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Abstract

Background: Vitamin D deficiency has been correlated with several diseases and injuries including diabetes, osteoporosis, fractures,
and falls. In the Kingdom of Saudi Arabia (KSA), current data on vitamin D status are lacking. Aims: To inform Saudi public
health authorities on the current status of blood levels vitamin D deficiency, we analyzed data from the Saudi Health Interview
Survey. Materials and Methods: The Saudi Health Interview Survey (SHIS) is a cross-sectional national multistage survey of
individuals aged 15 years and above on sociodemographic characteristics, tobacco consumption, diet, physical activity, health
care utilization, different health-related behaviors, and self-reported chronic conditions. A total of 10,735 participants completed
a health questionnaire and were invited to the local health clinics for biomedical exams. Results: 62.65% of female Saudis and
40.6% of male Saudis aged 15 years and above are deficient in vitamin D. Out of them, less than 1% males and less than 2%
females consume vitamin D supplements. Women who have never married and obese individuals are more likely to be deficient
in vitamin D, compared to men who were currently married and nonobese individuals. Those consuming vitamin D supplements
are less likely to be deficient in vitamin D. Conclusions: Our study showed a high prevalence of vitamin D deficiency among
Saudi men and women, and the results call for an increased awareness to ensure adequate levels of vitamin D for better health
in Saudi Arabia. Moreover, our findings are certainly relevant for other countries in the Gulf region or countries with similar
cultures, clothing, and religions.
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diseases such as type 1 diabetes, rheumatoid arthritis,
and osteoarthritis.[*]

Introduction

The Kingdom of Saudi Arabia (KSA) is among the

countries with the highest number of sunny days per
year. Exposure to sunlight is an essential factor for
vitamin D production by the skin. Vitamin D deficiency
has been correlated with osteoporosis, fractures, and
falls.®?! Tt is also associated with some autoimmune

Access this article online

Quick Response Code: .
Website:

WWWw.Nnajms.org

DOI:
10.4103/1947-2714.168675

Environment, tradition, and religion in KSA call for
conservative clothing for both men and women. The
traditional dress habits evolved around reducing sun

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
License, which allows others to remix, tweak, and build upon the
work non-commercially, as long as the author is credited and the
new creations are licensed under the identical terms.

For reprints contact: reprints @medknow.com

How to cite this article: Tuffaha M, El Bcheraoui C, Daoud F,
Al Hussaini HA, Alamri F, Al Saeedi M, et al. Deficiencies under plenty
of sun: Vitamin D status among adults in the kingdom of Saudi Arabia,
2013. North Am J Med Sci 2015;7:467-75.

© 2015 North American Journal of Medical Sciences | Published by Wolters Kluwer - Medknow 467




[Downloaded free from http://www.najms.org on Monday, November 02, 2015, IP: 208.53.112.118]

Tuffaha, ez al: Vitamin D status among adults in the Kingdom of Saudi Arabia, 2013

exposure in the hot months and protection from the
cold during nights in the desert and colder months.
Thick clothing and head scarfs are used by the Saudi
population. With reduced outdoor activities, the
population is now less exposed to the sun. Previous
studies showed low levels of vitamin D in KSA."#]
However, these studies had small sample sizes or were
not nationally representative.

To examine the levels of vitamin D among the Saudi
population, we conducted a large household survey
including biomedical examinations.

Materials and Methods

The Saudi Ministry of Health and its Institutional
Review Board (IRB) approved of the study protocol.
The University of Washington IRB has deemed the
study as exempt from IRB since the Institute for Health
Metrics and Evaluation received de-identified data
for this analyses. All the respondents consented and
agreed to participate in the study. We used verbal
consent that was captured by our computer program
since it is commonly used and accepted in KSA. Two
verbal consents were obtained: One for the household
roster (obtained from the head of the household or the
most knowledgeable person in the house) and another
obtained from the randomly selected respondent. If the
randomly selected respondent was between the ages
of 15 years and 17 years, consent was obtained from
his/her parent(s) or legal guardian on the individual’s
behalf for his/her participation in the study. The KSA
Ministry of Health and The University of Washington
IRB approved the verbal consents that were obtained
in this study.

