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Abstract

Background: Immigrants from the Middle-East are at high risk of developing type 2 diabetes (T2D). The aim of the
present survey was to measure, in a single deprived neighbourhood, the prevalence rates of impaired fasting
glucose (IFG), impaired glucose tolerance (IGT) and T2D in residents originating from Iraq and to compare them to
those in residents born in Sweden. An additional aim was to identify metabolic, lifestyle and socioeconomic risk
factors associated with IFG/IGT and T2D in these residents.

Methods: The study was conducted February 1’st to March 31’st 2010. Men and women aged 45 to 65 years of
Swedish or Iraqi origin, living in the neighbourhood of Rosengård, Malmö, Sweden, were randomly selected from
the census register. Each participant signed a written informed consent form, underwent a physical examination
and an oral glucose tolerance test (OGTT), provided blood samples and filled in a questionnaire. A total of 175
subjects participated (Swedish origin n = 79, Iraqi origin n = 96), reflecting an overall response rate of almost 60%.

Results: In total, 21.9% and 19.0% of the Iraqi and Swedish participants, respectively, suffered from T2D, while
24.0% of the Iraqi participants and 25.3% of the Swedish participants had IFG/IGT. There were no significant
differences in prevalence rates relating to country of origin.
Obesity (BMI ≥30 kg/m2) and sedentary leisure time physical activity were highly prevalent in both groups, while a
family history of diabetes was more prevalent in participants from Iraq (49.2%) than in those from Sweden (22.8%)
(p = 0.001).
Being obese or having a sedentary leisure time were, independently associated with T2D (OR 5.43 (95% CI 2.10-14.02)
and 2.89 (95% CI 1.03-8.10) respectively), while economic difficulties were independently associated with IFG/IGT
(OR 2.55 (95% CI 1.06-6.15)) after adjustment for the confounding effects of other common risk factors for T2D.

Conclusions: This study reveals a high prevalence of T2D, independently of country of origin (Iraq or Sweden), in a
socially vulnerable area and additionally presents a risk factor profile that is markedly different from that of Sweden
in general.

Background
Type 2 diabetes (T2D), impaired fasting glucose (IFG)
and impaired glucose tolerance (IGT) are strong risk
factors for cardiovascular disease (CVD) and mortality
[1,2]. The official prevalence rate of T2D in Sweden is
4% [3,4], but it has been suggested that the “true” preva-
lence is higher [5]. Globally, the Middle-East is highly

affected by T2D with a prevalence rate varying between
7 and 22% [6,7]. In addition, migration may increase the
risk of developing T2D [8-10]. Indeed, the prevalence of
T2D in Sweden has been estimated to be 2-3 times
higher amongst immigrants from the Middle-East as
compared to inhabitants of Swedish origin [10]. How-
ever, the prevalence of IFG and IGT amongst immi-
grants from the Middle-East is unknown.
It is possible that adaptation to the culture of the coun-

try to which they have migrated - acculturation - may
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further increase the risk of developing T2D, as a conse-
quence of the adoption of a sedentary lifestyle and a high
intake of energy-dense food [11,12]. In addition, psychoso-
cial and socioeconomic factors may further increase the
risk of T2D and death in immigrant populations [13-15].
Immigrants tend to accumulate in deprived areas in

large cities. Malmö is the third largest city in Sweden
with almost 300,000 inhabitants in 2009 [16]. Of these,
30% are first- or second-generation immigrants. The lar-
gest immigrant group comprises Iraqis, who mainly live
in the housing district of Rosengård. Rosengård is charac-
terised by a high proportion of immigrants and high
socioeconomic vulnerability. Earlier studies have shown
that the neighbourhood socioeconomic environment is
associated with the incidence of coronary heart disease
[17] and prevalence of T2D [18]. The prevalence rates of
T2D, IFG, IGT and risk factors for T2D are most likely
higher in deprived and immigrant-dense neighbourhoods
such as Rosengård, and more studies in such areas are
needed in order to properly target preventive measures
and screening instruments in high-risk populations.
The primary aim of this study was to examine the pre-

valence of IFG, IGT and T2D, and metabolic and life-
style-associated risk factors for T2D, in residents in
Rosengård originating from Iraq and Sweden. A second
aim was to identify metabolic, lifestyle and socioeco-
nomic risk factors associated with IFG/ IGT and T2D
amongst the residents in this vulnerable area.

