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Abstract

Aim: Vitamin D deficiency is increasingly recognised as a global health concern and is associated with
musculoskeletal pain. Women adhering to cultural clothing practices may be at increased risk due to
limited sun exposure. This study aimed to determine the prevalence of vitamin D deficiency and identify its
predictors among Northern Muslim women with chronic musculoskeletal pain living in Port Harcourt,
Nigeria.

Methods: A cross-sectional study of 220 Northern Muslim women aged = 18 years with chronic
musculoskeletal pain was conducted in Port Harcourt, Nigeria. Sociodemographic and lifestyle data were
collected, and serum 25-hydroxyvitamin D levels were measured using ELISA. Participants with conditions
affecting vitamin D absorption or metabolism, or those taking interfering medications, were excluded.
Group comparisons (deficient vs. non-deficient) were performed using chi-square tests for categorical
variables, independent-samples t-tests for continuous variables, and one-way ANOVA for pain scores across
vitamin D status categories. Multivariate logistic regression was used to identify predictors of vitamin D
deficiency. Analyses were conducted using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA),
with p < 0.05 considered significant.

Results: The prevalence of vitamin D deficiency was 65.0%, a rate slightly higher yet comparable to reports
from other urban populations. Significant predictors included full-body covering (adjusted OR = 3.1;
95.00% CI: 1.8-5.3), low intake of vitamin D-rich foods (OR = 2.4; 95.00% CI: 1.3-4.1), and outdoor
activity < 3 hours per week (OR = 2.7; 95.00% CI: 1.6-4.6). Vitamin D-deficient participants reported higher
mean pain scores (7.3 + 1.4) than vitamin D-insufficient participants (5.9 + 1.3).

Conclusions: Vitamin D deficiency is highly prevalent among Northern Muslim women with chronic
musculoskeletal pain in Port Harcourt, largely influenced by clothing practices, low sun exposure, and
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inadequate dietary intake. Public health strategies, including targeted education and supplementation
programs, are recommended to address this burden.

Keywords

vitamin D deficiency, musculoskeletal pain, Northern Muslim women, sun exposure, dietary intake, Port
Harcourt

Introduction

Vitamin D is a crucial secosteroid hormone involved in the regulation of calcium and phosphate
homeostasis, thereby maintaining bone mineralisation and musculoskeletal integrity [1]. It is also essential
for immune function, mental well-being, reproductive health, and the prevention of chronic diseases [2].

Deficiency of vitamin D has been extensively implicated in the pathophysiology of chronic
musculoskeletal pain through mechanisms including impaired calcium absorption and altered muscle
function [3-5]. Globally, specific demographic groups, notably women adhering to cultural and religious
clothing practices that significantly reduce cutaneous ultraviolet B (UVB) exposure, exhibit a higher
prevalence of vitamin D insufficiency and related musculoskeletal disorders [6].

In Nigeria, Northern Muslim women often migrate to southern urban centres such as Port Harcourt,
bringing cultural and religious practices, including full-body covering, which may reduce skin exposure to
sunlight. This, combined with limited outdoor activity in urban environments, can lead to vitamin D
deficiency even in tropical climates [7].

Despite the recognised risk factors, data on vitamin D status among Northern Muslim women living in
southern Nigerian cities remain scarce. Understanding the prevalence of deficiency and its associations
with lifestyle and cultural practices is important to guide interventions aimed at reducing chronic
musculoskeletal pain and improving overall health.

This study aimed to determine the prevalence of vitamin D deficiency among Northern Muslim women
with chronic musculoskeletal pain residing in Port Harcourt and to identify socio-demographic and lifestyle
factors associated with deficiency.

Materials and methods
Study design and setting

This was a facility-based cross-sectional study designed to determine the prevalence and predictors of
vitamin D deficiency among Northern Muslim women presenting with chronic musculoskeletal pain. The
study was conducted in Port Harcourt, Rivers State, Nigeria, a metropolitan city located in the Niger Delta
region (latitude 4°49'N, longitude 7°2'E), characterized by a tropical monsoon climate with year-round
sunlight averaging 12 hours per day.

