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Abstract
Objective: Although ample evidence exists on the association between vitamin D deficiency and diabetic peripheral
neuropathy, only a few studies have distinguished between painful and painless forms. This study compared serum vitamin
D levels in type 2 diabetes patients with and without painful neuropathy.
Methods: We enrolled 46 patients with diabetes (painless diabetic peripheral neuropathy, n= 15; painful diabetic per-
ipheral neuropathy, n= 16; non-neuropathy, n= 15) and 15 healthy controls. Assessments included neurologic exams,
Michigan Neuropathy Screening Instrument, electrophysiology, skin biopsy, and serum 25(OH)D measurements.
Results: The level of 25(OH)D was significantly lower in painful diabetic peripheral neuropathy (23.00± 7.97) patients
versus controls (44.48± 6.77), non- diabetic peripheral neuropathy (31.22± 6.14) patients, and painless diabetic periph-
eral neuropathy patients (36.91± 6.22; P < 0.01). Multivariate analysis identified vitamin D as an independent factor for
painful diabetic peripheral neuropathy (P= 0.007). The 25(OH)D level was significantly correlated with sural amplitude (r
= 0.377), peroneal amplitude (r= 0.434), vibration threshold (r=−0.393), and Michigan Neuropathy Screening
Instrument score (r=−0.456).
Conclusions: Serum 25(OH)D levels were significantly lower in painful diabetic peripheral neuropathy, suggesting the
potential role of vitamin D deficiency in the pathogenesis of diabetic peripheral neuropathy.
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Introduction
Diabetes is a pervasive noncommunicable disease, with projections indicating that over 1.31 billion people worldwide will
be affected by 2050.1 Diabetic peripheral neuropathy (DPN) is among the most frequent complications of type 2 diabetes
mellitus (T2DM). Painful DPN (p-DPN), characterized by distressing symptoms such as tingling, burning, and electric
shock-like pains in the distal extremities, affects 15%–25% of individuals with diabetes, with a higher prevalence in those
with T2DM.2,3 These painful symptoms severely impair patients’ quality of life, impacting sleep, mobility, emotional well-
being, and social functioning. Furthermore, p-DPN is a major contributor to disability, leading to foot ulcers, amputations,
and fall-related injuries.4–6 The underlying mechanisms of p-DPN remain incompletely understood. Although current clin-
ical guidelines support the use of several pharmacological agents (e.g. gabapentinoids, serotonin-norepinephrine reuptake
inhibitors, and tricyclic antidepressants), many patients achieve only suboptimal pain relief or experience dose-limiting
adverse effects. This therapeutic gap underscores the need to identify novel modifiable risk factors and therapeutic targets.

Vitamin D deficiency is a global health issue and is considered a potential pandemic afflicting more than a billion people
worldwide.7 Recent years have witnessed increasing research interest in the association between vitamin D and DPN.
Vitamin D deficiency is prevalent across various forms of diabetes, including prediabetes, type 1 diabetes, T2DM, and
gestational diabetes, and may contribute to an increased risk of the disease.8–12 Accumulating evidence further suggests
that vitamin D deficiency serves as an independent risk factor for the development of DPN,13 especially p-DPN.14–16 In
addition, vitamin D supplementation has shown potential benefits in alleviating symptoms of painful DPN.17 The precise
mechanisms linking vitamin D levels to DPN are not fully elucidated. Pain sensitivity associated with low vitamin D levels
may be directly mediated by its action on dorsal root ganglia and small nerve fibers.18 Studies have demonstrated greater
small nerve fiber damage in patients with p-DPN than in those with painless diabetic neuropathy.19 Conversely, vitamin D
deficiency has also been implicated in increasing the risk of DPN in older patients with T2DM by exacerbating large-fiber
lesions.20 Although existing studies provide some evidence regarding vitamin D’s role in DPN prevention and treatment,
they have notable limitations. Most studies have failed to distinguish p-DPN from painless DPN and sample sizes have
often been small, limiting statistical power and generalizability. Therefore, more robust and convincing data are warranted.

