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Abstract
Summary Younger adults and males had a higher prevalence of vitamin D deficiency compared to older participants and females.
Low intake of milk, central obesity, and lack of use of vitamin D supplements were associated with vitamin D deficiency,
highlighting potentially important avenues for preventive intervention.
Background Vitamin D deficiency is a public health concern. This study’s objective was to measure the prevalence of vitamin D
deficiency and determine its correlates among Saudi adults in Riyadh, Saudi Arabia.
Methods A cross-sectional study was conducted with 2835 Saudi males and females aged 30–75 years in 18 different primary
health care centers (PHCC) in Riyadh. Detailed interviews on sociodemographic and lifestyle factors and anthropometric
measurements were conducted. Serum calcium, phosphorus, parathyroid, alkaline phosphatase, and 25(OH) vitamin D were
measured. Multiple logistic regression analyses were conducted.
Results The mean age (SD) of male and female participants was 43.0 (± 11.7) and 42.8 (± 10.3) years, respectively. Serum
25(OH) vitamin D assays for participants revealed that 72.0% (n = 695) of males and 64.0% (n = 1191) of females had levels <
50 nmol/L (deficiency), whereas 17.3% (n = 166) and 19.4% (n = 362), respectively, had levels of 50–75 nmol/L (insufficiency).
Multivariate analyses for males revealed that lack of use of vitamin D supplements [adjusted odds ratio (aOR) = 4.0, 95% CI 1.7,
9.4], younger age [30–40 years aOR = 3.6, 95% CI 1.7, 7.3 and 41–50 years aOR = 4.2, 95% CI 2.0, 8.8], low milk intake
[aOR = 1.7, 95% CI 1.0, 2.8], consumption of cola drinks [aOR = 2.0, 95% CI 1.1, 3.9], and central obesity [aOR = 1.8, 95% CI
1.0, 3.4] were associated with low vitamin D. In females, lack of use of vitamin D supplements [aOR = 3.7, 95% CI 2.8, 4.9],
younger age [30–40 years aOR = 3.4, 95% CI 2.0, 5.8 and 41–50 years aOR = 2.8, 95% CI 1.6, 4.7], central obesity [aOR = 1.4,
95% CI 1.0, 2.2], and seasonal variation [aOR = 1.6, 95% CI 1.3, 2.1] had higher odds for vitamin D deficiency. Significantly
lower levels were observed for men than women for mean serum 25(OH) vitamin D [42.6 (± 24.1) vs. 46.8 (± 30.5)], parathyroid
hormone [5.3 (± 2.9) vs. 5.9 (± 2.7)], and phosphorus [1.1 (± 0.2) vs. 1.2 (± 0.2)], respectively; alkaline phosphatase levels [106
(± 32.8) vs. 99 (± 27.8)] [p < 0.01] were significantly higher in males than females.
Conclusion Vitamin D deficiency was highly prevalent, particularly among young adults and those with central obesity. Proper
fortification policy, health education, and regular screening PHCCs may help prevent and treat vitamin D deficiency.
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Background

Hypovitaminosis D (vitamin D deficiency) is an established
international and national public health concern [1–3]. A re-
view by Mithal et al. found that individuals in almost all re-
gions of the world are suffering from vitamin D deficiency
(25-hydroxy vitamin D (25(OH)D) < 75 nmol/L); however,
extreme deficiency (< 25 nmol/L) was highly prevalent in
regions of South Asia and the Middle East [4]. A recent study
from United Arab Emirates (UAE) found that 82.5% of pa-
tients had vitamin D deficiency/insufficiency (≥ 25–<
75 nmol/L), with 26.4% of females and 18.4% of males
exhibiting severe deficiency (< 25 nmol/L) [1].

Small and large studies from Saudi Arabia have found that
the prevalence of vitamin D deficiency ranged from 40% to
more than 80% among the Saudi adult population [5–9].
Traditionally, age and gender comparison studies have found
that elderly females are at higher risk than males for vitamin D
deficiency [5–8]. However, recently, inconsistent results have
been reported on prevalence of vitamin D deficiency with
respect to age and gender [1, 9–11].

Several factors, such as obesity, low sun exposure, low
physical activity, low socioeconomic status, lack of use of
vitamin D supplements, and smoking have been associated
with vitamin D deficiency [5–8]. Vitamin D deficiency is thus
potentially preventable, and it is important to recognize it in a
timely manner, as associations of vitamin D deficiency have
been found with several adverse health conditions, including
bone problems, chronic diseases, and cancers [12–14].
Adequate intake of dietary dairy products, liver, eggs, and
vitamin D-fortified products can help reduce vitamin D defi-
ciency, as they are good sources for vitamin D [3, 4].

Despite increased awareness, especially among females,
the prevalence of vitamin D deficiency remains high [5–8].
Inadequate information is available on the prevalence and
factors related to vitamin D deficiency and gender differences
in the adult population in Saudi Arabia. The recent inconsis-
tent findings and limited community-based studies impelled
us to design a study to measure the prevalence and gender-
specific correlates of vitamin D deficiency among Saudi
adults (aged 30–75 years) in Riyadh, Saudi Arabia.

