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Vitamin D supplementation in obese type 2 diabetes subjects
in Ajman, UAE: a randomized controlled double-blinded
clinical trial
A Sadiya1, SM Ahmed1, M Carlsson2, Y Tesfa1, M George1, SH Ali1, HH Siddieg1 and S Abusnana1

OBJECTIVES: To study the effect of Vitamin D3 supplementation on metabolic control in an obese type 2 diabetes Emirati population.
METHODS: This randomized double-blind clinical trial was conducted with 87 vitamin D-deficient obese, type 2 diabetic
participants. The vitamin D-group (n= 45) and the placebo group (n= 42) were matched for gender, age, HbA1c and 25-hydroxy
vitamin D (25(OH) D) at the baseline. The study was divided into two phases of 3 months each; in phase 1, the vitamin D-group
received 6000 IU vitamin D3/day followed by 3000 IU vitamin D3/day in phase 2, whereas the placebo group (n= 42) received
matching placebo.
RESULTS: After supplementation, serum 25(OH) D peaked in the vitamin D-group in phase 1 (77.2 ± 30.1 nmol/l, P= 0.003) followed
by a decrease in the phase 2 (61.4 ± 18.8 nmol/l, P= 0.006), although this was higher compared with baseline. In the placebo group,
no difference was observed in the serum 25(OH) D levels throughout the intervention. Relative to baseline serum, parathyroid
hormone decreased 24% (P= 0.003) in the vitamin D-group in phase 2, but remained unchanged in the placebo group. No
significant changes were observed in blood pressure, fasting blood glucose, HbA1c, C-peptide, creatinine, phosphorous, alkaline
phosphatase, lipids, C-reactive protein or thyroid stimulating hormone concentrations compared with baseline in either group.
CONCLUSIONS: Six months of vitamin D3 supplementation to vitamin D-deficient obese type 2 diabetes patients in the UAE
normalized the vitamin D status and reduced the incidence of eucalcemic parathyroid hormone elevation but showed no effect on
the metabolic control.
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INTRODUCTION
Vitamin D role in calcium homeostasis and bone metabolism is
well established.1 However, in recent years, there has been
numerous non-skeletal disease associations reported with vitamin
D deficiency including type 2 diabetes mellitus (T2D). This
additional evidence for the role of vitamin D in T2D comes from
a number of epidemiological studies showing an inverse
association between vitamin D status and hyperglycemia,2,3

insulin resistance4 prevalence of T2D5,6 and obesity.7

The prevalence of diabetes mellitus in the United Arab
Emirates (UAE) has been reported to be ~ 20% in 2013 by the
International Diabetes Federation,8 and this has been attributed to
the rapid economic development coupled with ageing popula-
tions. This rapid urbanization, economic growth and technological
advances have also contributed to the alarming rise of obesity in
this region.9

Vitamin D deficiency is startlingly high in the UAE and other
Gulf Cooperation Council countries, where the intensity and hours
of sunlight is paradoxically proportional to the prevalence of
vitamin D deficiency.10,11

The demonstration of a causal relation between vitamin D and
glucose metabolism needs evidence from randomized adequately
powered placebo-controlled intervention trials. As reviewed
recently, the studies published so far on T2D subjects have a
number of methodological limitations and shortcomings, such
as small sample sizes, heterogeneous regarding dose and

formulation of vitamin D treatment, duration, inclusion–exclusion
criteria and study populations. However, these studies have often
yielded inconclusive results.12,13

In the UAE, no randomized controlled trial has been reported in
vitamin D-deficient obese T2D patients. The appropriate dosing
regimen for improving vitamin D status in this population is
insufficiently studied. The purpose of this study was to conduct a
double-blind randomized trial in the Emirati population to clarify
the relationship between vitamin D3 (cholecalciferol) supplemen-
tation and glycemic control. Also in our study, we aimed to give
large enough doses of vitamin D3 to normalize (450 nmol/l)
serum 25-hydroxy vitamin D (25(OH) D).

Methodology
Prticipants. This trial was conducted between June 2012 and
December 2012 at Rashid Center for Diabetes and Research, a
tertiary diabetes care facility in Ajman, UAE. The criteria for
eligibility were UAE nationality, male and female, age between 30
and 60 years, body mass index (BMI)⩾ 30 kg/m2, diagnosis of T2D
and serum 25(OH) Do50 nmol/l. The participants were excluded
if they were diagnosed with type 1 diabetes, taking vitamin D
supplementation, serum creatinine 4200 μmol/l, liver function
tests (alkaline phosphates, alanine amino transferase and bilirubin)
greater than three times the upper limit of the local reference
range, possible primary hyperparathyroidism (plasma parathyroid
hormone (PTH) 45.0 pmol/l combined with serum calcium 42.8
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mmol/l), malabsorption syndrome, on hormone replacement
therapy, corticosteroids or anti-convulsants. Pregnant or lactating
women were also excluded.