The Saudi Health Interview Survey (SHIS) is a national
multistage survey of individuals aged 15 years and
above. Households of Saudi citizens were randomly
selected from a national sampling frame maintained
and updated by the Census Bureau. The Ministry of
Health divides KSA into 13 health regions, each with
its own health department. We divided each region into
subregions and blocks used by the KSA Department of
Statistics. All regions were included, and a probability
proportional to size was used to randomly select
subregions and blocks. Households were randomly
selected from each block. A roster of household members
was collected and an individual aged 15 years or more
was randomly selected to be surveyed. If the randomly
selected adult was not present, our surveyors made
an appointment to return, and a total of three visits
were made before the household was classified as a
nonresponse. Weight, height, and blood pressure of the
randomly selected adult were measured at the household
by a trained professional.

The survey included questions on sociodemographic
characteristics, tobacco consumption, diet, physical
activity, health care utilization, health-related
behaviors, and self-reported chronic conditions.
These conditions were hypertension, diabetes,
hypercholesterolemia, stroke, cardiac arrest,
myocardial infarction, congestive heart failure, chronic
obstructive pulmonary disease, atrial fibrillation, renal
failure, asthma, and cancer.*'2

We measured weight and height to calculate body mass
index (BMI) as weight (kg)/height (m?). Participants
were classified into four groups:

1. Underweight for a BMI less than 18.5;

2. Normal weight for a BMI within 18.5-24.9;

3. Overweight for a BMI within 25.0-29.9; or

4. Obese for a BMI greater than or equal to 30.""!

Respondents were considered to be current smokers
if they reported to be currently smoking. We used
the International Physical Activity questionnaire™ to
classify respondents into four groups of physical activity:
1. Vigorous physical activity,

2. Moderate physical activity,

3. Insufficient physical activity, and

4. None.

To assess diagnosed blood pressure, prediabetes,

diabetes, and hypercholesterolemia status, respondents

were asked four separate questions: “Have you ever been
told by a doctor, nurse, or other health professional that
you had:

1. Hypertension, otherwise known as high blood
pressure;

2. Prediabetes mellitus, otherwise known as prediabetes,
borderline diabetes, impaired fasting glucose, impaired
glucose tolerance, or impaired sugar tolerance;

3. Diabetes mellitus, otherwise known as diabetes, sugar
diabetes, high blood glucose, or high blood sugar; and

4. Hypercholesterolemia, otherwise known as high or
abnormal blood cholesterol?” Women diagnosed
with diabetes or hypertension during pregnancy were
not counted as having these conditions.

Those who reported diagnosis of any of these conditions
were asked if they were currently receiving any treatment
for their condition.

A total of three blood measurements were taken with
the participant resting and at 5-min intervals. We
followed the National Health and Nutrition Examination
Survey (NHANES) for determining blood pressure
levels.™ Basically, respondents were considered to have
hypertension if they met any of the following criteria:
1. Measured diastolic or systolic blood pressure
exceeding 89 mmHg or 139 mmHg, respectively, or
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2. Measured diastolic or systolic blood pressure not
exceeding theappropriate threshold, but the respondent
reported taking medications for hypertension.

Hence, respondents who were on drugs for hypertension

were considered hypertensive even if their measured

diastolic or systolic blood pressure did not exceed

89 mmHg or 139 mmHg, respectively. Respondents were

considered to have borderline hypertension if:

1. They did not report taking drugs for hypertension
and

2. Their measured diastolic blood pressure was between
80 mmHg and 89 mmHg or systolic blood pressure
was between 120 mmHg and 139 mmHg.

Respondents who completed the questionnaire were
invited to local primary health care clinics to provide
blood samples for laboratory analysis. All blood samples
were analyzed in a central laboratory at the King Fahd
Medical City in Riyadh, Riyadh Province, Saudi Arabia.
Respondents were considered to have a deficient level
of vitamin D if blood work showed a vitamin D level
below 28 ng/mL. Respondents were considered to have a
sufficientlevel of vitamin D if blood work showed a vitamin
D level between 28 ng/mL and 107 ng/mL. Respondents
were considered to have a toxic level of vitamin D if blood
work showed a vitamin D level above 107 ng/mL.