We therefore conducted this cross-sectional study to compare serum vitamin D levels, neurophysiological parameters,
and intraepidermal nerve fiber density (IENFD) between patients with p-DPN and those with painless DPN. We hypothe-
sized that lower serum vitamin D levels are associated with painful DPN and that this association is independent of IENFD,
suggesting a potential role of vitamin D in pain modulation beyond small-fiber loss.

Materials and methods

Study design
This cross-sectional study included 46 patients with T2DM classified into 3 groups: (a) painless DPN (n= 15); (b) p-DPN
(n= 16); and (c) diabetes without neuropathy (n= 15). These patients were then compared with 15 healthy controls
matched for age and sex. This study was conducted at the Nanjing Gaochun People’s Hospital between March and
June 2022 and aimed to evaluate the association between serum 25-hydroxyvitamin D levels and DPN. Vitamin D status
was assessed using chemiluminescence immunoassay, and DPN was diagnosed using the Douleur Neuropathique-4 (DN4)
questionnaire and clinical assessment.

Setting
This cross-sectional study was conducted at the Metabolic Management Center of Nanjing Gaochun People’s Hospital,
China. Consecutive patients attending the routine diabetes follow-up clinic from March to June 2022 were assessed for
eligibility. Recruitment occurred within this same period. All exposure (vitamin D measurement) and outcome (painful
neuropathy assessment) data were collected at a single study visit for each participant. Thus, the data collection period
coincided with the recruitment period.

Patient selection
Patients diagnosed with T2DM were recruited from Nanjing Gaochun People’s Hospital, while healthy controls were
enrolled from the hospital’s physical examination center. Patients were recruited consecutively from the Metabolic
Management Center between March and June 2022. All eligible patients during this period were invited to participate.
T2DM was diagnosed according to the World Health Organization diagnostic criteria 1999 and the 2021 American
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Diabetes Association criteria.21,22 Exclusion criteria were patients with previous neurological disease (such as diseases
affecting the central nervous system, known disorders of peripheral vascular, or hyperplasia or tumors derived from neu-
roendocrine cells), body mass index (BMI) less than 18 kg/m2 or greater than 30 kg/m2, severe renal dysfunction (esti-
mated glomerular filtration rate (eGFR) <45 mL/min), severe liver dysfunction (aspartate or alanine aminotransferase
level higher than three times the normal level), heart failure (New York Heart Association class III or IV), and cancer
or infection within the past 3 months. To minimize selection bias, we used consecutive sampling, recruiting all eligible
participants without arbitrary exclusion based on factors such as sunlight exposure duration or dietary intake. This study
was conducted in accordance with the Declaration of Helsinki (2024 revision) of the World Medical Association. Ethical
approval for the study was granted by both the hospital scientific and ethical committees on 21 November 2021 in Nanjing,
Jiangsu Province, China (AF/SC-05/01.0). Informed consent was signed by all participants. Medical records were accessed
for research purposes on 15 July 2022. Authors had access to identifiable information during data extraction from elec-
tronic health records; however, all data were de-identified prior to analysis. This study was reported in accordance with
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.23

Anthropometrics and other biochemical parameter measurement
BMI was calculated by the standard formula (weight (kg) / height (m2)). The systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured after 15 min of rest using a mercury sphygmomanometer. Following overnight fast-
ing, blood samples were obtained from all participants through venipuncture. Fasting plasma glucose (FPG), triglycerides
(TG), total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and serum creatinine (Scr) were measured using an
automatic biochemistry analyzer (AU5800; Beckman Coulter, America). The endogenous creatinine clearance rate was
calculated using the Cockcroft equation: GFR= [140 – age (years) * body weight (kg)] / [0.818 * serum creatinine
(Scr, umol/L)] for males and the result *0.85 for females. Glycated hemoglobin (HbA1c) measurement was performed
using high-performance liquid chromatography (HA-8180; ARKRAY, Japan). Urinary albumin concentration was mea-
sured by immunonephelometry (AU5800; Beckman Coulter, America). The urinary albumin-to-creatinine ratio (ACR)
was determined as urine albumin (mg)/urine creatinine (g). All measurements were repeated twice.

