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approach for dealing with diabetes risk in this target group. The aim was to test the effect of a
culturally adapted lifestyle intervention programme on changes in lifestyle habits and cardio-
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metabolic outcomes comparing an intervention group with a control group receiving usual care.
Methods. Citizens of Malmö, Sweden born in Iraq and at high risk for Type 2 diabetes (n = 636)

Immigrants

were invited. Participation rate was 15.1%. In all, 96 participants were randomized to the

Insulin sensitivity

intervention group (n = 50) or to the control group (n = 46). The intervention group was offered

Lifestyle

seven group sessions addressing healthy diet and physical activity including one cooking class.

Randomized controlled trial

Changes in body weight, physical activity levels and cardio-metabolic outcomes were evaluated
using linear mixed-effects models.
Results. The mean follow-up time was 3.9 and 3.5 months in the intervention and control
groups, respectively. The drop-out rate from baseline to the last visit was 30.0% in the
intervention group (n = 15) and 30.4% in the control group (n = 14).
The mean insulin sensitivity index increased significantly at follow-up in the intervention
group compared to the control group (10.9% per month, p = 0.005). The intervention group
also reached a significant reduction in body weight (0.4% per month, p = 0.004), body mass
index (0.4% per month, p = 0.004) and LDL-cholesterol (2.1% per month, p = 0.036) compared
to the control group. In total, 14.3% in the intervention group reached the goal to lose ≥5% of
body weight versus none in the control group.
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Conclusions. This culturally adapted lifestyle intervention programme shows a beneficial
effect on insulin action, body weight reduction, as well as LDL-cholesterol reduction, in
Middle-Eastern immigrants. The programme adapted to resources in primary health care
provides tools for improved primary prevention and reduced cardio-metabolic risk in this
high-risk group for Type 2 diabetes.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.

Introduction

Middle-Eastern immigrants constitute a growing proportion of
the Swedish population, with Iraqi immigrants representing
the largest non-European group [1]. Malmö, the third largest city
in Sweden, has a growing immigrant population with at present
approximately 11,000 Iraqi immigrants [1]. The MEDIM study
(“impact of Migration and Ethnicity on Diabetes In Malmö”),
conducted 2010 to 2012 among Iraqi immigrants, has shown
that their prevalence of Type 2 diabetes is twice as high as
compared to the native Swedish population (11.6% vs. 5.8%,
p < 0.001), matched for age and sex [2].
Large randomized clinical trials based on lifestyle intervention such as the Diabetes Prevention Program in the United
States (US) and the Finnish Diabetes Prevention Study have
shown the efficacy of dietary modification and physical activity
(PA) in delaying or preventing the onset of Type 2 diabetes [3,4].
However it is unlikely that these interventions will yield
equivalent results in populations of different cultures in terms
of dietary and PA habits, perception and experience of barriers,
behavioral change and supporting factors [5–7]. Earlier studies
have indicated that in order to be effective, lifestyle interventions
in non-Western groups should focus on behavioral change
through increased self-efficacy and self-empowerment [8]. In
addition, a gender-specific approach should be applied and
differences in PA preferences should be considered [8,9].
The high prevalence of diabetes and its risk factors in MiddleEastern immigrants [10], calls for an even more proactive
approach for dealing with diabetes risk in this high-risk group,
than is currently the case in Swedish primary health care (PHC) or
the community at large. However there is a scarcity of
information on culturally adapted lifestyle interventions, particularly from randomized control trials (RCT) addressing nonwestern immigrants in the developed world [7,11].
The aim of this project, based on a RCT design, was to test
the efficacy of a culturally adapted lifestyle intervention
programme developed to address healthy diet and PA habits
in Iraqi immigrants living in Sweden. Specific aims were to
examine changes in body weight and PA levels as well as
cardio-metabolic outcomes in the intervention group participating in the programme, and to compare these with
changes in the control group receiving usual care.

2.

Material and Methods

2.1.

Study Population

Citizens of Malmö born in Iraq, aged 30–75 years and at high-risk
of Type 2 diabetes were invited by post between October and

December 2014 followed by a telephone contact, to participate
in the MEDIM intervention study. The eligible study population
was identified from the MEDIM population-based study, a crosssectional study conducted between 2010 and 2012 including 1398
Iraqi-born and 757 Swedish born residents of Malmo matched for
age and sex and residing in the same neighborhood [2]. ‘At highrisk’ was defined as having a body mass index (BMI) ≥28 kg/m2
and/or waist circumference (≥80 cm in women and ≥94 cm in
men) [12] and/or pre-diabetes i.e. impaired fasting plasma
glucose ((FPG): 6.1–6.9 mmol/l and 2-h glucose <7.8 mmol/l),
impaired glucose tolerance (FPG <6.1 mmol/l and 2-h glucose:
7.8–11 mmol/l) or impaired glucose regulation (FPG: 6.1–6.9 mmol/l
and 2-h glucose: 7.8–11 mmol/l) [10], individuals with overt
diabetes (FPG: ≥7 mmol/l or 2-h glucose: ≥11.1 mmol/l), mental
incapacity to engage in the study, physical impairments limiting
PA, or those who were pregnant were not eligible for participation
in the intervention study. Of 636 individuals invited, 104 accepted
to participate and attended the first visit and of these, 96 were
eligible for participation in the study (corresponding to a participation rate of 15.1%). Fig. 1 shows a flow chart of study participants.

