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Aim. To report vitamin D status and its impact on metabolic parameters in people in the United Arab Emirates with obesity and
type 2 diabetes (T2D). Methodology. This cross-sectional study included 309 individuals with obesity and T2D who were randomly
selected based on study criteria. Serum concentrations of 25-hydroxy vitamin D (s-25(OH)D), calcium, phosphorus, parathyroid
hormone, alkaline phosphatase, glycemic profile, and cardiometabolic parameters were assessed in fasting blood samples, and
anthropometric measurements were recorded. Results. Vitamin D deficiency (s-25(OH)D < 50 nmol/L) was observed in 83.2% of the
participants, with a mean s-25(OH)D of 33.8 + 20.3 nmol/L. Serum 25(OH)D correlated negatively (P < 0.01) with body mass index,
fat mass, waist circumference, parathyroid hormone, alkaline phosphatase, triglycerides, LDL-cholesterol, and apolipoprotein B and
positively (P < 0.01) with age and calcium concentration. Waist circumference was the main predictor of s-25(OH)D status. There
was no significant association between serum 25(OH)D and glycemic profile. Conclusion. There is an overwhelming prevalence of
vitamin D deficiency in our sample of the Emirati population with obesity and T2D. Association of s-25(OH)D with body mass
index, waist circumference, fat mass, markers of calcium homeostasis and cardiometabolic parameters suggests a role of vitamin D

in the development of cardiometabolic disease-related process.

1. Introduction

Vitamin D is a fat-soluble vitamin with hormonal func-
tions, and concentrations of serum 25-hydroxyvitamin D (s-
25(OH)D) are largely determined by ultraviolet light expo-
sure, dietary intake, and supplementation [1]. Vitamin D has
traditionally been associated with calcium metabolism and
bone mineralization. However, recent evidence from various
research reports has suggested a role in the progression of
chronic diseases such as diabetes mellitus and cardiovascular
diseases but with inconsistent results [2, 3]. Vitamin D
deficiency is an important public health problem worldwide
[4], and although the Middle East receives ample sunshine,
people living in this region (15° to 36°N) have high prevalence
of hypovitaminosis D across all age groups [5, 6]. This has
been attributed to several factors including limited exposure
to sunlight, low dietary intake of vitamin D,, dark skin
color, clothing, and religious practices that restrict sunlight

exposure [6, 7]. These conditions may vary between countries
based on geographical location and ethnicity.

The high prevalence of diabetes and obesity in the United
Arab Emirates (UAE) has motivated concern about hypovi-
taminosis D, since several studies have reported increased
vitamin D deficiency in persons with obesity and type 2
diabetes mellitus (T2D) compared to healthy controls [5, 8].
Most studies have focused on vitamin D status and the inci-
dence of diabetes, while few have evaluated the relationships
between vitamin D status and various pathophysiological and
metabolic parameters in patients with T2D [9]. Although
some epidemiological studies have shown s-25(OH)D to be
associated with insulin sensitivity and glucose tolerance [10],
the relationships between vitamin D status and metabolic
parameters in various ethnic groups are not well known, a
situation that leaves ample scope for further investigation
into the relationship between vitamin D status and clinical
variables in patients with obesity and T2D.
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Information about vitamin D status in adults in the
Middle East with obesity and T2D is scarce. Furthermore,
the relationship between hypovitaminosis D and different
metabolic parameters has not been studied in depth. To
our knowledge no studies have been published about the
population residing in the UAE with obesity and T2D. The
present study was designed to determine vitamin D status
and search for possible associations between serum vitamin
D concentration and metabolic parameters in persons with
obesity and T2D in this country.

2. Methods

2.1. Participants. This cross-sectional study was done at
Rashid Center for Diabetes and Research, a tertiary diabetes
care facility in Ajman, UAE. The UAE is situated in the
northern hemisphere between 22° and 26.5° north of the
equator. A total of 2101 patients registered from December
2010 to December 2013 were reviewed based on the inclu-
sion and exclusion criteria, and 309 men and women were
randomly selected for data analysis. The inclusion criteria
were UAE nationality, age between 30 and 60, diagnosis of
T2D, and body mass index (BMI) > 30 kg/mz. Participants
were excluded if they were diagnosed with type 1 diabetes
and had a history or evidence of parathyroid or calcium
related diseases, history or evidence of endocrine diseases
including hyperthyroidism, hypothyroidism, adrenal disease,
and pituitary disease, or history of major renal, liver, heart,
blood, or neurological disease, as judged by the investigating
physicians. All patients gave their written informed consent
acknowledging the use of their data for the study as approved
by the Regional Ethics committee of the Ministry of Health,
UAE. The study was conducted in accordance with the
Declaration of Helsinki.

