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ABSTRACT
Introduction: This study reports the vitamin D status of Filipino adults in selected
areas in the Philippines and determinants of deficiency, based on the 2013 National
Nutrition Survey (NNS). Methods: The NNS collected blood samples from all members
aged ≥20 years from selected households of the National Capital Region (NCR), Cebu
and Davao del Sur. Serum vitamin D was determined by electrochemiluminescence
assay. Data on age, sunscreen use, intake of supplement were collected. Body mass
index was calculated. Results: The overall prevalence of combined vitamin D deficiency
(<50 umol/L) and insufficiency (51-75 umol/L) was 48.7%, and was highest in the
NCR (54.1%) and lowest in Davao del Sur (28.9%). Adults in NCR were more likely
to have vitamin D insufficiency compared with those in Cebu (OR=0.59) and Davao
(OR=0.30). Females had higher prevalence (62.5%) of vitamin D insufficiency than
males (32.1%). Higher prevalence of vitamin D insufficiency was observed among
20-39 y (55.5%) and lowest among ≥60 y (38.1%). The younger adults (20-39 y)
were more likely to have vitamin D insufficiency compared to 40-59 y (OR=0.63)
and the ≥60 y (OR=0.43). Among sunscreen users aged 20-39 y and 40-59 y in
Cebu and Davao del Sur, mean vitamin D levels were significantly lower than
non-sunscreen users. Conclusion: The 2013 NNS revealed a high prevalence of
vitamin D insufficiency among Filipino adults. Gender, age, and area of residence
were significant determinants of vitamin D insufficiency. Determining the vitamin D
status is crucial in crafting interventions for its prevention and control.
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INTRODUCTION
Vitamin D, also known as the sunshine
vitamin, is a fat-soluble vitamin
whose primary physiological function
is the maintenance of calcium levels
in the body. Vitamin D, either from
the diet or synthesised by sunlight is
biologically inactive. It is converted to
25-hydroxyvitamin D or 25(OH)D by
D-25-hydroxylase in the liver and then to

1,25-dihydroxyvitamin D or 1,25(OH)2D
by 25-hydroxyvitamin D-1α-hydroxylase
in the kidney (DeLuca, 2004; Holick &
Chen, 2008). The 1,25(OH)2D is the
biologically active form of vitamin D.
Although found naturally in food,
only a small proportion of vitamin D is
obtained from the diet (10-20%) with
“good” sources, from salmon, fortified
milk and other fortified products (IOM,
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1997). The rest is obtained through the
conversion of sunlight (Holick, 1999).
While sun exposure is an excellent
source of vitamin D, sunscreen, clothing,
skin pigmentation, and rainy season
reduce vitamin D production (Mithal et
al., 2009).
Over
the
past
decade,
low
concentrations of 25-hydroxyvitamin D
(25-OH vitamin D) have been associated
with bone and mineral metabolism.
Clinical hypovitaminosis D has been
associated with rickets in infancy and
also causes muscle weakness and
contributed to falls and bone fractures
in adults (Mithal et al., 2009). In the
general population, serum 25-OH
vitamin D concentrations <20 ng/ml
are associated with poorer physical
performance (Wicherts et al., 2007)
while concentrations <15 ng/ml are
associated with musculoskeletal pain
(McBeth et al., 2010). Also, it has been
associated with significant short- and
long-term health effects including the
risk of common chronic diseases such
as diabetes, cardiovascular disease and
cancer (Lee et al., 2018; Tangpricha et
al., 2002).
The groups most at risk of vitamin
D deficiency are breastfed infants,
older
adults,
and
dark-skinned
people. Many factors reduce the skin’s
production of vitamin D3, including
aging, sun protection behaviours such
as application of sunscreen or covering
most of their bodies with clothing,
and the time of year with limited or no
sunlight (Hyppönen & Power, 2007).
Increased skin pigmentation is another
factor. Melanin efficiently absorbs UVB
radiations, so people with increased skin
melanin pigmentation require longer
exposures to sunlight to make the same
amount of vitamin D3, compared with
light skinned people (Holick, 2004).
Worldwide, an estimated 1 billion
people have inadequate blood levels of
vitamin D and deficiencies can be found