2.2.

Data Collection

The study took place between mid-January and mid-June 2015
and was designed to include three health examinations. Each
health examination comprised a physical examination, collection
of fasting blood samples and oral glucose tolerance tests (OGTT;
75 g glucose) by trained study nurses speaking the participants’
native language [10]. The study was conducted at a facility located
close to the PHC centre and easily accessible to the participants.
Body weight was measured using an electronic scale while
participants were requested to remove shoes and wear light
clothing. A wall-mounted stadio-meter was used to measure
height. Blood pressure was calculated as a mean of two
readings taken 1 minute apart with the participant lying in
supine position. The participants rested for 5 minutes before
the readings were taken [10]. Radioimmunoassay (Access©
Ultrasensitive Insulin, Beckman Coulter, USA) and high
pressure liquid chromatography (Bio-Rad) were used to
estimate serum insulin levels and HbA1C respectively [13]. A
HemoCue photometer (HemoCue AB, Ängelholm, Sweden)
was used to measure plasma glucose levels [10,13]. Enzymatic
methods were used to estimate plasma HDL-cholesterol
(Boehringer Mannheim GmbH, Germany) and triglyceride
levels (Bayer Diagnostics) [14] whereas Friedewald's equation
was used to estimate plasma LDL-cholesterol levels [15].
The participants were also requested to fill in a four-day
food diary in connection with the three health examinations.
In the food diaries, participants indicated the type, frequency
and quantity as well as cooking method and preparation of
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Fig. 1 – Flow chart of study participants.

foods and drinks consumed during those four days. The
dietary data was then processed using the Dietist XP software
version 3.2 [16] to obtain mean caloric intake at the start, mid
and end of the study.

2.3.

Randomisation

Following the first health examination, participants were
randomized either to the control or to the intervention
group with a 1:1 allocation ratio using a random number
generator in the statistical software SPSS. Men and women
were randomized separately however couples were randomized into the same group (intervention or control) to avoid
information overflow between the groups. Randomisation
was not stratified by age, pre-diabetes or FINDRISC score as
mentioned in the study protocol [10], because of a lower than
expected participation rate (15.1% vs. expected 60%). The
expected participation rate was derived from an earlier study
in Middle-Eastern immigrants [9]. Nurses performing the health
examinations were not informed or aware of the participants'
assignment to the control or the intervention group.

2.4.

Outcomes

Our study goals were modified from those in the Finish
Diabetes Prevention Study and Diabetes Prevention Program
with lifestyle change as primary outcome and improvement

in cardio-metabolic biomarkers as secondary outcome.
The primary outcomes were defined as reduction in body
weight by at least 5%, achieving moderate-intensity PA of
at least 30 min per day five days a week and reduction in
mean caloric intake. Secondary outcomes, were reduction in
cardio-metabolic biomarkers such as FPG, 2-h glucose, HbA1C,
systolic blood pressure (SBP), diastolic blood pressure (DBP),
plasma triglycerides and LDL-cholesterol. Further secondary
outcomes included increase in insulin sensitivity index (ISI),
disposition index (DI) and/or HDL-cholesterol.

2.5.

Intervention

This intervention was culturally modified from the Diabetes
Prevention Program intervention in that it included components such as gender-specific groups led by Arabic speaking
health coaches with experience and knowledge of the MiddleEastern lifestyle, culture and food habits and with experience
in patient education and counseling. Further the cultural
adaptation included identification of social and cultural
barriers to lifestyle change, cooking classes and economic
support for training clothes and admittance to the local
PA centers.
The intervention group was invited to participate in seven
group sessions including one cooking class, with intervals of
1–4 weeks, over the duration of 4 months. The group sessions
addressed self-empowerment with special emphasis on cultural
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and social barriers and negative perceptions of lifestyle change.
During the group sessions participants were encouraged to be
more physically active in their daily life and to develop goals to
overcome the barriers to performing routine PA. In addition, the
focus was to increase knowledge of Type 2 diabetes and
cardiovascular diseases and to educate participants regarding
the effect of healthy lifestyle habits on diabetes and cardiovascular disease risk. The group sessions' content as outlined in
Table 1 was based on the evidence-based guidelines for the
prevention of Type 2 diabetes [17], but further developed by
addressing culture and socioeconomic barriers as described
above. A professional Arabic translator was present on all
occasions. Prior to the intervention, a step-counter with written
advice on achieving 10,000 steps per day was sent out to the
participants in the intervention group along with the invitation.
However, the step-counters were not used as a measure of PA in
the study but only used as an indicator that the daily PA goal was
reached or not and thus as a motivator for PA.
The control group was provided with ‘treatment as usual’,
i.e. they were informed that increasing their PA levels
and adopting healthy eating habits by cutting down on intake
of sweets and fats will reduce their risk of diabetes and

cardiovascular diseases. The written advice was sent out
three times; at the start, mid and end of the study along with
the health examination results.
Follow-up: After the health investigations the participants
were informed of their health examination results. Participants
with abnormal values for blood pressure (SBP ≥140 mmHg and/or
DBP ≥90 mmHg) and/or two blood glucose values in the diabetic
range (FPG ≥7 mmol/l and/or 2-h glucose ≥11.1 mmol/l) were
referred to their PHC centre for follow-up.