Methodology

Study design and setting

This study was part of a large cross-sectional survey (Women
in Saudi Arabia Health Examination Survey, WISHES) to
measure the prevalence, severity, and factors associated with
chronic diseases (cardiovascular diseases, vitamin D deficien-
cy, obesity) in males and females aged 30–75 years in Riyadh,
Saudi Arabia. Data were collected from December 2014 to

August 2015, and analysis performed during August/
September 2016. Riyadh has 105 primary health care centers
(PHCCs), out of which, 18 PHCCs were randomly selected
from the five administrative regions of Riyadh. In addition,
five Government institutions (technical institutes, college/uni-
versity, and social organizations) were selected to identify and
enroll eligible participants.

Study participants

Saudi adults between 30 and 75 years of age and permanent
residents of Riyadh were eligible to participate in the
WISHES study. Non-Saudis, pregnant women, and those with
gross mental incapacity were not included in the study.
Multiple strategies were adopted to invite the participants.
These included placing advertisements at the selected
PHCCs and at the nearest major shopping malls, distributing
invitation pamphlets among patients/attendants, and making
announcements through the local mosque.

In total, 3100 adults (1000 males and 2100 females) were
invited to participate, out of those, 968 males and 2029 fe-
males fulfilled the eligibility criteria and provided signed in-
formed consent. Further, 165 participants were excluded be-
cause they had osteoporosis and were being treated; hence,
finally, 2832 (males = 962, females =1870) were included in
the final analyses. The number of male participants was low as
compared to females, because the morning timing of the study
coincided with the office timings. We tried to overcome this
by visiting and enrolling participants from Government of-
fices. The study protocol was approved by the Institutional
Review Board, King Saud University (E-12-658) and the
Institutional Review Board of the Ministry of Health
(MOH), Dammam (IRB ID MOH0151).

Questionnaire-based interviews

Detailed interview, including sociodemographic character-
istics, common dietary habits, sun exposure, and reproduc-
tive history (from females only), were conducted with each
of the participants. Sociodemographic information included
age, marital status, education, occupation, housing type, and
income. Information on dietary items was collected using a
food frequency questionnaire, which included frequency of
consumption on a daily, weekly, ormonthly basis. Sun expo-
sure was determined by asking information on number of
days/week exposed to sun, the average duration of exposure,
and timing of exposure during the day. The International
Physical Activity questionnaire (IPAQ, short form)was used
to measure physical activity [15]. The IPAQ is a validated
questionnaire and measures physical activity as low, moder-
ate, and vigorous intensity level. It includes both the frequen-
cy and the time spent doing that activity.
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Measurement of serum 25(OH)D, parathyroid
hormone, calcium, phosphorus, and alkaline
phosphatase

To determine serum 25(OH) vitamin D, calcium, phos-
phorus, parathyroid hormone, and alkaline phosphatase
concentrations, 3–5 ml of blood was obtained from each
participant by venipuncture collected in specific test
tubes. The specimens were then centrifuged, and serum
was collected. All samples were tested at King Khalid
University hospital laboratory.

Serum 25(OH) vitamin D levels were measured using
electro-chemiluminiscence (ECLIA immunoassay, Modular
Analytics E170, Roche Diagnostics GmbH, Mannheim,
Germany). The Endocrine Society defines vitamin D deficien-
cy as serum 25(OH)D levels of < 50 nmol/l and insufficiency
as ≥ 50 ≤ 75 nmol/L [16]. Serum parathyroid hormone (PTH)
was measured in picomoles per liter by a sandwich assay
based on electrochemiluminescence immunoassay (ECLIA)
using the Roche Elecsys analyzer. Serum calcium levels
(corrected for albumin binding) were measured in millimoles
per liter by using o-cresolphthalein complexone (OCPC) re-
agent. Calcium reacts with this reagent to form a purple
Calcium-OCPC complex which was measured spectrophoto-
metrically using a bichromatic (577, 540 nm) endpoint tech-
nique. Serum phosphorus levels were measured in millimoles
per liter by using a molybdate reagent. Inorganic phosphate
combines with molybdate (MoO4) in an acid solution to form
a complex which is reduced by p-methylaminophenol sulfate
(PMAPS) and bisulfite. Reduced phosphomolybdate solution
absorbs at 340 nm and is proportional to the inorganic phos-
phorus concentration and was measured spectrophotometri-
cally using a bichromatic (340, 383 nm) endpoint technique.
Serum alkaline phosphatase (ALP) levels were measured in
units per liter (U/L) by using a p-nitrophenyphosphate (p-
NPP) substrate reagent which is catalyzed by alkaline phos-
phatase in a transphosphorylation reaction to p-nitrophenol (p-
NP). The change in absorbance at 405 nm due to formation of
p-NP is directly proportional to the ALP activity. The serum
was run on the Siemens StreamLab RxL Max clinical chem-
istry analyzer for measuring calcium, phosphorus, and alka-
line phosphatase.

