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ABSTRACT

Background: Vitamin D deficiency is highly prevalent worldwide and is
particularly common among patients with acute spinal cord injury (SCI) owing to
immobilization, reduced sunlight exposure, and altered bone metabolism. The
interaction between serum vitamin D, calcium, parathyroid hormone (PTH), and
alkaline phosphatase (ALP) plays an important role in skeletal homeostasis
following SCI. However, data from the Indian population remain limited.

Aim: To evaluate serum vitamin D, calcium, intact parathyroid hormone, and
alkaline phosphatase levels in patients with acute spinal cord injury and to
determine the correlation between vitamin D and these biochemical parameters.
Materials and Methods: A hospital-based cross-sectional study was conducted in
the Departments of Biochemistry and Physical Medicine and Rehabilitation at a
tertiary care centre in Jaipur from July 2024 to August 2025. Two hundred
consecutive adults with acute traumatic spinal cord injury were enrolled. Serum
25-hydroxyvitamin D [25(OH)D], total calcium, intact parathyroid hormone, and
alkaline phosphatase were measured using standardized laboratory methods. Data
were summarized descriptively; group comparisons and correlation analyses were
performed as appropriate, with a two-sided p<0.05 considered statistically
significant.

Results: Among 200 patients, vitamin D deficiency (<20 ng/mL) was observed in
121 (60.5%), and 41 (20.5%) had vitamin D insufficiency; thus, 162 (81.0%) had
25(OH)D levels below 30 ng/mL. Hypocalcaemia was present in 61 (30.5%)
patients, and iPTH was above the laboratory reference interval in 26 (13.0%).
Serum ALP was within the reference interval in 178 (89.0%) patients. Mean iPTH
differed significantly across vitamin D categories (p<0.001). Serum 25(OH)D
showed a moderate inverse correlation with iPTH (r=—0.49, p<0.001), a weak
positive correlation with calcium (r=0.16, p=0.03), and no significant correlation
with ALP (r=0.07, p=0.32).

Conclusion: Vitamin D deficiency was common in this cohort of patients with
acute spinal cord injury and was associated with higher iPTH concentrations.
These findings support early assessment of the vitamin D—calcium—PTH axis while
prospective studies determine whether correction improves skeletal or
rehabilitation outcomes.

Keywords: Acute spinal cord injury, Vitamin D deficiency; 25-Hydroxyvitamin D;
Parathyroid hormone, Calcium,; Alkaline phosphatase; Bone metabolism.
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INTRODUCTION

Spinal cord injury (SCI) produces motor, sensory, and autonomic impairment and is accompanied by rapid skeletal
unloading. Bone resorption increases early after injury, bone mineral density declines predominantly in the sublesional
skeleton, and long-term fracture risk is increased.!

Vitamin D is a secosteroid hormone central to calcium and phosphate homeostasis, skeletal mineralization, neuromuscular
function, and immune regulation. Serum 25-hydroxyvitamin D [25(OH)D] is the principal clinical marker of vitamin D
status. Deficiency reduces intestinal calcium absorption and may provoke compensatory elevation of parathyroid hormone
(PTH), thereby increasing skeletal calcium mobilization.*”

Patients with SCI may be vulnerable to low vitamin D status because of restricted mobility, reduced sunlight exposure,
nutritional limitations, and altered body composition. During the early post-injury period, biochemical markers of bone
resorption can rise markedly while formation markers, including total alkaline phosphatase (ALP), may remain within
reference limits. Simultaneous assessment of 25(OH)D, calcium, intact PTH (iPTH), and ALP may therefore provide
complementary information on mineral metabolism. -3

Vitamin D deficiency is also highly prevalent in India despite abundant sunlight. Darker skin pigmentation, limited
effective ultraviolet-B exposure, predominantly indoor lifestyles, low dietary vitamin D intake, and limited food
fortification have all been implicated. Reviews from India have reported a substantial burden of low 25(OH)D across age
groups and settings.!%!!

Studies in SCI populations have reported frequent vitamin D inadequacy at admission to rehabilitation and in chronic SCI.
However, Indian data from patients in the acute phase remain limited, and relatively few studies have examined 25(OH)D
together with calcium, iPTH, and ALP.!>"14

Therefore, the present hospital-based cross-sectional study evaluated vitamin D status and its relationship with serum
calcium, iPTH, and ALP in adults with acute traumatic SCI admitted to a tertiary care teaching hospital.

