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ABSTRACT
Introduction: Type-2 diabetes mellitus and Vitamin D deficiency are both common in Saudi Arabian 

population. New roles of vitamin D have emerged recently especially in the prevention of cardiovascular 
disease, cancer and insulin resistance. 
Objective: To estimate 25-OH vitamin D deficiency in patients with type-2 diabetes mellitus in com-

parison to normal age-matched non-diabetic control population. Methods: A Randomized Case-Control 
study was done in three tertiary care hospitals in Southern Region, Saudi Arabia from June 2010 to 
June 2012 and 345 patients were selected; 172 in the diabetic group and 173 in the non-diabetic group. 
Biochemical workup and 25-OH vitamin D levels were done. 
Results: The mean serum 25-OH vitamin D levels in the diabetic group were 15.7 + 7.5 ng/mL as 

compared healthy non-diabetic group having 11.1 + 5.9 ng/mL and a total of 340 patients (98.5%) from 
both groups were found to be deficient in 25-OH vitamin D which is the highest reported so far in Saudi 
Arabia. 
Conclusion: The population in our study was generally deficient in 25-OH vitamin D irrespective of 

diabetes mellitus indicating a greater need for vitamin D supplementation

Keywords: vitamin D deficiency, Saudi Arabia, sunlight exposure, diabetes mellitus 

INTRODUCTION

T ype-2 diabetes mellitus (T2DM) is a 
worldwide pandemic and World 
Health Organization (WHO) predi-
cts that the current figure of 170 mi-
llion affected patients with diabetes 

will more than double to 370 million patients 
by the year 2030 (1). Saudi Arabia is currently 

at top in the list of middle-east countries with 
the highest number of estimated cases of diabe-
tes mellitus (2). The population of Saudi Arabia 
with changes in lifestyle, reduced physical ac-
tivity and high calorie snacks have lead to in-
creased prevalence of obesity which is related 
to type-2 diabetes, hyperlipidemia and infertili-
ty (in women) (3). The prevalence of type-2 di-
a betes in Saudi Arabia is around 23.7% of to tal 
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population which is highest by percentage in 
Asia (4). Prevalence of obesity is 39.3% among 
diabetes as compared to 18.5% among non-
diabetics (5). Recently vitamin D deficiency has 
been found to be associated with type-2 diabe-
tes and obesity with up to 80% of obese adults 
being vitamin D insufficient (5). Researches 
have shown low vitamin D status to be associ-
ated with the development of type-2 diabetes 
as well as metabolic syndrome (6). It has lead to 
the hypothesis that vitamin D insufficiency cor-
relates positively with insulin resistance and 
cardiovascular risk in obese adolescents and 
that 25-OH vitamin D supplementation impro-
ves insulin resistance and cardiovascular risk 
factors in this population (7). Up until recently, 
vitamin D deficiency was considered rare in 
those parts of the world that had plenty of sun-
shine all year round but WHO now estimates 
that globally one billion people have vitamin D 
deficiency or insufficiency (8,9).

Although, there is limited information on 
whether vitamin D supplementation in adoles-
cents might actually result in improvement in 
insulin resistance and related parameters, there 
have been many recent studies implicating the 
role of vitamin D in cardiovascular disease pre-
vention, cancer prevention, inhibiting parathy-
roid hormone secretion, promoting insulin se-
cretion, inhibiting adaptive immunity while 
promoting innate immunity as well as inhibit-
ing proliferation and stimulating differentiation 
of cells (10). Pittas et al have shown that insulin 
sensitivity is improved by as much as 60% 
when levels of 25-hydroxy vitamin D are in-
creased from 25 to 75 nmol/L, a fact which has 
been reemphasized by local studies (11,12). 
Re cent studies have shown association of 
25-hydroxy vitamin D deficiency with an incre-
ased risk of stroke death in whites while other 
researchers have reported anticancer activities 
of vitamin D against many cancer types, includ-
ing breast cancer as well as protection against 
Non-Alzheimer Dementias (13,14). To the best 
of author’s knowledge, no study has been done 
to estimate the vitamin D deficiency in a spe-
cific patient population with type-2 diabetes 
mellitus while compared to normal population 
in Saudi Arabia.

The purpose of the study is to determine 
the degree of 25-hydroxy vitamin D deficiency 
in patients with type-2 diabetes mellitus as 
compared to non-diabetic population in the 
capital of Southern Region of Saudi Arabia.  

