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Introduction

Vitamin D is a fat-soluble prohormone produced 
endogenously in the skin after exposure to sunlight. 
Following exposure to ultraviolet light, vitamin D precursor 
(7-dehydrocholesterol) is converted to inactive vitamin 
D (cholecalciferol) then the active form (Calcitriol) is 
formed [1]. Exposure to ultraviolet rays of sunlight is the 
main source of vitamin D. Vitamin D produced in the skin 
after exposure to sunlight lasts longer in the blood than 
vitamin D from dietary sources [2]. Vitamin D affects bone 
homeostasis. That may closely affect orthopedics practice 
and musculoskeletal surgery outcomes.

The main natural vitamin D source is synthesis by the skin 
during exposure to sunlight (exposure to ultraviolet B rays) 
[3]. Exposing face, arms and legs for a period of time can 
satisfy the body’s vitamin D requirement while minimizing 
sunlight-induced skin damage [4].

The most common exposure time to sunlight in Saudi 
Arabia was reported to be between 8:00 AM to 4:00 PM 
and peaked during 10:00 AM to 12:00 PM in both summer 
and winter. For fear of UV ray exposure-induced risk of 
cancer during the period between 10 AM to 12 PM, patients 
should be advised to be exposed to the sun between 8:00 
AM to 10:00 AM and 1:00 PM to 3:00 PM [5,6]. Adequate 
duration to get sufficient amount of vitamin D through skin 
exposure to sunlight is 10–30 minutes (3 times/week) for 
a white-skinned population. Dark skinned people need 

longer duration of sunlight exposure because darker 
skin has less efficient vitamin D production due to high 
melanin pigmentation, which acts as a natural sunscreen. 
This greatly reduces ultraviolet B rays exposure. Vitamin 
D deficiency is a global public health problem in all age 
groups that is usually unrecognized by the public. Vitamin 
D is deficient in several countries and is particularly more 
deficient in patients in the Middle East [7-8]. A recent meta-
analysis study including 20,787 patients reported that the 
prevalence of vitamin D deficiency among males and 
females was 63.5% [9]. Moreover, prevalence of vitamin 
D deficiency was significantly greater in females (34.8%) 
compared to only 13.4% among the males [10]. Regarding 
public awareness of vitamin D deficiency in Najran (Saudi 
Arabia), 11% of the investigated participants had no idea 
about vitamin D [7]. Regarding awareness of vitamin D 
deficiency in Jeddah, 1,145 out of 1,752 participants had 
some idea about foods rich in vitamin D [11]. Regarding 
the awareness and attitude towards vitamin D deficiency, 
28% of participants were aware of vitamin D sources 
and 50% knew about its benefits. This needs improving 
people’s knowledge and awareness. There is a significant 
association between the level of vitamin D knowledge and 
educational level [12]. 

More health education is needed regarding the dietary 
sources and established health benefits of vitamin D for 
muscles, bones, and the immune system. Social workers 
and non-governmental organizations may work together 
with governmental healthcare organizations to teach 

Abstract

Objectives: This is a cross-sectional study aiming 
at assessing the public awareness regarding the 
effects of food and sunlight on vitamin D homeosta-
sis in Al-Madinah Al-Munawwarah, Saudi Arabia.

Methods: An electronic validated questionnaire 
from previously published research was distributed 
through an online link to the targeted population. 
The study recruited 790 participants. The question-
naire was directed to Al-Madinah Al-Munawwarah 
population including all people who are above 15 
years of age. We excluded any response from out-
side Al-Madinah Al-Munawwarah and from children 
less than 15 years old. All data analyses were car-
ried out using Statistical Packages for Social Sci-
ences (SPSS) version 20.

Results: We found that 91% of the participants 
(n=719) had sufficient knowledge about vitamin D. 
The majority of participants (87.5%, n=620) cor-
rectly identified 7–9 AM as the best time for sun 
exposure. Participants working in health fields had 
more knowledge (p<0.001) regarding vitamin D 
compared to other specialties. High atmospheric 
temperature causes low participant’ exposure to  

 
 
 
 
sunlight followed by absence of appropriate plac-
es and lack of suitable time. We found that 47.6% 
(n=367) of participants are taking vitamin D supple-
ments with females as a majority (62.8%) (n=267) 
vs (29.9%) (n=109) for males. Females’ clothes 
cause less exposure to sunlight 38.4% (n=150). 
Participants in the healthcare fields (48.9%, n=170) 
are staying more in the sunlight for 15 minutes du-
ration. (p=0.016).