Vitamin D assay
To minimize potential confounding from seasonal variations in sun exposure, serum vitamin D levels were measured
exclusively during the spring months (March to June). We used an electrochemiluminescence binding assay for the quan-
titative determination of total serum 25(OH)D (Roche Diagnostics, USA). Blood samples were collected only during the
spring months (March to June). Inter-assay variability was 6.5% and intra-assay variability was 3.1% at 28 ng/mL.

Neuropathy assessment
In our Metabolic Management Center, all participants underwent a thorough assessment with the neuropathy symptom
profile. Those participating in the study underwent evaluation of the DN4 questionnaire proposed by Bouhassira et al.
in France in 2005.24 The DN4 scale is a simple tool comprising 10 questions, with a total score ≥4 points considered
as neuropathic pain and that of <4 considered as non-neuropathic pain. The Michigan Neuropathy Screening
Instrument (MNSI) score, a validated screening tool for DPN,25 was simultaneously scored. Neurologic deficits, including
unequivocally decreased or absent reflexes and decreased distal sensations for neuropathy, were confirmed through phys-
ical examination with the following tools using the modified neuropathy disability score: (a) 10-g monofilament for touch
sensation test (four sites per foot); (b) pin for pain sensation test; (c) tendon hammer for reflexes test; and (d) Digital
Vibration Threshold Tester for vibration sensation test. The indicators were recorded according to the neurological impair-
ment rating: 0 indicating no impairment; 1 indicating slight impairment; 2 indicating moderate impairment; 3 indicating
severe impairment; and 4 indicating a complete loss of function or the most severe impairment.26 Electromyography
was used to measure ulnar, median, sural, and peroneal nerve conduction velocities on the right side. If two or more nerves
exhibited abnormal results, nerve conduction was deemed abnormal.27 Patients with diabetes were grouped according to
the following criteria: (a) p-DPN: MNSI >2 or abnormal nerve conduction and DN4 score ≥4; (b) painless DPN: MNSI >2
or abnormal nerve conduction and DN4 score <4; and (c) Diabetes without neuropathy: normal MNSI (≤2), normal nerve
conduction, and DN4 score <4.
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Immunohistochemistry and skin biopsy
IENFD was evaluated in participants who received a 3-mm punch skin biopsy from the left lateral calf, approximately
10 cm above the lateral malleolus after local anesthesia (2% lidocaine). The biopsy sample was promptly fixed in 4% par-
aformaldehyde for 24 h, immersed in 30% sucrose (<24 h) at 4°C, embedded in optimal cutting temperature-embedding
compound, swiftly frozen in liquid nitrogen, and sliced into 50-μm sections utilizing a cryostat (CM1950; Leica,
Germany). After washing in phosphate-buffered saline three times for 10 min each, floating sections were subjected to
a protein block with a solution of 5% bovine serum albumin and 0.3% Triton X-100 at room temperature for 2 h.
Subsequently, the sections were incubated in a PGP9.5 monoclonal antibody (GB12159, Servicebio, China) solution over-
night at 4°C. The next day, the slides were washed three times for 10 min each in PBST containing 0.05% Tween 20, fol-
lowed by 1.5-h incubation at room temperature in the dark with a secondary antibody. After rinsing the slides thrice for 10
min each in PBST in the dark, the tissues were cover-slipped with anti-fluorescence quenching medium containing
4′,6-diamidino-2-phenylindole (DAPI) and examined under a microscope. IENFD was performed in accordance with
the following established criteria: 1. The number of nerve fibers entering the epidermal layer from the dermis through
the basement membrane was one. 2.The IENFD(number/mm) was calculated by dividing the number of intraepidermal
nerve fiber by the length of the epidermal layer.28,29

