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Abstract
Background: Vitamin D deficiency has been reported to be associated with diabetic microvascular complications, but previous
studies have only focused on the relationship between vitamin D and specific complications. Therefore, we aimed to explore the
relationship between vitamin D level and diabetic microvascular complications in general, including diabetic retinopathy (DR),
diabetic nephropathy (DN), and diabetic peripheral neuropathy (DPN).
Methods: This was a cross-sectional study of 815 patients with type 2 diabetes mellitus (T2DM). Clinical information and
laboratory results were collected from the medical records. The relationship between vitamin D and the three diabetic microvascular
complications was investigated.
Results: The serum 25-hydroxyvitamin D (25 [OH] D) level of patients with DPN and/or DN was significantly lower than that of
T2DM patients without any microvascular complications (P< 0.01). Univariate analysis showed that the 25 (OH) D level was
related to DPN andDN, but not DR. After adjustment, the 25 (OH) D level was confirmed to be an independent protective factor for
DPN (odds ratio [OR]: 0.968, P= 0.004]) and DN (OR: 0.962, P= 0.006). The prevalence of DPN and DN increased significantly
as the serum 25 (OH) D levels decreased. Furthermore, patients with both DPN and DN had the lowest concentration of serum
25 (OH) D (P< 0.001), and the prevalence of macroalbuminuria increased more abruptly than that of microalbuminuria across the
25 (OH) D tertiles. Among the patients with vitamin D insufficiency, those with DPN presented more comorbid macroalbuminuria
than those without DPN (15.32% vs. 4.91%; P= 0.001).
Conclusions: Vitamin D deficiency is independently associated with higher risk of DPN and DN, but not DR, in T2DM patients.
Further, it may be a potential predictor for both the occurrence and severity of DPN and DN.
Keywords: Type 2 diabetes mellitus; Diabetic retinopathy; Diabetic nephropathy; Diabetic peripheral neuropathy; Vitamin D
Introduction

Diabetes mellitus (DM) is a group of clinical syndromes
characterized by glucose metabolism disorders, with the
long-term hyperglycemia causing chronic complications in
multiple organs. In type 2 diabetes mellitus (T2DM), the
main microvascular complications include diabetic reti-
nopathy (DR), diabetic nephropathy (DN), and diabetic
peripheral neuropathy (DPN). DR, DN, and DPN all have
profound adverse impact on the patients’ quality of life and
lead to disability or mortality.[1-4]

Vitamin D, synthesized in the skin or derived from food, is
transferred by vitamin D binding protein and activated
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after two steps: (1) vitamin D is transformed into 25-
hydroxyvitamin D (25 [OH] D) with vitamin D-25-
hydroxylase. Then, (2) 1,25 (OH)2D is formed by 25 (OH)
D-1a-hydroxylase, an enzyme present not only in the
tubules of kidney, but also in many cells such as
macrophages, adipocytes, and pancreatic b-cells.[5-7] In
addition to its role in regulating calcium and phosphorus
metabolism, vitamin D was reported to inhibit inflamma-
tion and autoimmune response, alleviate insulin resistance,
and promote insulin synthesis and secretion.[8] In relation
to this, vitamin D deficiency was found to be associated
with diabetic microvascular complications.[9-11] However,
previous studies have only focused on the relationship
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between vitamin D and specific diabetic microvascular
complications. Therefore, this study aimed to determine
the relationship between vitamin D and the overall
microvascular complications in T2DM patients.
Methods

Ethics approval

This study was approved by the Human Research and
Ethics Committee of our hospital and was conducted
according to the tenets of the 1964Declaration of Helsinki
and its later amendments. Written informed consent was
obtained from all participants.
Patients

This cross-sectional study evaluated 815 patients with
T2DM who were hospitalized in the Department of
Endocrinology andMetabolism of our hospital from April
2015 to November 2019. DMwas diagnosed according to
the 2012 American Diabetes Association criteria.[12] The
exclusion criteria were as follows: (1) type 1 DM or special
types of diabetes, (2) acute complications of diabetes, (3)
liver and renal dysfunction, (4) parathyroid diseases, (5)
severe cardiovascular and cerebrovascular diseases, (6)
malignant tumors, (7) pregnant or lactating women, (8)
cataract, glaucoma, and other eye diseases interfered with
fundus photography, and (9) treatment with drugs or
nutrition supplements that affected vitamin D metabolism.
Anthropometric and laboratory measurement

Information of sex, age, duration of diabetes, and
medication was collected from the medical records with
standardized questionnaires. The body mass index (BMI)
was calculated as body weight (kg) divided by the square of
height (m2). Blood pressure was measured after at least a
10-min rest, with the patient in a sitting position.

