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Abstract  

Background: High prevalence of poor vitamin D status 

has been reported among immigrants in Norway, but 

there is limited information on vitamin D status among 

immigrants from the Middle East and sub-Saharan 

Africa.  

Aim: The aim of this study was to describe vitamin D 

status and potentially associated factors among adults 

with different regional backgrounds. 

Methods: Its cross-sectional study conducted at 

different immigrant centers in Oslo and adjacent 

municipalities. Participants: 251 adults (18-50 years) 

with Middle Eastern, sub-Saharan African and South 

Asian backgrounds were recruited from January-March 

2011. Venous blood samples were collected and serum 

25-hydroxyvitamin D (s-25(OH)D) and parathyroid 

hormone (p-PTH) were analyzed in one batch. 

Results: The overall mean s-25(OH)D was 28.9 nmol/l 

(range 5 to 130 nmol/l). Over 90% had a serum 

concentration below 50 nmol/L, while around 9% had 

below 12.5 nmol/l (females 7% and males 2%). Median 

p-PTH level was within reference values, however, 31% 

were above the reference value. The mean s-25(OH)D 

was higher among those with sub-Saharan African 

backgrounds compared to the other two geographical 

groups. Sociodemographic factors such as gender and 

education did not influence s-25(OH)D levels. There 

was no association between s-25(OH)D levels and diet, 

sun exposure or clothing habits in males or females. 
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Conclusion: This study revealed that immigrants with 

South Asian, Middle Eastern and Sub-Saharan African 

backgrounds in Oslo have low s-25(OH)D levels. 

Measures should be taken to ensure adequate vitamin D 

intake among immigrant groups throughout the year. 

 

Keywords: 25-Hydroxyvitamin D; S-25(OH)D levels; 

Immigrants; Norway 

 

1. Introduction 

Vitamin D is a fat-soluble steroidal prohormone which 

is involved in calcium homeostasis and is required for 

normal bone formation and mineralization. The main 

sources of vitamin D come from selected food 

commodities, such as fatty fish and fortified food, from 

supplements and from cutaneous synthesis. For 

cutaneous synthesis of vitamin D, ultraviolet B exposure 

is required [1].Vitamin D deficiency is a worldwide 

problem and is related to numerous hazardous health 

risks [2-5]. Recently, its potential role in the prevention 

and treatment of infections has also been highlighted. In 

a meta-analysis of 25 randomised controlled trials, it 

was reported that the risk of acute respiratory tract 

infections was reduced in those receiving vitamin D 

supplements, and s-25(OH)D deficient individuals 

supplemented with s-25(OH)D supplements showed 

strongest effect of such supplements in such risk 

reduction [6]. 

 

In the Nordic countries, immigrants with South Asian, 

Middle Eastern and Sub-Saharan African backgrounds 

have poor s-25(OH)D levels and have much lower s-

25(OH)D levels compared to their Nordic peers [7-11]. 

In Norway, high prevalence of vitamin D deficiency (s-

25(OH)D) below 25 nmol/L) has been reported among 

immigrants [12-16]. The main causes for their poor s-

25(OH)D levels are attributed to low consumption of 

vitamin D–rich foods, low intake of vitamin D 

supplements and low ultraviolet B exposure [13-17]. 

Serum concentration of 25-hydroxyvitamin D (s-

25(OH)D) is the standard assessment of vitamin D 

status in the body. However, there is no universal 

standard for the normal cut-off points for s-25(OH)D. 

To facilitate comparison, we chose to use a s-25(OH)D 

concentration <12.5 nmol/L as severely deficient 

nmol/L, a concentration <25 nmol/L as moderate 

deficiency, and a concentration ≥50 nmol/L as sufficient 

[18]. 

 

Existing information on s-25(OH)D levels in subgroups 

of the immigrant population in Norway is limited, 

particularly in those from the Middle East and Sub-

Saharan Africa [19]. According to SSB Norway 

statistics 2020, 18.2 % of the Norwegian population 

comprises of immigrants and Norwegians born to 

immigrant parents, a substantial portion of which have 

the same geographical background as the present study 

population. The aim of this study is to assess the s-

25(OH)D levels and associated factors among 

immigrants with South Asian, Middle Eastern and Sub-

Saharan African backgrounds currently living in 

Norway. 

