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Abstract

Vitamin D, a seco-steroid hormone, has undergone a paradigm shift from a mediator of bone metabolism
to a systemic pleiotropic regulator. This comprehensive study synthesizes contemporary evidence on its
immunomodulatory, cardiovascular, neuroprotective, and anti-proliferative roles, mediated via the
ubiquitously expressed vitamin D receptor (VDR). Serum 25-hydroxyvitamin D [25(OH)D] is the established
biomarker, with deficiency (<50 nmol/L) linked to increased morbidity across multiple organ systems. To
contextualize this knowledge within a specific population, we conducted a cross-sectional survey (n=126)
assessing awareness, knowledge, and practices related to vitamin D within a Syrian cohort in Damascus.
Results revealed a significant dissociation between high awareness and suboptimal practices: while 97.6%
recognized the health risks of deficiency and 73% associated it with depression, 42.9% reported insufficient
sunlight exposure, dietary intake was predominantly irregular, and 55.6% had never undergone serum
25(0OH)D testing. Notably, 72.2% reported symptoms consistent with deficiency (fatigue, myalgia, bone
pain), yet objective clinical assessment remained lacking. This pronounced knowledge-practice gap
underscores a critical public health challenge. Our findings advocate for a dual-strategy approach:
enhancing clinical protocols through targeted screening and management of high-risk individuals, and
implementing precise, culturally adapted public health interventions that translate theoretical awareness
into actionable behaviors—such as safe sun exposure guidelines, dietary modifications, and judicious
supplementation. Future research must prioritize rigorous, long-term randomized controlled trials to define
causal relationships and optimal thresholds for non-skeletal benefits. Ensuring vitamin D sufficiency
represents a fundamental, modifiable component of holistic preventive medicine strategies against a broad
spectrum of communicable and non-communicable diseases.

Keywords: Vitamin D; Pleiotropic Hormone; Knowledge-Practice Gap; Public Health Strategies; Serum
25-Hydroxyvitamin D; Population Survey; Preventive Medicine.
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I. INTRODUCTION

Vitamin D, a seco-steroid hormone traditionally recognized for its pivotal role in calcium-
phosphate homeostasis and skeletal integrity, has undergone a profound scientific re-
evaluation over recent decades.[1,2] Once considered primarily an anti-rachitic agent,
vitamin D is now understood to be a critical pleiotropic signaling molecule, with its receptor
(VDR) ubiquitously expressed in nearly every tissue in the human body.[3,4] This broad
receptor distribution underscores its extensive physiological reach, implicating vitamin D
in the modulation of a diverse array of biological processes far beyond bone metabolism,
including immune regulation, cellular proliferation and differentiation, neuromuscular
function, and inflammatory responses.[5,-8] The metabolic activation of vitamin D—from
its inert dietary or cutaneous forms to the hormonally active 1,25-dihydroxyvitamin D
[1,25(OH),D]—constitutes a tightly regulated endocrine and paracrine/autocrine system,
positioning it as a key global regulator of gene expression.[9,10]

The assessment of vitamin D status, predominantly measured via serum 25-
hydroxyvitamin D [25(OH)D] concentration due to its stability and reflection of total body
stores, remains a subject of nuanced clinical debate.[11,12] While consensus defines
deficiency as levels below 30 nmol/L (12 ng/mL) and insufficiency between 30-50 nmol/L
(12—-20 ng/mL), optimal thresholds for non-skeletal health outcomes are continually
refined.[13,14] This diagnostic complexity parallels the multifaceted sources of vitamin D:
endogenous synthesis in the skin triggered by ultraviolet B (UVB) radiation, selective
dietary intake from fatty fish, fortified foods, and supplements in the forms of vitamin D,
(ergocalciferol) and D3 (cholecalciferol). [15-18] The efficiency of each pathway is
influenced by a confluence of genetic, geographic, lifestyle, and environmental factors,
contributing to the high global prevalence of hypovitaminosis D across diverse
populations. [19,20]

