Vitamin D and pain
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Pain, according fo the recent definition of the
Infernational Association for the Study of Pain,
is an unpleasant sensory and emotional expe-
rience associated with, or resembling that as-
sociated with, actual or potential tissue dam-
age . Many pathologies, which have pain
as their primary clinical expression, confribute
significantly to morbidity and mortality on a
global scale.

Although there is growing evidence in the liter-
ature of a possible relationship between low
levels of 25-hydroxy vitamin D [25(OH)D] and
different types of acute or chronic pain and
how adequate vitamin D supplementation,
particularly in patients with a deficiency, can
lead to an improvement in pain symptoms,
clinical trials conducted for this purpose have
provided inconsistent or discordant results,
which, from time to time, have been attributed
fo parficipant selection, outcome measures,
sample size, vitamin D dosage and/or fol-
low-up duration. Nevertheless, the potential
mechanisms by which vitamin D might exert
analgesic effects remain poorly understood.
Clinical research in the area of the correla-
fion between chronic pain and vitamin D
deficiency is limited. There are sfill very few
randomised, controlled, and blinded studies.
Regardless, clinical trials have shown that
vitamin D is able to exert anafomical and
physiological influence on the manifestation
of pain, thus playing a positive role in the
aetfiopathogenesis and mainfenance of chron-
ic pain states and associated comorbidities.
Manifestations of pain associated with immu-
nological, hormonal, and neuronal changes
are potentially influenced by vitamin D levels.
Indeed, low vitamin D levels have been found
in patients with various pain states such as

TABLE I.

headache, abdominal pain, knee pain, low
back pain, persistent musculoskeletal pain,
costochondritis chest pain, “failed back syn-
drome” and fibromyalgia.

EXPERIMENTAL FINDINGS

The interaction between vitamin D and its VDR
recepfor appears to play a role in improving
pain sympfoms through the modulation of key
genes associated with pain. Some of these
pain genes are common fo both superficial
and visceral nociception, e.g., TRPV1, the
folHike receptor, trophic factors such as NGF,
GDNF and EGFR (Table 1). Furthermore, the
hypothesis that vitamin D may influence pain
signalling pathways is biologically plausible
because the gene expression of vitamin D
and/or of its VDR receptor, has been demon-
strated in the skin (fransduction of pain signal-
ling), in the dorsal root ganglion [DRG) neurons
(conduction), in the spinal cord (fransmission/
modulation) and in the brain (pain perception)
(Figure 1). The expression of the Vitamin D
receptor has been reported in peripheral and
central neurons involved in pain sensing and
processing. Expression of franscription for the
nuclear vitamin D receptor and/or enzymes
regulating the active form of vitamin D levels
have been demonstrated in the nerve fibres of
DRG neurons ferminating in the skin, in neu-
rons of the spinal cord and of the brain. The
level of VDR transcription in DRG neurons is
higher than in other regions of the nervous sys-
tem. Vitamin D activity is defermined by two
enzymes, CYP27B1, which acfivates vitamin
D in the kidney and CYP24A1, which inacti-
vates active vilamin D. These two enzymes,
together with VDR, are also expressed in noci-
ceptor neurons and in the brain 2.

Role of trophic factors, influenced by vitamin D, in the pathogenesis of pain.

Trophic factor

Role

Nerve Growth Factor (NGF)

Development of nociceptor neurons and pain processing

Glial cell line-derived neurotrophic factor (GDNF)  Survival and activity of large cutaneous sensory and proprioceptive neurons

Epidermal Growth Factor (FGFR)

Hub or main relay in pain processing and detection
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DRG neurons (conduction)
(transmission/modulafion)

Skin (pain signal transduction)

FIGURE 1.

Brain (perception of pain)

Spinal cord (transmission/modulation)

Action of vitamin D on pain fransmission pathways.

Vitamin D and VDR play a role in pain sig-
nal fransduction. Vitamin D interacts with the
nerve endings of the nociceptive neurons in
the skin to directly defect painful proinflam-
matory stimuli and to control the activity of
the TRPV1 channel in T lymphocytes. The
VDR could play a role in modulating the ex-
pression of pain genes, e.g., those involved
in the development of neurons and Schwann
cells, and ion channels expressed in nocice-
pfive neurons that innervate the skin as well.
Alterations in the expression or function of
vitamin D regulating enzymes, VDR expres:
sion, VDR targets on the skin and/or on sen-
sory neurons or associated glial cells could
probably have an impact on chronic pain
conditions such as neuropathic pain and
painful diabetic neuropathy °.

