
RESEARCH ARTICLE

Journal of Diabetes & Metabolic Disorders (2023) 22:1159–1165
https://doi.org/10.1007/s40200-023-01226-0

Introduction

Immigration to Sweden from non-European countries has 
increased in recent decades [1]. Many immigrants to Swe-
den come from Asia, East Africa, and the Middle East. The 
long, dark winters of Sweden may cause or exacerbate vita-
min D deficiency. A 2016 cross-sectional study of Middle 
Eastern and African immigrants in Umeå, Sweden (latitude 
63.8 degrees north) found that 73% of study participants had 
vitamin D deficiency [2]. Furthermore, people from Asia 
and the Middle East appear to require more sun exposure 
than people of northern European descent to produce suffi-
cient vitamin D [2, 3]. This has been cited as one reason that 
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Abstract
Purpose To determine fasting plasma glucose and serum 25-hydroxyvitamin D (s-25(OH)D) levels and associations 
between abnormal fasting plasma glucose levels and inadequate s-25(OH)D levels in individuals of Middle Eastern and 
Swedish descent.
Methods Observational study with individuals without a diabetes diagnosis, 54.5% of Swedish descent and 45.5% of Mid-
dle Eastern descent. In total, 830 participants from two primary healthcare centres in Flemingsberg and Jakobsberg, which 
are southern and northern suburbs, respectively, of Stockholm, Sweden were included in the study.
Results Prevalence of inadequate s-25(OH)D levels (at or below 50 nmol/L) was 67.2% among those of Middle Eastern 
descent and 20.5% among those of Swedish descent (P < 0.001). S-25(OH)D levels correlated weakly positively with fasting 
plasma glucose levels (ρ = 0.20, P = 0.002) in individuals of Middle Eastern descent. Being of Middle Eastern descent (OR 
6.7, 95% CI 4.3–10.4) and having abnormal fasting plasma glucose (OR 1.8, 95% CI 1.2–2.9) were independent predictors 
of having inadequate s-25(OH)D levels.
Conclusions Healthcare in Sweden should consider testing fasting plasma glucose and s-25(OH)D levels, particularly in 
individuals of Middle Eastern descent. The unclear relationship between vitamin D and glucose levels warrants investigation.

Key points
 ● In two primary healthcare centres in low socioeconomic status areas of Sweden, 38.4% of individuals had abnormal fast-

ing plasma glucose levels and 41.8% had inadequate serum 25-hydroxy vitamin D levels.
 ● Those of Middle Eastern descent in Sweden had a much higher prevalence (67.2% vs. 20.5%) and odds (Adjusted odds 

ratio = 6.7) of having inadequate serum 25-hydroxy vitamin D levels than those of Swedish descent.
 ● No correlation existed between fasting plasma glucose and serum 25-hydroxy vitamin D levels in those of Swedish 

descent, and only a weakly positive correlation existed between the levels in those of Middle Eastern descent.
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South Asians in the United Kingdom have lower vitamin D 
levels than the white population [4]. In Sweden, vitamin D 
deficiency in immigrants from non-European countries has 
recently become an important public health concern [3, 5].

Known health effects of vitamin D deficiency include 
fatigue [6], osteoporosis [7], and an increased risk for viral 
disorders (e.g., COVID-19) because of a reduced immune 
response [8, 9]. Several studies suggest that vitamin D defi-
ciency may also be a risk factor for type 2 diabetes [10–
14]. Low vitamin D levels are more prevalent in groups of 
patients with type 2 diabetes than in healthy populations 
[15]. In contrast, a systematic review concluded that rec-
reational sun exposure, known to enhance vitamin D pro-
duction, reduced the odds of being diagnosed with type 2 
diabetes [16]. Moreover, there is evidence that vitamin D 
may play a role in insulin resistance and B-cell dysfunc-
tion, both considered important pathophysiological defects 
in people with type 2 diabetes [12]. Various immunological 
pathways might also play a role in the relationship between 
vitamin D deficiency and type 2 diabetes [13]. Finally, para-
thyroid hormone, fibroblast growth factor-23, and osteo-
calcin have each been reported to influence how vitamin D 
deficiency affects glucose homeostasis [14]. Despite all of 
these findings, the degree to which and the exact mecha-
nisms by which vitamin D affects glucose homeostasis are 
still unknown.