A compelling and expansive body of epidemiological and mechanistic research has
progressively linked vitamin D sufficiency to a decreased risk and improved outcomes in
a spectrum of chronic diseases. Its immunomodulatory functions, particularly the
induction of antimicrobial peptides like cathelicidin and the modulation of T-cell
responses, have brought it to the forefront of research on infectious diseases, including
respiratory tract infections and COVID-19.[21-25] In cardiometabolic health, vitamin D
influences renin-angiotensin system activity, endothelial function, and insulin sensitivity,
suggesting a protective role against hypertension, cardiovascular disease, and type 2
diabetes.[27,28] Oncological research highlights its anti-proliferative, pro-differentiating,
and anti-angiogenic properties, with consistent observational data suggesting inverse
associations with colorectal, breast, and prostate cancer risk. [29-33] Furthermore,
evidence points to its potential neuroprotective effects in conditions like Parkinson’s
disease and cognitive decline, as well as its involvement in mental health, with deficiency
correlated with higher risks of depression and anxiety. [34-40] Conversely, vitamin D
deficiency represents a significant, modifiable public health burden, associated not only
with classic bone disorders—rickets, osteomalacia, and osteoporosis—but also with
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increased susceptibility to autoimmune diseases (e.g., multiple sclerosis, type 1
diabetes), myopathy, and overall mortality.[41-46] The correction of deficiency through
sensible sun exposure, dietary modification, and supplementation is a cornerstone of
preventive medicine, though it must be balanced against the risks of excessive intake,
which can lead to hypercalcemia and its attendant complications.[47-50]

This document presents a comprehensive scholarly revisitation of vitamin D, synthesizing
current evidence on its metabolism, sources, multifaceted roles in health and disease,
and the clinical implications of its deficiency and excess.[51-53] It further incorporates an
original practical study assessing awareness, knowledge, and personal practices related
to vitamin D within a specific community cohort.[54-60] By integrating foundational
science with contemporary clinical and public health perspectives, this work aims to
provide a holistic and updated framework for understanding this critical nutrient-hormone
in modern healthcare and disease prevention strategies.[60-66]

II. MATERIALS AND METHODS

This study employed a cross-sectional, survey-based design to assess public awareness,
knowledge, and personal practices related to vitamin D within a Syrian cohort, with a
particular focus on Damascus. A structured, self-administered questionnaire was
developed in Arabic, comprising four sections: (1) demographic data; (2) awareness and
knowledge regarding vitamin D sources and health implications; (3) personal practices
concerning sun exposure, diet, supplementation, and testing; and (4) perceived needs for
public education.

The survey utilized a combination of multiple-choice and Likert-scale questions to capture
guantitative data. A total of 126 participants were recruited via purposive and convenience
sampling from community settings. Data were collected anonymously and analyzed
descriptively using statistical software.

Frequencies and percentages were calculated for all categorical variables to summarize
the distribution of responses across the surveyed domains, enabling a comprehensive
profile of community-level understanding and behavioral patterns concerning vitamin D.
[67]

[ll. RESULTS

A cross-sectional survey was conducted to evaluate the awareness, knowledge, and
personal practices related to vitamin D within the Syrian population, with a focus on the
capital, Damascus. The study aimed to delineate public understanding of vitamin D
sources, deficiency consequences, and prevailing behavioral patterns. A total of 126
participants completed the questionnaire, providing insights into demographic
characteristics, knowledge levels, and health-related behaviors.
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lll-1- Demographic Characteristics of Participants

The cohort comprised predominantly young adults, with the largest proportion (42.9%,
n=54) aged between 18-25 years, followed closely by those aged 26-35 years (41.3%,
n=52). Participants aged 36—45 years, 46—60 years, and over 60 years represented 9.5%
(n=12), 4.0% (n=5), and 0.8% (n=1), respectively, while only 1.6% (n=2) were under 18
years Table 1. The sample was overwhelmingly female (81%, n=102) compared to male
(19%, n=24). Regarding occupational status, employees constituted the largest group
(37.3%, n=47), followed by students (31.7%, n=40) and individuals identifying as "other"
(31%, n=39).

