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Aim: This study aimed to assess the prevalence of VDD in Saudi Arabia, revealing the lifestyle and
nutritional habits; and assesses the association between VDD, Diabetes Mellitus, and obesity.

Methods: A descriptive, cross-sectional, and correlational design was used in this study. A convenience
sampling method of 350 participants participated in the study.

K‘_?yWO.TdS-' ) Results: The results revealed that the probability of having vitamin D Deficiency was higher among fe-
\];'_tél‘jmm D deficiency males (OR = 2.06, p >.05); younger age-whereby with each one year decrease in age there was about
oi)aeseittfrs 0.03 probability of having Vitamin D Deficiency (B = —0.03; p >.05); individuals with higher incomes
Nutrition (OR = 1.44, p > .05); smokers (OR = 0.08, p > .05); and a lack of exposure to the sun (OR = 8.50; p > .05). In

addition, exercise is also a predictor of Vitamin D deficiency (OR = 3.8; p >.05). Moreover, less Vitamin D
intake (OR 9.7; p >.05), less intake of Calcium (OR = 12.2, p>.05); In addition increase one unit in the
BMI, cholesterol, LDL, HDL, and FBS increased the log odd of having liability of Vitamin D deficiency by
3.2; 1.9, 1.8, 1.0, and 2.4 (p > .05).
Conclusion: Vitamin D Deficiency was prevalent in both males and females across different age groups in
the citizens of Saudi. Because of the connection between Vitamin D Deficiency and main chronic disease,
it is necessary to emphasize the need to recognize Vitamin D Deficiency screening for risk factors. It may
be reasonable for the nutritionists, nurses, and physicians, to encourage the community on approaches to
enhance dietary Vitamin D or suggest supplementation.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Vitamin D (D2, D3, or both) is obtained either directly by
ingestion of foods naturally rich with it, or photosynthesized in the
skin via sun exposure in a specific mechanism that involves liver
and kidney activation of certain metabolites. Vitamin D is a key
vitamin, for its role in phosphorus and calcium homeostasis [1].

Vitamin D Deficiency (VDD) is a pandemic issue which is highly
prevalent in populations, irrespective of bibliographic characteris-
tics (age, geography, and race). Yet the issue has not gained the
needed diagnostic recognition [2]. VDD is responsible for some
musculoskeletal diseases (such as rickets in childhood,
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osteomalacia in adults and osteoporosis), and many other non-
musculoskeletal chronic diseases [3]. VDD is also a risk factor for
cardiovascular diseases [4] and potentially predisposes glucose
intolerance and Type 2 Diabetes Mellitus (DM) [5].

Recent studies revealed an association between VDD and
declined cognitive abilities and dementia [6]. In addition, a meta-
analysis study revealed VDD was 35% more common in obese
subjects [7]. A school-based study targeting students and em-
ployees was carried utilizing multi-stage cluster, random sample in
many regions in the Saudi Arabia school to estimate the Vitamin D
Deficiency prevalence, lifestyle, nutritional status, and possible risk
factors. The results indicate Vitamin D Deficiency prevalence was
49.5% in students, and 44% in employees [8]. Another national
study covering almost the whole country reported high prevalence
of VDD among Saudi Arabia children, aged between 6 and 15 years
old [9]. Nevertheless, VDD is a crucial risk factor, and the available
prevalence data in Saudi Arabia is scarce [10—12].
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Regionally, multiple studies were conducted. In 2017, a study in
Qatar revealed approximately 64% of participants exhibited a VD
Deficiency [13]. In another study, conducted in the United Arab
Emirates to assess the association between VDD and obesity in
2014, the study results confirmed deficiency, particularly in obese
populations but no direct effect on the glycemic profile, yet high
relationships with body mass index, fat mass, and waist circum-
ference [14]. A similar cross-sectional study in Kuwait was con-
ducted to assess associations between VDD and Diabetes, revealed
high associations with diabetes [15].

In Saudi Arabia, a study was conducted in 2013 covering the
entire population indicated high prevalence of VDD, and a low
number of the population were taking supplements. It was also
indicated the need to provide supplement among populations with
a high deficiency [16]. Furthermore, in a recent study of the prev-
alence of VDD among obese Saudi females, Vitamin D levels were at
the lowest in obese participants constituting a percentage of 54.6%
compared to overweight and normal weight [17].

A retrospective review conducted in 2014 in Riyad, specifically
in King Abdul-Aziz Medical City, taking glycemic profile in
consideration, stated the alarming association of VDD with weight
and high prevalence amongst the 3475 participants [18]. According
to the literature's results, it was hypothesized that Vitamin D
Deficiency was prevalent in the Saudi population. However, few
studies were conducted in Tabuk, which is the city of interest. A
recent prevalence study conducted among female university stu-
dents revealed a percentage of 80.6% attributed to rare sun expo-
sure, insufficient intake, and urban residence [19].