OBJECTIVE

To compare and assess the 25-hydroxy vita-
min D deficiency between patients with 

type-2 diabetes mellitus and normal age-mat-
ched non-diabetic population in Southern Re-
gion of Saudi Arabia to assess if any difference 
exists between them.  

METHODS

It was a Multicentered Case-Control study 
done in the outpatient departments of three 

tertiary care hospitals in the two large cities, 
namely Abha and Khamis Mushyt, in the South-
ern Region of Kingdom of Saudi Arabia. The 
ethical approval of the study was given by the 
research and ethics committee of King Khalid 
University, Abha. The study was done from 
June 2010 to June 2012 and a total of 345 pa-
tients were selected randomly with 172 patient 
in the diabetic group and 173 patients in the 
non-diabetic control group which was age and 
sex matched. The patients with diagnosed 
type-2 diabetes for at least 1 year with recent 
glycosylated hemoglobin of less than 9 (either 
currently on oral hypoglycemic agents or insu-
lin) and age more than 20 were included in the 
Diabetic group while the Control group (Non-
Diabetic) consisted of age and sex matched pa-
tients from other clinics with no active or 
chronic problems. The patients whose serum 
calcium was more than 10.4 mg/dL or those 
taking multivitamin supplementation or having 
hepatic, renal or metabolic bone disorders (in-
cluding parathyroid related problems) were ex-
cluded from the study. Also those patients with 
use of glucocorticoids or anti-seizure medica-
tions in the previous 6 months; or those pa-
tients having history of malabsorption syndro-
mes such as celiac disease or active malignancy 
or with active infection were excluded from 
the study.

The patients fulfilling the above-mentioned 
criteria were selected after informed consent 
and their demographic data as well as data per-
taining to history of present illness and positive 
physical signs were obtained. 25-hydroxy vita-
min D levels were done for these patients and 
deficient patients were identified. Correspond-
ing age and sex matched patients fulfilling the 
inclusion criteria were added in the control 
(non-diabetic) group and 25-hydroxy vitamin 
D (25OHD) levels were done for these patients 
using Chemiluminescence immunoassay (IDS 
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Ltd., Boldon Colliery, Tyne & Wear, UK) to 
check for deficiency. The biochemical workup 
(Urea, creatinine, electrolytes liver function 
tests, fasting lipid profile etc) of these selected 
patients in both groups was done. It has been 
previously proposed that vitamin D deficiency 
should be defined as a serum 25OHD level 
<50 nmol/L (<20 ng/mL), however most endo-
crinologists have a consensus that a serum 
25OHD level of <75 nmol/L (<30 ng/mL) 
should be taken as abnormal/insufficient (16), 
and this is the reason why we considered se-
rum 25OHD level of <30 ng/mL to be as 
25-hydroxy vitamin D insufficiency. All this in-
formation was collected through a specially de-
signed proforma and the data collected was 
analyzed by SPSS package for Microsoft Win-
dows version 11.0. The p-value of less than 
0.05 was taken as significant, while employing 
t-test/Levene’s test for quantitative variables 
and Pearson’s chi square for qualitative vari-
ables. The variables of demography like age 
and sex, body mass index and investigations 
like urea, creatinine, liver function tests, fasting 
lipids, serum calcium and vitamin D levels etc 
were presented as simple descriptive statistics 
as illustrated in Table 1.  

RESULTS

The patients in the non-diabetic group had a 
mean age of 48.9 + 15.9 years as com-

pared to diabetic group having mean of 53.4 + 
15.6 years. There were 51.2% females in non-
diabetic group while there were 49.7% females 
in diabetic group. The mean body mass index 
of non-diabetic group was 32.6 + 6.7 kg/m2, 

while diabetic group had a mean BMI of 33.4 
+ 7.4 kg/m2; the difference being not statisti-
cally significant with a p-value of 0.5. The mean 
glycosylated hemoglobin (HbA1c) of the diabet-
ic group was 8.6 + 1.6 % as compared to non-
diabetic group having mean HbA1C of 6.0 + 
0.3 % with p-value being less than 0.001. There 
was no significant difference seen in the cho-
lesterol level between the non-diabetic group 
(185.5 + 42.2 mg/dl) and diabetic group 
(170.8 + 45.5 mg/dl) with a p-value of 0.89, 
but the triglycerides levels were higher in the 
diabetic (164.5 + 114.5 mg/dl) versus the non-
diabetic group (126.2 + 64.8 mg/dl) with a p-
value of 0.01 which was statistically significant. 
The High Density Liporotein (HDL) was similar 
in the diabetic (46.8 + 12.1 mg/dl) versus the 
non-diabetic group (41.1 + 13.6 mg/dl) with 
p-value of 0.7 while the difference between se-
rum calcium levels of non-diabetic group (8.8 
+ 0.5 mg/dL) and the diabetic group (9.0 + 
0.6 mg/dL) was also not significant with a p-va-
lue of 0.98.

