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Is there any relationship between 
vitamin D levels and the severity of diabetic 

peripheral neuropathy?
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AbstrAct
Introduction. Diabetes and its complications are the major burdens of health problems worldwide. Diabetic periph-
eral neuropathy is one of the major complications. Low 25-hydroxyvitamin D levels have been associated with sen-
sory neuropathy in diabetes. Vitamin D concentrations also might be correlated with the severity of the neuropathy. A 
recent systematic review showed that vitamin D deficiency is associated with the generation and development of 
DPN. 
Aim. This study investigates the possible correlation between vitamin D levels and the severity of diabetic peripheral 
neuropathy (DPN).
Method. This study is a cross-sectional, the data were obtained from 53 subjects with diabetic peripheral neuropathy. 
The sample size was calculated based on an estimate of 20 % prevalence of neuropathy in diabetes, allowing for an 
error of 10%, and thereby a total of 53 patients were recruited. A standardized instrument was used to record the 
demographic details of the patients. The patient’s clinical profile including age, gender, duration of diabetes, medica-
tion, associated microvascular complications was documented. The vitamin D levels was measured by a standard-
ized method in Prodia Research Laboratory. The severity of neuropathy was measured with the Toronto Clinical 
Neuropathy Scoring System. Pearson correlation test was used to measure the correlation. 
results. The data were obtained from 53 subjects, consist of 11 males and 42 females. The mean age was 
57.83±8.79 years. The prevalence of low levels of vitamin D in this study was 97.11%. Gender (p value = 0.028), 
controlled complications (p value = 0.005), and hypertension (p value = 0.027) have significant results. Pearson 
correlation test shows there were significant results between the severity of neuropathy and vitamin D levels (p val-
ue=0.000).
conclusions. The severity of diabetic peripheral neuropathy in this study is significantly associated with vitamin D 
levels (p value = 0.000). 
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bAcKGrOUND

Diabetes and its complications are the major 
burden of health problem worldwide and indonesia 
(1,2). the data from a national health survey in in-
donesia showed that the prevalence of diabetes in-
creases 2% among > 15 years old population (2).

Diabetic neuropathy is one of the major compli-
cations (2). the prevalence of diabetic peripheral 
neuropathy in newly diagnosed diabetic patients 
reaches about 8%. the proportion increases up to 
50% in patients with long-standing disease (3). 

among 15% of all diabetic patients will develop 
foot ulcers and nontraumatic amputation of lower 
limbs (4).

the pathogenesis of diabetic peripheral neurop-
athy is a multifactorial process and multiple hy-
potheses have been postulated. Previous basic re-
search showed that abnormal expression of sodium 
and calcium channels, metabolic and autoimmune 
disorders which lead to glial cell activation contrib-
ute to the pathogenesis (5). recent studies showed 
that blood vessel changes and activation of central 
pain mechanisms also play a significant role (5,6). 
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low vitamin D levels are associated with obesi-
ty and insulin resistance (7). recent study showed 
that vitamin D plays an important role in the pre-
vention of islet cell death and may be useful to im-
prove the survival of islet cell grafts (8). low 
25-hydroxyvitamin D levels have been associated 
with sensory neuropathy in diabetes (9). Vitamin D 
concentrations also might be correlated with the se-
verity of the neuropathy (10). 

the role of vitamin D in diabetic neuropathy has 
been studied in previous studies. a recent systemat-
ic review showed that vitamin D deficiency is asso-
ciated with the generation and development of 
DPn in caucasians with t2DM, and in asian, dia-
betic patients with vitamin D deficiency are 1.22 
times to suffer from DPn compared with normal 
vitamin D levels (11). a study showed that 25-hy-
droxyvitamin D levels were significantly lower in 
people with painful diabetic peripheral neuropathy 
compared with healthy volunteers and no diabetic 
peripheral neuropathy patients. lower 25-hydrox-
yvitamin D levels also correlated with lower cold 
detection thresholds (r = 0.39, p= 0.02) and subep-
idermal nerve fibre densities (r = 0.42, p = 0.01) 
(12). the data about the vitamin D concentrations 
and the severity of the neuropathy in indonesia are 
very limited. this study aims to investigate the pos-
sible correlation between vitamin D levels and the 
severity of diabetic peripheral neuropathy.