Data collection occurred from March to August 2024 in five primary health care centres and four
outpatient clinics. These facilities were purposefully selected because they serve both local residents and a
large population of Northern Nigerian migrants, many of whom are Muslim women adhering to cultural
dress codes that reduce sun exposure. This urban setting was chosen to reflect real-world environmental,
social, and dietary factors influencing vitamin D status in this population.

Study population and sampling

A total of 220 participants (deficient = 143 and non-deficient = 77) were recruited using a consecutive
sampling strategy, in which women presenting to selected outpatient clinics for evaluation of
musculoskeletal pain were consecutively approached and screened for eligibility. Participants were
included if they were female, aged 18 years or older, self-identified as Muslim women of Northern Nigerian
origin, had resided in Port Harcourt for at least one year, and reported chronic musculoskeletal pain lasting
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a minimum of three months, confirmed by both clinical records and self-report. Exclusion criteria were
pregnancy or current breastfeeding, known metabolic bone diseases such as rickets, osteomalacia, or
Paget’s disease, use of vitamin D supplements exceeding 1,000 IU/day within the previous three months,
chronic kidney or liver disease, malignancy, or any other condition affecting vitamin D metabolism, and the
use of medications known to interfere with vitamin D metabolism, including anticonvulsants and
glucocorticoids. Women who declined or were unable to provide informed consent were also excluded.
Written informed consent was obtained from all participants after the study objectives and procedures
were explained in either English or Hausa, depending on participant preference.

Ethical approval

This study was reviewed and approved by the Rivers State University Research Ethics Committee (Protocol
No: RSU/REC/2025/112) and conducted in accordance with the Declaration of Helsinki (2024 revision).

Data collection procedures

Data collection was carried out by four trained research assistants who were fluent in both English and
Hausa to facilitate effective communication with participants. A structured, interviewer-administered
questionnaire, which had been pretested among 20 women to ensure reliability and face validity, was used
to gather sociodemographic and lifestyle information. Variables collected included age, marital status,
education level, occupation, and household income. Anthropometric measurements were obtained using a
digital weighing scale (Seca 803, Germany) and a portable stadiometer (Seca 213, Germany), with
participants measured in light clothing and without shoes. Body Mass Index (BMI) was calculated as weight
in kilograms divided by height in meters squared (kg/m?). Clothing style was categorized as full-body
covering, including face veil or niqab, or partial covering, which left the face and hands exposed. Sun
exposure was classified as either less than three hours or three or more hours of direct sunlight per week.
Dietary assessment focused on the frequency of consumption of vitamin D-rich foods such as oily fish, eggs,
and fortified milk, recorded as daily, weekly, monthly, or rarely.

Pain assessment

Pain severity was assessed using a 10-point Visual Analogue Scale (VAS), where 0 = no pain and 10 = worst
possible pain. The VAS was explained to participants, and scores were obtained in a quiet consultation
room to minimize bias.

Blood collection and processing

Certified phlebotomists collected 5 mL of venous blood from the antecubital vein using sterile 21-gauge
needles and EDTA-containing vacutainer tubes, labeling each sample with a unique participant code for
blinding. The samples were allowed to clot at room temperature for 5-10 minutes, then centrifuged at
2,795 x g for 5 minutes using a Hettich EBA 200 centrifuge (Germany). The resulting serum was carefully
separated into aliquots and stored in cryovials at -70°C until analysis.