2.2. Methods. All patients were examined by a physician
at their first visit to the center, and demographic data,
medical history, presence of comorbidities, and medications
used were recorded as part of standard clinical practice in
the health care information system. A standard pretested
questionnaire was completed by a subgroup of 154 par-
ticipants assisted by a study staff member, in order to
record information about outdoor exposure to sunlight, use
of sunscreens, clothing, skin color (Fitzpatrick scale), and
intake of food sources rich in dietary vitamin D,. Anthro-
pometric measurements (height, weight, waist circumference
(WC), and body composition) were also recorded. Body
weight and height were measured with an electronic balance
and stadiometer (Seca, Hamburg, Germany, capacity: max
250 kg, range: 110 cm/43 ins to 200 cm/79 ins) and recorded
to the nearest 0.1kg or 0.lcm. Body composition was
determined by bioelectric impedance with an InBody-230
analyzer (Biospace, Dogok-dong, South Korea). Body mass
index (weight (kg)/height® (m?)) was also calculated. Waist
circumference was defined as the abdominal circumference
immediately above the iliac crests. Systolic and diastolic blood
pressure were measured in the right arm while the participant
was seated and after he or she had rested for at least 10 min. A
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fasting (12 hours) venous blood sample (8 mL) was collected
and used to determine glycemic profile (fasting blood glucose
(FBG), HbAlc, and C-peptide), cardiometabolic parameters
(serum cholesterol, triglycerides (TG), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), apolipoprotein A (Apo A), apolipoprotein B (Apo
B), C-reactive protein (CRP)), markers of calcium homeosta-
sis (serum 25(OH)D, calcium, phosphorus, parathyroid hor-
mone (PTH), and alkaline phosphatase (ALP)), and serum
creatinine. All values were measured with a Roche COBAS
6000 analyzer (Mannheim, Germany). Serum 25(OH)D was
measured with an immunochemiluminescence method in
a DiaSorin Liaison analyzer (Saluggia, Italy). The analyzing
laboratory participated in the vitamin D external quality
assessment scheme (DEQAS). All parameters were measured
at the same time or close to the date of s-25(OH)D determi-
nation.

Vitamin D status was recorded based on serum con-
centration of 25(OH)D as severely deficient (<25nmol/L),
deficient (<50 nmol/L), insufficient (<75 nmol/L), or normal
(>75nmol/L) [5, 6].

2.3. Statistical Analysis. Normal distribution of all the data
sets was confirmed by histogram plots, and the results
were presented as the mean + standard deviation. Pearson’s
correlation coefficient was calculated to identify bivariate
associations between s-25(OH)D and other covariates. Addi-
tionally, the participants were classified into subgroups based
on gender, medication use, glycemic profile, and fat mass
to determine the strength of the relationships of metabolic
markers with s-25(OH)D. We also stratified our sample into
subgroups based on s-25(OH)D status for comparison with
one-way ANOVA, and the Bonferroni method was used for
post hoc comparisons. To evaluate predictors of 25(OH)D
status we used regression analyses with age, BMI, WC, fat
mass, LDL-C, total cholesterol, and TG. The criterion for
statistical significance (two-tailed tests) was P < 0.05.

3. Results

Table 1 shows the participants’ responses to the questionnaire
on factors affecting vitamin D status, that is, lifestyle, dietary
intake, and vitamin D supplementation. Seventy-nine percent
of the participants had a skin score of 4 and 5, that is,
brown to dark brown skin characterized by easy tanning. The
dietary intake of foods rich in vitamin D, and vitamin D,
supplementation are also shown. Sixty-eight percent of the
participants were on oral antidiabetic drugs only, whereas the
rest were on both insulin and oral antidiabetic drugs. The
mean duration of T2D since diagnosis was 12.0 + 7.5 years.