Methods
Subjects
The size of the population in Rosengård has changed lit-
tle since the 1970’s. In 2009, almost 22,000 people were
living in Rosengård, of whom 60% originated from Iraq,
the former Yugoslavia, Lebanon or Poland. The largest
immigrant group in Rosengård comes from Iraq (almost
3,000 adult inhabitants).
The present study aimed to recruit at least 158 sub-

jects, with equal numbers of subjects of Iraqi and Swed-
ish origin. This sample size was based on the following
power calculation: a power of 80%, an alpha level of 5%,
an estimated prevalence rate of T2D of 22.9% in resi-
dents from Iraq, and of 6.9% in residents from Sweden
[10]. This gives a sample size of at least 79 participants
each from Iraq and Sweden. A flow chart describing the
study population, together with inclusion and exclusion
criteria, is presented in Figure 1.
Residents in Rosengård aged 45 to 65 years were ran-

domly selected from the census register and over the
course of two months repeated attempts were made to
contact them by phone to invite them to participate.
Examinations were conducted between February 1 and
March 31, 2010. Individuals agreeing to participate
received a confirmation letter in the post and additional

information, e.g., instructions to bring a list of their pre-
sent medication and not to eat or drink later than
10 pm the day before testing. Participants underwent a
physical examination and an OGTT, provided blood
samples, and filled in a questionnaire.

Care Need Index
The level of deprivation was estimated using the Care
Need Index (CNI). The CNI is based on the socio-
demographic characteristics of neighbourhoods, i.e., the
proportions of elderly people living alone, children
under the age of 5 years, residents who are unemployed,
residents who have a low educational level, single par-
ents, and residents born in Southern or Eastern Europe,
Asia, Africa or South America, as well as rates of mobi-
lity [19]. It correlates with other instruments assessing
neighbourhood deprivation such as the Townsend score
and has been constructed so that the higher CNI score
the more deprived the neighbourhood [19,20]. CNI
scores have been calculated for all neighbourhoods in
Sweden with >50 inhabitants. In 2007, the calculated
CNI scores ranged from -52.5 (the most affluent neigh-
bourhood) to 87.6, (the most deprived neighbourhood).
The CNI score for Rosengård was 61.1, indicating that it
is one of the most deprived neighbourhoods in Sweden.

Assessment of clinical variables
Information on present medication, previous diagnosis
of diabetes, hypertension and CVD, and family history
of diabetes (in biological parents or siblings) were col-
lected by nurses using structured forms with support
from an Arabic-speaking interpreter when necessary. A
standard physical examination was conducted by trained
research nurses. It involved the measurement of blood
pressure, weight, height, waist and hip circumferences,
as well as the collection of blood samples and the per-
formance of an OGTT.
Blood pressure was measured in the supine position

after 5 minutes’ rest with the arm at the level of the
heart. The mean of two measurements, taken one minute
apart, was calculated. The diagnosis of hypertension was
based on previous diagnosis of hypertension by a physi-
cian or a systolic mean blood pressure of ≥ 140 mm Hg
and/or a diastolic mean blood pressure of ≥ 90 mm Hg
at the investigation [21].
Height was measured to the nearest cm.
Weight was measured to the nearest kg in subjects

wearing light clothes, but not shoes.
Waist circumference (WC) was measured to the near-

est cm in a standing position after a gentle expiration. A
tape measure was placed around the bare midriff of
each participant and the WC measured midway between
the lower border of the rib cage and the superior border
of the iliac crest [22].
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Abdominal obesity and body mass index (BMI)
Abdominal obesity was defined as waist circumference of
≥ 102 cm for males and ≥ 88 cm for females [23]. BMI
(kg/m2) was calculated as weight (kg) divided by height
(m) squared. Subjects were classified according to BMI
using WHO definitions: normal weight: BMI < 25 kg/m2;

overweight: BMI ≥ 25 kg/m2 and < 30 kg/m2; and obese:
BMI ≥ 30 kg/m2.
Blood samples and oral glucose tolerance test (OGTT)