25-Hydroxy vitamin D (25OHD) levels: The 
mean serum 25OHD levels in the diabetic 
group were 15.7 + 7.5 ng/mL which was low. 
But surprisingly the mean 25OHD levels in the 
non-diabetic group were even lower, 11.1 + 
5.9 ng/mL, which was not statistically signifi-
cant from diabetic group with p-value of 0.5. 
Only 3 patients (1.7%) from non-diabetic group 
and 2 patients (1.2%) from the diabetic group 
had mean 25OHD levels more than normal 
cut-off value of >30 ng/mL. All in all, a total of 
340 patients (98.5%) from both groups were 
found to be insufficient in 25OHD with no 
considerable statistical difference between the 

TABLE 1. Characteristics of Non-Diabetic and Diabetic Groups in the study.
* To calculate p value, t-test/Levene’s test used for quantitative variables and Pearson’s chi square used for 
qualitative variables.

Sr # Variable
Non Diabetic
Mean + SD

N=172

Diabetic
Mean + SD

N=173

p value
*

1. Age in years 48.1 + 15.9 53.4 + 15.6 0.35
2. Female patients (percentage) 88 (51.2%) 86 (49.7%) 0.78
3. Body Mass Index kg/m2 32.6 + 6.7 33.4 + 7.4 0.59
4. Alanine aminotransferase IU/mL 17.3 + 6.6 19.6 + 8.9 0.39
5. Aspartate aminotransferase IU/mL 19.1 + 5.1 16.5 + 3.2 0.14
6. Urea mg/dL 30.6 + 9.7 31.3 + 13.4 0.77
7. Creatinine mg/dL 0.91 + 0.18 0.88 + 0.22 0.55
8. Fasting blood glucose mg/dL 91.7 + 10.9 179.6 + 73.1 0.00
9. Glycosylated Hemoglobin HbA1C 6.0 + 0.3 8.6 + 17 0.00
10. Total cholesterol mg/L 185.6 + 44.2 170.8 + 45.5 0.89
11. Triglycerides mg/L 126.2 + 65.8 164.6 + 114.5 0.01
12. Serum Calcium mg/dL 8.8 + 0.5 9.0 + 0.6 0.98
13. High density lipoproteins mg/dL 46.7 + 12.1 41.1 + 13.6 0.70
14. 25-OH vitamin D levels ng/ml 11.1 + 5.9 15.8 + 7.5 0.50
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non-diabetic and diabetic groups. However on 
further evaluation, 131 (76.6%) of the patients 
with diabetes had 25OHD deficiency with lev-
els less than 20 ng/mL, while 38 (22.2%) pati-
ents had 25OHD insufficiency as compared to 
non-diabetic population of which 100 (58.1%) 
patients had 25OHD deficiency (less than 20 
ng/mL) while 69 (40.1%) patients had 25OHD 
insufficiency (less than 30 ng/mL but greater 
than 20 ng/mL). Comparing the two popula-
tions for 25OHD deficiency only (see Figure 1), 
the group with diabetes had more patients with 
25OHD deficiency than non-diabetic group 
which was statistically significant with a p-value 
was 0.0003.  

