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Abstract N\
Background: Vitamin D is a fat-soluble vitamin that is related to the health of the human body and is an indispensable nutrient for \
human beings. Some studies indicated that type 2 diabetes mellitus (T2DM) with diabetic peripheral neuropathy (DPN) may be
associated with vitamin D deficiency, but the current understanding of this point of view remains controversial. This study aimed to
evaluate the correlation between serum 25-hydroxyl vitamin D (25 [OH] D) concentration and DPN in patients with T2DM by a meta-
analysis, and to provide a reference for doctors.

Methods: Relevant studies were selected from the PubMed, Cochrane Library, China National Knowledge Infrastructure, VIP
databases, and Wanfang Data Knowledge Service Platform databases dating from 2000 to December 2017. A total of 75 articles
related to serum 25 (OH) D and DPN were selected from 2000 to December 2017. Based on the inclusion and exclusion criteria of the
literature, a quality assessment was conducted using the Newcastle-Ottawa scale, and a meta-analysis was performed by
RevMan5.3 statistical software.

Results: Thirteen studies that involved a total of 2814 type 2 diabetic patients were finally included into the meta-analysis. Meta-
analysis results, heterogeneity test showed that, P < .000 01, /°=92%, calculation by random effect model revealed that, the serum
concentration of 25 (OH) D in T2DM combined with DPN group was lower than that in the group without DPN (weighted mean
difference=—0.74, 95% confidence interval: —1.03 to —0.46)

Conclusions: Vitamin D is associated with type 2 DPN (DPN), and vitamin D deficiency can lead to an increased risk of type 2 DPN.
However, more high-quality research is needed.

Abbreviations: 25-(OH)D = 25-hydroxy vitamin D, ADA = American Diabetes Association Standards, DPN = diabetic peripheral
neuropathy, NCS = nerve conduction study, NDS = neuropathy disability score, NOS = Newcastle-Ottawa scale, NSS = neuropathy
symptom score, T2DM = type 2 diabetes, TCSS = Toronto clinical scoring system, WHO = World Health Organization criteria.
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1. Introduction

Diabetes, a major lifestyle disease, has become a global burden. In
developing countries, the prevalence of diabetes is rising rapidly.
In many developing countries, China is the biggest contributor to
diabetes, followed by India.!'! Type 2 diabetes (T2DM) has
become a major global healthcare issue, and its incidence is
reported to be an alarming increase.”! With the rapid
development of the economy and the acceleration of industriali-
zation, the change of lifestyle and the acceleration of the aging
have made the prevalence of diabetes in China rapidly rising. It
has become an important chronic non-communicable disease,
after cardiovascular disease and tumor, which seriously endan-
gers the people’s health. According to the World Health
Organization, China’s economic losses from diabetes and related
cardiovascular diseases reached 557.7 billion dollars between
2005 and 2015.5! Recently, the prevalence of diabetes in the
world has risen dramatically, reaching 8.3% in 2014, which is
equal to 3.87 million patients.'! Diabetes mellitus is a progressive
disease that causes complications and is broadly divided into
small vessel disease, microvascular disease, and macrovascular
disease. Microvascular complications affect the retina in the eyes,
that is, diabetic retinopathy. Affecting the kidneys is known as
diabetic nephropathy, affecting the peripheral nerve is called
diabetic neuropathy.”! However, the most common chronic
complication of diabetes is neuropathy. At least 20% of patients
with type 1 diabetes will have a distal symmetrical multiple
neuropathy in 20 years, and 10% to 20% of newly diagnosed
tT2DM with distal symmetric multiple neuropathy will increase
to 50% in 10 years.!! Indeed, the related neurological
complications place a tremendous burden on the suffering
patient and the whole society.!* The peripheral nervous system is
one of the organ systems that can affect diabetes.[®! In addition,
peripheral neuropathy is a major cause of disability worldwide.
Diabetes is the most common cause of neuropathy, accounting
for 50%. More than half of diabetic patients suffer from
neuropathy, and diabetic peripheral neuropathy (DPN) is a major
cause of the decline in quality of life due to pain, loss of sensation,
instability of gait, related injuries, foot ulcers, and amputations.®!
Furthermore, the occurrence and development of these compli-
cations can result in loss of vision and neurological function,
impaired activity and cognition, reduced quality of life, limited
employment and productivity, and increased costs for patients
and society. Without control or treatment, irreversible damage or
even death can arise.l”! A study!® manifested that the prevalence
of DPN worldwide is 2.4% to 78.8%, depending on the
diagnostic method and population assessment (hospital or clinic).
Risk factors included age, gender, duration of diabetes, blood
sugar control, height, overweight and obesity, and insulin
therapy. Another literature!®! also indicated that Peripheral
neuropathy is a common chronic complication of diabetes, and
the most common manifestation is the distal degenerative
multiple neuropathy with sensory loss. About 20% to 30%
patients may experience neuropathic pain. And the DPN affects
the quality of life and life expectancy of the T2DM.'"]