Fasting plasma glucose (FPG) levels were measured using the
glucose oxidase method (automatic Biochemistry Analyzer,
Beckman Coulter, CA, USA). Glycated hemoglobin (HbA1c)
was measured via high-pressure liquid chromatography
using the VariantTM II machine (Bio-Rad, Hercules, CA,
USA). Total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein-
cholesterol, uric acid (UA), blood urea nitrogen (BUN), and
serum creatinine (Scr) levels were measured via enzymatic
methods using an automatic biochemical analyzer (7600-020,
Hitachi Inc., Tokyo, Japan). Cystatin C (Cys C) levels were
measured using a highly sensitive latex-enhanced immuno-
turbidimetricmethodwith an automatic biochemical analyzer
(7600-020;Hitachi Inc.). Serum25 (OH)Dconcentrationwas
measured using an electrochemiluminescence assay (Roche,
Switzerland). Serum 25 (OH) D< 10 ng/mL was categorized
as deficiency, 10 ng/mL � 25 (OH) D < 20 ng/mL as
insufficiency, and 20 ng/mL � 25 (OH) D as sufficiency.[8]
Evaluation of microvascular complications

DPN was defined as at least two positive findings of
sensory symptoms and signs, reflex abnormalities consis-
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tent with distal symmetrical polyneuropathy, or abnormal
results on nerve conduction tests. An abnormal result was
defined as the presence of at least one abnormal nerve
attribute (amplitude, latency, F-wave, or nerve conduction
velocity) in two or more nerves among the median,
peroneal, and sural nerves.[13]

We collected 24-h urine samples three times to measure the
albumin excretion rate (AER). DN was defined as an
average urinary albumin of ≥30 mg/24 h. Urinary albumin
<30 mg/24 h was categorized as normoalbuminuria, 30
mg/24 h � urinary albumin < 300 mg/24 h as micro-
albuminuria, and urinary albumin ≥300 mg/24 h as
macroalbuminuria.[14]

DR was diagnosed based on findings of fundoscopy
operated by an ophthalmologist. Either non-proliferative
retinopathy or proliferative retinopathy was defined as DR.
Statistical analyses

Data are represented as mean ± standard deviation or
median (25th–75th percentiles) for continuous variables
and percentages (%) for categorical variables. Between-
group differences were analyzed using the Mann-Whitney
U test. The Kruskal-Wallis test and analysis of variance
were used for three or four groups, and the Chi-squared
test was applied for categorical values. The association
between microvascular complications and risk factors was
evaluated using multiple logistic regression analysis.
Figures were created using GraphPad Prism 8.0 (GraphPad
Software, Inc., CA, USA). All statistical analyses were
performed using SPSS version 25 (SPSS Inc., Chicago, IL,
USA). All tests were two-tailed, and P< 0.05 was
considered statistically significant.

Results

Patient characteristics

The mean age of the patients was 59.64± 13.06 years, and
the mean T2DM duration was 11.27± 7.93 years. Among
the 815 patients, 50 were excluded from the analyses
because of missing values. Compared with T2DM patients
without microvascular complications, patients with either
of the three microvascular complications had significantly
higher T2DM duration, systolic blood pressure, BMI,
HbA1c, BUN, and Cys C. DN patients had higher diastolic
blood pressure (DBP), FPG, fasting plasma C-peptide, TC,
TG, UA, and Scr and lower HDL-C. Meanwhile, DR
patients showed higher DBP, TG, and UA levels.
Importantly, patients with DPN or DN exhibited lower
25 (OH) D levels (both P< 0.01) [Table 1]. However, the
25 (OH) D levels of DR group were similar to that of the
group without microvascular complications (P = 0.329).
Association between 25 (OH) D and the three diabetic
microvascular complications

The patients were divided into vitamin D deficiency
(n= 178), insufficiency (n= 392), and sufficiency (n= 195)
groups according to their 25 (OH) D values. The
prevalence of DPN and DN significantly increased as
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Table 1: Characteristics of patients with T2DM complications in different groups.