Respondents were considered to be hypercholesterolemic

if they met any of the following criteria:

1. Measured cholesterol equal to or exceeding
6.2 mmol/L or

2. Measured cholesterol not exceeding 6.2 mmol/L
but the respondent reported taking medications for
hypercholesterolemia.

Respondents were considered to have borderline

hypercholesterolemia if:

1. They did not report taking drugs for
hypercholesterolemia and

2. Their measured blood cholesterol level was between
5.18 mmol/L and 6.2 mmol/L.

Respondents under treatment for hypercholesterolemia
were considered controlled if their measured cholesterol
levels were below 6.2 mmol/L.

We followed the National Health and Nutrition

Examination Survey (NHANES) for determining

diabetes status.™ Respondents were considered to be

diabetic if they met any of the following criteria:

1. Measured glycated hemoglobin (HbA1c) equal to or
exceeding 6.5% (48.5 mmol/mol) or

2. Measured HbAlc not equaling or exceeding 6.5%
(48.5 mmol/mol) but the respondent reported taking
medications for diabetes.

Hence, the subgroup diabetic included those with
measured HbAlc equal or above 6.5% or taking
medication for diabetes. Respondents were considered
to have borderline diabetes if: 1) they did not report
taking drugs for diabetes, and 2) their measured HbAlc
blood level was between 5.7% (35.3 mmol/mol) and less
than 6.5% (48.5 mmol/mol).

Statistical analysis

We used a backward elimination multivariate logistic
regression model to measure the association between
vitamin D deficiency and consumption of vitamin D and
all associated factors. All factors were first included in
the models and variables and were eliminated based on a
Wald chi-square test for analysis of effect. Variables were
removed one by one based on the significance level of
their effect on the model, starting with the variable with
the highest P> 0.5 until all the variables kepthad a P<0.5
in the analysis of effect. The logistic regression excluded
cases with missing data. We used SAS 9.3 for the analyses
and to account for the complex sampling design.

Results

Between April 2013 and June 2013, a total of 12,000
households were contacted and a total of 10,735
participants completed the survey (response rate of
89.4%). The remaining 1,265 participants completed part
or all of the household enumeration but the selected
individual did not complete the survey. A total of 5,590
individuals went to the local clinics and provided blood
samples for analyses, which led to a response rate of 52.1%.
Of these, there were missing data on blood vitamin D
levels in 586 individuals and missing data on consumption
of vitamin D supplements in 876 individuals.

Overall, 40.6% males and 62.7% females had insufficient
levels of vitamin D. The sociodemographic characteristics of
SHIS respondents by vitamin D blood levels are presented
in Table 1. Young and unmarried individuals were more
likely to have insufficient levels of vitamin D [Table 1].

Women [adjusted odds ratio (AOR)=2.69, 95% confidence
interval (CI) =2.09-3.47], individuals who had never married
(AOR = 1.77, 95% CI=1.29-2.44), and obese individuals
(AOR =1.30, 95% CI= 1.01-1.67) were more likely to have
deficient blood levels of vitamin D, compared to men who
were currently married and nonobese individuals [Table 2].

Current smokers (AOR = 6.1, 95% CI = 1.31-27.48) were
more likely to have toxic blood levels of vitamin D
in comparison to those who were never smokers or
previous smokers. Individuals with low levels of

physical activity were less likely to have toxic levels of
vitamin D (AOR = 0.21, 95% CI = 0.05-0.89) [Table 2].
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Table 1: Distribution of blood vitamin D levels by sociodemographic and other characteristics in Saudis aged
15 years and above in the Kingdom of Saudi Arabia in 2013

Sociodemographic characteristics Insufficient vitamin D: Sufficient vitamin D: Toxic levels of vitamin D:
0-28 ng/mL 28-106 ng/mL 107+ ng/mL
N Weighted (%) SE N Weighted (%) SE N Weighted (%) SE

Sex

Males 806 40.6 1.60 1508 58.80 161 22 0.60 0.19

Females 1434 62.65 146 1197 36.64 145 37 0.71 0.15
Age (years)