 

2. Materials and Methods 

2.1 Study design and participants 

We present here an extended analysis of baseline data of 

a randomized double-blinded placebo-controlled study 

among immigrants with South Asian, Middle Eastern 

and Sub-Saharan African backgrounds presently living 

in Norway [14]. As reported previously [14], adults with 

geographical origins from the Middle East, Sub-Saharan 

Africa and South Asia were recruited to participate in 

the study in Oslo and adjacent municipalities (at a 

latitude of 60°N) between January and March 2011. The 

study was conducted in 11 different local immigrants’ 

activity centers. Information meetings were organized 

with leaders in different immigrant organizations. 

Detailed information about the study was advertised at 
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various arenas including mosques, immigrant 

organizations, Tamil resources and immigrant’s local 

activity centers. Additional recruitment of participants 

was done at Health Centers with high a proportion of 

immigrant visitors. Those who agreed to participate and 

fulfilled the eligibility criteria provided written 

informed consent.  

 

2.2 Inclusion and exclusion criteria 

Healthy individuals aged between 18 and 50 years and 

who were either born in or had parents born in South 

Asia, Sub-Saharan Africa, or the Middle East were 

eligible to participate in the study. Pregnant women and 

patients with malabsorption, kidney problems, cancer, 

tuberculosis, sarcoidosis, osteoporosis or recent fracture 

were excluded. Persons treated for medical conditions 

were excluded from the study, as were individuals 

receiving hormone replacement therapy. Other 

exclusion criteria were use of vitamin D supplements 

more than four times per week and use of tanning beds 

in the three months prior to study; however, no 

participants were excluded for these reasons. 

 

2.3 Data collection 

The collection of background information and 

anthropometric measurements of the study group has 

been described in detail previously [14]. In brief, 

background information on age, gender, country 

background, and how long they have lived in Norway 

were collected. Weight and height were measured by 

trained personnel, with participants wearing light 

clothing for accurate estimation of body weight. An 

interviewer-administered questionnaire was used to 

collect the data regarding background information, 

dietary habits and sun exposure patterns. The same team 

collected all the data in the different centers. 

Communication with participants was in Norwegian 

language, with interpreters provided when needed.  

 

2.4 Diet 

Information about dietary intake of vitamin D and 

supplements was obtained through a simple interviewer-

administered food frequency questionnaire (FFQ) which 

was pilot tested among the target population. The FFQ 

included questions about consumption of vitamin D-

containing foods (fish, eggs, butter, margarine, and 

fortified food) and frequency of consumption. In 

Norway, all butter and margarine are fortified with 

vitamin D (0,4 µg D-vitamin per 100 gram). Only one 

type of milk (extra skimmed milk) is fortified with 

vitamin D (1 µg D-vitamin per 100 gram), and 

frequency of its consumption and number of glasses 

consumed was noted. The use of supplements such as 

cod liver oil, fish capsules and vitamin D containing 

tablets, including the frequency and number of tablets or 

spoons taken each time, was noted. 

 

2.5 Sun exposure 

Information about dressing habits, such as use of a 

burka, hijab, niqab and long-sleeved clothes, and sun 

bathing during summer months was included in the 

questionnaire. For sun bathing duration (less than 10 

minutes and more than 10 minutes per day) was also 

noted.  

 

2.6 Blood sampling and analysis 

Blood samples were collected from the study 

participants after inclusion. All non-fasting venous 

blood samples were taken by the same biochemist. 

Serum and plasma were separated and frozen in several 

aliquots at -20°C at the same day and within 1-2 weeks 

all samples were stored at -80°C until they were 

analyzed in one batch at Fürst Medical Laboratory 

(www.furst.no). The Fürst Medical Laboratory is 

accredited by the International Organization for 

Standardization and is part of the vitamin D quality 

assessment scheme (DEQAS). 
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Levels of s-25(OH)D were analyzed with high-pressure 

liquid chromatography tandem mass spectrometry 

(HPLC-MS-MS) with the Waters Acquity UPLC and 

Waters triple quadrupole MS instruments. In-house 

standards at four levels ranging from 25–200 nmol/L 

were calibrated against external MS-standards from 

Recipe (Germany), product no. MS7013, traceable to 

National Institute of Standards and Technology (NIST). 