Blood samples were collected in the morning following
an overnight 10-h fast. All blood samples were analyzed
on-line during the study. Serum insulin levels were

Contacted by phone and invited to 
participate (n=296)

Iraqi: ♂ n=65, ♀ n=62

Swedish: ♂ n=97, ♀ n=72

Agreed to participate (n=194)

Iraqi: ♂ n=56, ♀ n=51

Swedish: ♂ n=45, ♀ n=42

Physical examination, blood samples 
and questionnaires (n=175)

Iraqi: ♂ n=51, ♀ n=45
Swedish: ♂ n=44, ♀ n=35

Participation rate:

Iraqi: ♂ 79%, ♀ 72%
Swedish: ♂ 45%, ♀ 49%

Drop-outs (n=19)

Iraqi: ♂ n=5, ♀ n=6

Swedish: ♂ n=1, ♀ n=7

Severely ill (n=2)

Iraqi: ♂ n=1, ♀ n=0

Swedish: ♂ n=0, ♀ n=1
Eligible study population (n=294)

Iraqi: ♂ n=64, ♀ n=62

Swedish: ♂ n=97, ♀ n=71

Figure 1 Recruitment of the study population. Inclusion criteria: men and women aged 45 to 65 years and living in Rosengård, Malmö.
Exclusion criteria: severe mental or physical illness.
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determined using the Radioimmunoassay technique
(Access© Ultrasensitive Insulin, Beckman Coulter, USA)
[24]. Cholesterol and triglycerides in serum were ana-
lyzed using enzymatic methods (Bayer Diagnostics) [25].
HDL-cholesterol in serum was measured enzymatically
after isolation of LDL and VLDL (Boehringer Mannheim
GmbH, Germany) and LDL-cholesterol was estimated
using Friedewald’s method [26].
Then a standard 75-g OGTT was performed and

further blood samples were collected at 0, 30, 60 and
120 min. Blood glucose was measured in capillary whole
blood immediately after sampling by means of a Hemo-
Cue photometer (HemoCue AB, Ängelholm, Sweden)
[27].
Diabetes was confirmed in subjects previously diag-

nosed with diabetes by a physician, as well as in new
cases, by a fasting plasma glucose level of ≥ 7.0 mmol/L
(measured twice) and/or by a 2-h plasma glucose level
in the OGTT of ≥ 11.1 mmol/L [28]. Participants with
previously confirmed diabetes did not undergo an
OGTT. Impaired fasting glucose (IFG) was defined as a
fasting plasma glucose level of ≥ 6.1 mmol/L and < 7.0
mmol/L and a 2-h plasma glucose level of < 7.8 mmol/L
[28]. Impaired glucose tolerance (IGT) was defined as a
fasting plasma glucose level of < 7.0 mmol/L and a 2-h
plasma glucose level of ≥ 7.8 and < 11.1 mmol/L [28].
Homeostasis model assessment (HOMA) HOMA was

used to estimate both insulin resistance (HOMA-IR)
and beta cell function (HOMA-b) [29]. Indices were cal-
culated as follows:

HOMA− IR = [f-insulin (mIE/L)× f-glc (mmol/L)/22.5]

HOMA− β = [20× f-insulin (mIE/L)/f-glc (mmol/L)− 3.5]

The insulin sensitivity index (ISI) was calculated from
the OGTT [30] results as follows:

