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Purpose: The study aimed to investigate the relationship between 25-hydroxyvitamin D [25(OH) D] and triglyceride glucose index
(TyG) levels in male and female patients with type 2 diabetes mellitus (T2DM).
Patients and Methods: This cross-sectional study recruited 592 patients with type 2 diabetes. The subjects were divided into the
non-vitamin D deficiency group [25(OH)D≥20ng/mL] and the vitamin D deficiency group [25(OH)D<20ng/mL]. The triglyceride
glucose (TyG) index is calculated using the following formula, ln[fasting triglycerides (mg/dL)*fasting blood glucose (mg/dL)/2].
Participants were divided into high TyG group and low TyG group, with the median of TyG as the boundary. All participants were
divided into male and female groups and normal Body mass index (BMI) and high BMI groups, and then divided into high TyG group
and low TyG group.
Results:We found that TyG levels are independently and negatively correlated with vitamin D levels in male patients with T2DM. In
the female group, there was no significant correlation between TyG and vitamin D levels, regardless of an adjusted or unadjusted
confounding factor. Subgroup analysis showed that the correlation between TyG and the risk of vitamin D deficiency in the normal
BMI group was significantly stronger than that in the high BMI group.
Conclusion: This study indicates that vitamin D deficiency is related to high TyG level in patients with T2DM for males, and this
relationship is not significant for female patients. The risk of vitamin D deficiency is significantly correlated with high TyG level in
normal BMI group. However, there was no statistically significant difference between TyG level and the risk of vitamin D deficiency
in the high BMI group. Difference between TyG level and the risk of vitamin D deficiency.
Keywords: diabetes mellitus, type 2 diabetes, vitamin D, triglyceride glucose index

Introduction
Vitamin D is a steroid and occurs mainly in two forms, vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol).
Vitamin D2 is synthesized by plants, fungi, and yeast from ergosterol via UVB, while vitamin D3 is produced by
ultraviolet B radiation (UVB, 290–320 nm) in the skin, converted from 7-dehydrocholesterol to cholecalciferol or
provided by food.1 In recent decades, with the discovery of vitamin D receptor (VDR) in many tissues, the effects of
vitamin D unrelated to regulation of calcium metabolism has become more obvious, and its biological function has been
increasingly recognized. Studies have shown that vitamin D can regulate cell proliferation, differentiation, and immune
regulation,2 further regulating calcium balance and improving bone health in the body. In addition, several preclinical and
clinical studies have reported that vitamin D deficiency is involved in the pathogenesis of many diseases, such as cancer,
diabetes, hypertension, cardiovascular, autoimmune and skin diseases.3 From another perspective, vitamin D deficiency
becomes a worldwide health problem linked to the development of many diseases, such as diabetes and cardiovascular
diseases.

The molecular mechanism of vitamin D is involved in insulin secretion and signal transduction, affecting blood
glucose control and insulin sensitivity.4 From another perspective, vitamin D is associated with glucose homeostasis in
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type 2 diabetes mellitus (T2DM) patients, and vitamin D levels were negatively related to diabetic complications.5

Studies further approved that vitamin D is independently associated with insulin resistance (IR) in patients with
T2DM,6,7 which may imply that vitamin D is related to the triglyceride-glucose (TyG) index in patients with T2DM.

The TyG index, calculated by the formula ln[fasting triglycerides (mg/dL)*fasting blood glucose (mg/dL)/2], is a new
marker that measures IR in patients with diabetes.8 Therefore, the TyG index could be obtained by calculations. It is
essential to find a biomarker that can predict the prognosis and provide treatment guidelines for patients with T2DM.9

Previous studies have shown that the TyG index may have the most vital predictive value in Metabolic syndrome (MetS)
development over a 5-year period.10 However, there is currently no data about the relationship between TyG and vitamin
D in T2DM patients. Given the importance of vitamin D, this study aims to explore (1) the relationship between TyG and
vitamin D in patients with T2DM, and how does this relationship varies in males and females; (2) whether TyG is an
independent factor for vitamin D levels.