The inferaction between vitamin D and
Nerve Growth Factor (NGF) influences noci-
ceptive signal processing. Vitamin D increas-
es the expression of NGF in the DRG neu-
rons innervating the skin in rats, as it does
in hippocampal neurons. NGF is a neuro-
trophic factor necessary for the development
and maturation of nociceptors. Under patho-
logical conditions, it appears that NGF
levels increase in response fo inflammation.
In addition, NGF stimulates the release of
calcitonin geneelated peptide (CGRP) from
peripheral DRG neuron endings. It is be-
lieved that CGRP promotes and maintains
nociceptive neurons sensitised, which also
implies its role in chronic pain. Sensitisation
is also enhanced by NGFacilitated aug-
mented insertion of TRPV1, an ion channel

involved in the response fo thermal stimulus
in the cell membrane. Furthermore, the tran-
scription level of various sodium channel
isoforms [e.g., Nav1.6, Nav1.7, Nav1.8
and Nav1.9) is modulated by NGF and ul-
timately results in increased sodium current
density and sensitivity fo nociception, mainly
by way of Nav1.8. In addition, the devel-
opment of hyperalgesia during inflammation
is believed to stem from an NGF-promoted
increase in Nav1.7 expression. It follows
that NGF is crucial for the development of
nociceptor neurons and for pain processing.
Yet, it is still unclear whether this is a direct
effect of vitamin D on NGF or if this is an
indirect outcome achieved by way of extro-
nuclear or nuclear signalling pathways 4.

Another neurofrophic factor, called Glial cell
linederived neurofrophic factor (GDNF),
expressed in a small population of DRG
neurons, is implicated in promoting the sur-
vival and activity of large cutaneous sensory
and proprioceptive neurons. GDNF plays
a cenfral role in pain fransmission. Recent
studies have shown that GDNF and its C-Ret
receptor are directly regulated by vitamin D.
It could be hypothesised that both vitamin D
and ifs receptor might play a role in sodium
channelmediated neuropathic pain through
modulation of GDNF expression. However,
experimental verification of this is required °.
The Epidermal Growth Factor Receptor
(EGFR) and its effectors have recently been
identified as novel signalling pathways in-
volved in pain processing. It is known that
their expression is also regulated by vitamin

D. EGFR is widely expressed in cells of the
body including in epithelial cells, neurons
involved in pain fransmission and skin kerat-
inocytes, the latter being a primary source
of vitamin D for the body. Though dysregu-
lation of EGFR signalling is believed fo un-
derlie the pathogenesis of several cancers,
there is also evidence of its role in other
pain-causing pathologies as well as in the
mechanisms underlying pain detection and
processing. EGFR is a key player in pain
processing and defection. Since it is already
known that EGFR acts as a significant sig-
nal hub and relay from a variety of stimuli,
its new role in pain signal processing has
provided added value fo its proposed desig-
nafion as a “primary hub or relay” for cell
signalling. Thus, the inhibition by vitamin D
of this important signalling hub, comprising
EGFR, could explain its analgesic effects.
Actually, several studies have suggested that
vitamin D inhibits EGFR gene expression ei-
ther directly or indirectly ¢.

CLINICAL TRIALS (Table 1)

Warner et al. evaluated the effect of vita-
min D freatment in patients with diffuse
musculoskeletal pain and osfeoarthritis (con-
frols). Patients with  25-hydroxyvitamin D
levels > 20 ng/ml were randomised fo
receive placebo or 50,000 IU of ergocal-
ciferol once a week for 3 months. Vitamin
D treatment had no effect on pain com-
pared fo baseline [Visual Analog Scale
(VAS) p = 0.73; Functional Pain Score (FPS)
p = 0.18] or at 3 months compared to
placebo (VAS p = 0.12; FPS p = 0.05, in
favour of placebo). The authors concluded
that low levels of vitamin D are not associ-
ated with widespread musculoskeletal pain
and vitamin D treatment does not reduce
pain in patients with widespread pain who
have low levels of vitamin D 7.

Schreuder et al. studied the effect of high-
dose vitamin D, on persistent, non-specific
musculoskeletal disorders in vitamin D-defi-
cient non-Western immigrants and assessed
the correlation between pain type and ben-
efit from the treatment. Patients were ran-
domised to placebo or vitamin D (150,000
IU of oral vitamin D,). At week 6, patients
in the original vitamin D group were ran-
domised a second time fo receive vitamin D
(ogain) or to switch to placebo, whilst all the
patients in the original placebo group were
switched to vitamin D. Patients in the vita-
min D group were significantly more likely
than the placebo group to report pain relief
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TABLE II.