Statistical analysis
Categorical data were expressed as frequencies and percentages; chi-square tests were used. Continuous variables were
presented as the mean and standard deviation (SD). The Kolmogorov–Smirnov test was used to assess the normality of
continuous data. Furthermore, data from the normal distribution were examined using one-way analysis of variance
with the implementation of Bonferroni’s post-hoc analysis. The data that did not follow a normal distribution were assessed
using the Kruskal–Wallis test and Bonferroni test. In addition, we used Spearman correlation tests to assess correlations
between vitamin D and anthropometry and metabolic profiling. Logarithmic transformation was applied to non-normally
distributed data prior to conducting correlation analysis. An analysis of covariance was performed to compare serum vita-
min D levels between groups, with age, sex, BMI, HbA1c, diabetes duration, and eGFR included as covariates.
Furthermore, the correlation between vitamin D and T2DM and DPN was examined via multiple logistic regression.
The analyses were conducted using SPSS version 20 (SPSS, USA), with a significance threshold set at p < 0.05. Only vari-
ables that reached statistical significance in univariate analysis were included in the multivariate logistic regression model.

Results

Study participants
A total of 145 patients with T2DM attending the routine diabetes follow-up clinic at Nanjing Gaochun People’s Hospital
between March and June 2022 were assessed for eligibility. Of these, 44 did not meet the inclusion criteria, 45 declined to
participate, and 10 had incomplete data (primarily missing vitamin D measurements or DN4 scores). Therefore, 46 eligible
patients were included in the final analysis. These comprised 16 patients with p-DPN, 15 with painless DPN, and 15 with
diabetes without neuropathy. In addition, 15 healthy controls matched for age and sex were enrolled for comparison.

Characteristics of study participants
There were no differences in the BMI, TC, LDL-C, age, and urinary ACR among the groups. In patients with T2DM, the
fasting blood glucose (FBG), HbA1c, TG, SBP, and DBP were higher than those in controls, while HDL-C, GFR, and
serum vitamin D level were lower (Table 1). Notably, the p-DPN group had a longer disease duration (P= 0.042) and sig-
nificantly lower serum vitamin D levels (P < 0.001) than the painless DPN group (Table 1).

Clinical, neurophysiological, and skin biopsy data
The neuropathy groups exhibited significantly high MNSI scores and very low IENFD, indicating well-established DPN.
The MNSI scores were significantly higher in p-DPN than in DPN (P < 0.05) and control participants (P < 0.001) (Table 2).
Deep breathing-heart rate variability (DB-HRV) did not differ between the p-DPN and painless DPN groups (Table 2).
Vibration perception threshold (VPT) was higher in patients with p-DPN than in those with DPN (Table 2). Although
IENFD was significantly reduced in both neuropathy groups compared with the non-DPN group (P < 0.01), no statistically
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significant difference was observed in IENFD between the p-DPN and painless DPN groups (P < 0.01) (Table 2 and
Figure 1).

Peroneal nerve conduction velocity and amplitude were significantly lower in DPN and p-DPN (P < 0.001) than in con-
trol participants, and the amplitude was lower in patients with p-DPN than in those with DPN (P < 0.01). Sural nerve con-
duction velocity and amplitude were significantly lower in DPN and p-DPN (P < 0.001) than in control participants and
were lower in patients with p-DPN than in those with DPN (P < 0.01) (Table 2).

Serum vitamin D levels
Serum 25(OH)D levels were significantly lower across all diabetic groups than the healthy controls. Most notably, patients
with p-DPN exhibited significantly lower 25(OH)D levels than those with painless DPN (23.00± 7.97 vs. 36.91± 6.22 ng/
mL, P < 0.001) (Table 1 and Figure 2). A more nuanced analysis revealed that within the diabetic subgroups, interestingly
and perhaps counterintuitively, serum 25(OH)D levels were higher in the painless DPN group than in the non-DPN group
(36.91± 6.22 vs. 31.22± 6.14 ng/mL, P < 0.05).

