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Purpose: This randomized, placebo-controlled study examined the effect of vitamin D
replacement therapy on neuropathic symptoms and balance in patients with diabetic neuro-
pathic pain and low vitamin D levels.

Patients and Methods: Among the 258 patients, the results in a total of 57 volunteers (32
in the treatment and 25 in the control arm) meeting the inclusion criteria are reported.
Symptoms of neuropathic pain were assessed using Douleur Neuropathique 4 (DN4) ques-
tionnaire, and presence of polyneuropathy (PNP) was determined by performing electro-
myography (EMG). Balance was assessed using Berg balance test (BBT). After undergoing
these examinations, the patients in the treatment group were intramuscularly (IM) injected
with 300,000 IU vitamin D in a liquid formulation and those in the placebo group were IM
injected with physiological saline. The DN4 and BBT were repeated after 12 weeks, and the
results were compared.

Results: The patients in the treatment group showed a significant decrease in total DN4
scores from baseline to the study endpoint compared with the patients in the placebo group
(p=0.008). The patients in the treatment group also showed a significant increase in BBT
scores from baseline to the study endpoint compared with the patients in the placebo group
(p=0.001). Furthermore, in subgroup analysis, these patients showed a significant decrease in
electric shock and burning sensation scores from baseline to the study endpoint compared
with the patients in the placebo group (p=0.006, p=0.001, respectively).

Conclusion: In patients with diabetic neuropathic pain, vitamin D levels should be mea-
sured and vitamin D replacement therapy should be administered as required to resolve
neuropathic symptoms and to improve balance.
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Introduction

Diabetic neuropathy (DN) is a very common long-term complication of diabetes
mellitus (DM) that affects approximately 50% patients with DM and is associated
with a significant reduction in the quality of life of patients.'

DN may induce several symptoms, such as foot and hand muscle weakness,
balance disturbance, and neuropathic pain including alterations in touch, pain, or
heat sensations; burning; pins and needles; tingling; or numbness.*

DN involves both small and larger nerve fibers. The small nerve fibers include
C-fibers associated with electric shock or burning symptoms. Pathological changes
in these fibers cannot be detected by performing EMG. Involvement of the large
nerve fibers may impair balance because of their effect on deep senses and can be
determined by performing EMG.'
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Although the pathophysiology of diabetic neuropathy is
quite complicated, new studies have shown that vitamin D
deficiency is an independent predictor of DN development.*

In recent years, vitamin D has been described as a neuro-
trophic hormone. It has a neuroprotective effect through upre-
gulation of vitamin D receptor (VDR) expression and
downregulation of L-type calcium channel expression.’ It has
been shown in vivo studies that vitamin D improves axonogen-
esis and sensory neural response in peripheral nerve and
improves electrophysiological recovery.”® The study investi-
gating the relationship between DN and vitamin D has found
lower serum vitamin D in patients with DN than those without
DN.’ DN is associated with decreased Nerve Growth Factor
(NGF) expression in human nerve cells'® and vitamin D
increases NGF synthesis in human cells.'"*'? Vitamin D defi-
ciency promotes DN development by triggering hyperglyce-
mia and inflammation.'® It has also been reported that
vitamin D deficiency may be associated with increased pain
sensitization.'* In another study, vitamin D supplementation
has been reported to have beneficial effects on neuropathic pain
and prevent neuronal degeneration.'” Patients with DN have
more balance disturbance than normal healthy subjects and
diabetic individuals without neuropathy.'®!” Recent studies
have shown a relationship between vitamin D and balance. A
possible mechanism was considered as the association of VDR
receptor in muscle tissue and central nervous system.'®'”
Based on all these findings, vitamin D replacement therapy in
patients with DN lack of this vitamin may resolve neuropathic
pain to some extent and may improve balance. The present
study examined the effect of vitamin D replacement therapy on
neuropathic pain and balance in patients with DN who pre-
sented to our outpatient unit with neuropathic pain symptoms
and low vitamin D levels.