Clinical studies on the use of vitamin D in different painful disorders.

Clinical trial Condition Efficacy on pain
Warmer AE, 2008 7 Musculoskeletal pain

Schreuder F, 2012 8 Musculoskeletal pain +
McAlindon T, 2013 7 Osteoarthritis of the knee

Sanghi D, 2013 10 Osteoarthritis of the knee +
Rastelli AL, 2011 Breast cancer +
Wepner F, 2014 2 Fibromyalgia +
Sakalli H, 2012 73 Pain in the elderly +
Gendelman 0, 2015 Musculoskeletal pain +
JinX, 2016 Osteoarthritis

WuZ,2018 Pain in the general population

Frankling MH, 2021 77

Pain in cancer patients +

six weeks after treatment (34.9% vs 19.5%,
p = 0.04) and a better ability fo climb stairs
(21.0% vs 8.4%, p = .008). Therefore, 6
weeks affer a high dose of vitamin D, a
small positive effect was found on persistent
non-specific musculoskelefal pain ©.

McAlindon et al., in a study to defermine
whether vitamin D supplementation reduces
sympfoms and structural progression of os-
teoarthritis of the knee, randomised partici-
pants to receive placebo or 2,000 IU/day
of oral cholecalciferol, with a dose increase
fo raise serum levels to more than 36 ng/
mlL. Knee pain decreased in both groups
by an average of -2.31 [with 95% confi-
dence interval (Cl 95%), -3.24 10 -1.38] in
the treatment group and by -1.46 (Cl 95%,
-2.33 10 -0.60) in the placebo group, with
no significant differences at any time. The
percentage of carfilage volume decreased
by the same amount in both groups (mean,
-4.30; 95% Cl, -5.48 to -3.12 vs mean,
-4.25;95% Cl, 6.1 210-2.39) [p = 0.96).
There were no differences in any of the sec-
ondary clinical endpoints. In this study, vita-
min D supplementation for two years at a
dose sufficient to elevate plasma 25-hydrox-
yvitamin D levels to more than 36 ng/ml,
compared fo placebo, did nof reduce knee
pain or carfilage volume loss in patients with
sympfomatic knee osteoarthrifis 7.

Sanghi et al. conducted a study to inves-
figate whether vitamin D treatment could
reduce knee pain, improve function, and
change the levels of relevant biochemical
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markers in patienfs with knee osteoarthritis
and vitamin D deficiency. At 12 months,
knee pain had decreased in the vitamin D
group by an average of -0.26 (95% Cl,
-2.82 to -1.43) on VAS and -0.55 (95%
Cl, 0.07 to 1.02) on WOMAC, whilst in
the placebo group, it increased by an aver-
age of 0.1 3 (95% Cl, -0.03 to 0.29) on
VAS and 1.16 (95% Cl, 0.82 to 1.49) on
WOMAC [effect size = 0.37 and 0.78).
In the same manner, knee function improved
in the vitamin D group by an average of
-1.36 (95% CI, -1.87 1o -0.85) compared
fo the placebo group which had an aver-
age of 0.69 (95% Cl, -0.03 to 1.41; ef
fect size = 0.06). There were significant
biochemical changes in serum fofal calcium,
25(OHD and alkaline phosphatase. The
study results suggest that there is a small,
but statistically significant, clinical benefit to
vitamin D treatment in patients with knee os-
teoarthritis 1°.

Rastelli et al. conducted a randomised,
double-blind, placebocontrolled phase I
study to determine whether vitamin D sup-
plementation or high-dose supplementation
(HDD) in women receiving anastrozole as
adjuvant therapy for breast cancer improves
aromatase inhibitor-induced musculoskeletal
symptoms (AIMSS) and bone loss. Patients
with early-stage breast cancer and AIMSS
were strafified according to their baseline
level of 25-hydroxyvitamin D [25(OH)D].
Croup A (20-29 ng/ml) received HDD
capsules 50,000 U weekly for 8 weeks

and then monthly for 4 months or placebo.