Materials and Methods
Study Population
The study was a hospital-based cross-sectional study conducted in the Department of Endocrinology, Hebei General
Hospital, from December 2018 to December 2019. The total number of participants was 592. All participants were
diabetic patients who met WHO diagnostic criteria for diabetes in 1999. Participants did not include patients with type 1
diabetes or complications of acute diabetes, pregnant women, patients with hepatic or renal insufficiency or malignancy
or thyroid disease or hyperparathyroidism, and patients taking medications that may affect vitamin D level. The Ethics
Committee approved the protocol of this study of Hebei General Hospital, and it was following the Declaration of
Helsinki. Enrolled participants have signed informed consent forms, and the objectives were explained. We keep
participants’ information confidential (Figure 1).

Information and Data Collection
All participants completed a questionnaire to collect basic information, including gender, age, menopausal status, medical
history, smoking history, and alcohol consumption history. Systolic blood pressure (SBP), diastolic blood pressure (DBP)
were measured twice by professionals, and the average value was recorded. Body mass index (BMI) was calculated twice by
measuring height and weight, and the average values were calculated. All participants fasted overnight, and the blood was
drawn in the next morning. All blood biomarkers were tested in the same laboratory. The study measured the levels of fasting

Figure 1 Flow diagram of recruitment.
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blood glucose (FBG), glycosylated hemoglobin (HbA1c), 25-hydroxyvitamin D, albumin, total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), urea nitrogen (BUN), creatinine (Scr) and uric acid (UA). 25-Hydroxyvitamin
D3 was measured by electrochemiluminescence method by laboratory physicians in the Department of Nuclear Medicine,
Hebei General Hospital. The TyG index was calculated using the formula ln [fasting TGs (mg/dL)×FBG (mg/dL)/2].11

Statistical Analysis
The study adopted a cross-sectional method and used Statistical Product and Service Solutions 24.0 (SPSS 24) to analyze
data. The measurement data were tested for normality. The data that conformed to the normal distribution were expressed
as the mean ± standard error, and the data that did not conform to the normal distribution were expressed as the median
(interquartile range), as percentages for categorical variables. Comparisons between the two groups were carried out
using the Student’s t-test or Mann–Whitney U-test. χ2 test was employed to compare categorical variables. After
comparisons, several factors were selected on the basis of P<0.1 and the clinical background. The study used Ordinal
regression analysis to examine the relationship between 25(OH)D and the TyG index. Different models (model 1, 2, 3,
and 4) had adjustment for different confounding factors. The results are shown as odds ratios (ORs) and 95% confidence
intervals (CIs). Statistical significance was defined by a P-value <0.05.

Results
Clinical Characteristics of T2DM Participants with and without Vitamin D Deficiency
Participants include 374 men and 218 women, aged 58.4±4 years, with a median T2DM disease duration of 10 years
(interquartile range 3–16 years). 68.3% (404/591) of patients with T2DM were identified with vitamin D deficiency.
Table 1 shows the group participant characteristics (non-vitamin D deficiency and vitamin D deficiency). Compared with
the patients without vitamin D deficiency, the proportion of men in the vitamin D deficiency group was relatively low
(P<0.05). The levels of creatinine and albumin was significantly decreased in the vitamin D deficiency group compared
with the non-vitamin D deficiency group (P<0.05, respectively), whereas the HAb1c, fasting blood glucose levels,
systolic blood pressure and uric acid were significantly increased (P<0.05). Similarly, the insulin resistance in patients
with vitamin D deficiency was more severe, revealing by the TyG index (P=0.009) (Figure 2); however, there was no
significant difference in age, BMI, and DM duration between groups. In addition, the application of metformin, GLP-1,
insulin, and lowering drugs in the vitamin D deficiency group was equivalent to that in non-vitamin D deficiency.

Clinical Characteristics of Participants with T2DM in the Low-TyG Group and
High-TyG Group
Patients in the low TyG group were older than those in the high TyG group (P=0.008). Compared with patients with low TyG
levels, patients with high TyG levels had significantly higher BMI (P<0.001), smoking rate (P=0.003), systolic blood
pressure (P=0.039), and diastolic blood pressure (P<0.001). However, there was no significant difference in sex ratio,
duration of diabetes, and drinking rate between the two groups. The prevalence of vitamin D deficiency in the high TyG
group was higher than that in the low TyG group (P<0.017), and the level of vitamin D in the high TyG group decreased
significantly (P<0.018). The albumin, alanine aminotransferase, triglyceride, total cholesterol, low-density lipoprotein, FBG,
HAb1c, and glomerular filtration rate were significantly increased for the high TyG group compared to low TyG group
(P<0.05), while the levels of high-density lipoprotein and vitamin D were significantly decreased (P<0.001) (Table 2). There
is no significant difference in the use of statins between the two groups. Figure 3 shows the difference in the prevalence of
vitamin D deficiency and the 25(OH)D level between the high TyG group and the low TyG group.