Multiple regression analysis for 25(OH)D level and p-DPN
The univariate logistic regression analysis identified sex, disease duration, and serum 25(OH)D as potential factors asso-
ciated with p-DPN. However, after adjusting for these variables in a multivariate logistic regression model, only serum
25(OH)D level remained independently associated with p-DPN (odds ratio (OR) = 0.800, 95% confidence interval
(CI): 0.680–0.941, P= 0.007, Table 3). Neither sex nor diabetes duration reached statistical significance (P > 0.05 for
both). In the univariate analysis, HbA1c did not reach statistical significance as a predictor of painful DPN (p > 0.05,
Table 1) and was consequently not included in the multivariate regression model.

Receiver operating characteristic curve analysis was performed to evaluate the ability of serum vitamin D levels to dif-
ferentiate patients with p-DPN from those with painless DPN. The results indicated that serum vitamin D level possessed
excellent diagnostic value for identifying painful DPN, with an area under the curve (AUC) of 0.976 (Figure 3). The opti-
mal serum 25(OH)D cutoff value for distinguishing painful DPN was determined to be 24.48 ng/mL, which yielded a sen-
sitivity of 81.3% and a specificity of 93.3%.

Figure 1. Small nerve fibers in the skin tissue. (a) Nerve fiber immunofluorescence staining with PGP9.5. (B) Analysis of
intraepidermal nerve fiber density (IENFD) using Image J.
NC: normal control; DPN: diabetic peripheral neuropathy; p-DPN: painful diabetic peripheral neuropathy; PGP9.5: protein gene
product 9.5. White arrows indicate the counted nerve fibers.
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Correlation analyses were performed to explore the relationship between vitamin D levels and specific neuropathy para-
meters. Significant positive correlations were observed between serum 25(OH)D levels and sural nerve amplitude (r=
0.377, P= 0.036) as well as peroneal motor nerve amplitude (r= 0.434, P= 0.015) (Table 4). Conversely, significant nega-
tive correlations were found between 25(OH)D and VPT (r=−0.393, P= 0.029) and the MNSI Physical Examination
Score (r=−0.456, P= 0.01) (Table 4). Although DB-HRV was reduced in neuropathy groups, it did not differ between
p-DPN and painless DPN groups (P= 0.221, Table 2) and showed no correlation with the vitamin D levels (r=−0.009,
P= 0.96, Table 4). Although IENFD was significantly lower in the combined DPN groups than in the non-DPN group
and controls (P < 0.001; Table 2; Figure 1), no significant correlation was found between 25(OH)D level and IENFD (r
= 0.138, P= 0.46, Table 4).

Discussion
Although p-DPN is a predominant cause of disability, contributing to foot ulcers, amputations, gait disturbances, and fall-
related injuries, its underlying pathogenesis remains incompletely elucidated. Accumulating evidence from recent studies
suggests an association between vitamin D deficiency and painful diabetic neuropathy.13,14,30

Our findings demonstrated significantly lower serum 25(OH)D levels in patients with p-DPN than in those with painless
DPN patients, non-DPN patients, and healthy controls. Crucially, after adjusting for potential confounders through multi-
variate logistic regression analysis, serum 25(OH)D level remained independently associated with painful DPN, with
excellent discriminative ability between painful and painless DPN (AUC = 0.976). Notably, this association was independ-
ent of IENFD, suggesting that vitamin D may influence pain through mechanisms beyond simple axonal degeneration.

Table 3. Logistic regression predicting the risk factors for painful DPN.

B SE Wald P Odds ratio 95% CI

Male −1.939 1.269 2.335 0.127 0.144 0.012–1.730
Duration 0.176 0.127 1.908 0.167 1.192 0.929–1.530
Vitamin D −0.223 0.083 7.236 0.007 0.800 0.680–0.941
Constant 8.518 3.366 6.402 0.011 5001.635

DPN: diabetic peripheral neuropathy; CI: confidence interval.