in all ethnicities and age groups. Studies
suggest that roughly 30–50% of the
adult population is at risk of vitamin D
deficiency (Holick, 2014).
The significant role of sunlight in
vitamin D synthesis suggests a low
prevalence of vitamin D deficiency in
tropical countries. However, studies in
some tropical countries carried out in
Malaysia, India, Iran and Hawaii had
shown a high prevalence of vitamin
D deficiency (Moy & Bulgiba, 2011;
Harinarayan, 2005; Rahnavard et
al., 2010; Binkley et al., 2007). The
Philippines is not spared from this
problem even though the country is
located at the Equator and is sunny all
year round. The prevalence of vitamin
D deficiency among post-menopausal
Filipino women was 20% (Kruger et al.,
2010).
To date, there is a limited data about
the vitamin D status of different age
groups in the Philippines. This study
reported the vitamin D status of Filipino
adults aged ≥20 y in selected areas in
the Philippines and its determinant
factors of vitamin D deficiency, based on
the 2013 National Nutrition Survey.
MATERIALS AND METHODS
Multi-staged stratified sampling design
was employed in the 2013 National
Nutrition Survey (NNS). The first stage
of the sampling involved the selection
of the Primary Sampling Unit (PSU),
which consisted of one (1) barangay
or contiguous barangays with at least
500 households. The second stage was
the selection of Enumeration Area (EA)
which consisted of contiguous areas in
a barangay with 150-200 households.
The last stage was the selection of the
households in the sampled EA that
served as the ultimate sampling unit.
Samples were taken separately from the
regions by urban and rural strata.
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Study sites
The 2013 (8th) NNS covered 80 provinces
including the National Capital Region
(NCR formerly called Metro Manila) in 17
regions. The survey used the Philippine
Statistics Authority (PSA) 2003 Master
Sample (MS) which was the same
listing of households utilised for the
2009 Labour Force Survey (LFS). This
MS consisted of 4 replicates wherein
each replicate could give national and
regional estimates. The biochemical
component of the Survey utilised one
of the four replicates of the MS covering
100% of sample households. About
8,592 sample households were selected
for the survey; however this study
focused on only three sites because of
financial constraint: (1) National Capital
Region (NCR) in Metro Manila, which is a
highly urbanised city in Luzon, (2) Cebu
province in the Visayas, and (3) Davao
del Sur province in Mindanao. NCR
lies along the flat alluvial lands entirely
within the tropics. Its proximity to the
equator means that temperatures are
hot year-round. The province of Davao
del Sur, otherwise known as the Padada
Valley, is an agricultural area. Cebu
province consists of a main island and
167 surrounding islands and islets.
Sample population
There were approximately 3,409
individuals aged ≥20 y over (Mean
= 40.1; SD = 14.8) whose blood
samples were analysed for total serum
25-hydroxyvitamin D [(25-OH (D)]. In
NCR, there were about 1867 individuals,
while Cebu and Davao del Sur had 864
and 678 respectively.
Measurements
Weight was measured using a standard
calibrated electronic SECA weighing
scale. At least two measurements were
obtained, with the average recorded to
the nearest 0.1 kg. Standing height was
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obtained using the Microtoise tape – an
L-shaped device (head-bar) to which a
spring-loaded coiled tape measure was
attached. At least two measurements
were obtained, and averages were
computed, and recorded to the nearest
0.1cm. Body mass index (BMI) was
computed as weight (kg)/height in m2.
BMI was based on WHO (1995) reference
adopting the cut- off: Chronic Energy
Deficiency <18.5 kg/m2; Normal 18.524.9 kg/m2; Overweight 25.0-29.9 kg/
m2; Obesity ≥30.0 kg/m2.
Sample collection, preparation and
analysis
Blood samples were obtained in
the morning (0600H to 0900H) via
venipunctur e. Pr ecautions wer e
considered throughout the procedures
to minimise exposure of samples to air
and light. Approximately 10 ml venous
blood samples to accommodate all the
biomarkers needed for the survey was
extracted using sterile syringe and
transferred to a blue top tube. After a
marked separation of serum and red
cell was seen, the tube was centrifuged
for 10 minutes. Serum was pipetted
into microcentrifuge tubes and kept in
freezers or in ice chests with dry ice.
Frozen blood samples were transported
from the field to the Biochemical
Laboratory (BL) of FNRI where these
were stored in freezers at -80°C until
analysis.
The best indicator of vitamin D
status is the serum 25-hydroxyvitamin
D [25(OH)D] concentration (IOM, 2011).
Total serum 25-hydroxyvitamin D [(25OH(D)] was analysed using Electrochemiluminescence binding assay
(ECLIA) method in a selected ISO 15189
accredited laboratory in Metro Manila.
The cut offs for Vitamin D levels were:
Deficient (<50 nmol/l), Insufficient (5174 nmol/l) and Sufficient was ≥75 nmol/l
(Holick, 2009; Holick & Chen, 2008).
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Collection of other data
Data on age, gender, education,
occupation, use of sunscreen, and
supplements wer e collected via
interview using structured pre-tested
questionnaires. In this study ‘no
occupation’ were students, pensioners, or
housewives; ‘service-related’ comprised
of labour ers and factory and
manufacturing workers.