Vitamin D analysis

Vitamin D status was determined by measuring serum 25-hydroxyvitamin D [25(0OH)D] concentrations
using a solid-phase competitive enzyme-linked immunosorbent assay (ELISA) (DIA Source 25-OH Vitamin
D Total ELISA Kit, Bio-Rad Laboratories, Hercules, CA, USA) on a continuous data acquisition (CODA)
automated EIA analyzer. Inter-assay coefficients of variation (CV) were 4.900% at 26.3 ng/mL and 4.500%
at 42.0 ng/mL. Vitamin D status was categorised based on established guidelines as follows: Deficient: <
20 ng/mL; Insufficient: 20-29 ng/mL, and Sufficient: = 30 ng/mL. All procedures followed the
manufacturer’s guidelines. Quality control procedures were followed throughout the analysis to ensure the
reliability and reproducibility of results.
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Statistical analysis

Data were analyzed using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA). Descriptive
statistics (means, standard deviations, frequencies, and percentages) were used to summarize participant
characteristics and vitamin D status categories. The prevalence of vitamin D deficiency was calculated with
95% confidence intervals. Associations between categorical variables (marital status, education level,
clothing style, outdoor activity, and dietary intake) and vitamin D status were assessed using chi-square
tests. Continuous variables such as age and BMI were compared between groups using independent-
samples t-tests. Baseline characteristics (e.g., demographics, pain scores, sun exposure) were compared
between groups (deficient vs. non-deficient) using stratified analysis to control for potential confounders,
including prior low-dose vitamin D supplementation (< 1,000 IU/day). Multivariate logistic regression was
conducted to identify independent predictors of vitamin D deficiency, adjusting for potential confounders.
Differences in mean musculoskeletal pain scores across vitamin D status categories (deficient, insufficient,
sufficient) were evaluated using one-way analysis of variance (ANOVA) with post hoc Tukey’s tests for
pairwise comparisons. Statistical significance was set at p < 0.05.

Results
Sociodemographic and clinical characteristics of participants

Table 1: The sociodemographic and clinical characteristics of participants. A total of 220 women were
included. The mean age was 36.8 + 11.2 years.

Table 1. Sociodemographic and clinical characteristics of participants (N = 220).

Variable N (%) or mean £ SD
Age (years) 36.8£11.2
Marital status

* Married 178 (80.91%)
» Single/divorced/widowed 42 (19.09%)
Education level

* None 128 (58.18%)
* Primary or higher 92 (41.82%)
Clothing style

* Full-body covering 154 (70.00%)
* Partial covering 66 (30.00%)
Outdoor activity

< 3 h/week 165 (75.00%)
= 3 h/week 55 (25.00%)
BMI (kg/m?) 281+53
Vitamin D status

* Deficient (< 20 ng/mL) 143 (65.00%)
* Insufficient (20-29 ng/mL) 62 (28.18%)
« Sufficient (= 30 ng/mL) 15 (6.82%)

BMI: Body Mass Index.

Associations of vitamin D deficiency with full-body covering, low outdoor activity, and low intake of
vitamin D-rich foods

Univariate analysis (Table 2) revealed significant associations of vitamin D deficiency with full-body
covering, low outdoor activity, and low intake of vitamin D-rich foods.

Independent predictors of vitamin D deficiency

Multivariate logistic regression (Table 3) identified independent predictors.
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Table 2. Univariate associations between participant characteristics and Vitamin D deficiency status (N = 220).

Variable

Deficient, n = 143 (65.00%)

Non-deficient, n = 77 (35.00%)

p-value*

Age (mean * SD)

Marital status
» Married

*Single/divorced/widowed
Education level

* None

* Primary or higher

Clothing style

* Full-body covering
* Partial covering
Outdoor activity

* < 3 h/week
* > 3 h/week

BMI (mean % SD)

Dietary vitamin D-rich foods
Low dietary vitamin D-rich foods
Adequate intake

36.4+£11.0

119 (83.22%)
24 (16.78%)

86 (60.14%)
57 (39.86%)

114 (79.72%)
29 (20.28%)

131 (91.60%)
12 (8.40%)
283154

100 (69.93%)
43 (30.07%)

376115

26 (33.80%)
51 (66.20%)

42 (54.55%)
35 (45.45%)

40 (51.95%)
37 (48.05%)

43 (55.84%)
34 (44.16%)
27.8+5.1

38 (49.35%)
39 (50.65%)

0.448

0.235

0.422

<0.001

<0.001

0.505

0.003

*p-values: Chi-square tests for categorical variables; Independent-samples t-tests for continuous variables.