Table 1: Demographic Profile of Survey Participants (n=126)

Characteristic Category Percentage (%) Frequency (n)

Age <18 years 1.6 2
18-25 years 42.9 54
26-35 years 41.3 52
36-45 years 9.5 12
46-60 years 4.0 5
>60 years 0.8 1

Gender Female 81.0 102
Male 19.0 24

Occupation Student 31.7 40
Employee 37.3 47
Other 31.0 39

lll-2- Awareness and Knowledge Regarding Vitamin D

Public awareness of vitamin D sources and deficiency consequences was notably high.
When asked to identify the primary source of vitamin D, 71.4% (n=90) correctly cited
sunlight, while 19.0% (n=24) listed dietary sources such as fish, milk, and eggs (Figure
1).

Sun
Food rich in vitamin D

Supplement
No idea

Figure 1: The main source of vitamin D
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An overwhelming majority (97.6%, n=123) acknowledged that vitamin D deficiency could
lead to health problems (Figure 2).

O *Yes
® *No

Figure 2: Vitamin d deficiency and health problems

Furthermore, participants demonstrated informed associations between deficiency and
specific morbidities: 73.0% (n=92) linked it to depression, 65.1% (n=82) to osteoporosis,
and 61.9% (n=78) to weakened immunity (Figure 3). Fewer participants associated
deficiency with heart disease (8.7%, n=11) or diabetes (3.2%, n=4).

82 (65.19

Osteoporosis (65.1%)
Compromise Immunity —78 (61.9%)
Depresion
Cardiovascular Diseases 92 (73%)
P 11 (8.7%)
No Idea '
Others —4(3.2%)

5 (4%)

—9(7.1%)

0] 50 100

Figure 3: Vitamin d deficiency

Behavioral data regarding sun exposure revealed that 40.5% (n=51) spent 10—-30 minutes
daily under the sun, 28.6% (n=36) spent less than 10 minutes, and 15.9% (n=20) reported
typically avoiding sun exposure (Figure 4).
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* Less than 10 min.

10 — 30 min.

* More than 30 min.

@ * 1 do not expose to sun

Figure 4: Time spends daily under the sun

A significant proportion (35.7%, n=45) reported feeling more active with increased sun
exposure, while 34.1% (n=43) noted mood improvements, suggesting subjective
recognition of sunlight’s physiological and psychological benefits (Figure 5).

@ Yes, | feel more active
@ N, no difference
Sometimes | am a better Mode

Figure 5: The sun and health
I1I-3- Personal Practices and Perceived Health Status
Vitamin D supplementation practices varied among participants: 46.8% (n=59) reported
occasional use, 20.6% (n=26) regular use, and 32.5% (n=41) no use (Figure 6).

© -paily
@ ‘Sometimes

Figure 6: Vitamin d supplements
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Despite this, 42.9% (n=54) reported insufficient sunlight exposure in recent weeks (Figure
7).

@ - Daily
@ sometimes

\ 4

Figure 7: Spend time in the sun

Dietary intake of vitamin D-rich foods was common, with 57.9% (n=73) consuming such
foods "sometimes" and 31.0% (n=39) "regularly" (Figure 8).

@ - Daily
@ - Sometimes
" No

\ 4

Figure 8: Vitamin D in the diet

Only 44.4% (n=56) of participants had ever undergone a blood test to determine their
vitamin D status (Figure 9).

@ -ves
@ - No

Figure 9: blood test for vitamin d level
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Among those tested, recall of specific results was poor: 54.8% (n=31 of tested) could not
remember their levels. Of those who recalled, 22.2% (n=12) reported moderate deficiency
(25-49 nmol/L), 15.1% (n=8) reported severe deficiency (<25 nmol/L), and only 7.9%
(n=4) reported levels within the normal range (50-125 nmol/L) (Figure 10).