Ethics
This study was carried out in accordance
with the declaration of Helsinki,
guided by the Council for International
Organization of Medical Sciences Ethical
Guidelines for Biomedical Research
involving human subjects (CIOMS,
2008) and the National Guidelines
for Biomedical/Behavioral Research
(PCHRD-DOST, 2011). Only those who
signed the informed consent form were

Table 1. Profile of participants characteristics by area (based on socio-economic, demographic
and nutritional status)
Variables
Age (Mean±SD)
Age group (years)
20-39
40-59
≥60
Gender
Male
Female
Total
Education
Elementary
High school
College
Occupation
Office worker
Service related
Agriculture/ Fishery
No occupation
BMI by age groups
Underweight
20-39 y
40-59 y
≥60 y
Normal
20-39 y
40-59 y
≥60 y
Overweight/Obese
20-39 y
40-59 y
≥60 y
BMI (Mean±SD)
Underweight
Normal
Overweight/Obese

ALL
(n=3409)
n
%

NCR
(n=1867)
N
%

Cebu
(n=864)
N
%

Davao del Sur
(n=678)
n
%

40.1±14.8

40.0±14.8

41.1±15.3

39.4±13.7

p-value

0.010*
2162
1634
659

56.3
32.4
11.3

1254
878
379

57.1
31.4
11.5

485
425
173

53.2
35.0
11.8

423
331
107

56.6
34.1
9.3

2182
2273
4455

48.9
51.1
100

1223
1288
2511

48.8
51.2
100

527
556
1083

48.9
51.1
100

432
429
861

49.8
50.2
100

1023
1728
1680

18.9
40.0
41.1

388
1041
1071

13.9
41.6
44.5

388
354
331

32.1
34.5
33.4

247
333
278

26.7
39.7
33.6

0.737

<0.001*

<0.001*
959
1534
235
1727

23.5
35.2
3.5
37.8

433
9.9
195
10.4
126
7.5
112
14.8
1599 37.7
825
44.4
517
29.3
257
34.0
2122 52.3
784
45.2
998
63.3
340
51.1
23.8±4.5
17.1±1.2
20.9±1.3
27.1±3.4

626
877
10
998

25.8
35.4
0.4
38.4

181
9.4
94
10.1
48
6.9
39
13.5
641
35.0
370
42.5
176
24.7
95
30.7
1045 55.6
402
47.5
485
68.4
158
55.8
24.0±4.1
17.1±1.1
20.9±1.2
27.1±3.13

