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Purpose: Vitamin D is important for host immunity and a large proportion of herpes zoster patients experience vitamin
D insufficiency (VDI). However, the role of vitamin D in herpetic neuralgia (HN) remains controversial. This study aims to explore
the potential relationship between vitamin D status and HN characteristics.

Patients and methods: This prospective observational cohort study was conducted from February 2024 to November 2024 with 160
HN patients within 12 weeks after rash onset. Demographic and clinical data of patients were collected. The serum 25-hydroxyvitamin
D level, triglyceride and other laboratory parameters were measured at patients’ admission. Comprehensive pain evaluations including
the Brief Pain Inventory (BPI), 11-point Numerical Rating Scale (NRS) and Douleur Neuropathique 4 questionnaires were performed
at admission, as well as 1, 2, and 3 months after treatment.

Results: VDI was prevalent (121 VDI, 39 VDS) in the cohort. Although no significant correlation emerged between vitamin D levels
and BPI or NRS scores, Female (n = 82, odds ratio [OR] 2.80, 95% CI 1.30-6.33, P < 0.05) and high serum triglyceride level (OR
3.20, 95% CI 1.41-8.86, P < 0.05) were identified as independent predictors of VDI. Female patients exhibited a significant negative
correlation between vitamin D status and burning pain (Spearman’s p = —0.347, P < 0.001) and a concomitantly lower early pain relief
rate compared to males, in whom the correlation was non-significant (n = 78, p = 0.7, P > 0.05).

Conclusion: Low vitamin D levels are common in HN patients. The sex-specific association between VDI and burning pain, as well
as short-term prognosis, Triglyceride levels served as a predictive indicator for VDI in HN patients. Future studies are needed to
elucidate the underlying mechanisms of the pain-vitamin D association specifically in female patients.
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Introduction
Herpetic neuralgia (HN) is a distinct neuropathic pain syndrome characterized by hyperalgesia and paresthesia following
the reactivation of latent varicella-zoster virus in sensory ganglia." Pain persists for >3 months after the initial outbreak of
herpes zoster (HZ) is classified as postherpetic neuralgia (PHN).> Approximately 9% to 34% of HZ patients will progress
to PHN, with the incidence increasing to 65% in patients aged >60 years.” The pathogenic mechanism of HZ has not
been completely understood, and current therapeutics for HN and PHN demonstrate limited efficacy in clinical practice.
Beyond its canonical effect in skeletal homeostasis, vitamin D functions as a pleiotropic neuroactive steroid in
neuroinflammation and immune modulation.* It exerts anti-inflammatory effect by suppressing pro-inflammatory cyto-
kine cascades and enhancing the production of anti-inflammatory mediators. Furthermore, vitamin D exhibits notable
antiviral properties by promoting antimicrobial peptide synthesis, potentially mitigating viral replication and
reactivation.” Vitamin D insufficiency (VDI) is highly prevalent among patients with chronic pain, with an incidence
rate of averaging 50%.° The mechanistic link between VDI and chronic pain potentially involves enhanced central
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sensitization in nociceptive pathways secondary to abnormal vitamin D level.” Besides, Activation of the vitamin
D receptor (VDR) inhibits PKCa/NOX4 signaling-mediated mitochondria-associated ferroptosis, thereby preserving
spinal GABAergic interneurons and ultimately alleviating neuropathic pain.® The specific mechanisms by which vitamin
D influences pain perception remain elusive.

The multiple properties of vitamin D indicate its potential involvement in attenuating varicella-zoster virus reactiva-
tion and subsequent development of HN through disrupting persistent neuroinflammatory process.® Moreover, the crucial
role of vitamin D in calcium homeostasis warrants particular consideration’ as dysregulation of calcium signaling is
significantly correlated with both HN severity and clinical outcomes'® and the independent regulatory role of estrogen in
calcium transport, as well as its synergistic effects with the vitamin D system."" So sex also influencing vitamin D levels.
Existing literature indicates that women in China are more susceptible to vitamin D deficiency than men,'? An Italian
cohort study on vitamin D conducted between 2005 and 2016 demonstrated a higher prevalence of vitamin
D insufficiency in women compared to men.'” On the other hand, It may regulate microsomal triglyceride transfer
protein (MTP) by modulating calcium metabolism, thereby reducing triglyceride synthesis and secretion.'* However,
previous studies yielded contradictory findings about the role of vitamin D in HN. VDI was identified as an independent
predictor of HN development in a previous study,'”> whereas others found no significant association between reduced
vitamin D level and neuropathic pain syndrome.'® Due to the complexity of the pathophysiology of HN, more
investigations are needed to explore the role of vitamin D in HN.

