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RESEARCH ARTICLE Open Access

Immigrant enclaves and risk of diabetes:
a prospective study
Briana Mezuk1,2*†, Klas Cederin3, Xinjun Li3, Kristen Rice1, Kenneth S Kendler2, Jan Sundquist3

and Kristina Sundquist3†

Abstract

Background: The diversity of the Swedish population has increased substantially over the past three decades. The
aim of this study was to assess whether living in an ethnic enclave is associated with risk of diabetes mellitus (DM)
among first and second-generation immigrants and native Swedes.

Methods: Cumulative incidence of DM in three urban municipalities was assessed from 2006–2010 by linking
records from the national census, multi-generational family register, and prescription drug register. Immigrant
enclaves were identified using Moran’s Index. Multi-level logistic regression was used to assess the relationship
between enclave residence and risk of DM for three groups: Iraqi immigrants, non-Iraqi immigrants, and native
Swedes (N = 887,603).

Results: The cumulative incidence of DM was greater in Iraqi enclaves compared to other neighborhoods (4.7% vs.
2.3%). Among Iraqi immigrants, enclave residence was not associated with odds of DM (Odds ratio (OR): 1.03, 95%
Confidence Interval (CI): 0.86 – 1.24). Among other immigrants, enclave residence was not associated with DM after
accounting for neighborhood deprivation. Among native Swedes, enclave residence was associated with elevated
risk of DM even after accounting for neighborhood deprivation and individual-level characteristics (OR: 1.23, 95%
CI: 1.11 – 1.36).

Conclusions: Residential ethnic composition is associated with DM but this relationship differs across ethnic group.
Enclave residence is not associated with increased odds of DM for immigrants, regardless of their nation of origin,
but it is associated with increased likelihood of DM for native Swedes.

Background
In 2000, over 171 million adults had diabetes mellitus
(DM) worldwide, and the prevalence of this condition
is projected to increase substantially over the next 15 years
[1]. DM is a leading cause of morbidity and mortality,
and is projected to be among the top 10 causes of mor-
tality worldwide by 2030 [2]. Identifying modifiable
risk factors for DM, particularly type 2 DM, which
accounts for >95% of cases and whose incidence increases

substantially in mid- and late-life [3], is a pressing public
health concern [4].
There is a growing appreciation of the role that context-

ual environmental factors (e.g., “neighborhood” factors)
may have on health. Neighborhoods have both physical
(e.g., access to services, greenspace, availability of grocery,
alcohol and tobacco outlets) and social (e.g., community
unemployment, segregation, social capital, crime) attri-
butes that may influence health [5]. Contextual environ-
mental factors may influence health by placing constraints
on (or promoting) health-related behaviors (e.g., smoking,
alcohol use, poor diet, physical inactivity), or through act-
ing as a source of (or buffer against) stressors [5]. A hand-
ful of studies have prospectively examined contextual
environmental characteristics and risk of DM, with mixed
results. Neighborhood deprivation and attributes of the
physical environment (e.g. resources for physical activity,
access to healthy food) have been associated with type 2
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DM [6,7] and related conditions, including obesity [8,9],
insulin resistance [10], and clinical indicators of persons
with type 2 DM [11]. Other contextual factors, such as
neighborhood ethnic composition – the degree to which
one’s neighbors are of the same ethnic background as
oneself – have also emerged as potentially important
factors for health [12].
Ethnic enclaves may be particularly important to the

health of immigrants because they provide a resource in
terms of cultural goods, language, and kinship or social
networks [13]. Enclaves are generally conceptualized as
transitional spaces, in which individuals or their offspring
leave as they become more acculturated to the host nation
[14]; in this sense the relationship between living in an en-
clave and socioeconomic and health outcomes is expected
to change over time and across generations [15]. For
example, immigrant enclaves have been associated with
better economic outcomes short-term, particularly for low-
skilled workers [16]. However spatial assimilation is gener-
ally associated with long-term economic stability [17].
Alternatively, Logan et al. [13] defined an ethnic commu-
nity as one in which ethnic minorities, particularly second
generation and beyond, choose to live in despite having the
ability to live in a more integrated setting. While immi-
grants living in an ethnic enclave may be doing so out of
economic necessity, those continuing to reside in these
settings may be doing so out of social preference and as
a means of resisting cultural assimilation [18,19]. This
process of spatial assimilation varies substantially across
different immigration groups [19,20] and has changed over
time as the source of immigrants to the US and Western
Europe has shifted from Eastern European countries to
Asian, African, and Latin American nations [20].
The relationship between residential ethnic composition

and risk factors for DM is complex and appears to vary by
ethnic group. In a study of Hispanic and Chinese adults in
four US urban areas Osypuk and colleagues [12] found
that the proportion of immigrants in a neighborhood was
inversely related to consumption of high-fat foods but also
sedentary behavior. Kershaw et al. [21] found that living in
a neighborhood with a high concentration of people of
one’s own race/ethnicity was positively associated with
obesity among US black women, but inversely related to
obesity for Mexican-American women. In New York City,
living in a predominantly black neighborhood was in-
versely associated with hypertension among older foreign-
born blacks, but was unrelated to hypertension status
among US-born and younger foreign-born blacks [22]. In
an Australian study, Astell-Burt et al. [23] reported that
residing in an ethnic enclave was associated with lower
body mass index for some, but not all, immigrant groups.
Nobari et al. [24] argued that residing in an immigrant
enclave may influence diet and physical activity behaviors
via social networks, support, and norms.

