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Abstract

Review Article

Type 2 diabetes mellitus (DM) is a global epidemic associated with severe vascular complications development.
Diabetic neuropathy is the most common chronic complication of DM that worsens patients’ quality of life and
prognosis. Therefore, studies dealing with DM and diabetic neuropathy underlying mechanisms are extremely
relevant. This review discusses current views on possible association between vitamin D deficiency and diabetic
peripheral neuropathy (DPN) in patients with type 2 diabetes. It is reported that Vitamin D is involved in the
development of DPN in type 2 diabetic patients, and vitamin D deficiency is very likely to be associated with DPN in
type 2 diabetic patients. Further interventional studies are needed to validate the association between vitamin D

deficiency and DPN.
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INTRODUCTION

Diabetes is a chronic, serious disease that
occurs either when the pancreas does not produce
enough insulin, or when the body cannot effectively use
the insulin it produces. Diabetes is one of four priority
noncommunicable diseases (NCDs) and an important
public health problem, targeted for action by world
health leaders. According to World Health Organization
(WHO), the global prevalence of diabetes was 8.5 % in
the adult population. Compared to 108 million in 1980,
an estimated 422 million adults were living with
diabetes in 2014 and the number will rise to 366 million
in 2030 [1].

Diabetes of all types can lead to complications
in many parts of the body and can increase the overall
risk of dying prematurely. Diabetic peripheral
neuropathy (DPN) is one of the major complications
and it is characterized by pain, sensory loss and
disability due to weakness. Severe undiagnosed sensory
loss can lead to foot ulcers, which can lead to
amputation. DPN can go undiagnosed until the patient
presents with an ulcer [2].

The prevalence of DPN in people with diabetes
has been reported to be up to 50% [3, 4]. The average

prevalence of diabetes in the middle east and north
Africa (MENA) region was 9.7% [5]. Estimates of the
prevalence of DN in people with T2DM vary from 17%
to 53% in the Middle East and North Africa (MENA)
region,7-9 27% to 32% in Europe,10-12 21% to 45% in
the United States and 17% to 62% in China. This high
variability may be attributed to the heterogeneity of the
populations studied and differing criteria for the
diagnosis of DN [6].

The pathological progress of DPN is still not
completely clear. It’s essential to identify potential risk
factor in diabetes mellitus for the better understanding
of the mechanism of DPN. Some epidemiological
studies have indicated that the high level of blood
glucose and glycated hemoglobin, the duration of
diabetes, elevated albumin excretion rates, obesity and
hypertension are the main risk factors for DPN [7,8].

Vitamin D has an established role in calcium
and bone metabolism; however, more recently
associations with vitamin D deficiency and risk of
developing diabetes, diabetes complications, and
cardiovascular disease have all been acknowledged [9].
Vitamin D has already been proven to be associated
with the regulation of bone metabolism in previous
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studies, while, several epidemiological studies also
indicate that vitamin D has a strong association with
multiple autoimmune diseases [10]. Appropriate
supplementation of vitamin D may play a potential
therapeutic role in preventing the severity and
progression of type 1 diabetes mellitus and type 2
diabetes mellitus [10]. 25-Hydroxyvitamin D [25(OH)
D], a biomarker of vitamin D, is measured in the blood
sample to monitor the vitamin D level in patients [11].
The concentration of 25-Hydroxyvitamin D ranges from
20 to 30 ng/ml or 50 to 75 nmol/L is considered as
vitamin D insufficiency. Vitamin D deficiency is
defined as 25(OH) D less than 20 ng/ml or 50 nmol/L
[12,13]. Increasing researches have suggested that low
vitamin D level, in addition to result in rickets in infants
and chondrosteoma in adults as we all known, may have
a potential role in the generation of DM and its
underlying diseases [14,15]. Vitamin D deficiency, a
common symptom in diabetic patients who has distal
symmetrical polyneuropathy, has been associated with
type 1 or 2 diabetes and its microvascular and
macrovascular complications [16].

A systematic review conducted in Qatar
reported that about 90 % of the population might have
insufficient levels of serum vitamin D [17]. The
weighted-average level 45.3+14.3 nmol/L was below
the optimal level of serum vitamin D (75 nmol/L)
advocated by the National Academy of Sciences
Institute of Medicine (IOM) [18]. Levels around 50-75
nmol/L are considered insufficient. Vitamin D
deficiency is common in patients with diabetes and is
associated with the presence and the severity of sensory
neuropathy [18]. Vitamin D deficiency has been shown
to be an independent risk factor for DPN [19, 20].
Vitamin D supplementation has been reported to
significantly reduce DPN and painful symptoms [21,
22].