191
354
133
405

18.8
33.7
10.9
36.6

88
10.1
37
11.1
32
8.4
19
11.4
346
40.3
160
46.9
126
33.1
60
38.2
430
49.6
136
42.0
217
58.5
77
50.4
23.7±5.2
17.1±1.2
20.8±1.4
27.4±4.1

Note: No Occupation (included Students, Pensioner and Housewife)
*
Significant at p<0.05

142
303
92
324

17.2
36.2
10.0
36.7

75
10.8
37
11.5
19
6.8
19
21.5
297
44.6
160
49.7
103
38.3
34
38.9
306
44.7
121
38.9
150
54.9
35
39.6
23.0±5.2
17.2±1.4
20.8±1.6
26.7±3.8

0.412

0.003*

0.032*
0.000*
0.996
0.641
0.067
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included in the study. The conduct of
the study was approved by the Food
and Nutrition Research Institute (FNRI)
Institutional Ethics Review Committee
(FIERC-2013-008).
Statistical analysis
Descriptive statistics was used to
describe the means, standard errors,
confidence intervals and prevalence
of vitamin D deficiency. KolmogorovSmirnov test was used to determine
the normality of data. ANOVA was used
to compare means of 25-OH vitamin D
levels in the three areas. T-test was used
to compare means of 25-OH vitamin D
levels of the adults in the three areas who
used sunscreen and supplements and
those who did not. Chi-square test for
association was used for categorical data
across areas and gender to determine
relationships between 2-3 variables.
Logistic regression was conducted to
determine which of the variables affects
vitamin D deficiency. Variables included
were age, sex, use of sunscreen, use of
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supplements, and BMI. STATA was used
for all statistical analyses. Significance
level considered in this study was
p<0.05. Survey weights were applied in
all anthropometric and all other data
prior to analysis.
RESULTS
A total of 3,409 blood samples were
collected from adult members aged ≥20
y (Mean = 40.1; SD = 14.8) from the
sampled households: NCR (n=1867),
Cebu (n=864) and Davao del Sur
(n=678). Education and occupation were
significantly different between groups.
Elementary education was lowest in
NCR but has the highest percentage of
office workers (Table 1).
The prevalence of underweight was
similar across all age groups ranging
from 9.4% to 10.8%. However, the
prevalence of overweight and obesity
was significantly higher among the
40-59 y (63.3%) than in the other age
groups, and was highest (68.4%) in NCR
(Table 1).

Figure 1. Percentage of adults using sunscreen by area, age and gender
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Table 2. Mean of vitamin D levels and use of sunscreen by adults by area and age
National Capital Region
Age
(years)

Cebu

Davao del Sur

NonNonSunscreen
Sunscreen
Sunscreen
Sunscreen
puser
user
†
user
user
value
Mean±SE Mean±SE
Mean±SE Mean±SE

20-39
71.7±1.6
40-59
80.5±1.6
≥60
83.8±2.4
p-value‡ <0.001*

65.1±3.9
75.5±3.4
94.7±4.8
0.002*

0.075
0.222
0.224

84.2±2.9
90.2±2.4
89.9±3.3
0.210

59.5±4.7
68.1±7.2
91.1±7.1
0.062

pvalue†
<0.001*
0.012*
0.905

NonSunscreen
Sunscreen
user
user
Mean±SE Mean±SE
97.7±3.4
105.1±4
102.3±4
0.112

78.0±4.2
82.1±2.9
71.9±12
0.851

pvalue†
0.002*
0.016*
0.166

Significant at p<0.05
p-value for the difference between sunscreen user and non-sunscreen user by each age
groups in each area (t-test)
‡
p-value for difference between age groups who user sunscreen and who did not (ANOVA)
*