In this study, we aimed to determine the relationships among serum vitamin D level, characteristics of HN in acute/
subacute phase (within 12 weeks from rash onset), and therapeutic responsiveness in a cohort of acute and subacute HN
patients who were hospitalized in a university-affiliated teaching hospital.

Methods

Study Design and Participants

This prospective observational cohort study was conducted from February 2024 to November 2024 at Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. The study protocol was
approved by the Ethics Committee of Tongji Hospital (TJ-IRB20231251) on December 7, 2023, and registered at
ClinicalTrials.gov (NCT06232486) on December 25, 2023. The first patient was enrolled on February 5, 2024, and the
last interview of follow-up was finished on November 7, 2024, Written informed consent was obtained from all patients.
The study was conducted in accordance with the Declaration of Helsinki and followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guideline.

Inclusion and Exclusion Criteria

This study comprised HN patients who visited our outpatient pain clinic and hospitalized for treatment. The diagnosis of
HZ and HN was performed according to Chinese version of the 10™ International Classification of Disease (ICD-10-CM:
B02. 9)."” The inclusion criteria were as follows: (1) age >18 years; (2) patients diagnosed as HN with a disease course
from rash onset of < 3 months; and (3) patients who cooperated with completing the inquiry and scale evaluation. The
exclusion criteria were factors may affect vitamin levels, function and metabolism below: (1) severe spinal disease
(fracture, malignancy, acute or chronic infection) confirmed by previous spinal surgery or imaging;'® (2) presence of
autoimmune diseases (systemic lupus erythematosus, rheumatoid arthritis, auto thrombocytopenia);'® (3) presence of
mental disorders, intellectual disability, epilepsy;*® (4) history of substance, drug, or alcohol abuse; (5) pregnant or
breastfeeding women;?! and (6) recent participation in other clinical studies.

Data Collection

Patients’ demographic data were collected from the electronic medical database. Pain assessments, including the Brief
Pain Inventory (BPI), 11-point Numerical Rating Scale (NRS), and Douleur Neuropathique 4 (DN4) questionnaires, were
performed at patients’ admission to the ward through in-person interview, and 1, 2, and 3 months after standardized
treatment by telephone consultation.
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Plasma Sample Collection and Measurements

Blood samples were collected on day 2 after admission at 08:00-09:00 (fasting, 5 mL, EDTA) for the measurements of
25-hydroxyvitamin D [25(OH)D], immune indicators (C3, C4, CD4" and CD8" T cells), inflammatory factors [inter-
leukin (IL)-6, IL-8, tumor necrosis factor-alpha (TNF-a), and IL-10], triglyceride (TG), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), blood uric acid (UA), mean cell volume (MCV), and serum electrolytes Ca”" with
clinical conventional laboratory tests. All indicators were measured in the hospital’s clinical laboratory following
standard operating procedures on weekdays. The details of all testing assays, instruments, and major reagents are
summarized in Supplementary Table 1.

Treatments

The standardized treatment protocol for HN patients with a disease course of < 3 months included nerve block, pulse
radiation frequency (PRF), and spinal cord stimulation (SCS). Treatments were administered based on pain intensity and
treatment history: nerve block for mild pain, pulsed radiofrequency (PRF) for moderate to severe pain, and spinal cord
stimulation (SCS) for cases of recurrence or refractory pain. All patients provided informed consent before treatment.