Characteristics
Control group
(n= 314)

DPN group
(n= 299)

DN group
(n= 223)

DR group
(n= 235) P

Age (years) 59 (53–67) 63 (56–72)† 60 (51–68) 61 (55–68)
∗

<0.001
Sex (M/F) 189/111 137/133† 124/85

∗
120/89

∗
0.029

DM duration (years) 7.00 (2.00–12.00) 10.00 (6.00–17.00)† 10.50 (6.00–15.00)† 12.00 (6.75–17.00)† <0.001
SBP (mmHg) 127.19± 15.24 133.07± 16.67† 137.12± 17.54† 134.84± 16.77† <0.001
DBP (mmHg) 78.34± 9.19 78.71± 9.56 80.82± 9.94† 79.85± 9.58

∗
0.024

BMI (kg/m2) 24.39± 3.36 25.11± 3.55
∗

26.43± 3.60† 25.47± 3.37† <0.001
FPG (mmol/L) 7.64± 2.39 8.01± 2.89 8.48± 3.11† 8.01± 2.86 0.053
HbA1c (%) 8.52± 2.17 9.11± 2.31† 9.22± 2.25† 8.98± 2.19† <0.001
FCP (ng/mL) 1.91± 1.09 1.91± 1.17 2.20± 1.24† 1.93± 1.16 0.029
TC (mmol/L) 4.66± 1.15 4.81± 1.20 4.93± 1.28

∗
4.85± 1.13 0.168

TG (mmol/L) 1.89± 2.12 1.95± 1.84 2.51± 2.11† 2.08± 1.74
∗

<0.001
HDL-C (mmol/L) 1.07± 0.33 1.07± 0.29 0.99± 0.26† 1.06± 0.26 0.003
LDL-C (mmol/L) 2.71± 0.91 2.74± 0.89 2.69± 0.86 2.71± 0.85 0.850
UA (mmol/L) 313.00

(266.50–365.50)
317.00

(262.00–365.00)
342.00

(274.00–426.00)†
335.50

(273.50–389.25)
∗

0.008

BUN (mmol/L) 5.31± 1.56 5.98± 2.09† 6.65± 3.08† 6.21± 2.71† <0.001
Scr (mmol/L) 67.23± 18.01 71.24± 21.71 79.10± 42.24† 73.14± 37.26 0.016
Cys C (mg/L) 1.10± 0.33 1.25± 0.38† 1.38± 0.56† 1.26± 0.48† <0.001
25 (OH) D (ng/mL) 16.23± 7.10 14.61± 7.36† 13.78± 6.83† 16.38± 9.16 <0.001

Data are expressed as n, mean± standard deviation or median (25th–75th percentiles). Compared with the control group,
∗
P< 0.05, †P< 0.01. T2DM:

Type 2 diabetes mellitus; DPN: Diabetic peripheral neuropathy; DN: Diabetic nephropathy; DR: Diabetic retinopathy; M: Male; F: Female; DM:
Diabetes mellitus; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; BMI: Body mass index; FPG: Fasting plasma glucose; HbA1c: Glycated
hemoglobin; FCP: Fasting plasmaC-peptide; TC: Total cholesterol; TG: Triglyceride; HDL-C:High-density lipoprotein cholesterol; LDL-C: Low-density
lipoprotein cholesterol; UA: Uric acid; BUN: Blood urea nitrogen; Scr: Serum creatinine; Cys C: Cystatin C; 25 (OH) D: 25-hydroxyvitamin D.
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the vitamin D level decreased (P< 0.01). However, there
was no significant difference in the prevalence of DR
among the three groups (P= 0.173) [Table 2].

Multiple logistic regression was applied to analyze the
relationship between clinical variables. Univariate analysis
showed that the 25 (OH) D was significantly correlated
with DPN (odds ratio [OR]: 0.969, 95% confidence
interval [CI]: 0.950–0.989, P= 0.003) and DN (OR:
0.950, 95%CI: 0.928–0.973, P< 0.001), but not with DR
(OR: 1.014, 95% CI: 0.994–1.034, P= 0.165). Multiple
logistic regression analysis after adjustment showed that
the 25 (OH) D level was an independent protective factor
for DPN and DN [Table 3].
Association between 25 (OH) D and DPN complicating DN

Compared with T2DM patients without DPN or DN,
patients with DN in the absence or presence of DPN had
significantly lower 25 (OH) D levels [Figure 1A]. In the
vitamin D sufficiency group, 10.26% of patients had DN
alone, but this markedly increased to 17.53% in the
vitamin D insufficiency group. For DPN complicating DN,
the prevalence of 5.13% in the vitamin D sufficiency
markedly increased to 20.22% in the vitamin D deficiency
group [Figure 1B].