Figure 1 illustrates s-25(OH)D status in participants with
obesity and T2D and the distribution in men and women
of the categories of vitamin D status according to cut-oft
values. The overall serum vitamin D status was deficient
(<50nmol/L) in 83.2% of the participants, and only 4.5%
of them had a normal s-25(OH)D status (>75 nmol/L). The
prevalence of severe 25(OH)D deficiency (<25 nmol/L) was
higher in women than in men (P < 0.05).
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FIGURE 1: Serum 25(OH) vitamin D status in males and females according to cut-off values. Note: vitamin D deficiency was defined as s-
25(0OH)D < 50 nmol/L.

TaBLE 1: Participants’ responses to questionnaire on lifestyle, dietary TaBLE 2: Clinical characteristics of participants and correlation with
intake, and supplemental vitamin D. serum 25(OH)D.
Variable Percent (%) Parameters Mean + SD r P value
Fitzpatrick skin score grades 4 and 5 79 N (males) 309 (81)
Using sunscreen 24.2 Age (years) 487 +78 0.26 0.00
Exposure to direct sunlight <15 min/day 71 Weight (kg) 94.0+171 -0.13  0.02
Milk and milk product (servings/day) Body mass index (kg/m2 ) 36.9+6.0 -0.15 0.01
None 23 Waist circumference (cm) 111 +12 -0.17 0.00
1to2 64 Fat mass (kg) 43.0+1.1 -0.16  0.01
3to4 9 Systolic blood pressure (mmHg) 133+17 0.07 0.22
>4 4 Diastolic blood pressure (mm Hg) 72 +10 -0.01 0.86
Fortified breakfast cereal (servings/week) 25(OH) vitamin D (nmol/L) 33.8+20.3 1 n/a
None 73.6 Calcium (mmol/L) 231+0.1 0.21 0.00
1to2 12.8 Phosphorus (mmol/L) 1.12+017  0.12 0.04
3to4 12 Parathyroid hormone (pmol/L) 57+37 -0.28  0.00
>4 1.6 Alkaline phosphatase (IU/L) 845+228 -0.16 0.00
Fish (servings/week) Fasting blood glucose (mmol/L) 105+ 4 0.04 0.48
None 23 HbAIlc (%) 9.0+2.0 0.01 0.86
1to2 46.2 C-peptide (nmol/L) 114+0.52 -0.07  0.23
3to4 25.3 Hs-C-reactive protein (mg/L) 9.5+9.9 -0.09 0.12
>4 5.5 Creatinine (mmol/L) 56.1+20.3 0.07 0.25
Cod liver oil 17.6 HDL-cholesterol (mmol/L) 1.1+£03 0.12 0.03
Vitamin D supplement 24.2 LDL-cholesterol (mmol/L) 28+09 -0.16  0.00
Total cholesterol (mmol/L) 4.6 +1.1 -0.16 0.00
Triglycerides (mmol/L) 1.7+08 -0.15  0.01
Apolipoprotein A 1.36+0.22  0.07 0.30
The clinical characteristics of our participants and the Apolipoprotein B 0.88+0.26 —0.19  0.00
associations of s-25(OH)D with different metabolic param- Data are presented as the mean + SD. r is the correlation coefficient for each

eters are shown in Table 2. The mean levels of FBG, HbAlc, variable versus serum concentration of s-25(OH)D.

LDL-C, and CRP were higher than the recommended target,

and HDL-C levels were lower (ADA guidelines). Serum

25(OH)D was positively associated with age and negatively ~ no association was evident with lean body mass. In addi-
associated with weight, BMI, WC, and fat mass, whereas  tion, s-25(OH)D was positively associated with calcium and



inversely related to PTH and ALP (P < 0.01). The lipid profile
and Apo B level were associated with s-25(OH)D, but no
significant association was observed between s-25(OH)D and
blood pressure, glycemic profile, CRP, creatinine, or Apo A.

We divided the participants into subgroups based on
glycemic control (HbAlc < 7%, 7% to 9%, and >9%), gender,
duration of diabetes (<5, 5 to 10, 10 to 15, >15 years), and
medication use (oral antidiabetics only versus insulin therapy
plus oral antidiabetics) to search for further associations
between these variables and vitamin D status. However, there
were no significant differences between the quartiles, and
no associations were found with glycemic profile (data not
shown).