How to prevent the DPN, to improve the quality of life in the
patient has become the primary target for the treatment of type 2
diabetes. Relevant studies have shown that vitamin D is widely
used in the human body, which is a multifunctional adrenocorti-
cotropic hormone." ! It is reported that vitamin D is associated
with a variety of diseases, including cardiovascular disease,
metabolic syndrome, cancer, multiple sclerosis, microbial
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infection, autoimmune disease, and Alzheimer’s disease.['?! A
study by Palomer X3! elucidated that lack of vitamin D may
result in poor glucose tolerance, insulin secretion change, and
T2DM. Serum 25-hydroxyl vitamin D (25 [OH] D) deficiency is
common in diabetic patients, and the low concentration of serum
25-(OH)D is associated with the severity of diabetic neuropa-
thy.'¥1 Serum vitamin D is a steroid vitamin, mainly involved in
the regulation of calcium and phosphorus metabolism. In recent
years, it has been shown that serum 25-(OH)D can influence not
only bones, but also chronic diseases such as T2DM, metabolic
syndrome, and tumor.!">! Therefore, the study comprehensively
evaluated the correlation of 25-(OH)D concentration and DPN
in patients with T2DM by a meta-analysis.

2. Methods

This is a systematic review and ethical approval was not
necessary.

2.1. Article search strategy

All published articles from 2000 to December 2017 and relevant
to serum 25 (OH) D and DPN were searched on the PubMed,
Cochrane Library, China National Knowledge Infrastructure
(CNKI), VIP databases (VIP), and Wanfang Data Knowledge
Service Platform databases (WANFANG). Simultaneously, we
searched the bibliographies of the retrieved studies, narrative
reviews, and meta-analyses to identify further relevant articles.
The following terms were used as keywords: DPN, diabetic
peripheral neuropathy, T2DM, type 2 diabetes, 25-(OH)D,
25-hydroxy vitamin D.

2.2. The inclusion criteria

To be included into the meta-analysis, the eligible study must
meet the following inclusion criteria:

(1) Case-control studies;

(2) The patient was consistent with the diagnostic criteria for
T2DM with DPN;

(3) Literatures reviewed the relationship between serum 25(OH)
D concentration and T2DM with DPN;

(4) The literature directly or indirectly provided the mean +
standard deviation (X + S) of serum 25(OH)D.

2.3. The exclusion criteria

(1) Review of literatures;

(2) Case reports;

(3) Case-only studies;

(4) There were short of data in documents;
(5) Repeated references.

2.4. The quality assessment

According to Cochrane Evidence-based Practice Manual 5.1.0,
each retrieve record was evaluated by the 2 researchers
separately, if controversial, please another researcher to discuss
and make a decision.l'®’ The study quality was assessed
according to the Newcastle-Ottawa quality assessment scale
(NOS):
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(1) selection;
(2) comparability;
(3) exposure.[17]

Among them, the selection part mainly evaluates 4 parts:

(1) Is the case definition adequate?
(2) Representativeness of the cases.
(3) Selection of controls.

(4) Definition of controls.

The comparability part mainly estimates 1 part: comparability
of cases and controls on the basis of design or analysis. The
exposure part mainly appraises 3 parts:

(1) Ascertainment of exposure.
(2) Same method of ascertainment for cases and controls.
(3) Nonresponse rate.