Conclusion: It is recommended to increase the 
number of outdoor walking sites. Awareness level 
and health education regarding vitamin D need to 
be improved in the population of Al-Madinah Al-
Munawwarah.  

Key words: Awareness, deficiency, dietary supple-
ments, sunlight, vitamin D.
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children and parents about the uses and benefits of 
vitamin D [13]. Similarly, many people in Al-Madinah Al-
Munawwarah have a knowledge gap regarding vitamin 
D due to many causes e.g. unhealthy lifestyle and lack 
of knowledge and orientation about vitamin D deficiency 
and its complications. Unfortunately, there is no current 
health program able to orient people about vitamin D 
deficiency and the role of primary health care in raising 
people’s awareness regarding vitamin D deficiency [14]. 
Furthermore, there is a need to conduct interventions 
and qualitative studies to assess the level of awareness 
regarding vitamin D deficiency, to determine the underlying 
reasons for poor vitamin D level and to fill the knowledge 
gaps. All of these measures will help to improve vitamin 
D status and the health problems related to its deficiency 
or toxicity among Al-Madinah Al-Munawwarah people. 
Till now, there is no report regarding awareness of the 
society of Al-Madinah Al-Munawwarah regarding vitamin 
D deficiency, sources, and complications. 

This study aims at measuring the public awareness 
of vitamin D deficiency in Al-Madinah Al-Munawwarah 
society and the participants’ attitudes towards it. This could 
be regarded as a cornerstone in the future plans to solve 
this problem. This cross-sectional study aims at assessing 
public awareness and attitude regarding the effects of 
food and sunlight on vitamin D homeostasis in Al-Madinah 
Al-Munawwarah may closely affect orthopedic practice 
and musculoskeletal surgery outcomes. This study also 
consolidates the results regarding public awareness of 
vitamin D medicine, seals the gap of knowledge seen in 
Al-Madinah Al-Munawwarah population, and assesses 
the awareness of the relationship between sun exposure 
and vitamin D deficiency in Al-Madinah Al-Munawwarah 
society.

Materials and Methods

• This is a cross-sectional prospective study that was 
conducted in Al-Madinah Al-Munawwarah, Saudi Arabia 
from 25th November 2018 to 1st of October 2019. An 
electronic questionnaire was used to collect data. Validated 
questionnaires from previously published research were 
distributed through an online link to the targeted population. 
Participants’ confidentiality was guaranteed. Participation 
was optional with full participants’ right to participate or not. 
Data was collected randomly using an online questionnaire 
(Google forms) that was designed to collect the information 
using self-reported and direct knowledge questions about 
vitamin D medicine. The questionnaire was uploaded to 
social media. Target population was the population of Al-
Madinah Al-Munawwarah (about 1,152,991) based on the 
data of the general census of the population and housing 
(2010) [25]. Sample size was calculated to be 666 with 
99% confidence level. We collected 942 responses. The 
questionnaire was directed to Al-Madinah Al-Munawwarah 
population including all people who were above 15 years of 
age. We excluded any response from outside Al-Madinah 
Al-Munawwarah and from children less than 15 years old. 
786 responses were gained. The questions were multiple 
choice questions. Al-Madinah Al-Munawwarah population 

were invited to participate in the questionnaire that 
included socio-demographic characteristics like gender, 
educational level, house type and monthly income. The 
questions also asked if people have a history of vitamin D 
deficiency or had heard about it.

The questionnaire also asked about:
-The benefits of sun exposure, which parts of the body 
should be exposed, the best time for the exposure, and 
duration of exposure. 
-The amount of daily needs of vitamin D that we get from 
the sun, the reasons behind lacking sun exposure and 
which age group have more risk for vitamin D deficiency.
-Vitamin D sources and their background about what 
foods are rich in vitamin D and what is their importance 
for their health. 
-Role of primary health care regarding awareness of vitamin 
D deficiency, and what are their sources of information.

Then we applied the mentioned exclusion criteria to the 
data. Descriptive statistics were presented as numbers 
and percentages. Statistical analysis was done using 
chi square test. p <0.05 was considered statistically 
significant. All data analyses were carried out using 
Statistical Packages for Social Sciences (SPSS) version 
20, (Armonk, NY: IBM Corp). Consent was obtained from 
all the participants after describing the aim of the study. 
Privacy and confidentiality were assured.

Results

Female participants had significantly more knowledge 
about vitamin D. Furthermore, participants working in the 
health field had more significant knowledge (p<0.001) 
regarding vitamin D compared to those in other occupations. 
In contrast, house style (p=0.271), educational level 
(p=0.079) and monthly income (p=0.778) had no significant 
relationship with the knowledge about vitamin D [Table 1]. 