Figure 2. Serum vitamin D levels. The diabetes without neuropathy subgroup (non-DPN) showed significantly decreased serum
25(OH)D levels compared with the control group (NC). Serum 25(OH)D levels were significantly lower in diabetes with painful
neuropathy (p-DPN) groups than in those with painless neuropathy (DPN).
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An unexpected finding was that serum 25(OH)D levels were higher in the painless DPN group than in the non-DPN
group. Several explanations are possible. First, residual confounding (e.g. differences in sun exposure, physical activity,
or diet, which were not measured) may account for this observation. Second, reverse causation is possible: painless
DPN does not impair mobility, allowing patients to maintain outdoor activity and vitamin D synthesis. Our cross-sectional
design cannot distinguish between these possibilities, and longitudinal studies are warranted to clarify the underlying
mechanisms.

Vitamin D deficiency increases the risk of DPN in older patients with T2DM by predominantly increasing large-fiber
lesions.20 Our results align with this notion, as we found significant correlations between serum 25(OH)D levels and para-
meters reflecting large-fiber function, including sural nerve amplitude, peroneal motor nerve amplitude, vibration percep-
tion threshold (VPT), and the MNSI physical examination score. This suggests that vitamin D deficiency may contribute to
the severity of neuropathy, particularly affecting large fibers, in our cohort with well-established neuropathic disease. In
contrast, although IENFD was significantly reduced in both neuropathy groups compared with the non-DPN group, we
observed no significant difference in IENFD, a marker of small-fiber integrity, between the p-DPN and painless DPN
groups. This finding appears to contrast with that of a study by Shillo et al.,15 which proposed a role of vitamin D deficiency

Table 4. Correlation between vitamin D and neuropathy assessments in patients with neuropathy.

Variables r P

IENFD (fibers/mm) 0.138 0.460
DB-HRV (beats/min) 0.009 0.960
MNSI Questionnaire Score −0.352 0.052
MNSI Physical Examination Score −0.456 0.01
VPT (V) −0.393 0.029
Sural amplitude (μV) 0.377 0.036
Sural SNCV (m/s) 0.111 0.551
Peroneal MNAmp (μV) 0.434 0.015
Peroneal MNCV (m/s) 0.254 0.168

IENFD: intraepidermal nerve fiber density; DB-HRV: deep breathing-heart rate variability; MNSI: Michigan Neuropathy Screening Instrument; MNSI-Q:
MNSI questionnaire score; MNSI-P: MNSI physical examination score; VPT: vibration perception threshold; sural SNCV: sural nerve conduction velocity;
peroneal MNAmp: peroneal motor nerve amplitude; peroneal MNCV: peroneal motor nerve conduction velocity.

Figure 3. The receiver operating characteristic (ROC) curve for predicting painful DPN. The area under the ROC curve for vitamin D
was 0.976. A vitamin D level of 24.48 ng/mL served as the optimal cutoff point, providing a sensitivity of 81.3% and a specificity of
93.3%.
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specifically in small-fiber neuropathy, affecting nociceptors and correlating with sub-epidermal nerve fiber density but not
affecting nerve conduction studies. The discrepancy with our results, wherein IENFD did not correlate with vitamin D
levels, may be attributable to our relatively limited sample size and warrants further investigation in larger cohorts.

Several mechanisms may explain the link between vitamin D deficiency and painful DPN; however, our study did not
directly test them. Vitamin D may act on sensory nerves directly, as calcitonin gene-related peptide (CGRP)-positive neu-
rons show hormonally regulated vitamin D ligand and receptor levels.31 It may also modulate pain signaling pathways such
as nerve growth factor (NGF), glial cell line-derived neurotrophic factor (GDNF), and eGFR,32 thereby exerting neuropro-
tective effects on peripheral nerves.33 Additionally, vitamin D status may influence pain via gut microbiota alterations.34

Important supportive evidence comes from studies of chemotherapy-induced peripheral neuropathy (CIPN), a condition
pathophysiologically related to DPN. In both clinical studies and animal models, vitamin D deficiency is associated
with more severe CIPN, and supplementation reduces pain behaviors and preserves nerve fiber density.35,36 These parallels
strengthen the biological plausibility that vitamin D deficiency contributes to pain in DPN through shared mechanisms (e.g.
neuronal hyperexcitability, oxidative stress, and impaired neurotrophic support). Our cross-sectional findings cannot con-
firm any of these pathways; however, they provide a clinical rationale for future animal and cellular studies to investigate
the causal mechanisms linking vitamin D deficiency to painful DPN.

