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Objective: Vitamin D deficiency is associated with patients with diabetic peripheral neuropathy (DPN), and low levels of vitamin
D are common in patients with depression. Depression is common in DPN patients and the definite pathogenesis remains unclear. This
study aimed to determine vitamin D deficiency in the onset of depression in DPN and evaluate the effect of vitamin D supplementation
on depression.

Methods: A total of 192 patients with DPN were enrolled in this study. Clinical and laboratory information was collected.
Chemiluminescent immunoassay was used to measure the level of 25(OH)D. Enzyme-linked immunosorbent assay was employed
to measure the concentrations of interleukin (IL)-1P, tumor necrosis factor-a (TNF-o), and IL-17A. Subjects with low 25(OH)D
received 5000IU vitamin D daily for 12 weeks. Depression scores and levels of 25(OH)D, IL-1B, TNF-a, and IL-17A were re-
evaluated after supplementation.

Results: The incidence of vitamin D deficiency and depression was high in DPN patients. Compared with vitamin D sufficient
participants, Hamilton Depression Rating Scale (HAMD) scores and the levels of inflammatory markers IL-1p, TNF-a, and IL-17A
were significantly higher in insufficient group (all p<0.05). HAMD score, IL-1p, TNF-a, and IL-17A were negatively correlated with
25(0OH)D (all p<0.05). A linear relationship existed among IL-1B3, TNF-a, IL-17A, and 25(OH)D (p<0.05). HAMD scores, IL-18,
TNF-a, and IL-17A were all reduced significantly after supplementation of vitamin D (p<0.05). Binary logistic analysis revealed that
vitamin D insufficiency was an independent risk factor for depression in patients with DPN. Receiver operating characteristic (ROC)
curve analysis showed a high sensitivity (87.20%) of 25(OH)D in discriminating DPN patients with depression.

Conclusion: Vitamin D deficiency participated in occurrence of depression in DPN patients and could be mediated, at least in part, by
upregulation of pro-inflammatory cytokines. Vitamin D supplementation may be effective in improving depressive symptoms in DPN
patients.
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Introduction

Diabetic peripheral neuropathy (DPN) is a very frequent complication of diabetes, affecting up to 50% of diabetes
subjects over their lifetime. Patients with DPN may suffer from neuropathic pain, diabetic foot ulceration, and are at high
risk of lower-extremity amputations. Older age, duration of diabetes, poor glycaemic control, patient’s height, male
gender, hypertension, hyperlipidaemia, and certain ethnicities are the major risk factors for DPN.' Neuropathic pain may
lead to the deterioration of the general health status of diabetic patients, resulting in functional and emotional restrictions,
alteration of physical activity and social implications.” The most common mental disorder among diabetic patients is low

mood, ultimately leading to depression. Significant depressive symptoms are found in patients with DPN compared to
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subjects without neurological complications.® Clinical measurements of DPN, for instance, the neuropathy disability
score and the vibration perception threshold, have been proven to be independently associated with Hospital Anxiety and
Depression Scale (HADS).* Furthermore, symptoms of DPN, including reduced foot sensation, unsteadiness, and pain,
are also related to depression, and severe symptoms are associated with more significant depression scores.*>

Vitamin D is known as a steroid hormone that plays an important role in bone mineral metabolism, participating in
calcium, phosphorus metabolism, and skeletal homeostasis. In addition to bone metabolism-related diseases, vitamin
D deficiency also participates in the pathologies of many clinical conditions such as cancer, infectious diseases, multiple
sclerosis, and cardiovascular diseases.® Vitamin D deficiency is also considered to be a potential modifiable risk factor in
DPN patients. Recent studies suggest that vitamin D deficiency is an independent risk factor for painful DPN, and
vitamin D supplementation can improve pain scores in patients with painful DPN.”® On the other hand, vitamin
D deficiency is related to brain function and development, and is associated with mental and neuropsychiatric disorders,
such as autism, psychotic and mood disorders, and cognitive decline.”'® Deficiency of vitamin D is common in
individuals with depression.'! Recently, several studies have indicated that vitamin D participated in the depression of
T2DM patients, and supplementation of vitamin D may protect them against the onset of depressive symptoms.'? '

Cytokines have been studied in association with stress, anxiety, and depression. Compared to non-depressed
individuals, individuals with depression have higher levels of circulating pro-inflammatory cytokines.'> In the case of
depression, various cytokines may be transported to effector cells of the brain, where they affect the neurotransmitter
systems.'® Serum pro-inflammatory cytokine levels are elevated in patients with DPN, which reveals that cytokines may
be involved in the pathogenesis of diabetic neuropathy.”