Materials and Methods

This study was conducted at the Physical Therapy and
Rehabilitation Outpatient Unit of FErenkoy Physical
Therapy and Rehabilitation Hospital between October 2013
and June 2018. Power analysis was performed to determine
the sample size of the study. Results of the power analysis
indicated that the study had to include a total of 40 cases, with
20 cases in each study group, at a = 0.05 to achieve a power
of 80%. We screened 258 patients with type 2 DM and
neuropathic symptoms who visited the outpatient unit. DN4
was administered to the patients and of these102 patients had
neuropathic pain with DN4. Therefore, their 25(OH)D levels
were measured. In this study 25(OH)D levels were measured
twice; first, before the treatment to determine low 25(OH)D

levels (<30 ng/mL) and second, 12 weeks after treatment. Of
the 102 patients, 83 patients had low 25(OH)D levels (<30
ng/mL) for the season. In the present study, 25(OH)D clinical
cutoff levels were defined using Endocrine Society guide-
lines (optimal level, >30 ng/mL), which was similar to that in
several previous studies.”” Eighty-three patients were
referred to the EMG center of the outpatient unit. In all, 65
patients were confirmed as having PNP by performing EMG
and were included in the study. These patients were rando-
mized to treatment (n = 33) and placebo (n = 32) groups. The
patients in the treatment group were intramuscularly (IM)
injected with 300,000 IU vitamin D in a 2 mL liquid for-
mulation and those in the placebo group were IM injected
with 2 mL physiological saline. Intramuscularly (IM) injec-
tions were administered at the ventrogluteal site. All the
patients were invited for a follow-up visit after 12 weeks.
One patient in the placebo group withdrew consent, and six
patients in the placebo group were lost to follow-up.
Moreover, one patient in the treatment group had 25(OH)D
level below 30 ng/mL after treatment and therefore was
removed from the study. All the patients were evaluated for
adverse reactions and no significant adverse reaction was
observed. Thus, follow-up assessments were performed in
32 and 25 patients in the treatment and placebo groups,
respectively (Figure 1).

The study was conducted according to the criteria set by
the declaration of Helsinki and each subject signed a written
informed consent before participating in the study. The
study design was approved by the ethics committee of
Yeditepe University. Inclusion criteria were as follows:
confirmed diagnosis of type 2 DM, age between 18 and
80 years, presence of neuropathic pain symptoms for >3
months, low levels of 25(OH)D (below <30 ng/mL for the
season before the study), and confirmed diagnosis of PNP
by performing EMG. Pregnant or lactating women; patients
with renal failure, hyper- or hypoparathyroidism, hyper- or
hypothyroidism, and polyneuropathy due to conditions
other than diabetes; patients receiving vitamin D supple-
mentation; and patients with 25(OH)D levels below 30 ng/
mL after vitamin D replacement therapy were excluded
from the study. The following parameters were recorded
for all the study patients: age; sex; disease duration; occu-
pation; education level; income; marital status; concomitant
conditions; ongoing treatments; body mass index (BMI);
HbAlc levels; fasting blood glucose levels (FBG); 25
(OH)D levels; alkaline phosphatase levels (ALP); parathor-
mone (PTH) levels; calcium (Ca) and phosphorus (P)
levels; cholesterol panel; vitamin B12 levels, Berg balance
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Figure | Flowchart of the study.
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Table | Demographic Characteristics

Total (n = 57) Treatment (n = 32) Placebo (n = 25) P

Age (years) Min-Max (Median) 43-78 (62) 43-78 (64.5) 44-76 (62) ?0.602
Mean + SD 6291 £ 9.43 63.49 £ 9.79 62.16 £ 9.10

Gender; Female 34 (59.6) 20 (62.5) 14 (56.0) €0.620

n (%) Male 23 (40.4) 12 (37.5) 11 (44.0)

Height (cm) Min-Max (Median) 146-179 (157) 146-179 (157) 146—175 (158) ?0.834
Mean + SD 158.26 + 8.05 158.06 + 7.89 158.52 + 8.40