The diversity of the Swedish population has increased
substantially in the past 30 years. Today nearly one in five
Swedish residents is of foreign nationality [25]. Sweden
has become one of the main accepters of asylum seekers,
most recently from conflict areas of the Middle East such
as Iraq [25]. Parallel to this influx of immigration, income
inequality has grown faster in Sweden than in any other
industrialized country in the past 25 years [26]. The aim
of this study was to assess whether living in an ethnic
enclave is associated with risk of DM among first and
second-generation immigrants and native Swedes. This
analysis focuses on Iraqi immigrants because this popula-
tion is the largest non-European migrant group in Sweden
during our study period, and the largest among asylum
seekers [27]. Also, Iraqi immigrants are among the least
integrated migrant groups in the country [28]. We chose
to focus on a single nationality in order to account for
migration history differences that vary across immigrant
groups. In sum, the confluence of increasing diversity and
income inequality makes Sweden a particularly relevant
place to investigate the relationship between ethnic en-
claves and health.

Methods
Sample
The sample was based on nationwide registry data located
at the Center for Primary Health Care Research at Lund
University in Malmö, Sweden [29-31]. National census data
in 2005 (e.g., age, sex, marital status, education, household
income and country of birth) was linked to a Geographic
Information Systems (GIS) database which covers the
entire nation. All residential addresses in Sweden have
been geocoded to small geographic units that have bound-
aries defined by homogeneous types of buildings. These
neighborhood areas, called Small Area Market Statistics
(SAMS), have an average of 1000 people (2000 in the
Stockholm area) and were used as the primary unit to
approximate neighborhoods [32]. These data were then
linked to the Swedish Presciprtion Drug Register, which re-
ports all medication perscribed and dispensed nation-wide
[33]. All linkages were performed by the use of an individ-
ual national identification number that is assigned to each
person (including immigrants) in Sweden for their lifetime,
which was replaced by a random serial number for analysis
in order to provide anonymity.
Swedish census records indicate country of birth but do

not assess other characteristics of race/ethnicity, unlike US
census data. In order to identify the three subpopulations
of interest – 1st and 2nd generation Iraqi immigrants, 1st
and 2nd generation immigrants from other nations, and
native Swedes – the Census data was linked to the Multi-
Generational Registry. The Multi-Generational Registry
identifies each individual’s mother and father (if known)
and country of birth. ‘Native Swedes’ were defined as
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individuals who were born in Sweden (2nd generation) and
both of whose parents were also born in Sweden (1st
generation). Iraqi immigrants were defined as individuals
who were either born in Iraq (1st generation) or who had
at least one parent who was born in Iraq (2nd generation).
Similarly, members of other immigrant groups were
defined as individuals who were either born outside of
Sweden (1st generation) or who had at least one parent
who was born outside of Sweden (2nd generation). The 10
most common non-Iraqi immigrant groups represented in
this analyses migrated to Sweden from Finland (25%),
countries in Asia (other than Turkey, Iran or Iraq) (10.9%),
countries in Africa (8.5%), Yugoslavia (7.2%), Iran (6.4%),
Poland (5.0%), Turkey (4.0%), Bosnia (3.8%), Chile (2.7%)
and countries in South America other than Chile (2.7%).
This analysis is restricted to the three most popula-

ted municipalities in Sweden: Stockholm, Malmö, and
Gothenburg; approximately 17.9% of the Swedish popu-
lation resides in these areas. The total number of SAMS
included in the present study was 1490. The sample is
restricted to individuals aged 30 and older by January 1,
2006, with no history of DM (N = 887,603).
This study is approved by the Institutional Review

Board at Lund University.

