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Abstract
Background: Vitamin D deficiency has emerged as a clinically significant contributor to chronic musculoskeletal pain, functional limitation, and impaired rehabilitation outcomes. Low serum 25-hydroxyvitamin D [25(OH)D] levels may influence pain sensitization, skeletal muscle function, and inflammatory pathways, yet evidence regarding its association with persistent musculoskeletal symptoms remains inconsistent across populations. Objective: To determine the association between vitamin D deficiency and chronic musculoskeletal pain among adults and to identify predictors of poor clinical outcome in patients presenting to rehabilitation and orthopedic services at Riphah International University, Lahore, Pakistan. Methods: A hospital-based analytical observational study was conducted among 178 adults with chronic musculoskeletal pain. Demographic, clinical, and laboratory data were collected using structured assessment protocols. Pain severity was evaluated using the Visual Analog Scale (VAS), while serum 25(OH)D levels were measured using standardized biochemical methods. Vitamin D deficiency was defined as serum 25(OH)D <20 ng/mL and severe deficiency as ≤10 ng/mL. Logistic regression analysis was used to identify predictors of poor clinical outcome. Results: Vitamin D deficiency was identified in 57.9% of participants, while severe deficiency was present in 17.4%. Mean baseline VAS pain score was 6.7 ± 1.9. Poor clinical outcome occurred in 35.4% of participants. Vitamin D deficiency independently predicted poor outcome (OR 2.41, 95% CI: 1.31–4.46, p = 0.004), while severe deficiency markedly increased risk (OR 3.18, 95% CI: 1.42–7.11, p = 0.002). Low sunlight exposure, sedentary lifestyle, obesity, chronic widespread pain, and higher baseline pain severity were also significant predictors. Improvement in serum vitamin D levels was associated with reduced odds of persistent symptoms (OR 0.69, 95% CI: 0.52–0.88, p = 0.005). Conclusion: Vitamin D deficiency was significantly associated with chronic musculoskeletal pain, functional limitation, and poor recovery outcomes. Incorporating vitamin D assessment and lifestyle-based interventions into rehabilitation and musculoskeletal care may improve clinical recovery and functional outcomes in affected adults. Keywords: Vitamin D deficiency; musculoskeletal pain; chronic pain; rehabilitation; functional limitation; physiotherapy; serum 25(OH)D; pain severity; orthopedic rehabilitation; Pakistan.

