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VITAMIN D’S ROLE IN NEUROPATHIC PAIN - A SYSTEMATIC REVIEW
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Abstract

Chronic neuropathic pain (NP) is a debilitating condition characterized by persistent pain caused by nerve
damage. This condition significantly impacts the quality of life, leading to functional limitations, emotional dis-
tress, and economic burden. Various underlying conditions, including diabetes, carpal tunnel syndrome, and
chronic widespread pain contribute to the NP development. While traditional pharmacological interventions often
provide limited relief and have associated side effects, recent research has explored the potential therapeutic ben-
efits of vitamin D. A systematic review was conducted adhering to the PRISMA guidelines to evaluate the efficacy
of vitamin D supplementation in managing NP. Seven studies (2016-2024) were included in the analysis, encom-
passing a total of 561 participants with diverse NP etiologies. The studies investigated the impact of various vita-
min D dosages (2000-600,000 1U), administered orally or intramuscularly, for 8 to 20 weeks. Despite the hetero-
geneity in vitamin D dosage and treatment regimens across the included studies, a consistent trend emerged: a
significant reduction in pain scores was observed in all studies following vitamin D supplementation. Moreover,
some patients reported improvements in functional mobility and overall quality of life. However, it was difficult
to draw a conclusion on the optimal dose of vitamin D for neuropathic pain due to variability on the dose and the
route of administration. The findings of this systematic review provide compelling evidence for the potential ther-
apeutic role of vitamin D in the NP management. While further research is warranted to elucidate the optimal
dosage, treatment duration, and underlying mechanisms of action, vitamin D supplementation holds promise as a
valuable adjunct therapy for individuals suffering from chronic neuropathic pain. Future studies should explore
the synergistic effects of vitamin D with other therapeutic interventions and investigate its potential to mitigate the

debilitating impact of NP.
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Introduction

Neuropathic pain (NP), a debilitating condition
characterized by lesions or disease in the somatosen-
sory system, significantly impacts both individual
productivity and societal function (1). This condition
affects an estimated 7-10% of the general population
and 30% of individuals with diabetes mellitus. It also
often leads to insufficient or incomplete treatment (2,
4). A study involving 70 NP patients found that 65% of
patients with diabetic peripheral neuropathy (DPN)
missed work or experienced reduced productivity due
to pain (5). Several studies also highlight the substantial
economic burden of this condition, estimated at $US10
billion annually in the United States alone (6).

NP manifests as a spectrum of unpleasant sensory
experiences, including allodynia, hyperalgesia, and
paresthesia (7). Allodynia is defined as a painful per-
ception in response to non-noxious stimuli, such as
light touch or slight temperature changes. Hyperalge-
sia, on the other hand, is defined as an excessive re-
sponse to a noxious stimulus including mechanical,
chemical, and thermal induction (8). Paresthesia en-
compasses a range of abnormal sensations, ranging
from tingling and pricking to burning and electrical

shocks, further contributing to the debilitating nature of
NP (3). These diverse sensory features profoundly im-
pact the quality of life and contribute significantly to
the morbidity associated with the condition (9).

Numerous condition associated with neuropathic
pain, including trigeminal neuralgia caused by trigemi-
nal nerve dysfunction; painful polyneuropathies, repre-
sented by diabetic neuropathy and chronic widespread
pain (CWP); postherpetic neuralgia due to previous
herpes zoster infection; painful radiculopathy, originat-
ing from spinal nerve root compression; central neuro-
pathic pain, caused by lesions within the central nerv-
ous system; and mononeuropathies, including carpal
tunnel syndrome (CTS), affecting specific nerve distri-
butions. This condition provides valuable insights for
diagnosis and treatment (10).

While diagnosing and managing neuropathic pain
(NP) remains challenging, due to the lack of standard-
ized biochemical assessment tools (3), clinical symp-
toms remain as a main clue. To support the diagnosis,
validated pain severity scales, including Visual Ana-
logue Scale (VAS), Numeric Rating Scale (NRS),
Douleur Neuropathique en 4 Questions (DN4), and
Leeds assessment of neuropathic symptoms and signs
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(LANSS) can be used. Moreover, quality-of-life ques-
tionnaires (NeuroQol) can be performed to see the full
picture of how NP affects each patient. By combining
these insights with physical examination and imaging
results, tailored treatment strategies can be made to al-
leviate the pain and restore function to those struggling
with this often-debilitating condition (11).

Current treatment for neuropathic pain includes a
combination of several drugs classes such as weak opi-
oids, non-opioid analgesics, antidepressants, and anti-
convulsants like gabapentinoid (1). However, these
treatments exhibit variable efficacy, potentially requir-
ing increasing dose, and raising safety concerns, partic-
ularly in the elderly population. Several studies demon-
strated an increasing risk of mortality, dizziness, cogni-
tive decline, and respiratory depression when using
opioid and gabapentinoids combination (12, 13). Phar-
macokinetic and pharmacodynamic interactions might
be responsible for this condition, where opioids en-
hance gabapentinoids bioavailability, and further cause
respiratory distress, such as in high-dose pregabalin ad-
ministration (14). Consequently, the need for novel
therapeutic agents that potentiate analgesic efficacy
while minimizing adverse effects is evident.