MAtErIALs AND MEtHODs

Design and subjects 

a cross-sectional study was carried out during 
the period from October 2019 to December 2019 
on 53 subjects with diabetic peripheral neuropathy. 
that diagnosed with Dne (Diabetic neuropathy 
examination) and Dns (Diabetic neuropathy 
symptom). the study included all patients above 
the age of 18 years with type 2 Diabetes with symp-
toms and signs suggestive of peripheral neuropa-
thy. Patients with neuropathy due to other causes 
than diabetes and those who refused informed con-
sent were excluded from the study. the sample size 
was calculated based on an estimate of 20 % prev-
alence of neuropathy in diabetes, allowing for an 
error of 10%, and thereby a total of 53 patients 
were recruited. after obtaining approval from the 
institutional ethical committee, patients were re-

cruited in the study based on the inclusion criteria. 
informed consent was obtained and the patients 
were subjected to history and physical examina-
tion. 

Data collection

the diagnosis of diabetic peripheral neuropathy 
based on systematic measurement by neurologist 
with Diabetic neuropathy symptom and Diabetic 
neuropathy examination tools (13). the type 2 
DM patients were obtained from the outpatient 
neurology clinic of Bethesda Hospital Yogyakarta 
indonesia. a standardized instrument was used to 
record the demographic details of the patients. the 
patient’s clinical profile including age, gender, du-
ration of diabetes, associated microvascular com-
plications were documented. the treatment history 
was recorded from electronic prescribing data. 

the severity of neuropathy was measured with 
the toronto clinical neuropathy scoring system 
(14). the individual patient’s tcns score was doc-
umented out of a total of 19. the severity of neu-
ropathy was classified based on the score as: No 
neuropathy (0 to 5), mild neuropathy (6 to 8), mod-
erate (9 to 11), and severe diabetic neuropathy (12 
to 19). 

the vitamin D levels was measured by a stand-
ardized method in Prodia research laboratory. 
Measurement of 25(OH) vitamin D serum levels 
were done by enzyme immunoassays for the quan-
titative measurement of total serum 25-OH Vitamin 
D levels. The levels < 10 ng/ml is deficiency, 10-29 
ng/ml is in-sufficiency, and 30-100 ng/ml is suffi-
ciency. 

Data analysis 

continuous variables were assessed for normal-
ity using Kolmogorov smirnov’s test. if the varia-
bles were normally distributed they were expressed 
as mean ± standard deviation, otherwise median 
(interquartile range). categorical variables were 
expressed either as percentages or proportions. a 
comparison of normally distributed continuous 
variables was done by independent sample t-test, 
non–normally distributed continuous variables by 
the Mann-Whitney U test and Multivariate linear 
regression. Data analysis and validation were car-
ried out by sPss. all p values less than 0.05 were 
considered statistically significant. 
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rEsULts

subjects characteristics

the baseline characteristics of the study sub-
jects are shown in table 1. there were 53 subjects 
consisting of 79.2% females (42 subjects) and 
20.8% males (11 subjects) with an average age of 
57.83±8.79 years. as many as 54.7% of subjects 
suffered from DM for < 10 years. subjects who had 
comorbid hypertension were 49.1% and 24.5% of 
the subjects had cardiovascular disease. For the 
medication, most of the subjects using anti-diabetic 
drugs as many as 94.3% and 37.7% use the insulin. 
For complications, 66% of the subjects are con-
trolled. the prevalence of low levels of vitamin d in 
this study was 97.11%. Most of the 75.5% study 
subjects had insufficiency and 22.6% had vitamin d 

deficiency, only 1.9% with normal vitamin D lev-
els.

table 2 presents the vitamin D levels compari-
son based on the characteristics of the subjects. in 
the normality test, the results were not significant, 
so we do a non-Parametric test - Mann Whitney 
test was displayed in the form of mean rank and p 
value. From the statistical test, we found 3 varia-
bles with significant results; gender (p value = 
0.003), hypertension (p value = 0.030), controlled 
complications (p value = 0.004). To confirm the 
three variables are related as determinant factors 
that influence vitamin D levels, we do a multivari-
ate linear regression test.

table 3 presents that there were a relationship 
between gender, hypertension, and controlled com-
plications with vitamin D levels (p value < 0.005).