Introduction
Vitamin D deficiency is increasingly recognized as a clinically relevant contributor to nonspecific musculoskeletal symptoms, particularly chronic widespread pain, myalgia, fatigue, and functional limitation. Serum 25-hydroxyvitamin D [25(OH)D] is essential for calcium homeostasis, bone mineralization, neuromuscular function, and modulation of inflammatory pathways; therefore, inadequate levels may contribute to pain sensitization, muscle weakness, impaired mobility, and delayed recovery in patients presenting to rehabilitation, orthopedic, and physiotherapy settings (1). In the present study context, musculoskeletal pain was commonly associated with low vitamin D status, with vitamin D deficiency reported in 57.9% of participants and severe deficiency in 17.4%, indicating a substantial burden among symptomatic adults. 
Previous literature has reported a possible association between hypovitaminosis D and nonspecific musculoskeletal pain, although findings remain inconsistent across populations and clinical settings. Some studies have shown that patients with persistent or widespread musculoskeletal pain frequently have lower serum vitamin D levels, while others have questioned whether the relationship is causal or influenced by confounding factors such as reduced sunlight exposure, sedentary lifestyle, obesity, sex, dietary intake, psychological symptoms, and chronic comorbidities (2–6). This uncertainty creates a clinically important knowledge gap, especially in rehabilitation-based populations where persistent pain and mobility limitation directly affect quality of life and treatment response.
In Pakistan, limited sunlight exposure despite a sunny climate, indoor lifestyle, cultural clothing practices, poor dietary intake, obesity, and reduced physical activity may increase the risk of vitamin D deficiency and related musculoskeletal complaints. The current study is therefore justified because it evaluates not only the frequency of vitamin D deficiency but also its relationship with pain severity, chronic widespread pain, functional mobility limitation, and poor clinical outcome among adults presenting with musculoskeletal pain at Riphah International University.
The objective of this analytical study was to determine the association between serum vitamin D deficiency and chronic musculoskeletal pain among adults and to identify clinical predictors of poor outcome. The study hypothesized that vitamin D deficiency, particularly severe deficiency, is significantly associated with higher pain severity, functional limitation, and increased odds of persistent poor clinical outcome.
Material and methods
A hospital-based analytical observational study was conducted at the Department of Physical Therapy and affiliated rehabilitation and orthopedic clinics of Riphah International University, Lahore, Pakistan, to evaluate the association between serum vitamin D deficiency and chronic musculoskeletal pain among adults. The study was carried out over a defined recruitment and follow-up period during routine outpatient clinical practice. The analytical design was selected to examine relationships between serum vitamin D status, pain severity, functional impairment, and predictors of poor clinical outcome in patients presenting with chronic musculoskeletal complaints.
Adult patients presenting with nonspecific musculoskeletal pain, chronic widespread pain, myalgia, chronic low back pain, mobility limitation, or related functional complaints were screened for eligibility. Participants aged 18 years or older with musculoskeletal pain persisting for at least three months and willingness to undergo biochemical assessment and clinical evaluation were included in the study. Patients with acute traumatic injury, malignancy-related pain, severe neurologic disorders, inflammatory connective tissue diseases, chronic renal failure, pregnancy-related musculoskeletal conditions, recent vitamin D supplementation, or incomplete laboratory data were excluded to reduce confounding and improve internal validity. Consecutive sampling was used to recruit eligible participants from outpatient rehabilitation and orthopedic services after detailed explanation of study objectives and procedures. Written informed consent was obtained from all participants prior to enrollment in accordance with institutional ethical standards and the Declaration of Helsinki.
Baseline demographic and clinical data were collected using a structured clinical assessment form completed by trained investigators. Variables included age, sex, body mass index (BMI), smoking status, sunlight exposure, physical activity level, duration of musculoskeletal pain, comorbid conditions, and dietary vitamin D intake. Pain severity was assessed using the Visual Analog Scale (VAS) ranging from 0 to 10, while functional limitation was evaluated through mobility-related clinical assessment including stair-climbing difficulty and impairment in activities of daily living. Chronic widespread pain was defined according to clinically diffuse musculoskeletal involvement affecting multiple anatomical regions. Serum 25-hydroxyvitamin D [25(OH)D] concentration was measured through standardized biochemical laboratory methods, and vitamin D deficiency was operationally defined as serum 25(OH)D level <20 ng/mL, while severe deficiency was defined as ≤10 ng/mL, consistent with previously published literature (7–10).
Clinical outcomes were evaluated during follow-up assessment after routine management and vitamin D correction where indicated. Primary outcomes included persistent moderate-to-severe pain, poor functional recovery, reduction in VAS pain score, and poor clinical outcome defined as persistent pain severity ≥5/10 accompanied by functional limitation despite follow-up management. Secondary outcomes included improvement in stair-climbing ability, fatigue symptoms, need for additional analgesic therapy, and hospital revisit due to pain recurrence. To minimize measurement bias, standardized definitions and assessment protocols were used for all clinical variables, while laboratory investigations were performed using uniform institutional procedures. Potential confounding variables including obesity, sedentary lifestyle, baseline pain severity, and sunlight exposure were identified a priori and incorporated into inferential analysis.
Sample size adequacy was determined based on the expected prevalence of vitamin D deficiency among patients with chronic musculoskeletal pain and the need to achieve sufficient statistical power for multivariable association analysis. A total of 178 participants with complete demographic, clinical, laboratory, and follow-up data were included in the final analysis. Data integrity and reproducibility were ensured through double-entry verification, standardized coding procedures, and independent review of clinical records before statistical analysis.
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) version 26.0. Continuous variables were expressed as mean ± standard deviation or median with interquartile range depending on distribution characteristics, while categorical variables were presented as frequencies and percentages. Group comparisons were conducted using independent sample t-tests, chi-square tests, or Mann–Whitney U tests as appropriate. Logistic regression analysis was used to determine predictors of poor clinical outcome, and results were reported as odds ratios (ORs) with 95% confidence intervals (CIs). Variables with clinical relevance or statistical significance in univariate analysis were entered into multivariable regression models to adjust for confounding effects. Statistical significance was considered at p <0.05. Missing or incomplete records were excluded before final inferential analysis to maintain analytical consistency and reduce information bias.
Ethical approval for the study was obtained from the institutional ethical review committee of Riphah International University, Lahore, Pakistan prior to data collection. Participant confidentiality was maintained throughout the study by anonymizing all clinical and laboratory records, restricting data access to the research team only, and storing datasets in password-protected institutional systems in accordance with standard research governance principles.
Results
Table 1. Baseline Demographic and Clinical Characteristics of Participants (n = 178)
	Variable
	n
	% / Mean ± SD / Median (IQR)
	p-value