The quality of the literature included was high. Every study
was independently extracted and evaluated by 2 researchers, and
the results were disputed. The third researcher was invited to
participate in the study, and then the decision was made after
discussion.

2.5. Statistical analysis

All statistical analyses were performed using Review Manager
(versions.3).1"® Risk ratio (RR) was used for count data while
standardized mean difference (SMD) was adopted for continuous
variables as effect size, respectively, both of which were
demonstrated with effect size and 95% confidence intervals
(CI). If there was no heterogeneity among the studies, that is, a P-
value greater than .10 or I* less than 50%, it explained that the
heterogeneity of the research was small, and the fixed effect
model was used to analyze. A P-value less than .10 or I* greater
than 50% suggested that there was obvious heterogeneity among
the included studies, the random effect model was used to
combine the effect volume. The bias of the study was analyzed by
funnel plot.

3. Results

3.1. Study selection

A total of 75 studies that were associated with serum 25 (OH) D
and DPN were identified through the PubMed, Cochrane
Library, CNKI, VIP, and WANFANG, 9 of which were
duplicated. Of the remaining 66 studies, 48 were generally
excluded based on the inclusion criteria. Finally, after reading the
full manuscripts of the remaining 18 studies and conducting
manual search of the reference lists of primary studies, 13
articles! ' 1415197281 were included in this study as they fulfilled
our eligibility criteria. The study selection procedure is outlined in
Figure 1.

3.2. Study characteristics and quality

The 13 studies (8 articles were in Chinese!!>'*~231 and 5 articles

were in English!">'*26728]) comprised 2814 patients with type 2
diabetes, Eventually, they were all included in the meta-analysis
study. Their principal characteristics were summarized in Table 1.
There were 3 literatures!'*2%%5! published in 2017, there were 2
articles!??! published in 2016, there were 5 studies!!* 151923281
published in 2015, there was 1 document'**! published in 2014,
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[26] [27]

there was 1 study'™®' published in 2013, there was 1 article
published in 2012.

The 13 studies quality was assessed according to the NOS, The
quality of the literature included was high. The results were

shown in Table 2.

3.3. The concentration of serum 25-(OH)D in case group
and control group

The results were shown in Figure 2. Heterogeneity test, according
to the results of the meta-analysis, suggested that P <.000 01,
I?=92%, there was a large heterogeneity between the studies,
that is why the random effect model was used to calculate. The
results indicated, the concentration of serum 25-(OH)D in T2DM
with DPN is lower than those without DPN (SMD=—-0.74, 95%
CL: —1.03 to —0.46, P<.00001)

3.4. The number of serum 25-(OH)D deficiency in the case
group and control group

The results were shown in Figure 3. Heterogeneity test, according
to the results of the meta-analysis, suggested that I>=0%, there
was a small heterogeneity between the studies, Thus, the fixed
effect model was used to calculate. The results manifested that
serum 25 (OH) D deficiency was a risk factor for T2DM patients
with DPN (RR=1.07, 95% CI: 0.99-1.16), the concentration of
serum 25 (OH) D deficiency was positively correlated with the
risk of T2DM with DPN.

3.5. Funnel plot of serum 25 (OH) D concentration in case
group and control group

The results were shown in Figure 4. The distribution of the funnel
plot points around the estimated true value of each study was
roughly symmetrical, indicating that publication bias was small.

4. Discussions

4.1. Analysis of the relationship between vitamin D (VD)
and T2DM combined with DPN

This study found that the serum concentration of 25 (OH) D in
T2DM combined with DPN group was lower than that in non-
DPN group (SMD=-0.74, 95% CL. —1.03 to —0.46, P
<.00001; Fig. 2). Serum 25 (OH) D deficiency was a risk factor
for T2DM patients with DPN (RR=1.07, 95% CI: 0.99-1.16;
Fig. 3), the concentration of serum 25 (OH) D deficiency was
positively related to the risk of T2DM combined with DPN.