Patients with normoalbuminuria had higher 25 (OH) D
levels than those with microalbuminuria and macro-
albuminuria [Figure 2]. The prevalence of macroalbumi-
nuria increased rapidly as the vitamin D level decreased:
1.54%, 8.23%, and 15.73% in the vitamin D sufficiency,
816
insufficiency, and deficiency groups, respectively. The
prevalence of microalbuminuria also gradually increased
in the above three groups (13.92%, 20.31%, and 22.47%,
respectively). In addition, in the vitamin D insufficiency
and deficiency groups, although the 25 (OH) D levels were
similar in patients with and without DPN, the albumin
excretion rate level of DPN patients was markedly higher.
In the vitamin D insufficiency group, the prevalence of
macroalbuminuria in patients with DPN was significantly
higher than those without DPN [Table 4].
Discussion

Previous studies on the association between diabetic
microvascular complications and vitamin D levels have
only focused on specific diabetic microvascular complica-
tions. In this study, we explored the relationship between
vitamin D and microvascular complications in general
including DPN, DN, and DR in the Chinese population.
The results showed that the prevalence and severity of DN
and DPN were associated with vitamin D levels. However,
there was no association between vitamin D level and DR,
despite the strong relationship between vitamin D and DN
or DPN.

The relationship between vitamin D and DR has been
controversial in previous studies. The current study
showed that there was no significant difference in 25
(OH) D levels between T2DM patients without microvas-
cular complications and those with DR. Further, there was
no significant difference in the prevalence of DR according
to the different vitamin D levels. Moreover, univariate
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Table 3: Multiple logistic regression of variables associated with different diabetic microvascular complications.

Risk factors Odds ratio 95% CI P

DPN
Age 1.028 1.013–1.043 <0.001
HbA1c 1.122 1.043–1.207 0.002
DM duration 1.037 1.013–1.061 0.036
25 (OH) D 0.968 0.947–0.990 0.004

DN
BMI 1.170 1.101–1.243 <0.001
BUN 1.384 1.147–1.671 0.001
25 (OH) D 0.962 0.936–0.989 0.006
DM duration 1.049 1.022–1.077 <0.001
SBP 1.025 1.011–1.040 0.001
HbA1c 1.177 1.057–1.311 0.003
HDL-C 0.368 0.160–0.846 0.019

DR
SBP 1.018 1.004–1.031 0.010
DM duration 1.062 1.029–1.096 <0.001

Variables with P < 0.05 in multiple model are shown in the table. Significant variables (P< 0.05) in the univariate analysis were included in the
multivariate model. DPN: sex, age, DMduration, SBP,HbA1c, and 25 (OH)D;DN: BMI, SBP, DBP, DMduration, FPG,HbA1c, FCP, TC, TG,HDL-C,
BUN, Scr, and 25 (OH) D; DR: BMI, DM duration, SBP, BUN, Cys C, and UA. CI: Confidence interval; DPN: Diabetic peripheral neuropathy; HbA1c:
Glycated hemoglobin; DM: Diabetes mellitus; 25 (OH) D: 25-Hydroxyvitamin D; DN: Diabetic nephropathy; BMI: Body mass index; BUN: Blood urea
nitrogen; SBP: Systolic blood pressure; HDL-C: High-density lipoprotein cholesterol; DR: Diabetic retinopathy; DBP: Diastolic blood pressure; FPG:
Fasting plasma glucose; FCP: Fasting plasma C-peptide; TC: Total cholesterol; TG: Triglyceride; UA: Uric acid; Scr: Serum creatinine; Cys C: Cystatin C.

Table 2: Characteristics of the three groups of patients according to 25 (OH) D levels.

Characteristics
Deficiency
(n= 178)

Insufficiency
(n= 392)

Sufficiency
(n= 195) P

Age (years) 60.66± 12.35 58.55± 13.18 59.22± 12.38 0.223
Sex (M/F) 85/93 224/168 144/51 <0.010
DM duration (years) 10.18 ± 7.02 11.05± 8.26 12.37± 7.48† 0.011
SBP (mmHg) 132.75± 17.81 131.45± 16.29 129.16± 15.11 0.212
DBP (mmHg) 78.69± 9.43 79.47± 9.38 78.32± 9.54 0.178
BMI (kg/m2) 25.65± 3.66 25.14± 3.64 24.25± 3.06† <0.001
FPG (mmol/L) 7.93± 2.74 8.18± 2.82 7.20± 2.22