Anthropometric measurements

A standard protocol was followed to measure the anthropo-
metric indices, which included weight, measured with an elec-
tronic scale (Seca 220—Hamburg, Germany, 2009), and
height measured with a meter scale [17]. Body mass index
(BMI) was computed as weight in kg/(height in m)2. Waist
circumference (WC), to determine central obesity, was mea-
sured at the mid-point between the lowest rib and top of the
hip bone (iliac crest) [18].

Statistical analysis

The data were analyzed using the Statistical Package for the
Social Sciences software package (IBM SPSS statistics version
21.0). Means and standard deviations were computed for con-
tinuous variables, and proportions were calculated for categor-
ical variables. The food frequency questionnaire included re-
sponses on a daily, weekly, or monthly basis. Pearson correla-
tion coefficients (r) were measured between 25(OH) vitamin D
levels and serum calcium, parathyroid, phosphorus, and alka-
line phosphatase levels. The outcome variable (serum vitamin
D level) was evaluated as a dichotomous variable with normal
participants being those having vitamin D ≥ 75 nmol/L (coded
0) vs. insufficient/deficient considered as hypovitaminosis D
(having vitamin D < 75 nmol/L and coded as 1). The level of
statistical significance was set at p < 0.05. Potential confound-
ing factors were identified based on biological plausibility and
statistical significance of their association with the outcome. In
addition, the variables changing the estimatesmore than 10% or
resulting in a significant change in the log likelihood ratio were
retained in the final model. All plausible interactions were
checked before developing the final model. Multiple logistic
regression modeling was performed using the ENTER method
to explore the independent relationships between hypothesized
variables, providing adjusted odds ratios (aOR) and 95% con-
fidence intervals (CI) for the associations. The Hosmer-
Lemeshow goodness of fit test was used to assess model fit.

Results

The mean age of the participants was 42.9 (± 10.8) years. No
significant difference was observed in the mean age (SD) of
male and female participants [43.0 (± 11.7) and 42.8 (± 10.3)
years, respectively (p = 0.5)]. The majority of the participants
(89% of males and 92% of females) were married. A consid-
erable proportion of males (64%) were working as secretaries,
teachers, or office staff, whereas 50% of females were house-
wives (Table 1). More than half of the females had > 5 chil-
dren, and 15% (n = 420) were postmenopausal (results not
shown). Over a quarter (27.7%, n = 266) of males and 2.0%
(n = 41) females were current smokers. The mean (SD) waist
circumferences for males and females were 96.2 (± 14.2) and
92.2 (± 14.0) cm, respectively (p < 0.001). Keeping the cut-off
as > 90 cm for males and > 80 cm for females, 56% (537) and
82% (1544), respectively, had central obesity (Table 1). The
mean (±SD) BMIs for males and females were 29.6 (± 6.4)
and 31.4 (± 6.5), respectively.

Most male (89%, n = 861) and female (82%, n = 1553)
participants were categorized as having hypovitaminosis D
(insufficient plus deficient < 75 nmol/L) (Fig. 1). Serum
25(OH) vitamin D levels were deficient (< 50 nmol/L) for
the majority of males and females [72.0% (n = 695) and
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64.0% (n = 1191)], respectively, whereas 17.3% (n = 166) and
19.4% (n = 362), respectively, were insufficient (50–75 nmol/
L). More males than females (49.7% vs. 36.3) had levels ≥ 25
to < 50 nmol/L, whereas a higher percentage of females than
males had very low vitamin D (< 25 nmol/L) levels (22.6 vs.
27.4) (Fig. 1).

The majority of participants (> 50% males and > 60%
females) did not expose themselves to direct sunlight in
summer or winter. Among those who were exposed, ex-
posure was mostly for few days per week and for 15 min
or less per day (results not shown). Significant variation
was observed for mean vitamin D levels (42.3 (± 27.8) vs.

Table 1 Unadjusted odds ratios and 95% confidence intervals (CI) for associations of sociodemographic, vitamin D supplement use and anthropo-
metric measures with vitamin D insufficiency/deficiency among Saudi participants, by sex, Riyadh, Saudi Arabia

Variables Males (n = 962) Females (n = 1870)