@ !sss than 25 nmol/L
@ 25-45nmo;/L

50—-125 nmol/L

@  More than 125
nmol/L

Not sure

Figure 10: Vitamin d level

Notably, 72.2% (n=91) of all participants reported experiencing symptoms potentially
linked to deficiency, such as bone pain, muscle weakness, or poor immunity (Figure 11).

@ Yes

@ “No
" Not sure

Figure 11: Health symptoms linked to vitamin d deficiency

Perceptions of personal vitamin D status reflected concern, with 40.5% (n=51) believing
their levels were inadequate and 38.9% (n=49) being uncertain (Figure 12).

@ - ves
@ -nNo

- Not sure

Figure 12: level of vitamin d in the body
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Despite this, regular sunscreen use was reported by 54.8% (n=69) of participants (Figure
13), indicating concurrent sun-protective behavior that may limit cutaneous vitamin D
synthesis.

» o ves
» - Mo

Figure 13: use of sunscreen

Strong consensus emerged on the public health importance of vitamin D. Nearly all
participants (99.2%, n=125) agreed that deficiency significantly impacts overall health
(Figure 14a), and 96.8% (n=122) endorsed the need for enhanced public awareness
campaigns (Figure 14b).

."I\es
o -No

Figure 14a: Vitamin d deficiency and body health

Figure 14b: Public awareness about importance of vitamin D
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Furthermore, 85.7% (n=108) believed in a link between vitamin D deficiency and
psychological conditions like depression or anxiety (Figure 15).
@ Yes
@ no

~ 'Not sure

Figure 15: Vitamin D deficiency and depression

An overwhelming 90.5% (n=114) agreed that dietary supplementation is necessary to
improve vitamin D levels (Figure 16a), and 97.6% (n=123) expressed a desire for more
information on maintaining healthy vitamin D status (Figure 16b).

Figure 16a: Supplements improve vitamin d level

® ‘ves
@ Mo

Figure 16b: Know more about vitamin D
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This survey reveals a Syrian population, predominantly young and female, with high
theoretical awareness of vitamin D’s importance, primary sources, and health
implications, particularly regarding bone health, immunity, and mental well-being.
However, this knowledge does not fully translate into proactive health practices. A
concerning gap exists between awareness and action, evidenced by low rates of serum
level testing, poor recall of results, high self-reporting of deficiency symptoms, and
significant portions of the population avoiding sun exposure or using sunscreen regularly
without compensatory measures. The strong expressed interest in further education
highlights a critical opportunity for targeted public health interventions to bridge this
knowledge-practice gap and address the evident burden of suspected vitamin D
insufficiency.

V. DISCUSSION

This study provides a comprehensive assessment of vitamin D awareness, knowledge,
and practices among a sample of the Syrian population, predominantly in Damascus. The
findings reveal a significant paradox: a population with high theoretical awareness of
vitamin D's importance coexists with behavioral patterns and self-reported symptoms
suggestive of a high prevalence of insufficiency or deficiency. This dissonance between
knowledge and practice underscores critical gaps in public health education and clinical
management in this Middle Eastern context. [67,68]

IV-1- High Awareness Amidst Perceived Deficiency

The survey data demonstrate a robust foundational knowledge regarding vitamin D. An
overwhelming majority (97.6%) recognized that deficiency leads to health problems, and
71.4% correctly identified sunlight as the primary source, aligning with established
physiological understanding. Notably, public perception has expanded beyond classical
skeletal roles. The strong associations made between vitamin D deficiency and
depression (73%) and weakened immunity (61.9%) reflect a growing public cognizance
of its extraskeletal functions, supported by emerging evidence on vitamin D's role in
neuroendocrine regulation and immune modulation. This high level of awareness likely
stems from increased global media coverage, especially regarding vitamin D's potential
role in immune health during the COVID-19 pandemic. Consequently, 96.8% of
participants endorsed the need for more public awareness campaigns, indicating
receptivity to further educational interventions.[69]