AIM AND OBJECTIVES

Aim

To evaluate serum vitamin D status and its correlation with serum calcium, intact parathyroid hormone, and alkaline
phosphatase in patients with acute spinal cord injury.

Objectives
1. To estimate serum 25-hydroxyvitamin D [25(OH)D], calcium, intact parathyroid hormone (iPTH), and alkaline
phosphatase (ALP) levels in patients with acute spinal cord injury.
2. To determine the prevalence of vitamin D deficiency among patients with acute spinal cord injury.
3. To evaluate the correlation between serum vitamin D and calcium, iPTH, and ALP.
4. To compare serum vitamin D levels according to demographic and injury-related characteristics.

MATERIALS AND METHODS

Study Design and Setting: This hospital-based cross-sectional observational study was conducted in the Department of
Biochemistry, Sawai Man Singh Medical College and Attached Hospitals, Jaipur, Rajasthan, India, in collaboration with
the Department of Physical Medicine and Rehabilitation. Recruitment occurred from July 2024 to August 2025 after
approval by the Institutional Ethics Committee. Reporting was guided by the STROBE statement for cross-sectional
studies. !

Study Population: A total of 200 consecutive adult patients with clinically and radiologically confirmed acute spinal cord
injury (SCI) admitted to the Department of Physical Medicine and Rehabilitation during the study period were enrolled in
the study.

Inclusion Criteria: The following patients were included in the study:
e  Adults aged 18 years or older.
e Patients with acute traumatic spinal cord injury.
e Patients admitted during the acute phase of injury.
e Patients who provided written informed consent or whose legally authorized representatives provided consent.

Exclusion Criteria: Patients were excluded if they had:
e History of vitamin D or calcium supplementation before enrolment.
e  Chronic kidney disease, chronic liver disease, metabolic bone disease, parathyroid disorders, or malignancy.
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e Current treatment with corticosteroids, anticonvulsants, bisphosphonates, or other drugs affecting calcium
metabolism.
e Incomplete clinical records or inadequate blood samples.

Clinical Assessment: A detailed history and clinical examination were recorded on a predesigned case record form.
Variables included age, sex, residence, diet, body mass index, mechanism and vertebral level of injury, duration since
trauma, completeness of injury, and American Spinal Injury Association (ASIA) Impairment Scale grade, determined
according to the International Standards for Neurological Classification of Spinal Cord Injury. '®

Blood Sample Collection: After 12—14 hours of overnight fasting, approximately 5 mL of venous blood was collected under
aseptic precautions into a plain vial. Samples were allowed to clot and centrifuged at 3500 rpm for 10 minutes. Serum was
analysed promptly or stored under assay-specific recommended conditions.

The study workflow and participant enrolment are summarized in Figure 1.
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INTERPRETATION, INFERENCE & CONCLUSION
Figure 1: Methodology Flowchart

Biochemical Analysis:

Serum 25-Hydroxyvitamin D [25(OH)D]: Serum 25(OH)D was measured by automated competitive chemiluminescent
immunoassay on the ADVIA Centaur XP Immunoassay System (Siemens Healthineers, Germany). Vitamin D status was
categorized as deficient (<20 ng/mL), insufficient (20-29.9 ng/mL), or sufficient (>30 ng/mL), using the prespecified
Endocrine Society thresholds.”

Serum Calcium: Serum total calcium was measured using the Arsenazo III photometric method on the Beckman Coulter
AUS5811 Clinical Chemistry Analyzer (Beckman Coulter Inc., USA). The reference interval adopted by the laboratory was
8.5-10.5 mg/dL.

Dr Tushar Bayla et al. Vitamin D Status and Mineral Metabolism in Patients with Acute Spinal Cord Injury: A Hospital-
Based Cross-Sectional Study. Int. J Med. Pharm. Res., 7(4): 2131-2138, 2026

2133



Serum Alkaline Phosphatase (ALP): Serum ALP was estimated by a modified International Federation of Clinical
Chemistry kinetic method using the Beckman Coulter AU5811 analyser. The laboratory reference interval was 44-147
U/L.

Serum Intact Parathyroid Hormone (iPTH): Serum intact parathyroid hormone (iPTH) was measured using a two-site
sandwich chemiluminescent immunoassay on the ADVIA Centaur XP Immunoassay System. The reference interval

adopted was 15-65 pg/mL.