Vitamin D
< 75 nmol/L
n = 861

Vitamin D
≥ 75nmoL
n = 101

Unadjusted odds
ratio and 95% CI

Vitamin D
< 75 nmol/L
n = 1553

Vitamin D
≥ 75 nmol/L
n = 317

Unadjusted odds
ratio and 95% CI

Sociodemographic variables
Age group
61–75 years 63 (7.3) 22 (21.8) 1.0 75 (4.8) 29 (9.1) 1.0
51–60 years 114 (13.2) 23 (22.8) 1.7 (0.9, 3.4) 218 (14.0) 84 (26.5) 1.3 (0.6, 1.6)
41–50 years 249 (28.9) 21 (20.8) 4.1 (2.1, 8.0)* 458 (29.5) 87 (27.4) 2.0 (1.2, 3.3)*
30–40 years 435 (50.5) 35 (34.7) 4.3 (2.4, 7.9)* 802 (51.6) 117 (36.9) 2.6 (1.6, 4.2)*
Participants’ education level
College graduation and above 644 (74.8) 67 (66.3) 1.0 709 (45.7) 143 (45.1) 1.0
Intermediate and secondary 179 (20.8) 22 (21.8) 0.8 (0.5, 1.4) 430 (27.7) 71 (22.4) 1.2 (0.8, 1.6)
Primary and illiterate 38 (4.4) 12 (11.9) 0.3 (0.1, 0.7)* 414 (26.7) 103 (32.5) 0.8 (0.6, 1.1)
Participants occupation
Doctors/engineers/lawyersa 96 (11.1) 12 (11.9) 1.0 34 (2.2) 9 (2.8) 1.0
Military 101 (11.7) 13 (12.9) 0.9 (0.4, 2.2) – – –
Housewife – – – 769 (49.5) 160 (50.5) 1.3 (0.6, 2.7)
Skilled workersb 563 (65.4) 55 (54.5) 1.2 (0.6, 2.4) 621 (40.0) 126 (39.7) 1.3 (0.6, 2.7)
Unemployed 24 (2.8) 3 (3.0) 1.0 (0.2, 3.8) 85 (5.5) 13 (4.1) 1.7 (0.6, 4.4)
Retired 77 (8.9) 18 (17.8) 0.5 (0.2, 1.2) 44 (2.8) 9 (2.8) 1.3 (0.5, 3.6)
Monthly income (M = 937, F = 1583)c

> 20,000 SR (US $ > 5332) 138 (16.4) 14 (14.3) 1.0 111 (8.4) 36 (14.0) 1.0
≥ 10,000–20,000 SR 417 (49.7) 51 (52.0) 0.8 (0.4, 1.5) 447 (33.7) 92 (35.8) 1.6 (1.0, 2.6)*
< 10,000 SR 284 (33.8) 33 (33.7) 0.8 (0.4, 1.6) 768 (57.9) 129 (50.2) 1.9 (1.2, 2.9)*
Type of housing
Villa 502 (58.3) 70 (69.3) 1.0 915 (58.9) 243 (76.7) 1.0
Apartment 313 (36.4) 26 (25.7) 1.7 (1.0, 2.7)* 407 (26.2) 50 (15.8) 2.1 (1.6, 2.9)*
Arabic/small house 46 (5.3) 5 (5.0) 1.3 (0.5, 3.3) 231 (14.9) 24 (7.6) 2.5 (1.6, 3.9)*
Vitamin D-related variables
Taking vitamin D supplements
Yes 26 (3.0) 10 (9.9) 1.0 287 (18.5) 142 (44.8) 1.0
No 835 (97.0) 91 (90.1) 3.5 (1.6, 7.5)* 1266 (81.5) 175 (55.2) 3.5 (2.7, 4.6)*
Seasonal variation
Winter 445 (51.7) 55 (54.5) 1.0 720 (46.4) 192 (60.6) 1.0
Summer 416 (48.3) 46 (45.5) 1.1 (0.7, 1.6) 833 (53.6) 125 (39.4) 1.7 (1.3, 2.2)*
Physical activityd

High/moderate 79 (9.2) 9 (8.9) 1.0 693 (44.6) 123 (38.8) 1.0
Low 782 (90.8) 92 (91.1) 1.2 (0.4, 3.5) 860 (55.4) 194 (61.2) 0.8 (0.6, 1.0)
Waist circumferencee

Normal 375 (43.6) 50 (49.5) 1.0 273 (17.6) 53 (16.7) 1.0
Central obesity 234 (27.2) 19 (18.8) 1.6 (0.9, 2.8) 352 (22.7) 71 (22.4) 0.9 (0.6, 1.4)
High central obesity 252 (29.3) 32 (31.7) 1.0 (0.6, 1.7) 928 (59.8) 193 (60.9) 0.9 (0.6, 1.3)

*p < 0.05
a Includes businessmen, finance manager
b Teachers, secretary, health and allied staff, technicians, etc.
cMissing values are participants who said they did not know or did not want to reply
dHigh physical activity defined as Bat least 3 days of activity achieving a minimum total physical activity of at least 1500MET-min/week^ and moderate
as B5 or more days of moderate-intensity activity and/or walking of at least 30 min per day^ and low activity those not included in high or moderate
activity
eWaist circumference for males normal ≤ 90 cm, central obesity > 90 < 102 cm, high central obesity ≥ 102cm, and for females normal ≤ 80cm, central
obesity > 80 to < 88 cm, high central obesity ≥ 88 cm
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48.5 (± 28.9), p < 0.001) between blood samples collected
during winter (December–February) vs. those collected
during summer (March–June) (Fig. 2). The mean serum
vitamin D levels for males during summer and winter
were 41.5 (± 24.3) nmol/L vs. 43.7 (± 23.8) nmol/L (p =
0.15), respectively, and for females, they were 42.7 (±
29.4) vs. 51.2 (± 31.0) (p < 0.001), respectively. Only 36
(3.7%) males and 429 (21.0%) females were taking some
form of vitamin D supplements.

