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Abstract

BACKGROUND

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease featured by insulin
resistance (IR) and decreased insulin secretion. Currently, vitamin D deficiency is
found in most patients with T2DM, but the relationship between vitamin D and IR
in T2DM patients requires further investigation.

AIM
To explore the risk factors of IR and the effects of vitamin D supplementation on
glucose and lipid metabolism in patients with T2DM.

METHODS

Clinical data of 162 T2DM patients treated in First Affiliated Hospital of Harbin
Medical University between January 2019 and February 2022 were retrospectively
analyzed. Based on the diagnostic criteria of IR, the patients were divided into a
resistance group (n = 100) and a non-resistance group (n = 62). Subsequently,
patients in the resistance group were subdivided to a conventional group (n = 44)
or a joint group (n = 56) according to the treatment regimens. Logistic regression
was carried out to analyze the risk factors of IR in T2DM patients. The changes in
glucose and lipid metabolism indexes in T2DM patients with vitamin D deficiency
were evaluated after the treatment.

RESULTS
Notable differences were observed in age and body mass index (BMI) between the
resistance group and the non-resistance group (both P < 0.05). The resistance
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group exhibited a lower 25-hydroxyvitamin D, (25(OH)D,) level, as well as notably higher levels of 2-h
postprandial blood glucose (2hPG), fasting blood glucose (FBG), and glycosylated hemoglobin (HbAlc) than the
non-resistance group (all P < 0.0001). Additionally, the resistance group demonstrated a higher triglyceride (TG)
level but a lower high-density lipoprotein-cholesterol (HDL-C) level than the non-resistance group (all P < 0.0001).
The BMI, TG, HDL-C, 25(OH)D,, 2hPG, and HbAlc were found to be risk factors of IR. Moreover, the post-
treatment changes in levels of 25(OH)D,, 2hPG, FBG and HbAlc, as well as TG, total cholesterol, and HDL-C in the
joint group were more significant than those in the conventional group (all P < 0.05).

CONCLUSION
Patients with IR exhibit significant abnormalities in glucose and lipid metabolism parameters compared to the non-
insulin resistant group. Logistic regression analysis revealed that 25(OH)D, is an independent risk factor

influencing IR. Supplementation of vitamin D has been shown to improve glucose and lipid metabolism in patients
with IR and T2DM.

Key Words: Vitamin D; Type 2 diabetes mellitus; Glucose and lipid metabolism; Insulin resistance; Risk factors

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A retrospective analysis was conducted on 162 type 2 diabetes mellitus (T2DM) patients to analyze the risk factor
for insulin resistance (IR) and to investigate the effects of vitamin D supplementation on glucose and lipid metabolism in
patients with T2DM and IR. It was found that 25-hydroxyvitamin D, and body mass index were risk factors for IR in T2DM
patients, and vitamin D supplementation improved the glucose and lipid metabolism in patients with IR. The treatment
regimen with vitamin D supplementation led to more significant decreases in 2-h postprandial blood glucose, fasting blood
glucose, glycosylated hemoglobin, triglyceride, and total cholesterol levels and more increase in high-density lipoprotein-
cholesterol than the conventional regimen. It is suggested that vitamin D supplementation may be an effective intervention
for T2DM patients with vitamin D deficiency and IR.

Citation: Sun LJ, Lu JX, Li XY, Zheng TS, Zhan XR. Effects of vitamin D supplementation on glucose and lipid metabolism in
patients with type 2 diabetes mellitus and risk factors for insulin resistance. World J Diabetes 2023; 14(10): 1514-1523

URL: https://www.wjgnet.com/1948-9358/full/v14/i10/1514.htm

DOI: https://dx.doi.org/10.4239/wjd.v14.i10.1514

INTRODUCTION

Diabetes mellitus (DM) is a chronic disease affecting hundreds of millions of patients worldwide[1]. According to the
data from the World Health Organization, there are approximate 425 million DM patients globally, and it is estimated
that this number will increase to 700 million by 2045[2]. Over the past few years, with the improvement of living
standards and changes in lifestyle, the number of DM patients in China has increased dramatically[3]. According to an
estimation, there are approximate 114 million DM patients in China, accounting for 1/4 of the global number of patients
[4]. As a public health problem, DM places a heavy burden on the economic and medical systems[5]. Without timely and
effective treatment, patients with DM are prone to various complications, such as cardiovascular diseases, nephropathy,
retinopathy, and neuropathy, which seriously compromise the quality of life and lifespan of the patients[6,7].