In 2015, about 450,000 people in Sweden carried a diag-
nosis of type 2 diabetes; however, many more people in the 
country may have had undiagnosed diabetes [17]. This may 
have been particularly true of immigrants, as type 2 diabetes 
is more prevalent in non-European immigrants who live in 
Sweden or other Nordic countries than in people of Swed-
ish or other Nordic descent [18]. Indeed, some immigrant 
populations are reported to have a 10 times higher risk of 
diabetes than indigenous Nordic populations. This is partic-
ularly relevant because immigrants also tend to have poorer 
glycaemic control after receiving glucose-lowering therapy 
than do ethnic Swedes [19].

Thus, a plausible link exists between vitamin D defi-
ciency and type 2 diabetes, and in Sweden the descent of 
a patient may also play an important role in the prevalence 
of both disorders. If these links could be better defined, the 
information could potentially be used by primary health-
care providers and their collaborating providers to better 
guide their diagnostic evaluations [20]. To our knowledge 
no previous study has actually investigated the relationship 
between these two disorders in Middle Easterners living in 
Nordic countries.

To study the possible link between and the potential role 
of descent in the two disorders, we were interested in look-
ing at a population of patients in Sweden that included both 
native Swedes and immigrants, involved only those without 

a previous diagnosis of type 2 diabetes, and received health-
care in low-socioeconomic areas where a higher prevalence 
of undiagnosed type 2 diabetes may exist [21].

This study aimed to investigate the prevalence of abnor-
mal fasting plasma glucose and s-25(OH)D levels and the 
association between abnormal fasting plasma glucose levels 
and inadequate s-25(OH)D levels.

Patients and methods

Study design

In this observational, cross-sectional study, we analysed 
data that was collected from March 2014 through March 
2016 during the Programme 4D (Four Diagnoses) Type 2 
Diabetes Project, a joint undertaking between the Karolin-
ska Institutet and the Stockholm County Council. The Pro-
gramme 4D Project involved patients at primary healthcare 
centres in Flemingsberg and Jakobsberg, which are southern 
and northern suburbs, respectively, of Stockholm, Sweden, 
and it focused on four prevalent diseases, including type 2 
diabetes.

Study participants

The healthcare centres at Flemingsberg and Jakobsberg 
were chosen for the Programme 4D study because both had 
large proportions of patients who were of foreign origin. Of 
all individuals visiting the 2 healthcare centres during the 
period of the study, those 18 years through 74 years of age, 
and those born either in Turkey, Iran, or Iraq (including the 
region of Kurdistan) (all hereinafter referred to as of Middle 
Eastern descent or Middle Eastern individuals), or in Swe-
den to parents born in Sweden (hereinafter referred to as 
of Swedish descent or Swedish individuals), were offered 
inclusion in the study. Patients with a previous diagnosis of 
diabetes or a mental health disorder were excluded.

Individuals were recruited consecutively in the waiting 
rooms at the centres, which were open five days a week 
(closed weekends). Recruitment was performed eight hours 
a day by assistant nurses (supervised by a physician), who 
provided a verbal description of the study and an invitation 
to join the study to individuals who fulfilled the inclusion 
criteria. Also, written information about the study was avail-
able to individuals in the Arabic, Turkish, Kurdish, Persian, 
English, and Swedish languages. Those individuals opting 
to participate provided written informed consent for their 
involvement in the 4D Diabetes study. The Regional Ethi-
cal Review Board in Stockholm approved the study (review 
number 2013/2303-31/3).
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Primary healthcare centres

Both primary healthcare centres serve large populations of 
individuals born outside of Sweden, particularly patients 
originating from Middle Eastern countries, who comprise 
one of the largest immigrant groups in Sweden. At the time 
of the study, the centre in Flemingsberg was responsible for 
11,145 patients, and the centre in Jakobsberg was respon-
sible for 18,055 patients.

Both centres are located in low-socioeconomic status 
suburbs of Stockholm, based on the Care Need Index. The 
Care Need Index in Flemingsberg is 1.97, while that in 
Jakobsberg is 1.42. The index ranges from below 1 (more 
affluent) to above 1 (more deprived) [22]. It was originally 
developed to measure the potential workload of Swedish 
primary healthcare providers and to estimate the risk of 
patients developing ill health based on socio-economic fac-
tors within households in an area, including elderly persons 
living alone, children under age five, unemployed people, 
people with low educational status, single parents, high 
mobility, and foreign-born people. Individuals seeking care 
at these facilities in low-socioeconomic areas were deemed 
to be more at risk for pre-diabetes or type 2 diabetes than the 
general population [21].