On average, males reported more frequent intake of milk
than did females (6 days/week vs. 5 days/week, p < 0.01)
(Table 2). In addition, the males reported consuming a higher
quantity of milk intake than did females (350 vs. 250 ml,
p < 0.001). The average amount of reported consumption of
cola drinks per day was also higher in males than in females
(375 vs. 250 ml, p < 0.05).

The multivariate logistic regression model for Saudi males
revealed that younger age groups [ages 30–40 years aOR =
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Fig. 1 Prevalence of 25(OH)D deficiency in males and females in Riyadh, Saudi Arabia
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3.6, 95% CI 1.7, 7.3 and 41–50 years aOR = 4.2, 95% CI 2.0,
8.8] compared to those > 60 years of age, not taking vitamin D
supplements [aOR = 4.0, 95% CI 1.7, 9.4], central obesity
[aOR = 1.8, 95% CI 1.0, 3.4] vs. normal waist circumference,
infrequent milk intake [weekly aOR = 1.7, 95% CI 1.0, 2.8
and monthly aOR = 1.8, 95% CI 1.0, 3.3] vs. daily milk in-
take, and daily consumption of cola drinks [aOR = 2.0, 95%
CI 1.1, 3.9] vs. monthly intake had higher odds for vitamin D
deficiency. The model was adjusted for type of housing and
seasonal variation (Table 3).

The multivariate final model for Saudi females revealed
that younger age categories [30–40 years aOR = 3.4, 95% CI
2.0, 5.8 and 41–50 years aOR = 2.8, 95%CI 1.6, 4.7] vs. those
aged > 60 years, not taking vitamin D supplements [aOR =
3.7, 95% CI 2.8, 4.9], central obesity [aOR = 1.4, 95% CI 1.0,
2.2] vs. normal waist circumference, seasonal variation
[aOR = 1.6, 95% CI 1.3, 2.1], living in apartments (aOR =
1.8, 95% CI 1.1, 2.8) and Arabic type or small house
(aOR = 1.6, 95% CI 1.1, 2.3) had higher odds for vitamin D
deficiency (Table 4).

Significant differences between males and females were
observed in the mean (±SD) values for serum 25(OH) vitamin
D, calcium, phosphorus, alkaline phosphatase, and parathy-
roid hormone levels (p < 0.001) (Table 5). Pearson correlation
coefficients revealed that 25(OH) vitamin D levels were pos-
itively correlated with calcium in males and females (r = 0.11
and 0.15, respectively, p < 0.001) and negatively correlated
with parathyroid hormone (− 0.20 and − 0.26, respectively,
p < 0.001). Phosphorus levels were weakly positively corre-
lated with 25(OH) vitamin D only in females (r = 0.08,
p < 0.001). No significant correlation was observed between
25(OH) vitamin D levels and alkaline phosphatase in either
males or females (p = 0.8).

Discussion

This study has not only identified a high prevalence of vitamin
D deficiency (85%, n = 2414) among the adult Saudi popula-
tion but has also found that younger adult (78%were in the age

Table 2 Frequency of consumption of common food items and unadjusted odds ratios and 95% confidence intervals (CI) for associations with vitamin
D among Saudi participants, by sex, in Riyadh, Saudi Arabia

Variables Males (n = 962) Females (n = 1870)

Vitamin D
< 75 nmol/L
n = 861

Vitamin D
≥ 75nmoL
n = 101

Unadjusted odds
ratio and 95% CI

Vitamin D
< 75 nmol/L
n = 1553

Vitamin D
≥ 75 nmol/L
n = 317

Unadjusted odds
ratio and 95% CI

Milk/milk products

≥ 5 days/week 257 (29.8) 43 (42.6) 1.0 422 (27.2) 102 (32.2) 1.0

1–4 days/week 367 (42.6) 34 (33.7) 1.8 (1.1, 2.9)* 530 (34.1) 103 (32.5) 1.2 (0.9, 1.6)

≤ 1–3/month 237 (27.5) 24 (23.8) 1.6 (1.0, 2.8)* 601 (38.7) 112 (35.3) 1.3 (0.9, 1.7)

Fisha

≥ 5 days/week 17 (2.0) 2 (2.0) 1.0 6 (0.4) 1 (0.3) 1.0

1–4 days/week 167 (19.4) 24 (23.8) 0.8 (0.1, 3.7) 291 (18.7) 65 (20.5) 0.7 (0.08, 6.3)

≤ 1–3/month 676 (78.6) 75 (74.3) 1.0 (0.2, 4.6) 1256 (80.9) 251 (79.2) 0.8 (0.1, 6.9)