However, VDD is a worldwide subject of concern. Unexpectedly
this issue is present in almost all communities even those predicted
to have high levels of the vitamin [20]. A cohort study conducted in
South Australia reported prevalence of VDD and stated that Vitamin
D level may be improved by obesity reduction [21]. A study con-
ducted in Italy in 2014, revealed a high number of adolescents were
exhibiting VD insufficiency with 82.2% having VDD [22]. Moreover,
in a study conducted in 2016, by applying the Vitamin D stan-
dardization program protocols (VDSP) to preexisting population
representative data in 14 European population studies (including:
Ireland, Germany, UK, Norway, Iceland, and Finland), it was
concluded that high prevalence of VDD that required attention [23].

2. Aim

This study aimed to measure the prevalence of VDD in Tabuk
City of Saudi Arabia, revealing the lifestyle and nutritional habits;
and to assess the association between VDD, Diabetes Mellitus, and
obesity.

3. Methods
3.1. Design

A descriptive, cross-sectional, and correlational design were
used in this study, a convenience sampling method of 350 males
and females participants, aged from 18 to 60 years in Tabuk city, in
the north-west coast of the Saudi Arabia [24].

The study involves interviews, questionnaires, and physical ex-
aminations. The interview comprises socioeconomic, nutritional,
and health-related issues. The questionnaire was utilised to gather
the demographic information from the participants such as gender,
marital status, as well as rates of exposure to sunlight. Furthermore,
the survey examined participants' knowledge of Vitamin D source
and its association with the Diabetes Mellitus. The examination
element covers of therapeutic and physiologic measures and lab-
oratory tests.

3.2. Instruments

A questionnaire for assessment of Vitamin D deficiency risk
factors was used by individual interviewers to collect a de-
mographic data such as (gender, age, marital status and income),
smoking status (smoker or a nonsmoker), Residential area (rural or
urban), sun exposure frequency, and physical activities. In addition,
dietary consumption of calcium and vitamin D was measured by
using a 24-h Dietary Recall (24HR) At a Glance to assess foods eaten
in the last 24 h, which a structured interview was conducted by a
trained nurse. Moreover, the participants’ sun exposure was clas-
sified into frequently, sometimes, or rarely, based on whether they
were exposed to direct sunlight for a minimum of 15 min for three
times per week or less [25].

3.3. Data collection procedure

Data were collected between March 15 and April 30, 2017, at the
University of Tabuk's main campus and a large mall in Tabuk to
guarantee the representation of the public. Slovin's equation was
used to estimate the sample size by using an alpha value of 0.05,
and population size was 910,030 in 2017. The sample size was 327
subjects. However, the investigators included 350 subjects to
overcome any attrition over the data collection process.

A staff nurse measured the height and weight for all of the
participants. A wall-mounted stadiometer was utilised to calculate
their height to the closest 0.5cm, and their weight was docu-
mented to the closest 0.1 kg. After that, body mass index (BMI) was
measured for all participants from the collected data (height [m2]/
weight [kg]) [26]. In addition, a medical lab technologist collected
three ml of blood tests from the participants, and the blood tests
were taken to the lab at the Faculty of Medicine to assess serum 25
(OH)D, fasting blood sugar (FBS), lipid profile (Cholesterol, High-
density lipoprotein (HDL) and Low-Density Lipoprotein (LDL) and
bone profile such as calcium, magnesium, and phosphorous).

A total cholesterol level was classified as normal if it was less
than 200 mg/dL. LDL level less than 100 mg/dl and HDL level
<40 mg/dL were considered as normal and measured in serum [27].
FBS was conducted in the morning, before the participants
consumed their breakfast. Diabetes is diagnosed at FBS of more
than or equal to 126 mg/dl [28].

3.4. Ethical consideration

The ethical approval to conduct this study was obtained from
the Institutional Review Board at the University of Tabuk. The aims
of the study were described for all the participants. Participants
were ensured there would be no consequence if they decided to
withdraw from the study at any time. Confidentiality and ano-
nymity of the data and the participants’ answers were ensured.
Informed consent was obtained. For more confidentiality, each
questionnaire was assigned with an identification code number.
Moreover, the collected data for this study was kept in a locked file
cabinet.

4. Results

The study groups were assorted into 14 variables to allow suf-
ficient descriptions of the findings. According to Table 1, the par-
ticipants' gender, marital status, residential area, smoking, sunlight
exposure, BMI, vitamin D intake, calcium intake, lipid profile and
fasting blood sugar were investigated. The dependent variables
were Vitamin D Deficiency and Vitamin D Sufficiency.