Vitamin D, nerves, and diabetic neuropathy

Previously studies of vitamin D have largely
focused on bone health and calcium metabolism;
however, an increasing body of evidence particularly
over the past two decades implicates a role of vitamin D
in the nervous system [23, 24]. Multiple
neurodegenerative diseases including multiple sclerosis
[25-29] and Parkinson’s disease [30], as well as
cognitive decline in the elderly [31], have been linked
with declining vitamin D status. There are some data to
suggest that treatment with high doses of vitamin D3
slows down the progression of disability linked to
multiple sclerosis [32]; however, further larger
interventional studies are required to truly assess any
therapeutic benefit [33].

Nerve growth factor (NGF) was first identified
as being essential for the development of nociceptive
primary neurons and later found to have a role in
inflammatory hyperalgesia in adults [34]. NGF is a
neurotrophic factor which is synthesized initially as pro-

NGF, prior to being cleaved by intracellular proteases
before being translocated to the rough endoplasmic
reticulum and is cleaved a second time by extracellular
proteases to produce the active form [34]. NGF is
responsible for the development and maintenance of
neurons in several regions in the central nervous system
[34, 35]. Importantly, topical application of NGF in
diabetic foot ulcers has resulted in promotion of healing
[36]. NGF has previously been successfully studied in
phase 2 clinical trials [37] but showed a lack of efficacy
in a phase 3 study for DPN [38].

The prevalence of DPN can be as high as 50%
[39] and symptomatic diabetic neuropathy can affect
approximately 30% of diabetic patients with neuropathy
[40]. Currently there are no licensed therapies which
may alter the natural history of DPN; therefore,
symptom control remains the mainstay of DPN
management. Even for symptom relief, effective
treatment continues to remain a major challenge.
Anticonvulsants and antidepressants are first-line
therapy with a 50% reduction in pain considered a good
outcome [41]. In the largest observational study to date
of diabetic patients in a primary care cohort in the UK
(n = 15,692), the prevalence of painful symptoms and
painful DPN was 34% and 21% in South Asians and
Europeans, respectively [42]. Additionally the adjusted
risk of painful neuropathic symptoms in type 2 diabetes
was double that of type 1 diabetes (OR, 2.1; 95% ClI,
1.7-2.4; P\0.001) and women had a 50% increased
adjusted risk of painful symptoms compared with men
(OR, 1.5; 95% CI, 1.4-1.6; P\0.0001). Furthermore,
despite a lower prevalence of neuropathy in South
Asians (14%) compared to Europeans (22%) and
African Caribbeans (21%; P\0.0001), painful symptoms
were greatest in South Asians (38% vs. 34% vs. 32%,
P\0.0001). South Asians without neuropathy maintained
a 50% increased risk of painful neuropathic symptoms
compared with other ethnic groups (P\0.0001). These
differences may partly be explained in relation to
vitamin D deficiency as these groups have been shown
to have excess vitamin D deficiency [43]. Other studies
have assessed ethnic differences in DPN in a US
population with variations noted in risk for DPN and
diabetic autonomic neuropathy [44]. However, in an
Australian study there were no significant differences
between ethnic groups [45] although the ethnic mix of
the last two studies differs from that in the UK.

An increasing body of data suggests that
vitamin D may have not only analgesic properties but
also additional neuroprotective benefits. Vitamin D
deficiency and insufficiency are associated with various
pain syndromes and low levels of vitamin D correlated
with the presence of peripheral neuropathy in primary
Sjogren’s syndrome which can lead to a small fiber
neuropathy [46]. Vitamin supplementation has been
shown to improve musculoskeletal pain and non-
traumatic backpain in some studies [47]. However,
there is a prominent contrast in treatment effects
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between randomized, double-blind trials that minimized
bias and those with designs known to be subject to bias
[47] with better treatment effects noted in the latter.
Therefore, the overall evidence for the use of vitamin D
for chronic pain in adults is poor because of low-quality
and insufficient RCTs [47].