Measures
Immigrant enclaves
Iraqi immigrant enclaves were defined using GIS methods.
The number of the Iraqi immigrants (1st or 2nd gener-
ation) in each SAMS was used to identify ethnic enclaves
using Moran’s Index [34,35]. Moran’s Index is a measure
of relative similarity across an area (spatial autocorrel-
ation), simultaneously taking its characteristics and loca-
tion in consideration, that ranges from −1 to +1 (range for
the present study: −0.03 to +0.38). Positive values of the
Index mean that a neighborhood characteristic (e.g., num-
ber of Iraqi immigrants living in a given SAMS) is more
similar to those of its neighboring areas than expected
under the null hypothesis of a random distribution of
attributes. This SAMS is then considered part of a cluster,
or enclave. Negative values of the Index indicate that a
SAMS is more dissimilar to those of its neighboring areas
under the null hypothesis; this SAMS would be identified
as an outlier. The values on the Index are then trans-
formed into z-scores with an associated P-value. Only
positive clusters with a P-value <0.05 were considered as
indicative of an enclave.
Using this approach, each SAMS was identified as

either being an Iraqi enclave (that is, a neighborhood
where the population of Iraqis was significantly greater
than the surrounding areas) or not. We identified 15
Iraqi enclaves in Stockholm (average population of Iraqis
in the enclaves: 10.2%), 9 in Malmö (average population
of Iraqis in the enclaves: 15.5%), and 25 in Gothenburg

(average population of Iraqis in the enclaves: 13.1%), for a
total of 49 Iraqi immigrant enclaves (top panels, Figure 1).
We identified only 2 outlier SAMS. As a comparison, Iraqi
immigrants make up only 1.4% of the total sample popula-
tion in these municipalities (Table 1).
This approach to defining enclaves is consistent with,

but more conservative than, Borjas’ [36] argument that an
immigrant enclave is an area for which the probability that
an immigrant resides in the neighborhood is greater than
twice the probability of living in other areas. It also in line
with conceptualizing residential segregation along mul-
tiple dimensions, specifically elements of evenness, expos-
ure, clustering, and concentration, as argued by Massey
and Denton in their study of “hypersegregation” of Blacks
in US cities [37].

Diabetes status
Incident cases of DM from January 1, 2006 to December
31, 2010 were identified using the Swedish Prescribed
Drug Register. This register includes all hospital, out-
patient, and community (primary care) prescriptions in
the nation beginning July 1, 2005. DM was indexed by a
prescription for insulin or insulin analogs (Anatomical
Therapeutic Chemical Classification System code A10A)
or oral anti-diabetic agents (Anatomical Therapeutic
Chemical Classification System codes A10B or A10X).
In order to limit the outcome ascertainment to incident
cases, prevalent cases of DM, indicated by prescription
of these medications from July 1, 2005 to December 31,
2005, were excluded from the analysis.

Other covariates
Other individual-level covariates included age, sex, educa-
tional attainment (categorized as ≤9 years, 10–11 years
or ≥12 years of schooling), income (categorized into quar-
tiles), and 1st or 2nd generation status. We also accounted
for neighborhood socioeconomic deprivation. As previ-
ously described [32,38], a neighborhood deprivation index
at the SAMS level was compiled from information on
(a) percent with low educational attainment (defined
as <10 years of schooling), (b) percent with low income
(defined as less than 50% of median individual income),
(c) percent unemployed, and (d) percent receiving social
welfare assistance. These components were combined into
a weighted sum, with higher values indicating more de-
prived neighborhoods. This index was categorized for ana-
lysis as low deprivation (>1 standard deviation (SD) below
the mean), moderate deprivation (≥1 SD below and ≤1 SD
above the mean) and high deprivation (>1 SD above the
mean).

Analysis
The goal of this analysis was to assess whether the cu-
mulative incidence of DM in the Iraqi enclaves differed
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Figure 1 Iraqi enclaves and Type 2 Diabetes Mellitus incidence. Iraqi enclaves (panels A-C) and Type 2 Diabetes Mellitus incidence (panels D-F)
in Stockholm, Gothenburg, and Malmö.

Table 1 Characteristics of SAMSa, population aged over 30 years in three Swedish municipalities, 2006–2010

Total immigrant population in quintiles

Overall Q1 Q2 Q3 Q4 Q5

N SAMS 1,490 287 253 303 352 295

Population at risk 887,603 177,630 178,583 176,906 177,213 177,271

% Iraqi 1.4 0.1 0.2 0.2 0.8 5.7

% other immigrants 19.8 10.0 12.6 14.4 20.7 41.5

% Swedish 78.8 89.9 87.3 85.4 78.5 52.8

1st generation

No 705,007 152,188 134,775 132,316 138,720 147,008

% 79.4 21.6 19.1 18.8 19.7 20.9

2nd generation

No 182,596 25,442 43,808 44,590 38,493 30,263

% 20.6 13.9 24.0 24.4 21.1 16.6

Neighborhood deprivation index

Mean (SD) 0.26 (2.02) −1.55 (0.25) −0.92 (0.14) −0.41 (0.18) 0.61 (0.44) 3.61 (1.93)

Range −2.55-10.14 −2 .55 - −1.16 −1.16 - −0.69 −0.69 - −0.04 −0.04 - 1.51 1.52 - 10.14