†

The use of sunscreen was more
common among the 20-39 y (11.0%)
while only 2.5% among the elderly
participants. Among the 40-59 y,
6.2% used sunscreen. More female
participants had used sunscreen than
males and this was observed in all
age groups and across the three areas
(Figure 1). Among the 20-39 and 40-59
y who were sunscreen users in Cebu
and Davao del Sur showed that, mean
vitamin D levels were significantly lower
than non-sunscreen users but this

was not observed in NCR. Results also
showed that in NCR the participants
aged 20-39 y had significantly lower
mean vitamin D levels than the other age
groups (Table 2).
The study revealed that elderly
participants (≥60 y) commonly used
supplements (n=147; 24.3%) as
compared with the 40-59 y (n=255;
19.2%) and in the 20-39 y (n=239;
16.3%). Comparing between areas in the
elderly population, higher percentage of
users were found in NCR (31.6%) than

Table 3. Mean serum vitamin D and percentage of vitamin D insufficiency by age, gender and
area
Variables
Over-all
Age group (years)
20-39
40-59
≥60
p-value
Gender
Male
Female
p-value
Area
NCR
Cebu
Davao del Sur
p-value
Significant at p<0.05
Total of deficient and insufficient of vitamin D level

*

†

Mean ̅± SE

Insufficiency†

nmol/ml

N (%)

81.1±1.1

1185(48.7)

76.1±1.5
85.3±1.3
87.4±1.9
<0.001*

579(55.5)
445(43.5)
161(38.1)
<0.001*

93±1.6
70.7±1.1
<0.001*

328(32.1)
857(62.5)
<0.001*

76.2±0.9
85.7±2.0
98.8±2.4
<0.001*

755(54.1)
260(43.8)
170(28.9)
<0.001*
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those from Cebu, (25.3%); and Davao
del Sur (16.0%). Lowest percentage of
supplement users was found among the
20-39 y with NCR having 19.4%, Cebu
(13.0%) and Davao del Sur (16.4%).
Males and female participants had
almost similar percentage of users.
Mean vitamin D levels were highest
among the participants from Davao del
Sur (98.8±2.4 nmol/ml) and lowest was
from the NCR (76.2±0.9 nmol/ml) while
Cebu had 85.7±2.0 nmol/ml. The area
with the highest proportion of deficient
and insufficient levels was found among
the participants in NCR (54.1%) and the
lowest was from Davao del Sur (28.9%)
while Cebu had 43.8% (Table 3).
Describing the population by age
revealed that the prevalence of deficient
and insufficient vitamin D was highest
among the 20-39 y (55.5%); 40-59 y was
43.5%; and the lowest was among the
elderly (38.1%). Females have a higher
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prevalence of deficiency and insufficiency
(62.5%) as compared with males (32.1%)
(Table 3).
The results of logistic regression
analysis with vitamin D levels as
dependent variable and sex, age,
BMI, use of sunscreen, and use of
supplement as independent variables
showed that the determinant factors
of vitamin D deficiency are gender, age
and area. Females are 3.57 (p<0.001)
times more likely to have vitamin D
deficiency compared to the males. On
the other hand, the adults aged 40-59
y (OR=0.62, p=0.007), and the elderly
aged ≥60 y (OR=0.43, p=0.001), are
less likely to have vitamin D deficiency
compared to the younger adults. Adults
in Cebu (OR=0.59, p=0.001) and Davao
(OR=0.30, p<0.001) are less likely to
have vitamin D deficiency compared to
those in the NCR (Table 4).

Table 4. Multivariate logistic regression predicting the likelihood of being vitamin D insufficiency
among Filipino adults in the NCR, Cebu and Davao
Determinants
Constant
Sex
Male (ref)
Female
Age group (years)
20-39 (ref)
40-59
≥60
BMI
<18.5
18.5-22.9 (ref)
23.0-27.5
>27.5
Sunscreen
Do not use sunscreen (ref)
Uses sunscreen
Supplement
Do not take supplements (ref)
Takes supplements
Geographical location
NCR (ref)
Cebu
Davao