IV-2- The Knowledge-Practice Gap: Sun Exposure and Supplementation

Despite this awareness, a substantial knowledge-practice gap is evident. While sunlight
is correctly identified as the key source, reported sun exposure habits are suboptimal for
consistent vitamin D synthesis. Although 40.5% reported 10-30 minutes of daily
exposure—a duration within recommended ranges for some populations 28.6% spent
less than 10 minutes, and 15.9% actively avoided sun exposure. These behaviors,
coupled with the widespread use of sunscreen (54.8%), create a scenario where
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cutaneous synthesis is likely compromised. Sunscreen with SPF 28 can significantly
block UVB rays, and while real-world application is often imperfect, regular use indicates
a conscious limitation of unprotected exposure. This creates a complex public health
tension between advocating for sun exposure to prevent vitamin D deficiency and
promoting sun protection to mitigate skin cancer risk.[70]

Dietary intake and supplementation patterns further illustrate this gap. While a majority
(57.9%) reported consuming vitamin D-rich foods "sometimes," only 31% did so regularly,
highlighting the challenge of relying on a diet naturally low in vitamin D in this region.
Supplement use was common but inconsistent: 46.8% took supplements occasionally
and only 20.6% regularly. This sporadic use is unlikely to correct a pre-existing deficiency
and reflects a potential lack of guidance on appropriate dosing and duration. The strong
belief (90.5%) that supplements are necessary to improve levels suggests public
acceptance of pharmacological intervention, yet this has not translated into sustained,
monitored use.[71]

IV-3- Clinical Assessment and Perceived Health Burden

A critical finding is the disconnect between perceived risk, symptomatic burden, and
clinical verification. Alarmingly, only 44.4% of participants had ever undergone a serum
25(0OH)D test, the gold-standard biomarker for status assessment. Among those tested,
over half (54.8%) could not recall their results, indicating poor communication of health
data or a lack of understanding of its significance. Of those who did recall, 37.3% reported
levels indicative of moderate or severe deficiency (<50 nmol/L), a prevalence aligning
with regional studies suggesting high deficiency rates in the Middle East due to cultural
dress, sunscreen use, and environmental factors.[72]

This lack of biochemical testing contrasts sharply with the high burden of self-reported
symptoms. A striking 72.2% of participants reported symptoms such as fatigue, bone
pain, muscle weakness, and poor immunity—symptoms clinically associated with
hypovitaminosis D. Furthermore, 40.5% believed their vitamin D levels were inadequate,
and 38.9% were unsure, reflecting a pervasive sense of insufficiency. This subjective
health burden, coupled with limited objective testing, points to a significant unmet need in
routine healthcare screening and a potential over-reliance on symptomatic diagnosis.[73]

IV-4- Public Health Implications and Future Directions

The study's findings have several implications. First, they highlight that awareness alone
is insufficient to drive behavioral change. Public health campaigns must evolve from
merely informing about sources and risks to providing practical, culturally-adapted
strategies. This includes clear guidance on balancing safe sun exposure (e.g., short
periods without sunscreen) with skin cancer prevention, and promoting affordable,
accessible food fortification programs, which are limited in Syria compared to Western
nations.[74] Second, the data call for the integration of vitamin D status assessment into
routine primary care, especially for high-risk groups (e.g., young women, those with
minimal sun exposure).
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The low testing rate and poor result recall suggest a need for better patient-clinician
communication and patient education regarding the interpretation and importance of
25(OH)D levels. Third, the strong public interest in learning more (97.6%) presents a clear
opportunity. Educational interventions should be targeted, perhaps leveraging digital
platforms, to address specific gaps: the importance of consistent supplementation over
occasional use, the interpretation of blood tests, and the management of the sun
exposure-sun protection dilemma.