Total cases of incident diabetes mellitus 22,357 2,968 3,318 3,636 5,163 7,272
aSAMS: Small Area Market Statistics.
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from that of the other SAMS in these municipal areas,
and whether this effect was consistent across three sub-
populations: 1st and 2nd generation Iraqi immigrants,
1st and 2nd generation immigrants from any other
country, and native Swedes. Models were estimated sep-
arately for these three subpopulations. Cumulative inci-
dence was calculated as the proportion of the population
that developed DM over the 5-year follow-up period;
individuals with prevalent DM at baseline were excluded
from the analysis, so these cases all represent new-onset
DM. Multi-level logistic regression was used to assess
the association between residing in an Iraqi enclave and
incidence of DM while accounting for the nesting of ob-
servations within SAMS. For each subpopulation, three
models were estimated: Model 1: unadjusted, Model 2:
adjusted for neighborhood deprivation, and Model 3:
additionally adjusted for individual-level demographic
and socioeconomic characteristics. Comparing the esti-
mates from Models 1 and 2 illustrates the degree to which
any effect of living in an Iraqi immigrant enclave has on
DM independent from that of neighborhood deprivation.
Comparing the estimates from Models 2 and 3 illustrates
the degree to which individual-level risk factors contribute
to DM risk, independent from those related to neighbor-
hood context.
Random intercept multilevel logistic regression models

were also used to estimate the intraclass correlation
coefficient, the proportion of variance in the outcome at-
tributable to differences between individuals in different
SAMS (or classes) as opposed to differences between in-
dividuals within the same SAMS [39,40]. The intraclass
correlation coefficient ranges from 0 to 1; values close to
1 indicate that individuals within the same neighborhood
are more highly correlated than individuals in different
neighborhoods.
Analyses were completed using ArcGIS software (ver-

sion 10), SAS (version 9.2) and MLwiN (version 2.021).
All P-values refer to two-tailed tests.

Results and discussion
Table 1 shows the sample characteristics overall and by
SAMS that have been ordered according to the propor-
tion of their population that is 1st or 2nd generation
immigrants (not enclaves specifically). The table shows
that as the proportion of Iraqi immigrants living in a
SAMS increases, so does the proportion of other

immigrant groups living in that SAMS; this is consistent
with the notion that these areas can be broadly concep-
tualized as immigrant neighborhoods, not just Iraqi neigh-
borhoods. The table also shows that as the immigrant
population increases so does the socioeconomic deprivation
of those neighborhoods. The bottom panels of Figure 1 and
Table 2 show that the cumulative incidence of DM over the
5 year study period was twice as high in the Iraqi enclaves
as compared to the other neighborhoods (4.7% vs. 2.3%).
This elevated risk was seen in all subpopulations living in
the enclaves, but the difference was least pronounced for
the Iraqi immigrants.
Tables 3, 4 and 5 show the results of multi-level logis-

tic regression models estimating odds of DM for the
three subpopulations: Iraqi immigrants, other immi-
grants, and native Swedes. As shown by Table 3, despite
the elevated risk of DM in the enclaves at an ecological
level Iraqi immigrants living in an enclave have the same
risk of DM as those living in other neighborhoods.
Neighborhood deprivation and individual-level charac-
teristics do not affect this estimate. In contrast, members
of other immigrant groups living in an Iraqi enclave have
elevated risk of DM (Table 4, Model 1), but this higher
risk is entirely attributable to the high neighborhood
deprivation of these areas (Model 2). Individual-level char-
acteristics only modestly improve the explanatory power
of the model. Finally, Table 5 shows that native Swedes
living in Iraqi enclaves have significantly elevated risk of
DM, and that this risk is substantially attenuated, but
persists after accounting for neighborhood deprivation.
Individual-level characteristics contribute more to the
explanatory power of the model for this group relative to
the two immigrant groups as illustrated by the increase in
variance in DM explained by the model, but these
individual-level variables did not attenuate the relationship
between living in an enclave and odds of DM.

Conclusion
The primary finding from this study is that residing in
an enclave is unrelated to risk of DM for either Iraqi
immigrants or immigrants from other parts of the world,
after accounting for potential confounders. In contrast,
living in an Iraqi enclave is associated with elevated risk
of DM among native Swedes, and this increased risk was
attenuated but remained significantly elevated after
accounting for neighborhood deprivation and individual-

Table 2 Cumulative incidence of diabetes in enclaves vs. comparison SAMSa: 2006 - 2010

Type of neighborhood Number of SAMS Neighborhood deprivation index Cumulative incidence of diabetes (%)