The association between s-25(OH)D and HDL-C, LDL-
C, total cholesterol, and TG was stronger in males (r = 0.21,
-0.36,—0.33, and 0.29, resp.) than in females (r = 0.12, —0.09,
-0.09, and —0.11, resp.), whereas the association with Apo B
was stronger in females (r = —0.21 in women versus —0.06 in
men). In addition, we found a significant association between
s-25(0OH)D and LDL-C (r = —0.21), cholesterol (r = —0.22),
and TG (r = —0.18) (P < 0.01) in the subgroup of patients on
oral antidiabetic medication only.

Table 3 compares the results for different metabolic
variables across three categories of vitamin D status according
to cut-off values for s-25(OH)D. There were no significant
differences between these subgroups in any of the variables
in the glycemic profile. The values for the cardiometabolic
variables, that is, LDL-C, cholesterol, TG, Apo B, and CRP,
decreased steadily in subgroup with 25-nmol/L higher s-
25(0OH)D. As s-25(OH)D status improved, calcium levels
increased, whereas PTH and ALP levels decreased. Linear
regression analysis identified PTH (8 = -1.67, P < 0.001),
calcium (B = 456, P < 0.001), and ALP (B = —0.21,
P < 0.001) as factors associated with serum vitamin D status.

4. Discussion

The main finding in this cross-sectional study is the very high
prevalence (83.2%) of vitamin D deficiency (<50 nmol/L),
with a mean s-25(OH)D of 33.8 + 20.3 nmol/L in Emirati
patients with obesity and T2D. This was similar to the
mean s-25(OH)D value reported for patients in Saudi Arabia
with diabetes and obesity (35.5 + 30.6nmol/L, 39.18 +
18.72 nmol/L) [5, 11]. However, our observed mean was far
lower than the value reported for Japanese patients with
diabetes (42 + 17.7 nmol/L) [12] and a sample of patients in
the USA (5715nmol/L) [13]. The discrepancy between our
results and the findings in other ethnic groups may reflect
ethnic differences, lifestyle factors, and differences in the
dietary intake of fortified foods. Our results confirm and
augment the body of evidence that vitamin D deficiency is
alarmingly high among people in the UAE with diabetes
and obesity. In the present study there was no significant
difference in vitamin D status between males and females
(35.1 + 19.2nmol/L versus 33.3 + 20.7 nmol/L), a finding
consistent with an earlier study of people in Saudi Arabia
with diabetes and obesity [11]. Nevertheless, severe vitamin D
deficiency (<25nmol/L) was more frequent in females than
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the males (45.6% versus 37.3%). The higher percentage of
severe deficiency may be attributable to differences between
study populations in lifestyle factors, cultural practices, and
fat mass [14, 15].

Vitamin D is a nutrient that is derived from dietary
sources, and up to 80% is produced by synthesis in the
skin under the influence of ultraviolet-B radiation from
sunlight. In the present study the low levels of s-25(OH)D
may be a result of restricted exposure to direct sunlight,
insufficient vitamin D intake, or both. Forty-two percent of
our participants were exposed to direct sunlight for less than
5 min/day, and they often avoided exposure in the afternoons
due to high temperatures. About one-fourth (24.2%) wore a
sunscreen before going outdoors, and all participants wore
their traditional attire (an abaya for females and a kandoora
for males) outdoors, which reduced the surface area exposed
to direct sunlight [16]. The black clothing (abaya) worn by
female participants blocks 100% of ultraviolet-B radiation
[17]. Moreover, darker skin produces less vitamin D than
lighter shades of skin [18], and 79% of our participants had
brown to dark brown skin. Although the consumption of
milk, yoghurt, and cheese was fairly high with 64% consum-
ing these items 1 or 2 times per day, it is not known whether
milk sold in the UAE is adequately fortified with vitamin D.
Studies from the USA and Canada show that fortified milk
did not contain the amount of vitamin D claimed on the label
[19]. Our participants consumed considerable amounts of fish
but not the oily sea fishes that are rich in vitamin D;. Hence,
we assume that the frequency of consumption of foods rich
in vitamin D, may be insufficient to contribute to the daily
recommended dietary allowance of 600 IU/day [20]. Some of
our participants also reported consuming cod liver oil (17.6%)
and vitamin D supplements (24.2%), but the average dose was
400 IU vitamin D;/day.

Our results indicate a positive relationship between s-
25(OH)D and age, as supported by similar evidence in the
Middle East region [5, 6]. This relationship may be partly
elicited by multivitamin supplementation in elderly patients
in clinical practice, which may have contributed to increased
s-25(OH)D in this age group.