Characteristics of the participants regarding exposure 
to ultraviolet rays of sunlight are described in Table 2. 
According to our data [Table 2], 58% of the participants 
(n=458) had exposure to sunlight with males (80%, n=293) 
having more exposure to sunlight compared to females 
(38.8%, n=165) (p<0.001). The most common duration of 
sunlight exposure to get vitamin D was 15 minutes (45.8%, 
n=362) with females having more significant exposure 
time to sunlight for 15 minutes duration (p<0.001). With 
regard to the best time for sun exposure, a high proportion 
of participants (78.5%, n=620) correctly identified 7–9 AM 
(p=0.548) while 34.2% (n=270) chose 3–5 PM (p=0.001) 
as the best time for sun exposure. However, 13.4% (n=106) 
of them incorrectly identified 10 AM-3 PM (p=0.672) as the 
best time for sun exposure. Regarding the body parts that 
should be exposed to sunlight, 22.5% (n=178) of them 
correctly identified hands, arms, face and legs (p<0.001). 
The majority of the participants (95.6%, n=755) indicated 
breastfeeding as the appropriate source of vitamin D 
(p=0.526) with 47.6% (n=367) taking vitamin D as a 
supplement.  The majority of females (62.8%, n=267) had 
a significant usage of vitamin D supplements (p<0.001) 
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Table 1: Relationship between the knowledge about vitamin D and the socio-demographic characteristics of 
participants (n=790)

§ p value has been calculated using chi square test.
* Significance was set at p<0.05 level.
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among whom 68.5% (n=183) were taking vitamin D 
as prescribed by their physician (p<0.001). The most 
common reason for receiving vitamin D prescription was 
body pain (19.5%, n=47) followed by vitamin D deficiency 
(10.8%, n=26).  On the other hand, only 31.1% of the 
participants (n=246) were given advice by the primary 
health care physician regarding the importance of vitamin 
D (p<0.001) with only 10.9% of them (n=86) having 
attended a health education seminar about symptoms 
of vitamin D deficiency as organized by a primary health 
care center (p=0.123) [Table 2].

In Table 3, participants in the healthcare fields (48.9%, 
n=170) are staying more significantly in the sunlight in a 15 
minutes duration to obtain vitamin D (p=0.016). The best 
time for sun exposure was in the period between 10–3 PM 
(p=0.030) and 3–5 PM (p=0.002). Both were statistically 
significant in relation to specialty (p<0.001). Body parts 
that should be exposed to sunlight were also found to 
have a significant relationship with specialty. On the other 
hand, non-healthcare participants (93.1%, n=324) were 
significantly higher in utilizing breastfeeding practices 
(p=0.003) while healthcare respondents (51.6%, n=83) 
significantly needed advice for vitamin D intake (p<0.001). 
In contrast, exposure to sunlight (p=0.075), taking vitamin 
D as a supplement (p=0.095), prescribing vitamin D 
(p=0.067) and attending health education seminar about 
symptoms of vitamin D deficiency (p=0.113) were all not 
statistically significant in relation to specialty [Table 3].

Figure 1 explored the reasons for avoiding sunlight 
exposure. The most commonly known reasons were 
the high temperature (60.8%) and no place for sunlight 
exposure (37.7%) while the least of them was sun allergy 
(6.3%).

In Figure 3, the relationships between gender and the 
reason to avoid sun exposure were shown. The most 
common reason to avoid sun exposure among males 
and females was “high sun temperature” (62.5% vs 
60.4%) followed by “having no time” (38.9% vs 36.9%). 
When comparing the gender in relation to the reason to 
avoid sun exposure, we found that “no place” (p=0.002) 
and “disliking sun” (p=0.032) were both not significantly 
related to gender [Figure 3].

Table 2 Legend (opposite page) > 

* Variable with multiple responses. 
† Included participants who took vitamin D as supplement 
‡ Included participants with prescription from the doctor.
§ p value has been calculated using chi square test.
* Significance was set at p<0.05 level.
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Table 2: Characteristics of participants regarding exposure to ultraviolet rays of sunlight according to gender
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Table 3: Relationship between specialty among exposure to ultraviolet rays of sunlight and behavior of 
participants towards vitamin D

 
* Variable with multiple responses. † Included participants who took vitamin D as supplement ‡ Included participants with 
prescription from the doctor. § p value has been calculated using chi square test.* Significance was set at p<0.05 level.
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Figure 1: Reasons for avoiding sunlight exposure (n=332)