Liver

≥ 5 days/week 16 (1.9) 1 (1.0) 1.0 8 (0.5) 1 (0.3) 1.0

1–4 days/week 223 (25.9) 21 (20.8) 0.6 (0.08, 5.2) 124 (8.0) 20 (6.3) 0.7 (0.09, 6.5)

≤ 1–3/month 622 (72.2) 79 (78.2) 0.4 (0.06, 3.7) 1421 (91.5) 296 (93.4) 0.6 (0.07, 4.8)

Eggs

≥5 days/week 153 (17.8) 11 (10.9) 1.0 144 (9.3) 19 (6.0) 1.0

1–4 days/week 465 (54.1) 56 (55.4) 0.5 (0.3, 1.1) 901 (58.0) 190 (59.9) 0.6 (0.3, 1.0)

≤ 1–3/month 242 (28.1) 34 (33.7) 0.5 (0.2, 1.0) 508 (32.7) 108 (34.1) 0.6 (0.3, 1.0)

Cola drinksb

≤ 1–3/month 494 (57.4) 77 (76.2) 1.0 920 (59.3) 216 (68.1) 1.0

1–4 days/week 204 (23.7) 15 (14.9) 2.1 (1.2, 3.7)* 463 (29.8) 82 (25.9) 1.3 (1.0, 1.7)*

≥ 5 days/week 162 (18.8) 9 (8.9) 2.8 (1.4, 5.7)* 169 (10.9) 19 (6.0) 2.1 (1.3, 3.4)*

*p < 0.05
a Fish includes all types of fish such as tuna, sardine, and salmon along with other types
b Cola drinks include Pepsi and Coca-Cola only
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group of 30 to 50 years) and males (72.0% vs. 64.0%) had a
higher prevalence when compared to older and female partici-
pants. Several reasons could explain the increased prevalence
of vitamin D deficiency in young male adults. First, the Saudi
males usually remain indoors due to their job commitments and
lifestyle and avoid sun exposure due to extreme temperatures
[5–8]. Second, the majority of the males do not visit the PHCC
regularly, and do not have any workplace screening or health
education programs available to screen, detect, and treat vita-
min D deficiency in a timely manner. In fact, a large proportion
of young healthy male adult participants (n = 816, 87%) were
unaware of their vitamin D status when identified as deficient
by this study. In addition, 107 out of 146 males (74.0%), who
despite being diagnosed as vitamin D deficient in the past, had
low vitamin D levels measured in the present study. Hence, the
public needs to be educated about proper screening, prevention,
and potential health complications due to vitamin D deficiency.
In addition, non-compliance by the patient or taking an

insufficient dosage of a vitamin D supplement may also lead
to continuous deficiency.

Vitamin D supplements are a reliable, cheap, and conve-
nient method to prevent vitamin D deficiency [4–7]. In com-
parison to males, older females had a lower prevalence, prob-
ably due to the successful initiatives by the Ministry of Health
in creating awareness among the elderly, especially at the
PHCC level. The Ministry of Health strongly recommends
prophylactic 25(OH) vitamin D and calcium supplements for
all females (especially ≥ 40 years of age), and it seems that
they have been partially successful as 27% of females were
taking vitamin D supplements. Even though vitamin D sup-
plements are freely available at all the PHCCs in Saudi
Arabia, only a small percentage of males (3.7%) were taking
these supplements. Hence, we strongly recommend that along
with females, similar rigorous efforts should target the adult
male population as well.

Previous studies have identified the role of sedentary life
style, sun exposure, obesity, and lack of dietary supplements
and its association with vitamin D deficiency; however, results

Table 3 Multivariate logistic regression of adjusted odds ratios and
95% confidence intervals (CI) for factors associated with vitamin D
insufficiency/deficiency in males in Riyadh, Saudi Arabia

Variable Adjusted odds ratio (95% CI)

Model I Model II Model IIIb

Taking vitamin D supplements

Yes 1.0 1.0 1.0

No 3.1 (1.4, 6.8) 3.7 (1.6, 8.4) 4.0 (1.7, 9.4)

Age groups (in years)

61–75 – 1.0 1.0

51–60 2.1 (1.0, 4.2) 1.8 (0.9, 3.7)

41–50 5.4 (2.7, 10.7) 4.2 (2.0, 8.8)

30–40 5.4 (2.9, 10.1) 3.6 (1.7, 7.3)

Waist circumferencea

Normal – 1.0 1.0

Central obesity 1.7 (1.0, 3.1) 1.8 (1.0, 3.4)

High central obesity 1.0 (0.6, 1.7) 0.9 (0.5, 1.6)

Milk intake

5 or more days/week – – 1.0

1–4 days/week 1.7 (1.0, 2.8)

≤ 1–3/month 1.8 (1.0, 3.3)

Cola Drinks (Coca-Cola and Pepsi)

≤ 1–3/month – – 1.0

1–4 days/week 2.0 (1.1, 3.9)