Table 3. Multivariate logistic regression of predictors of vitamin D deficiency.

Variable

Adjusted OR

95% CI

p-value

Full-body covering
Outdoor activity < 3 h/week
Low intake of vitamin D-rich foods

Age
BMI

3.1
27
24
1.0
0.98

1.8-5.3
1.6-4.6
1.3-4.1

<0.001
<0.001
0.003

0.97-1.03 0.448
0.93-1.04 0.505

OR: odds ratio; BMI: Body Mass Index.

Mean serum 25-hydroxyvitamin D levels

Mean serum 25-hydroxyvitamin D [25(0OH)D] levels differed significantly across groups (Table 4).

Table 4. Serum [25(0OH)D] levels (ng/mL) by selected participant characteristics.

Variable Mean £ SD p-value
Clothing style

* Full-body covering 15.9+6.1 <0.001
* Partial covering 224 +6.8

Outdoor activity

* < 3 hours/week 16.5+£6.3 <0.001
* > 3 hours/week 222+6.7

Dietary vitamin D-rich foods

* Low intake 16.2+6.0 <0.001
» Adequate intake 21.5+6.9

Self-reported musculoskeletal pain severity by vitamin D status

Participants with a deficiency reported higher musculoskeletal pain scores (Table 5).

Frequency of consumption of vitamin D-rich foods among participants

Dietary sources of vitamin D were generally low (Table 6).
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Table 5. Self-reported musculoskeletal pain severity by vitamin D status.

Vitamin D status Mean VAS score * SD p-value
Deficient (< 20 ng/mL) 7314 <0.001
Insufficient (20—29 ng/mL) 59+13
Sufficient (= 30 ng/mL) 4812

VAS: Visual Analogue Scale.

Table 6. Frequency of consumption of vitamin D-rich foods among participants (N = 220).

Food item Consumes regularly (2 2 x /week) n (%) Rarely/never n (%)
Fatty fish 54 (24.55%) 166 (75.45%)
Egg yolk 72 (32.73%) 148 (67.27%)
Fortified dairy products 38 (17.27%) 182 (82.73%)
Fortified cereals 31 (14.09%) 189 (85.91%)
Beef liver 47 (21.36%) 173 (78.64%)
Vitamin D supplements 12 (5.45%) 208 (94.55%)

Discussion
Socio-demographic and clinical characteristics of participants

This study enrolled 220 Northern Muslim women with chronic musculoskeletal pain residing in Port
Harcourt, Rivers State. The mean age was approximately 37 years, and a large proportion (80.91%) were
married. Over half (58.18%) reported no formal education, and a striking 70.00% practised full-body
covering, while 75.00% engaged in outdoor activity for less than three hours per week. In the absence of a
direct control group, our findings were compared with existing population-level data on vitamin D
deficiency in Nigeria. Previous studies have reported prevalence rates of vitamin D deficiency ([25(0H)D] <
20 ng/mL) ranging from approximately 35% to 65% among urban adults in Nigeria [8]. In comparison, our
study population of Northern Muslim women residing in Port Harcourt exhibited a prevalence of 65.0%,
suggesting a slightly elevated but broadly similar rate relative to general urban populations. High
prevalence of vitamin D deficiency has been reported in women in different regions of Nigeria, which is in
line with the findings of our study. In Northern Nigeria, 83.00 to 87.50% of women were reported to be
vitamin D deficient [7, 9]. Cultural clothing practices and reduced outdoor exposure may contribute
specifically to higher risk in this subgroup, warranting targeted public health interventions [6, 7, 9].

Associations of vitamin D deficiency with full-body covering, low outdoor activity, and low intake of
vitamin D-rich foods

Univariate analyses demonstrated significant associations between vitamin D deficiency and full-body
covering, reduced outdoor activity, and low dietary intake of vitamin D-rich foods. Participants with full-
body covering were significantly more likely to be deficient (79.72% vs. 51.95%, p < 0.001), consistent with
prior studies linking concealing clothing to reduced UVB-mediated cutaneous vitamin D synthesis [8, 9].
Similarly, limited outdoor activity correlated with higher deficiency rates (91.60% vs. 55.84%, p < 0.001),
suggesting that behavioural factors limit sun exposure even in equatorial regions [10]. Dietary insufficiency
also emerged as a significant correlate, reinforcing the importance of food sources in populations with low
sun exposure. These findings suggest multiple modifiable factors contributing to the deficiency in this
group [11-13].