Weight (kg) Min-Max (Median) 55.6-140 (72) 55.6-140 (73.5) 55.6-124 (72) 0.983
Mean + SD 79.90 £ 20.32 79.85 + 20.89 79.97 £ 20.00

BMI (kg/m?) Min-Max (Median) 21.7-54.7 (30.1) 22.8-54.7 (28.2) 21.7-51 (31) 0913
Mean * SD 31.88 + 7.66 31.98 + 8.10 31.76 £ 7.22

Diabetes duration (years) Min—Max (Median) 1-35 (10) 1-35 (10) 3-32 (1) ®0.717
Mean + SD 11.76 + 7.85 11.64 + 825 11.92 + 7.46

Treatment; n (%) Diets 2 (3.5 I 3.1) 1 (4.0) €1.000
Medication 40 (70.2) 23 (71.9) 17 (68.0)
Insulin 15 (26.3) 8 (25.0) 7 (28.0)

Systolic blood pressure Min—Max (Median) 118-152 (132) 120152 (132) 118-151 (130) 0.835
Mean * SD 13253 £ 7.77 132.72 £ 7.35 132.28 + 8.41

Diastolic blood pressure Min—Max (Median) 70-96 (85) 70-94 (85) 72-96 (85) 0.671
Mean + SD 84.54 + 5.83 84.25 + 5.68 84.92 £ 6.12

Cigarette smoking; n (%) Yes 7 (12.3) 5(15.6) 2 (8.0) €0.450
No 50 (87.7) 27 (84.4) 23 (92.0)

Alcohol use; n (%) Yes 6 (10.5) 3(94) 3 (12.0) €1.000
No 51 (89.5) 29 (90.6) 22 (88.0)

Coffee consumption; n (%) Yes 43 (75.4) 26 (81.3) 17 (68.0) €0.249
No 14 (24.6) 6 (18.8) 8 (32.0)

Tea consumption; n (%) 57 (100) 32 (100) 25 (100) -

Notes: *Student’s t-test. "Mann—Whitney U-test. “Pearson chi-square test. *Fisher—Freeman—Halton test.

test scores, DN4 questionnaire scores; tea, coffee, and alco-
hol intake; and cigarette smoking. After 12 weeks, 25(OH)
D levels and Berg balance test and DN4 questionnaire
scores were re-assessed for all the patients.

Serum 25(OH)D levels were measured by performing
radioimmunoassay (RIA) with RIA CT kits (Biosource
Europe SA, Nivelles, Belgium). A 25(OH)D level of >30
ng/mL was considered to be normal. To prevent the effect
of seasonal fluctuations in 25(OH)D levels on, the patients
were enrolled into the study only during the autumn and
winter months.

Randomization was performed using a simple rando-
mization method in which red and blue sheets of paper
were placed in pre-prepared envelopes. Eligible patients

were asked to select an envelope and were randomly

allocated to one of the two study groups based on the
color of the sheet present within envelope. The injection
solutions were prepared by a diabetes nurse who was
unblinded to the study groups. However, the injections
were administered by an outpatient nurse who was blinded
to the study groups. Medical records of the study patients
were entered into a database by data entry personnel who
were blinded to the study groups. The allocation of the
patients to the respective groups was revealed to the data
entry personnel by the study nurse after the completion of
patient assessments.

Results
The study included 57 patients (34 [59.6%] women and 23
[40.4%] men). The demographic characteristics of the
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Table 2 Laboratory Results
Total (n = 57) Treatment (n = 32) Placebo (n = 25) p

HbAIc Min-Max (Median) 5.1-14.2 (7.2) 5.1-13.1 (7.4) 5.1-14.2 (7.2) 0.984
Mean + SD 7.76 £ 201 7.75 £ 1.93 7.76 £ 2.15

FBG Min-Max (Median) 83-264 (141) 83-264 (143) 92-264 (135) 0.875
Mean + SD 143.74 + 45.94 144.59 + 47.27 142.64 + 45.12