4.2. Limitations of this study

Although the 13 articles included in this Meta-analysis were
consistent with the inclusion and exclusion criteria, they still had
some limitations: First, the sample size of raw data was small,
which would reduce the availability of data and generate bias;
Second, there may be some deviations in the measurement of
serum 25 (OH) D, which may lead to methodological bias; in
addition, in this paper, we studied the relationship between the
serum 25 (OH) D concentration and T2DM patients with DPN,
the serum 25 (OH) D here referred to the measured value of
clinical examination, and it was the main storage form of
vitamin D in human body. Vitamin D needs to be appropriately
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for eligibility — (n=5)

-Out the scope of review

-No detailed data
-Include other reference standard
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R
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synthesis (meta-analysis)

Studies included in
qualitative synthesis

Figure 1. Study selection procedure.

supplemented for T2DM patients with DPN; however, we did
not conduct in-depth and detailed research and introduction to
vitamin D intake.

The reasons for the heterogeneity between studies may come
from the following aspects:

(1) subject characteristics,

(2) research environment,

(3) different diagnostic criteria,

(4) the difference of research methods,
(5)

5) statistical methods.

4.3. The role of VD in the clinical prevention of T2DM with
DPN

The results of meta-analysis in this study displayed that vitamin D
was associated with T2DM patients with DPN, and vitamin D
deficiency could lead to an increase in the risk of T2DM patients

with DPN. The concentration of vitamin D has become an
indicator for the treatment and prevention of T2DM patients
with DPN.

Diabetic patients are easy to lack B vitamins, vitamin C,
vitamin D, and many micronutrients, such as chromium, zinc,
selenium, magnesium, iron, manganese, which can be supple-
mented according to the results of nutritional assessment.!®! The
concentration of serum 25 (OH) D is considered to be an
indicator of vitamin D levels.”**! Another study also suggested
that serum 25 (OH) D was measured in blood and was a
circulating form of vitamin D in the blood. Circulating serum 25
(OH) D is considered to be a nutritional status indicator of
vitamin D and is associated with the onset of secondary
hyperparathyroidism and cancer.®®! It has been shown that
vitamin D deficiency will increase the risk of cancer, to avoid
vitamin deficiency and to supply vitamin D may be an economical
and safe way to reduce the incidence of cancer and to improve
the prognosis and outcome of cancer.®!! According to
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Newcastle-Ottawa Scale quality assessment in the included studies.

Whether the
Investigation methods of
The case  Representativeness  Selection Definition and evaluation evaluation Nonresponse
References definition of the cases of controls of controls Comparability of exposure are the same rate Total
Xuanwenting 0 0 0 bAe e Y Y Y 6
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Xiaolingfeng Yo 0 0 0 0 Y Y Y 4
RuiHe 0 Y 0 Y Yok Y b Y 7
Celil Alper Usluogullari Y 0 0 Yo 0 Yo Yo e 5
D. Shehab Y Y 0 0 Yok * Y * 7
Hala Ahmadieh Yo 0 0 0 Yo¥ Y * Y 6
D. Shehab Y Y Y 0 0 Y Y Y 6
Case Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% Cl
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D.Shehab2012 369 399 87 5832 589 123 79% -0.41 [0.69,-0.13) =t

D.Shehab2015 253 109 57 202 95 55 T4% -0.38 [-0.75,-0.00] -
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wangyunfeng2015 306 9 B0 589 158 B0 7.0% -219[-2.64,-1.73] -

xiaolingfeng2014 3055 895 76 5886 1579 70 7.2% -2.22-2.63,-1.80] e

xuanwenting2015 303 156 100 427 167 100 7.8% -0.76 [-1.05,-0.49] -

xuhongliang2017 1432 638 157 1838 833 173 B81% -0.54 [-0.76,-0.32) *

Total (95% CI) 1244 1570 100.0%  -0.74[-1.03, -0.46] L]

Heterogeneity: Tau® = 0.25; Chi*= 148.33, df= 12 (P < 0.00001), F= 92% T 2 0 3 i 0

Test for overall effect Z=5.10 (P < 0.00001)

Favours [case] Favours [control]

Figure 2. 25 (OH) D in the case and control. 25 (OH) D = 25-hydroxyl vitamin D.