Independent predictors of vitamin D deficiency

Multivariate logistic regression identified full-body covering, low outdoor activity, and low dietary intake of
vitamin D-rich foods as independent predictors of deficiency. Specifically, full-body covering was associated
with a threefold increased odds of deficiency (aOR = 3.1), while low outdoor activity (aOR = 2.7) and
inadequate dietary intake (aOR = 2.4) also significantly predicted deficiency. These results suggest that
cultural clothing practices and behavioural factors independently contribute to risk, even after controlling
for age and BMI [12, 14-16].

Explor Musculoskeletal Dis. 2025;3:1007105 | https://doi.org/10.37349/emd.2025.1007105 Page 6



Mean serum 25-hydroxyvitamin D levels [25(0H)D]

The mean serum [25(0OH)D] concentrations varied significantly by clothing style, outdoor activity, and
dietary intake. Women practising full-body covering had markedly lower mean levels (15.9 ng/mL)
compared to those with partial covering (22.4 ng/mL, p < 0.001). Likewise, participants with < 3 hours of
outdoor activity weekly had lower levels (16.5 ng/mL) than those with = 3 hours (22.2 ng/mL). Low intake
of vitamin D-rich foods was also associated with lower mean serum levels (16.2 ng/mL vs. 21.5 ng/mL, p <
0.001). These differences underscore how behavioural and cultural practices jointly shape vitamin D status,
even in sun-rich regions, by limiting effective UVB exposure and dietary intake [12, 14-16].

Self-reported musculoskeletal pain severity by vitamin D status

Participants with vitamin D deficiency reported significantly higher mean musculoskeletal pain severity
scores (VAS 7.3) compared to those with insufficient (5.9) or sufficient (4.8) vitamin D status (p < 0.001).
This aligns with evidence suggesting a role for vitamin D in musculoskeletal health and pain modulation
[17, 18]. While causality cannot be inferred from this cross-sectional design, the clear gradient in pain
scores by vitamin D status suggests that deficiency may contribute to the severity of chronic pain among
these women.

Frequency of consumption of vitamin D-rich foods among participants

Dietary assessment revealed generally low consumption of vitamin D-rich foods among participants. For
example, only 24.55% consumed fatty fish = 2 times per week, 32.73% regularly ate egg yolks, and fewer
than one in five reported regular intake of fortified dairy products or cereals. Vitamin D supplement use
was extremely rare (5.45%). These findings highlight a major dietary gap that likely exacerbates deficiency
risk, particularly for individuals with limited sun exposure due to clothing or lifestyle [19-22].

Limitations

This study has several important limitations. First, its cross-sectional design prevents establishing causality
between vitamin D deficiency and chronic musculoskeletal pain severity. Second, vitamin D intake was
assessed through self-reported dietary frequency without precise quantification, which may introduce
recall bias. Third, the sample was limited to Northern Muslim women residing in an urban area of Port
Harcourt, potentially limiting generalisability to rural settings or other ethnic and religious groups.
Additionally, other potential determinants of vitamin D status, such as skin pigmentation, seasonality, and
genetic factors, were not assessed. Despite these limitations, the study provides valuable insights into the
high burden of vitamin D deficiency and its correlates in a culturally defined, at-risk population.

Conclusions

This study demonstrates a high prevalence of vitamin D deficiency (65.0%) among Northern Muslim
women with chronic musculoskeletal pain residing in Port Harcourt, Rivers State, Nigeria. Independent
predictors of deficiency included full-body covering, low outdoor activity, and low dietary intake of vitamin
D-rich foods. Furthermore, vitamin D deficiency was associated with significantly higher self-reported pain
severity. These findings underscore the multifactorial nature of vitamin D deficiency in this population,
shaped by cultural clothing practices, behavioral factors, and limited dietary sources. Addressing this public
health issue requires culturally sensitive strategies to improve awareness, promote safe sun exposure, and
enhance dietary vitamin D intake.