5 or more days/week 1.9 (1.0, 4.2)

values in Italics = p <0.05
aWaist circumference for males normal ≤ 90cm, central obesity > 90 <
102cm, high central obesity ≥ 102cm, and for females normal ≤ 80cm,
central obesity > 80 to < 88 cm, high central obesity ≥ 88 cm
b Final Model III adjusted for type of housing, monthly household in-
come, and seasonal variation

Table 4 Multivariate logistic regression of adjusted odds ratios and
95% confidence intervals (CI) for factors associated with vitamin D
insufficiency/deficiency in females in Riyadh, Saudi Arabia

Variable Adjusted odds ratio (95% CI)

Model I Model II Model IIIb

Taking vitamin D supplements

Yes 1.0 1.0 1.0

No 3.8 (2.9, 5.0) 3.8 (2.9, 5.0) 3.7 (2.8, 4.9)

Age groups (in years)

61–75 1.0 1.0 1.0

51–60 1.4 (0.8, 2.4) 1.4 (0.8, 2.5) 1.5 (0.9, 2.6)

41–50 2.3 (1.4, .9) 2.5 (1.5, 4.1) 2.8 (1.6, 4.7)

30–40 3.0 (1.8, 4.9) 3.5 (2.1, 5.8) 3.4 (2.0, 5.8)

Waist circumferencea

Normal – 1.0 1.0

Central obesity 1.1 (0.7, 1.7) 1.1 (0.7, 1.6)

High central obesity 1.5 (1.0, 2.1) 1.4 (1.0, 2.0)

Seasonal variation

Winter – – 1.0

Summer 1.6 (1.3, 2.1)

Type of housing

Villa – – 1.0

Apartment 1.8 (1.1, 2.8)

Arabic/small house 1.6 (1.1, 2.3)

values in Italics = p <0.05
aWaist circumference for males normal ≤ 90 cm, central obesity > 90 <
102 cm, high central obesity ≥ 102 cm, and for females normal ≤ 80 cm,
central obesity > 80 to < 88 cm, high central obesity ≥ 88 cm
b Final Model III adjusted for milk intake
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have varied due to social and cultural differences [4, 6, 7, 19].
Although physical inactivity was not directly associated with
the deficiency in our study, associations of vitaminD deficiency
in this study with factors such as central obesity (which may
reflect physical inactivity), cola drinks, inadequate sun expo-
sure, infrequent milk intake, and inadequate intake of supple-
ments highlight the importance of these factors with respect to
25(OH) vitamin D levels. Milk and other dairy products, if
fortified with 25(OH) vitamin D, are considered a good
source for vitamin D [4]; however, in the majority of
cases, the dairy fortification is not adequate and does
not fulfill the daily recommended quantity. A study by
Sedat et al. found inadequate fortification of milk with
25(OH) vitamin D in Saudi Arabia, which may be the
reason for persistent vitamin D deficiency (a liter of
milk contains 40 IU of vitamin D3, which is around
15% of the daily requirement) [20]. Proper fortification
of milk, dairy products, and juices, in addition to nutri-
tion education, can help in reducing the vitamin D de-
ficiency [20]. We did not find a significant association
with milk intake in females, which may be because of
differences in the type of milk consumed (skimmed, low
fat, etc.). Sea-food (salmon, sardines, and canned tuna
fish) and fish oil are also considered a rich source for
25(OH) vitamin D; however, we did not find a signifi-
cant association between fish intake and vitamin D de-
ficiency. This may be because only about 20.0% of
participants reported consuming fish on a weekly basis,
and the majority (80.0%) were consuming it only on a
monthly basis; a negligible percentage (≤ 2.0%) were
consuming it on a daily basis.

Recently, association between 25(OH) vitamin D levels and
cola drinks/sweet beverages has been explored [21]. Our results
are in support of animal and human studies showing an associ-
ation between sugar-sweetened beverages (including colas, oth-
er carbonated drinks, and sweet fruit drinks) and decreased
plasma 25(OH) vitamin D levels [21, 22]. About 40% of males
and 30% of females in our study reported drinking cola drinks
(Pepsi and Coca-Cola) on a daily or weekly basis. Cola drinks
may contribute to 25(OH) vitamin D deficiency by two path-
ways. First, it is hypothesized that constituents, such as fructose,
caffeine, and phosphoric acid may be responsible for decreas-
ing the absorption of 25(OH) vitamin D levels available
through dietary sources [21, 22]. We observed a negative but
weak correlation between number of cans of cola drinks con-
sumed and 25(OH) vitamin D levels (r = − 0.06, p = 0.01).
Secondly, intake of unhealthy foods, such as sugar-sweetened
cola, and other drinks can lead to an increase in calories con-
sumed and thus weight gain [23, 24]. Overweight and obese
individuals have higher rates of vitamin D deficiency compared
to normal weight individuals [23, 24]. Ardawi et al. found that
serum 25(OH) vitamin D was lower (p < 0.001) in individuals
in the upper quintiles of body mass index and waist-to-hip ratio
(WHR) [6, 7]. The association can be explained based on the
sequestering effect of a high quantity of subcutaneous fat,
which leads to reduced circulating 25(OH) vitamin D levels
[25, 26]. With the increasing prevalence of obesity among the
Saudi population [27], it is important to track serum 25(OH)
vitamin D levels at regular intervals.