Itis well established that obesity is associated with vitamin
D deficiency, and our data confirm previous reports of
a negative association between s-25(OH)D and BMI, fat
mass, and WC [15, 21]. Low levels of s-25(OH)D have been
attributed to sequestration of vitamin D by the adipose
tissue [22], dilution of ingested or cutaneously synthesized
vitamin D in the enlarged fat mass [23], reduced release of
vitamin D into the systemic circulation, and low exposure
to direct sunlight due to reduced physical activity [15, 24].
Serum levels of 25(OH)D correlated negatively with WC after
adjustment for confounders such as BMI, fat mass, and age.
As suggested by Cheng et al. in 2010 [15], both subcutaneous
adiposity and visceral adiposity are associated with low
vitamin D concentrations. The vitamin D system is known
to be altered in persons with obesity, and this may have
implications for the development of both obesity itself and
its comorbidities.

Our study adds to the evidence that serum vitamin D
status is not associated with the glycemic profile in Emiratis
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TaBLE 3: Demographic, anthropometric, and laboratory variables in subgroups with different serum 25(OH) vitamin D cut-off values.
Variable Se(vz:;zlzl iiﬁl/cie)m Deficient (25-50 nmol/L) ( Sé?;l;fﬁnf;leo?;u P value*
Group A Group B Group C
N (males) 132 (28) 125 (40) 38 (11)
Age (years) 46.4 £ 8.0 49.8 +77 52455 0.00
Weight (kg) 95.4 +17.7 94.7 +171 88.4 +13.0° 0.03
Body mass index (kg/m®) 378 +6.1 36.8+6.4 349 +45° 0.03
Waist circumference (cm) 113 +13 m=+12 108 +9 0.09
Fat mass (kg) 44.9 +11.9 42.4+10.7 39.9+93° 0.03
25(OH) vitamin D (nmol/L) 175+ 4.8 362+6.8° 59.9 + 73" 0.00
Calcium (mmol/L) 2.29+0.12 2.32+0.09 2.34+0.10° 0.02
Phosphorus (mmol/L) 1.09 £ 0.17 113+ 0.17 114 +0.15 0.18
Parathyroid hormone (pmol/L) 6.6 +4.3 54+33 45+ 2.1° 0.01
Alkaline phosphatase (IU/L) 89.4 +241 81.8 +21.1° 79.4 +20.3" 0.01
Fasting blood glucose (mmol/L) 10.6 + 4.2 10.0 + 3.7 11.1+43 0.28
HbAlc (%) 9.2+21 8.7 +1.9° 9.7 +2.2 0.02
C-peptide (nmol/L) L1+0.6 12+05 1.0+0.4 0.20
Hs-C-reactive protein (mg/L) 10.7 +10.3 8.8+8.6 6.8+5.3 0.04
HDL-cholesterol (mmol/L) 1L1+£03 12+0.2 12403 0.16
LDL-cholesterol (mmol/L) 3.0+1.0 2.9+0.9 2.4+0.7% 0.00
Total cholesterol (mmol/L) 48+11 4.6 £1.0 41+0.9° 0.00
Triglycerides (mmol/L) 1.9 +1.0 1.6 + 0.6* 15+ 0.6° 0.00
Apolipoprotein B 0.94 +0.3 0.86 +0.2 0.80 +0.2 0.01

Data are presented as the mean + SD. *P value for differences between groups according to ANOVA. *Significance compared to group A. bSigniﬁcance

compared to group B.

with obesity and T2D. However, the association of serum
25(OH)D with C-peptide (r = -0.17) and HOMA-IR
(r = -0.16) was significant (P < 0.01) in the subgroup
of participants who were using oral medications, whereas
no association was observed with duration of T2D. Previous
studies have reported inconclusive results regarding the asso-
ciation between vitamin D status and HbAlc [5, 8, 25], and
the lack of a clear trend among different studies suggests that
ethnicity may have an effect on this relationship. However,
a randomized clinical trial to study the effect of vitamin D,
supplementation in patients with T2D found no effect on
glycemic profile [9].