2.6.

Definitions

Age was calculated as the difference between the date of first
examination and the birth date.
BMI was calculated as the ratio of body weight (kg) to
squared height (m2).
PA was self-reported by the participants using the ‘International Physical Activity short form Questionnaire’ (IPAQ)
[18]. The total PA was reported as ‘metabolic equivalent of
task’ (MET) hours/week where MET referred to the energy
expenditure of vigorous and moderate-intensity PA as well as
walking. MET-hours/week were calculated by multiplying the

Table 1 – Outline of the group sessions in the intervention group.
Sessions and
their Aim(s)

Sessions' description
(duration of each session: 1.5 h)

•
•
•
•
Session 2:
•
Motivation/Getting started •
•
Session 3:
•
•
Maintaining the
change/reduce
•
•
the risk of relapse
•
Session 1:
Awareness

Session 4:
Social support and
lifestyle change

Session 5:
Maintaining the change
Session 6:
Review and feedback
Cooking Class
Cultural Adaptations

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Healthy and unhealthy life style habits and diabetes and cardiovascular disease risk.
Dietary and physical activity guidelines.
Introduction to the keyhole products.
Introduction to the plate model by the Swedish National food agency.
Discussion of the participants' lifestyle habits.
Introduction to the action plan.
Goal setting using the action plan (SMART goals). How to incorporate SMART goals into daily life.
Discussion on the barriers to lifestyle change.
How to handle negative thoughts.
Discussion on common cooking methods for Iraqi food and how to make them less fatty.
Cultural barriers to the physical activity in women.
Information on locally available physical activity facilities such as women only swimming halls
and gyms as well as facilities for the men.
Discussion on social support.
Review the progress of lifestyle change.
How to overcome the barriers to physical activity.
Healthy eating at social events.
Drinks and their sugar content.
Sugar content in common snacks such as French fries and crisps.
How to maintain behavioral change.
Discussion on time management to incorporate physical activity in daily life.
Eating in the month of Ramadan with discussion on nutritional content of dates and honey.
The importance of maintaining lifestyle change.
Revision of the earlier sessions.
Feedback from the participants.
Participants brought their favorite recipes and a chef with experience in preparing a diabetes
friendly diet cooked Iraqi foods in a healthier way along with the participants.
Separate sessions for men and women.
Groups led by a health coach and nurse with experience of Middle Eastern culture and lifestyle.
Discussion of cultural barriers to physical activity in the women e.g. Hesitancy to share physical
activity facilities with men and fear of exclusion from the neighborhood if they perform outdoor
physical activity.
Addressing the knowledge gaps and barriers e.g. Does being overweight increase my risk of
diabetes? Fear of “heart beating fast” during physical activity.
Economic support to get admittance to physical activity centers and buy clothes and shoes for
physical activity.
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time spent in performing the activities during the week
with MET values of the activities i.e. vigorous-PA (8.0 METs),
moderate-PA (4.0 METs) and walking (3.3 METs) [19].
Family history of diabetes was self-reported by the participants as presence of diabetes in biological parents, siblings
and/or children.
Education was categorized as less than high school (<12 years),
or high school and above.
ISI and DI were calculated from the OGTT results using the
following formulas [20].
ISI ¼ 10; 000=√½ðFPG ðmmol=lÞ  fasting insulin ðmIE=lÞ Þ
ðmean OGTT glucose conc ðmmol=lÞ
mean OGTT insulin conc ðmIE=lÞÞ
Corrected Insulin response (CIR) was calculated using the
formula mentioned below with the pre-requisite that glucose
levels at 30 min should be more than 4.44 mmol/l and higher
than the fasting glucose level.


mIE
mmol
ÞÞ=ðglucose at 30 min
CIR ¼ ð100  insulin at 30 minð
l

l
mmol
ðglucose at 30 min
−3:89ÞÞ:
l
DI which refers to an estimation of insulin secretion adjusted
for insulin resistance was calculated as a product of CIR and ISI.

2.7.

Statistical Analysis

Statistical analyses were performed using IBM SPSS version
21.0 and SAS version 9.3 (SAS Institute Inc., NC, USA). Firstly,
differences at baseline between the two groups were compared
using an independent sample t-test for normally distributed or
Mann–Whitney U test for non-normally distributed continuous
variables, and chi-square test or Fisher's-exact test for categorical
variables (Table 2). Secondly, descriptive changes over time in the
outcomes were reported (Table 3).
Thirdly, the effect of the intervention was studied using
linear mixed-effects model analysis [21] (Table 4, Crude model).
Only individuals with data available for at least two time points
(i.e. health examinations) were included in the analysis. The
outcome variables were natural log-transformed (loge), since
some variables showed skewed distribution. In the crude
model, “group-status”, “time since baseline visit in months”
and the interaction term “group-status” × “time since baseline
visit” were included. The interaction term indicated if there was
a difference in the trajectory of change over time between two
groups i.e. estimates from the model (β-coefficients) indicated
percentage change in outcome variables for a unit increase
in time, when all other variables were kept constant. The
percentage change was calculated using the formula 100*(expβ -1).
Finally, the model was extended and adjusted for the covariates
age, sex, BMI, family history of diabetes, PA and education. Levels
of SBP and DBP were adjusted for anti-hypertensive drug use. No
individuals included in the analysis were using lipid-lowering
drugs (Table 4, Extended model).
Crude and extended models (Table 4) allowing for randomeffects were fitted for the outcomes with enough variation in
the data. Linear fixed-effects models were fitted to all
phenotypes and a simple compound symmetry covariance
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structure was used which assumes a constant correlation
between observations of the same participant. Since the
results from the models with random-effects and fixedeffects were essentially the same, the results from the models
with fixed-effects only, are presented. The significance level
was set at p ≤ 0.05 and no adjustment for the multiple testing
was done.
Because of the low participation rate, drop-out and
missing data, in this study we used the linear mixed-model
approach, thus the initial power calculation presented in the
study protocol [10] that was based on a previous study in
Middle Eastern immigrants [9] was no longer relevant.
Although the sample size may be underpowered, post-hoc
power calculations are not informative with regard to the
conclusions of the present study [22].