epidemiological studies, vitamin D deficiency is associated with
high prevalence of type 1 and type 2 diabetes, in animal models,
vitamin D deficiency will cause diabetes, while Vitamin D
supplements can prevent diabetes."®?! A study'*3! confirmed that
Vitamin D deficiency was an independent risk factor for DPN,
which also opened a new way to prevent DPN. Studies showed
that low concentration of vitamin D were a risk factor for type 2

diabetes. Low concentration of 25 (OH) D was associated with
glucose metabolism disorder and insulin metabolism."'1**! In
addition, DPN is related to both inflammation and hyperglyce-
mia.[?>3% The lower concentration of circulating 25 (OH) D, the
greater the risk of major fiber neuropathy in the type 2
diabetics.*”! A study by Ahmadieh et al*®! explained that low
concentration of 25 (OH) D is an independent risk factor for

Risk Ratio
M-H, Fixed, 95% CI

case Control Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl
Celil Alper Usluogullari2015 49 89 120 222 221% 1.02[0.81,1.27]
wangqian2016 108 123 87 107 300% 1.08[0.97,1.21]
wangyu2016 46 52 43 49 143% 1.01[0.87,1.186]
x¥uhongliang2017 112 157 110 173 33.7% 1.12[0.97,1.30]
Total (95% CI) 421 551 100.0%  1.07 [0.99, 1.16]
Total events N5 360

Heterogeneity. Chi*=1.26, df=3 (P=0.74), F= 0%
Testfor overall effect Z=1.65(P=0.10)

02

05 1 2
Favours [case] Favours [control]

Figure 3. The number of 25 (OH) D deficiency in the case and control. 25 (OH) D = 25-hydroxyl vitamin D.
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DPN. Studies on type 2 diabetes confirmed that vitamin D
deficiency was associated with neuropathy. Recent reports also
suggested that vitamin D deficiency was associated with diabetic
foot ulcers.*®!

Low concentration of 25 (OH) D is a risk factor for DPN,
thus proper supplementation of vitamin D may prevent the
occurrence and development of DPN. A study by Basit et al'*”!
displayed that an intramuscular injection, 600,000 IU of
vitamin D, can obviously improve the pain of patients with
DPN. A study by Shehab et al''* showed that the mechanisms
of neuropathy and pathophysiology of neuropathy were related
to hyperglycemia caused by microvascular injury or direct
neuronal metabolism injury. Short-term oral vitamin D can
improve the symptoms of peripheral neuropathy in patients
with type 2 diabetes, and compared with the placebo group can
significantly improve the concentration of 25 (OH) D in
patients with DPN.

A study by Lee and Chen™® illuminated that, vitamin D
supplementation could have beneficial effects on the neuropathic
pain of type 2 diabetes. A study by Belll*!! clarified that oral
vitamin D can significantly reduce the symptoms and pain of
DPN. Related studies!***3! showed that taking vitamin D can
increase serum calcium in T2DM, reduce circulating free fatty
acid concentration, increase insulin secretion and improve
glucose tolerance. A study by Soderstrom et al™**! has shown
that in the National Health and Nutrition Examination Survey,
vitamin D deficiency (defined as below 30 ng/mL) in adults with
diabetes is associated with symptoms (numbness, pain, loss of
consciousness, and tingling in hands or feet) after statistical
correction of demographic factors and glycosylated hemoglobin
concentrations.

Therefore, we suggest that DPN patients should pay more
attention to the concentration of serum 25 (OH) D. If the
concentration of serum 25 (OH) D is lower than 30 ng/mL, timely
and appropriate vitamin D supplementation may alleviate
symptoms by raising serum 25 (OH) D to a certain concentration.
similarly, clinicians should pay close attention to the monitoring
of serum 25 (OH) D. Adequate supplementation of vitamin D
may be beneficial to prevent the occurrence and development of
DPN.

But how much vitamin D supplementation can meet the
amount of DPN patients need? There is still a lack of research in
this issue.

www.md-journal.com

5. Conclusions

In conclusion, vitamin D is associated with type 2 DPN. The
serum 25 (OH) D deficiency was a risk factor for T2DM patients
with DPN. The concentration of serum 25 (OH) D has become an
indicator for the treatment and prevention of peripheral
neuropathy (DPN) in type 2 diabetes.
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