TABLE 1. Characteristics and clinical features of the subjects
Characteristic Amount (n = 53) Percentage (%)
Gender Male 11 20.8 %

Female 42 79.2%
Duration of DM (years) - < 10 

- 10- 15
- >15

29
12
12

54.7%
22.6%
22.6 %

Age, mean±SD 57.83 ± 8.79 
Minimum: 43
Maximum: 82
- <60 years old
- ≥60 years old

33
20

62.2%
37.8%

Medication Insulin
- Yes
- No

20
33

37.7%
62.3 %

Anti-diabetic drug
- Yes
- No

50
3

94.3%
5.7%

Comorbidity Cardiovascular
- Yes
- No

13
40

24.5%
75.5 %

Hypertension
- Yes
- No

26
27

49.1%
50.9%

Complications Controlled
- Yes
- No

35
18

66.0 %
34.0%

Neuropathy Toronto 
Score, mean ± SD

11.38 ± 2.91
Minimum: 8
Maximum: 18
No neuropathy (0-5)
Mild neuropathy (6-8)
Moderate (9-11)
Severe (12-19) 

0
11
19
23

0 %
20.8%
35.8%
43.4 %

Vitamin D levels (ng/ml) 15.57 ± 6.99
Minimum: 5
Maximum: 36
Deficiency <10
Insufficiency 10-29
Sufficiency 30-100

12
40
1

22.6 %
75.5 %
1.9 %
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TABLE 2. The vitamin D levels comparison based on 
the characteristic of the subjects 
Variable Mean rank vitamin 

D levels
p value

- Male
- Female

 39.32 
23.77

0.003*

Duration of DM (years)
- <10
- 10-15
- >15

28.03
32.21
19.29

0.105

Age
- <60 years old
- ≥60 years old

25.44
29.58

0.344

Insulin
- Yes
- No

27.43
26.74

0.876

Anti-diabetic drug
- Yes
- No

27.18
24.00

0.729

Cardiovascular disease
- Yes
- No

27.73
26.76

0.844

Hypertension
- Yes
- No

31.67
22.50

0.030*

Controlled complications
- Yes
- No

31.43
18.39

0.004*

*significance when p value < 0.05

TABLE 3. Multivariate linear regression model for 
vitamin D levels
Independent 
Variables

p value Standardized 
β

95.0% Confidence 
interval

Gender 0.028* -0.273 -8.812 to -0.537
Hypertension 0.027* 0.270 0.442 to 7.057
Controlled 
Complications

0.005* 0.355 1.688 to 8.695

*significance when p value < 0.05

table 4 presents the vitamin d levels based on 
the severity of neuropathy. the severity of neurop-
athy was measured by the toronto clinical neurop-
athy scoring system. the severity of neuropathy 
was classified based on the score as: No neuropathy 
(0 to 5), mild neuropathy (6 to 8), moderate (9 to 
11), and severe diabetic neuropathy (12 to 19). 
From 53 research subjects, 20.8% of subjects had 
mild degrees, 35.8% of subjects had moderate de-
grees, 43.4% of subjects had severe degrees.

tAbLE 4. The vitamin D levels based on the severity of 
neuropathy 
Vitamin D
levels

Severity of neuropathy
Mild (6-8) Moderate (9-11) Severe (12-19)

Total 11 19 23
Percentage 20.8% 35.8% 43.4%
Mean rank 33.64 29.00 22.17

this study showed the Pearson correlation value 
(table 5) obtained -0.489, which shows there was a 
relationship in a moderate degree. a negative result 
(- 0.489) indicates an inverse relationship direction. 
the lower of vitamin D levels, the greater the neu-
ropathy score will be obtained. The significance in 
this study (p value= 0.000) is smaller than 0.05 (p 
value < 0.05) which shows there were a relation-
ship between vitamin D levels and the severity of 
neuropathy.