Figure 2: Appropriate sources of vitamin D
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Discussion

Socio-demographic features of participants affected their 
knowledge regarding vitamin D [Table 1]. In our study, 
female participants (62.8%, n=267) had a more significant 
knowledge than males (29.9%, n=109) about the importance 
of vitamin D and were taking it as a supplement (p-<0.001) 
[Table 2]. Our findings are consistent with a previous 
study which reported that both older people and men had 
lower levels of awareness of vitamin D deficiency and its 
consequences [15]. Gender differences in health-related 
behaviors have been studied many times and indicated that 
women are more aware of healthy eating than men [16]. 
Vitamin D deficiency is one of the major health problems 
worldwide with highest prevalence in Middle East countries 
[17-18]. Vitamin D deficiency has a major impact on the 
human body, and can lead to mild effects like fatigue or 
serious health effects such as rickets and osteoporotic 
fractures in the aged people [11] Fortunately, treatment of 
vitamin D deficiency is applicable and easy. 

The current study revealed a number of important findings 
where the majority of participants had significant knowledge 
about vitamin D and its main sources particularly sunlight 
[Table 1-2]. The majority of participants had the knowledge 
that the sun is the main source of vitamin D [Table 2] and 
[Figure 1]. More than half of those who did not get exposed 
to sunlight were avoiding exposure to sun light because of 
its high temperature [Figure 1]. Students in the health fields 
had better knowledge regarding vitamin D compared to other 
occupations (p<0.001) [Figure 1]. A similar report confirmed 
that students in health fields knew the importance of vitamin 
D while 93% of them knew about vitamin D deficiency issues 
[19]. Many studies showed that high educational levels were 
associated with better knowledge about vitamin D. It was 
reported that those who had an academic degree had a 
higher level of knowledge than others. A similar result was 

found in other countries where the better educated mothers 
had greater knowledge [20]. In our study, the relation 
between educational level and knowledge regarding vitamin 
D wasn’t significant (p=0.079) [Table 1].

In our study, 58% (n=458) of the participants had knowledge 
about the importance of sunlight exposure for vitamin D 
synthesis [Table 1], which is similar to a finding of other 
studies that were conducted in Saudi Arabia e.g. a study 
done in Al-Qassim found that 90% of the participants were 
aware of vitamin D [21]. Another study done in Jeddah found 
that 89.6% of the participants had heard about vitamin D,[11] 
and a study that was conducted in the western Saudi region 
found that 70% of the participants had knowledge about 
vitamin D [22].

Vitamin D3 is produced in the skin in response to ultraviolet 
B radiation from sunlight and can be obtained from diet or 
dietary supplements. Vitamin D produced in the skin lasts 
longer in the blood than vitamin D from diet. We investigated 
if participants in this study have the knowledge that exposure 
to sunlight is an important source of vitamin D. We found 
that 58% of participants (n=458) were exposed to sunlight 
regularly (p=0.004) [Table 2]. In a French study, 72% of 
participants reported sun exposure as the main source of 
vitamin D [15]. In the study of Najran (in Saudi Arabia), more 
than two thirds (69.83%) said that ultraviolet rays of sun is 
the main source of vitamin D [7].

Then, we investigated participant’s knowledge regarding 
the effects of sun exposure on vitamin D synthesis. Males 
(80.3%, n= 293) had more exposure to sunlight compared 
to females (38.8%, n=165) (p<0.001) [Table 2]. This could 
be attributed to the culture in Saudi Arabia as women spent 
most of the time indoors taking care of their children while 
men take the responsibility of working and earning money. 
Even after the recent increase in the number of women  