Insulin, a hormone produced by the pancreas, plays a crucial role in facilitating the absorption of blood glucose by cells
for energy production. Insulin resistance (IR) refers to a condition in which the body becomes less responsive to insulin
[8], leading to an increase in blood glucose level. In response to hyperglycemia, the pancreas tries to compensates by
secreting higher amounts of insulin[9]. However, over time, the pancreas may not be able to produce sufficient insulin to
meet the demand, resulting in DM[10]. Patients with type 2 diabetes mellitus (T2DM) often develop IR first, followed by a
gradual decline in insulin secretion, which eventually triggers the inability to effectively regulate blood glucose levels[11].

Vitamin D is a fat-soluble hormone that plays a crucial role in the metabolism of calcium and phosphorus, and it is also
implicated in many physiological processes, including immune regulation, inflammation and insulin synthesis and
secretion[12]. In recent years, vitamin D supplementation has attracted much attention in promoting blood glucose
control, suppressing inflammation, enhancing insulin secretion and improving muscle function in T2DM patients[13].
Reportedly, about 50% of T2DM patients have vitamin D deficiency, and approximately 1/3 to 2/3 of them are
accompanied with decreased bone density, which increases the risk of falls, fractures and death in elderly patients[14].

This study aimed to analyze the risk factors for IR in T2DM patients and the effects of vitamin D supplementation on
glucose and lipid metabolism in the patients.
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MATERIALS AND METHODS

Subjects

Clinical data of 332 T2DM patients treated in First Affiliated Hospital of Harbin Medical University between January 2019
and February 2022 were retrospectively analyzed. This study was performed with approval from the Medical Ethics
Committee of First Affiliated Hospital of Harbin Medical University.

Inclusion and exclusion criteria
Patients were eligible if they met the diagnostic criteria in Guidelines for Prevention and Treatment of Type 2 Diabetes
Mellitus in China (2020)[15] and held complete clinical data.

Patients were excluded if they had diabetes other than T2DM, recently suffered from acute infection or acute complic-
ations of DM, or had a history of mental illness.

Criteria of IR
The homeostasis model assessment of IR (HOMA-IR) was adopted for the evaluation of the IR degree. According to the
Consensus of Chinese Diabetes Experts, IR is indicated by HOMA-IR > 2.69.

Criteria of vitamin D deficiency
According to the criteria of vitamin D deficiency in the Consensus of Clinical Application of Vitamin D and Its Analogs
[16], vitamin D deficiency is indicated by serum 25-hydroxyvitamin D (25(OH)D,) less than 50 nmol/L.

Grouping of patients

A total of 332 patients were screened based on the inclusion and exclusion criteria, and 162 patients who met the criteria
were finally included. Based on the criteria of IR, the patients were divided into a resistance group (n = 100) and non-
resistance group (n = 62). Subsequently, patients in the resistance group were subdivided into a conventional group
(conventional treatment for DM, n = 44) or a joint group (conventional treatment for DM plus vitamin D supple-
mentation, n = 56) according to the treatment regimens. The patient screening flow chart is shown in Figure 1.

Therapeutic regimens
Patients in both groups received routine treatment and nursing interventions, and healthcare records were established for
each patient during hospitalization. All patients were given metformin [Merck & Co. Inc, State Food and Drug Adminis-
tration (SFDA) approval number: H20023370] and insulin pump (biosynthetic human insulin, Novo Nordisk, SFDA
approval number: 520153001). Metformin was administered with a small initial dosage (0.50 g, twice daily, or 0.85 g, once
daily, taken with meals), and the dosage was gradually increased based on the patient’s conditions. Insulin is
administered subcutaneously using an insulin pump at a dose of 0.15 IU/kg of body weight. The patients were required
to take the medication as prescribed, and provided with relevant healthcare and exercise instruction manuals for disease
knowledge education. After discharge, the patients were followed up every month and provided with personalized diet
and exercise advice according to the changes in blood glucose level. Each patient received continuous intervention for 3
months, during which they were reminded to regularly monitor their blood glucose levels, maintain a reasonable diet,
and engage in regular exercise.