Cholesterol Min-Max (Median) 104-268 (177) 104-265 (177) 106268 (178) 0.854
Mean + SD 180.23 + 46.72 181.25 + 46.85 178.92 + 47.48

LDL Min-Max (Median) 67.8-330 (110) 68.6-330 (118.6) 67.8-202 (110) ®0.469
Mean + SD 129.15 + 44.64 134.89 + 50.9 121.81 + 34.70

Triglycerides Min-Max (Median) 72-262 (125) 72-262 (124.5) 79-234 (125) ®0.815
Mean + SD 146.72 + 52.95 147.53 + 55.55 145.68 + 50.55

PTH Min-Max (Median) 25.8-617.8(54.7) 25.8-617.8(55.9) 27.9-134 (48) ®0.489
Mean + SD 73.68 + 82.33 83.80 + 105.93 60.72 £ 31.79

25(0OH)D Min-Max (Median) 3.7-33 (16.3) 4.6-29.9 (16.8) 3.7-33 (16.1) ®0.563

baseline Mean + SD 17.56 + 7.8 18.22+ 8.71 16.71 + 6.55

25(OH)D after treatment Min-Max (Median) 3.7-68.20 (30.2) 12.3-68.2 (40.2) 3.7-33 (l6.1) >0.001*
Mean + SD 31.55 £ 16.97 43.25 = 12.96 16.71 + 6.55

ALP Min—Max (Median) 94-290 (181) 94-290 (160) 101-265 (210) 20.045
Mean + SD 186.06 + 44.98 175.58 + 44.35 199.48 + 42.96

Calcium Min—Max (Median) 6.9—-10.1 (9) 6.9-10.1 (9.1) 8.2-9.7 (8.9) 0.514
Mean + SD 8.98 + 0.60 9.03 £ 0.72 8.93 £ 0.42

Phosphorus Min—Max (Median) 1.8-8.6 (3.6) 1.8-8.6 (3.7) 2.3-4.6 (3.1) ®0.022
Mean + SD 3.66 £ 1.00 391 £ 1.13 3.33+£0.70

Vitamin B2 Min-Max (Median) 164-1291 (492) 164-1291 (479) 192-878 (499) 0.556
Mean + SD 520.14 + 243.73 537.16 + 284.54 498.36 + 182.09

Notes: “Student’s t-test. "Mann-Whitney U-test. *p < 0.01.

study patients are shown in Table 1, and their laboratory
results are shown in Table 2.

Table 3 shows the DN4 neuropathic pain scale scores of
the study patients. All the patients had neuropathic pain at
baseline (total DN4 score >4). Neuropathic pain scores sig-
nificantly reduced from the baseline to the study endpoint in
the patients in the treatment group (p = 0.008). However, no
significant change in neuropathic pain scores was observed in
the patients in the placebo group (p = 0.500; Figure 2).

The patients in the treatment group showed a significant
increase in Berg balance test scores from the baseline to the
study endpoint (p = 0.001). However, no significant change
was observed in Berg balance test scores of the patients in
the placebo group (p = 0.223; Figure 3, Table 4).

In the evaluation of DN4 subgroups (Table 3), the
patients in the treatment group showed a significant
decrease in burning scores from baseline to the study

endpoint (p = 0.006). The patients in the treatment group
showed a significant decrease in electric shock scores from
the baseline to the study endpoint (»p = 0.001). However,
the patients in the placebo group did not show a significant
change in burning and electric shock scores from the base-
line to the study endpoint (p>0.999 for all).