A deuterised internal standard with C26,27 

hexadeuterium-labelled 25(OH) D3, which was 

purchased from Synthetica (Norway) was used to 

calculate both 25(OH) D2 and 25(OH) D3. The CV 

(reproducibility within the laboratory, 4 instruments) for 

serum 25(OH) D3 was 8% at a concentration of 55.2 

nmol/L and 6% at a concentration of 195.1 nmol/L. 

Both s-25(OH)D2 and -D3 were measured. However, s-

25(OH)D2 levels were generally negligible, and we 

combined measures for s-25(OH)D2 and -D3 and 

presented as s-25(OH)D overall in the analysis. Plasma 

parathyroid hormone (PTH) was analyzed with 

chemiluminescence (Advia Centaur XP; Siemens 

HMSD, USA) with an analytical coefficient of variation 

of 8.2% and reference range of 1.2–8.4 pmol/L. 

 

2.7 Ethics 

The study was approved by the Regional Committee for 

Medical and Health Research Ethics, including an 

approval to establish a biobank. (study code: 

2010/1982). All participants provided written informed 

consent. 

 

2.8 Statistical analysis 

Sample size was based on prior research investigating 

the effect of vitamin D supplementation on muscle 

strength and power (12). Analysis of the data was 

performed using IBM SPSS statistical software (V.22 

SPSS Inc., Chicago, IL, USA). Descriptive statistics are 

presented as means and standard deviations. A linear 

regression model was used to access association 

between potential predictors and s-25(OH)D. Results 

were considered statistically significant at a p-value 

below 0.05. As the assumptions for the independent 

samples t-test were not met, non-parametric alternatives 

including the Mann-Whitney U test and Kruskal-Wallis 

test were used. Statistical analysis was done using 

Spearman’s bivariate correlation, ANOVA and linear 

regression models.  

 

3. Results 

301 healthy individuals aged 18-50 years showed 

interest of participation and were screened for eligibility 

of the study, and 50 persons did not meet the inclusion 

criteria. Ultimately, 251 persons were included in the 

study. 

The study participants (n=251) had a mean age of 37 

years (SD 8). Most study participants were female 

(n=182, 72.5%), and those with Sub-Saharan African 

backgrounds dominated (n=120, 47.8%) among the 

study participants. Only six persons (all female) were 

born in Norway, and the mean age among this group 

was 25 years. Basic characteristics of the study 

participants are given in table 1. 

 

  
South Asia 

N=95 

Middle East 

N=36 

Sub-Sahara 

Africa N=120 
All N=251 

Age, years (mean, SD) 40(5) 37(8) 35(9) 37 (8) 

Gender, female (n, %) 55 (58) 34 (94.5) 93 (77.5) 182(72.5) 

Women    

 Education, years (n, %)         

 Up to 10 years 8 (14.5) 20 (58.8) 57 (61.2) 85 (46.7) 
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 Time lived in Norway, years 

(mean, SD) 
13.7 (5.9) 14.7 (8.4) 10.9 (4.6) 12.5 (6.1) 

 Vitamin D supplements (n, 

%)† 
        

  Yes 17 (30.9) 8 (23.5) 21 (22.5) 46 (25.3) 

 Fatty fish intake ≥twice a 

week (n, %) 
29 (52.4) 10 (29.4) 26 (27.9) 65(35.7) 

 Using butter or margarine 

daily (n, %) 
42 (76.3) 25 (73.5) 72 (77.4) 139(76.3) 

 Using fortified milk daily (n, 

%) 
3 (5.45) 0 5 (4.1) 8 (3.2) 

 >10 min exposing sun on 
face/arms (n, %) 

32 (58) 21 (62) 43 (46) 96 (53) 

 Body mass index (kg/m2) 26.6 (3.7) 27.8 (5.8) 29.3 (5.8) 28.2 (5.4) 

 Mostly covered (n, %)≠ 9 (16.3) 19 (55.8) 68 (73.11) 96 (52.7) 

Gender, male (n, %) 40 (42) 2 (5.5) 27 (22.5) 69 (27.5) 

Men         

 Education, years (n, %)         

 Up to 10 years 14 (35) 2 (100) 2 (7.4) 18 (26.1) 

 Time lived in Norway, years 

(mean, SD) 
19.7 (4.9) 19 (5.6) 9.4 (6.5) 15.6 (7.5) 