Patients in the joint group received additional vitamin D supplementation by giving oral calcium carbonate D, tablets
(Wyeth Company, SFDA approval number: H10950029), once a day, one tablets each time, for three consecutive months.

Clinical data collection

The laboratory indicators and baseline data of patients were collected from the hospital electronic medical records. The
laboratory indicators included 25(OH)D, 2-h postprandial blood glucose (2hPG), fasting blood glucose (FBG),
glycosylated hemoglobin (HbAlc), triglyceride (TG), total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C),
low-density lipoprotein-cholesterol (LDL-C), and HOMA-IR, Using a Hitachi 7600 fully automatic biochemical analyzer
for testing. The baseline data included sex, age, course of disease, body mass index (BMI), smoking history and
alcoholism history.

Outcome measures
Primary outcome measure was the risk factors for IR, which was analyzed by Logistic regression analysis in the included
patients.

Secondary outcome measures were changes in glucose metabolism indexes (25(OH)D,, 2hPG, FBG, and HbA1c) and
lipid metabolism indexes (TG, TC, HDL-C, and LDL-C) in T2DM patients with IR after treatment.

Statistical analysis

SPSS 26.0 software was used for statistical analysis. The measurement data conforming to a normal distribution were
expressed by mean * SD, and the inter-group comparisons were conducted using t test. Counting data were described by
cases (%), and their inter-group comparisons were conducted using chi-square test. Logistic regression analysis was used
for analyzing the risk factors for IR in T2DM patients. GraphPad Prism 9.0 software was adopted for data visualization. P
< 0.05 was considered a significant difference.
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Figure 1 Flowchart.
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Figure 2 Comparison of glucose metabolism indexes between patients with or without insulin resistance. A: Comparison of 2 h postprandial
blood glucose; B: Comparison of fasting blood glucose; C: Comparison of glycosylated hemoglobin. 2hPG: 2 h postprandial blood glucose; FBG: Fasting blood
glucose; HbA1c: Glycosylated hemoglobin. ¢P < 0.0001.

RESULTS

Comparison of baseline data

The baseline data were compared between the resistance group and the non-resistance group. The results showed that
there were no statistically significant differences in gender, disease duration, smoking history, and alcohol consumption
between the Resistance group and the Non-resistance group (all P > 0.05, Table 1). However, the proportion of patients
aged > 60 years and with BMI > 25 kg/m? was higher in the Resistance group compared to the Non-resistance group.
Additionally, the Resistance group had lower levels of 25 (OH) D, compared to the Non-resistance group (all P < 0.05,
Table 1).

Comparison of glucose metabolism indexes between the resistance group and the non-resistance group

Comparison of glucose metabolism indexes between the Resistance group and Non-resistance group. The results showed
that Patients in the Resistance group had higher levels of 2hPG, FBG, and HbAlc compared to the non-resistance group
(all P <0.0001, Figure 2).

Comparison of lipid metabolism indexes between the resistance group and the non-resistance group

When comparing the lipid metabolism indexes between the Resistance group and the Non-resistance group, no
significant differences were found in the levels of LDL-C and TC (all P > 0.05). However, the Resistance group exhibited
significantly higher levels of TG compared to the Non-resistance group, while the Resistance group had lower levels of
HDL-C than the Non-resistance group (all P < 0.0001, Figure 3).