Our results confirmed the association between 25(OH)D,
PTH, and calcium that has been described in the literature
[1]. Our findings also indicate that there are a negative rela-
tionship between s-25(OH)D and LDL-C, cholesterol, TG,
and Apo B and a positive relationship with HDL-C. Similar
associations with lipid profile parameters were found in 108
patients from Iran with T2D [26]. Moreover, vitamin D was
inversely related to atherogenic dyslipidemia in some studies
but not in others. A review of 22 cross-sectional studies
showed a positive association between vitamin D and HDL-
C resulting in a favorable ratio of LDL-C (or cholesterol) to
HDL-C [27-29]. There was also consensus between studies
on the negative relationship between vitamin D and TG [30].

Although there is no general agreement among interven-
tional studies regarding the effects of 25(OH)D on lipid levels,
it has been suggested that vitamin D can modify the lipid
profile via both direct and indirect effects. Vitamin D may
decrease serum TG through a regulatory action that increases
the activity of lipoprotein lipase in persons with obesity [31].
In vitro studies have found that PTH decreases lipolysis (by
increasing the level of cystolic calcium) and increases the
expression of fatty acid synthesis [32, 33]. Calcium influences
lipid levels by interfering with fatty acid absorption via the
formation of insoluble calcium—fatty complexes in the gut;
this results in an increase in the conversion of cholesterol
to bile acids [34]. A strong association between s-25(OH)D
and Apo B was also observed in our study, as in an earlier
report in normal adults [35]. The association of s-25(OH)D
with cardiometabolic parameters in our study population
also appeared to be influenced by other factors such as the
duration of diabetes (12.0 £ 7.5 years) and BMI (36.9 +
6.0 kg/m?).

Two particular strengths of our study are that we selected
a fairly large sample and included individuals who comprised
a homogenous Emirati population of people with obesity and
T2D who share a similar lifestyle. A potential limitation of
this study was that the information on dietary intake was
obtained from self-reports, which should be considered with



due caution. Our findings must accordingly be interpreted in
the light of these acknowledged limitations.

5. Conclusion

The main finding of this cross-sectional study is the very
high prevalence of vitamin D deficiency in our sample of the
Emirati population with obesity and T2D. Serum concentra-
tions of 25(OH)D were not associated with any particular
characteristics of the glycemic profile but were strongly
associated with BMI, WC, and fat mass, markers of calcium
homeostasis and cardiometabolic parameter. Although our
study design was cross-sectional and no inferences should
be drawn regarding causality effects, our findings, together
with previous research in other settings, suggest that an
adequate vitamin D status may help prevent the development
of cardiometabolic disease-related processes. However ran-
domized controlled trials are suggestive to prove the causality
in this area.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contribution

Amena Sadiya, Solafa M. Ahmed, and Salah Abusnana
designed the research. Amena Sadiya, Solafa M. Ahmed, and
Sijomol Skaria collected the data. Amena Sadiya and Salah
Abusnana analyzed the data. Amena Sadiya wrote the paper.
All authors read and approved the final paper.

Acknowledgments

The authors would like to acknowledge the contributions
of Joseph George for IT support, Dr. Yohannes Tesfa for
reviewing the paper, K. Shashok for improving the use of
English in the paper, and Dr. Jayadevan Sreedharan for his
guidance in statistical analysis. The authors would also like
to express their appreciation to Global Health Partner for
providing them with financial support.

References

[1] M. E Holick, “Vitamin D deficiency;” The New England Journal
of Medicine, vol. 357, no. 3, pp. 266-281, 2007.

[2] C. Gagnon, Z. X. Lu, D. J. Magliano et al, “Serum 25-
hydroxyvitamin D, calcium intake, and risk of type 2 diabetes
after 5 years: results from a national, population-based prospec-
tive study (the Australian diabetes, obesity and lifestyle study),”
Diabetes Care, vol. 34, no. 5, pp. 1133-1138, 2011.

[3] S.Reddy Vanga, M. Good, P. A. Howard, and J. L. Vacek, “Role
of vitamin D in cardiovascular health,” The American Journal of
Cardiology, vol. 106, no. 6, pp. 798-805, 2010.

[4] J. Hilger, A. Friedel, R. Herr et al.,, “A systematic review of
vitamin D status in populations worldwide,” British Journal of
Nutrition, vol. 111, no. 1, pp. 23-45, 2014.