Logistic regression was conducted to assess the predictors of
Vitamin Deficiency. Eleven predictors were entered into the
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Table 1

Socio-demographic and lifestyle frequency and percentages connected with vitamin D sufficiency and deficiency.

Variables Vitamin D Sufficiency (n = 89) Vitamin D Deficiency (n=261)
Gender

Male 50 (33.33%) 100 (66.66%)

Female 39(19.5%) 161 (80.5%)
Marital status

Single 43 (26.1%) 122 (73.9%)

Married 46 (24.9%) 139 (75.1%)
Residential area

Urban 79 (25.8%) 227 (74.2%)

Rural 10 (22.7%) 34 (77.3%)
Income

<6000 SR 38 (32.7%) 78 (67.3%)

6000—12000 SR 37 (22.4%) 128 (77.6%)

> 12000 SR 14 (20.3%) 55 (79.7%)
Smoking

Smoker 32(13.3%) 208 (86.7%)

Non-smoker
Sun exposure

57 (51.8%)

Frequently 62 (67.4%)

Sometimes 23 (17%)

Rarely 4 (3.2%)
BMI

<24.9 74 (74%)

25-29.9 15 (10%)

> 30 0 (0%)
Exercise

Frequently 67 (74.4%)

Sometimes 19 (12.1%)

Rarely 3(2.9%)
Vitamin D intake

> DRI 73 (62.9%)

<DRI 16 (6.8%)
Calcium intake

> DRI 71 (59.7%)

<DRI 18 (7.8%)
Cholesterol Level

Normal 71 (58.7%)

Hypercholesterolemia 18 (7.9%%)
LDL

Normal 68 (47.6%)

Abnormal 21 (9.3%)
HDL

Normal 64 (52.5%)

Abnormal 25 (11%)
FBS

Normal 69 (53.1%)

Hyperglycemia 20 (9.1%)

53 (48.2%)

30 (32.6%)
122 (83%)
119 (96.8%)

26 (26%)
136 (90%)
99 (100%)

23 (25.6%)
138 (87.9%)
100 (97.1%)

43 (37.1%)
218 (93.2%)

48 (40.3%)
213 (92.2%)

50 (41.3%)
211 (92.1%)

75 (52.4%)
204 (90.7%)

58 (47.5%)
203 (89%)

61 (46.9%)
200 (90.9%)

Abbreviations: BMI: Body mass index; DRI: Dietary Reference Intake; a 600 I U/d according to DRI for vitamin D. b 1000 mg/d according to DRI for
calcium; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; FBS: Fasting Blood Sugar.

regression. The results revealed that the probability of having
Vitamin D Deficiency was more prevalent among females
(OR=2.06, p>.05); younger age-whereby with each one year
decrease in age there was about 0.03 probability of having Vitamin
D Deficiency (B=-0.03; p>.05); more income individuals
(OR=1.44, p>.05); being smoker (OR=0.08, p>.05); and not
being exposed to the sun (OR = 8.50; p >.05). In addition, exercise
is also a predictor of Vitamin D Deficiency (OR=3.8; p>.05)
(Table 2).

Moreover, less Vitamin D intake (OR 9.7; p > .05), less intake of
Calcium (OR = 12.2, p >.05); In addition, an increase of one unit in
the BMI, cholesterol, LDL, HDL, and FBS increased the log odd of
having liability of vitamin D deficiency by 3.2; 1.9, 1.8, 1.0, and 2.4
(p >.05). Furthermore, increase in BMI would increase the proba-
bility of Vitamin D Deficiency (OR = 25.0; p >.05). Being smokers,
having more income.

5. Discussion

The finding of this cross-sectional study is alarming. Our results

revealed the majority of the participants in the current study
suffering from Vitamin D Deficiency. Moreover, looking to the de-
mographic characteristics, the results showed the number of fe-
male participants suffering from Vitamin D Deficiency was more
than male. The results were inconsistent with previous studies
[29—-31]. Conversely, the result was consistent with previous
studies [32—34] adding that in Saudi Arabia usually women are
wearing a cover on their face (Khemar), where their faces are not
exposed to the sun; this also was reflected in our results, whereby
there were Vitamin D Deficiency among participants who were not
exposed to the sun. This is consistent with other studies, Married
participants, being smoker, high BM and less exercise were more
liable to have vitamin D deficiency [35,36]. This study is consistent
with other studies. Looking to Calcium and Vitamin D dietary
intake, less Dietary Reference Intake participants were more in
term of Vitamin D deficiency. Participants with lower HDL, higher
cholesterol level, LDL, and FBS, were more in term of vitamin D
deficiency [37].