There was a significant negative correlation between serum 25(OH)D levels and pain scores (DN4).15 The addition of
oral vitamin D (5000 IU) once daily over 8 weeks to standard treatment (pregabalin, gabapentin, or amitriptyline) signifi-
cantly improves pain and mood in patients with diabetic neuropathy.37 Oral supplementation of vitamin D3 (50,000 IU)
once weekly for 12 weeks was associated with significant decrease in the symptoms and signs of diabetic neuropathy.17

Treatment with a single intramuscular dose of high-dose vitamin D 600,000 IU of vitamin D in patients with painful dia-
betic neuropathy is associated with a significant decrease in the symptoms of painful diabetic neuropathy.38 Although these
findings are promising, our present cross-sectional study did not assess the therapeutic efficacy of vitamin D supplemen-
tation. Prospective, randomized controlled trials are needed to definitively establish its role in managing painful DPN.

Several limitations of this study should be acknowledged. First, its cross-sectional design precludes the establishment of
a causal relationship between vitamin D deficiency and the development of painful DPN. Second, this study did not include
a formal a priori sample size calculation. The sample size was based on consecutive recruitment over a fixed period
(March–June 2022), the sample size was relatively small, which may limit the generalizability of the findings and the
power to detect more subtle associations, particularly concerning small-fiber parameters. Findings should be considered
exploratory, and future studies with larger, longitudinal cohorts are warranted to confirm and extend our observations.

In conclusion, this cross-sectional study found that lower serum vitamin D levels are associated with p-DPN and demon-
strated excellent discriminative ability between p-DPN and painless DPN. However, given the observational design and
modest sample size, these findings are hypothesis-generating only. They do not establish causality and should not be inter-
preted as supporting routine vitamin D screening or supplementation in clinical practice. Future prospective cohort studies
and randomized controlled trials are needed to determine whether vitamin D plays a causal role in the pathogenesis of pain-
ful DPN and whether supplementation has any therapeutic or preventive value.
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18. Filipović N, Ferhatović L, Marelja I, et al. Increased vitamin D receptor expression in dorsal root ganglia neurons of diabetic rats.
Neurosci Lett 2013; 549: 140–145.

19. Ferdousi M, Azmi S, Kalteniece A, et al. Greater small nerve fibre damage in the skin and cornea of type 1 diabetic patients with
painful compared to painless diabetic neuropathy. Eur J Neurol 2021; 28: 1745–1751.

20. Fei S, Fan J, Cao J, et al. Vitamin D deficiency increases the risk of diabetic peripheral neuropathy in elderly type 2 diabetes mellitus
patients by predominantly increasing large-fiber lesions. Diabetes Res Clin Pract 2024; 209: 111585.

21. American Diabetes A. 2. Classification and diagnosis of diabetes: standards of medical care in diabetes-2021. Diabetes Care 2021;
44: S15–S33.

22. Puavilai G, Chanprasertyotin S and Sriphrapradaeng A. Diagnostic criteria for diabetes mellitus and other categories of glucose
intolerance: 1997 criteria by the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus (ADA), 1998
WHO consultation criteria, and 1985 WHO criteria. World Health Organization. Diabetes Res Clin Pract 1999; 44: 21–26.

23. von Elm E, Altman DG, Egger M, et al. The strengthening the reporting of observational studies in epidemiology (STROBE) state-
ment: guidelines for reporting observational studies. Ann Intern Med 2007; 147: 573–577.