Figure 3: Evaluating the relationship between gender and the reasons to avoid sun exposure
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who are employed, when they get out, they wear “Abaya; 
a clothing that covers the whole body”. Therefore, they 
do not get enough sunlight exposure. High temperature 
was the most important cause of low exposure to sunlight 
followed by absence of appropriate places to get sun 
exposure and lack of time [Figure 1]. This indicates that 
the existing facilities are not enough and that we need to 
increase the number of parks and free walking sites. This 
finding could guide the authorities to pay more attention to 
the budgets of such facilities and to give it more focus in 
future plans. Regarding the needed duration of exposure 
to sun light, about one out of ten (12.4%, n= 98) did not 
have an idea at all [Table 2], while a fifth (20.4%, n=161) 
of the participants thought that 10 minutes is an enough 
time to meet the body demands, which is wrong [23]. It is 
recommended to have between 10 to 30 minutes exposure 
to sunlight [7-8]. More than 30 minutes exposure could 
increase the risk of skin malignancy especially in such hot 
weather [6, 23]. A similar result was found in a study that 
was conducted in Najran (in South Saudi Arabia) [7]. Most 
of the participants (78.5%, n=620) agreed that the best 
time for exposure is from 7-9 AM while a fewer number 
(34.2%, n= 270) believed that sun light exposure at 3-
5 PM is also a good time [Table 2]. Only a few people 
(14.3%, n=178) thought that 10 AM - 3 PM is the right 
answer. But, the sun is very hot and harmful at this time 
[6].  Holick’s rule dictates that exposing the face, arms 
and legs is essential to meet the body requirements of 
vitamin D [24]. Most of the answers were wrong as almost 
one quarter (22.5%, n=178) of the participants answered 
this question correctly. In future plans to increase public 
awareness, this information should be among the top 
concepts to be corrected. The vast majority of males and 
females (95.6%, n=755) think that breast feeding is the 
most important source of vitamin D [Table 2]. However, 
this is not correct as breast feeding is not enough for 
infants as a sole source of vitamin D. Formula feeding 
is better regarding giving enough vitamin D to the baby 
taking in consideration the level of vitamin D of the mother. 
An alternative way is to give the mother vitamin D as a 
supplement to enrich their milk with it [24].

Then, we came across important findings. We found out 
that the vast majority of participants have chosen milk 
and eggs as sources of  vitamin D, which reflects a good 
knowledge about foods rich in vitamin D [Figure 2]. Our 
research found that 22.9% of the participants (n=181) 
in this study mistakenly chose honey as a rich source of 
vitamin D [Figure 2]. However, this is not correct as honey 
only has a small percentage of vitamin D. Olive was the 
least chosen answer, which reflected a good knowledge 
about the best source for vitamin D. We found that 47.6% 
of participants (n=376) are taking vitamin D supplements 
among whom females are the  majority (62.8%, n=267) 
compared to males (29.9%, n=109) [Figure 2]. This 
difference may be attributed to the culture as females 
cover their body with abaya and subsequently there is 
less exposure to sunlight. Among those, 38.4% (n=150) 
who took vitamin D were taking it without prescription and 
more than half of them were males. Our results showed 
that 61.6% (n=241) had a prescription from a doctor for 
treating another medical condition. We found that 19.5% 

of participants (n=47) are taking vitamin D due to body 
pain while only 10.8% (n=26) had a consultation due to 
vitamin D deficiency among whom the female ratio was 3 
times higher than the males [Table 2].

Limitations and weaknesses
Weakness points in this survey include being electronic 
and was only distributed through social-media applications. 
So, people who are not familiar with technology, like the 
elderly and illiterates, did not participate in this study. 
Also, many of the referential studies were not conducted 
in Saudi Arabia as there is lack of local studies.

Conclusion

There is a big need to improve the public knowledge 
on vitamin D in Al-Madinah Al-Munawwarah, which 
is consistent with many previous studies that were 
conducted in different regions of Saudi Arabia. Female 
participants and those with high levels of education 
are more aware about vitamin D. Males have more 
sun exposure than females. There is a knowledge gap 
regarding the appropriate way to get vitamin D through 
increasing sunlight exposure, increasing the duration of 
exposure and selecting the best time of the day and the 
parts of the body needing to be exposed.

Our recommendations are to improve awareness and 
health education, to modify the attitude regarding sun 
exposure and food consumption and to recommend 
intake of multivitamin tablets that contain 10 micrograms 
(400 IU) of vitamin D (whenever necessary under 
medical supervision) that may have an effective role in 
improving individuals’ awareness and preventing vitamin 
D deficiency.

Moreover, primary health care doctors should encourage 
and educate the patients and the families about the 
importance of vitamin D and the consequences of its 
deficiency. This can be achieved by taking extra clinic time, 
using social media to share some medical information 
(the highest as a source of information) and by arranging 
regular awareness campaigns in the community.

Also, teachers should be educated about Vitamin D and 
its role. It is good to arrange courses for them to raise 
their awareness and knowledge regarding Vitamin D. 
Eventually, they will educate their students.

Social media have an important role in awareness about 
public health issues, so it will be good for health care 
workers if they increase the effort and time to participate 
in programs aiming at health education on media.

We also recommend increasing the number of outdoor 
areas for women to allow greater sunlight exposure where 
women can uncover freely. We should increase incidental 
sun exposure through routine daily outdoor activities 
that may help increase sunlight exposure for vitamin D 
activation.

Also, awareness in rural areas should be investigated 
separately as most of the studies were conducted on 
major cities where people are more educated. 
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