Vitamin D Status

Vitamin D status was classified according to the consensus from the First International Conference on Controversies in
Vitamin D. Serum 25(OH)D levels below 12 ng/mL (30 nmol/L) were classified as deficient and associated with increased
disease risk, while levels of 20-50 ng/mL (50—125 nmol/L) were considered as sufficient for optimal health.** According to
previous study,”® HN patients in this study were stratified into vitamin D insufficient (<20 ng/mL) and vitamin D sufficient
(>20 ng/mL) groups. A 250HD level of 20 ng/mL is recommended for adults aged 1870 and those over 71.%*

Sample Size

Sample size calculation was performed using (PASS software, version 15, NCSS, LLC). And based on the reported VDI
prevalence of 73.9% in the PHN group and 47.0% in the control group.'® To detect this difference with 90% power at a two-
sided significance level a=0.05, 130 participants were required. After inflating the sample size by 20% to account for potential
loss to follow-up, a final sample of 152 was planned for recruitment. The final sample size for this study was 162 individuals.

Statistical Analysis

Statistical analysis was performed using SPSS software (IBM SPSS Statistics version 27). Statistical significance was
established at P <0.05. Variables with >10% missing data were excluded from statistical analyses, including ESR and
CRP, and outliers were treated as missing data to be deleted.

Categorical variables were expressed as frequencies and percentages, while continuous variables as means with
standard deviations for normally distributed data or medians with interquartile ranges for non-normally distributed data.
Kolmogorov—Smirnov test was used to assess the normality of continuous variables. Group differences in categorical
variables were analyzed using appropriate chi-square or Fisher’s exact tests. For continuous variables, comparisons
between groups were conducted using either Student’s #-test or two-way ANOVA, followed by Dunn’s multiple
comparison test with Bonferroni correction for post hoc analysis, Comparisons between sex groups on the 11 pain
indicators were performed using Bonferroni correction was applied by setting the significance level at a = 0.05/11 =
0.005. Variables at different time points were analyzed using repeated measures ANOVA. Mann—Whitney test was used
for continuous variables that were not normally distributed.

The associations between serum 25(OH)D levels and pain severity metrics were assessed using Spearman’s rank
correlation analysis. Multivariate logistic regression model was used to identify independent risk factors for VDI, This
process entailed first conducting univariate analyses, followed by the entry of variables demonstrating preliminary signifi-
cance (P < 0.1) into a multivariate model using stepwise regression to screen for the final predictive factors. Since most
patients in our cohort underwent PRF therapy, their data were used to analyze the relationship between VD level and
therapeutic outcome. The pain relief was defined as NRS score was reduced by at least 30% after treatment. Time-to-event
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analyses for pain relief were conducted with stratification by sex and vitamin D status. Kaplan-Meier survival curves were
compared using Breslow test to determine the significant differences in therapeutic effect rates between groups.

Results
A total of 162 HN patients were assessed for eligibility. Two patients were excluded due to autoimmune disease and accepting
orthopaedic surgery, respectively. Of 160 patients, most of them (66.3%) completed 12-week follow-up (Figure 1).

Demographic and Clinical Characteristics of Patients

Of all the 160 patients, the median (interquartile range) age was 65 (59-71) years and 121 (75.6%) presented with VDI. The
clinical characteristics of the patients are presented in Table 1. Although the proportions of the males and females were
comparable in all patients, VDI was significantly more prevalent among females than males (P = 0.006). No significant
differences were observed between groups in terms of BPI or NRS scores at admission and the prevalence of neuropathic pain
characteristics, such as numbness, acid pain, burning pain, swelling sensations, sharp pain, electric shock-like sensations, or
allodynia (P >0.05, Table 2). VDI patients had high serum triglyceride levels than those without VDI (P = 0.015, Table 3).

Risk Factors for Vitamin D Insufficiency in HN Patients
The incorporating variables included in multivariate logistic regression analysis were sex, hypertension and serum TG
level, which demonstrated P <0.1 in univariate analysis. Female was identified as an independent risk factor for VDI,
with male patients demonstrating a 64.3% lower probability of VDI (P = 0.011; OR = 0.357; 95% CI, 0.157-0.772).
Additionally, TG levels were significantly associated with vitamin D status, with each 1 mmol/L increase in TG level
conferring a 3.203-fold higher risk of VDI (P =0.014; OR = 0.312; 95% CI, 0.112-0.710) (Table 4). Both TG levels and
female sex were significantly associated with VDI in patients with HN.