Vitamin D deficiency is closely related to DPN, and low levels of vitamin D are common in patients with depression.
At the same time, there are disorders in the expression of cytokines in patients with DPN and individuals with depression.
However, the potential mechanism of comorbidity between depression and DPN remains unclear.

We speculate that vitamin D deficiency may participate the pathogenesis of depression in DPN patients by regulating
changes in cytokine levels. In the present study, we measure the serum concentrations of vitamin D and pro-inflammatory
cytokines in DPN patients, and assess the effectiveness of vitamin D supplementation on depression in patients with

DPN. We hope to provide more evidence and shed new light for the treatment of comorbid depression and DPN.

Patients and Methods

Patients

A prospective study was carried out, and patients with DPN were recruited from the department of endocrinology at the
affiliated Hospital of West Anhui Health Vocational College. T2DM was diagnosed on the basis of the World Health
Organization criteria in 1999. The diagnosis of DPN was based on related neurological symptoms and electrophysiolo-
gical test. Neurological symptoms included feelings of burning, numbness, tingling, fatigue, cramping, and aching.
Electrophysiological test was carried out to measure the nerve conduction examinations (NCVs) on both sides, including
median nerve, ulnar nerve, peroneal nerve, tibial nerve, superficial peroneal nerve, and sural nerve. If three or more of the
results were abnormal, then nerve conduction was considered abnormal and diagnosed on the basis of reference values
for the Chinese population.'” The inclusion criteria include 1) T2DM patients with DPN; 2) Age >18 years old. The
exclusion criteria include 1) type 1 DM; 2) suffering from inflammatory, infectious, mental, or nervous disease; 3)
suffering from cardiac or respiratory illness, hepatic or renal failure, or malignancy, or blindness, or amputation; 4) intake
of cognition-impairing drugs or vitamin D in the previous 3 months. Written informed consent was obtained from all
participants. Our study complied with the Declaration of Helsinki. The research was approved by the Ethical Committee
of Affiliated Hospital of West Anhui Health Vocational College (No LAEY-2021-013).

Clinical Assessment and Biochemical Measurements
Detailed data on gender, age, smoking, diabetes duration, hypertension, and antidiabetic drugs utilization were obtained
from patients’ medical records. The BMI was calculated by the formula: BMI = weight (kg)/height (mz). Education,
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marital status, and family income were collected through a questionnaire. Other diabetes complications were diagnosed
based on clinical manifestations, laboratory, and related examinations.

Fasting plasma glucose (FPG), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C),
and high-density lipoprotein cholesterol (HDL-C) were measured on an automatic biochemical analyzer. Glycosylated
hemoglobin (HbAlc) was measured by high-pressure liquid chromatography. Automated competitive chemiluminescent
immunoassay was employed for assessing the serum level of 25(OH)D. Vitamin D status was determined and categorized
based on concentrations of 25(OH)D as follows: sufficiency (>30ng/mL), insufficiency (20-29ng/mL), and deficiency
(<20ng/mL)."® In order to guide the further investigation and vitamin D supplementation, all patients in our research
were classified as vitamin D sufficiency (serum 25(OH)D >30ng/mL) and vitamin D insufficiency [serum 25(OH)D < 20
ng/mL and serum 25(OH)D 20-29 ng/mL].

Depression Assessment

To detect and evaluate the severity of depression, the HAMD scale, a scale considered to be the “gold standard” in our
clinical practice and research settings, was used before and after the intervention. The Hamilton depression-17 (HAMD-
17) scale used in our study is a predominant tool to screen, diagnose, and measure the severity of depression worldwide.
The scale consisted of 17 items in a multiple-choice format. The total score of this scale ranges from 0 to 52, with higher
scores indicating higher levels of depression. A score of <7 indicates no depression, and a score >7 is considered as
depression."”

Serum Cytokines Measurement

Morning fasting blood samples were collected before and after the supplementation. The specimens were quickly
centrifuged, and the serum was then stored at —80°C immediately for cytokines measurement. IL-1f3, TNF-a, and IL-
17A concentrations were measured using enzyme-linked immunosorbent assay kits (R&D Systems). Minimal detectable
concentrations were 0.1 pg/mL for IL-1B, TNF-a, and IL-17A. All serum samples were measured in duplicates.