Analysis of risk factors for IR

A logistic regression analysis was performed using the collected and assigned significant variables (Table 2). The results
revealed that BMI (OR:16.802, 95%ClI: 2.557-110.43), HDL-C (OR:0.069, 95%ClI: 0.009-0.540), 25(OH)D, (OR:26.109, 95%ClI:
4.285-159.098), 2hPG(OR:31.804, 95%Cl: 5.567-181.709) and HbAlc (OR:90.379, 95%CI: 13.622-599.650) (all P < 0.05,
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Table 1 Clinical data

Factors Resistance group (n = 100) Non-resistance group (n = 62) P value
Age 0.041%
> 60 yr old 60 27
<60 yrold 40 35
Sex 0.240
Male 61 32
Female 39 30
BMI <0.0001¢
> 25 kg/m? 44 10
<25 kg/m> 56 52
Course of disease 0.458
>5yr 38 20
<5yr 62 4
Smoking history 0.240
Yes 61 32
No 39 30
Alcoholism history 0.988
Yes 8 5
No 92 57
25(OH)D; 35.92 £7.12 44.78 £4.52 <0.001°¢
2P < 0.05.
°P < 0.001.
4p <0.0001.

BMI: Body mass index; 25(OH)D;: 25-hydroxyvitamin Ds.

Table 2 Assignment

Factors Assignment

Age >60=1,<60=0

BMI >25kg/m?=1,<25kg/m*=0

25(0OH)D, Data belonging to continuous variables were analyzed with their raw data
2hPG Data belonging to continuous variables were analyzed with their raw data
FBG Data belonging to continuous variables were analyzed with their raw data
HbAlc Data belonging to continuous variables were analyzed with their raw data
TG Data belonging to continuous variables were analyzed with their raw data
HDL-C Data belonging to continuous variables were analyzed with their raw data
Insulin resistance Yes=1,No =0

BMI: Body mass index; 25(OH)D;: 25-hydroxyvitamin D3; 2hPG: 2-h postprandial blood glucose); FBG: Fasting blood glucose; HbAlc: Glycosylated
hemoglobin; TG: Triglyceride; HDL-C: High-density lipoprotein-cholesterol.
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Table 3 Analysis of risk factors

0,

Factors B Standard error X P value OR value 9%l

Lower limit Upper limit
Age 0.257 0.770 0.111 0.739 1.293 0.286 5.851
BMI 2.822 0.961 8.626 0.003" 16.802 2,557 110.430
TG 1.148 0.853 1.808 0.179 3.151 0.591 16.783
HDL-C -2.68 1.053 6.476 0.011° 0.069 0.009 0.540
25(OH)D, 3.262 0.922 12,517 <0.001¢ 26.109 4.285 159.098
2hPG 3.460 0.889 15.137 <0.001¢ 31.804 5.567 181.709
FBG 0.751 0.756 0.985 0.321 2119 0.481 9.329
HbAlc 4504 0.965 21.762 <0.001¢ 90.379 13.622 599.650
ap < 0.05.
bp < 0.01.
P < 0.001.

BMI: Body mass index; 25(0OH)D5: 25-hydroxyvitamin Ds; 2hPG: 2-h postprandial blood glucose; FBG: Fasting blood glucose; HbAlc: Glycosylated
hemoglobin; TG: Triglyceride; HDL-C: High-density lipoprotein-cholesterol.
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Figure 3 Comparison of lipid metabolism indexes between patients with or without insulin resistance. A: Comparison of triglyceride; B:
Comparison of total cholesterol; C: Comparison of high-density lipoprotein-cholesterol; D: Comparison of low-density lipoprotein-cholesterol. TG: Triglyceride; TC:
Total cholesterol; HDL-C: High-density lipoprotein-cholesterol; LDL-C: Low-density lipoprotein-cholesterol. ¢P < 0.0001.

Table 3).

Effects of vitamin D supplementation on glucose metabolism in T2DM patients with IR

In order to determine the effects of vitamin D supplementation on glucose metabolism in patients with T2DM and IR, we
analyzed the changes of glucose metabolism indicators before and after the treatment. It was found that the levels of
2hPG, FBG, and HbA1c in both the conventional group and the joint group decreased notably after treatment (all P < 0.01,
Figure 4), but the joint group demonstrated more significant decreases in all the three indices than the conventional group
(all P <0.05, Figure 4).