The Difference of TyG Levels in Female Participants and Male Participants
As shown in Figure 4, the TyG index of the non-vitamin D deficiency group is significantly lower than that of the vitamin
D deficiency group for male T2DM (P=0.021). However, for female T2DM, the TyG index of the non-vitamin
D deficiency group is not statistically significantly lower than that of the vitamin D deficiency group.
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The Difference of Vitamin D Levels and Prevalence of Vitamin D Deficiency in Female
and Male Participants
As shown in Figure 5, compared with the low TyG group, the vitamin D level in the high TyG group decreased
significantly for male patients with T2DM (P=0.006), while the prevalence of vitamin D deficiency increased

Table 1 Clinical Characteristics of All Patients with T2DM with and without Vitamin D Deficiency

Variable Non Vitamin D Deficiency (n=187) Vitamin D Deficiency (n=404) P-value

Men (%) 139 (74.3%) 234 (57.8%) <0.001*

Age 57.4±12.5 58.8±12.4 0.201

DM duration 8 (3, 15) 10 (4, 16) 0.407

Smoking (%) 48 (25.7%) 108 (26.7%) 0.760

Drinking (%) 44 (23.5%) 82 (20.2%) 0.364

BMI (kg/m2) 25.71 (22.94, 27.76) 25.95 (23.44, 27.76) 0.431

SBP (mmHg) 130 (122, 146) 137 (123, 149.5) 0.018*

DBP (mmHg) 81 (73, 89) 81 (74, 91) 0.468

Alb (g/L) 41.9±3.3 40.9±3.3 <0.001*

ALT (U/L) 18 (14, 26.8) 18.5 (14.35, 25.5) 0.541

AST (U/L) 19.2 (16.5, 24.1) 19.3 (16, 23.4) 0.291

TC (mmol/L) 4.69±1.09 4.83±1.3 0.202

TG (mmol/L) 1.38 (0.9, 1.98) 1.45 (1.02, 2.11) 0.102

LDL-C (mmol/L) 2.92 (2.03, 3.43) 2.88 (2.13, 3.53) 0.7

HDL-C (mmol/L) 1.11 (0.95, 1.35) 1.12 (0.92, 1.42) 0.725

FBG (mmol/L) 7.54 (6.06, 9.8) 8.09 (6.55, 10.81) 0.005*

TyG 9.06±0.74 9.23±0.75 0.009*

Scr (mmol/L) 74.1 (66.2,82.08) 70.85 (62.45, 79.8) 0.009*

BUN (mmol/L) 5.5 (4.7, 6.5) 5.36 (4.5, 6.4) 0.342

UA (mmol/L) 309.3 (266.1, 375.0) 297.6 (243.6, 356.3) 0.015*

GFR (mL/min) 93.57 (84.3, 101.5) 93.71 (82.75, 101.66) 0.633

HbA1C (%) 7.65 (6.7, 9.3) 8.7 (7.4, 10.1) <0.001*

Medication

Metformin (%) 110 (58.8%) 247 (61%) 0.617

GLP-1 (%) 28 (15%) 41 (10%) 0.087

Insulin (%) 102 (54.5%) 236 (58.3%) 0.394

Atorvastatin (%) 142 (75.9%) 314 (77.5%) 0.668

Note: *Denotes significance at a P value of <0.05.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Alb, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; TyG, triglyceride glucose index; Scr,
scrum creatinine; BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin; GLP-1, glucagon like peptide-1.
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significantly (P=0.017). However, for female patients with T2DM, the level of vitamin D in the high TyG group
decreased, and the prevalence of vitamin D deficiency increased compared to the low TyG group. There was no
statistical difference between the two groups.