The research interest in vitamin D, its properties
and recommendations for its intake has not decreased.
In fact, it has an increased significantly in recent years,
making vitamin D one of the most studied nutrients.
This has spurred interest in nutraceuticals, including
vitamins, minerals, such as vitamin D, as potential sup-
plementation to the main therapies in combating neuro-
pathic pain (15). These agents might improve pain
management with a potentially safer profile. Vitamin D
supplementation is a method that has gained interest in
the treatment of neuropathic pain because it is recog-
nized to be crucial for nerve health and pain regulation
(16). Although several studies have shown an associa-
tion between low vitamin D levels and increased neu-
ropathic pain sensitization, the exact mechanisms that
link the two are still not fully understood.

While clinical research on Vitamin D's efficacy in
chronic pain, particularly neuropathic pain, remains in
its early stages, compelling evidence suggests its in-
volvement in the pathogenesis of this condition through
its anti-inflammatory, analgesic, antioxidant, and neu-
roprotective properties (9, 11,17). This review (regis-
tered in PROSPERO CRD42023433300); therefore, it
aims to systematically evaluate the effectiveness of Vit-
amin D as a potential therapeutic agent for neuropathic
pain. In addition, this review also aims to identify and
analyse future prospects regarding the use of vitamin D
as an additional therapy in neuropathic pain cases with
more personalized approach that could lead to more ef-
fective clinical management in the future.

Materials and Methods

Literature Search Strategy

The search, screening, and data abstraction were
independently conducted by HMS and RR. In June
2023, the search was carried out in the Scopus and Pub-
Med databases. Two medical subject headings (MeSH)
phrases were utilized in the search. The keyword com-
binations used in searches: “((vitamin D*[MeSH

Terms]) OR (Calcitriol[MeSH Terms])) OR (cholecal-
ciferol[MeSH Terms] AND (neuropathic*[MeSH
Terms]) OR (pain*[MeSH Terms]) OR (burn*[MeSH
Terms]) OR (allodynia[MeSH Terms])) OR (hyperal-
gesia[MeSH Terms]) OR (dysesthesia[MeSH Terms]).
An English language and period of study from 2003 to
2024 filter was applied in this search.

Inclusion and Exclusion Criteria

Each paper was reviewed for screening by two re-
viewers, and a discussion with third reviewer was per-
formed if there was ambiguity or disagreement. Arti-
cles had to focus on vitamin D as a therapeutic option
for patients suffering from neuropathic pain associated
with a variety of conditions, including spinal cord in-
jury, post-stroke, multiple sclerosis, cervical radicu-
lopathy, sciatica, diabetic and non-diabetic neuropa-
thies, HIV/AIDS, post-herpetic neuralgia, osteoarthritis
with a neuropathic pain component, and trigeminal
neuralgia. Additionally, only studies involving human
participants above the age of 18 were included, ensur-
ing the generalizability of findings. Selection criteria
did not discriminate based on race, ethnicity, gender, or
geographical location. Participants in all included stud-
ies were diagnosed with neuropathic pain by a physi-
cian based on a combination of symptoms, signs, and/or
validated neuropathic pain scoring systems such as
DN4. Pain assessment primarily utilized tools like the
VAS, NRS, and DN4. Furthermore, functional status
outcomes were often evaluated using measures like the
Boston Symptoms Severity Scale (SSS), Boston Func-
tional Status Scale (FSS), Pain Disability Index (PDI),
and NeuroQol. There were no specific dosages, routes
of administration, combinations, durations, or forms of
vitamin D. The outcome of the intervention studies was
a change in neuropathic pain in terms of pain score and
functional outcome. The exclusion criteria were studies
with the child population, pregnant women, pain
caused by acute trauma, accidents or operations, case
reports, case series <20 participants, pre-clinical stud-
ies, and studies with multiple publications.

Data Collection Process

To ensure systematic data management and main-
tain a comprehensive record of collected materials, the
authors employed Mendeley Reference Manager soft-
ware for literature organization. Prior to formal screen-
ing against inclusion criteria, researchers conducted a
preliminary review of titles and abstracts to identify po-
tentially relevant studies. Articles deemed suitable for
inclusion underwent thorough summarization, captur-
ing key details such as research design, pain etiology,
participant demographics, sample size, country of
origin, intervention and comparator characteristics,
study duration, evaluation instruments, data outcomes,
and any reported limitations. All included papers un-
derwent a final re-evaluation during the manuscript
writing stage.