Study design
The summary of the study design is illustrated in Figure 1. The
recruited participants were randomized by a computer-generated
random number sequence into one of the two groups—the
vitamin D-group (D-group) and the placebo group (P-group)—
with stratification according to age, gender and BMI by the Rashid
Center for Diabetes and Research, Information Technology
department. The participants and the research team remained
blinded to treatment allocation until after the final analysis was
completed. Vitamin D3 (Solgar, Leonia, NJ, USA) and placebo
(starch) (Compound Pharmacy, Dubai, UAE) were in capsule form
and identical in appearance. They were pre-packed in bottles and
consecutively numbered to be dispensed by an independent
pharmacist according to the randomization list.
The study was divided into two phases of 3 months each. In

phase 1, the D-group (n= 45) received unlabelled oral vitamin D3

6000 IU/day, whereas the P-group (n= 42) received placebo
capsules. In phase 2, the D-group (n= 45) received 3000 IU/day
of oral vitamin D3 and the P-group (n= 42) continued with
matching placebo capsules (Figure 1). Participants were advised to
maintain their usual medical care and diets and avoid taking
calcium or vitamin D supplements on their own while in the study
period. They were also informed to report any interval morbidity
including nausea, vomiting, excessive thirst, frequent urination,
constipation, abdominal pain, weakness and confusion. A study
staff contacted the participants by phone after 3 and 6 weeks of

initiation of the trial to ensure that the study medication was
taken correctly and to register any adverse events. Compliance
was recorded in a questionnaire at 3 and 6 months and was
assessed by measuring 25(OH) D concentrations after un-blinding.
Of the 366 patients who were screened for eligibility by the

physician, 279 were excluded and 87 (23.8%) were recruited after
a written informed consent was undertaken by the study staff.
This study was conducted according to the guidelines laid down
by the Declaration of Helsinki and all procedures involving the
participants were approved by the Ethical committee of the
Ministry of Health, UAE.

Measurements
A standard pretested questionnaire was completed by the
participants to record information about outdoor sun exposure,
use of sunscreen, clothing and skin colour (Fitzpatrick scale).14

Systolic and diastolic blood pressure was measured after 5–10min
rest, on the right arm in the sitting position. Fasting (12 h) venous
blood sample (8 ml) was collected and assessed for fasting blood
glucose, HbA1c, C-peptide, PTH, lipid profile (cholesterol, triglyceride,
high-density lipoprotein-cholesterol and low-density lipoprotein-
cholesterol), apolipoprotein A, Apolipoprotein B, phosphorous,
calcium, C-reactive protein, creatinine, alkaline phosphatase and
thyroid stimulating hormone in a Roche COBAS 6000 analyzer
(Mannheim, Germany). Blood HbA1c was reported in the NGSP (%)
unit, which is used in UAE. These results can be translated
to SI (IFCC) units using the International Federation of Clinical
Chemistry (IFCC)-National Glycohemoglobin Standardization
Program (NGSP) ‘master equation’ HbA1c (NGSP) = 0.9148 ×
HbA1c (IFCC)+2.152.15 25(OH) D was measured using

Figure 1. Summary of study design.
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immunochemiluminescene, performed in Diasorin Liaison analy-
zer (Saluggia, Italy). The analyzing laboratory participated in the
vitamin D external quality assessment scheme. The lab tests were
repeated at the baseline end of phases 1 and 2.

Statistical analysis
The study was powered to detect 0.75% difference in HbA1c,
0.7 kg/m2 in BMI and 6mmHg in blood pressure between the
groups. The estimated sample size of 50 subjects in each group
would give a power of 90% with 95% confidence interval.
Statistical evaluations were performed using SPSS 13.0 (IBM Corp,
NY, USA. Released 2013). The biochemical variables that were non-
normally distributed were normalized by logarithmic transforma-
tion. Comparison between the groups at baseline was done using
Student's t-test and between baseline and phases 1 and 2 were
done by repeated-measures analysis of variance in both the
groups. The Post hoc least-square difference was performed to
identify the significant group for each significant variable on the
analysis of variance test. All statistical tests were performed two-
sided, and P-value⩽ 0.05 was considered statistically significant.
No data were attributed for missing data and analyzed for intent
to treat. A secondary per-protocol analysis was also conducted for
the accuracy of primary analysis and yielded results in similar
significance and direction (not presented).