Table 1. Laboratory Methods Used

Parameter Method Instrument Reference
Range

Serum Competitive chemiluminescent immunoassay ADVIA Centaur XP >30 ng/mL

25(0H)D

Serum Calcium | Arsenazo III photometric method Beckman Coulter | 8.5-10.5 mg/dL
AUS5811

Serum ALP Modified IFCC kinetic method Beckman Coulter | 44-147 U/L
AUS5811

Serum iPTH Two-site sandwich chemiluminescent | ADVIA Centaur XP 15-65 pg/mL

immunoassay

Outcome Measures: The primary outcome was the prevalence of vitamin D deficiency among patients with acute spinal
cord injury. The secondary outcomes included:

e  Serum calcium concentration.

e  Serum intact parathyroid hormone concentration.

e Serum alkaline phosphatase activity.

e Correlation between serum vitamin D and biochemical parameters.

e  Association of serum vitamin D with demographic and injury-related characteristics.
Statistical Analysis: Data were entered in Microsoft Excel and analysed using IBM SPSS Statistics for Windows, version
26.0 (IBM Corp., Armonk, NY, USA). Categorical variables were summarized as frequencies and percentages. Continuous
variables were summarized as mean + standard deviation because the reported analyses treated them as approximately
normally distributed; distributions were examined using histograms, Q—Q plots, and the Shapiro—Wilk test. Two
independent groups were compared using the independent-samples t-test, and three or more groups using one-way analysis
of variance (ANOVA). When an omnibus ANOVA was significant, Bonferroni-adjusted pairwise comparisons were
planned. Categorical variables were compared using the chi-square test or Fisher exact test when expected cell counts were
small. Pearson correlation coefficients were used to quantify linear associations between serum 25(OH)D and continuous
biochemical or clinical variables after checking linearity and influential outliers. All tests were two-sided, and p<0.05 was
considered statistically significant. Exact p-values are reported where available; no adjustment was applied to the
exploratory correlation analyses.

Ethical Considerations: The study protocol was approved by the Institutional Ethics Committee, Sawai Man Singh Medical
College, Jaipur (Approval Ref. No. 1227/MC/EC/2024/S.No. 250; 25 October 2024). Written informed consent was
obtained from all participants or their legally authorized representatives before enrolment. The study was conducted in
accordance with the Declaration of Helsinki.!”

RESULTS

Baseline Characteristics of the Study Population: A total of 200 patients with acute spinal cord injury (SCI) were
included in the study. The mean age of the study population was 36.56 = 10.92 years (range: 18—65 years). The highest
proportion of patients belonged to the 26-35 years (30.0%) age group, followed by the 3645 years (28.0%) age group.
Male patients constituted 81.0% (n = 162) of the study population, while females accounted for 19.0% (n = 38). Most
participants were residents of rural areas (78.0%) and 57.5% followed a vegetarian diet. Falls from height (48.0%) were
the leading cause of spinal cord injury, followed by road traffic accidents (28.0%). Dorsal spinal injuries were the most
common (43.0%), followed by lumbar (32.0%) and cervical injuries (20.5%). According to the American Spinal Injury
Association (ASIA) Impairment Scale, 119 patients (59.5%) were classified as ASIA Grade A. Complete spinal cord injury
was present in 136 patients (68.0%), whereas 64 patients (32.0%) had incomplete injury.

Vitamin D Status: The mean serum 25-hydroxyvitamin D [25(OH)D] concentration was 19.71 £ 10.99 ng/mL. Vitamin
D deficiency (<20 ng/mL) was observed in 121 patients (60.5%), whereas 41 patients (20.5%) had vitamin D insufficiency
(20-29.9 ng/mL). Only 38 patients (19.0%) had sufficient vitamin D levels (=30 ng/mL). Overall, 162 patients (81.0%)
demonstrated suboptimal vitamin D levels below 30 ng/mL. The distribution of vitamin D status among the study
participants is illustrated in Figure 2.
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Serum Calcium, Intact Parathyroid Hormone and Alkaline Phosphatase: Mean serum calcium was 8.83 + 0.75 mg/dL.
Hypocalcaemia (<8.5 mg/dL) was present in 61 (30.5%) patients and hypercalcaemia in 1 (0.5%). Mean iPTH was 41.82
+ 19.36 pg/mL; 26 (13.0%) patients had values above 65 pg/mL, 161 (80.5%) were within the reference interval, and 13
(6.5%) were below it. Mean ALP was 96.74 = 31.63 U/L; 178 (89.0%) values were within the reference interval, 12 (6.0%)
were elevated, and 10 (5.0%) were below it.