∗
<0.001

HbA1c (%) 8.76± 2.03 9.03± 2.33 8.26± 1.92† <0.001
FCP (ng/mL) 2.11± 1.14 1.96± 1.20 1.92± 1.12 0.124
TC (mmol/L) 4.80± 1.30 4.81± 1.16 4.58± 1.02 0.064
TG (mmol/L) 1.98± 1.76 2.19± 2.32 1.70± 1.30 0.106
HDL-C (mmol/L) 1.07± 0.29 1.05± 0.32 1.06± 0.27 0.478
LDL-C (mmol/L) 2.72± 0.94 2.72± 0.87 2.65± 0.82 0.653
UA (mmol/L) 330.09± 94.47 318.97± 87.93 327.93± 87.89 0.290
BUN (mmol/L) 5.72± 2.36 5.80± 2.36 5.73± 1.50 0.227
Scr (mmol/L) 71.63± 29.99 69.68± 29.03 70.40± 19.05 0.504
Cys C (mg/L) 1.21± 0.46 1.18± 0.39 1.16± 0.33 0.972
25 (OH) D (ng/mL) 7.30± 1.95 14.34± 2.83† 26.38± 6.08† <0.001
DPN (%) 83 (46.63) 125 (31.89) 62 (31.80) <0.010
DN (%) 68 (38.20) 111 (28.32) 30 (15.39) <0.010
DR (%) 57 (32.02) 102 (26.02) 63 (32.31) 0.173

Continuous variables are expressed as the mean± standard deviation, whereas categorical variables are expressed as n or n (%). Compared with the
deficiency group,

∗
P < 0.05, †P < 0.01. Deficiency: 25 (OH) D <10 ng/mL; Insufficiency: 10 � 25 (OH) D <20 ng/mL; Sufficiency: 25 (OH) D ≥20 ng/

mL. 25 (OH) D: 25-hydroxyvitamin; Male; F: Female; DM: Diabetes mellitus; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; BMI: Body
mass index; FPG: Fasting plasma glucose; HbA1c: Glycated hemoglobin; FCP: Fasting plasma C-peptide; TC: Total cholesterol; TG: Triglyceride; HDL-
C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein-cholesterol; UA: Uric acid; BUN: Blood urea nitrogen; Scr: Serum creatinine;
Cys C: Cystatin C; DPN: Diabetic peripheral neuropathy; DN: Diabetic nephropathy; DR: Diabetic retinopathy.
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Figure 2: Serum 25-hydroxyvitamin D concentrations of patients with different
albuminuria levels.

∗
P< 0.05, †P< 0.01.

Figure 1: (A) Serum 25 (OH) D concentrations of patients in the control, DPN only, DN only,
and DPN complicating DN groups. (B) The percentage of patients with DPN only, DN only,
and DPN complicating DN among different 25 (OH) D levels.

∗
P< 0.05, †P< 0.01. 25 (OH)

D: 25-Hydroxyvitamin D; DPN: Diabetic peripheral neuropathy; DN: Diabetic nephropathy.
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analysis indicated that vitamin D was not correlated with
DR. Ameta-analysis of 15 observational studies found that
vitamin D deficiency was associated with a higher risk of
DR.[15] However, other studies reported contrasting
findings.[16-18]

It is noteworthy that the above studies only focused on
DR. In this study, we simultaneously observed the
relationship between three diabetic microvascular com-
plications and vitamin D. The results showed that
although DPN and DN were significantly correlated to
the vitamin D level, there was no association for DR.
Because the vitamin D levels were relatively low in all
patient groups in the current study, we speculated that
although the vitamin D receptor is expressed in retinal
vascular endothelial cells,[19] it had little effect on
retinopathy at low levels of 25 (OH) D. Further studies
on higher 25 (OH) D levels are necessary to explore the
relationship between vitamin D and DR.

In this study, the 25 (OH) D levels were lower in patients
with DPN, and multiple logistic regression confirmed that
vitamin D was an independent protective factor for DPN.
Previous studies have found that vitamin D plays an
818
important role in the development of DPN, and vitamin D
deficiency can be used as a predictor of DPN.[20-22]In vitro
experiments also indicated the role of vitamin D in DPN.
Zhou et al found that 1,25 (OH)2D3 stimulated the
secretion of nerve growth factor (NGF) in rat RSC96 cells.
When 1,25 (OH)2D3 was converted into an inactive
product, NGF secretion decreased.[23] Another animal
experiment also showed that the vitamin D derivative
CB1093 effectively induced endogenous NGF expres-
sion.[24] However, previous studies have paid little
attention to the dose-effect relationship between vitamin
D and DPN. We found that the prevalence of DPN was
similar between the vitamin D insufficiency and sufficiency
groups (31.89% vs. 31.80%). However, the prevalence of
DPN increased to 46.63% in the vitamin D deficiency
group. Collectively, these findings indicated that the risk of
DPN did not increase when the 25 (OH) D level was higher
than 10 ng/mL, even if the vitamin D level was insufficient.
Vitamin D had a more significant effect on DPN in patients
with vitamin D deficiency. In the clinical setting, T2DM
patients with vitamin D deficiency should be informed of
the possibility of DPN.