Laboratory sampling

Study participants were asked to fast for 12 h prior to their 
visit for the study. After being interviewed and examined, 
they provided blood samples to Biobank Stockholm. Sam-
ples were transported to the Karolinska Hospital Labora-
tory within two hours of being provided. Their s-25(OH)
D levels were measured using the Electrochemilumines-
cence immunoassay (ECLIA) method on Roche Cobas® 
6000 and Cobas® 8000 modular analysers (Roche Diagnos-
tics GmbH, Mannheim, Germany). This was the standard 
method used in the laboratory, with a coefficient of variation 
of 5% and analytic sensitivity of 9 nmol/L. Fasting plasma 
glucose levels were also measured at the Karolinska Uni-
versity Hospital Laboratory.

Measures

For the purposes of this study, participants divided into two 
groups by their descent, either Middle Eastern or Swedish, 
as defined above. Age was treated as a continuous variable. 
Sex was either male or female. Body Mass Index (BMI) was 
calculated in kg/m2 and treated as a continuous variable. 
Waist circumference was measured in cm, treated as contin-
uous variable, and analysed separately by sex. Patients were 
considered to be either smokers or non-smokers (including 
former smokers).

We considered s-25(OH)D levels to be either sufficient 
(greater than 50 nmol/L) or inadequate (at or below 50 
nmol/L), in accordance with the recommendations of the 
clinical expert group of the Swedish Society of Osteoporosis 
(Svenska Osteoporossällskapet) [23]. We considered fasting 
plasma glucose levels to be either normal (4.0 mmol/L to 
6.0 mmol/L) or abnormal (greater than 6.0 mmol/L).

Statistical methods

Descriptive data were reported using means and standard 
deviations (SD) or medians and interquartile ranges (IQR). 
The t-test, chi-square test, or Wilcoxon rank sum test were 
used to analyse differences in the characteristics of partici-
pants in the two descent categories. The choice of test was 
based on whether these characteristics were normally dis-
tributed or skewed. The cut-off for significance (two-tailed) 
was set at 5% (P ≤ 0.05) [24]. A Spearman correlation coef-
ficient analysis was used to measure the strengths of rela-
tionship between the characteristics, with results reported 
as rho (ρ). Unconditional binary logistical regression was 
used to estimate the odds ratios (OR) with 95% confidence 
intervals (CI) for inadequate s-25(OH)D levels, adjusting 
for explanatory variables such as age, sex, BMI, waist cir-
cumference, smoking, and fasting plasma glucose levels. 
Stata 14 software (Stata Statistical Software: Release 14. 
StataCorp LLC, College Station, TX, USA) was used for 
all analyses.

Results

Outcomes

Of all study participants, 196 (38.4%) had abnormal fasting 
plasma glucose levels (Table 1). Although the mean fast-
ing plasma glucose level was significantly higher in Middle 
Eastern individuals (5.7 mmol/L) than in Swedish individu-
als (5.6 mmol/L) (P = 0.03), the proportions of Middle East-
ern individuals (36.3%) and Swedish individuals (40.9%) 
with abnormal fasting plasma glucose levels did not differ 
significantly (P = 0.29).

Of all participants, 213 (41.8%) had an inadequate 
s-25(OH)D level (Table 2). The median s-25(OH)D level in 
Middle Eastern patients (34 nmol/L) was significantly lower 
than that in Swedish individuals (62 nmol/L) (P < 0.001). 
Also, a significantly larger proportion of Middle Eastern 
individuals (67.2%) than Swedish individuals (20.5%) had 
inadequate s-25(OH)D levels (P < 0.001). The same pattern 
was observed when s-25(OH)D level was dichotomized 
to D vitamin deficiency (< 30 nmol/L): 5% of Swedish 
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respectively), as well as in the Swedish individuals (ρ = 0.18, 
P = 0.003; ρ = 0.18, P = 0.003; respectively) and in the Mid-
dle Eastern individuals (ρ = 0.15, P = 0.04; ρ = 0.14, P = 0.03; 
respectively) (Table 3). Also, s-25(OH)D levels showed 
significant negative correlations with BMI (ρ = -0.20, 
P < 0.001) and waist circumference (ρ = -0.19, P = 0.001) in 
Swedish individuals, but did not show significant correla-
tions with BMI or waist circumference in Middle Eastern 
patients.

Predictors of inadequate 25-hydroxy vitamin D levels

The crude odds of having inadequate s-25(OH)D levels 
were 8 times higher in those of Middle Eastern descent 
than in those of Swedish descent (OR = 8.0; 95% CI, 5.3–
11.9). When adjusted for age, sex, BMI, smoking, and fast-
ing plasma glucose level, the odds of having inadequate 
s-25(OH)D levels remained almost 7 times higher for those 
of Middle Eastern descent than for those of Swedish descent 

individuals had deficiency levels while in Middle Eastern 
the proportion was significantly higher, 37.1% ((P < 0.0001).