DISCUSSION

Vitamin D deficiency has been reported pre-
viously in Saudi Arabia but our study shows 

a very significant level of 25-OH vitamin D de-
ficiency in our population. Recent studies have 
shown vitamin D deficiency among healthy 
young Saudi women of age 25 to 35 years was 
30% and 55% in women of 50 years or more, 
indicating that it is common in young and post-
menopausal women (17). In another study on 
male population from Saudi Arabia, the preva-
lence of vitamin D deficiency was found to be-
tween 28% and 37% (18). Researchers has 
shown that vitamin D deficiency is highly prev-
alent among healthy Saudi women as well as 
men and largely attributed to obesity, poor ex-
posure to sunlight, poor dietary vitamin D sup-
plementation, sedentary lifestyle, lack of edu-
cation and older age; which in turn affects 

BMD and bone turnover markers (19,20). New 
studies have shown Vitamin D deficiency 
a mong young and middle age Saudi Arabian 
males may lead to serious health consequences 
as high prevalence of a vitamin D deficiency 
occurs in Saudi Arabians despite having ade-
quate exposure to sunlight and reported ade-
quate intake of dairy products (21). Supple-
menting with high-dose vitamin D have shown 
benefits in many medical conditions including 
fibromyalgia in our population where 61% of 
diagnosed fibromyalgia women had 25OHD 
insu fficiency (22,23). The recent studies impli-
cating vitamin D deficiency in various illnesses 
like insulin resistance, allergic condition, mul-
tiple sclerosis and cancers and its possible role 
in the treatment of these conditions are in evo-
lution (24), and more research is needed to as-
certain these findings.

Vitamin D deficiency has been implicated 
in decreased insulin secretion and increased 
in sulin resistance, and more recently with de-
ve lopment of type 2 diabetes mellitus (25). 
How ever due to the presence of 25OHD insuf-
ficiency in up to 98.5% of our study popula-
tion, which is the highest reported so far in 
Saudi Arabia to the best of the author’s knowl-
edge, we could not ascertain any significant 
difference in vitamin D status between our pa-
tient with diabetes and without diabetes. How-
ever specifically comparing only the deficiency 
of 25OHD with levels less than 20 ng/mL, 
76.6% of the patients with diabetes as com-
pared to 58.1% patients from non-diabetic po-
pulation had 25OHD deficiency which was 
sta tistically significant difference with a p-value 
less than 0.0005.

We found that there was no significant dif-
ference in vitamin D status of males and female 
patients in our study population which is con-
trary to the previous studies from Saudi Arabia 
that shows a much higher degree of vitamin D 
deficiency in females in comparison to males. 
The high number of 25OHD insufficiency does 
demand larger scale studies and aggressive sup-
plementation of vitamin D in our population.

Our study was somehow limited by a small 
number of patients. Also the control (non-dia-
betic) group although fulfilling the selection cri-
teria of having no active diseases, was not en-
tirely an ideal healthy control group as 76.5% 
patients from this group were found to have 
chronic medical conditions in the past, which 
nevertheless were controlled at the time of the 

FIGURE 1. 25 OH-vitamin D (25-OHD) deficiency and insufficiency 
distribution between non-diabetic and diabetic group of patients.
Key
25OH vitamin D deficiency considered when levels less than 20 ng/mL
25OH vitamin D insufficiency considered when levels between 20 and 30 ng/
mL
Normal 25OH vitamin D when levels more than or equal to 30 ng/mL
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study but may still have contributed towards to 
vitamin D deficiency/insufficiency. The com-
mon medical conditions in the non-diabetic gr-
oup included hypothyroidism with maintained 
euthyroid status (33.8%) and euthyroid multi-
nodular goiter (23.5%). Also up to 30 patients 
(17.4%) in non-diabetic group did complain of 
non-specific aches and pains but these patients 
could not be followed up specifically for the 
presence of fibromyalgia. Besides the non-dia-
betic group also had glycosylated hemoglobin 
in the range of 5.7% to 6.3% which meant that 
some of them could have had prediabetes, 
which may have affected our results. The au-
thors believe that presence of these medical 
conditions in the control group may have con-
tributed to lower 25-OH vitamin D levels in 
non-diabetic population.  

CONCLUSION

The population in Southern Region of Saudi 
Arabia is generally insufficient in 25OH vi-

tamin D irrespective of presence of type 2 dia-
betes mellitus and a there is greater need for 
supplementation of vitamin D in this popula-
tion. Although the presence of medical condi-
tions such as euthyroid multinodular goiter and 
hypothyroidism in our control group may have 
affected our data but the general inference of 
25OH vitamin D deficiency in 98.5% of popu-
lation cannot be ignored. 

We recommend larger scale studies for de-
tecting vitamin D deficiency in our population 
especially in patients with type-2 diabetes mel-
litus and suggest planning aggressive strategies 
to supplement our population with vitamin D. 
An interesting avenue in this aspect would be 
to see if supplementing with vitamin D can 
help improve glycemic control in diabetic pop-
ulation.
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