The Difference of Vitamin D Levels and TyG Index in Normal-BMI Participants and
High-BMI Participants
As Figure 6 shows, among all participants, the TyG index level of the normal BMI group was significantly lower than that of
the high BMI group (P=0.006). Among participants with normal BMI, vitamin D levels in the high TyG group were
substantially lower than those in the low TyG group (P=0.029). However, for high BMI participants, although the vitamin
D level of the high TyG group was lower than that of the low TyG group, the difference was not statistically significant.

Correlation Between Vitamin D and TyG Levels in Patients with T2DM
As Table 3 and Figure 7 show, vitamin D was negatively correlated with TyG for all study subjects (r = −0.13, P =
0.002), and it was negatively correlated with TyG in male patients with T2DM as well (r = −0.188, P < 0.001). However,
there was no correlation between them for females with T2DM (r =−0.06, P = 0.377).

Multivariate Linear Correlation Analysis of Vitamin D and TyG Levels for Patients with
T2DM
As Table 4 shows, for all participants, TyG was negatively correlated with vitamin D in the crude Model 1 (P=0.002),
Model 2 (adjusted for albumin, HbA1C, and gender) (P<0.001), Model 3 (adjusted for albumin, HbA1C, gender, age,
DM duration, and uric acid) (P<0.001) and Model 4 (adjusted for albumin, HbA1C, gender, age, DM duration, uric acid,
BMI, SBP, Scr, BUN, and eGFR) (P<0.001) (Table 4).

As Table 5 shows, TyG was negatively correlated with vitamin D levels for male patients with T2DM, regardless of
whether the model is adjusted or not (Model 1: P<0.001; Model 2: P<0.001; Model 3: P<0.001; Model 4: P<0.001)
(Table 5).

Figure 2 Comparisons of TyG index in Non- vitamin D deficiency group and Vitamin D deficiency group in all participants. *Denotes significance at a P value of <0.05.
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Table 2 Clinical Characteristics of All Patients with T2DM in the Low-TyG Group and High-TyG
Group