ISI = 10, 000/

√
[(f-glc (mmol/L)× f-insulin (mIE/L))× (mean OGTT glc conc. (mmol/L)
×mean OGTT insulin conc. (mIE/L))]

Assessment of lifestyle and socioeconomic data
Information was collected by self-administered question-
naires in Swedish or Arabic, the latter translated by an
authorised translator with Arabic as a native language,
and with support from an Arabic-speaking interpreter
when necessary.
Leisure time physical activity (LTPA) was classified as

four categories: (1) sedentary LTPA: physical inactivity
or less strenuous LTPA (walking, cycling, gardening,
etc.), less than 2 hours a week (h/w); (2) moderate
LTPA: less strenuous LTPA, more than 2 h/w; (3) stren-
uous LTPA: strenuous physical activity (jogging,

swimming, tennis, etc.) of at least 30 minutes’ duration,
once or twice weekly; and (4) highly strenuous LTPA;
strenuous physical activity of at least 30 minutes’ dura-
tion, at least three times weekly [31]. Individuals in cate-
gories 2 to 4 were considered physically active in their
leisure time while those in category 1 were considered
sedentary.
Smoking habits Participants were categorised as non-

smokers or active smokers. Non-smokers included
never-smokers and participants that had stopped smok-
ing more than 6 months ago [32].
Alcohol intake Participants were asked how many

standard glasses of alcohol they usually consumed dur-
ing an average week. One standard glass was equal to
50 centiliters (cL) of beer (3.5% alcohol by volume
(abv)), 25 cL of strong beer (≥4.5% abv), 12-15 cL of
wine (12-15% abv), 8 cL of wine (≥16 abv), or 4 cL of
liquor [33]. Those consuming any amount of alcohol
were considered alcohol consumers.
Binge drinking Men were asked how often during the

last month they had consumed at least five standard
glasses of alcohol on the same occasion, while women
were asked how often they had consumed at least four
standard glasses of alcohol on the same occasion [33].
Educational level was classified as three categories: (1)

low (elementary school, up to 15 years of age), (2) inter-
mediate (high school, 16 to 18 years of age) and (3)
higher education (college/university, 18 years of age and
older).
Employment status Participants were assigned to one

of three categories: (1) active (employed, students, work
experience), (2) non-active (including participants taking
care of households, as well as those receiving activity
compensation from the Swedish Employment Service)
and (3) pensioner (retired due to age or illness).
Economic difficulties Difficulties in paying for food,

rent or bills comprised three categories: (1) none and
(2) once or (3) several times during the past year.

Statistical analysis
The software used was SPSS 14.0 for Windows XP.
Differences in means between groups were adjusted

for age using linear regression models (Additional file 1,
Table 1). Differences in proportions between groups
were adjusted for age using binary logistic regression
models (when the dependent variable was binary, (Addi-
tional file 1, Tables 1 and 2) or multinomial logistic
regression models (Additional file 1, Table 2).
Associations between diabetes-associated risk factors

and IFG/IGT and T2D were estimated using multino-
mial logistic regression models with normal glucose
metabolism as the reference. The associations between
IFG/IGT and risk factors for T2D are presented in
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Additional file 2, Table 3a and associations between
T2D and common risk factors for T2D in Additional
file 2, Table 3b. Associations were expressed as odds
ratios (ORs) with 95% confidence intervals (CIs). The
‘goodness-of-fit’ was tested using Pearson’s goodness-of-
fit test (p > 0.05 which indicated a good fit).
All tests were two-sided and a p-value of < 0.05 was

considered statistically significant. First order interaction
between family history of diabetes and country of origin
was tested including their associations with IFG/IGT
and T2D.

Ethical considerations
The investigation conforms to the principles outlined in
the Declaration of Helsinki [34]. The Ethics committee
at Lund University approved the study (No. 2009/36)
and written informed consent was given by all
participants.