Comparison of Biochemical Parameters According to Vitamin D Status: Patients with vitamin D deficiency had
significantly higher mean serum iPTH concentrations (48.73 + 18.85 pg/mL) than those with vitamin D insufficiency (35.76
+ 15.14 pg/mL) or vitamin D sufficiency (26.36 + 13.12 pg/mL) (ANOVA, p < 0.001). Although serum calcium
concentrations were lower among vitamin D-deficient patients (8.75 + 0.71 mg/dL), the difference did not reach statistical
significance (p = 0.09). Similarly, no statistically significant difference in serum ALP concentrations was observed among
the three vitamin D groups (p = 0.35).

Correlation Analysis: Pearson correlation analysis demonstrated a moderate negative correlation between serum 25-
hydroxyvitamin D [25(OH)D] and serum intact parathyroid hormone (iPTH) (r = —0.49, p < 0.001), indicating that lower
vitamin D concentrations were associated with higher iPTH levels. A weak positive correlation was observed between
serum vitamin D and serum calcium (r = +0.16, p = 0.03). No statistically significant correlation was found between serum
vitamin D and serum alkaline phosphatase (ALP) (r = +0.07, p = 0.32), body mass index (BMI) (r =—0.11, p =0.12), age
(r=0.00, p =0.96), or duration since trauma (r =—0.03, p = 0.64). The correlation coefficients and corresponding p-values
are presented in Table 6.

Subgroup Analysis: No statistically significant differences in mean serum vitamin D concentrations were observed
according to sex (p = 0.64), residence (p = 0.11), dietary habits (p = 0.59), vertebral level of injury (p = 0.84), or type of
spinal cord injury (p = 0.11), indicating that vitamin D deficiency was consistently prevalent across all demographic and
injury-related subgroups.

Table 2. Baseline Characteristics of Study Participants (n = 200)

Variable Value
Mean age (years) 36.56 + 10.92
Male 162 (81.0%)
Female 38 (19.0%)
Rural residence 156 (78.0%)
Urban residence 44 (22.0%)
Vegetarian 115 (57.5%)
Non-vegetarian 85 (42.5%)
Complete SCI 136 (68.0%)
Incomplete SCI 64 (32.0%)
ASIA Grade A 119 (59.5%)
4 N

Figure 2: Distribution According to Vitamin D Status

m Deficient (<20)
= Insufficient (20-29.9)
= Sufficient (>=30)
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Table 3. Distribution of Vitamin D Status

Vitamin D Status Frequency Percentage
Deficient (<20 ng/mL) 121 60.5
Insufficient (20-29.9 ng/mL) 41 20.5
Sufficient (=30 ng/mL) 38 19.0
Table 4. Biochemical Characteristics of the Study Population

Parameter Mean = SD Abnormal Findings
Vitamin D (ng/mL) 19.71 £ 10.99 81% below 30 ng/mL
Calcium (mg/dL) 8.83£0.75 61 (30.5%) low
Intact PTH (pg/mL) 41.82 +19.36 26 (13.0%) elevated
ALP (U/L) 96.74 + 31.63 12 (6.0%) elevated; 10 (5.0%) low

Table 5. Comparison of Biochemical Parameters According to Vitamin D Status
Vitamin D Status PTH (pg/mL) Calcium (mg/dL) ALP (U/L)
Deficient 48.73 + 18.85 8.75+0.71 94.31 +31.76
Insufficient 35.76 + 15.14 9.04 +0.81 101.75 £35.10
Sufficient 2636+ 13.12 8.86 +0.75 99.07 + 26.92
p-value <0.001 0.09 0.35

Table 6. Correlation of Serum Vitamin D with Clinical and Biochemical Variables

Variable Correlation coefficient (r) p-value
Serum Calcium +0.16 0.03
Serum iPTH -0.49 <0.001
Serum ALP +0.07 0.32
BMI -0.11 0.12
Age 0.00 0.96
Duration since trauma -0.03 0.64
DISCUSSION

This cross-sectional study found vitamin D deficiency in 60.5% of adults with acute SCI and 25(OH)D concentrations
below 30 ng/mL in 81.0%. Lower 25(OH)D was associated with higher iPTH and, more weakly, with lower calcium,
whereas ALP showed no significant correlation. The findings describe biochemical associations at a single time point and
do not establish causality or treatment benefit.

Vitamin D Deficiency in Acute Spinal Cord Injury
Vitamin D deficiency was observed in 60.5% of patients, and a further 20.5% had insufficiency. The burden is clinically
relevant because low vitamin D status may coexist with the rapid skeletal changes that follow SCI.