 Vitamin D supplements (n, 

%)† 
        

  Yes 13 (32.5) 1 (50) 8 (29.5) 22 (31.9) 

 Fatty fish intake ≥twice a 

week (n, %) 
19 (47.5) 0 4 (14.8) 23 (33.3) 

 Using butter or margarine 

daily (n, %) 
29 (72.5) 1 (50) 21 (77.7) 51 (73.9) 

 Using fortified milk daily (n, 
%) 

1(2.5) 0 2 (7.4) 3 (4.3) 

 >10 min exposing sun on 

face/arms (n, %) 
22 (55) 2 (100) 11 (41) 35 (51) 

  Body mass index (kg/m2) 25.9 (2.7) 31.9 (0.9) 23.9 (4.5) 25.3 (3.7) 
 

* Data are mean (SD) unless specified otherwise 
†Amount of vitamin D from supplements consumed by the participants over 7 days was not calculated                                                                                                     
# Cover, head, arms, and legs with clothes 

Table 1: Baseline characteristics of men and women aged 18-50 years (N=251) with South Asian, Middle Eastern 

and Sub-Saharan African backgrounds living in Norway (January-March 2011)*. 

 

The participants had been living in Norway for a mean 

duration of 13.3 years, and approximately 41% have up 

to 10 years while 21% had higher education (university 

level). Nearly half of participants reported consumption 

of fatty fish more than twice per week. Only 11 (4%) of 

the study participants reported use of vitamin D fortified 

milk. 

More than 52% of the participants reported that they 

spent more than 10 minutes/day outdoors while 

exposing sun directly on their face and/or arms during 

the summertime. Around 50% of 182 female 

participants (30.2% South Asians, 7.2% Middle Eastern 

and 12% Sub-Saharan African) reported covering their 

whole body, including legs, hands, and face, while 

outside their houses. Two thirds of participants reported 

use of fortified butter and margarine daily. 
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3.1 S-25(OH)D levels 

S-25(OH)D concentration ranged from 5 to 130 nmol/L, 

with a mean of 28.9 nmol/l (SD 18.7). Overall, 90% of 

the study participants had a s-25(OH)D level below 50 

nmol/l, and 54 and 55% of females and males, 

respectively, had a s-25(OH)D level below 25 nmol/l. 

Table 2 describes S-25(OH)D levels based on s-

25(OH)D levels and other biochemical results among 

study participants. There was no significant difference 

of mean s-25(OH)D levels between male and females. 

However, the lowest s-25(OH)D was seen among 

women with Middle Eastern backgrounds. A 

statistically significant difference in s-25(OH)D was 

found between groups, with those from Sub-Saharan 

Africa having the highest mean s-25(OH)D levels 

compared to the other two geographical groups 

(P=0.002). The mean concentration of p-PTH was 7.8 

(SD 3.8) pmol/l and 7.1 (SD 3.6) pmol/l for females and 

males, respectively. This was within reference values 

(1.2–8.4 pmol/L), but 31% (32 and 27 % of females and 

males) were above the upper reference value. p-PTH 

levels were comparable across the three geographical 

groups, and there was no significant difference in mean 

and median values of p-PTH across the three 

geographical groups. 

 

  South Asian N= 95 
Middle Eastern 

N= 36 

Sub-Saharan 

Africa N=120 
All N= 251 

Women N =55 N=34 N=93 N = 182 

S-25(OH)D (nmol /L), 

mean (SD) 
25.4 (14.6) 21.3 (11.8) 34.8 (23.3) 29.4 (19.9) 

S-25(OH)D (nmol /L) n 

(%) 
  

 ≥ 50 3 (5.5) 2 (5.9) 16 (17.2) 21 (11.5) 

 <50 17 (30.9) 7 (20.6) 40 (43) 64 (35.2) 

 <25 31 (56.4) 20 (58.8) 28 (30.1) 79 (43.4) 

 <12.5 4 (7.3) 5 (14.7) 9 (9.7) 18 (9.9) 

Plasma PTH (pmol/l), 

mean (SD)* 
6.3 (2.5) 7.5 (2.9) 8.9 (4.4) 7.8 (3.8) 

S-Calcium, (mmol/l) 

mean (SD)# 
2.3 (0.08) 2.3 (0.09) 2.3 (0.09) 2.3 (0.09) 