Group B (10-19 ng/ml) received HDD for
16 weeks and then monthly for 2 months or
placebo. At 2 months, all pain scale scores
were improved in the HDD group compared
to the placebo group. Femoral neck BMD
decreased in the placebo group but was un-
changed in the HDD group [p = 0.06). The
study showed that weekly HDD improves
AIMSS and can have a positive effect on
bone density. The authors suggest that vita-
min D supplementation strategies for breast
cancer patients on aromatase inhibitor thera-
py should be investigated further .
Wepner et al. studied 30 women with fibro-
myalgia syndrome, whose serum calcifediol
levels were < 32 ng/ml (80 nmol/Ll). The
women were randomised to the freatment
or confrol [placebo) group, with the aim of
achieving serum calcifediol levels between
32 and 48 ng/ml for 20 weeks by oral
supplementation with cholecalciferol. Both
groups were reassessed affer an addition-
al 24 weeks without cholecalciferol sup-
plementation. The freatment group nofed a
marked reduction in pain during the freat
ment period with a significant effect on the
VAS scale scores. This was also correlated
with physical role function scale scores from
the Short Form 36 Health Survey. Optimi-
sation of calcifediol levels in fibromyalgia
syndrome had a positive effect on pain per-
ception. The authors deemed that vitamin D
therapy can be taken info consideration for
patients with fibromyalgia syndrome '2.
Sakalli et al. investigated the benefits of a
single dose of vitamin D, administered ei-
ther orally or parenterally, on improved
quality of life and functional mobility and
diminished pain among elderly subjects.
Community-dwelling older adult subjects
over 65 vyears of age were included in the
study. The subjects were given 300,000
IU of vitamin D, either orally or parenteral-
ly, and were assessed affer 4 weeks. The
subjects were divided into four groups of
30. The first group was administered IM
vitamin D, the second group was adminis-
tered IM placebo, the third group fook vi-
tamin D PO, and the fourth group took pla-
cebo PO. After treatment, the PTH level of
the first group was reduced (p = 0.0001)
and the level of vitamin D was significantly
increased (P = 0.0001). In the third group,
the PTH (parathormone) level was reduced
[p = 0.0001), and the level of vitamin D
was increased (p = 0.004] and the 24-hour
calcium excretion in the urine (p = 0.015)
was significantly increased. When pain,



Vitamin D and pain

functional mobility and quality of life were
assessed, the timed up and go test (TUG)
(p=0.0001)and VAS [p = 0.0001) scores
decreased significantly in the first group,
whilst the SF-36 parameters: physical func-
fion (p = 0.0001), physical role (0.0006),
physical pain (p = 0.0001), general health
[p = 0.007), social funcfion (p = 0.05) and
mental health (p = 0.048) showed signif-
icant increases. In the second group, the
VAS [p = 0.001) decreased whilst the phys-
ical role (p = 0.009) and emotional role
(p = 0.034) increased significantly. In the
third group, TUG (p = 0.0001) and VAS
[p = 0.002) showed a decrease, whilst
physical function [p = 0.0001) and physical
role (0.001) showed significant increases.
In the fourth group, the VAS (p = 0.007) de-
creased nofably. The authors concluded that
administration of megadoses of vitamin D
increases quality of life, decreases pain and
improves functional mobility in the elderly 2.
Gendelman et al. evaluated the impact of
administering 4,000 IU of vitamin D, com-
pared to placebo, on pain and serological
parameters in patients with musculoskeletal
pain. Eighty patients were enrolled, and the
therapy was administered for three months.
Parameters were assessed af three time
points: before the frial, at week ¢ and af
week 12. The group that received vitamin D
achieved a statistically significant reduction
in the VAS during the study compared to the
placebo group. The need for an analgesic
"rescue therapy” was significantly lower in
the vitamin D-reated group. TNFa (tumour
necrosis factor alpha) levels decreased by
54.3% in the vitamin D-reated group and
increased by 16.1% in the placebo group.
PCE2 (prostaglandin E2) decreased by
39.2% in the vitamin D-reated group and
increased by 16% in the placebo group.
Lleukotriene B4 (LTB4) levels decreased in
both groups by 24% (p < 0.05). According
to the authors, the addition of 4,000 U of
vitamin D for patients with musculoskeletal
pain may lead to a more rapid decrease in
consecufive VAS scores and a decrease in
the levels of inflammatory and pain-related
cytokines .

Jin et al. compared the effects of vitamin
D supplementation versus placebo on pain
and knee cartilage volume in patients with
sympfomatic osteoarthritis and low vitamin D
levels. Parficipants were randomly assigned
fo receive a monthly treatment with oral vita-
min D, (50,000 IU: n = 209) or an identical
placebo (n = 204) for 2 years. The 25-hy-

droxyvitamin D level increased more in the
vitamin D group (40.6 nmol/L) than in the
placebo group (6.7 nmol/l) (p < 0.001)
over the 2 years. There were no significant
differences in the annual change in fibial
cartilage volume or in the pain scores. No
significant differences were found in the
change in tibiofemoral cartilage defects nor
in the change in tibiofemoral bone marrow
lesions. These results do not support the use
of vitamin D supplementation to prevent tib-
ial cartilage loss or to improve pain in pa-
fients with knee osfeoarthrifis 1°.