Variable Low-TyG (n=296) High-TyG (n=296) P-value

Men (%) 181 (61.6%) 192 (64.9%) 0.349

Age 59.71±12.16 56.99±12.67 0.008*

DM duration 10 (4, 16) 9 (3, 15) 0.23

Smoking (%) 62 (21%) 94 (31.8%) 0.003*

Drinking (%) 55 (18.6%) 71 (24.0%) 0.108

BMI (kg/m2) 25.3 (22.8, 27.3) 26.23 (23.89, 28.08) <0.001*

SBP (mmHg) 134 (121, 147.8) 136 (124, 150) 0.039*

DBP (mmHg) 79 (72, 86) 84 (75, 93) <0.001*

Alb (g/L) 40.83±3.14 41.62±3.46 0.003*

ALT (U/L) 17.65 (13.83, 23.95) 18.95 (14.53, 28.48) 0.019*

AST (U/L) 19.5 (16.5, 23.95) 19 (15.9, 23.7) 0.164

TC (mmol/L) 4.46±1.31 5.12±1.10 <0.001*

TG (mmol/L) 1.02 (0.8, 1.32) 2.08 (1.62, 2.78) <0.001*

LDL-C (mmol/L) 2.56 (1.85, 3.2) 3.15 (2.49, 3.79) <0.001*

HDL-C (mmol/L) 1.2 (0.99, 1.43) 1.05 (0.89, 1.32) <0.001*

FBG (mmol/L) 6.63 (5.42, 7.88) 10.13 (7.98, 12.38) <0.001*

Vitamin-D (ng/L) 17.49 (14, 23.28) 16.61 (13.42, 20.40) 0.018*

Prevalence of vitamin D deficiency (%) 189 (63.9%) 216 (73%) 0.017*

Scr (mmol/L) 72.6 (64.7, 80.9) 71.35 (62.53, 80.38) 0.203

BUN (mmol/L) 5.5 (4.6, 6.5) 5.3 (4.43, 6.36) 0.173

UA (mmol/L) 293.1 (243.6, 351.0) 307.7 (250.2, 366.9) 0.093

GFR (mL/min) 92 (80.1, 99.1) 95.75 (84.56, 103.75) 0.001*

HbA1C (%) 7.5 (6.6, 9.2) 8.85 (8.0, 10.4) <0.001*

Medication

Metformin (%) 159 (53.7%) 198 (66.9%) 0.001*

GLP-1 (%) 19 (6.4%) 50 (16.9%) <0.001*

Insulin (%) 149 (50.3%) 189 (63.9%) 0.001*

Atorvastatin (%) 222 (75%) 234 (79.1%) 0.241

Note: *Denotes significance at a P value of <0.05.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Alb, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; TyG, triglyceride glucose index; Scr,
scrum creatinine; BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin; GLP-1, glucagon like peptide-1.
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Table 3 Correlation Between Vitamin D and Other Factors in Patients with T2DM

All
Participants

Female
Participants

Male
Participants

Vitamin D
(ng/mL)

Vitamin D
(ng/mL)

Vitamin D
(ng/mL)

Gender r-value −1.52

P-value <0.001*

Age r-value −0.22 −0.06 0.44

P-value 0.594 0.38 0.395

Menopausal r-value 0.023

P-value 0.675

DM duration r-value −0.008 −0.039 0.025

P-value 0.849 0.57 0.637

Smoking r-value 0.004 0.162 0.035

P-value 0.928 0.017* 0.506

Drinking r-value −0.061 0.053 −0.006

P-value 0.139 0.438 0.913

BMI (kg/m2) r-value −0.024 −0.151 −0.009

P-value 0.56 0.027* 0.867

SBP (mmHg) r-value −0.068 −0.077 −0.083

P-value 0.1 0.259 0.109

DBP (mmHg) r-value −0.029 −0.016 −0.071

P-value 0.489 0.811 0.17

Alb (g/L) r-value 0.171 0.237 0.109

P-value <0.001* <0.001* 0.036*

ALT (U/L) r-value −0.002 0.075 −0.034

P-value 0.96 0.217 0.514

AST (U/L) r-value −0.003 0.082 −0.041

P-value 0.939 0.229 0.435

TG (mmol/L) r-value −0.117 −0.114 −0.139

P-value 0.004* 0.094 0.007*

LDL-C (mmol/L) r-value −0.008 0.085 −0.038

P-value 0.852 0.213 0.468

HDL-C (mmol/L) r-value 0.013 −0.013 0.051

P-value 0.747 0.85 0.324

(Continued)
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As Table 6 shows, TyG had no statistical correlation with vitamin D levels for female patients with T2DM, regardless
of whether the model is adjusted or not (Model 1: (P=0.377); Model 2 (adjusted for albumin, HbA1C): P=0.521; Model 3
(adjusted for albumin, HbA1C, age, DM duration, menopausal status and uric acid): P=0.513; Model 4 (adjusted for
albumin, HbA1C, age, DM duration, menopausal status, uric acid, BMI, SBP, Scr, BUN, and eGFR): P=0.693) (Table 6).

Discussion
Although there is plenty of sunshine exposure in Asia, about 50% of the population still suffers from vitamin
D deficiency. The prevalence of vitamin D deficiency is attributed to weather, clothing, lifestyle, dietary intake, age,
gender, susceptibility to metabolic syndrome, and genetic inheritance. All these factors can affect the bioavailability of
vitamin D.12 Vitamin D is a pleiotropic steroid hormone that can exert various effects by binding to its specific receptor,
the Vitamin D receptor (VDR). VDRs are present in over 38 tissues: kidney, osteoblasts, T and B lymphocytes,
keratinocytes, small intestine, prostate, gonads, bone, pancreatic islets, hair follicle, ovary, placenta, uterus, and colon.
The wide distribution of VDRs makes vitamin D involved in modulating different physiological functions such as cell
differentiation and proliferation, angiogenesis inhibition, insulin production stimulation, and renin production. Therefore,
besides regulating bone metabolism by regulating calcium and phosphorus homeostasis, vitamin D also regulates cell
proliferation, differentiation, apoptosis, immune function, inflammation, and vascular and metabolic properties (such as
insulin secretion and insulin sensitivity).13 The link between vitamin D deficiency and other non-classical outcomes
besides skeletal diseases has attracted increasing attention in the past few years. It is closely related to various diseases

Table 3 (Continued).