Journal of Diabetes Research

[5] H. Alfawaz, H. Tamim, S. Alharbi, S. Aljaser, and W. Tamimi,
“Vitamin D status among patients visiting a tertiary care center
in Riyadh, Saudi Arabia: a retrospective review of 3475 cases,”
BMC Public Health, vol. 14, no. 1, article 159, 2014.

[6] C. Abiaka, M. Delghandi, M. Kaur, and M. Al-Saleh, “Vitamin
D status and anthropometric indices of an Omani study
population,” Sultan Qaboos University Medical Journal, vol. 13,
no. 2, pp. 224-231, 2013.

[7] G. L Baroncelli, A. Bereket, M. El Kholy et al., “Rickets in the
Middle East: role of environment and genetic predisposition,”
Journal of Clinical Endocrinology and Metabolism, vol. 93, no. 5,
pp. 1743-1750, 2008.

[8] D. J. Al-Timimi and A. E. Ali, “Serum 25(OH) D in diabetes
mellitus type 2: relation to glycaemic control,” Journal of Clinical
and Diagnostic Research, vol. 7, no. 12, pp. 2686-2688, 2013.

[9] A. G. Pittas and B. Dawson-Hughes, “Vitamin D and diabetes;”
Journal of Steroid Biochemistry and Molecular Biology, vol. 121,
no. 1-2, pp. 425-429, 2010.

[10] J. Kositsawat, V. L. Freeman, B. S. Gerber, and S. Geraci,
“Association of A1C levels with vitamin D status in U.S. adults:
data from the National Health and Nutrition Examination
Survey,” Diabetes Care, vol. 33, no. 6, pp. 1236-1238, 2010.

[11] M. AlHumaidi, A. Agha, and M. Dewish, “Vitamin D deficiency
in patients with type 2 diabetes mellitus in Southern Region of
Saudi Arabia,” MAEDICA—A Journal of Clinical Medicine, vol.
8, no. 3, pp. 231-236, 2013.

[12] A. Suzuki, M. Kotake, Y. Ono et al., “Hypovitaminosis D
in type 2 diabetes mellitus: association with microvascular
complications and type of treatment,” Endocrine Journal, vol. 53,
no. 4, pp. 503-510, 2006.

[13] E. Kos, M. J. Liszek, M. A. Emanuele, R. Durazo-Arvizu, and
P. Camacho, “Effect of metformin therapy on vitamin D and
vitamin B 12 levels in patients with type 2 diabetes mellitus,”
Endocrine Practice, vol. 18, no. 2, pp- 179-184, 2012.

[14] M. R. El-Sonbaty and N. U. Abdul-Ghaffar, “Vitamin D defi-
ciency in veiled Kuwaiti women,” European Journal of Clinical
Nutrition, vol. 50, no. 5, pp. 315-318, 1996.

[15] S. Cheng, J. M. Massaro, C. S. Fox et al, “Adiposity, car-
diometabolic risk, and vitamin D status: the framingham heart
study,” Diabetes, vol. 59, no. 1, pp. 242-248, 2010.

[16] H. M. Al Attia and M. A. Ibrahim, “The high prevalence of
vitamin D inadequacy and dress style of women in the sunny
UAE,” Archives of Osteoporosis, vol. 7, no. 1-2, pp. 307-310, 2012.

[17] M. E Holick, “McCollum Award Lecture, 1994: vitamin D—
new horizons for the 2Ist century,” American Journal of Clinical
Nutrition, vol. 60, no. 4, pp. 619-630, 1994.

[18] L. M. Hall, M. G. Kimlin, P. A. Aronov et al., “Vitamin D
intake needed to maintain target serum 25-hydroxyvitamin
D concentrations in participants with low sun exposure and
dark skin pigmentation is substantially higher than current
recommendations,” Journal of Nutrition, vol. 140, no. 3, pp. 542
550, 2010.

[19] T. C. Chen, H. Heath, and M. E Holick, “An update on the
vitamin D content of fortified milk from the United States and
Canada,” The New England Journal of Medicine, vol. 329, no. 20,
article 1507, 1993.

[20] K. D. Cashman and M. Kiely, “Recommended dietary intakes
for vitamin D: where do they come from, what do they achieve
and how can we meet them?” Journal of Human Nutrition and
Dietetics, vol. 27, no. 5, pp. 434-442, 2014.