Mean (SD) Overall Iraqi immigrants Other immigrants Native Swedes

Iraqi enclave 49 4.65 (1.54) 4.7 5.7 5.3 3.7

Non-enclave 1441 −0.09 (1.54) 2.3 5.2 3.4 2.1
aSAMS: Small Area Market Statistics.
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level socioeconomic and demographic characteristics.
This is the largest prospective study to date to examine
the relationship between immigrant enclaves and DM
risk, and to our knowledge is the first to focus on Iraqi
immigrants specifically.
These findings are broadly consistent with prior work on

enclaves and DM and related conditions in that they show
that the relationship between residential isolation/segrega-
tion is not uniform across all subpopulations. For example,
living in a racially-segregated neighborhood is positively as-
sociated with obesity among US black women, but inversely
associated with obesity for Mexican-American women [21].
More akin to our analysis, in a study of immigrants in
Australia, Astell-Burt and colleagues [23] reported that
living in a neighborhood with greater density of one’s own
ethnicity was inversely associated with body mass index
among migrants from the UK and Ireland but not any
other immigrant group.
While we used a data-driven approach to empirically

identify Iraqi enclaves, we feel confident that the neigh-
borhoods identified here would also qualify as enclaves
using a more sociological approach. As Logan et al. [13]
articulated, immigrant enclaves are characterized both by
the people that live in them (e.g., immigrants with limited
material resources) and by their physical environment
(e.g., lower resources). The percentage of Iraqis – as well

as other immigrants – living in the enclave neighborhoods
also strongly supports our categorization; the percentage
of the population from any particular ethnic group in the
US urban immigrant enclaves ranges from 8.1 to 69.8%
[13], and our estimates are well within this range. How-
ever, we acknowledge that our reliance on quantitative
data means that we have only a limited understanding as
to how life differs for individuals (both immigrants and
native Swedes) living in these areas as compared to pre-
dominantly Swedish settings. Our data did not provide
clues to potential etiological pathways behind our findings
and therefore we cannot draw causal inferences. However,
the increased odds of incident DM among Swedes living
in Iraqi enclaves remained after taking neighborhood
deprivation into account, indicating that there is an adverse
effect on DM of living in immigrant enclaves for native
Swedes over and above the adverse effects of neighborhood
deprivation.
These results should be interpreted in light of study limi-

tations. It is possible that the relationship between neigh-
borhood ethnic density and DM risk is not linear, and thus
our findings using a categorical definition of enclaves –
while consistent with sociological literature on immigrant
neighborhoods – may not be directly comparable to re-
ports using more continuous measures of population eth-
nic density. We also have no information on immigrants

Table 3 Relative odds of incident diabetes among Iraqi immigrants living in three Swedish municipalities: 2006 – 2010

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Iraqi living in an enclave (ref. Iraqi not in an enclave) 1.03 0.86, 1.24 0.99 0.79, 1.24 0.98 0.79, 1.23

Neighborhood deprivation (ref. Low deprivation)

Level 2 0.82 0.61, 1.09 0.86 0.65, 1.14

Level 3 1.02 0.75, 1.38 1.06 0.78, 1.43

Level 4 1.20 0.89, 1.63 1.27 0.94, 1.71

Level 5 (High deprivation) 0.97 0.68, 1.38 0.99 0.69, 1.41

Age (years) 1.06 1.05, 1.07

Gender (ref. Female) 1.18 0.98, 1.41

Family income (ref. High income)

Middle-high income 1.26 1.02, 1.57

Middle-low income 1.06 0.84, 1.34

Low income 1.04 0.80, 1.35

Education attainment (ref.≥ 12 years)

≤ 9 years 1.25 1.03, 1.51

10–11 years 1.16 0.90, 1.50

Generation status (ref. First generation) 0.31 0.08, 1.28

N 12,344 12,344 12,344

Variance (SE) 0.070 (0.037) 0.064 (0.036) 0.045 (0.032)

Explained variance (%) 1 10 37

Intra class correlation 0.021 0.019 0.013
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Table 5 Relative odds of incident diabetes among native Swedes living in three Swedish municipalities: 2006 – 2010

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Native Swedish living in an enclave (ref. Swedish not in an enclave) 1.70 1.48, 1.95 1.25 1.11, 1.41 1.23 1.11, 1.36

Neighborhood deprivation (ref. Low deprivation)

Level 2 1.12 1.03, 1.21 1.11 1.03, 1.19

Level 3 1.18 1.09, 1.28 1.19 1.11, 1.28

Level 4 1.58 1.46, 1.70 1.52 1.42, 1.62

Level 5 (High deprivation) 1.87 1.73, 2.01 1.79 1.67, 1.92

Age (years) 1.05 1.05, 1.05

Gender (ref. Female) 1.67 1.61, 1.73

Family income (ref. High income)

Middle-high income 1.03 0.98. 1.08

Middle-low income 1.06 1.01, 1.12

Low income 1.05 1.00,1.10

Education attainment (ref. ≥12 years)

≤ 9 years 0.56 0.53, 0.59

10–11 years 1.44 1.37, 1.52

Generation status (ref. First generation) 1.23 1.18, 1.28

Variance (SE) 0.132 (0.009) 0.069 (0.007) 0.037 (0.005)

Explained variance (%) 10 53 75

Intra class correlation 0.039 0.021 0.011

Table 4 Relative odds of incident diabetes among other immigrants living in three Swedish municipalities:
2006 – 2010

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Other immigrant living in an enclave (ref. Other immigrant not in an enclave) 1.64 1.46, 1.84 1.05 0.95, 1.17 1.07 0.97, 1.19