Statistical Analysis

The SPSS 13.0 software (Chicago, IL, USA) was used for statistical analysis. Data with normal distribution were
presented as mean + standard deviation. Differences between the two groups were tested using independent sample #-test
or Chi-square test. The Spearman correlations were used to determine the correlation between two variables. Multiple
linear regression analysis was applied to investigate the association among IL-1f3, TNF-a, IL-17A, and 25(OH)D. The
logistic regression analysis was used to identify independent variables for depression. Receiver operating characteristic
(ROC) curve analysis was used to determine the overall prognostic accuracy of serum 25(OH)D for depression. For all
tests, p < 0.05 was considered statistically significant.

Results

From January 2020 to March 2023, 192 patients with DPN were enrolled in our study. Of 192 recruited, 158 patients (82.29%)
had vitamin D insufficiency. The average serum 25(OH)D concentration was 21.49 + 7.88 ng/mL. The percentage of patients
with depression was 77.08% (148/192), and the mean HAMD score of the participants was 17.28 + 11.36.

Based on serum 25(OH)D levels, subjects can be categorized as vitamin D sufficient group (serum 25(OH)D>30 ng/mL,
n=34) and vitamin D insufficient group (serum 25(OH)D<29 ng/mL, n=158). Table 1 reports the demographic characteristics,
HAMD scores, levels of 25(OH)D and concentrations of inflammatory markers (IL-13, TNF-a, and IL-17A) in two groups. No
significant difference was found in gender, age, diabetes duration, and the proportions of hypertension and smokers between the
two groups (all p > 0.05). No significant difference in the levels of HbAlc, TC, TG, and LDL-C was observed between the two
groups (all p > 0.05) and the level of HDL-C was lower in the vitamin D insufficient group (p<0.05). Symptoms of depression,
measured as HAMD score, were significantly higher in the vitamin D insufficient group. Compared with sufficient participants,
the levels of inflammatory markers IL-18, TNF-0, and IL-17A were significantly higher in vitamin D insufficient subjects.
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Table |

D Insufficient Participants with DPN

Baseline Characteristics of Vitamin D Sufficient Subjects

and Vitamin

Parameter

Vitamin D Sufficient
Group (n=34)

Vitamin D Insufficient
Group (n=158)

P-value

Gender (male/female) (n)
Age (years)

Diabetes duration (years)
BMI (kg/m?)

Marital status

Single

Married

Divorced/widow
Smoking (yes/no)
Hypertension (yes/no)
HbAlc (%)

TC (mmol/L)

TG (mmol/L)

HDL-C (mmol/L)

LDL-C (mmol/L)
25(OH)D (ng/mL)
HAMD score

IL-1B (pg/mL)

TNF-a (pg/mL)

IL-17A (pg/mL)

23/11
56.12£13.10
8.7146.93
23.56+3.42
4
27
3
18/16
20/14
9.00+1.84
2.36£2.74
458£1.15
1.23£0.22
2.1740.84
34.09+3.66
10.4416.04
15.09+3.35
16.8113.40
7.07£1.29

85/73
59.16%11.29
9.51+£6.70
24.72+2.93
I
100
47
61/97
107/51
9.28+1.99
2.31%1.57
4.75%1.36
1.09£0.37
2.25+0.82
18.78+5.60
18.75+11.74
17.18+3.79
18.66+3.55
7911.57

0.14
0.167
0.531
0.044
0.020

0.123
0.320
0.457
0.871
0.486
0.041
0.606
<0.001
<0.001
0.001
0.006
0.004

In all patients with DPN, HAMD score, IL-13, TNF-0, and IL-17A were negatively correlated with 25(OH)D
(Figure 1). When each of the variables was entered into a multiple regression model, a linear regression relationship
existed among IL-1f3, TNF-a, IL-17A, and 25(OH)D (p< 0.05) (Table 2).
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Figure | Spearman correlations between serum 25(OH)D level and HAMD score, inflammatory cytokines (IL-1B, TNF-a, and IL-17A) in patients with DPN.
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Table 2 Multiple Linear Regression Analysis of the Effects of 25(OH)D of
Multiple Cytokines (IL-13, TNF-a, and IL-17A)

Variable Unstandardized Standardized t P
Coefficients (B) Coefficients (f)

IL-1B -0.360 —-0.174 —2.678 0.008

TNF-o. -0.474 -0.215 —3.363 0.001

IL-17A —-1.758 —-0.346 -5.293 0.000

Constant 49.981 - 12915 0.000

Note: The total adjusted R* = 0.2

26.