15-24 599 59.90 2.05 458 39.72 205 7 0.38 0.19

25-34 547 48.50 220 581 50.80 220 10 0.70 0.28

35-44 509 4731 213 590 51.80 213 14 0.89 0.32

45-54 315 41.68 253 442 57.60 253 12 0.72 0.23

55-64 147 37.16 357 275 61.59 358 5 1.26 0.65

65+ 123 27.21 293 359 71.25 297 11 1.54 0.67
Education

Primary school or less 726 47.83 1.87 1081 51.32 187 23 0.85 0.30

Elementary or high school completed 968 51.77 1.69 1067 47.65 1.69 24 0.59 0.16

College degree or higher education 544 53.44 240 555 46.00 240 12 0.56 0.18
Marital status

Currently married 1344 4231 125 1874 56.79 125 43 0.90 0.17

Never married 726 59.19 188 561 40.40 187 8 0.42 0.19

Separated, divorced, or widowed 164 47.50 3.97 260 51.81 3.95 7 0.69 0.28
Tobacco smoking status

Never smoked 1958 53.21 122 2282 46.28 122 48 0.52 0.10

Previous smoker 74 33.73 492 144 64.93 493 5 1.34 0.78

Current smoker 203 41.06 337 271 57.49 339 6 1.45 0.76
Vitamin supplement consumption

Yes 48 27.27 506 97 71.36 513 5 1.37 0.68

No 1822 50.76 126 2211 48.68 126 43 0.57 0.13
Obesity

Not obese 1327 51.08 144 1690 4831 144 33 0.60 0.16

Obese 820 50.28 186 932 48.97 186 24 0.81 0.21
Levels of physical activity

None 877 54.02 1.77 1010 44.95 177 30 1.03 0.27

Low 587 53.66 220 670 46.00 220 12 0.34 0.12

Moderate 279 46.07 311 344 53.30 311 10 0.63 0.23

High 497 47.93 224 681 51.46 224 7 0.61 0.29
Sun exposure/week

0Oh 225 56.98 359 211 4248 358 4 0.54 0.39

<lh 734 54.14 194 811 4515 193 16 0.71 0.29

1-2h 230 50.67 344 304 49.08 343 7 0.26 0.11

2-3h 87 43.42 521 128 56.58 521 0

>3 h 225 42.89 322 412 56.77 322 5 0.34 0.19
Hypertension

No 1850 53.42 1.27 2009 45.98 126 40 0.60 0.14

Yes 375 38.30 234 682 60.72 233 19 0.98 0.31
Diabetes

No 1918 53.10 125 2056 46.29 124 41 0.61 0.14

Yes 322 37.08 243 649 61.95 243 18 0.97 0.28
Hypercholesterolemia

No 1997 51.74 120 2345 47.65 120 51 0.61 0.12

Yes 243 42.79 311 360 56.04 311 8 117 0.61
Chronic conditions

Not diagnosed 2107 51.10 117 2512 48.23 117 53 0.67 0.13

Diagnosed 129 49.99 437 184 49.60 436 6 0.41 0.20
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Table 2: Multivariate logistic regression for association
of sociodemographic and other risk factors with blood
vitamin D levels in Saudis aged 15 years and above in
the Kingdom of Saudi Arabia in 2013

Sufficient vs Sufficient vs
deficient toxic

Socio-demographic
characteristics

AOR 95%CI AOR 95% CI

Sex
Males
Females 2.69 2.09-347 2.00
Age’ 0.91 0.82-1.02
Education
Primary school or less
Elementary or high 1.08 0.82-1.02 0.38
school completed
College degree or 132 0.93-1.86 0.50
higher education
Marital status
Currently married
Never married 1.77 1.29-2.44
Separated, divorced, or ~ 1.27 0.83-1.95
widowed
Tobacco smoking status
Never smoked
Previous smoker 3.54 0.47-26.78
Current smoker 6.10 1.35-27.48
Vitamin D supplement
consumption
No
Yes 0.28 0.14-054 265 0.56-12.59
Obesity
Not obese
Obese 1.30 1.01-1.67
Levels of physical
activity
None
Low 0.84 0.62-114 0.21
Moderate 0.70 048-1.01 051
High 0.86 0.63-1.16  0.97
Sun exposure/week
Oh
<lh 1.50
1-2h 0.65
>2h 0.42
History of diagnoses of
hypertension
No
Yes 0.82 0.60-1.12 1.97
History of diagnoses of
diabetes
No
Yes 0.76  0.56-1.02
History of diagnoses of
high cholesterol
No
Yes
Chronic conditions
Not diagnosed
Diagnosed 119 0.78-1.81 032 0.07-1.38