2.8.

Ethics

All participants gave written informed consent before participation
in the study. The Ethical Review Board of Lund University, Sweden
approved the study (approval no. 2011/88).

3.

Results

Out of the initial 104 participants, 8 (7.7%) were diagnosed
with diabetes on the first visit and were excluded from the
study. The remaining 96 participants were randomized to the
intervention (N = 50) or to the control group (N = 46). The two
groups were similar in terms of age and sex distribution. At
baseline, the intervention group appeared to have slightly
higher body weight, BMI and waist circumference as well as
lower ISI compared to the control group; however these
differences were not statistically significant (Table 2). Except
for a significantly higher educational level, lower triglyceride
levels, and a lower proportion of moderately active individuals (accumulating 10 MET-hours/week) in the intervention
group, no statistically significant differences were observed
between the two groups (Table 2). The mean follow-up time
was 3.9 and 3.5 months in the intervention and control
groups respectively.
The descriptive changes over time in cardio-metabolic outcomes in the two groups are presented in Table 3. In the
intervention group, the mean body weight decreased from
85.5 kg at baseline to 83.0 kg at the last visit and BMI decreased
from 31.0 kg/m2 to 30.4 kg/m2. Similarly, the mean LDL-cholesterol
levels decreased from 3.4 mmol/l to 3.1 mmol/l and the median ISI
increased from a baseline value of 62.4 (mmol/L mIE/L)−1 to
90.3 (mmol/L mIE/L)−1 by the end of the intervention.
The predicted values of outcomes (based on estimates
from the analysis) for individuals were plotted against the
corresponding time passed since the baseline visit, with the
last individual observed at 4.9 and 4.4 months for the control
and the intervention groups, respectively. Fig. 2 represents
predicted lines for changes in body weight in the intervention
and the control groups over time. Fig. 3 shows the increase
over time in predicted values for log-transformed ISI in the
intervention group whereas a decrease over time is seen for
the control group. The change over time in predicted values
for log-transformed LDL-cholesterol levels in the two groups
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Table 2 – Baseline characteristics of the participants in the intervention and the control groups.
Variables

Intervention n = 50

Control n = 46

p-value

Age (years)
Male sex, n (%)
Family history of diabetes in first degree relatives, n (%)
Education <HS +, n (%)
Unemployment, n (%)
Smoking, n (%)
Physical activity(MET ++-hours/week), median(IQR +++)
Moderately active ⁎⁎, n (%)
Mean caloric intake (kcal)
Body weight (kg)
Body mass index (kg/m2)
Waist circumference men (cm)
Waist circumference women (cm)
Abdominal height (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mm Hg)
Anti-hypertensives, n (%)
Fasting glucose (mmol/L)
2-h glucose (mmol/L)
HbA1C (mmol/mol)
HbA1C in %
0-h insulin (mIE/L)
2-h insulin (mIE/L)
Insulin sensitivity index▪ (mmol/L mIE/L)−1, median (IQR)

47.9 (10.4)
23 (46)
34 (68)
7 (14)
26 (52)
8 (16)
8.5 (0–47.6)
18 (36)
1886.3 (619)
85.5 (15.2)
31.0 (4.4)
108.2 (9.6)
100.7 (8.1)
22.7 (3)
121.6 (13.3)
77.6 (8.4)
8 (16)
5.6 (0.5)
6.6 (1.8)
34 (4.7)
5.3% (0.4)
11.6 (6.4)
77.6 (54.8)
62.4
(44.1–102.3)
11,128.0
(6248.3–19,080.9)
1.3 (0.5)
1 (2)
3.4 (0.7)
1.3 (0.3)
3.9 (0.3)

48.9 (9.05)
22 (47.8)
24 (52.2)
16 (34.8)
24 (52.2)
8 (17.4)
12.4 (0–66.3)
26 (56.5)
2052.3 (616)
80.0 (13.1)
29.6 (3.6)
106.1 (8.9)
97.2 (8.1)
22.5 (2.3)
126.9 (16.1)
79.7 (11.2)
6 (13)
5.4 (0.7)
6.5 (1.8)
35(4.4)
5.4% (0.4)
9.9 (5.7)
70.7 (52.1)
73.3
(55.8–121.5)
11,113.0
(7000.0–19,263.5)
1.7 (0.8)
0 (0)
3.3 (0.9)
1.3 (0.4)
3.5 (0.4)