Patients with vitamin D insufficiency were given a 125ug (5000 IU) vitamin D soft gel daily for 12 weeks. HAMD

scores were re-evaluated, and laboratory assessments of 25(OH)D, IL-1B, TNF-o, and IL-17A were completed after 12

weeks of supplementation. Table 3 shows the comparison of the HAMD scores, the levels of serum 25(OH)D and

cytokines at the beginning and the end of supplementation. Following intervention, serum 25(OH)D concentrations were

increased significantly from baseline; a significant reduction was observed in HAMD score (p<0.001). Furthermore, the
levels of IL-1B, TNF-a, and IL-17A were all reduced significantly at the end of intervention (p<0.01). For 158 patients

with vitamin D intervention, 31 patients were treated with oral hypoglycemic drugs alone, while the remaining patients

were treated with insulin-containing regimens. There was no significant change in the level of HbAlc (Table 3).

Binary logistic regression analysis results revealed that vitamin D insufficiency, marital status, and family income

were independent risk factors for depression in DPN patients (p<0.05) (Table 4). ROC curve analysis was used to

Table 3 Comparison of the HAMD Score, the Levels of Serum 25(OH)D,
Cytokines and HbAIc Before and After the Supplementation of Vitamin D

25(OH)D (ng/mL)
HAMD score |
IL-1B (pg/mL)
TNF-a (pg/mL)
IL-17A (pg/mL)
HbAlc (%)

Before After P
Supplementation | Supplementation
18.78+5.60 34.36+7.36 0.000
8.75+11.74 7.31+4.59 0.000
17.183.79 15.42+2.98 0.000
18.66+3.55 17.63+3.99 0.016
791+1.57 7.41+1.68 0.006
9.28+1.99 9.08+1.48 0.305

Table 4 Univariate and Multivariate Logistic Regression for Depression in DPN Patients

Variable Depression Non-Depression | Univariate Analysis Multivariate Analysis
Group (n=148) Group (n=44) 2z p OR (95% Cl) p
Sex (male/female) 80/68 28/16 1.265 0.261 (0.711, 3.381) 0.271
Ages (260yrs) 71 16 1.845 0.174 - -
Marital status (married) 83 34 6.399 0.011 (1.058, 5.707) 0.037
Duration of diabetes (>10yrs) 67 12 4.537 0.033 (0.898, 4.428) 0.090
BMI (>25kg/m?) 77 15 4.372 0.037 (0.993, 4.617) 0.052
Education (< 9yrs) 80 21 0.545 0.461 - -
Family income (< 3000RMB/M) 85 13 10.555 0.001 (0.128, 0.618) 0.002
Use of insulin (Yes) 117 32 0.781 0.377 - -
Neuropathic pain 8 3 - 0.717 - -
Other diabetes complications (Yes) 8l 19 1.812 0.178 - -
HbAlc (>9.0%) 8l 22 0.305 0.581 - -
FBG (>13mmol/L) 75 21 0.118 0.731 - -
Vitamin D insufficiency 129 29 10.513 0.001 (0.139, 0.806) 0.015
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Figure 2 ROC curve analysis was used to evaluate the significance of serum 25(OH)D to diagnose depression in patients with DPN.

determine the value of serum 25(OH)D in diagnosing depression in DPN patients. The optimal cutoff value for the level of
25(OH)D was 29 ng/mL, which yielded a higher sensitivity [Figure 2, the sensitivity and specificity were 87.20% and
34.10%, respectively; area under the curve (AUC) was 0.580, 95% CI: 0.507-0.651].

Discussion

There is increasing evidence suggesting that depression exists more frequently in patients with DPN. We should pay
attention to the fact that depression is common in diabetes patients presenting with DPN as this condition can complicate
conditions and impair outcomes if overlooked and not addressed timely in the management of DPN. Results have
reported that vitamin D supplementation can improve pain scores in painful DPN and generate beneficial effects on
depression in depressed patients.®?%*! Nevertheless, the underlying mechanisms of vitamin D supplementation on these
two conditions comorbid remain unclear. Our findings demonstrate a significant improvement in depression symptoms in
DPN patients following vitamin D supplementation. We also discover that this intervention significantly affects the
inflammatory state of isolated subjects, as judged by serum cytokines measurement. Our results firstly reported that low
vitamin D might participate in the pathogenesis of depression in DPN by regulating the cytokines implicated in
depression.