Men N=40 N=2  N=27 N=69 

S-25(OH)D (nmol /L), 

mean (SD) 
26.4 (12.1) 35 (17)      28.8(18.9)    27.6 (15.1) 

S-25(OH)D (nmol /L) n 

(%) 
  

 ≥ 50 2(5) - 3 (11.1) 5 (7.2) 

 <50 16(40) 1(50) 10 (37) 27 (39.1) 

 <25 21(52.5) 1(50) 10 (37) 32 (46.4) 

 <12.5 1(2.5) - 4 (14.8) 5 (7.2) 

Plasma PTH (pmol/l), 

mean (SD)* 
6.9 (3.1) 5 (0.9) 7.7 (4.3) 7.1 (3.6) 

S-Calcium, (mmol/l) 

mean (SD)# 
2.3 (0.1) 2.3 (0.02) 2.4 (0.09) 2.3 (0.09) 

 

*Reference range: plasma PTH: 1.2–8.4 pmol/L,  

#
Reference range: serum calcium 2.15–2.51 mmol/L 
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Table 2: S-25(OH)D levels based on s-25(OH)D concentration among men and women aged 18-50 years (N=251) 

with South Asian, Middle Eastern and Sub-Saharan African backgrounds living in Norway (January-March 2011). 

 

3.3 Factors associated with s-25(OH)D 

3.3.1 Diet We did not find any significant association 

between dietary factors such as fatty fish, fortified milk, 

butter/ margarine, and s-25(OH)D levels (table 3a and 

3b). Further, despite of the fact that 75.7% of the study 

participants reported use of vitamin D fortified butter 

and margarine daily, we did not find any association 

between its use and s-25(OH)D levels. 

 

Explanatory variables 

Difference in  

95% CI 
P-

values 

Differenc

e in s-

25(OH)D 

(nmol/l)
††

 

95% CI 
P-

values s-25(OH)D 

(nmol/l)
†
 

Fish intake* 

-1.3 
(-7.2, 

4.5) 
0.66 -1.7 

(-7.7, 

4.4) 
0.58 < 2 times per week to > 2 times per 

week 

Fortified milk# 
7.5 

(-6.7, 

21.8) 
0.3 8.5 

(-5.9, 

23) 
0.25 

No/Yes 

Butter/margarine‡ 
2.9 (-4, 9.8) 0.41 3.5 

(-3.5, 

10.5) 
0.32 

No/Yes 

>10 min exposing sun on face/ arms|| 4 
(-2.5, 

10.6) 
0.23 2.7 

(-2.9, 

8.4) 
0.35 

Veiled¶ 
5.8 

(0.0, 

11.6) 
0.04 0.3 

(-6.8, 

7.3) 
0.94 

No/Yes 

BMI 0.4 
(-0.2, 

0.9) 
0.2 -0.01 

(-0.63, 

0.63) 
0.9 

Education‡‡ 
1.3 

(-6.0, 
8.7) 

0.72 1 
(-6.6, 
8.6) 

0.79 
≤ 10 years compared to > 10 years 

South Asian  
-9.4 

(-17.8 , 

-3.1) 
0.004 -10 

(-16.3, -

3.8) 
0.002 

compared to Sub- Saharan Africa  

Middle Eastern compared to Sub-

Saharna Africa  
-13.5 

(-20.9, -

6.0) 
<0.001 -13.7 

(-20.9, -

6.4) 
<0.001 

 

*Fish Intake coded as 0=Less than 2 times per week,1= More than 2 times per week 

#Fortified milk coded as 0=No, 1=Yes‡ Butter/margarin 0=No, 1=Yes      

||10 min exposing sun on face/arms coded as 0= No, 1=Yes. 

¶Veiled coded as  0=No, 1=Yes 

‡‡Education coded as 1≤ 10 years, 2> 10 years 

†Unadjusted regression coefficient by Linear Regression  

††Adjusted regression coefficient for age by Linear Regression  

Table 3a: Association between s-25(OH)D (nmol/l) and potentially associated factors, women (n=182) (B estimates 

and 95% confidence intervals). 
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Explanatory variables 
Difference in s-

25(OH)D (nmol/l)
†
 

95% 

CI 

P-

valu

es 

Difference in s-

25(OH)D (nmol/l)
††

 