Although the patients in the treatment group showed a
decrease in tingling from the baseline to the study end-
point, the decrease was statistically insignificant (p =
0.065). The patients in the treatment group showed
decreases in the following presentations from the baseline
to the study endpoint, the decreases were statistically
insignificant (p> 0.05 for all): numbness, itching,
hypoesthesia to touch, hypoesthesia to pinprick. Painful
cold, pins and needles, and brushing did not show any
decrease from the baseline to the study endpoint in the
treatment group (p>0.999 for all). However, no significant
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Table 3 DN4 Neuropathic Pain Scale Scores

Treated (n = 32) Placebo (n = 25) P
n (%) n (%)

|. Burning Baseline 15 (46.9) 11 (44.0) 0.829
Endpoint 5(15.6) 10 (40.0) €0.038*
&p 0.006** 1.000

2. Painful cold Baseline 19 (59.4) 16 (64.0) 0.722
Endpoint 19 (59.4) 16 (64.0) €0.722
&p 1.000 1.000

3. Electric shocks Baseline 25 (78.1) 21 (84.0) 40.739
Endpoint 12 (37.5) 21 (84.0) €0.00[**
& 0.00/** 1.000

Associated symptoms in the same area

4. Tingling Baseline 17 (53.1) 14 (56.0) €0.829
Endpoint 10 (31.3) 14 (56.0) 0.060
&p 0.065 1.000

5. Pins and needles Baseline 15 (46.9) 11 (44.0) €0.829
Endpoint 16 (50.0) Il (44.0) 0.653
&p 1.000 1.000

6. Numbness Baseline 23 (71.9) 17 (68.0) 0.751
Endpoint 15 (46.9) 16 (64.0) 0.198
& 0.008%* 1.000

7. ltching Baseline 19 (59.4) 15 (60.0) €0.962
Endpoint 13 (40.6) 14 (56.0) 0.249
& 0.070 1.000

8. Hypoesthesia to touch Baseline 18 (56.3) 14 (56.0) 0.985
Endpoint 15 (46.9) 14 (56.0) 0.494
&p 0.375 1.000

9. Hypoesthesia to pinprick Baseline 22 (68.8) 16 (64.0) €0.706
Endpoint 19 (59.4) 16 (64.0) 0.722
&p 0.375 1.000

10. Brushing Baseline 5(15.6) 4 (16.0) 1.000
Endpoint 5 (15.6) 5 (20.0) 9%0.735
&p 1.000 1.000

Neuropathic pain Baseline

(Total score) Yes (24) 32 (100) 25 (100) -
Endpoint
No (<4) 8 (25.0) 2 (8.0) 90.160
Yes (24) 24 (75.0) 23 (92.0)
&p 0.008%** 0.500

Notes: “Pearson’s chi-square test. “Fisher’s exact test. 8McNemar test. *p < 0.01. *p < 0.05.

changes were observed in the following presentations from
the baseline to the study endpoint in the placebo group:
painful cold, tingling, pins and needles, numbness, itching,
hypoesthesia to touch, hypoesthesia to pinprick, and
brushing (p> 0.999 for all).

Discussion

The present study compared neuropathic pain and balance
before and after vitamin D replacement therapy in patients
with DN. Although previous studies have evaluated only
DN-related pain, our study is the first to evaluate both
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Figure 2 DN4 scores in the treatment and control groups.
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Figure 3 The change in Berg balance scores in treatment and control groups.

neuropathic pain and balance.'*'>2! Our results showed a
significant improvement in the total DN4 questionnaire
scores that indicates the presence of neuropathic pain and
Berg balance test scores that determines balance after
vitamin D replacement therapy.

Various considerations are available regarding the
dose, administration route, and duration of vitamin D
replacement therapy. A meta-analysis by Kearns et al*?
indicated that the application of a single large vitamin D
dose is more effective than in supplementing vitamin D

Table 4 Berg Balance Test Scores

deficiency and that single vitamin D3 doses of >300,000
IU are the most effective in improving vitamin D status
and in suppressing PTH levels for up to 3 months. In the
present study, we used a single intramuscular vitamin D
dose of 300,000 IU in the vitamin D replacement therapy.