TABLE 5. Relationship between vitamin D levels and 
severity of neuropathy 
Vitamin D levels

Severity of Neuropathy - 
Toronto Scoring

Pearson correlation coefficient = 
-0.489
Significance = 0.000
N = 53

* Correlation test - Pearson

DIscUssION 

Diabetes is a major lifestyle disease and has be-
come a global burden. the prevalence of diabetes 
is increasing rapidly especially in developing coun-
tries (15). indonesia is one of the developing coun-
tries which occupies the 6th position in the world 
with the highest DM prevalence. Based on the in-
ternational Diabetes Federation in 2017, there were 
10.3 million people with DM in indonesia. One of 
the most common complications for DM patients is 
diabetic peripheral neuropathy (DPn). neuropathy 
is a neurological disorder that affects the nerves of 
distal limbs (16). Previous study confirmed lower 
vitamin D was an independent factor of DPn (17). 

the current study included a total of 53 patients 
with type 2 diabetes mellitus with an average age of 
57.83 years and most of them are females (79.2%). 
especially the study found that gender (p = 0.028), 
hypertension (p = 0.027), and controlled complica-
tions (p value = 0.005) were significantly associat-
ed to inadequate vitamin D. in addition, there was a 
significant negative correlation between vitamin D 
levels and severity neuropathy.

the data showed that only one study subjects 
(1.9%) has sufficient vitamin D levels. The propor-
tion of subjects with deficiency is significant 12/53 
(22.6%). Most of the study subjects have insuffi-
cient vitamin D levels (75.5%). this result is con-
sistent with some previous studies. the study from 
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Bayani et al. from 120 diabetic patients showed 
that vitamin D levels was deficient present in 77 
(64.2%) patients, insufficient in 30 (25%) patients, 
and sufficient in 13 (10.3%) patients (18). A large 
epidemiological study showed that the overall 
prevalence of patients with low vitamin D levels 
(vitamin D deficiency and insufficiency) was 1,257 
(83.7%); 1,231 (82%) were newly diagnosed cases. 
Out of 1,257 (83.7%) patients with low vitamin D 
levels, 60.9% of patients had vitamin D deficiency 
and 22.9% patients had vitamin D insufficiency 
(19). 

inadequate vitamin D is prevalent in patients with 
type 2 diabetes mellitus and its related peripheral 
neuropathy. Previous studies showed that 25-OH vi-
tamin D inadequate was associated with decreased 
parasympathetic function, with stronger associations 
in younger type 2 diabetes patients (20). another 
study in patients with type 2 diabetes also confirms 
there was a relationship between vitamin D deficien-
cy and neuropathy incidence as well as the severity 
of symptoms caused by neuropathy (21).

this study showed the patients with severe neu-
ropathy significantly correlated with low vitamin D 
levels (p value= 0.000). some previous studies 
showed a similar result. The study from 60 patients 
with diabetes (thirty with neuropathy and thirty 
without neuropathy). Vitamin D levels was signifi-
cantly decreased in diabetic patients and also in 
those with neuropathy when compared to those 
without neuropathy (p < 0.05). Vitamin D levels 
was significantly reduced with increasing severity 
of neuropathy (p = 0.001) (22). another study done 
by Ahmadieh et al. confirmed that lower vitamin D 
was an independent factor of DPn and reported 
that the prevalence of diabetic neuropathy increas-
es with a decrease in 25(OH)vitamin D levels. the 
percentage of neuropathy increased in patients with 
25(OH)vitamin D levels below 20 ng/ml (17). 

in this study, the correlation value obtained 
-0.489 which shows there is a relationship to a 
moderate degree. a negative result (-0.489) indi-
cates an inverse relationship direction. the lower 
the vitamin D levels, the greater the neuropathy 
score will be obtained. a previous study found a 
significant inversely relation of vitamin with rapid 
nerve conduction impairment p value: 0.001 (23). 

the severity of neuropathy in our study was 
measured by the toronto clinical neuropathy 

scoring system. Patients were further divided into 
subgroups according to neuropathy severity into 
the mild, moderate, and severe groups. a total of 
20.8% of subjects had mild degrees, 35.8% of sub-
jects had moderate degrees, 43.4% of subjects have 
severe degrees. severity neuropathy in this study is 
significantly associated with vitamin D levels (p 
value = 0.000). Vitamin D supplementation in 51 
patients with DPn in a past study, resulted in a sig-
nificant improvement in neuropathic pain scores 
(24). after measurement with tcnss, there was an 
increase in nerve conduction in previous studies in 
peripheral neuropathy of mild diabetes after vita-
min D supplementation but does not affect moder-
ate and severe cases (25). improvement of neurop-
athy symptoms after vitamin D supplementation is 
explained in light of the induction of nerve growth 
factor synthesis by vitamin D derivatives as shown 
in vitro in fibroblasts and astrocytes and in vivo in 
rat brain (26). In addition, the pain threshold of pain-
ful diabetic neuropathy in patients with hypovita-
minosis D has been reported to decrease and im-
prove when vitamin D deficiency is corrected (27).