Synthesis of Results

This study followed the recommended guidelines
elements for systematic reviews and meta-analyses
(PRISMA) criteria (18). Due to the significant hetero-
geneity of the included studies, data were synthesized
and presented in a narrative format. The analysis fo-
cused on examining the effectiveness of vitamin D for
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different underlying neuropathic pain conditions, pri-
marily diabetic neuropathy, CTS, and CWP.

Assessment of Bias

Bias assessment was conducted using appropriate
tools based on the study design. For randomized con-
trolled trials (RCTs) eligible for risk-of-bias evaluation
(n=3), the Cochrane Collaboration's risk-of-bias 2
(RoB 2) tool was utilized. This tool assesses five key
domains: randomization process, deviations from in-
tended interventions, missing outcome data, outcome
measurement, and selection of the reported outcome.
Each domain was categorized as low, high, or of some
concern. For non-randomized studies (n=4), the Meth-
odological Index for Non-Randomized Studies
(MINORS) was employed for evaluating quality. This
index comprises 12 items scored on a 0-2 scale (0=not
reported, 1=reported but inadequate, 2=reported and
adequate). A perfect score for non-comparative studies
is 16. Studies were categorized into quality levels based
on their total score (0-5=poor, 6-10=moderate, 11-
16=good).

Future Perspective: The Role of Vitamin D

Vitamin D has emerged as a fascinating candidate
for many diseases, including neuropathic pain manage-
ment, recognized as a potent and multifaceted neuro-
steroid within the brain, exhibits hormonal, paracrine,
and autocrine activities (58). Notably, Vitamin D sup-
plementation holds promise even for individuals with-
out overt hypovitaminosis D, suggesting its potential
independent of bone metabolism (20). This vitamin D
and its receptors participate in numerous metabolic
possess and possesses specific neurotrophic properties,
demonstrating a crucial role in both regulating the ex-
pression of inflammatory cytokines involved in pain
processing and restricting neurotrophic deficits to pro-
mote nerve healing (16). Furthermore, Vitamin D has
been shown to upregulate the expression of genes piv-
otal for nerve regeneration, such as Osteopontin
(Sppl), Acyl-CoA synthetase 4 (Acls4), and Angioten-
sin Il receptor la (Agtrla) (11, 19). Studies have
shown that vitamin D upregulates various antioxidant
enzymes that protect cells from oxidative damage (21).
Furthermore, vitamin D stabilizes calcium levels by up-
regulating voltage-gated calcium channels (VGCCs),
which regulate calcium influx into neurons and pro-
mote nerve growth factor expression (22). In addition,
vitamin D enhances the myelination of dorsal root gan-
glion (DRG) neurons and regulates the expression of
genes involved in axon growth. It also influences neu-
rotransmitters such as acetylcholine, serotonin, and
GABA, and may modulate opioid peptide genes
(POMC, PDYN, and PENK), thereby contributing to
pain relief (16). Emerging evidence highlights vitamin
D's potential role in managing neuropathic pain, partic-
ularly given the consistently low vitamin D levels ob-
served in patients. While the exact reasons for this de-
ficiency remain unclear, vitamin D is thought to influ-
ence both peripheral and central nerve function. As a
neuroprotective agent, vitamin D may reduce inflam-
mation, oxidative stress, and promote neurotrophic fac-
tors, while modulating immune responses (16). Taken
together, the combination of conventional treatments
like gabapentinoids with vitamin D supplementation

could offer a more comprehensive approach by modu-
lating multiple pathways involved in neuropathic pain.

This review points to the potential application of
vitamin D therapy as part of a more holistic strategy for
the management of neuropathic pain. The potential role
of personalized vitamin D supplementation plans also
shows promise. This approach could allow for a more
tailored treatment plan based on factors such as vitamin
D levels in the body, underlying disease type, and indi-
vidual response to therapy (23). By utilizing genetic,
lifestyle, and medical condition data, healthcare provid-
ers could develop personalized supplementation plans
that may involve specific vitamin D dosage recommen-
dations, frequency, and duration of supplementation
tailored to each individual’s unique needs, thereby in-
creasing therapeutic efficacy, reducing side effects, and
providing long-term benefits in the management of
neuropathic pain (23, 24). As the understanding of the
role of vitamin D in the regulation of the nervous sys-
tem and metabolism of the body increases, personalized
vitamin D therapy and supplementation have the poten-
tial to become an integral part of future medical ap-
proaches, bringing new hope to the treatment of neuro-
pathic pain with various disease etiologies.

Conclusion

This systematic review highlights the potential ef-
fects of vitamin D in reducing pain symptoms of neu-
ropathic pain, and improving its function in patients
with PDN, entrapment CTS, and CWP. However, a
critical gap remains in our understanding of optimal
dosage and treatment duration for neuropathic pain
management. The current evidence base encourages in-
itiating treatment with the standard recommended oral
vitamin D dosage while closely monitoring serum lev-
els to ensure adequate repletion and adjusting as
needed.
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