E95% 

CI 

P-

valu

es 

Fish intake* 

-1.8 
(-9.1, 

5.5) 
0.62 -2.6 

(-10.1, 

5.0) 
0.5 < 2 times per week to > 2 

times per week 

Fortified milk# 
6 

(-11.9, 

23.9) 
0.5 5.7 

(-12.9, 

24.2) 
0.54 

No/Yes 

Butter/margarine‡ 
2 

(-6.3, 

10.3) 
0.62 2.5 

(-6.1, 

11) 
0.57 

No/Yes 

>10 min exposing sun on 
face/ arms|| 

-0,7 
(-0.06, -

0.43) 
0.67 -0.13 

(-7.1, 
6.8) 

0.97 

Veiled¶ 
2.5 

(-15.4 , 

20.4) 
0.78 1.5 

(-14.8 , 

17.3) 
0.88 

No/Yes 

BMI 0.22 
(-0.75, 

1.2) 
0.65 0.06 

(-0.99, 

1.1) 
0.9 

Education‡‡ 

-6.7 
(-13.4, 

1.0) 
0.09 -6.4 

(-13.9, 

1.2) 
0.1 ≤ 10 years compared to > 

10 years 

South Asia  

-2.5 
(-9., 

4.8) 
0.44 -7.2 

(-16.2, 

1.8) 
0.12 compared to Sub- Sahara 

Africa  

Middle East compared to 
Sub-Sahara Africa 

6.1 
(-15.2, 
27.5) 

0.32 0.09 
(-22.0, 
22.1) 

0.99 

 

*Fish Intake coded as 0=Less than 2 times per week,1= More than 2 times per week 

#Fortified milk coded as 0=No, 1=Yes 

‡Butter/margarine 0=No, 1=Yes      

||10 min exposing sun on face/arms coded as 0= No, 1=Yes. 

¶Veiled coded as 0=No, 1=Yes 

‡‡Education coded as 1= up to 10 years, 2= Above 10 years 

†Unadjusted regression coefficient by Linear Regression 

††Adjusted regression coefficient for age by Linear Regression  

Table 3b: Association between s-25(OH)D (nmol/l) and potentially associated factors, men (n=69) (B estimates and 

95% confidence intervals). 

 

3.3.2 Sun exposure We did not find any significant 

association between daily sun exposure with s-25(OH)D 

for female and male study participants, including when 

adjusted for age (Table 3). Non-veiled women had 

slightly lower s-25(OH)D levels compared to those who 

reported being veiled (27.4, and 32.1 nmol/l), but this 

was not significant (p= 0.15). There was a significant 

association between geographical background and s-

25(OH)D levels which persisted after adjustment for 

age among females. There was no significant 

association among the male participants of the study. 

Higher education (university level) was not associated 

with with s-25(OH)D among study participants 

(p=0.24). There was no significant association between 

s-25(OH)D levels, length of stay in Norway or BMI in 

both females and males in the study participants. The 
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lack of association persisted across the different 

geographical groups. 

 

3.3.3 S-25(OH)D and p-PTH There was a significant 

negative correlation between s-25(OH)D and p-PTH for 

males (Spearman correlation, r -0.3, P=0.01) but it did 

not reach significance in females (Spearman correlation, 

r -0.12, P=0.1). The same trend was seen among 

females and males in each of the three different 

geographical areas. Furthermore, p-PTH concentration 

began to rise between 20-25nmol/L s-25(OH)D levels 

(Figure 1). 

 

 

 

Figure 1: Association (Spearman correlation; r -0.17, P=0·009) between s-25(OH)D and p-PTH Line was fitted 

using losess in SPSS version 25(SPSS Inc., Chicago IL, USA). 

 

4. Discussion 

In this study, we found that both male and female 

immigrants with South Asian, Middle Eastern and Sub-

Saharan African backgrounds in Norway had poor s-

25(OH)D levels. The mean s-25(OH)D concentration 

was 28.6 nmol/l for the whole group, in line with 

findings from previous similar studies among 

immigrants in Norway [12, 13, 15, 20, 21]. Elevated p-

PTH was also common among study participants, and 

there was an inverse association between s-25(OH)D 

and p-PTH in both women and men. This is also in line 

with similar studies among non-Western immigrants in 

Scandinavian counties [22-24] and in elderly 

populations in China [25] and Lebanon [26]. The study 

population is relatively young, with an average study 

population age of only 37 years. We did not find an 

association between age and s-25(OH) D across the 

geographical groups, nor for length of stay in Norway. 