Effect of vitamin D supplementation on lipid metabolism indexes in T2DM patients with IR

In order to determine the effect of vitamin D supplementation on lipid metabolism in T2DM patients with IR, we
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Figure 4 Changes of glucose metabolism indexes in type 2 diabetes mellitus patients with insulin resistance before and after the
treatment. A: Comparison of 2-h postprandial blood glucose between the joint group and the conventional group; B: Comparison of fasting blood glucose between
the joint group and the conventional group; C: Comparison of glycosylated hemoglobin between the joint group and the conventional group. 2hPG: 2-h postprandial
blood glucose; FBG: Fasting blood glucose; HbA1c: Glycosylated hemoglobin. 2P < 0.05, °P < 0.01, °P < 0.0001.

analyzed the changes in lipid metabolism before and after treatment. It was found that both groups exhibited decreased
TG and TC, as well as increased HDL-C after treatment (all P < 0.05, Figure 5). Furthermore, the joint group presented
notably lower TG and TC levels but a considerably higher HDL-C level than the conventional group (all P < 0.05,
Figure 5). However, no significant different was observed in the LDL-C level between the two groups and between before
and after treatment.

DISCUSSION

IR plays a crucial role in the development of T2DM[17-19]. Primarily, IR is manifested with a decrease of insulin
sensitivity in the body, which leads to the secretion of a large amount of insulin by the pancreas to maintain the stability
of blood glucose, thus triggering hyperinsulinemia[20]. IR affects the efficiency of glucose intake in DM patients and
further triggers metabolic disorders of glucose, fat and protein, which underlie the common pathogenesis of
hypertension, dyslipidemia, coronary heart diseases and obesity[21-23]. Therefore, effectively improving IR is crucial for
the treatment of T2DM and contributes to the prevention and treatment of related diseases.

This study evaluated the risk factors for IR in T2DM patients and found that BMI, TG, HDL-C, 25(0OH)D,, 2hPG, and
HbA1lc were the independent risk factors for IR. Previous studies also reported TG, HDL-C, 2hPG and HbAlc as risk
factors for IR in T2DM patients[24,25]. We also investigated the effects of vitamin D supplementation on glucose and lipid
metabolism in the patients with T2DM and IR. Vitamin D is a fat-soluble vitamin that is transformed into the active form
1,25(0OH),D, through the action of the liver and kidney[26]. According to prior research[27], vitamin D is essential to
stimulate insulin secretion and maintain normal glucose tolerance under physiological conditions. Vitamin D deficiency
can lead to a decrease in B cell insulin secretion, exacerbating IR and increasing the risk of DM[28]. By binding to the
receptor, vitamin D regulates the expression of immune- and apoptosis- related genes in pancreatic tissues, protecting
islet B cells and weakening apoptosis[29]. In addition, vitamin D can affect insulin secretion and release by regulating
intracellular calcium levels, and further improves insulin sensitivity by regulating insulin receptor expression and
glucose transport sensitivity[30]. In this study, BMI was found to be an independent risk factor for IR in T2DM patients
[31]. A previous study[32] also reported that the increase of BMI was associated with the increased risk of IR, especially
for those of overweight and obesity. A high BMI is often indicative of excessive body fat, especially visceral fat.
Adipocytes can secrete pro-inflammatory factors and hormones that may interfere with insulin signal transduction, thus
leading to IR.

Recent studies[33,34] have revealed that approximately 50% of T2DM patients have vitamin D deficiency, and the level
of vitamin D impacts insulin secretion, sensitivity and resistance. In this study, after vitamin D supplementation, the joint
group showed more notable decreases in 2hPG, FBG, HbAlc and a more notable increase in 25(0OH)D, than the conven-
tional group. In addition, the joint group presented lower TG and TC levels but a higher HDL-C level than the conven-
tional group. These results indicate that vitamin D supplementation can improve the glucose and lipid metabolism in
T2DM patients with IR. We believe this is mainly because vitamin D can improve IR and insulin sensitivity, posing a
positive effect on glucose metabolism. By increasing the expression of insulin receptor and promoting glucose transport,
vitamin D is helpful to reduce blood glucose level and alleviate the glucose metabolic disorder in T2DM patients. In
addition, vitamin D also has a regulatory effect on lipid metabolism. It can lower the level of inflammatory factors
released by adipocytes, thus improving IR. Moreover, vitamin D can regulate the adipohormone secreted by adipocytes,
promote the oxidation of fatty acids, and help to lower the blood lipid level[35,36].