RESULTS
Eighty-seven participants were randomly assigned into two
groups—the D-group (n= 45) and the P-group (n= 42); there
was no drop out reported at the end of phase 1 (3 months); in
phase 2 (3 months) we lost three subjects in each arm as shown in
Figure 1. At the end of the trial, 82 subjects—that is, D-group
(n= 43) and P-group (n= 39)—were analyzed.
The baseline characteristics of the participants are presented in

Table 1, and there was no significant difference (Po0.05) in age,
BMI, serum 25(OH) D levels, HbA1c or duration of diabetes
between randomly allocated groups. The oral anti-diabetic drugs
included biguanides, thiazolidinediones, sulphonylureas and
incretins. All participants wore traditional attire—kandoora (male)
or Abaya (female)—when outdoor, which limits surface area
exposure to direct sunlight. Less than 5min/day exposure to direct
sunlight was reported by 33 and 44% of participants in D and
P-group. The average temperatures in the UAE were between 30
and 47 °C (maximum) and 17 and 27 °C (minimum) during the
study period (June to December 2012).The Fitzpatrick scale
assessed 84% of the participants between grade IV and V—that
is, between minimally sun sensitive to sun insensitive, burns
minimally to rarely burns and always tans to moderate brown to
tans well.

The Pearson correlation coefficient (r) at the baseline (n= 87)
showed an inverse relationship between serum 25(OH) D and
fasting blood glucose (r=− 0.27, Po0.01), HbA1c (r=− 0.25,
Po0.05), total cholesterol (r=− 0.23, Po0.05) and triglycerides
(r=− 0.30, Po0.01).
The effect of vitamin D3 supplementation is shown in Table 2.

Serum 25(OH) D increased (P= 0.003) by the end of phase 1
followed by a decrease (Po0.01) in phase 2 but maintained a
higher level compared with the baseline value (Po0.01), whereas
serum PTH decreased in phase 2 (P= 0.003) compared with the
baseline. Concurrently, 25(OH) D and calcium decreased (Po0.05)
after 6 months in the P-group.
Supplementation of vitamin D3 did not show statistical difference

in glycemic control (fasting blood glucose, HbA1c and C-peptide),
lipids, C-reactive protein, creatinine, (Table 2), apolipoproteins A and
B and thyroid stimulating hormone (not shown in the table).

Sub analysis:
The observation remained consistent even after stratifying the
groups according to BMI and serum 25(OH) D. The D-group was
divided into two subgroups—that is, HbA1C⩽ 8% (n= 22) and
HbA1c 48% (n= 23)—and compared baseline with phase 2, and
none of the variables showed any statistical difference, except for
an increase in 25(OH) D (Po0.001) in both the subgroups but a
decrease (Po0.05) in PTH only in the group with HbA1C⩽ 8%.
The effect of vitamin D supplementation on a subgroup with

serum 25(OH) D o30 nmol/l showed no improvement in any of
the metabolic markers. The group (n= 24) that achieved serum
25(OH) D ⩾ 75 nmol/l in phase 1 versus the placebo showed no
changes in the metabolic markers either.

DISCUSSION
This 6-month randomized double-blind placebo-controlled study
in vitamin D-deficient obese T2D Emirati patients showed no
effect of vitamin D3 supplementation on glycemic control.
The subjects recorded a strikingly low exposure to direct

sunlight, although the climate of the UAE is generally hot and dry
with ample sunlight throughout the year; the soaring tempera-
tures in the summer (June–September average temperature 42 °C)
restrict outdoor activities. Similar observation has been reported
earlier in this region.16

At baseline, serum 25(OH) D was inversely related to glycemia
(fasting blood glucose and HbA1C). From a theoretical point of view,
there are several mechanisms whereby vitamin D may influence
glycemic control, insulin secretion and sensitivity. For instance, the
vitamin D receptor is expressed in the insulin producing beta cells.
These cells also have the enzyme (CYP27B1) necessary for activating
25(OH) D to the active form 1,25 dihydroxy vitamin D. Added to this,
the insulin secretion is also a calcium-dependent process and can

Table 1. Baseline characteristics of the study participants

Characteristics Vitamin D-group Mean± s.d. Placebo group Mean± s.d.