Correlations

For the study population as a whole, s-25(OH)D levels did 
not correlate with fasting plasma glucose levels (ρ = 0.06, 
P = 0.87) (Table 3). On the other hand, the correlation 
between D vitamin deficiency measured by < 30 nmol/L was 
significantly and positively correlated with fasting plasma 
glucose levels (ρ = 0.11, P = 0.0005). For the Swedish indi-
viduals, s-25(OH)D levels also did not correlate with fasting 
plasma glucose levels (ρ = -0.02, P = 0.70). In contrast, for 
the Middle Eastern individuals, s-25(OH)D levels did dem-
onstrate a significant but weakly positive correlation with 
fasting plasma glucose levels (ρ = 0.20, P = 0.002).

BMI and waist circumference correlated significantly 
positively with fasting plasma glucose levels in the over-
all population (ρ = 0.18, P = 0.005; ρ = 0.23, P < 0.001; 

Table 1 Demographic and clinical characteristics of study participants (N = 510)
Characteristics Study Participants P-value

All Swedish Descenta Middle Eastern Descentb

Total, n (%) 510 (100) 278 (100) 232 (100) -
Female, n (%) 291 (57.1) 156 (56.1) 135 (58.2) 0.64c

Age, mean (SD), years 51.0 (14.5) 55.8 (15.0) 45.3 (11.7) < 0.001d

BMI, mean (SD), kg/m2 28.5 (6.2) 28.2 (5.8) 28.9 (6.8) 0.21d

Waist circumference, male, mean (SD), cm 102.7 (14.0) 104.8 (13.5) 100.1 (14.2) 0.01d

Waist circumference, female, mean (SD), cm 94.2 (13.4) 95.8 (14.0) 92.8 (12.6) 0.05d

Smoking, n (%) 96 (18.9) 37 (38.5) 59 (61.5) < 0.001c

a Born in Sweden to parents born in Sweden
b Born in or one parent born in Turkey, Iran, or Iraq [including region of Kurdistan]
c Based on the chi-square test
d Based on t-test
Abbreviations: SD, standard deviation; BMI, body mass index; s-25(OH)D, serum 25-hydroxy vitamin D

Table 2 Fasting plasma glucose and serum 25-hydroxy vitamin D levels of study participants (N = 510)
Outcomes Study Participants P-value

All Swedish Descenta Middle Eastern Descentb

Total, n (%) 510 (100) 278 (100) 232 (100) -
Fasting plasma glucose level, mean (SD), mmol/L 5.7 (0.8) 5.7 (0.5) 5.6 (0.5) 0.03d

Abnormal (> 6.0 mmol/L) fasting plasma glucose, n (%) 196 (38.4) 101 (36.3) 95 (40.9) 0.29c

s-25(OH)D level, median (IQR), nmol/L 46 (28–68) 62 (50–86) 34 (21–47) < 0.001e

Inadequate (≤ 50 nmol/L)
s-25(OH)D, n (%)

213 (41.8) 57 (20.5) 156 (67.2) < 0.001c

Deficiency (< 30 nmol/L)
s-25(OH)D, n (%)

100 (19.6) 14 (5.0) 86 (37.1) < 0.0001c

a Born in Sweden to parents born in Sweden
b Born in or one parent born in Turkey, Iran, or Iraq [including region of Kurdistan]
c Based on the chi-square test
d Based on t-test
e Based on Wilcoxon rank sum test
Abbreviations: SD, standard deviation; s-25(OH)D, serum 25-hydroxy vitamin D; IQR, interquartile range
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anxiety and sleeping disorders), might explain the higher 
risk of prediabetes and diabetes in immigrants after moving 
to Sweden [26, 27]. It is also possible that habits involving 
eating certain ethnic foods, physical inactivity, and tobacco 
use persist in immigrants and add to this risk [28].