Several clinical studies had shown a significant 
relationship between vitamin D deficiency and 
clinical severity manifestations of diabetic neurop-
athy (sensory, neurological deficit) (28). There was 
emerging evidence that vitamin D was a neuro-
trophic substance, but its role in diabetic neuro-
pathic pain need more further studies (29). some 
researchers hypothesized that vitamin D deficiency 
may potentiate diabetic nerve damage and may im-
pair nociceptor function, resulting in pain at a 
threshold of serum 25(OH) vitamin D higher than 
that in the non-diabetic population (30). 

Patients with diabetic peripheral neuropathy 
(DPN) in this study mostly had vitamin D deficien-
cy. they feel neuropathic pain due to pain and ther-
mal perception are mediated by small sensory fib-
ers. Vitamin D deficiency may have a role in the 
pathogenesis of small-fiber neuropathy particularly 
affecting nociceptors, contributing to the develop-
ment of pain in DPn (12). the past study demon-
strated in experimental animals, vitamin D defi-
ciency shown to be related to low neurotrophin 
levels (especially in nerve growth factors) and ho-
meostasis of damaged calcium neurons (31). 

Vitamin D has an important role in promoting 
nerve growth factor (ngF) secretion. Vitamin D 
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deficiency will interfere with the process of NGF 
secretion and may lead to the development of clin-
ical diabetic small fiber neuropathy because NGF is 
a target-derived protein that regulates the pheno-
type and sensitivity of nociceptor fibers (12). 

In this study, hypertension was significantly re-
lated to vitamin d levels. clinical studies show 
there was an inverse relationship, a dose-response 
relationship between plasma 1,25(OH)2D3 con-
centration, and blood pressure (32). Metabolites 
vitamin D is known to reduce endothelial depend-
ency on vascular muscle contraction and vascular 
tone in hypertensive rats by influencing the entry of 
calcium in endothelial cells (33). Vitamin D3 sup-
plementation is confirmed to reduce blood pressure 
in patients with essential hypertension (34).

The next important question is: “Should we give 
add on vitamin D treatment in patients with painful 
diabetic neuropathy?”. a quasi-experimental trial 
sixty type 2 DM subjects (30-65 years old) with 
painful diabetic neuropathy was performed. Pa-
tients received weekly 50,000 iU of vitamin D3 for 
12 weeks orally. Among 60 T2DM patients, 58 
completed the study. at the end of the study, 
Hba1c, vitamin D, Mnsi (both questionnaire and 
physical examination) improved that is statistically 
significant (p value < 0.001). Oral supplementation 
of vitamin D 3 (50,000 iU) once weekly for 12 
weeks was associated with a significant decrease in 
the symptoms and signs of diabetic neuropathy 
(35). lee and chen showed that vitamin D supple-

mentation over 3 months improved neuropathic 
symptoms by 50% in diabetic patients with vitamin 
D deficiency at baseline (24).

the past study evaluated that intramuscular in-
jection, 600,000 IU of vitamin D, could improve 
and reduce the pain of patients with DPn (27). 
short-term oral administration of vitamin D signif-
icantly increases the concentration of 25(OH) D 
and can improve symptoms of peripheral neuropa-
thy (36). Other studies confirm that taking vitamin 
D can increase serum calcium, reduce free fat cir-
culating acid concentrations, increase insulin secre-
tion, and also increase glucose tolerance in DPn 
patients (37). 

the study has some limitations. it was a hospi-
tal-based study and hence the results may not be 
generalized to the population on a community ba-
sis. The authors could not find sufficient subjects 
with normal vitamin D status. We also do not com-
pare the vitamin D levels in patients without neu-
ropathy. Further studies and clinical trials are war-
ranted. 

cONcLUsIONs

in this study, most of the study subjects (75.5%) 
have insufficient vitamin D levels. The severity of 
diabetic peripheral neuropathy in this study is sig-
nificantly associated with vitamin D levels (p value 
= 0.000). Most of the study subjects (43.4%) have 
severe degrees. 
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