Recommendations

Based on these findings, the following recommendations are proposed:

1. Healthcare providers should routinely screen at-risk women and offer guidance on sun exposure,
diet, and supplements.

2. Public health authorities should run culturally sensitive awareness campaigns and support food
fortification.

3. Community and religious leaders should promote safe sun exposure within cultural norms.
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4. Nutrition stakeholders should improve access to vitamin D-rich and fortified foods.

5. Researchers should explore long-term outcomes and test targeted interventions.
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UVB: ultraviolet B

VAS: Visual Analogue Scale

Declarations
Acknowledgments

The authors would like to thank the staff of Synlab Nigeria, Port Harcourt, for their assistance with sample
analysis, as well as the healthcare workers at participating clinics for their support in participant
recruitment. We also acknowledge the women who generously agreed to participate in this study.

Author contributions

GJO: Conceptualization, Investigation, Writing—original draft, Writing—review & editing, Formal analysis.
RHA: Conceptualization, Investigation, Writing—original draft, Writing—review & editing. KAO: Validation,
Writing—review & editing, Supervision. All authors read and approved the submitted version.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

The study was approved by the Research Ethics Committee of Rivers State University, Port Harcourt, Rivers
State, Nigeria (Approval No. RSU/REC/2025/112).

Consent to participate

Informed consent to participate in the study was obtained from all participants.

Consent to publication

Informed consent to publication was obtained from relevant participants.

Availability of data and materials

The data supporting the findings of this study will not be shared due to participant confidentiality and
ethical restrictions. However, authors are willing to respond to reasonable questions from readers.

Funding
Not applicable.

Copyright
© The Author(s) 2025.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

Explor Musculoskeletal Dis. 2025;3:1007105 | https://doi.org/10.37349/emd.2025.1007105 Page 8



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bellavia D, Costa V, De Luca A, Maglio M, Pagani S, Fini M, et al. Vitamin D Level Between Calcium-
Phosphorus Homeostasis and Immune System: New Perspective in Osteoporosis. Curr Osteoporos
Rep. 2024;22:599-610. [DOI] [PubMed]

Alam S, Ahmad ], Osama M, Khan AR, Kalam M, Sameer M, et al. Overview of the Vital Role of Vitamin
D: Functions, Deficiency Syndromes, and Impact Throughout Life. Curr Pharm Res. 2025:1-12. [DOI]
Gallieni M, Cozzolino M, Fallabrino G, Pasho S, Olivi L, Brancaccio D. Vitamin D: Physiology and
Pathophysiology. Int ] Artif Organs. 2009;32:87-94. [DOI] [PubMed]

Montenegro KR, Cruzat V, Carlessi R, Newsholme P. Mechanisms of vitamin D action in skeletal
muscle. Nutr Res Rev. 2019;32:192-204. [DOI] [PubMed]

Mendes MM, Botelho PB, Ribeiro H. Vitamin D and musculoskeletal health: outstanding aspects to be
considered in the light of current evidence. Endocr Connect. 2022;11:e210596. [DOI] [PubMed] [PMC(]
Judistiani RTD, Nirmala SA, Rahmawati M, Ghrahani R, Natalia YA, Sugianli AK, et al. Optimizing
ultraviolet B radiation exposure to prevent vitamin D deficiency among pregnant women in the
tropical zone: report from cohort study on vitamin D status and its impact during pregnancy in
Indonesia. BMC Pregnancy Childbirth. 2019;19:209. [DOI] [PubMed] [PMC]

Glew RH, Crossey M]J, Polanams ], Okolie HI, VanderJagt DJ]. Vitamin D Status of Seminomadic Fulani
Men and Women. ] Natl Med Assoc. 2010;102:485-90. [DOI] [PubMed]