Receiver operating characteristic curve analysis of TG level as a predictor of VDI yielded an area under the curve of
0.625 (95% CI, 0.535-0.723; P = 0.015), indicating moderate discriminating capacity (Figure 2). The optimal threshold
value, determined by maximizing Youden’s index (sensitivity + specificity — 1), was 1.55 mmol/L, corresponding to

| 162 individuals assessed for eligibility |

2 excluded
1 autoimmune disease

Y
| 160 were allocated

v v

] 1 accept orthopedic surgery

121 vitamin D insufficiency | 39 vitamin D sufficiency
87 completed 4-week follow-up 31 completed 4-week follow-up
34 lost to follow-up 8 lost to follow-up
84 completed 8-week follow-up 29 completed 8-week follow-up
3 lost to follow-up 2 lost to follow-up
77 completed 12-week follow-up 29 completed 12-week follow-up
7 lost to follow-up 0 lost to follow-up
77 included in analysis | 29 included in analysis

Figure | Flow diagram of the study. Bolded black labels shows the number of subjects included.
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Table | Demographic and Clinical Characteristics Between Groups Based on Vitamin D Status

Variable All (n = 160) | Vitamin D Insufficiency | Vitamin D Sufficiency P
(n=121) (n=39)
Age, years 65 (59-71) 66 (59-71) 64 (36-87) 0.80
<60 years, n (%) 54 (33.75) 42 (34.71) 12 (30.77)
260 years, n (%) 106 (66.25) 79 (65.29) 27 (69.23)
Sex, n (%) 0.006**
Male 78 (48.75) 51 (42.15) 27 (69.23)
Female 82 (51.25) 70 (57.85) 12 (30.77)
Body mass index (kg/m?) 23.14 (3.22) 23.31 (3.13) 22.62 (3.47) 0.27
Comorbidity, n (%)
Hypertension 52 (32.50) 44 (36.36) 8 (20.51) 0.10
Diabetes 25 (15.62) 22 (18.18) 3 (7.69) 0.19
Heart disease 15 (9.38) 12 (9.92) 3 (7.69) >0.999
Duration of disease, n (%) 0.28
<| month 96 (60.00) 76 (62.81) 20 (51.28)
2| month 64 (40.00) 45 (37.19) 19 (48.72)
Side, n (%) 0.93
Left 79 (49.38) 59 (48.76) 20 (51.28)
Right 81 (50.62) 62 (51.24) 19 (48.72)
Location, n (%) 0.94
Head 26 (16.25) 19 (15.70) 7 (17.95)
Body 134 (83.75) 102 (84.30) 32 (82.05)

Notes: Vitamin D insufficiency defined as Serum 25(OH)D levels <20 ng/mL. Data are presented as mean (standard deviation),
median (interquartile range), or frequency and percentage. **P <0.01, Vitamin D Insufficiency vs Vitamin D Sufficiency.

Table 2 Proportions of Items in the DN4 Questionnaire of HN Patients at Admission

Variable All (n = 160) | Vitamin D Insufficiency | Vitamin D Sufficiency P
(n=121) (n=39)

BPI score 21 (16-27) 21 (16-27) 21 (15.50-28) 0.80
NRS score 5 (5-6) 6 (5-6) 5 (5-6) 0.62
DN4 score 2 (2-3) 2 (2-3) 2 (2-3) 0.80
Jumping pain, n (%) 16 (10.00) 14 (11.57) 2 (5.13) 0.36
Swelling pain, n (%) 29 (18.12) 24 (19.83) 5(12.82) 0.45
Acid pain, n (%) 16 (10.00) 12 (9.92) 4 (10.26) 1.00
Numbing, n (%) 29 (18.12) 23 (19.01) 6 (15.38) 0.79
Burning pain, n (%) 75 (46.88) 55 (45.45) 20 (51.28) 0.65
Shark pain, n (%) 82 (51.25) 60 (49.59) 22 (56.41) 0.58
Stinging pain, n (%) 124 (77.50) 95 (78.51) 29 (74.36) 0.75
Tenderness, n (%) 20 (12.50) 13 (10.74) 7 (17.95) 0.27

Note: Data are presented as median (interquartile range) or frequency and percentage.
Abbreviations: HN, herpetic neuralgia; BPI, Brief Pain Inventor; NRS, Numerical Rating Scale; DN4, Douleur
Neuropathique 4 questionnaire.

a sensitivity of 94.87% and specificity of 33.06%. Notably, this threshold was lower than the established clinical
reference value of 1.7 mmol/L for hypertriglyceridemia.