Results for seasonal variation in serum 25(OH) vitamin D
levels were similar to those from previously conducted studies
in Saudi Arabia and the United Arab Emirates, [28, 29];

Table 5 Mean (±SD) values for
serum calcium, phosphorus,
alkaline phosphatase, and
parathyroid hormone among
Saudi adults in Riyadh, Saudi
Arabia

Variable Mean (±SD) Normal
range

Minimum
value

Maximum
value

Inter-quartile
value

Vitamin D (nmol/L)

Male (n = 962) 42.6 (± 24.0) 75–250 7.5 147 27.2

Female
(n = 1870)

46.8 (± 30.5) 75–250 5.7 175 39.8

Calcium (mmol/L)

Male 2.2 (± 0.1) 2.1–2.5 2.0 2.8 0.8

Female 2.3 (± 0.1) 2.1–2.5 1.2 2.8 0.1

Phosphorus (mmol/L)

Male 1.1 (± 0.2) 2.5–4.5 0.5 3.0 0.2

Female 1.2 (± 0.2) 2.5–4.5 0.4 3.1 0.2

Alkaline phosphatase (U/L)

Male 104 (± 26.4) 50–136 10 199 35

Female 98 (± 26.2) 50–136 20 196 34

Parathyroid hormone (pmol/L)

Male 5.2 (± 2.0) 2.0–6.9 1.6 16.4 2.4

Female 5.8 (± 2.3) 2.0–6.9 1.1 18.3 2.8

Italics = p < 0.001
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however, results from countries other than Middle East are in
contradiction [30, 31]. The participants in our study whose
samples were collected during the winter months
(December–March) had higher mean levels for 25(OH)D
than those whose samples were collected during summer
(April–August). A probable reason for this inverse trend
may be avoidance of sunlight during the summer season
due to intense sunrays and hot temperatures in Saudi
Arabia. In addition, the Saudi tradition is for both males
and females to cover the whole body with clothing. Sun
exposure is the best source for vitamin D; however, 52%
of males and 67% of females in our study reported no sun
exposure. Both timing and duration of exposure are also
important factors [32]. The recommended appropriate time
is 8.00 am–4:00 pm [32], whereas in our study, the ma-
jority participants reported sun exposure before 10:00 am.
During the winter, only 26% of males and 30% of fe-
males (results not shown) reported sun exposure according
to the recommended optimum time (10;00 am to 2:00 pm)
[32].

Inconsistent findings have been reported for the asso-
ciation between socioeconomic status (SES) and
25(OH)D levels [33, 34]. Sixteen percent of our female
participants were not sure about their monthly income;
hence, type of housing was used as a proxy indicator
for socioeconomic status. The participants who were
living in villas had an average monthly income of ≥
10,000 SAR (US$ 2666), whereas those living in apart-
ments and Arabic/small house had monthly incomes <
10,000. In addition, a significant but weak correlation
was found between income level and 25(OH) vitamin D
levels [r = 0.09, p < 0.001]. Previous studies have report-
ed low levels of education (another proxy indicator used
to determine SES status) associated with low 25(OH)D
levels [3, 6, 7]; however, we did not find any signifi-
cant association with education level.

Among the various bone markers, serum calcium, parathy-
roid, and phosphorus levels acquire an important position be-
cause of their significant association with varying levels of
25(OH) vitamin D levels [35]. The mean levels in our study
differed significantly between males and females, suggesting
gender differences in the physiological make-up along with
the roles of various other known and unknown factors. Similar
to results from other studies [36, 37], we did not find a signif-
icant association between 25(OH) vitamin D and alkaline
phosphatase, questioning the role of alkaline phosphatase in
predicting vitamin D levels.

The present study was conducted on a sample of the Saudi
population that included adults from a wide age range (30–
75 years) and from different socioeconomic and educational
levels, thus improving the generalizability of the results.
However, our study had some limitations. The information on
sun exposure, diet, and physical activitywere based on subjective

responses and were not validated; therefore, information/
reporting bias cannot be ruled out. Also, this was a cross-
sectional study so that temporal relations and causality could
not be established.

Conclusion

National awareness campaigns directed to young males and
females are required to educate Saudis about the best ways to
improve and maintain 25(OH) vitamin D levels. Vitamin D
supplements, adequate sun exposure, and physical activity are
important factors to avoid low 25(OH) vitamin D levels. The
Ministry of Health should take strong measures for adequate
fortification of common food items in the Kingdom as well as
educational programs to promote adequate Vitamin D intake
and to prevent Vitamin D deficiency.
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