Grace AF, Olubunmi AA, Adetutu OT, Kweku R], Olubisi AO, Daniel OF. Prevalence and Risk Factors of
Vitamin D, Calcium and Phosphate Deficiency among Apparently Healthy Children Aged 6-24 Months

in a Semi-urban Community in Southwest, Nigeria. Niger Postgrad Med ]. 2024;31:213-9. [DOI]
[PubMed]

Idris OSA, Mustapha YA, Yusuff O]JD, Sani M, Afolabi A, Omokanye HK, et al. Prevalence of
Hypovitaminosis D among ENT Patients in Nigeria-A Multi-center, Multi-regional study. Egyptian
Journal of Ear, Nose, Throat and Allied Sciences. 2023;24:1-5.

Fernandes MR, Barreto WDR Junior. Association between physical activity and vitamin D: A narrative
literature review. Rev Assoc Med Bras (1992). 2017;63:550-6. [DOI] [PubMed]

Ali M, Uddin Z. Factors associated with vitamin D deficiency among patients with musculoskeletal
disorders seeking physiotherapy intervention: a hospital-based observational study. BMC
Musculoskelet Disord. 2022;23:817. [DOI] [PubMed] [PMC]

Farahati ], Nagarajah ], Gilman E, Mahjoob S, Zohreh M, Rosenbaum-Krumme S, et al. Ethnicity,
Clothing Style, and Body Mass Index are Significant Predictors of Vitamin D Insufficiency in Germany.
Endocr Pract. 2015;21:122-7. [DOI] [PubMed]

Bedewy DA, Hamza EGA, Hamid MS, Moustafa AA, Helal AM. A Cross-Cultural Systematic Review of
Vitamin D Deficiency in Women. Inf Sci Lett. 2022:1217-23. [DOI]

Pasco JA, Henry MJ, Nicholson GC, Brennan SL, Kotowicz MA. Behavioural and physical characteristics
associated with vitamin D status in women. Bone. 2009;44:1085-91. [DOI] [PubMed]

Edis Z, Bloukh SH. Vitamin D Deficiency: Main Factors Affecting The Serum 25-Hydroxyvitamin D
([25(0h)D]) Status And Treatment Options. Int ] Res. 2016;8:9.

Mishal AA. Effects of Different Dress Styles on Vitamin D Levels in Healthy Young Jordanian Women.
Osteoporos Int. 2001;12:931-5. [DOI] [PubMed]

Habib AM, Nagi K, Thillaiappan NB, Sukumaran V, Akhtar S. Vitamin D and Its Potential Interplay With
Pain Signaling Pathways. Front Immunol. 2020;11:820. [DOI] [PubMed] [PMC]

Alonso-Pérez JL, Martinez-Pérez I, Romero-Morales C, Abuin-Porras V, Lopez-Bueno R, Rossettini G, et
al. Relationship Between Serum Vitamin D Levels and Chronic Musculoskeletal Pain in Adults: A
Systematic Review. Nutrients. 2024;16:4061. [DOI] [PubMed] [PMC]

Explor Musculoskeletal Dis. 2025;3:1007105 | https://doi.org/10.37349/emd.2025.1007105 Page 9