Association Between Vitamin D Status and Pain Characteristics Among Male and
Female Patients
A significant negative correlation was observed between serum 25(OH)D levels and burning pain in female patients
(P <0.001). No significant correlations were identified between serum 25(OH)D levels and BPI scores, NRS scores, DN4
composite scores, or other specific pain characteristics in either male or female patients (Table 5).
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Table 3 Results of Clinical Laboratory Tests of HN Patients at Admission

Variable All (n = 160) Vitamin D Insufficiency (n = 121) | Vitamin D Sufficiency (n = 39) P
C3 0.86 (0.16) 0.86 (0.16) 0.85 (0.17) 0.87
C4 0.2 (0.2-0.2) 0.2 (0.2-0.2) 0.2 (0.2-0.2) 0.77
CD4" 24.8 (20.1-33.0) 24.8 (19.0-32.8) 26.5 (21.3-35.6) 0.18
cDg* 71.4 (60.6-81.2) 71.4 (56.8-81.2) 71.4 (62.2-79.7) 0.8l
IL-6 2.2 (1.54.0) 2.2 (1.5-3.9) 2.3 (1.54.8) 0.74
IL-8 10.9 (7.7-15.7) 10.9 (7.9-15.7) 10.9 (7.5-15.1) 0.76
TNF-a 1.3 (94-13.9) 11.8 (9.5-13.9) 10.6 (8.3-12.6) 0.10
IL-10 5.0 (5.0-5.0) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 0.14
TG 1.37 (1.16-1.62) 1.37 (1.22-1.82) 1.37 (1.00-1.43) 0.015%
UA 295.4 (249.3-355.0) 295.4 (247.0-359.2) 295.4 (251.5-348.0) 0.79
MCV 90.3 (88.0-92.7) 90.3 (87.9-93.1) 89.8 (88.0-91.0) 0.23
Ca** 2.3 (2.2-23) 2.3 (2.2-23) 2.3 (2.2-23) 0.47

Notes: Data are presented as mean (standard deviation) or median (interquartile range).

*P <0.05.

Abbreviations: HN, herpetic neuralgia; IL-6, interleukin-6; IL-8, interleukin-8; TNF-0, tumor necrosis factor-o; IL-10, interleukin-10; TG,
Triglyceride; UN, uric acid; MVC, mean corpuscular volume.

Table 4 Multivariable Logistic Regression Analysis of Risk
Factors for Vitamin D Insufficiency in HN Patients

Variable B SE OR 95% CI P
Sex 1.028 | 0.402 | 2.797 | (1.293-6.331) | 0.011*
Triglyceride | 1.164 | 0.471 | 3.203 | (1.408-8.861) | 0.014*

Note: *P <0.05.
Abbreviations: HN, herpetic neuralgia; f, logistic coefficient; SE, standard
error; OR, odds ratio (adjusted); Cl, confidence interval.

Prediction of Treatment Outcomes

Among all patients, 69.4% (111/160) received PRF (VDI group: 71.8%; vitamin D sufficiency group: 61.5%)) and 83.3%
of them experienced pain relief at discharge, 21.3% (34/160) received SCS with 94.1% of pain relief, 3.8% (6/160)
received nerve block with 66.7% of pain relief, and 5.6% (9/160) received drug therapy only with 11.1% of pain relieve.

100 =
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Figure 2 Receiver operating characteristic curve for triglyceride in vitamin D insufficiency.
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Table 5 Correlations Between Vitamin D Status and
Pain Characteristics with Respect to Sex

Variable Spearman Correlation Coefficient
Male P Female P
BPI score —0.053 | 0.64 0.10 0.38
NRS score —0.062 | 0.59 0.04 0.71
DN4 score —0.064 | 0.59 0.04 0.71
Jumping pain | —0.202 | 0.07 | —0.07I 0.52
Swelling pain | —0.045 | 0.69 | —0.109 0.32
Acid pain 0.01 095 | -0.204 0.06
Numbing —0.163 | 0.15 0.13 0.23
Burning pain 0.07 0.56 | —0.347 | <0.001%**
Shark pain 0.12 0.31 0.17 0.13
Stinging pain | —0.004 | 0.98 | -0.148 0.18
Tenderness 0.08 0.49 0.12 0.30

Notes: Statistically significant after Bonferroni correction (o = 0.005).
**P < 0.01.