Results
Clinical characteristics of the study subjects
Characteristics of the study subjects are presented in
Additional file 1, Table 1. Swedish participants were
older on average than those of Iraqi origin, had higher
systolic and diastolic blood pressure and were more fre-
quently diagnosed with hypertension. On the other
hand, they had a more favourable cholesterol risk factor
profile, with higher levels of high density lipoproteins
(HDL) and lower levels of triglycerides (TG) than the
Iraqi participants. Sixteen percent of the Iraqi and 33%
of the Swedish participants had normal body weights
(Figure 2). Although obesity and abdominal obesity were
highly prevalent in both groups, obesity was more pre-
valent in participants of Iraqi origin than in those of
Swedish origin (OR 4.58 (95% CI 1.91-11.00); p = 0.001
vs. Swedish subjects). ISI scores were higher in the
Swedish participants (Additional file 1, Table 1).

Figure 2 BMI distribution of the study population.
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The prevalence rates of T2D, IGT and IFG in all sub-
jects are presented in Figure 3. OGTTs were performed
in all participants (n = 151) except for 24 subjects (16
Iraqi and 8 Swedish) with previous diagnosis of diabetes.
Approximately one third of the OGTT results were
abnormal: 7.9% of participants (12/151) were diagnosed
with T2D, 15.9% (24/151) with IGT and 12.6% (19/151)
with IFG. There were no significant differences in the
prevalence rates of T2D, IGT or IFG relating to country
of origin: known T2D OR 2.37 (CI 0.88-6.36); T2D diag-
nosed at the OGTT OR 0.86 (CI 0.24-3.02); IGT OR
2.19 (CI 0.82-5.82); and IFG OR 0.50 (CI 0.18-1.44) (Fig-
ure 3).
Among obese participants, 76.2% (16/21) of those who

were Swedish and 58.1% (25/43) of those who were
Iraqi had T2D, IGT or IFG. IFG was less prevalent
amongst obese Iraqi participants 7.0% (3/43), compared

to obese Swedish participants 23.8% (5/21), OR 0.14 (CI
0.02-0.87). Otherwise, there were no significant differ-
ences in prevalence rates of T2D or IGT relating to
country of origin. Although ISI scores were higher in
the Swedish participants than in those from Iraq (Addi-
tional file 1, Table 1), the ISI scores did not differ
between Iraqi and Swedish participants after adjustment
for BMI (b-coefficient -9.47 (CI -29.05-10.11) with
Swedish participants serving as the reference group.
Lifestyle and socioeconomic characteristics are pre-

sented in Additional file 1, Table 2. Sedentary LTPA
was highly prevalent in both Iraqi and Swedish subjects.
There were no significant differences in the prevalence
of alcohol consumers relating to country of origin. How-
ever, binge drinking was more prevalent amongst Swed-
ish participants compared to Iraqi participants. Iraqi
men and women had a higher level of education than

Figure 3 Prevalence of type 2 diabetes (T2D), impaired glucose tolerance (IGT) and impaired fasting glucose (IFG) in participants of
Iraqi and Swedish origin.
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their Swedish counterparts. On the other hand, their
employment status was more likely to be non-active and
they more frequently reported economic difficulties.

Risk factors independently associated with IFG, IGT and
T2D
Associations between diabetes-associated risk factors
and IFG/IGT are presented in Additional file 2, Table
3a and associations between diabetes-associated risk fac-
tors and T2D in Additional file 2, Table 3b. Having suf-
fered economic difficulties was independently associated
with IFG/IGT, while age, obesity and sedentary LTPA
were independently associated with T2D. There were no
interactions between the variables in the models.

Discussion
Principal findings
In this survey of residents of a deprived Swedish neigh-
bourhood, 45.9% of the Iraqi subjects and 44.3% of the
Swedish subjects had IFG, IGT or T2D. No significant
differences in prevalence rates relating to origin were
found. Economic difficulties were associated with IFG/
IGT, while obesity and sedentary LTPA were highly pre-
valent and independently associated with T2D after
adjustment for the confounding effects of age, sex,
country of origin and family history of T2D.