Our findings that s-25(OH)D levels were lower, the 
prevalence of inadequate s-25(OH)D levels was higher, and 
adjusted odds of having inadequate s-25(OH)D were higher 
in those of Middle Eastern descent than in those of Swedish 
descent are also in line with the findings of others. A vari-
ety of authors have reported that vitamin D deficiency was 
more prevalent in non-European immigrants who lived in 
northern countries than in native-born residents [2, 4, 5, 29]. 
Specifically, 73% of immigrants from Africa and the Mid-
dle East living in the northern Swedish city of Umeå had 
inadequate vitamin D levels [2]. In that study, inadequate 
vitamin D levels were associated with low fatty fish intake, 
not travelling abroad, and wearing long-sleeved clothes in 
summer. In another Swedish study, 73% of Somali-born, 
dark-skinned woman living in Sweden, but only 1% of 
native-born, light-skinned Swedish women, had vitamin D 
deficiency [3]. It is possible that features such as darker skin 
colour and limited skin sun exposure (because of cultural 
norms dictating that clothing cover most of the body) are 
responsible for inadequate vitamin D levels in some of these 
immigrant populations.

Previous studies have suggested a possible link between 
type 2 diabetes and vitamin D deficiency [10–14]. This led us 
to hypothesize that we might identify a significant negative 
correlation between fasting plasma glucose and s-25(OH)D 
levels in the patients we studied. However, we found only a 
weakly positive correlation between fasting plasma glucose 
levels and s-25(OH)D levels, and it was observed only in 
those of Middle Eastern descent, but not in those of Swedish 
descent or in the study population as a whole.

Consistent with what others have observed, we found 
that for our entire study population, having abnormal fasting 

(OR = 6.7; 95% CI, 4.3–10.4). When those of Swedish and 
Middle Eastern descent were analysed together as a single 
population, those with abnormal fasting plasma glucose 
levels had 80% higher odds of having inadequate levels of 
s-25(OH)D than those with normal fasting plasma glucose 
levels (OR = 1.8; 95% CI, 1.2–2.9).

Discussion

The main results of this study were that individuals of 
Middle Eastern descent had lower s-25(OH)D levels and 
had almost seven times higher odds of having inadequate 
s-25(OH)D levels than those of Swedish descent. A weakly 
positive correlation between fasting plasma glucose levels 
and s-25(OH)D levels existed in those with Middle Eastern 
descent. And finally, regardless descent, those with abnor-
mal fasting plasma glucose levels had an 80% higher risk of 
having inadequate s-25(OH)D levels than those with normal 
glucose levels.

The finding on differences in mean fasting plasma glu-
cose between the studied groups is in agreement with our 
hypothesis that Middle Eastern individuals, who are known 
to have a higher risk for prediabetes and diabetes, would 
have higher fasting plasma glucose levels than Swedish 
individuals, in a low-socioeconomic area. These results are 
also consistent with the results of studies of populations of 
patients who already had a diagnosis of type 2 diabetes. In 
those studies, relative to native populations, immigrants liv-
ing in northern countries had not only a higher prevalence of 
type 2 diabetes [18, 19], but also a greater need for support 
in managing the disease [25]. Interestingly, another study 
revealed a higher prevalence of diabetes in Middle Eastern-
ers living in Sweden than Middle Easterners living in the 
Middle East [26]. Some have suggested that the changes in 
environment and lifestyle that are associated with migra-
tion, as well as migration-related mental health issues (e.g., 

Table 3 Correlations in Individuals of Swedish and Middle Eastern descent between fasting plasma glucose, serum 25-hydroxy vitamin D, age, 
and weight status (N = 510)
Characteristics Study Participants

All Swedish Descenta Middle Eastern Descentb

FPG s-25(OH)D FPG s-25(OH)D FPG s-25(OH)D
ρc P-value ρc P-value ρc P-value ρc P-value ρc P-value ρc P-value

s-25(OH)D level 0.06 0.87 - - -0.02 0.70 - - 0.20 0.002 - -
D vitamin deficiency (< 30nmol/L) 0.11 0.0005 - - 0.00 0.96 - - 0.04 0.54 - -
Age 0.17 < 0.001 0.32 < 0.001 0.13 0.03 0.05 0.36 0.07 0.26 0.09 0.20
Body mass index 0.18 0.005 -0.13 0.007 0.18 0.003 -0.20 < 0.001 0.15 0.04 0.01 0.94
Waist circumference 0.23 < 0.001 -0.04 0.27 0.18 0.003 -0.19 0.001 0.14 0.03 -0.03 0.63
a Born in Sweden to parents born in Sweden
b Born or one parent born in Turkey, Iran, or Iraq [including region of Kurdistan]
c rho (ρ) is the correlation coefficient based on Spearman analysis, used to measure the strength of the relationship
Abbreviations: FPG, fasting plasma glucose; s-25(OH)D, serum 25-hydroxy vitamin D
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