Abbreviations: BPI, Brief Pain Inventory; NRS, Numerical Rating
Scale; DN4, the Douleur Neuropathique 4 questionnaire.

The following analysis was restricted solely to the PRF treatment regimen. The NRS scores at 1, 2, and 3 months after
discharge had no significant difference between patients with and without VDI (Figure 3). The Kaplan Meier curves in
Figure 4 showed the pain relief of males (50/111) and females (61/111) after PRF treatment, as well as its distribution in
patients with (87/111) and without VDI (24/111). Breslow test showed a significant difference in early survival between
male and female patients (95% CI, 0.37-1.10; P <0.05). Survival analysis during follow-up period of less than 60 days
indicated the poor pain relief effect after PRF therapy in female patients (HR = 0.38; 95% CI, 0.20-0.74; P <0.01).

Discussion

This study revealed a 75.6% prevalence of VDI in HN patients. Female and high serum triglyceride level were identified
as the independent predictors of VDI. Although no global correlation emerged between serum 25(OH)D level and pain
intensity, we identified a significant negative association between vitamin D status and burning pain in female patients.
Additionally, female patients had a significant lower pain relief rate than male at early stage after PRF therapy.

The high prevalence of VDI observed in our cohort aligns with previous study.?” This phenomenon is typically the
result of multiple contributing factors. The average age of the participants in this study is over 60 years old, and advanced
age is closely related to the increased incidence of VDI and osteoporosis, not just HN.?* Increased comorbidity burden,
such as diabetes, asthma, lymphoproliferative disorders, and Helicobacter pylori-associated peptic ulceration, may
contribute to the onset of VDI.?*** Through its modulation of innate and adaptive immunity, vitamin D may influence

A B C
10 ) 10 ) 10 )
P>0.05 =3 VDI n=87 P>0.05 = VDI n=84 P>0.05 = VDI n=77
87 =1 VDS n=31 87 =3 VDS n=29 8 =1 VDS n=29
g 61 g 6 g 6
= =] =]
g o N N
2 $ £ ~ 4 R
zZ 24 z 2 zZ 24 :l
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VDI VDS VDI VDS VDI VDS

Figure 3 The NRS scores between VDI and VDS groups during 3-month follow-up. (A) During | month, VDI vs VDS, P > 0.05; (B) During 2 month, VDI vs VDS, P > 0.05;
(C) During 3 month, VDI vs VDS, P > 0.05.
Abbreviations: VDI, vitamin D Insufficiency; VDS, vitamin D sufficiency.
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Figure 4 Probability of pain alleviation during 3-month follow-up. (A) VDI vs VDS, P > 0.05; (B) Male vs Female, P < 0.05; (C) Male vs Female, P < 0.01.
Abbreviations: VDI, vitamin D Insufficiency; VDS, vitamin D sufficiency.

several aspects of herpes zoster, from susceptibility and clinical course to its outcomes. This influence potentially
encompasses treatment complications, drug efficacy, and the risk of postherpetic neuralgia.”” However, the temporal
relationship between suboptimal vitamin D status and HN needs to be determined. Whether VDI predates and potentially
predisposes to HN development, or represents a consequence of pain-related behavioral changes or ongoing neuroin-
flammatory processes are still unclear.

We found serum vitamin D levels did not correlate with global pain severity metrics, which corresponds with the
observation by Lin et al that neither VDI nor supplementation influenced HZ incidence.>® However, the results of Chen
et al identified low vitamin D level as an independent predictor of post-HN development.'® These discrepancies might reflect
the methodological heterogeneity in defining VDI, with threshold values ranging from 15 ng/mL to 30 ng/mL across the
studies.*® Our classification adhered to the recently adopted European guidelines, including those from the European Calcified
Tissue Society, which recommend a threshold of 20 ng/mL (50 nmol/L) to define vitamin D insufficiency or sufficiency.’'