Waliullah et al. reported that 76% of young adults with acute thoracolumbar SCI had 25(OH)D levels below 30 ng/mL at
admission. In a rehabilitation cohort of 100 patients with SCI, Nemunaitis et al. found vitamin D inadequacy or severe
deficiency in 93%. Differences in case mix, thresholds, season, geography, and timing after injury may explain variation
between studies.!>!3

The high prevalence in the present cohort may reflect both SCI-related reductions in mobility and sunlight exposure and
the high background prevalence of vitamin D deficiency in India.!%!!

Serum Calcium

The mean serum calcium concentration in the present study was 8.83 + 0.75 mg/dL, and approximately one-third of patients
had hypocalcaemia. However, only a weak positive correlation was observed between serum vitamin D and calcium
concentration.

Serum calcium can remain within or near the reference range despite low 25(OH)D because PTH-mediated renal calcium
conservation and skeletal calcium mobilization help maintain extracellular calcium. Accordingly, total calcium alone is an
insensitive screening marker for vitamin D deficiency.

Serum Intact Parathyroid Hormone
One of the most important findings of the present study was the significant inverse relationship between serum vitamin D
and iPTH. Vitamin D-deficient patients had significantly higher serum iPTH concentrations than patients with vitamin D
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insufficiency or sufficiency (p <0.001). Pearson correlation analysis demonstrated a moderate negative correlation between
serum vitamin D and iPTH (r = —0.49).

The inverse 25(OH)D-PTH relationship is biologically plausible: reduced vitamin D-dependent intestinal calcium
absorption can stimulate PTH secretion, which promotes renal calcium conservation and bone resorption.*’

Hummel et al. likewise reported an inverse association between 25(OH)D and PTH in adults with chronic SCI. Their cohort
differed from the present acute-care population, but the direction of association was consistent. 4

Serum Alkaline Phosphatase
The mean serum ALP concentration was 96.74 + 31.63 U/L, and most participants had values within the normal laboratory
reference range. No statistically significant correlation was observed between serum vitamin D and ALP.

Total ALP was not significantly related to 25(OH)D in this study. This is compatible with longitudinal evidence showing
marked increases in bone-resorption markers after acute SCI while bone-formation markers may change only modestly. A
scoping review also found heterogeneous evidence for total or bone-specific ALP after SCI, limiting the interpretability of
total ALP as a stand-alone early bone-turnover marker.>!3

Clinical Implications

The findings support consideration of early assessment of 25(OH)D, calcium, and iPTH in patients with acute SCI,
particularly when other osteoporosis risk factors are present. However, this study did not evaluate supplementation,
fractures, bone mineral density, or rehabilitation outcomes; therefore, treatment recommendations and claims of improved
outcomes should be based on clinical guidelines and prospective intervention studies rather than these cross-sectional data
alone.

Strengths of the Study

Strengths include the sample size, consecutive recruitment, assessment during the acute phase, and concurrent
measurement of several components of mineral metabolism. The study also contributes data from an Indian tertiary-care
population, a setting in which evidence remains limited.

Limitations

This study has several limitations. Its cross-sectional design precludes causal or temporal inference. It was conducted at a
single tertiary-care centre, which may limit generalizability. Season of sampling, sunlight exposure, dietary vitamin D
intake, renal function indices, albumin-adjusted or ionized calcium, and assay calibration data were not incorporated into
the reported analyses. Bone-specific ALP, CTX, PINP, fibroblast growth factor-23, and dual-energy X-ray absorptiometry
were not measured. Multiple exploratory comparisons were performed without multiplicity adjustment, so nominally
significant findings, particularly the weak calcium correlation, should be interpreted cautiously. Prospective multicentre
studies with serial biochemical and bone-density assessments are warranted.

CONCLUSION
In this cohort of 200 adults with acute traumatic SCI, 60.5% were vitamin D deficient and 81.0% had 25(OH)D levels
below 30 ng/mL.

Serum 25(OH)D was moderately inversely correlated with iPTH and weakly positively correlated with total calcium, while
no significant correlation was observed with total ALP. These associations are consistent with altered vitamin D—PTH
physiology but cannot establish causality.

Early biochemical assessment may help identify patients with vitamin D deficiency or disturbances of mineral metabolism.
Whether screening and correction improve bone density, fracture risk, or rehabilitation outcomes should be determined in
prospective controlled studies.
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