0.63
1.00
0.14
0.03
1.00
0.86
0.32 ⁎
0.05
0.21
0.06
0.09
0.45
0.13
0.75
0.08
0.30
0.68
0.25
0.87
0.33

Disposition index
(mmol/L mmol/L mmol/L), median (IQR)
Triglycerides (mmol/L)
Lipid-lowering drugs, n (%)
LDL-cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
Follow-up time (months) ⁎⁎⁎

0.20
0.55
0.13 ⁎
0.90 ⁎
0.01
1.00 ∞
0.51
0.97
<0.001

Data presented as mean (standard deviation), numbers (percentages) or median (interquartile range). Differences between groups were
compared using independent sample t-test for continuous variables and chi-square test for categorical variables.
+
High school.
++
Metabolic Equivalent of Task.
+++
Interquartile range.
⁎ Mann–Whitney U-test.
∞
Fisher's exact test.
⁎⁎ Individuals accumulating 10 MET-hours/week.
⁎⁎⁎ n = 32 for control, n = 35 for intervention.

is presented in Fig. 4. Fig. 5 represents the increase over time
in predicted values for log-transformed PA in the two groups.
Statistical changes over time are presented in Table 4. A modest
but statistically significant decrease of 0.4% per month in body
weight (kg) as well as for BMI (kg/m2) (β −0.004, 95% CI: −0.007
to −0.001) were recorded for the intervention group compared
to the control group after adjustment for the covariates presented
in Table 4. Five participants in the intervention group (14.3%) but
none in the control group lost 5% or more of their body weight by
the end of the intervention (p = 0.054).
Change over time in ISI was significantly higher in the
intervention compared to the control group (Table 4, Crude
model) and remained significantly higher even after adjusting
for the confounding effect of other variables (Table 4,
Extended Model) revealing a 10.9% increase in the mean ISI
per month in the intervention group compared to the control
group. In addition, BMI (β − 0.032, 95% CI: − 0.061 to − 0.005),
waist circumference (β − 0.012, 95% CI: − 0.023 to − 0.0004), and
PA (β 0.002, 95% CI: 0.001–0.002) were also significantly

associated with the mean ISI. A slight decrease in ISI over time was
observed in the control group, however the change was statistically
non-significant. Among participants who lost 0.5 kg (representing
50th percentile for body weight changes) or more during the
intervention, 44% exhibited no improvement in insulin sensitivity.
LDL-cholesterol decreased by 2.1% per month in the intervention compared to the control group. However, no difference in change
over time in HDL-cholesterol and triglycerides were observed between
two groups.
The proportion of individuals accumulating 10 MET-hours/
week (equivalent to achieving 30 min of moderate-intensity PA on
at least 5 days of the week) on the last visit was higher in the
intervention group compared to the control group (85.7% vs 64.5%,
p = 0.045). However, when change over time in PA (MET-hours/
week) was analyzed, no statistically significant difference was seen
between the intervention and the control groups (Table 4).
In terms of dietary changes, no significant change over
time in mean caloric intake was observed in the intervention
group compared to the control group.

Table 3 – Descriptive changes over time in outcomes in the intervention and the control groups.
Variables

Diastolic blood pressure (mm Hg)
Fasting glucose (mmol/L)
2-h glucose (mmol/L)
HbA1C (mmol/mol)
HbA1C in %
0-h insulin (mIE/L)
2-h insulin (mIE/L)
Insulin sensitivity index▪
(mmol/L mIE/L)−1,
median (IQR ++)
Disposition index
(mmol/L mmol/L mmol/L),
median (IQR ++)
Triglycerides (mmol/L)
LDL-cholesterol (mmol/L)
HDL-cholesterol (mmol/L)

Control

Visit 1 (n = 50)

Visit 2 (n = 37)

Visit 3 (n = 35)

Visit 1 (n = 46)

Visit 2 (n = 41)

Visit 3 (n = 32)

8.5
(0–47.6)
1886.3 (619)
85.5 (15.2)
31.0 (4.4)
108.2 (9.6)
100.7 (8.1)
22.7 (3.0)
121.6
(13.3)
77.6 (8.4)
5.6 (0.5)
6.6 (1.8)
34.3(4.7)
5.3%
11.6 (6.4)
77.6 (54.8)
62.4
(44.1–102.3)

65.8
(20.6–101.2)
1740.4 (557.6)
85.2 (15.6)
30.8 (4.5)
107.3 (10.0)
103.0 (10.6)
23 (3.0)
118.8
(16.1)
76.3 (10.5)
5.7 (0.5)
6.3 (1.5)
34.1(4.7)
5.3%
11 (6.2)
65.9 (55.1)
76.1
(49.6–116.4)

62.6
(23.1–151.1)
1692.6 (553.8)
83.0 (15.0)
30.4 (4.3)
107.8 (7.6)
100.4 (10.3)
22.3 (3.0)
117.3
(14.1)
75.8 (9.1)
5.7 (0.4)
6.1 (1.7)
34.2 (4.3)
5.3%
11.8 (6.0)
56.6 (67.2)
90.3
(60.4–126.6)