Wu et al. conducted a study with the aim
of comparing the effect of monthly high-
dose vitamin D supplementation on pain
impact questionnaire (PIQ-6) scores and on
the prescription of analgesics in the gener-
al population. Participants, aged 50-84
years, were randomly assigned to receive
monthly 100,000 IU vitamin D, capsules
(n = 2558) or placebo (n = 2550 for o
median of 3.3 years. No difference was
found in the mean PIQ-6 score at the end of
follow-up (adjusted mean difference: 0.06;
p = 0.82) among participants in the vitamin
D group (n = 2041) or in the placebo group
(n = 2014). The proportion of participants
taking one or more opioids was similar in
the vitamin D group (n = 559, 21.9%) com-
pared fo placebo (n = 593, 23.3%); the
relative risk (RR) adjusted for age, gender
and ethnicity was 0.94 (p = 0.24). Simi-
lar results were observed for the administro-
fion of NSAIDs (RR = 0.94; p = 0.24) and
other non-opioid analgesics (RR = 0.98;
p = 0.34). Focusing on participants with vi-
famin D deficiency (< 50 nmol/L, 24.9%),
there was a lower risk of NSAID adminis-
fration in the vitamin D group compared fo
placebo (RR = 0.87; p = 0.009). All other
subgroup analyses were not significant. The
study showed that monthly supplementation
of high-dose vitamin D neither improves the
mean PIQ-6 score nor reduces analgesic in-
toke in the general population 6.

In the recent “PalliativeD” study, Frankling
ef al. fested the hypothesis that correction
of vitamin D deficiency may reduce opioid
use in cancer patients admitted fo palliative
care. Patienfs with advanced cancer and
25hydroxyvitamin D <50 nmol/L were ran-
domised to 4000 IU/day of vitamin D, or
placebo for 12 weeks. The primary endpoint
was the difference in long-acting opioid use
(fentanyl pg/h) between the groups over 12
weeks. The treated group of patients had a
significantly lower increase in opioid doses

than the placebo group [p = 0.03). The Fa-
figue reduced by vitamin D, assessed using
the ESAS (Edmonton Symptom Assessment
Scale), was -1.1 points affer 12 weeks
[p < 0.01). According to the authors, cor-
rection of vitamin D deficiency may have
positive effects on opioid use and fafigue in
patients undergoing palliative treatment for
cancer, but only for those with a survival fime
of more than 12 weeks 7.

CONCLUSIONS

low levels of vitamin D have been implicat
ed in various conditions of chronic pain.
Research has shown that vitamin D exerts
anafomical, hormonal, neurological and im-
munological influences on the manifestation
of pain, thus playing a role in the pathogen-
esis and maintenance of chronic pain states
and associated comorbidity.

It is hypothesised that Vitamin D provides
clinical benefits in patients with chronic
pain. There are several observational stud-
ies that have shown that vitamin D supple-
mentation provides some pain relief. Nev-
ertheless, the results of some studies have
offen provided discordant outcomes. There
are many reasons for these discrepancies.
One point is the precise definition of serum
25(0OH)D, levels to determine its deficiency,
normal range, and cutoff for foxicity. The
difficulty in establishing pathophysiological
levels of 25(OH|D, deficiency has been
atfributed to variations in method (statistical
tools), the difference in experimental as-
says used (technical), geographic latitude,
or other variafions in the individuals being
studied. Hence, it has been argued that the
purported “normal” range for serum 25(OH)
D, levels should be defined on an individual
basis and within the clinical context. Serum
variations may also result from genetic poly-
morphisms in vitamin D processing enzymes
and changes in vitamin D pharmacokinetics
and pharmacodynamics. Another level of
complexity may arise from specific varia-
tions in the disease state of individuals, and
this is particularly important in chronic pain,
which shows extreme heterogeneity among
individuals whilst perception of pain may be
highly individualised. This latter point brings
great challenges in the accurafe assessment
of pain especially when relying on selfre-
porting by the afflicted. Therefore, the devel-
opment of reliable pain biomarkers that can
be accurately applied to pain assessment
in clinical trials is urgently needed. Hence,
there is a need for large randomised con-
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trolled clinical trials that can fake info ac-
count the many variables involved, in order
fo conclusively determine the analgesic ben-

efit

of vitamin D in chronic pain and whether

or not the effect is limited fo patients who are
vitamin D deficient.
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