	Age (years)
	178
	39.8 ± 11.6
	0.041

	Female sex
	112
	62.9%
	0.021

	Male sex
	66
	37.1%
	Reference

	Body Mass Index (kg/m²)
	178
	27.1 ± 4.8
	0.048

	Urban residence
	104
	58.4%
	0.093

	Low sunlight exposure
	93
	52.2%
	0.001

	Sedentary lifestyle
	87
	48.9%
	0.036

	Current smokers
	39
	21.9%
	0.112

	Duration of pain (months)
	178
	14 (8–27)
	0.028

	Serum 25(OH)D level (ng/mL)
	178
	18.9 ± 8.1
	<0.001

	Vitamin D deficiency (<20 ng/mL)
	103
	57.9%
	0.004

	Severe deficiency (≤10 ng/mL)
	31
	17.4%
	0.002

	Pain severity score (VAS 0–10)
	178
	6.7 ± 1.9
	0.001

	Diffuse musculoskeletal pain
	119
	66.9%
	0.011

	Chronic widespread pain
	74
	41.6%
	0.011

	Functional mobility limitation
	81
	45.5%
	0.018


Source data derived from study findings. 

Table 2. Clinical Comorbidities and Associated Study Variables
	Variable
	n
	%
	p-value

	Osteoarthritis
	48
	27.0%
	0.072

	Arthritis-related pain
	39
	21.9%
	0.081

	Chronic low back pain
	67
	37.6%
	0.019

	Myalgia
	72
	40.4%
	0.024

	Fatigue symptoms
	91
	51.1%
	0.008

	Sleep disturbance
	64
	36.0%
	0.031

	Depression/anxiety symptoms
	58
	32.6%
	0.044

	Diabetes mellitus
	29
	16.3%
	0.087

	Hypertension
	36
	20.2%
	0.091

	Obesity (BMI ≥30 kg/m²)
	42
	23.6%
	0.048

	Reduced physical activity
	85
	47.8%
	0.036

	Poor dietary vitamin D intake
	97
	54.5%
	0.013

	Non-response to analgesics
	69
	38.8%
	0.009

	Positive response after vitamin D correction
	88
	49.4%
	0.005

	Stair-climbing difficulty
	57
	32.0%
	0.022

	Functional impairment in daily activities
	76
	42.7%
	0.016



Table 3. Clinical Outcomes Following Follow-Up Assessment
	Outcome
	n
	% / Mean ± SD
	95% CI
	p-value

	Improvement in pain symptoms
	94
	52.8%
	45.4–60.1
	0.003

	Persistent moderate-to-severe pain
	71
	39.9%
	32.8–47.2
	0.001

	Improved functional mobility
	67
	37.6%
	30.7–45.1
	0.012

	Reduction in VAS pain score
	178
	2.1 ± 1.3
	1.8–2.4
	<0.001

	Follow-up serum 25(OH)D level
	178
	31.6 ± 10.4
	30.1–33.2
	<0.001

	Poor clinical outcome
	63
	35.4%
	28.6–42.6
	0.001

	Hospital revisit due to recurrence
	28
	15.7%
	11.0–21.8
	0.021

	Persistent fatigue symptoms
	46
	25.8%
	19.8–32.8
	0.018

	Improvement in stair-climbing ability
	41
	23.0%
	17.3–29.8
	0.029

	Additional analgesic therapy required
	52
	29.2%
	22.9–36.4
	0.014



Table 4. Inferential Analysis: Predictors of Poor Clinical Outcome
	Predictor
	n
	Odds Ratio (OR)
	95% CI
	p-value
	Interpretation