Adjusted OR

SE

0.79

95% CI

Wald

p-value

0.9

-2.2

0.036

2.7

4.7

9.7

<0.001*

0.1
0.1

0.4
0.3

0.9
0.7

-2.9
-3.7

0.007*
0.001*

1.12

0.2

0.8

1.7

0.6

0.572

0.99
1.26

0.1
0.2

0.8
1

1.3
1.6

-0.1
1.9

0.958
0.070

1.26

0.4

0.6

2.5

0.5

0.608

0.95

0.1

0.7

1.3

-0.3

0.740

0.59
0.30

0.1
0.1

0.5
0.2

0.8
0.4

-3.8
-6.6

0.001*
<0.001*

LL

UL

0.1

0.6

3.57

0.5

0.63
0.43
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DISCUSSION
Vitamin D is a prohormone that is
essential for normal absorption of
calcium from the gut. It is important
to recognise that vitamin D is primarily
made in the skin after exposure to
ultraviolet radiation (UVR), and <10%
is derived from dietary sources (Norris,
2001). Modern conditions of dress,
lifestyle, and recommendations regarding
sun avoidance to reduce risks of skin
cancer may prevent a large proportion
of the population from making healthy
amounts of this vitamin.
Currently, there is no national data
on mean vitamin D levels and prevalence
of vitamin D deficiency in the Philippines.
The 8th NNS conducted by the Department
of Science and Technology – Food and
Nutrition Research Institute (DOSTFNRI) in 2013 provided the opportunity
to provide evidence on the vitamin D
status of Filipino adults (20 to 59 y) and
the elderly (≥60 y). However, this substudy was conducted only in one highly
urbanised city (NCR) and two provinces
due to high cost of analysis. The NCR is
located in Luzon, Cebu in Visayas and
Davao del Sur in Mindanao.
The mean age of the participants was
40 y and overweight and obesity was
very high across areas: ranging from
49.6% to 55.5%.
The present study revealed a
very high prevalence of vitamin D
insufficiency in the all the targeted areas
especially in NCR, which had the highest
prevalence. This may pose a health
risk like osteomalacia, osteoporosis,
diabetes, cardio vascular diseases and
cancer (Lee et al., 2018; Tangpricha et
al., 2002). In a vitamin D-deficient state,
intestinal calcium absorption is only 10%
to 15% and there is a decrease in the
total maximal reabsorption of phosphate
while in a vitamin D-sufficient state
[25(OH)-D levels of <50 nmol/l (20 ng/
ml)], net intestinal calcium absorption is