0.73-5.49

0.12-2.06

0.12-2.06

0.05-0.89
0.11-2.38
0.23-4.13

0.30-7.61
0.11-3.79
0.06-2.87

0.64-6.10

AOR = Adjusted odds ratio, CI = Confidence interval, "AOR for age should
be considered for an increase of 10 years

The sociodemographic characteristics of SHIS
respondents of vitamin D supplement consumption
according to vitamin D sufficiency are presented in
Table 3. Vitamin D supplement consumption was low
[Table 3]. We found that the likelihood of consuming
vitamin D supplements among those with an insufficient
level of vitamin D was higher among individuals who
had completed high school education (AOR = 3.85,
95% CI=1.43-10.39) or college or higher education
(AOR = 4.62, 95% CI= 1.32-16.15) [Table 4]. Sun
exposure was not associated with vitamin D supplement
consumption among this group.

Discussion

Our study is the first national one to report blood
levels of vitamin D and the consumption of vitamin D
supplements among individuals in KSA. Our findings
revealed high rates of vitamin D deficiency. These
findings are surprising, given the amount of sunshine in
KSA. Indeed, vitamin D deficiency may be overlooked
as a health problem in the country due to this fact. Our
study calls for a national plan to increase awareness
of the importance of vitamin D and its sources and to
encourage the monitoring of blood levels among those
taking supplements.

The Saudi Ministry of Health developed its own
guidelines and adopted them for the country. Vitamin
D levels were assessed using Roche Hitachi COBAS
8000. No unique cutoffs exist for deficient, sufficient,
and toxic serum levels of vitamin D. The Institute of
Medicine defined vitamin D deficiency as blood levels
less than 11 ng/mL for neonates, infants, and young
children and less than 12 ng/mL for adults. More
recently, 25-hydroxyvitamin D (25(OH)D) serum
levels between 20 ng/mL and 32 ng/mL have been
defined as sufficient.'”? NHANES III defined vitamin D
deficiency as serum levels below 15 ng/mL.™! Others
suggest that the most beneficial serum concentration of
vitamin D begins at 30 ng/ mL.') Some scientists agree on
20 ng/mL as a minimum desirable serum concentration
of 25(OH)D.*Alshahraniet al. suggested that 25(OH)D
serum levels between 20 ng/mL and 32 ng/mL were
insufficient.?!A common definition for high serum
vitamin D concentrations is also lacking: serum levels
above 100 ng/mL or 150 ng/mL have been suggested
as indicative of toxicity.”? We used the Saudi Ministry
of Health guidelines for vitamin D for our cutoff points.

Our findings were in the range of the findings from
previous studies in KSA on vitamin D deficiency.
Sadat-Ali et al. reported a prevalence of vitamin D
deficiency among healthy Saudi men in the range of
28% to 37 % in Eastern KSA.®!Elsammak et al. reported
a prevalence of vitamin D deficiency of more than 65%
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Table 3: Distribution of vitamin D supplement consumption according to vitamin D sufficiency in Saudis aged
15 years and above in the Kingdom of Saudi Arabia in 2013