This is line in with what was previously found among 

immigrants in Norway [14]. Also in line with previous 

studies, we did not find an association between s-

25(OH)D and consumption of fatty fish [13, 22, 27], 

fortified extra low fat milk [28, 29], butter and 

margarine [29], education or BMI [30]. We did not find 

associations between sun exposure and s-25(OH)D 

status in immigrants in Norway. This is in line with 

previously reported findings among immigrant women 

in Norway [22]. This might be attributed to the fact that 
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daily sun exposure was assessed at the end of winter, 

when it can be presumed that few persons spend 

extended time outdoors in a watery sun with low 

intensity of solar UV radiation in Norway and the high 

melanin in the study participants as previously found 

[31]. 

 

Generally, women who wear veils have a higher risk of 

vitamin D deficiency than women who do not wear any 

veil [32]. Middle Eastern women with western clothing 

styles have been reported to have higher s-25(OH)D 

levels compared to veiled women [33], while a former 

Norwegian study found no association between clothing 

habits and s-25(OH)D status among non-Western 

immigrants[22]. Wearing long sleeved clothes is 

attributed to poor s-25(OH)D status among immigrant 

in Sweden [10] due to reduced sun exposure[34]. In our 

study, we did not find an association between using a 

veil and s-25(OH)D levels. 

 

Men were more educated as compared to women in our 

study, and there was no association between education 

status and s-25(OH)D levels among female or male 

participants in the study, in contrast to prior findings of 

a positive association with s-25(OH)D status in women 

in various immigrant research studies in Norway [13, 

22] and Italy [35].  

 

This study overall found a lack of associations between 

factors such as consumption of fortified food, fatty fish 

or sun exposure with s-25(OH)D levels. This 

demonstrates that even when carefully selected and 

relevant questions are asked about factors previously 

reported to be associated with vitamin D concentrations, 

these questions may not provide reliable information on 

vitamin D sources among immigrant populations.  

 

In this study, women with Middle Eastern and men with 

South Asian backgrounds had the lowest mean s-

25(OH)D levels. In contrast, immigrants from Sub-

Saharan Africa residing in Sweden and Australia had 

the lowest s-25(OH)D status compared to other 

immigrant groups [10, 36], explained by the fact that 

darker skin requires higher doses of UV radiation for 

cutaneous production of s-25(OH)D as compared to 

lighter skin types [37]. 

 

4.1 Strengths and weaknesses of the study 

The major strength of the present study is that we have 

recruited study participants from a range of 

backgrounds, and the same team collected all the data in 

the different centers. All blood samples were analyzed 

in one batch at the same laboratory, to avoid analytical 

variability. 

 

The study also has some limitations. The study 

participants were recruited to participate in an 

intervention study, which may have attracted 

participants who were motivated to maintain or improve 

their health. Another limitation is that the food 

frequency questionnaire (FFQ) largely depends on the 

participant’s memory and perceptions and may be 

affected by recall bias, although it has been used in 

similar previous studies where it was validated. 

Furthermore, the assessment was performed at the end 

of winter when it would be presumed that few persons 

spent time in a watery sun with a low zenith angle, 

Therefore, all groups may have had low UV exposure, 

and comparisons between veiled and non-veiled groups 

may not have detected true differences in the effect of 

veiled clothing on vitamin D status. The data may also 

lack power for testing gender-specific differences, 

particularly among males, because of the higher 

participation rate among females. 

 

In addition to bone health, currently, there is a growing 

body of circumstantial evidence that links vitamin D to 

reduce risk and severity of COVID-19 and other acute 
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respiratory infections [38, 39]. Therefore, a package of 

public health measures addressing all aspects of vitamin 

D deficiency in immigrant populations in the Western 

countries are needed. 

 

5. Conclusion 

Both female and male immigrants in Norway with 

South Asian, Middle Eastern and Sub-Saharan African 

backgrounds have poor vitamin D status. The 

prevalence of poor vitamin D status is higher among 

those with Middle Eastern and South Asian 

backgrounds. Health authorities in Norway should 

implement measures to ensure adequate vitamin D 

intake among groups at risk of vitamin D deficiency, 

and measures should be taken to ensure adequate 

vitamin D intake throughout the year. 
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