up to 30%, although calcium absorption
can reach 60% to 80% during periods of
active growth (Misra et al., 2008).
The Philippines is like other tropical
countries with plenty of sunlight, and
yet had shown high prevalence of
vitamin D deficiency (Moy & Bulgiba,
2011; Harinarayan, 2005; Rahnavard
et al., 2010; Binkley et al., 2007). In
India, vitamin D deficiency was reported
among 91% in healthy schoolgirls (Puri
et al., 2008) and in 78% of apparently
healthy hospital staff (Arya et al., 2004),
using a cut-off level below 50 nmol/l. In
Bangladesh, deficiency was 38% among
women from high income group and
50% from low income group using a
cut-off 37.5 nmol/l (Islam et al., 2002).
Prevalence of deficiency was 47% in
Thailand, 49% in Malaysia, 90% in
Japan and 92% in South Korea (Mithal
et al., 2009). Cut-off used for vitamin D
insufficiency by these countries was <75
nmol/L.
This study revealed that the
determinants of vitamin D level are age,
gender and area. This study showed that
the most vulnerable age group to having
vitamin D insufficiency (<75 umol/L)
are those in the 20-39 y. This high
prevalence could be attributed to the
use of sunscreens. The age group that
has the high percentage of sunscreen
users was mostly the females aged 2039 y. In Cebu and Davao del Sur, the
sunscreen users had lower vitamin D
level compared to non-users. In the
NCR, users and non-users have similar
vitamin D levels. Sunscreen is used to
avoid skin cancer due to exposure to
sunlight and has become a common
practice especially among young adult
population. Sunscreen absorbs UV-B
and some UV-A light and prevents it
from reaching and entering the skin. A
sunscreen with a sun protection factor
(SPF) of eight can decrease vitamin D3
synthetic capacity by 95%, and SPF 15
can decrease it by 98% (Holick, 2004).
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In adults who apply sunscreen properly
(2 mg/cm2), the amount of vitamin D3
produced is decreased (95%). A previous
study demonstrated lower vitamin D
levels in people using SPF 15 sunscreens
than in those not using sunscreen,
however, these lower levels were not
sufficient to cause PTH level elevations
(Farrerons et al., 1998). Sun exposure of
the arms, legs, hands, or face for about
5 to 10 min for at least 2 or 3 times per
week is enough for the production of
vitamin D requirement.
The prevalence of vitamin D
among the ≥60 y was 38%. It has
been postulated that the older adult
population is especially vulnerable to
vitamin D deficiency due to a decreased
capacity to synthesise vitamin D
from sunlight (Parker et al., 2010).
Also, aging is associated with lower
7-dehydrocholesterol levels (BischoffFerrari et al., 2009), which is a precursor
required for the synthesis of vitamin D
in the skin. The mean vitamin D level of
≥60 y was significantly higher than the
younger age groups maybe because of
the high use of sunscreen among the
younger population.
Moreover, the insufficient vitamin D
was highest in NCR than in the other
two areas despite its location in flat
alluvial lands entirely within the tropics.
It has been shown in previous studies
that vitamin D production may be
affected also by geography (Marks et al.,
1995). NCR is the centre of commerce,
employment and education. The high
percentage of vitamin D insufficiency in
NCR is among the productive age groups
of 20-59 y. This might be due to lesser
time exposure to sunlight compounded
by the high use of sunscreen. Increased
urbanisation and increased time spent
indoors at work may lead to decreased
time spent outdoors and, therefore,
decreased vitamin D synthesis. Shade
reduces the amount of solar radiation by
60%, and windowpane glass blocks (UVR)
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ultraviolet radiation (Holick, 1995). For
adequate vitamin D synthesis, exposure
to the midday sun (between 1000 and
1500 hours) for 10-15 minutes in the
spring, summer, and fall is considered
sufficient for light-skinned people,
providing 25% of the minimum erythema
dose (MED) (Holick, 2003).
Another significant finding in this
study is the higher odds of females to
have vitamin D insufficiency than males.
This is in congruent with the results
of a previous study among in patients
undergoing coronary angiography
wherein gender significantly affected
vitamin D status. Female gender was
associated with lower vitamin D levels
(14.5±10.9 vs. 15.9±9.5, p=0.007) and
independently associated with severe
vitamin D deficiency (41.9% vs. 30.4%,
p<0.001; adjusted odds ratio (OR) (95%
confidence interval (CI)=1.42 (1.081.87), p=0.01). The lower 25(OH)D
levels observed in females, as compared
to males, play a more relevant role in
conditioning the severity of CAD (Verdoia
et al., 2015). Another study found
contradicting results, male patients
had significantly lower mean 25(OH)D
concentrations than female patients 50.0
(22.0) nmol/l versus 53.6 (22.4) nmol/l
(P=0.001) and a significantly (P=0.001)
higher rate of vitamin D deficiency,
56% versus 47% (Johnson et al., 2012).
Another study found no significant
association between vitamin D level and
sex of the participants (Baradaran et al.,
2012). Different results might be due
to different health conditions, lifestyle
of respondents and time spent under
the sun.
In previous studies, obesity was also
associated with vitamin D deficiency
(Wortsman et al., 2000). The results of
the study in Oslo, Norway showed the
prevalence of vitamin D deficiency was
highest in individuals with BMI ≥40
(Lagunova et al., 2009). In this study, we
did not find a significant role of BMI on
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vitamin D levels among the overweight
and obese population because the mean
BMI (23.8±4.5) might not be too high to
cause a deficiency.
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