We observed that the vitamin D level of patients with DN
was lower than that of patients without microvascular
complications. The prevalence of DN increased when
vitamin D levels decreased. Multiple logistic regression
revealed that vitamin D was an independent protective
factor forDN, consistentwithprevious studies that reported
that vitamin D was correlated with DN.[25-27] Vitamin D
and its analogs may have potential as an adjuvant therapy
for reducing albuminuria and slowing DN progression.[28]

We found that low vitamin D levels directly indicated a
higher risk of DN. The patterns of relationship between
vitamin D level and macroalbuminuria differed from those
between vitamin D level and microalbuminuria.

We also explored the influence of vitamin D on the
comorbidity of DPN and DN, and to our best knowledge,
this is a rare study to evaluate such influence. We found
that patients with DPN complicating DN had lower 25
(OH) D levels than patients with DPN or DN alone. In the
vitamin D deficiency group, 20.22% of patients had both
complications, and this prevalence was four times higher
than that in the vitamin D insufficiency or sufficiency
group. Vitamin D deficiency was closely associated with
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Table 4: Comparison of patients in the different 25 (OH) D levels with/without DPN.

Deficiency Insufficiency Sufficiency

Characteristics w/o DPN (n= 95) w/ DPN (n= 83) P w/o DPN (n= 265) w/ DPN (n= 127) P w/o DPN (n= 132) w/ DPN (n= 62) P

25 (OH) D (ng/mL) 7.47 ± 1.88 7.11 ± 2.02 0.252 14.38 ± 2.81 26.84 ± 6.60 0.562 14.24 ± 2.90 25.39 ± 4.66 0.208
AER (mg/24 h) 12.41 (6.17–54.36) 19.50 (8.37–190.84) 0.037 10.80 (6.68–27.05) 19.675 (7.98–96.15) 0.002 10.50 (6.89–17.61) 10.5 (6.41–20.48) 0.981
Normalbuminuria 63 (66.32) 47 (56.63) 0.413 201 (75.85) 80 (62.90) 0.001 112 (84.85) 52 (83.87) 0.269
Microalbuminuria 19 (20.00) 21 (25.30) 51 (19.25) 28 (21.78) 17 (12.88) 10 (16.13)
Macroalbuminuria 13 (13.68) 15 (18.07) 13 (4.90) 19 (15.32) 3 (2.27) 0

Continuous variables are expressed as the mean± standard deviation or median (25th–75th percentiles), whereas categorical variables are expressed as
n (%). 25 (OH) D: 25-Hydroxyvitamin D; DPN: Diabetic peripheral neuropathy; AER: Albumin excretion rate; w/o: Without; w/: With.
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the occurrence of multiple complications. In the absence of
DPN, the morbidity rate of macroalbuminuria increased
1.16-fold in the vitamin D insufficiency group and 5.03-
fold in the vitamin D deficiency group compared to that in
the vitamin D sufficiency group. However, in the presence
of DPN, the peak of macroalbuminuria increased, with the
prevalence increased to 15% in the insufficiency group,
whereas there was no further increase in the deficiency
group. This indicated that decreased vitamin D levels
increased the risk of multiple complications. Nevertheless,
the relationship between vitamin D, DN, and DPN as well
as the pathogenesis involved needs further investigation.

The present study had some limitations. This was a cross-
sectional study, and thus prospective studies are needed to
confirm whether vitamin D levels in T2DM patients can
predict the occurrence of DN and DPN. In addition, large-
scale randomized double-blind clinical trials are needed to
clarify whether vitamin D supplementation can prevent
DN and DPN in patients with T2DM.

In conclusion, vitamin D was an independent protective
factor for DN and DPN, but not for DR. The prevalence of
macroalbuminuria increased sharply as the level of vitamin
D decreased, while that of microalbuminuria increased
gradually. Decreased vitamin D levels increased the risk of
multiple complications.
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