Pain thresholds of multiple etiologies have
been reported to be lowered with vitamin D deficiency
and elevated when the vitamin D deficiency is corrected
[48]. Previous observational studies have demonstrated
a significant link between vitamin D deficiency and
DPN [49-51]. In the National Health and Nutrition
Examination Survey (NHANES) 2001-2004, an
unweighted sample of 591 subjects with diabetes
demonstrated a significant association between vitamin
D deficiency and both paresthesia (OR, 2.12; 95% ClI,
1.17-3.85) and numbness (OR, 2.04; 95% CI, 1.18-
3.52) after adjusting for obesity, co-morbidities, use of
medications for neuropathy, diabetes duration, and
glycemic control [49]. Furthermore, in a prospective
observational study conducted by Skalli et al. [51] in
111 consecutive ambulatory patients with type 2
diabetes an association between vitamin D deficiency
and peripheral diabetic neuropathy was found [51].
Although both subjects with and without DPN were
deficient, those with DPN had approximately 4 ng/mL
lower 25(OH)D levels. In a further cross-sectional study
by Shehab et al. [50], vitamin D deficiency was an
independent risk factor for DPN assessed using the
neuropathy symptom score and other clinical and
electrophysiological measures of DPN. The duration of
diabetes was higher in the group with peripheral
neuropathy as was elevated low-density lipoprotein-
cholesterol (LDL). This latter observation may be of
relevance as both vitamin D and cholesterol share a
common metabolic pathway through 7-
dehydrocholestrol. In a more recent study conducted in
a small homogenous population in rural Turkey,
reduced serum 25(OH)D was associated with DPN [52];
interestingly, neither Vitamin D Receptor (VDR) nor
VDR-binding protein differed between those with and
without DPN [52].

Large nerve fiber deficits have also been
associated with vitamin D status in diabetes mellitus
[53]. In an age, sex, body mass index (BMI), height,
and disease duration matched cohort (n = 33) of patients
with diabetes, 25(OH)D was significantly lower in the
DPN group (21.2 £ 11.5 vs. 135 £ 5.1 ng/ mL, P =
0.001) [53]. After further adjustment for all studied
variables, serum vitamin D had an independent and
inverse association with both DPN presence and
severity, as each 1 ng/mL increase in serum 25(OH)D
was correlated with 2.2% and 3.4% decrease in the
presence and severity of nerve conduction studies
(NCV) impairment, respectively [53]. In a meta-
analysis of six studies that involved a total of 1484
patients with type 2 diabetes, vitamin D deficiency (\20
ng/mL) was significantly associated with an increased

risk of DPN [54]. The OR was 2.88 (95% CI, 1.84—
4.50; P\0.00001) with an adjusted OR of 2.68 (95% ClI,
1.67-4.30; P\0.0001) in a sub analysis of three studies,
suggesting that “‘vitamin D deficiency is very likely to
be associated with DPN in type 2 diabetic
patients’’[54].

To date clinical trials of vitamin D intervention
for DPN are limited. A single case report has shown
reversal of symptoms in severe intractable painful
diabetic neuropathy with the administration of 50,000
IU ergocalciferol (vitamin D2) weekly with almost
complete resolution by 4 weeks [55]. Even though the
patient was not severely deficient with a baseline
25(0OH)D of approximately 16 ng/mL, the subsequent
pain relief from the weekly ergocalciferol dose enabled
the discontinuation of oxycodone [55]. Lee et al. [56]
conducted an open-label uncontrolled study in patients
with vitamin D deficiency and 51 patients with painful
DPN. After treatment with oral cholecalciferol (vitamin
D3) at a mean dose of 2059 U daily for 3 months there
was an improvement of approximately 50% on the
Visual Analogue Scale (pain) [56]. Although the
placebo effect can be considerable in trials of
therapeutic agents in painful DPN, the maximal placebo
effect expected would be no more than approximately
30% [57]. Indeed a 50% pain reduction is considered to
be efficacious when evaluating interventions in painful
DPN [57]. Valensi et al. [58] conducted a double-blind
RCT of a compound (QR-333) containing a vitamin D
analogue and showed positive effects on numbness,
jolting pain, and irritation in subjects with painful DPN.
However, the outcomes of this study are somewhat
confounded as QR-333 contained quercetin, a flavonoid
with aldose reductase inhibitor effects, which is one of
the key pathogenetic pathways causing diabetic
neuropathy.