12.4
(0–66.3)
2052.3 (616)
80.0 (13.1)
29.6 (3.6)
106.1 (8.8)
97.2 (8.1)
22.5 (2.3)
126.9 (16.1)

27.1
(1.9–126)
2055.9 (568)
80.8 (12.8)
29.6 (3.6)
105.6 (8.3)
98.4 (9.3)
22.5 (2.7)
120.1 (14.0)

24.0
(6.3–129)
1941.3 (511.4)
80.8 (13.8)
29.6 (3.7)
106.4 (9.9)
95.2 (7.3)
22.2 (2.9)
119.6 (12.9)

79.7 (11.2)
5.4 (0.7)
6.5 (1.8)
35.2 (4.4)
5.4%
9.9 (5.7)
70.7 (52.0)
73.3
(55.8–121.5)

77.2 (12.0)
5.5 (0.6)
6.5 (2.3)
35.4 (4.9)
5.4%
12.1 (7.2)
86.1 (66.5)
75.8
(42.9–121.1)

76.5 (10.7)
5.6 (0.6)
6.3 (1.8)
34.7 (5.1)
5.3%
12.3 (5.6)
70.8 (53.0)
62.1
(43.4–116.8)

11,128.0
(6248.3–19,080.9)

12,310.6
(6237.9–19,623.5)

12,882.7
(7639.0–15,797.5)

11,113.0
(7000.0–19,263.5)

11,732.4
(5148.5–18,523.8)

10,275.5
(6294.6–13,900.1)

1.3 (0.5)
3.4 (0.7)
1.3 (0.3)

1.2 (0.5)
3.3 (0.7)
1.3 (0.3)

1.1 (0.6)
3.1 (0.7)
1.3 (0.3)

1.7 (0.8)
3.3 (0.9)
1.3 (0.4)

1.5 (0.7)
3.4 (0.8)
1.2 (0.3)

1.5 (0.6)
3.4 (0.8)
1.3 (0.4)
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Physical activity
(MET +-hours/week), median (IQR ++)
Mean caloric intake (kcal)
Body weight (kg)
Body mass index (kg/m2)
Waist circumference men (cm)
Waist circumference women (cm)
Abdominal height (cm)
Systolic blood pressure (mmHg)

Intervention

Data presented as mean (standard deviation).
+
Metabolic Equivalent of Task.
++
Interquartile range.
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Table 4 – Change over time in outcome variables (loge-transformed) in the intervention group compared to the control
group. The β is a parameter estimate for the interaction term “group-status” × “time since baseline visit (months)”. The
analysis included all individuals with data available for at least two time points.
Outcomes

β
Weight (kg)
nc ⁎ = 42, ni ⁎ = 40
Body mass index (kg/m2)
nc ⁎ = 42, ni ⁎ = 40
Abdominal height (cm)
nc ⁎ = 42, ni ⁎ = 40
Waist circumference (cm)
nc ⁎ = 42, ni ⁎ = 40
Fasting glucose (mmol/L)
nc ⁎ = 42, ni ⁎ = 40
2-h glucose (mmol/L)
nc ⁎ = 36, ni ⁎ = 36
HbA1C (mmol/mol)
nc ⁎ = 40, ni ⁎ = 37
Insulin sensitivity index (mmol/L mIE/L)−1
nc ⁎ = 42, ni ⁎ = 40
Disposition index(mmol/L mmol/L mmol/L)
nc ⁎ = 36, ni ⁎ = 36
Systolic blood pressure (mm of Hg)
nc ⁎ = 42, ni ⁎ = 40
Diastolic blood pressure(mm of Hg)
nc ⁎ = 42, ni ⁎ = 40
Triglycerides (mmol/L)
nc ⁎ = 41, ni ⁎ = 40
LDL cholesterol (mmol/L)
nc ⁎ = 41, ni ⁎ = 40
HDL cholesterol (mmol/L)
nc ⁎ = 41, ni ⁎ = 40
Physical activity (MET ⁎⁎⁎hours/week)
nc ⁎ = 40, ni ⁎ = 39
Caloric Intake (kcal)
nc ⁎ = 34, ni ⁎ = 37