Prevalence of risk factors for T2D in Rosengård as
compared to Sweden in general
The risk factor profile among individuals living in
Rosengård, a deprived neighbourhood of Malmö, corre-
sponds well with the findings of earlier studies showing
that factors contributing to the risk of developing T2D
such as obesity, sedentary lifestyle, psychosocial risk fac-
tors and low socioeconomic status tend to accumulate
amongst immigrants [13-15,35,36]. However, our results
also showed that non-immigrants living in the same
area had a similar risk factor profile. In the age group
studied, the prevalence rate of obesity was over two
times higher than in the general Swedish population
(13% in 2007) [16]. Obesity rates were higher in resi-
dents of Iraqi origin than in those of Swedish origin.
This finding concurs with the results of another recent
study of deprived neighbourhoods in an urban setting
south of Stockholm in which the prevalence of obesity
was found to be 42.9% in Middle-Eastern women and
16% in Swedish-born women [36]. In the present study
the prevalence of sedentary LTPA was about five times
higher in this deprived neighbourhood than in Sweden
in general (12%) [16]. Although the educational level
was higher amongst the Iraqi residents than amongst
the Swedish ones, Iraqis were more likely to be non-
active. Iraqi residents also frequently reported economic
difficulties, their prevalence being twice as high as has

been reported among foreign-born inhabitants in Swe-
den in general (44% vs. 22%) [16]. Additionally, eco-
nomic difficulties were almost three times more
common amongst Swedish residents in Rosengård than
in Sweden in general in the same age group (22% vs.
8.6%) [16], which together with the high CNI value
reflects the socioeconomic deprivation of the area.

Risk factors influencing T2D amongst Iraqi and Swedish
subjects
Obesity and sedentary LTPA were highly prevalent in
both Iraqi and Swedish participants. These data are con-
sistent with those from other studies of vulnerable areas
[36], but also presents a risk factor profile that is mark-
edly different from Sweden in general.
Obesity and sedentary lifestyle are well established

predictors of T2D [37,38] and were, in this survey,
strongly associated with T2D. Immigrants from the
Middle-East have been identified as being at high risk of
developing T2D [8,10]. In this survey, the prevalence
rate of T2D in residents originating from Iraq corre-
sponded well with prevalence rates reported in earlier
studies of Middle-Eastern immigrants in Sweden [10].
However, the prevalence rate of T2D was three times
higher in Iraqi as well as in Swedish study participants
as compared to the prevalence rates reported from Iraq
(7.4 to 7.8%) [6,7] and in Sweden in general (7.3%) [6].
The 21 Iraqis diagnosed with T2D had lived in Swe-

den for an average of 11.8 years (range 7 to 20 years)
and had been diagnosed with T2D an average of 5.8
years earlier (range 0 to 35 years). Thus most of them
had developed T2D in Sweden. Our results indicate that
residents in Rosengård seem to be at higher risk for
T2D than those living in other parts of Sweden, inde-
pendently of ethnic background, and correspond well
with previous studies that reported that the neighbour-
hood socioeconomic environment has a strong impact
on the development of T2D [18].
Iraqi subjects with T2D are less likely to be insulin-

resistant and more likely to display beta cell dysfunction
than Swedish subjects with T2D [8], suggesting that
genetic factors may have a greater influence on the risk
of T2D in Iraqis [8]. The ISI scores recorded in this sur-
vey were higher in Swedish men and women than in
Iraqis, independently of age. However, this was probably
due to the lower average BMI in the Swedish partici-
pants. After adjustment for BMI, these differences did
not remain.
Heredity for T2D, which increases the risk for T2D