Different studies
approaches for examining the association between vitamin D

have used different therapeutic

deficiency and neuropathic pain. One study reported that a
topical agent containing vitamin D (QR-333) decreased neu-
ropathic pain.”® Another study reported a significant reduction
in pain scores of patients with type 2 DM and neuropathic pain
symptoms who completed a 3-month course of vitamin D3
tablets.>* Basit et al administered a single large dose (600,000
IU) of vitamin D IM in patients with DN and neuropathic pain
and observed a significant alleviation in pain symptoms after
approximately 10 weeks.?> In the present study, we applied
vitamin D replacement therapy as a single intramuscular vita-
min D dose of 300,000 U and this application significantly
improved the DN4 questionnaire scores of the patients with
DN. Because the placebo effect on pain scores is generally

252
526 and because

expected to occur within the first 4-6 weeks
pain assessments in the present study were performed at 12
weeks, we believe that the placebo effect in the present study
was negligible. In conclusion, our study showed that improve-
ment in neuropathic pain with vitamin D replacement incom-
patible with these studies.

However, some studies have reported no significant
decrease in neuropathic pain scores after vitamin D
administration.”” This may be because these studies may
have assessed neuropathic pain and its subcomponents
based on all or no principles instead of assessing them
quantitatively, which may have resulted in the failure of
observing a decrease in pain scores.

In the present study, although the improvements in the
burning and electric shock subscores of the DN4 question-
naire indicated an improvement in the small fibers, the
significant changes in the Berg balance test scores sug-
gested an improvement in the large fibers. The latter

Treatment (n = 32) Placebo (n = 25) *p
Berg balance test Baseline Min—Max (Median) 17-56 (43.5) 20-56 (42) 0.708
Mean + SD 39.88 + 11.98 41.00 + 10.07
Endpoint Min—Max (Median) 19-56 (45) 21-56 (42) 0911
Mean + SD 41.88 = 10.90 41.56 + 9.86
) 0.001%* 0.223

Notes: *Student’s t-test. ‘Paired samples t-test. *#p < 0.01.
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observation is consistent with the results of previous elec-
trophysiology studies involving patients with DN who
received vitamin D treatment.”**° One study reported
that vitamin D supplementation exerted a positive effect
on the balance score of stroke patients.*® Because impaired
sensations are associated with balance disorder in stroke
patients, our results are coherent with the available
literature.

Electrophysiological data suggest that the time needed
to document the changes in Berg balance test scores is >8
weeks, which corresponds to axonal regeneration time.*
In the present study, the follow-up examinations were
performed after 12 weeks, which allowed for the comple-
tion of axonal regeneration. This may explain the discre-
pancy observed between the results of the present study
and those of some previous studies.

As a result of this study, not only it can be said that
vitamin D treatment was decreased total DN4 question-
naire scores, but also in the subgroup analysis of DN4
questionnaire, vitamin D treatment was decreased elec-
tric shock scores and burning scores. We observed that
only painful cold sensation, pins and needles and brush-
ing in DN4 subgroup scores did not decrease after
vitamin D treatment. One plausible explanation for this
finding may be variable sensory profiles on patients with
diabetic neuropathic pain that previously defined by

. 1
Bouhassira et al.’

Comorbidities such as peripheral
vascular disease or heart disease might be a confounder

for painful cold item.

Limitations

Major limitations of the present study include the small
sample size, assessment of neuropathic pain level based
only on its symptoms, absence of confirmatory neuro-
physiological examinations and no exclusion of comor-
bidities that might confound painful cold. In addition,
there was no consensus on the optimum protocol of
vitamin D replacement therapy. Limited studies have
examined vitamin D replacement therapy and the opti-
mum dose and duration of this therapy to minimize side
effects.

Conclusion

In conclusion, vitamin D replacement therapy reduced neuro-
pathic pain and improved balance in patients with DN.
However, further studies examining the effects of vitamin D
on nerve cells at molecular and electrophysiological levels and
prospective studies focusing on the long-term effects of

vitamin D replacement therapy on DN are warranted.
However, the results of the present study suggest that a vitamin
D replacement schedule might be planned in addition to anti-
diabetic treatment to address vitamin D deficiency in patients
with diabetes in order to resolve neuropathic pain symptoms
and to alleviate balance impairment associated with DN.

Disclosure
The authors report no conflicts of interest in this work.
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