IV-5- Limitations

This study has limitations. Its cross-sectional design precludes causal inferences. The
sample, while providing valuable insights, is not nationally representative, with an
overrepresentation of young, educated females from an urban center (Damascus), which
may limit generalizability to rural populations or other demographic groups. Data on sun
exposure and diet are self-reported and subject to recall bias. Most importantly, the study
lacks objective, contemporaneous biochemical measurement of serum 25(OH)D to
correlate with the reported knowledge, practices, and symptoms. This investigation
reveals a Syrian population caught in a vitamin D paradox: enlightened about its crucial
role in skeletal and extraskeletal health yet engaged in lifestyle and healthcare practices
that predispose them to deficiency. The chasm between high awareness and inadequate
practice, compounded by limited clinical verification despite a high symptomatic burden,
signals an urgent need for a multifaceted public health strategy. Moving forward, efforts
must bridge this gap by translating knowledge into actionable, personalized guidelines,
enhancing clinical screening protocols, and implementing sustainable food-based
solutions to mitigate the silent burden of vitamin D insufficiency in Syria.

V. CONCLUSION

Vitamin D, traditionally recognized for its pivotal role in calcium homeostasis and skeletal
integrity, has emerged as a critical pleiotropic hormone with extensive systemic
implications. This review synthesizes contemporary evidence elucidating the
multifunctional contributions of vitamin D beyond bone metabolism, encompassing
immunomodulation, cardiovascular regulation, neuroprotection, and oncological risk
modulation. The principal circulating metabolite, 25-hydroxyvitamin D [25(OH)D], serves
as the definitive biomarker of nutritional status, with concentrations below 50 nmol/L (20
ng/mL) widely indicative of deficiency and associated with increased morbidity. The
pathophysiological sequelae of hypovitaminosis Dare profound and diverse. In skeletal
tissue, insufficiency precipitates defective mineralization, manifesting as rickets and
osteomalacia, and contributes to osteoporosis through impaired calcium absorption.
Extraskeletal manifestations are equally significant, including myopathy characterized by
proximal weakness, heightened susceptibility to respiratory infections—notably
underscored during the COVID-19 pandemic through impaired innate immune
response—and dysregulation of inflammatory pathways implicated in autoimmune
conditions such as multiple sclerosis and type 1 diabetes. Epidemiological and
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mechanistic studies further suggest a cardioprotective role, with adequate 25(OH)D levels
correlating inversely with hypertension, atherosclerosis, and cardiovascular mortality,
potentially mediated via renin-angiotensin system modulation. Emerging evidence also
points to neuroprotective effects, with vitamin D receptors abundant in critical brain
regions, though causality in neurodegenerative disorders requires further elucidation. In
oncology, while observational data link higher 25(OH)D levels to reduced risks of
colorectal and other cancers, randomized controlled trials like VITAL demonstrate more
nuanced outcomes, highlighting the complexity of isolating vitamin D's direct
chemopreventive effects. Notwithstanding its benefits, a calibrated approach is
imperative, as pharmacologic over-supplementation can induce hypercalcemia,
nephrotoxicity, and vascular calcification. The interplay between vitamin D and various
pharmacotherapies, including corticosteroids, statins, and thiazides, necessitates careful
clinical management. Public health strategies must therefore prioritize the prevention of
deficiency, particularly in high-risk demographics—including individuals with limited sun
exposure, darker skin pigmentation, obesity, or advanced age—through sensible solar
exposure, dietary fortification, and judicious supplementation. Future research should aim
to refine optimal 25(OH)D thresholds for non-skeletal benefits, standardize assay
methodologies, and clarify the efficacy of high-dose supplementation in disease-specific
prophylaxis through robust, long-term interventional studies. Ultimately, maintaining
vitamin D sufficiency represents a fundamental, modifiable factor in the holistic prevention
of a broad spectrum of chronic communicable and non-communicable diseases.
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