Extended Model +

Crude Model
p-value

Confidence interval

β

p-value

Confidence interval

++

−0.007 to−0.001

−0.004

0.006

−0.007 to −0.001

−0.004

0.004

−0.004

0.006

−0.007 to−0.001

−0.004

0.004 ++

−0.007 to−0.001

−0.004

0.68

−0.021 to 0.014

0.002

0.87

−0.017 to 0.020

0.001

0.77

−0.004 to 0.006

0.003

0.19

−0.002 to 0.008

−0.008

0.22

−0.021 to 0.005

−0.006

0.37

−0.020 to 0.008

−0.017

0.41

−0.057 to 0.023

−0.023

0.27

−0.063 to 0.018

−0.001

0.70

−0.008 to 0.006

−0.001

0.83

−0.008 to 0.006

0.025 to 0.167

0.104

0.005

0.096

0.008

0.032 to 0.175

0.030

0.56

−0.072 to 0.133

0.025

0.64

−0.080 to 0.129

0.005

0.44

−0.007 to 0.017

0.006

0.37 +++

−0.007 to 0.018

0.004

0.54

−0.009 to 0.017

0.007

0.33 +++

−0.007 to 0.020

−0.039

0.06

−0.082 to 0.002

−0.038

0.10 ⁎⁎

−0.083 to 0.008

−0.023

0.020

−0.025 to − 0.005

−0.021

0.036 ⁎⁎

−0.042 to − 0.001

0.004

0.63

−0.011 to 0.019

0.002

0.82 ⁎⁎

−0.014 to 0.018

0.163

0.23

−0.107 to 0.432

0.092

0.50

−0.178 to 0.362

−0.024

0.24

−0.065 to 0.016

−0.033

0.12

−0.076 to 0.009

The β-coefficient indicates percentage change (calculated as 100*(expβ −1) in the outcomes per month in the intervention group compared to
the control group.
+
Adjusted for age, sex, body mass index, family history of diabetes, physical activity and education.
++
Adjusted for waist circumference instead of body mass index in addition to the variables described in (+).
+++
Adjusted for antihypertensive medication in addition to the variables described in (+).
⁎ nc = n for control group, ni = n for intervention group, n for extended models can vary slightly because of missing values.
⁎⁎ No individuals were using lipid-lowering medication.
⁎⁎⁎ Metabolic Equivalent of Task.

3.1.

Drop-Outs

A total of 29 participants in the intervention and control groups
dropped out from the study on the last visit. The drop-out rate
from baseline to the last visit was 30.0% in the intervention group
and 30.4% in the control group respectively. In our study, we
recruited a total of 16 couples out of which six couples (both
spouses) and two individual dropped-out leading to a higher dropout rate of 43.7% among couples than the overall drop-out rate.

3.2.

Representativeness of the Study Population

Participants were older than non-participants (49 vs. 46.6 years,
p = 0.02), they had slightly lower BMI (30.3 vs. 31.3, p = 0.04) and
a smaller proportion (52.0 vs 76.0%, p < 0.001) were physically
inactive (achieving less than 150 min/week of PA) as compared

to non-participants. There were no significant differences in
sex distribution, education level or employment level between
participants and non- participants (data not shown).

4.

Discussion

4.1.

Key Findings

The key finding of this unique culturally adapted, randomized
lifestyle intervention programme is that it is efficient
in reducing cardio-metabolic risk by improving insulin
sensitivity, reducing body weight as well as LDL-cholesterol
in the fastest growing sub-population in Europe – immigrants
from the Middle-East– who are a high-risk population for
Type 2 diabetes.
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Fig. 2 – Predicted lines from the simple linear model for changes in body weight (loge-transformed) over time in the individuals
in the control and the intervention groups. The lines are based on predicted values for individuals and do not represent the
mean follow-up time for the groups.

Fig. 3 – Predicted lines from the simple linear model for changes in the insulin sensitivity index (loge-transformed) over time in
the individuals in the control and the intervention groups. The lines are based on predicted values for individuals and do not
represent the mean follow-up time for the groups.
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Fig. 4 – Predicted lines from the simple linear model for changes in the LDL-cholesterol levels (loge-transformed) over time in
the individuals in the control and the intervention groups. The lines are based on predicted values for individuals and do not
represent the mean follow-up time for the groups.

Fig. 5 – Predicted lines from the simple linear model for changes in the physical activity levels (loge-transformed) over time in
the individuals in the control and the intervention groups. The lines are based on predicted values for individuals and do not
represent the mean follow-up time for the groups.
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4.2.

Comparison with Other Studies

To the best of our knowledge this study is the first
randomized controlled intervention study on Middle-Eastern
immigrants conducted in Europe addressing the impaired
insulin sensitivity that is a major risk factor for Type 2
diabetes in this population [23]. Insulin sensitivity has been
evaluated as an outcome in only a few culturally adapted
lifestyle interventions, mainly in South-Asian [7,24,25], but
not in Middle-Eastern immigrants. Only one previous intervention study, however non-randomized and not including a
control group, has addressed Middle-Eastern immigrants [9].
That study, conducted in the US, reported beneficial changes in
anthropometric measurements, PA and dietary habits [9].
Compared to that study the reduction in body weight (2.5 kg vs.
5.2 kg in the US study) and the proportion of individuals
achieving ≥5% weight loss in the intervention group (14.3% vs.
59% in the US study), was modest in our study. However, the US
study had a longer follow up (24-weeks) and participants higher
BMI at baseline which may contribute to the more prominent
body weight changes as participants in intervention studies
generally exhibit greatest weight loss at six months [26].
However, the study design makes it difficult to draw conclusions
and attribute changes fully to the US lifestyle intervention.
Culturally-tailored lifestyle interventions of 1–3 years duration in pre-diabetic non-Western immigrants, have also shown
modest but significant changes in body weight in the intervention groups [27,28]. One non-randomized intervention study with
a follow-up of 3.6 years conducted in a Middle-Eastern community addressing the general population irrespective of risk-profile,
reported weight gain in both intervention and control groups [29].

4.3.

