03)00072-8
https://doi.org/10.1016/S0277-9536(03)00072-8
https://www.ncbi.nlm.nih.gov/pubmed/14512234
https://doi.org/10.1016/j.socscimed.2011.03.011
https://doi.org/10.1016/j.socscimed.2011.03.011
https://www.ncbi.nlm.nih.gov/pubmed/21489670
https://doi.org/10.2105/AJPH.2009.167999
https://doi.org/10.2105/AJPH.2009.167999
https://www.ncbi.nlm.nih.gov/pubmed/20167890
https://doi.org/10.1371/journal.pone.0082671
https://doi.org/10.1371/journal.pone.0082671
https://www.ncbi.nlm.nih.gov/pubmed/24376565
https://doi.org/10.1136/bmjopen-2016-012812
https://doi.org/10.1136/bmjopen-2016-012812
https://www.ncbi.nlm.nih.gov/pubmed/28003289
https://doi.org/10.3390/ijerph17093336
https://doi.org/10.3390/ijerph17093336
https://www.ncbi.nlm.nih.gov/pubmed/32403412
https://doi.org/10.1093/fampra/cmx048
https://doi.org/10.1093/fampra/cmx048
https://www.ncbi.nlm.nih.gov/pubmed/29106530
https://doi.org/10.1371/journal.pone.0201313
https://doi.org/10.1371/journal.pone.0201313
https://www.ncbi.nlm.nih.gov/pubmed/30052674
https://doi.org/10.1038/ncpneph0226
https://doi.org/10.1038/ncpneph0226
https://www.ncbi.nlm.nih.gov/pubmed/16932457
https://doi.org/10.1001/jama.2020.14590
https://www.ncbi.nlm.nih.gov/pubmed/32857101
https://doi.org/10.1016/j.pmedr.2018.10.008
https://www.ncbi.nlm.nih.gov/pubmed/30406006
https://doi.org/10.1186/1471-2458-13-1161
https://www.ncbi.nlm.nih.gov/pubmed/24325303
https://www.ncbi.nlm.nih.gov/pubmed/25885186
https://doi.org/10.1371/journal.pone.0145233
https://doi.org/10.1371/journal.pone.0145233
https://www.ncbi.nlm.nih.gov/pubmed/26684188
https://doi.org/10.3945/an.115.011452
https://doi.org/10.3945/an.115.011452
https://www.ncbi.nlm.nih.gov/pubmed/28140324
https://doi.org/10.1186/1741-7015-7-12
https://doi.org/10.1186/1741-7015-7-12
https://www.ncbi.nlm.nih.gov/pubmed/19331649
https://doi.org/10.1186/s12889-018-5683-3
https://doi.org/10.1186/s12889-018-5683-3
https://www.ncbi.nlm.nih.gov/pubmed/29925352
https://doi.org/10.1016/S0277-9536(01)00217-9
https://doi.org/10.1016/S0277-9536(01)00217-9
https://www.ncbi.nlm.nih.gov/pubmed/12137186
https://doi.org/10.1016/j.socscimed.2004.11.008
https://doi.org/10.1016/j.socscimed.2004.11.008
https://www.ncbi.nlm.nih.gov/pubmed/15820585