Neighborhood deprivation (ref. Low deprivation)

Level 2 1.12 1.01, 1.24 1.16 1.05, 1.28

Level 3 1.59 1.44, 1.75 1.59 1.45, 1.75

Level 4 1.88 1.70, 2.08 1.97 1.78, 2.17

Level 5 (High deprivation) 2.27 2.01, 2.57 2.42 2.14, 2.72

Age (years) 1.04 1.03, 1.04

Gender (ref. Female) 1.58 1.51,1.67

Family income (ref. High income)

Middle-high income 1.08 1.00, 1.16

Middle-low income 1.15 1.07, 1.24

Low income 1.15 1.06, 1.24

Education attainment (ref.≥ 12 years)

≤ 9 years 1.00 0.93, 1.06

10–11 years 1.30 1.21,1.41

Generation status (ref. First generation) 0.54 0.48, 0.60

Variance (SE) 0117 (0.014) 0.037 (0.008) 0.027 (0.007)

Explained variance (%) 24 76 82

Intra class correlation 0.034 0.011 0.008
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who repatriated to their country of origin. Our assessment
of DM relies on pharmacy records and thus it is limited to
only clinically-identified cases. While the vast majority
(>85%) of DM cases are treated with some sort or medica-
tion [41], individuals managing their DM with lifestyle
modification alone would not have been captured by this
data source. If individuals who live in enclaves were less
likely to access healthcare or use of pharmacologic treat-
ment than those living in predominantly Swedish areas this
would have the effect of biasing our results toward the null;
however, we found that, prior to accounting for neighbor-
hood deprivation, both other immigrants and native
Swedes who lived in the enclaves had higher incidence of
DM relative to other areas, and thus we do not feel this
substantially impacted our inferences. This study also has a
number of strengths. We were able to empirically identify
Iraqi immigrant enclaves using GIS methods; while others
have examined immigrant neighborhoods in Sweden [16],
to our knowledge this is the first time this methodological
approach has been used to identify these enclaves in this
country. Second, our large sample size provided precision
regarding the relationship between living in an immigrant
enclave and DM risk. Finally, the prospective study design
establishes the temporal relationship between neighbor-
hood ethnic composition and onset of DM.
In conclusion, our findings indicate that ethnic compos-

ition is associated with the health of residents, but that this
effect differs across ethnic group. Living in an enclave is
not associated with increased odds of DM for immigrants,
regardless of their nation of origin, despite the substantial
socioeconomic deprivation of these neighborhoods. This
suggests that living in an enclave may buffer the effects of
neighborhood poverty for these groups. In contrast, even
after accounting for neighborhood deprivation, living in an
Iraqi enclave was associated with increased likelihood of
DM for native Swedes. It is possible that the processes that
influence place of residence differ for immigrants versus
native Swedes (e.g., individual preferences, housing pol-
icies, limited affordable housing) which may explain these
disparate relationships [12].
Finally, while cross-national comparisons must be made

with caution, our results are broadly consistent with the
work of LaVeist and others who have examined the health
outcomes in racially-integrated neighborhoods in the US.
For example, they report that whites living in racially-
integrated urban neighborhoods have higher prevalence of
DM than the national average for this group, and that
there are negligible racial/ethnic differences in diabetes
burden in these settings [42]. In this study we found that
native Swedes living in Iraqi enclave had higher incidence
of DM than those living in predominantly-Swedish areas,
and that the difference in DM risk across migrant groups
was smaller in the enclave neighborhoods than other
areas. Future research should examine the psychosocial,

economic, and political processes that may impact immi-
grant health, particularly for marginalized groups.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
BM, KK, JS, and KS conceptualized the study. KC conducted the GIS analysis.
LX conducted the data analysis. BM, KR, KK, KS, and JS drafted and edited
the article. All authors reviewed and approved the final version.

Acknowledgements
This work was supported by the National Institute of Diabetes and Digestive
and Kidney Diseases (R21-DK8356430) to Briana Mezuk and the Swedish
Research Council to Kristina Sundquist (2011–3340). The sponsors had no
role in the design, interpretation, or publication of this manuscript. Research
reported in this publication was also supported by the National Heart, Lung,
And Blood Institute of the National Institutes of Health under Award Number
R01HL116381. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes of
Health.

Author details
1Department of Family Medicine and Population Health, Division of
Epidemiology, Virginia Commonwealth University School of Medicine, P.O.
Box 980212, Richmond, VA 23298, USA. 2Virginia Institute for Psychiatric and
Behavioral Genetics, Virginia Commonwealth University School of Medicine,
P.O. Box 980126, Richmond, VA 23298, USA. 3Centre for Primary Health Care
Research, Lund University, Malmö, Sweden.

Received: 22 April 2014 Accepted: 10 October 2014
Published: 22 October 2014

References
1. Wild S, Roglic G, Green A, Sicree R, King H: Global prevalence of diabetes:

estimates for the year 2000 and projections for 2030. Diabetes Care 2004,
27(5):1047–1053.