The negative correlation between serum 25(OH)D levels and burning dysesthesia, specifically in female patients with
HN, indicates a novel finding of sex-specific pathogenetic mechanisms. HN typically manifests as multiple somatosen-
sory abnormalities, including spontaneous lancinating pain, dysesthesia, and burning sensations within the affected
dermatomal distribution.>* The burning component specifically implicates the spontaneous activation of intact C-fiber
nociceptors.”® VDI may enhance spontaneous activity and prolong evoked responses in primary afferent neurons.**
Evidence suggests that estrogen acts via ERa to presynaptically suppress nociceptive transmission from Ad- and C-fibers
to spinal SG neurons, as blocking this receptor with MPP enhanced both synaptic excitation and behavioral responses.*
Vitamin D not only improve the bioavailability of estrogen, but also the latter can improve vitamin D absorption
efficiency and affinity of transport system in women especially at autoimmune diseases.*® Following ovariectomy, the
marked reduction in total VDR expression, largely due to a specific loss of cytoplasmic VDR in unmyelinated CGRP-
positive neurons, implicates vitamin D signaling in a specialized, nociceptive-specific pathway.>” Based on these
findings, we speculate that estrogen may impacts pain progression through VDR modulation C-fiber nociceptors,
warranting further investigation into the specific processes of estrogen and VDR interplay in HN.

Identifying serum TG level as an independent predictor of VDI in HZ patients is a novel finding of this study. This aligns
with the findings in type 2 diabetes mellitus, which showed a correlation between hypertriglyceridemia and vitamin
D deficiency.®® These potentially reflect the fat-soluble properties of vitamin D and its regulatory effect in lipid
metabolism,*® and the increased age is related to the incidence of hypertriglyceridemia.*® However, there is currently limited
evidence about the relationship between TG and VDI in herpes zoster neuralgia. Emerging data indicate that vitamin
D receptor polymorphism influences lipid homeostasis, with specific genetic variants associated with elevated triglyceride
and cholesterol profiles.*' ™ Furthermore, calcium and vitamin D co-supplementation effectively reduced total cholesterol
and TG levels.** The lower TG threshold (1.55 mmol/L) identified in our cohort compared with standard clinical reference
(1.7 mmol/L) likely reflects the distinct demographic and metabolic characteristics of HN patients, highlighting the complex
interrelationship between vitamin D homeostasis and lipid metabolism in neuroinflammatory condition, and it is a potential
predictor of vitamin D deficiency in HN patients, useful for preliminary screening but not sufficient for diagnosis.
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This study has several limitations. First, sun exposure, daily activity, and dietary intake were the potential influential
factors for vitamin D status. Their relationships with HZ were not considered in our study. Second, A limitation of this
prospective observational study is the loss of patients to follow-up, for whom treatment efficacy remains unknown. This may
bias the outcome assessment. Therefore, the follow-up results are exploratory and not conclusive. Third, A limitation of this
study is the absence of an a priori power calculation for subgroup analyses, including the sex-stratified correlation analyses.
Last, The observational study prevents us from making causal inferences about the roles of the studied factors in the
development of vitamin D deficiency. But the observed association is consistent with the known role of vitamin D in the
disease. In addition, our recent results show that vitamin D correlates with burning pain in HN female patients, and that
triglycerides and gender serve as predictive factors for VDI. There is a need for a prospective, randomized cohort study to
determine the difference of vitamin D levels in HN patients exhibiting various pain characteristics.

Conclusion

A significant negative association exists between serum 25(OH)D levels and burning dysesthesia in female than male patients,
VDI is highly prevalent among HN patients, but does not correlate with pain intensity. Sex and triglyceride are dependent
predictors for VDI in HN. In addition, we identified poorer short-term functional recovery in female patients after PRF. Our
findings provide guidance for tailoring personalized treatment and improving prognostic evaluation in HN. Future studies are
needed to elucidate the underlying mechanisms of the pain-vitamin D association specifically in female patients.

Date Sharing Statement
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(bigpain@163.com) after the manuscript’s publication and for up to 2 years. Access requires approval by the Institutional
Review Board and is contingent on the completion of a data use agreement.
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