However, the study still has some limitations. Firstly, the long-term prognosis of patients was followed up in this
study, so whether vitamin D supplementation has a long-term efficacy still needs to be further studied. Secondly, this is a
single-center study with limited participants, which may lead to bias in the results. We hope to carry out further clinical
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Figure 5 Comparison of lipid metabolism index in type 2 diabetes mellitus patients with insulin resistance before and after the treatment.
A: Comparison of triglyceride between the joint group and the conventional group; B: Comparison of total cholesterol between the joint group and the conventional
group; C: Comparison of high-density lipoprotein-cholesterol between the joint group and the conventional group; D: Comparison of low-density lipoprotein-cholesterol
between the joint group and the conventional group. TG: Triglyceride; TC: Total cholesterol; HDL-C: High-density lipoprotein-cholesterol; LDL-C: Low-density
lipoprotein-cholesterol. 2P < 0.05, °P < 0.01, °P < 0.001, ¢P < 0.0001.

experiments in future to verify and improve the research conclusions.

CONCLUSION

Patients with IR exhibit significant abnormalities in glucose and lipid metabolism parameters compared to the non-
insulin resistant group. Logistic regression analysis revealed that 25(OH)D, is an independent risk factor influencing IR.
Supplementation of vitamin D has been shown to improve glucose and lipid metabolism in patients with IR and T2DM.

ARTICLE HIGHLIGHTS

Research background

This study was founded on the understanding of the crucial role of insulin resistance (IR) in the development of type 2
diabetes mellitus (T2DM). A lack of insulin sensitivity in the body leads to increased insulin secretion by the pancreas,
triggering hyperinsulinemia, and affecting the efficiency of glucose intake, ultimately leading to metabolic disorders.

Research motivation

Given that these metabolic disorders underlie several other conditions such as hypertension, dyslipidemia, coronary
heart diseases, and obesity, finding effective ways to improve IR is a critical part of treating T2DM and preventing related
diseases. The motivation was to evaluate risk factors for IR and study the effects of vitamin D supplementation on
glucose and lipid metabolism in patients with T2DM and IR.

Research objectives
To identify independent risk factors for IR in T2DM patients and investigate the effects of vitamin D supplementation on
their glucose and lipid metabolism.

Research methods

The study carried out a comprehensive evaluation of risk factors for IR in T2DM patients, including parameters like BMI,
TG, HDL-C, 25(0OH)D,, 2hPG, and HbA1lc. Furthermore, it explored the impact of vitamin D supplementation on glucose
and lipid metabolism in T2DM patients with IR.
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Research results

The study found that BMI, TG, HDL-C, 25(0OH)D,, 2hPG, and HbAlc were independent risk factors for IR. After vitamin
D supplementation, the test group showed notable decreases in 2hPG, FBG, HbAlc and a notable increase in 25-
hydroxyvitamin D (25(OH)D,), as well as lower TG and TC levels but higher HDL-C level than the control group.

Research conclusions

Patients with IR exhibit significant abnormalities in glucose and lipid metabolism parameters compared to the non-
insulin-resistant group. The study concluded that 25(OH)D, is an independent risk factor influencing IR and supple-
mentation of vitamin D has been shown to improve glucose and lipid metabolism in patients with IR and T2DM.

Research perspectives

While promising, the study has some limitations including the need for long-term patient prognosis and the possibility of
bias due to it being a single-center study with limited participants. Further clinical experiments are needed to verify and
improve the research conclusions, especially to assess the long-term efficacy of vitamin D supplementation.
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