2. World Health Organization: Global Burden of Disease: 2004 Update. Geneva,
Switzerland: World Health Organization; 2008.

3. American Diabetes Association: Standards of medical care in diabetes–2013.
Diabetes Care 2013, 36(Suppl1):11–66.

4. Cefalu WT: Steps towards the meaningful translation of prevention
strategies for type 2 diabetes. Diabetes Care 2012, 35(4):663–665.

5. Diez Roux AV, Mair C: Neighborhoods and health. Ann N Y Acad Sci 2010,
1186:125–145.

6. Auchincloss AH, Diez Roux AV, Mujahid MS, Shen M, Bertoni AG, Carnethon
MR: Neighborhood resources for physical activity and healthy foods
and incidence of type 2 diabetes mellitus: the multi-ethnic study of
atherosclerosis. Arch Intern Med 2009, 169(18):1698–1704.

7. Cox M, Boyle PJ, Davey PG, Feng Z, Morris AD: Locality deprivation and
type 2 diabetes incidence: a local test of relative inequalities. Soc Sci
Med 2007, 65(9):1953–1964.

8. Mujahid MS, Diez Roux AV, Shen M, Gowda D, Sánchez B, Shea S, Jacobs
DR Jr, Jackson SA: Relation between neighborhood environments and
obesity in the multi-ethnic study of atherosclerosis. Am J Epidemiol 2008,
167(11):1349–1357.

9. Dubowitz T, Ghosh-Dastidar M, Eibner C, Slaughter ME, Fernandes M,
Whitsel EA, Bird CE, Jewell A, Margolis KL, Li W, Michael YL, Shih RA, Manson
JE, Escarce JJ: The women’s health initiative: the food environment,
neighborhood socioeconomic status, BMI, and blood pressure.
Obesity 2012, 20(4):862–871.

10. Auchincloss AH, Diez Roux AV, Brown DG, Erdmann CA, Bertoni AG:
Neighborhood resources of physical activity and healthy foods and their
association with insulin resistance. Epidemiology 2008, 19(1):146–157.

11. Laraia B, Karter A, Warton EM, Schillinger D, Moffet HH, Adler N: Place
matters: Neighborhood deprivation and cardiometabolic risk factors in
the diabetes study of northern California (DISTANCE). Soc Sci Med 2012,
74(7):1082–1090.

12. Osypuk TL, Diez Roux AV, Hadley C, Kandula NR: Are immigrant enclaves
healthy places to live? The multi-ethnic study of Atherosclerosis. Soc Sci
Med 2009, 69(1):110–120.

Mezuk et al. BMC Public Health 2014, 14:1093 Page 8 of 9
http://www.biomedcentral.com/1471-2458/14/1093



13. Logan J, Zhang W, Alba R: Immigrant enclaves and ethnic communities in
New York and Los Angeles. Am Sociol Rev 2002, 67(2):299–322.

14. Marcuse P: The enclave, the citadel and the ghetto: what has changed in
the post-Fordist US City. Urban Aff Rev 1997, 33(2):228–264.

15. Cutler DM, Glaeser EL, Vigdor JL: Is the melting pot still hot? Explaining the
resurgence of immigrant segregation. Rev Econ Stat 2008, 90(3):478–497.

16. Edin P, Fredricksson P, Aslund O: Ethnic enclaves and the economic
success of immigrants—evidence from a natural experiment. Q J Econ
2003, 118(1):329–357.

17. Kim H: Ethnic enclave economy in Urban China: the Korean immigrants
in Yanbian. Ethnic Racial Stud 2003, 26(5):802–828.

18. Crowder K: Residential segregation of West Indians in the New York/New
Jersey metropolitan area: the roles of race and ethnicity. Int Migr Rev 1999,
33(1):79–113.

19. South SJ, Crowder K, Chavez E: Migration and spatial assimilation among
US Latinos: classifical versus segmented trajectories. Demography 2005,
42(3):497–521.

20. Iceland J, Scopilliti M: Immigrant residential segregation in US
metropolitan areas: 1990–2000. Demography 2008, 45(1):79–94.

21. Kershaw KN, Albrecht SS, Carnethon MR: Racial and ethnic residential
segregation, the neighborhood socioeconomic environment, and obesity
among Black and Mexican Americans. Am J Epidemiol 2013, 177(4):299–309.

22. White K, Borrell LN, Wong DW, Galea S, Ogedegbe G, Glymour MM: Racial/
Ethnic residential segregation and self-reported hypertension among
US- and foreign-born blacks in New York City. Am J Hypertens 2001,
24(8):904–910.

23. Astell-Burt T, Feng X, Croteau K, Kolt GS: Influence of neighbourhood
ethnic density, diet and physical activity on ethnic differences in weight
status: a study of 214,807 adults in Australia. Soc Sci Med 2013, 93:70–77.