[37], is reported to be more prevalent amongst immi-
grants from the Middle-East than in Swedish subjects
[8]. In the present study, a family history of T2D was
more prevalent in Iraqi residents than in Swedish ones.
However, having a family history of T2D did not seem
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to increase the risk for IFG/IGT or T2D (Additional file
2, Tables 3a and 3b). The strong accumulation of risk
factors for T2D represents a risk factor profile that is
markedly different from that of Sweden in general. Our
results indicate that the risk factor profile for T2D dif-
fers according to setting. Consequently, the influence of
confounding by obesity and sedentary LTPA is probably
present and the high prevalence of these risk factors
may have attenuated the effects of other well known
risk factors for T2D such as country of origin and her-
edity for T2D. However, the sample size was rather
small, and may be the reason for the non-significant
effects of other traditional T2D risk factors.
Socioeconomic status is associated with health [39].

Economic difficulties were prevalent and independently
associated with IFG and IGT, indicating the impact of
poor socioeconomic status on the risk of developing
impaired glucose metabolism. A large proportion of the
Iraqi participants were well educated but at the same
time “non-active”. Therefore, there is a potential to
decrease the proportion who are unemployed in order
to improve their socioeconomic situation and conse-
quently promote better health.

Clinical implications
This study led us to determine not only that a large pro-
portion of participants were suffering from undetected
T2D but also that a large proportion of them were at
high risk of developing T2D over the coming years (i.e.,
individuals identified with IFG or IGT). Although differ-
ent genetic and environmental factors may trigger the
development of T2D in Iraqi and Swedish residents,
most individuals living in this neighbourhood displayed
one or more lifestyle-associated risk factors for T2D.
Studies have shown that 20% of individuals with obe-

sity will develop T2D within 10-years of diagnosis and
50% of those with early signs of diabetes will develop
T2D during the same period of time [40]. Lifestyle inter-
ventions can reduce the incidence of diabetes by half,
and studies have also shown that these interventions are
cost-effective for society [41-43]. Thus, efforts in pri-
mary health care and other health care settings with the
purpose to identify individuals at high risk of developing
T2D and to support their efforts to adopt and sustain a
health-promoting lifestyle are most likely worthwhile.

Strengths and limitations
A key strength of this study is the study design: a popu-
lation based survey of residents of Swedish and Iraqi
origin living in a deprived neighbourhood who were
randomly selected from the census register. The partici-
pation rate corresponded well with that of a population-
based study conducted in another deprived Swedish
neighbourhood [36]. Nonetheless, the high non-response

rate may have introduced a selection bias. Swedish men
and women had a lower participation rate which may be
due to their higher rates of employment (the health
examinations were conducted on weekday mornings
without financial compensation).
We do not have information concerning lifestyle-asso-

ciated risk factors and T2D in non-participants, which is
a limitation. Another limitation concerns the relatively
small study population, which may have influenced our
findings. Additionally, a large proportion of the Iraqi
participants declined to answer the questions concerning
alcohol consumption. Finally, reporting of family history
of T2D may suffer from recall bias, partly since it may
be difficult to recall diseases suffered by parents and sib-
lings, but also because many participants came from
war-torn-areas and have broken families.

Conclusions
The high accumulation of risk factors for T2D in both
immigrants and non-immigrants living in Rosengård
represents a risk factor profile that is markedly different
from that in Sweden in general. The high prevalence of
risk factors for T2D probably attenuated the effect of
other risk factors such as family history of T2D as well
as country of origin, but nevertheless indicates the
strong influence of socioeconomic and lifestyle-asso-
ciated risk factors in this residential area. Larger pro-
spective surveys are needed to identify the genetic and
lifestyle-associated mechanisms that trigger the develop-
ment of T2D in relation to socioeconomic environment
and ethnic background.
In addition, efforts in health care settings with the

purpose to identify individuals in deprived areas at high
risk of developing T2D are most likely worthwhile.

Additional material

Additional file 1: File 1: Tables 1 and 2.

Additional file 2: File 2: Tables 3a and 3b.
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