https://dx.doi.org/10.1007/s11914-016-0331-2
http://www.ncbi.nlm.nih.gov/pubmed/27734322
https://dx.doi.org/10.63785/cpr.2025.1.1.125136
https://dx.doi.org/10.1177/039139880903200205
http://www.ncbi.nlm.nih.gov/pubmed/19363780
https://dx.doi.org/10.1017/S0954422419000064
http://www.ncbi.nlm.nih.gov/pubmed/31203824
https://dx.doi.org/10.1530/EC-21-0596
http://www.ncbi.nlm.nih.gov/pubmed/36048470
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9578072
https://dx.doi.org/10.1186/s12884-019-2306-7
http://www.ncbi.nlm.nih.gov/pubmed/31226954
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6588851
https://dx.doi.org/10.1016/s0027-9684(15)30556-3
http://www.ncbi.nlm.nih.gov/pubmed/20575213
https://dx.doi.org/10.4103/npmj.npmj_101_24
http://www.ncbi.nlm.nih.gov/pubmed/39219343
https://dx.doi.org/10.1590/1806-9282.63.06.550
http://www.ncbi.nlm.nih.gov/pubmed/28876433
https://dx.doi.org/10.1186/s12891-022-05774-z
http://www.ncbi.nlm.nih.gov/pubmed/36042435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9426039
https://dx.doi.org/10.4158/EP14320.OR
http://www.ncbi.nlm.nih.gov/pubmed/25297668
https://dx.doi.org/10.18576/isl/110421
https://dx.doi.org/10.1016/j.bone.2009.02.020
http://www.ncbi.nlm.nih.gov/pubmed/19264157
https://dx.doi.org/10.1007/s001980170021
http://www.ncbi.nlm.nih.gov/pubmed/11804019
https://dx.doi.org/10.3389/fimmu.2020.00820
http://www.ncbi.nlm.nih.gov/pubmed/32547536
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270292
https://dx.doi.org/10.3390/nu16234061
http://www.ncbi.nlm.nih.gov/pubmed/39683456
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11643417

19.

20.

21.

22.

Laleye LC, Kerkadi AH, Wasesa AA, Rao MV, Aboubacar A. Assessment of vitamin D and vitamin A
intake by female students at the United Arab Emirates University based on self-reported dietary and
selected fortified food consumption. Int ] Food Sci Nutr. 2011;62:370-6. [DOI] [PubMed]
Krassilnikova M, Ostrow K, Bader A, Heeger P, Mehrotra A. Low Dietary Intake of Vitamin D and
Vitamin D Deficiency in Hemodialysis Patients. ] Nephrol Ther. 2014;4:166. [DOI] [PubMed] [PMC]
Blbas HTA, Kahwachi WTS, Ahmed SK, Aziz KG, Faraj SM, Mohammed MS. Factors contributing to
vitamin D deficiency in Erbil, Iraq: A statistical investigation. Clin Nutr Open Sci. 2024;54:151-62.
[DOI]

Ojah RC, Welch JM. Vitamin D and Musculoskeletal Status in Nova Scotian Women Who Wear
Concealing Clothing. Nutrients. 2012;4:399-412. [DOI] [PubMed] [PMC(]

Explor Musculoskeletal Dis. 2025;3:1007105 | https://doi.org/10.37349/emd.2025.1007105 Page 10


https://dx.doi.org/10.3109/09637486.2010.533159
http://www.ncbi.nlm.nih.gov/pubmed/21126211
https://dx.doi.org/10.4172/2161-0959.1000166
http://www.ncbi.nlm.nih.gov/pubmed/25068077
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4109326
https://dx.doi.org/10.1016/j.nutos.2024.02.004
https://dx.doi.org/10.3390/nu4050399
http://www.ncbi.nlm.nih.gov/pubmed/22690323
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3367264

	Abstract
	Keywords
	Introduction
	Materials and methods
	Study design and setting
	Study population and sampling
	Ethical approval
	Data collection procedures
	Pain assessment
	Blood collection and processing
	Vitamin D analysis
	Statistical analysis

	Results
	Sociodemographic and clinical characteristics of participants
	Associations of vitamin D deficiency with full-body covering, low outdoor activity, and low intake of vitamin D-rich foods
	Independent predictors of vitamin D deficiency
	Mean serum 25-hydroxyvitamin D levels
	Self-reported musculoskeletal pain severity by vitamin D status
	Frequency of consumption of vitamin D-rich foods among participants

	Discussion
	Socio-demographic and clinical characteristics of participants
	Associations of vitamin D deficiency with full-body covering, low outdoor activity, and low intake of vitamin D-rich foods
	Independent predictors of vitamin D deficiency
	Mean serum 25-hydroxyvitamin D levels [25(OH)D]
	Self-reported musculoskeletal pain severity by vitamin D status
	Frequency of consumption of vitamin D-rich foods among participants
	Limitations
	Conclusions
	Recommendations

	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