	Female sex
	112
	2.08
	1.12–3.89
	0.021
	Higher odds of poor outcome

	Vitamin D deficiency (<20 ng/mL)
	103
	2.41
	1.31–4.46
	0.004
	Independent predictor

	Severe vitamin D deficiency (≤10 ng/mL)
	31
	3.18
	1.42–7.11
	0.002
	Markedly increased risk

	Low sunlight exposure
	93
	2.87
	1.53–5.39
	0.001
	Worse clinical recovery

	Sedentary lifestyle
	87
	1.96
	1.04–3.67
	0.036
	Contributed to poor outcome

	Obesity
	42
	1.84
	1.01–3.52
	0.048
	Modestly associated

	Baseline VAS ≥7
	79
	2.74
	1.46–5.14
	0.001
	Persistent symptoms predictor

	Chronic widespread pain
	74
	2.29
	1.20–4.36
	0.011
	Increased poor recovery risk

	Increase in serum vitamin D per 10 ng/mL
	178
	0.69
	0.52–0.88
	0.005
	Protective effect


OR = Odds Ratio; CI = Confidence Interval. 
The study included 178 adult participants with chronic musculoskeletal pain, with a mean age of 39.8 ± 11.6 years. Female participants constituted 62.9% of the study population, indicating a predominance of musculoskeletal complaints among women. The mean body mass index was 27.1 ± 4.8 kg/m², while obesity was present in 23.6% of participants. More than half of the participants reported low sunlight exposure (52.2%) and poor dietary vitamin D intake (54.5%), whereas 48.9% had a sedentary lifestyle. The median duration of musculoskeletal pain was 14 months (IQR: 8–27 months), suggesting that most patients had chronic symptoms rather than acute pain presentations. Mean serum 25(OH)D level was 18.9 ± 8.1 ng/mL, with vitamin D deficiency identified in 57.9% of participants and severe deficiency in 17.4%. Pain severity was clinically high, with a mean VAS score of 6.7 ± 1.9, and diffuse musculoskeletal pain was observed in 66.9% of cases, while chronic widespread pain affected 41.6% of participants. Functional mobility limitation was present in 45.5% of the study population, demonstrating a substantial burden of disability among affected adults. 
Regarding associated clinical conditions, chronic low back pain was present in 37.6% of participants, myalgia in 40.4%, and osteoarthritis in 27.0%. Fatigue symptoms were highly prevalent, affecting 51.1% of patients, while sleep disturbance and depression/anxiety symptoms were reported in 36.0% and 32.6%, respectively. Reduced physical activity was identified in 47.8% of participants, and 38.8% demonstrated poor response to conservative analgesic therapy. Following vitamin D correction and routine clinical management, positive response was observed in 49.4% of participants. Functional impairment in activities of daily living remained clinically important, affecting 42.7% of the cohort, while stair-climbing difficulty was reported by 32.0% of patients. Several of these variables demonstrated statistically significant associations with poorer outcomes, including obesity (p = 0.048), reduced physical activity (p = 0.036), fatigue symptoms (p = 0.008), and non-response to analgesics (p = 0.009). 
[bookmark: _GoBack]Follow-up assessment demonstrated clinically meaningful improvement in several outcomes. Improvement in pain symptoms was observed in 52.8% of participants, whereas persistent moderate-to-severe pain remained in 39.9% of cases. Functional mobility improved in 37.6% of participants, and the mean reduction in VAS pain score was 2.1 ± 1.3 points, which was statistically significant (p <0.001). Mean follow-up serum vitamin D level increased to 31.6 ± 10.4 ng/mL, reflecting biochemical improvement after management. Despite treatment, poor clinical outcome persisted in 35.4% of participants, while 15.7% required hospital revisit due to recurrence of pain symptoms. Persistent fatigue symptoms remained in 25.8% of patients, and 29.2% required additional analgesic therapy during follow-up. Improvement in stair-climbing ability was documented in 23.0% of participants. 
Inferential analysis identified several independent predictors of poor clinical outcome. Female participants had significantly higher odds of poor outcome (OR 2.08, 95% CI: 1.12–3.89, p = 0.021). Vitamin D deficiency was independently associated with persistent poor outcome (OR 2.41, 95% CI: 1.31–4.46, p = 0.004), while severe deficiency showed an even stronger relationship (OR 3.18, 95% CI: 1.42–7.11, p = 0.002). Low sunlight exposure was among the strongest predictors of worse clinical recovery (OR 2.87, 95% CI: 1.53–5.39, p = 0.001). Sedentary lifestyle and obesity were also significantly associated with poor outcome, with odds ratios of 1.96 and 1.84, respectively. Participants with baseline VAS pain score ≥7 had 2.74 times greater odds of persistent symptoms, while chronic widespread pain increased the likelihood of poor recovery by more than twofold (OR 2.29, 95% CI: 1.20–4.36, p = 0.011). Conversely, each 10 ng/mL increase in serum vitamin D level was associated with a protective effect against poor clinical outcome (OR 0.69, 95% CI: 0.52–0.88, p = 0.005). 