The co-existence of DPN and depression in patients with diabetes is being increasingly recognized. Patients with
DPN were more likely to have depression symptoms than their counterparts with T2DM only.3 In agreement with
previous results, our study showed a high proportion of depression in DPN patients. Several studies have reported that
the level of 25(OH)D was lower in T2DM patients in the DPN, and 25(OH)D was significantly correlated with DPN.>*2*
In line with previous studies, our results also revealed a high frequency of vitamin D insufficiency in DPN patients. It has
been reported that a deficiency of 25(OH)D in patients with T2DM was associated with poor glycemic control and
dyslipidemia.?® In our study, subjects with vitamin D insufficiency had a higher HbAlc and a lower HDL-C, which
indicated that vitamin D deficiency was closely related to the occurrence of diabetic chronic complications.

Previous studies have demonstrated that low serum 25(OH)D had bidirectional association between T2DM and
depression. A low serum 25(OH)D was a risk factor for developing T2DM and was also related to depression.'*?® In
a longitudinal study in Italy, low serum 25(OH)D increased progression of depressive symptoms with time.?” Another
study reported that T2DM with cognitive impairment was at higher risk of serum 25(OH)D deficiency as compared to
healthy controls.”® Consistently, our research demonstrated that the HAMD scores were higher in the vitamin
D insufficient group. Correlation analysis showed a negative correlation between 25(OH)D and depression score. Our
findings suggest that vitamin D deficiency participated in the onset of depression in DPN patients.
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Previous studies have reported the effect of vitamin D supplementation on depression.”’ However, no study has been
carried out to elucidate the potential mechanism of vitamin D intervention on depression in DPN patients. The relationship
between cytokines and depression has been studied for a long time.*® In the case of depression, various cytokines produced in
the body were transported to effector cells of the brain and affect the neurotransmitter systems.*'** Compared with non-
depressed individuals, patients with depression were more likely to have higher levels of pro-inflammatory cytokines and
lower levels of anti-inflammatory cytokines.*~* Medications which were used to treat depression and schizophrenia
significantly decreased the serum levels of IL-1B and IFN-y and stabilized the overproduced inflammatory cytokines.?>*
Growing evidence showed that T helper 17 (Th17) cells played a crucial role in depression and other central nervous system
(CNS) diseases.®” Th17 cells were characterized by the production of Thl7-associated cytokines (IL-17A to IL-17F), of
which interleukin-17A (IL-17A) was a signature cytokine.*® A variety of other pro-inflammatory cytokines were considered
to promote Th17 cell differentiation, such as TNF-a, IL-1B, IL-21, or IL-23. To explore the Th17/IL-17A pathway in the
pathogenesis of depression in DPN patients, pro-inflammatory cytokines including IL-1B3, TNF-a, and IL-17A were selected
in our study. Our results indicated that the levels of IL-1p, TNF-a, and IL-17A of DPN patients in the vitamin D insufficient
group were significantly higher than in the sufficient group, and a negative correlation was identified between the vitamin
D level and the cytokines. In addition, multiple regression analysis showed a linear regression relationship existed between
IL-1B, TNF-a, IL-17A, and 25(OH)D. Furthermore, vitamin D supplementation significantly decreased HAMD scores and
reduced the levels of pro-inflammatory cytokines. Therefore, vitamin D may be associated with the mechanism of
inflammatory processes, which could contribute to the progression of depression in DPN patients.

ROC curve analysis was used in our study to determine the potential value of serum 25(OH)D in diagnosing
depression in patients with DPN. Due to the high sensitivity but relatively low specificity, it suggested that 25(OH)D
had a certain diagnostic value, but a more reliable indicator was needed to diagnose depression in patients with DPN.
Other factors, such as age, sex, family income, and marital status, may also have a potential impact on depression.
Therefore, we need to consider other factors in the exploration of 25(OH)D as a basis for diagnosis.

A few limitations exist in the present study. Firstly, this was a single-center study with a relatively small number of
cases. Secondly, no placebo-controlled group existed for vitamin D supplementation, and short-term intervention for
depression might not reflect the long-term effects. Finally, only pro-inflammatory cytokines were studied, and further
research should examine whether anti-inflammatory cytokines, such as IL-2, IL-4, and IL-10, implicated in the
pathogenesis of depression.

Conclusion

In conclusion, our study indicated that vitamin D deficiency was involved in the occurrence of depression by upregulat-
ing of pro-inflammatory factors in DPN patients. Serum 25(OH)D might play a predictive role in determining whether
DPN patients are comorbid with depression. Vitamin D supplementation could prevent the occurrence of depression in
DPN patients.

Abbreviation
25(0OH)D, 25-hydroxyvitamin D.
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