Journal of Diabetes Research

(21]

(22]

[25]

(26]

(27]

(28]

(30]

(31]

(33]

(34]

(35]

Z. Lagunova, L. C. Porojnicu, E Lindberg, S. Hexeberg, and
J. Moan, “The dependency of vitamin D status on body mass
index, gender, age and season,” Anticancer Research, vol. 29, no.
9, pp. 3713-3720, 2000.

J. Wortsman, L. Y. Matsuoka, T. C. Chen, Z. Lu, and M. E.
Holick, “Decreased bioavailability of vitamin D in obesity;,” The
American Journal of Clinical Nutrition, vol. 72, no. 3, pp. 690-
693, 2000.

A.T. Drincic, L. A. G. Armas, E. E. van Diest, and R. P. Heaney,
“Volumetric dilution, rather than sequestration best explains
the low vitamin D status of obesity,” Obesity, vol. 20, no. 7, pp.
1444-1448, 2012.

H. Ahmadieh, S. T. Azar, N. Lakkis, and A. Arabi, “Hypovita-
minosis d in patients with type 2 diabetes mellitus: a relation
to disease control and complications,” ISRN Endocrinology, vol.
2013, Article ID 641098, 7 pages, 2013.

H. Ahmadieh, S. T. Azar, N. Lakkis, and A. Arabi, “Hypovita-
minosis d in patients with type 2 diabetes mellitus: a relation to
disease control and complications,” ISRN Endocrinology, Article
ID 641098, 2013.

A. Saedisomeolia, E. Taheri, M. Djalali, A. Moghadam, and
M. Qorbani, “Association between serum level of vitamin D
and lipid profiles in type 2 diabetic patients in Iran,” Journal of
Diabetes & Metabolic Disorders, vol. 13, no. 1, p. 7, 2014.

P. Karhapéi, J. Pihlajamaki, I. Porsti et al., “Diverse associations
of 25-hydroxyvitamin D and 1,25-dihydroxy-vitamin D with
dyslipidaemias,” Journal of Internal Medicine, vol. 268, no. 6, pp.
604-610, 2010.

D. Martins, M. Wolf, D. Pan et al., “Prevalence of cardiovascular
risk factors and the serum levels of 25-hydroxyvitamin D in
the United States: data from the Third National Health and
Nutrition Examination Survey,” Archives of Internal Medicine,
vol. 167, no. 11, pp. 1159-1165, 2007.

B. Garcia-Bailo, L. A. Da Costa, P. Arora, M. Karmali, A. El-
Sohemy, and A. Badawi, “Plasma vitamin D and biomarkers of
cardiometabolic disease risk in adult Canadians, 2007-2009,”
Preventing Chronic Disease, vol. 10, no. 6, Article ID 120230,
2013.

R.Jorde and G. Grimnes, “Vitamin D and metabolic health with
special reference to the effect of vitamin D on serum lipids,”
Progress in Lipid Research, vol. 50, no. 4, pp. 303-312, 2011.
J.-H. Wang, T. Keisala, T. Solakivi, A. Minasyan, A. V. Kalueff,
and P. Tuohimaa, “Serum cholesterol and expression of ApoAlI,
LXRp and SREBP2 in vitamin D receptor knock-out mice,
Journal of Steroid Biochemistry and Molecular Biology, vol. 113,
no. 3-5, pp. 222-226, 2009.

Z. Ni, M. Smogorzewski, and S. G. Massry, “Effects of
parathyroid hormone on cytosolic calcium of rat adipocytes,”
Endocrinology, vol. 135, no. 5, pp. 1837-1844, 1994.

M. B. Zemel, “Regulation of adiposity and obesity risk by
dietary calcium: mechanisms and implications,” Journal of the
American College of Nutrition, vol. 21, no. 2, pp. 146S-151S, 2002.
T. Vaskonen, E. Mervaala, V. Sumuvuori, T. Seppénen-Laakso,
and H. Karppanen, “Effects of calcium and plant sterols on
serum lipids in obese Zucker rats on a low-fat diet” British
Journal of Nutrition, vol. 87, no. 3, pp. 239-245, 2002.

W. G. John, K. Noonan, N. Mannan, and B. J. Boucher, “Hypovi-
taminosis D is associated with reductions in serum apolipopro-
tein A-I but not with fasting lipids in British Bangladeshi,”
American Journal of Clinical Nutrition, vol. 82, no. 3, pp. 517-
522, 2005.