Subjects (Male) 45 (9) 42(7)
Age (years) 49± 8 48± 8
Body mass index (kg/m2) 37.9± 6.1 37.6± 7.7
Fitzpatrick skin score grade IV & V (%) 78 90
Oral anti-diabetic drugs (%) 69 50
Oral anti-diabetic drugs+ insulin (%) 31 50
T2D duration of diagnosis (years) 9.5± 6.2 9.1± 5.5
Exposure to direct sunlight o15min/day (%) 60 74
S-25(OH) vitamin D (nmol/l) 28.5± 9.2 30.5± 11.2
B-HbA1c (%) 8.3± 1.3 8.3± 1.9

Abbreviations: s-25(OH)vitamin D, serum 25-hydroxy vitamin D; T2D, type 2 diabetes mellitus. Values are Mean± s.d.
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consequently be indirectly influenced by vitamin D, which is a
known regulator of calcium balance. Moreover, vitamin D may also
stimulate the expression of the insulin receptor in peripheral
tissues and thereby increase glucose transport.17–19

Another observation in our study was that the baseline
C-reactive protein levels were high (8.0 ± 7.6 mg/l), which is above
the standard reference range (o4mg/l). This was higher than
participants of white, Hispanic, African-American and Asian
ethnicity.20 Only four patients had C-reactive protein below
1.0 mg/l, and 20 patients had C-reactive protein levels
410.0 mg/l. This may indicate a high-grade inflammation in
centrally obese diabetic subjects in the UAE.
On supplementation, we found neither dose (6000 or 3000 IU/

day) of vitamin D3 could statistically influence the glycemic control
(HbA1c, fasting blood glucose and c-peptide) nor was there any
change in other metabolic markers (Table 2). However, there was an
increase (Po0.01) in the serum 25(OH) D and a decrease in PTH in
the D-group and alongside a decrease (Po0.05) in serum 25(OH) D
and calcium in the P-group compared with baseline.
The results from small clinical trials and post hoc analyses of

larger trials on the effect of vitamin D supplementation on
glycemic control have been inconsistent. A systematic review of
nine studies suggested a weak effect of vitamin D supplementa-
tion in reducing fasting blood glucose and improving insulin
resistance and no change in HbA1c in subjects with T2D and
impaired glucose tolerance.21 Three small underpowered rando-
mized controlled trials in T2D patients show no change in fasting
blood glucose, HbA1c or insulin resistance after a follow-up period
of 8–26 weeks. This controversy, or at least part of it, might be due
to the ethnicity differences in the study’s population.22–25

Detecting an increase in serum 25(OH) D in obese diabetic
subjects following vitamin D supplementation is in agreement to
all the supplementation studies.21 The significant (28.5 ± 9.2 vs
77.2 ± 30.1, P= 0.003) but lower than anticipated rise in serum
25(OH) D may be because of ethnicity-related differences in
vitamin D absorption and/or altered vitamin D metabolism in the
obese subjects.26,27

However, the supplementation dose was selected on the basis
of the recommendations of Endocrine Society Clinical guidelines
2011,28 which suggested 6000–10 000 IU/day of vitamin D3 to
treat vitamin D deficiency and maintain 25(OH)D level above

30 ng/ml (75 mmol/l), followed by maintenance therapy of
3000–6000 IU vitamin D3/d. Our findings show that 6000 IU
vitamin D3/day for 3 months safely increased serum 25(OH) D,
but was probably low to optimize all vitamin D-dependent
functions. Some authors consider 75 nmol/l to be an adequate
concentration to begin with, and the best to be between 90 and
100 nmol/l (36–40 ng/ml),29 although this is still controversial.
Wortsman et al27 have reported that the obese participants were
able to raise their blood levels of vitamin D by no more that 50%
compared with the non-obese adults. Hence, we presume this
could have also caused a suboptimal increase in the circulating
25(OH) D in our obese subjects.
The supplementation of vitamin D3 suppressed the PTH levels

after phase 2 (5.9± 2.4 vs 4.4 ± 1.8), unlike in the P-group. which
showed a small but insignificant increase in PTH. These results are
in line with the fact that PTH decreases with increasing 25(OH) D
concentrations as reported earlier.23 No significant change in blood
pressure was recorded; this could be attributed to a well controlled
baseline mean systolic and diastolic blood pressure. These results
are supported by a meta-analysis where a small reduction in blood
pressure was reported with vitamin D therapy but only in studies
with a mean baseline systolic blood pressure of 4140mmHg.24

In the present study, most of the patients were taking statins and
angiotensin converting enzyme inhibitors at the baseline and the lipid
profile was well controlled, and supplementation did not show any
significant improvement. A meta-analysis of 12 clinical trials reported
no significant effect of vitamin D supplementation on total cholesterol,
high-density lipoprotein-cholesterol and triglyceride.30