One of the key ‘hard endpoints’ of DPN is foot
ulceration, which may eventually lead to lower limb
amputation and significant morbidity and mortality
[59]. In a cross-sectional study of diabetic patients
without (n = 162) and with (n = 162) plantar ulcers,
lower 25(0OH)D status was associated with plantar
ulceration in patients with diabetes [60]. In a further
study by Tiwari et al. [61], vitamin D deficiency was
more prevalent and severe in patients with diabetic foot
infection. Cases of foot infection (n = 125) had a greater
risk of vitamin D deficiency (25(OH)D \20 ng/mL) than
controls (n = 164) with an OR of 1.8 (95% CI, 1.1-3.0;
P = 0.02) and the risk of severe vitamin D deficiency
(25(0OH)D\10 ng/ mL) was significantly higher in cases
than in controls with an OR of 4.0 (95% ClI, 2.4-6.9;
P\0.0001) [61].

DISCUSSION

This present review aiming to estimate the
association between serum 25(OH)D levels and DPN in
patients with type 2 diabetes. Previous study results
suggest that vitamin D is involved in the development
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of DPN in type 2 diabetic patients, and vitamin D
deficiency is associated with increased risk of DPN.
Thus, vitamin D deficiency is a biomarker of DPN and
it has some indications for the prevention or treatment
of diabetic neuropathy. DPN is a common complication
in patients with diabetes, and it can result in increased
risks of disability, cardiovascular diseases, and
mortality. Though multiple possible etiologies are
proposed for DPN, such as hyperglycemia-induced
oxidative stress, inflammation and neuronal ischemia,
this mechanism is still not completely clear. A meta-
analysis done by W. S. Lv et al. [54], find certain
evidence for the association between serum 25(0OH)D
levels and DPN in patients with type 2 diabetes.
Currently, there is lack of effective therapies for DPN.
The identification of the associations of DPN with
modifiable risk factors can provide us some
implications for the development of new therapies for
DPN. Since vitamin D deficiency is a modifiable risk
factor for DPN, vitamin D supplement maybe an
effective treatment for type 2 diabetic with DPN and
vitamin D deficiency. However, there are no relevant
trials aiming to assess the vitamin D supplement for
DPN patients. Further clinical trials are needed to
validate the role of vitamin D supplementation in the
prevention or treatment of diabetic neuropathy. Serum
25(0OH)D s the circulating form of vitamin D that is
measured in the blood and clinically used to establish
and monitor patients’ vitamin D status [62, 63]. It has
been shown that 25(OH)D can reduce f cell dysfunction
by depressing diabetes-associated inflammation in the
pancreas and restoring impaired insulin production [64,
65]. Other studies also show that 25(OH)D can
counteract increased insulin resistance, and low serum
25(0OH)D level is a maker of insulin resistance and
hyperglycemia [64, 66, 67]. Both inflammation and
hyperglycemia are suggested to be involved in the
development of DPN [68-70]. Thus, vitamin D
deficiency may increase risk of DPN via the subsequent
impacts of inflammation and hyperglycemia caused by
vitamin D deficiency. However, the mechanism
involved in the association between serum 25(0OH) D
levels and DPN in patients with type 2 diabetes is still
unclear, and further studies are needed to explore it.

Most of the studies used in the meta-analysis
were cross-sectional design, which was unable to
consider all common confounding factors and might
cause certain risk of bias. Compared with cohort
studies, cross-sectional design also has low power to
address the causal effects. Thus, to get a more precise
assessment of the impact of vitamin D deficiency on
DPN risk in type 2 diabetes, more prospective, well-
designed cohort studies are necessary. Finally, our study
only assessed the association between serum 25(0OH) D
levels and DPN risk in type 2 diabetes since there was
no relevant study from type 1 diabetic patients. Future
studies can further assess the association between
vitamin D deficiency and DPN risk in type 1 diabetic
patients [54].

CONCLUSION

In conclusion, this review suggests that
vitamin D is involved in the development of DPN in
type 2 diabetic patients, and vitamin D deficiency is
very likely to be associated with increased risk of DPN.
It remains unknown if supplementation of vitamin D to
normal or non-deficient levels alters pathogenetic
processes  related to  diabetic  microvascular
complications. To get a more precise assessment of the
impact of vitamin D deficiency on DPN risk in type 2
diabetes, more prospective, well-designed cohort
studies are necessary.
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