24. Bouhassira D, Attal N, Alchaar H, et al. Comparison of pain syndromes associated with nervous or somatic lesions and develop-
ment of a new neuropathic pain diagnostic questionnaire (DN4). Pain 2005; 114: 29–36.

25. Feldman EL, Stevens MJ, Thomas PK, et al. A practical two-step quantitative clinical and electrophysiological assessment for the
diagnosis and staging of diabetic neuropathy. Diabetes Care 1994; 17: 1281–1289.

26. Dyck PJ, Sherman WR, Hallcher LM, et al. Human diabetic endoneurial sorbitol, fructose, and myo-inositol related to sural nerve
morphometry. Ann Neurol 1980; 8: 590–596.

27. Dyck PJ, Karnes JL, Daube J, et al. Clinical and neuropathological criteria for the diagnosis and staging of diabetic polyneuropathy.
Brain 1985; 108: 861–880.

28. Lauria G, Bakkers M, Schmitz C, et al. Intraepidermal nerve fiber density at the distal leg: a worldwide normative reference study. J
Peripher Nerv Syst 2010; 15: 202–207.

29. Lauria G, Hsieh ST, Johansson O, et al. European Federation of Neurological Societies/Peripheral Nerve Society guideline on the
use of skin biopsy in the diagnosis of small fiber neuropathy. Report of a Joint Task Force of the European Federation of
Neurological Societies and the Peripheral Nerve Society. Eur J Neurol 2010; 17: 903–912. e944-9.

30. Chen X, Wan Z, Geng T, et al. Vitamin D Status, vitamin D receptor polymorphisms, and risk of microvascular complications
among individuals with type 2 diabetes: a prospective study. Diabetes Care 2023; 46: 270–277.

31. Tague SE and Smith PG. Vitamin D receptor and enzyme expression in dorsal root ganglia of adult female rats: modulation by
ovarian hormones. J Chem Neuroanat 2011; 41: 1–12.

32. Habib AM, Nagi K, Thillaiappan NB, et al. Vitamin D and its potential interplay with pain signaling pathways. Front Immunol
2020; 11: 820.

33. Sharma P, Rani N, Gangwar A, et al. Diabetic neuropathy: a repercussion of vitamin D deficiency. Curr Diabetes Rev 2023; 19:
e170822207592.

34. Waterhouse M, Hope B, Krause L, et al. Vitamin D and the gut microbiome: a systematic review of in vivo studies. Eur J Nutr 2019;
58: 2895–2910.

35. Chen CS, Zirpoli G, Barlow WE, et al. Vitamin D insufficiency as a risk factor for paclitaxel-induced peripheral neuropathy in
SWOG S0221. J Natl Compr Canc Netw 2023; 21: 1172–1180.e3.

36. Zhang J, Zhang X and Wu J. The correlation between vitamin D and the occurrence of peripheral neuropathy induced by paclitaxel
chemotherapy. Front Med (Lausanne) 2024; 11: 1466049.

37. Pinzon RT, Wijaya VO and Veronica V. The benefits of add-on therapy of vitamin D 5000 IU to the vitamin D levels and symptoms
in diabetic neuropathy patients: a randomized clinical trial. J Pain Res 2021; 14: 3865–3875.

38. Basit A, Basit KA, Fawwad A, et al. Vitamin D for the treatment of painful diabetic neuropathy. BMJ Open Diabetes Res Care
2016; 4: e000148.

12 Journal of International Medical Research


	 Introduction
	 Materials and methods
	 Study design
	 Setting
	 Patient selection
	 Anthropometrics and other biochemical parameter measurement
	 Vitamin D assay
	 Neuropathy assessment
	 Immunohistochemistry and skin biopsy
	 Statistical analysis

	 Results
	 Study participants
	 Characteristics of study participants
	 Clinical, neurophysiological, and skin biopsy data
	 Serum vitamin D levels
	 Multiple regression analysis for 25(OH)D level and p-DPN

	 Discussion
	 Acknowledgements
	 References