To our knowledge, this is the first randomized double-blind
placebo-controlled trial of vitamin D supplementation in obese
T2D Emirati participants. In the current study, we have recorded a
wide range of metabolic markers. There was a well-matched
baseline group, and all the participants in the study were receiving
medical care suggestive of current standards of care.31

The limitation of the study could be the inefficiency to raise and
sustain the serum 25 (OH) D475 nmol/l, attributing it to the
compliance (85%) in both the groups, insufficiency of the dose of
vitamin D3 and/or interaction with patient medication. However,
in a recent study by Davidson et al32 a mean weekly dose of
89 000 IU in individuals with prediabetes and hypovitaminosis had
no effect on the development of diabetes, insulin secretion or

Table 2. Effect of Vitamin D3 supplementation on obese type 2 diabetic subjects

Variable Vitamin D-group Placebo group

Baseline Phase 1 (6000 IU/day) Phase 2 (3000 IU/day) Baseline Phase 1 Phase 2

Weight (kg) 95.5± 17.7 95.0± 18.1 94.7± 18.2 94.2± 23.3 95.0± 23.4 95.2± 23.4
Systolic blood pressure (mmHg) 128± 20 133± 16 133± 12 131± 18 132± 19 133± 19
Diastolic blood pressure (mmHg) 70± 12 74± 9 73± 9 73± 9 73± 10 73.± 9
S-25(OH) vitamin D (nmol/l) 28.5± 9.2 77.2± 30.1a 62.3± 20.8ab 30.5± 11.3 28.8± 12.9 25.4± 11.8a

P-calcium (mmol/l) 2.31± 0.08 2.31± 0.89 2.30± 0.89 2.35± 0.10 2.32± 0.11 2.29± 0.10a

P-phosporous (mmol/l) 1.16± 0.18 1.21± 0.16 1.17± 0.13 1.17± .14 1.20± 0.21 1.10± 0.18
P-parathyroid hormone(pmol/l) 5.9± 2.4 5.0± 2.5 4.5± 1.8a 5.4± 2.3 5.4± 2.4 5.5± 2.4
P-alkaline phosphotase (IU/l) 73.9± 17.7 69.4± 16.7 69.5± 16.0 81.2± 22.6 76.3± 22.5 77.9± 24.6
P-fasting glucose (mmol/l) 9.3± 2.8 9.8± 3.1 9.5± 2.9 8.9± 3.2 9.2± 3.4 9.7± 3.7
B-HbA1c (%) 8.2± 1.3 8.2± 1.4 8.0± 1.5 8.3± 1.8 8.4± 1.8 8.3± 1.9
P-C-peptide (nmol/l) 1.2± 0.5 1.3± 0.5 1.2± 0.5 1.0± 0.4 1.0± 0.4 1.0± 0.4
P-CRP (mg/l) 7.4± 7.6 7.8± 10.8 8.0± 9.5 8.0± 9.2 9.5± 10.4 10.0± 13.0
P-creatinin (mmol/l) 55.5± 14.3 57.1± 20.3 54.3± 13.1 54.0 ± 16.1 51.6± 13.6 53.0± 15.2
P- cholesterol (mmol/l) 4.3± 1.0 4.2± 0.9 4.3± 1.0 4.1± 0.9 4.0± 0.8 4.3± 1.3
P-HDL-cholesterol (mmol/L) 1.1± 0.2 1.1± 0.2 1.1± 0.2 1.1± 0.3 1.1± 0.2 1.1± 0.2
P-LDL-cholesterol (mmol/l) 2.7± 0.8 2.5± 0.8 2.6± 0.9 2.4± 0.8 2.4± 0.8 2.5± 1.0
P-Triglyceride (mmol/l) 1.6± 1.1 1.7± 1.1 1.6± 0.8 1.8± 1.1 1.8± 1.4 1.9± 1.8

Abbreviations: CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Mean± s.d. (all such values). aDenotes significance
compared with baseline. bDenotes significance compared with phase 1 (Po0.05). These comparisons were only performed when the group comparison
P-value was o0.05.
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insulin sensitivity, although a slight reduction in HbA1c levels was
observed. Therefore, we consider it unlikely that a higher dose of
vitamin D or a better compliance would have changed the trial
outcome significantly.

CONCLUSION
In conclusion, the present trial has indicated that, although there
was an inverse baseline relationship between serum 25(OH) D and
glycemic profile, the vitamin D3 supplementation in the obese T2D
participants in the UAE did not improve glycaemic control or lipid
concentrations. However, the treatment with vitamin D3 reduced
the incidence of secondary hyperparathyroidism and normalized
the PTH levels.
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