24. Nobari TZ, Wang MC, Chaparro MP, Crespi CM, Koleilat M, Whaley SE:
Immigrant enclaves and obesity in preschool-aged children in Los
Angeles County. Soc Sci Med 2013, 92:1–8.

25. Statistics Sweden: Description of the Population in Sweden 2008. [http://
www.scb.se/statistik/_publikationer/BE0101_2008A01_BR_BE0109TEXT.pdf]

26. Organization for Economic Co-operation and Development (OECD): Divided
we stand: why inequality keeps rising. [http://www.oecd.org/els/soc/
dividedwestandwhyinequalitykeepsrising.htm]

27. Migrationsverket, Sweden Migration Board: Applications for asylum
received 1984–2012. [http://www.migrationsverket.se/English/Private-
individuals/Protection-and-asylum-in-Sweden/Asylum-regulations.html]

28. Fredlund-Blomst S: Assessing Immigrant Integration in Sweden after the
May 2013 Riots. Migration Policy Institute; [http://www.migrationpolicy.org/]

29. Lofors J, Sundquist K: Low-linking social capital as a predictor of mental
disorders: a cohort study of 4.5 million Swedes. Soc Sci Med 2007,
64(1):21–34.

30. Sundquist K, Chaikiat A, León VR, Johansson SE, Sundquist J: Country of
birth, socioeconomic factors, and risk factor control in patients with type
2 diabetes: a Swedish study from 25 primary health-care centres.
Diabetes Metab Res Rev 2011, 27(3):244–254.

31. Sundquist J, Cmelic-Eng M, Johansson SE: Body mass index and distribution
of body fat in female Bosnian refugees–a study in primary health care.
Public Health 1999, 113:89–93.

32. Sundquist K, Malmström M, Johansson SE: Neighbourhood deprivation
and incidence of coronary heart disease: a multilevel study of 2.6 million
women and men in Sweden. J Epidemiol Community Health 2004,
58(1):71–77.

33. Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad Olausson P,
Bergman U, Persson I, Sundström A, Westerholm B, Rosén M: The new
Swedish prescribed drug register–opportunities for
pharmacoepidemiologic research and experience from the first six
months. Pharmacoepidemiol Drug Saf 2007, 16(7):726–735.

34. Anselin L: Local indicators of spatial association – LISA. Geographic
Analysis 1995, 27(2):93–115.

35. Moran PAP: The interpretation of statistical maps. J R Stat Soc Ser B 1948,
10(2):243–251.

36. Borjas GJ: To Ghetto or not to Ghetto: ethnicity and residential
segregation. J Urban Econ 1998, 44(2):228–253.

37. Massey DS, Denton NA: Hypersegregation in US metropolitan areas: black
and Hispanic segregation along five dimensions. Demography 1989,
26(3):373–391.

38. Mezuk B, Chaikiat A, Li X, Sundquist J, Kendler KS, Sundquist K: Depression,
neighborhood deprivation and risk of type 2 diabetes. Health Place 2013,
23:63–69.

39. Snijders TAB, Bosker RJ: Multilevel Analysis: An Introduction to Basic and
Advanced Multilevel Modeling. Thousand Oaks, CA: SAGE Publications Inc;
1999.

40. Bryk AS, Raudenbush SW: Hierarchical Linear Models: Applications and Data
Analysis Methods. Thousand Oaks, CA: SAGE Publications Inc; 1992.

41. Centers for Disease Control and Prevention: National Diabetes Fact Sheet:
National Estimates and General Information on Diabetes and Prediabetes in
the United States, 2011. Atlanta, GA: U.S. Department of Health and Human
Services, Centers for Disease Control and Prevention; 2011.

42. LaVeist TA, Thorpe RJ Jr, Galarraga JE, Bower KM, Gary-Webb TL: Environmental
and socio-economic factors as contributors to racial disparities in diabetes
prevalence. J Gen Intern Med 2009, 24(10):1144–1148.

doi:10.1186/1471-2458-14-1093
Cite this article as: Mezuk et al.: Immigrant enclaves and risk of
diabetes: a prospective study. BMC Public Health 2014 14:1093.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Mezuk et al. BMC Public Health 2014, 14:1093 Page 9 of 9
http://www.biomedcentral.com/1471-2458/14/1093

http://www.scb.se/statistik/_publikationer/BE0101_2008A01_BR_BE0109TEXT.pdf
http://www.scb.se/statistik/_publikationer/BE0101_2008A01_BR_BE0109TEXT.pdf
http://www.oecd.org/els/soc/dividedwestandwhyinequalitykeepsrising.htm
http://www.oecd.org/els/soc/dividedwestandwhyinequalitykeepsrising.htm
http://www.migrationsverket.se/English/Private-individuals/Protection-and-asylum-in-Sweden/Asylum-regulations.html
http://www.migrationsverket.se/English/Private-individuals/Protection-and-asylum-in-Sweden/Asylum-regulations.html
http://www.migrationpolicy.org/