Sociodemographic characteristics Vitamin D supplement consumption Vitamin D supplement
among individuals with an consumption among individuals
insufficient level of vitamin D with a toxic level of vitamin D
N Weighted (%) SE N Weighted (%) SE
Sex
Males 11 0.91 0.33 11 0.90 0.32
Females 37 1.98 0.45 42 2.09 0.45
Age (years)
15-24 5 0.59 0.32 6 0.62 0.33
25-34 13 2.07 0.72 13 2.05 0.71
35-44 9 1.56 0.69 11 1.69 0.69
45-54 11 4.00 1.52 13 4.28 1.51
55-64 6 2.55 113 6 247 1.09
65+ 4 3.79 294 4 3.60 2.79
Education
Primary school or less 14 1.28 0.50 15 1.34 0.50
Elementary or high school completed 18 1.28 0.38 21 1.34 0.38
College degree or higher education 16 2.48 0.83 17 2.51 0.83
Marital status
Currently married 36 2.79 0.62 39 2.85 0.61
Never married 9 0.63 0.27 10 0.66 0.27
Separated, divorced, or widowed 3 1.67 1.07 4 1.90 1.09
Tobacco smoking status
Never smoked 43 1.51 0.32 48 1.59 0.32
Previous smoker 2 2.75 2.04 2 2.68 1.99
Current smoker 3 1.15 0.69 3 1.11 0.66
Obesity
Not obese 18 1.05 0.31 21 1.10 0.31
Obese 27 2.37 0.65 28 2.42 0.65
Levels of physical activity
None 19 1.83 0.63 23 2.01 0.63
Low 15 1.77 0.57 16 1.80 0.57
Moderate 4 0.83 0.51 4 0.82 0.50
High 10 1.16 0.46 10 115 0.45
Sun exposure/week
0h 7 1.69 0.85 8 1.85 0.87
<lh 24 1.99 0.53 24 1.96 0.52
1-2h 5 1.25 0.75 7 1.47 0.77
2-3h 0 0
>3 h 5 0.74 0.53 5 0.73 0.53
Hypertension
No 41 1.31 0.27 46 1.37 0.27
Yes 7 5.07 2.59 7 4.93 2.52
Diabetes
No 39 1.35 0.30 44 1.42 0.29
Yes 9 411 1.60 9 4.00 1.56
Hypercholesterolemia
No 40 1.37 0.29 45 1.43 0.29
Yes 8 5.52 2.36 8 5.42 232
Chronic conditions
Not diagnosed 41 1.49 0.31 46 1.55 0.31
Diagnosed 7 1.74 0.81 7 1.73 0.80
among healthy young Saudis in the same region.®®  Inadequate amounts of vitamin D pose health risks for
Naeem et al. reported a deficiency prevalence of 67.8%  the entire age spectrum including rickets in children and
in the Quassim region.*! osteopenia and osteoporosis in adults.® In addition,
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Table 4: Multivariate logistic regression for association
of sociodemographic and other risk factors with
vitamin D supplement consumption among individuals
with an insufficient level of vitamin D in Saudis aged 15
years and above in the Kingdom of Saudi Arabia in 2013

Sociodemographic Vitamin D supplement
characteristics consumption among
individuals with an insufficient
level of vitamin D
AOR 95% CI
Sex
Males
Females 2.18 0.79-6.02
Age’ 1.61 0.97-2.67
Education
Primary school or less
Elementary or high 3.85 1.43-10.39
school completed
College degree or higher 4.62 1.32-16.15
education
Marital status
Currently married
Never married 0.69 0.14-3.44
Separated, divorced, or 0.32 0.05-1.86
widowed
Obesity
Not obese
Obese 1.78 0.56-5.69
Levels of physical activity
None
Low 1.04 0.34-3.21
Moderate 0.26 0.05-1.40
High 1.10 0.30-4.10
Sun exposure/week
Oh
<lh 1.46 0.41-5.13
1-2h 1.04 0.20-5.53
>2h 0.73 0.13-4.02
History of diagnosis of
hypertension
No
Yes 3.43 0.62-19.05

AOR = Adjusted odds ratio, CI = Confidence interval, "AOR for age is for
a 10-year increase. Tobacco smoking, the history of diagnoses of diabetes,
high cholesterol, and chronic conditions was excluded by the backward
elimination multivariate logistic regression

adequate vitamin D levels are needed to prevent
complications from falls and fractures.®!