Other studies proposed a connection between the onset of
Diabetes Type II, a metabolic syndrome result and vitamin D
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Table 2

Binary logistic regression analysis of the variables associated with Vitamin D deficiency.
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B S.E. Wald P value O.R. 95% C.I. For O.R.
Lower Upper
Gender (M=0; F=1) 725 249 8.491 .004 2.064 1.268 3.361
Marital Status (Single = 0; Married = 1) .063 .246 .066 798 1.065 .658 1.724
Residential Area (Urban = 0; Rural =1) 168 383 193 .660 1.183 .559 2.505
Age -.029 .012 6.072 .014 972 .950 .994
Income (Less than 6000 = 0; More than 6000 = 1) 364 177 4,237 .040 1.439 1.018 2.036
Smoking (Smoker 0; Non Smoker 1) —1.945 269 52.178 >.001 143 .084 242
Sun Exposure (Exposed = 0; Not exposed = 1) 2.139 452 22378 >.001 8.487 3.499 20.586
BMI 3.217 .709 20.563 >.001 24.959 6.213 100.261
Exercise 1.328 583 5.197 .023 3.775 1.205 11.827
Vitamin D Intake (More than DRI = 0; Less than DRI = 1) 2.269 713 10.136 .001 9.671 2.392 39.096
Calcium Intake (More than DRI =0; Less than DRI=1) 2.499 751 11.076 .001 12.171 2.794 53.024
Cholesterol 1.893 756 6.271 .012 6.638 1.509 29.204
LDL 1.768 393 20.195 >.001 5.859 2.710 12.669
HDL .966 .387 6.231 .013 2.628 1.231 5.613
FBS 2.426 293 68.516 >.001 11.311 6.369 20.090

Abbreviations: partial logistic regression coefficients (B), standard errors of the partial slope coefficients (S.E.), Wald test, significance level (P), odds ratio (OR) and confidence

interval (CI).

deficiency [38,39]. However, Vitamin D has significant impacts on
the action of insulin and may have influence on many pathways,
which may be of significance in the growth of Diabetes Type II [40].

Also, there is a strong association with Obesity and Diabetes,
which confirms and stands as an accumulating evidence alongside
the locally conducted studies in gulf region. Additionally, the
findings of the local epidemiologic results on Vitamin D Deficiency,
including the current study, are undeniably persistent, regardless of
the methods used to quantify 25(OH) D, strengthening the sug-
gestion that Vitamin D Deficiency is an epidemic issue in Saudi
Arabia.

Putting the results of our study side by side with the one con-
ducted in Australia, we witness consistency in the results [21],
mainly due to the aging population in Australia, obesity and
physical inactivity (sedentary lifestyle) whereas VDD in Saudi
Arabia is a result of dark skin tone, full covering clothing which in
turn decrease sun exposure.

The results of the study conducted in Italy regarding VDD in
healthy adolescents [22] also showed high levels of VDD, although
Italian altitudes are considered sufficient for natural Vitamin D
production. Causes for the widespread deficiency in Italy include
sedentary lifestyle of adolescents and indoor activities such as
video games and TV, which leads to lack of sun exposure, accom-
panied by lack of Vitamin D and calcium intake from its food
sources or supplements.

Regional results are in harmony with our study's results. In
Qatar, UAE and Kuwait [13—15] this is related to socioeconomic and
demographic characteristics including population age structure,
ethnicity (similar skin tone), educational levels and religious affil-
iations (dress code), Moreover, similar climates, and sedentary life
styles accompanied by lack of Vitamin D intake are the key factors.

6. Conclusion

Vitamin D deficiency was prevalent in both males and females
amongst diverse age groups in the Saudi citizens. Because of the
connection among Vitamin D Deficiency and main chronic diseases,
it necessitates to emphasize the need to recognize Vitamin D
Deficiency screening for risk factors. It may be reasonable for the
nutritionist, nurses, and physicians to encourage the community on
approaches to enhance dietary vitamin D or suggest
supplementation.

Although the Saudi population gains adequate sunshine which
should facilitate Vitamin D synthesis, this study recognized a

considerable prevalence level of Vitamin D Deficiency in its sample
of healthy adult male and female participants. Moreover, it found
the following risk factors for Vitamin D Deficiency (limited sun
exposure, inadequate dietary Vitamin D, high cholesterol level and
diabetes). Accordingly, it is necessary at the public level to evaluate
the Vitamin D level so that properly targeted plans directing at
vitamin D supplementation and fortification can be placed.
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