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Figure 1. Relationship Between Vitamin D Status, Pain Severity, and Poor Clinical Outcome in Adults With Chronic Musculoskeletal Pain
A layered distribution analysis demonstrated a strong inverse relationship between serum vitamin D levels and clinical recovery outcomes among adults with chronic musculoskeletal pain. Participants with severe vitamin D deficiency (≤10 ng/mL) exhibited the highest concentration of persistent moderate-to-severe pain, greatest functional limitation burden, and poorest recovery profile compared with individuals having higher serum 25(OH)D levels. The outcome gradient showed progressive reduction in poor clinical outcomes as serum vitamin D concentration increased, with each 10 ng/mL increase associated with a 31% reduction in odds of persistent poor outcome (OR 0.69, 95% CI: 0.52–0.88, p = 0.005). Low sunlight exposure and sedentary lifestyle clustered prominently within the severe deficiency distribution, whereas participants achieving follow-up vitamin D levels around 31.6 ± 10.4 ng/mL demonstrated greater improvement in pain symptoms and mobility recovery. The visualization further highlighted asymmetrical distribution of chronic widespread pain and high baseline VAS scores among deficient participants, emphasizing the combined interaction between biochemical deficiency, pain severity, and functional impairment in determining long-term clinical recovery. 
Discussion
The present analytical study demonstrated a significant association between vitamin D deficiency and chronic musculoskeletal pain among adults attending rehabilitation and orthopedic services at Riphah International University. More than half of the participants had vitamin D deficiency, while severe deficiency was also common, highlighting the substantial burden of hypovitaminosis D in patients presenting with chronic pain and mobility-related complaints. Participants with lower serum vitamin D levels showed greater pain severity, increased prevalence of diffuse musculoskeletal pain, and higher rates of functional limitation, supporting the hypothesis that inadequate vitamin D status may contribute to persistent musculoskeletal symptoms and impaired clinical recovery. These findings are consistent with previous studies reporting associations between low serum 25(OH)D levels and chronic widespread pain, myalgia, fatigue, and reduced physical functioning (11–14).
The study further identified several clinically important predictors of poor outcome. Female sex, low sunlight exposure, sedentary lifestyle, obesity, severe vitamin D deficiency, chronic widespread pain, and higher baseline VAS pain score were all independently associated with persistent pain and functional impairment. Among these predictors, severe vitamin D deficiency demonstrated one of the strongest relationships with poor clinical recovery, increasing the odds of persistent symptoms by more than threefold. Similarly, low sunlight exposure emerged as a major determinant of adverse outcome, reflecting the importance of environmental and lifestyle-related factors in vitamin D metabolism and musculoskeletal health. These findings are biologically plausible because vitamin D deficiency has been linked to muscle hypersensitivity, inflammatory modulation, impaired muscle performance, and altered nociceptive signaling pathways (15–17).
The high prevalence of fatigue symptoms, sleep disturbance, depression/anxiety symptoms, and reduced physical activity observed in this study further emphasizes the multidimensional nature of chronic musculoskeletal pain. Persistent pain syndromes are rarely isolated orthopedic phenomena and are frequently influenced by metabolic, behavioral, psychosocial, and functional factors. Participants with poor dietary vitamin D intake and sedentary lifestyle demonstrated significantly worse clinical profiles, suggesting that modifiable lifestyle interventions may have an important adjunctive role in rehabilitation-based pain management. Furthermore, nearly half of the participants demonstrated positive clinical response after vitamin D correction, while follow-up vitamin D levels improved substantially alongside reduction in mean VAS pain score. These findings support the potential role of vitamin D optimization as part of a comprehensive multidisciplinary management strategy for chronic musculoskeletal pain (18–20).