Vitamin D deficiency is of more concern if present
among postmenopausal women. These women are
at an increased chance of falls and fractures due to
hormone-related bone loss.””! Although vitamin D alone
has been proven ineffective in preventing fractures
in postmenopausal women, vitamin D and calcium
supplements may prevent fractures.?®! Our findings

showed that 45.4% of women aged 50 years and above
had vitamin D deficiency. Sadat-Ali et al. reported a
vitamin D deficiency prevalence of 50-60% among Saudi
postmenopausal women in 2002 while Al-Turki et al.
reported a prevalence of 55% in 2008.1%%

Lack of sunlight exposure, lack of availability of vitamin
D-fortified foods, and lack of or insufficient vitamin
supplementations were the most likely factors explaining
the high prevalence of vitamin D deficiency. In KSA, these
three sources are lacking. Minimal sun exposure is mainly
due to the use of protective clothing. Saudi men and
women wear the abaya and the headscarf, minimizing
any sun exposure outdoors. Hence, it is crucial to inform
Saudis about the need for sun exposure and how it should
be achieved while reducing the risks of melanoma and
nonmelanoma skin cancer from sun exposure.

The amount of time for optimal vitamin D photosynthesis
is uncertain. Even as little as 15 min of direct sunlight can
generate up to 20,000 IU of vitamin D but many factors
influence the synthesis of vitamin D: skin pigmentation,
latitude, and amount of skin exposed, making it hard
to assess how much 25-hydroxyvitamin D will be
synthesized.P! In addition, unprotected sun exposure
has its health risks as well as benefits. Supplementation
can provide a safe source of vitamin D.5?

The current guidelines recommend daily supplementation
of vitamin D for individuals at risk of vitamin D
deficiency. The Endocrine Society and the American
Academy of Pediatrics recommend a daily intake of
4001U/ day of vitamin D for children under 1 year of age,
600 IU/ day for individuals aged 1-18 years, 600 IU/day
for individuals aged 19-70 years, and 800 IU/day for
individuals aged 70 years and above.? However,
levels of 2,000 IU/day for children under 1 year of
age, 4,000 IU/day for individuals aged 1-18 years, and
10,000 IU/d for individuals aged 19 years and above
may be needed to correct vitamin D deficiency.**'The
optimal vitamin D levels for protection against cancer,
autoimmune diseases, depression, and many other
health problems are unknown. Clear guidelines are
urgently needed to guide both the public and health
officials to improve blood levels of vitamin D.

Few foods naturally contain vitamin D2 or D3. In the
United States, milk, yogurt, cereal, and some bread
products are fortified with vitamin D. Saadat-Ali
et al. showed that food items consumed in the Eastern
Province of KSA were not fortified.** Therefore, Saudi
health officials should consider such an approach to
improve vitamin D levels in the country.

Our study had some limitations. First, our data were
from a cross-sectional study and therefore, we could not
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assess causality. Second, many of our behavioral data
such as diet and physical activity were self-reported
and subject to recall and social desirability biases.
Third, we used Saudi cutoff points for vitamin D blood
levels instead of international ones. Fourth, only 52%
of the respondents completed the visit to a health clinic
and had their blood drawn for analysis. However,
our weighting methodology accounted for this bias
by applying a poststratification adjustment using
sociodemographic characteristics, health behaviors,
previously diagnosed noncommunicable diseases, and
anthropometric measurements of the respondents from
the household survey. Finally, our study was based on
a large sample and used a standardized methodology
for all its measures.

Our study was of great importance, as it revealed that
vitamin D levels in countries with plenty of sun such as
Saudi Arabia were low and required action to improve
them in order to decrease the burden of disease associated
with the low levels of vitamin D. Moreover, our findings
are certainly relevant for other countries in the Gulf region
or countries with similar cultures, clothing, and religions.
Awareness campaigns, taking into account the culture
of the region, need to be developed and implemented in
KSA to highlight the importance of vitamin D and educate
residents about the best ways to improve vitamin D levels.
Moreover, these programs should include monitoring of
vitamin D levels in order to avoid toxicity.

Conclusion

Our study showed a high prevalence of vitamin D
deficiency among Saudi men and women. Our results
call for increased awareness to ensure adequate levels of
vitamin D for better health in Saudi Arabia. Moreover,
there is a need to inform the population about the
importance of vitamin D and its sources in the Saudi
diet. Our study also showed that very few Saudis use a
supplement. Hence, it is crucial that those with low levels
of vitamin D be encouraged to improve their diet and
use supplements. At the same time, health professionals
should caution individuals on supplement use to ensure
that they do not reach toxic levels. In a country with
plenty of sun, it is important to inform the public that
vitamin D is an issue to monitor when outdoor exposure
is minimal.
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