Interpretation and Implications of Findings

Impaired insulin sensitivity leads to hyperglycaemia, compensatory hyperinsulinemia and dyslipidaemia which are
important pathogenic factors underlying the development of
Type 2 diabetes and metabolic syndrome [30] [31]. Both Type 2
diabetes and the metabolic syndrome are associated with
increased risk of cardiovascular disease [30], especially in
Iraqi immigrants [32]- as this group not only exhibits
profound insulin resistance [23] but also a stronger association between Type 2 diabetes and cardiovascular disease
compared to the native Swedes [32]. In addition, high LDLcholesterol levels increase the risk of cardiovascular disease
through vascular inflammation and atherosclerosis [33].
Even modest reduction in body weight is associated with
improvement in insulin sensitivity [34] through mechanisms
connected to reduced fatty acid mobilization, suppression of
pro-inflammatory pathways [35] and increase in enzymatic
activity of insulin receptors in skeletal muscles [36]. Improvement in insulin sensitivity as observed in our study together
with the reduction in body weight and LDL- cholesterol
represents an improved metabolic profile which will potentially
reduce the risk of progression to diabetes and lower the risk of
cardiovascular disease [30,37] in this high risk population.
Our findings also confirm beneficial effects of weight loss,
reduction in waist circumference and increased PA on insulin
sensitivity which is consistent with previous findings [39,40].
The strongest association was seen with BMI as estimates
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from the model indicated 3.2% improvement in ISI for oneunit decrease in BMI. However, in spite of body weight loss
44% of participants had no improvement at all in insulin
sensitivity potentially representing non-responders. This
could be because of certain phenotypic characteristics of
these individuals [41] but was not investigated further since
such an analysis would be beyond the scope of this paper.
In our preliminary analysis no significant change in mean
caloric intake, was noticed in the intervention group compared
to the control group; thus we could not show that the dietary
intake effected the outcomes.

4.4.

Changes in Secondary Outcomes

This study could not show improvement in FPG, 2-h glucose,
HbA1C level, DI, HDL cholesterol or triglyceride levels. This
could be due to the short duration of our study since
glycaemic changes are usually reported by lifestyle interventions of up to twelve months duration [42,43]. Also the mean
FPG and 2-h glucose levels at baseline were within normal
ranges, thus with a lower potential for improvement. There
was no significant change in DI, calculated as a product of
insulin secretion and insulin sensitivity. This may be an
indication of reciprocal changes in insulin secretion in
response to improved insulin sensitivity as reported previously
by others [44].

4.5.

Strengths and Limitations of the Study

Strengths are the thorough health investigations, including
fasting samples, repeated OGTT's at baseline and follow-up
visits enabling the assessment of ISI in the Middle-Eastern
population. The study design, recruitment and randomisation
process reduced selection bias. Other strengths were the
adaptation of a culturally adapted group-based approach
including gender specific groups, cooking class and economic
support for admittance to PA centers. Further the resources
applied in this study were designed to fit into resources
available in the PHC of today including access to nutritionists,
diabetes nurses, physiotherapists and health coaches; components that make this intervention feasible in PHC settings.
A limitation was the drop-out rate that in our study was
twice as high as the drop-out rate of 14% seen in a previous
intervention study on Middle-Eastern immigrants in the US
[9] but on the contrary lower than the drop-out rate of 42%
seen in an intervention study in an Iranian community [29].
The study in US had a greater focus on family involvement
and support which might have contributed to a lower dropout rate [9]. Our finding of a higher drop-out rate in couples
indicates that couples tend to drop-out together. Therefore, a
focus on couple retention can improve overall retention rates.
Also the concordance of changes in ISI in five out of the eight
couples who remained in the study indicates that couples
tend to have similar outcomes owing probably to the adoption
of similar lifestyle choices.
Another limitation was the relatively short time frame.
The study was designed to finish before the start of the month
of Ramadan since it affects dietary and PA habits. Therefore,
the long-term effects of the intervention on the outcomes
could not be evaluated. Feedback from the participants after
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the study was conducted indicated that retention rates could have
been better if the duration was longer and health examinations
and group sessions were more spaced out in time.
The low participation rate and the fact that participants
had lower BMI and higher PA levels than non-participants
could indicate difficulties in motivating high-risk individuals
from the Middle East for lifestyle change. Non-participants
also reported difficulties in taking time off from work, or
childcare, as prominent causes of non-participation. There is
scarcity of published literature addressing recruitment of
ethnic populations into controlled trials in Europe [45]. Better
participation rates might be achievable by increasing motivation
for lifestyle change by addressing knowledge barriers prior to the
intervention through an educational intervention as used in
the US study [9]. In addition, incentives such as compensation
for time off work and possibility of childcare can increase
participation rates, however such strategies are often restricted
by limited resources.
Another potential short-coming of the study was the use
of the IPAQ instrument to measure PA level. Although the
IPAQ is a valid and reliable measure of PA [18], this could have
resulted in information bias due to over-reporting of PA by the
intervention group [46].

4.6.

Conclusions

To the best of our knowledge, this study is the first RCT of a
culturally adapted lifestyle intervention among individuals of
Middle-Eastern ancestry representing the largest immigrant
group in Sweden today. The study provides insight into
the effects and the challenges of implementing a lifestyle
intervention for diabetes prevention in this immigrant group
at high risk for Type 2 diabetes, We conclude that adopting a
similar culturally-sensitive approach in PHC settings may
improve the metabolic profile and reduce future cardiometabolic risk in this diabetes-prone target group.
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