The current findings are comparable to studies conducted in rehabilitation and rheumatologic settings where vitamin D deficiency has been associated with chronic nonspecific musculoskeletal pain and functional disability. Plotnikoff and Quigley reported a high prevalence of severe hypovitaminosis D among patients with persistent nonspecific pain, while Heidari et al. demonstrated a relationship between low vitamin D levels and skeletal pain severity (2,3). Similarly, Wu et al., in a systematic review and meta-analysis, identified an inverse relationship between serum vitamin D concentration and pain burden across multiple clinical populations (20). However, some studies have reported conflicting evidence regarding the direct therapeutic effect of vitamin D supplementation on pain improvement, indicating that vitamin D deficiency may interact with multiple biological and psychosocial mechanisms rather than functioning as an isolated causal factor (6,18). The present study adds regional evidence from Pakistan and reinforces the importance of contextual clinical assessment in populations with high rates of vitamin D deficiency.
The study has several clinical implications. Screening for vitamin D deficiency in adults presenting with chronic musculoskeletal pain, particularly those with widespread pain, obesity, sedentary lifestyle, or limited sunlight exposure, may improve early identification of patients at increased risk of persistent symptoms and poor rehabilitation outcomes. Incorporating vitamin D assessment into orthopedic, physiotherapy, and rehabilitation protocols may facilitate more individualized management strategies and potentially reduce long-term disability and healthcare utilization. Additionally, patient education regarding sunlight exposure, dietary modification, physical activity, and adherence to supplementation may contribute to improved clinical recovery and functional mobility.
Despite its strengths, the study has certain limitations. The observational analytical design limits causal inference, and residual confounding from unmeasured behavioral or psychosocial factors may have influenced outcomes. The study was conducted at a single institutional setting, which may affect generalizability to broader populations. Furthermore, reliance on follow-up clinical assessment rather than long-term longitudinal monitoring may underestimate delayed recurrence or sustained functional outcomes. Nevertheless, the study provides clinically relevant evidence regarding the association between vitamin D deficiency and musculoskeletal pain in a rehabilitation-focused adult population and offers important directions for future multicenter prospective research.
Conclusion
Vitamin D deficiency was significantly associated with chronic musculoskeletal pain, functional limitation, and poor clinical outcome among adults attending rehabilitation and orthopedic services at Riphah International University. More than half of the participants demonstrated vitamin D deficiency, while severe deficiency was independently associated with markedly increased odds of persistent symptoms and impaired recovery. Female sex, low sunlight exposure, sedentary lifestyle, obesity, chronic widespread pain, and high baseline pain severity were also significant predictors of adverse outcome. Improvement in serum vitamin D levels during follow-up was associated with reduction in pain severity and better functional recovery, suggesting that optimization of vitamin D status may contribute to improved rehabilitation outcomes in patients with chronic musculoskeletal pain. These findings support the integration of vitamin D assessment and lifestyle-based preventive strategies into routine musculoskeletal and rehabilitation care to enhance early identification of high-risk patients and improve long-term clinical management.
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