All
Participants

Female
Participants

Male
Participants

Vitamin D
(ng/mL)

Vitamin D
(ng/mL)

Vitamin D
(ng/mL)

FBG (mmol/L) r-value −0.109 −0.023 −0.159

P-value 0.008* 0.74 0.002*

Scr (mmol/L) r-value −0.009 −0.046 −0.015

P-value 0.819 0.496 0.779

BUN (mmol/L) r-value −0.006 0.045 −0.02

P-value 0.879 0.514 0.704

UA (mmol/L) r-value 0.081 0.056 0.063

P-value 0.048* 0.412 0.225

GFR (mL/min) r-value 0.024 0.053 −0.024

P-value 0.561 0.438 0.646

HbA1C (%) r-value −0.167 −0.135 −0.162

P-value <0.001* 0.047 0.002*

TyG index r-value −0.13 −0.06 −0.188

P-value 0.002* 0.377 <0.001*

Note: *Denotes significance at a P value of <0.05.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Alb, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; TyG, triglyceride glucose index; Scr,
scrum creatinine; BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin.
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and conditions, such as diabetes, obesity, thyroid dysfunction, infection, autoimmune diseases, cancer, vascular diseases,
and skeletal muscle system diseases.14

Recently, many studies have shown that vitamin D is involved in diabetes. Many human trials have shown that
vitamin D levels are inversely related to significant hyperglycemia. In addition to the prevalence, in most longitudinal
observational trials, it was found that patients with reduced vitamin D levels had a higher incidence of T2DM.15 The
discovery of VDR and vitamin D-binding protein in pancreatic tissue and the expression of the enzyme 1-α hydroxylase
supports the scientific evidence on the role of vitamin D in the T2DM treatment. In particular, an action on VDR
mediated by the existence of Vitamin D-dependent calcium-binding proteins in pancreatic tissues. Another action is on
the improvement of insulin action by regulating the expression of the insulin receptor gene in skeletal muscle tissue.16

The association between 25(OH)D and T2DM may be related to the effects of 25(OH)D on the regulation of glucose
associated with increased HbA1c levels. Because both 1-a-hydroxylase and vitamin D receptors are found in pancreatic
beta cells, 25(OH)D has essential functions in the synthesis and release of insulin.17 Moreover, vitamin D deficiency is

Figure 3 Comparisons of 25(OH)D levels and prevalence of vitamin D deficiency in the High TyG group and Low TyG group for all participants. (A) Comparisons of 25
(OH)D levels in the High TyG group and Low TyG group for all participants. (B) Comparisons of the prevalence of vitamin D deficiency in the High TyG group and Low TyG
group for all participants. *Denotes significance at a P value of <0.05.

Figure 4 Comparisons of TyG in Non vitamin D deficiency group and Vitamin D deficiency group. (A) Comparisons of TyG in Non- vitamin D deficiency group and Vitamin
D deficiency group in male participants. (B) Comparisons of TyG in Non- vitamin D deficiency group and Vitamin D deficiency group in female participants. *Denotes
significance at a P value of <0.05.
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independently associated with the high risk of diabetic peripheral neuropathy (DPN) and diabetic nephropathy (DN) in
patients with T2DM. It can be a potential predictor of the occurrence and severity of DPN and DN,18 and it might be
responsible for elevated cancer risk development in T2DM patients. Vitamin D alleviates insulin resistance, hypergly-
cemia, oxidative stress, and inflammation reduces diabetes-driven cancer risk factors. Moreover, vitamin D strengthens
the DNA repair process and regulates apoptosis and autophagy of cancer cells as well as signaling pathways involved in
tumorigenesis, ie, tumor growth factor β (TGFβ), insulin-like growth factor (IGF), and Wnt-β-Catenin.19 Various
evidence indicates that vitamin D deficiency can promote the progression of T2DM and its complications by enhancing
insulin resistance.

Insulin resistance (IR) can decrease tissue’s sensitivity to insulin and is a predisposing factor for hyperglycemia,
hypertension and dyslipidemia. It is also the primary pathophysiological mechanism of T2DM. The clamp method, which
is the accepted gold standard for direct measurement of IR, is impractical in clinical settings as it requires sophisticated
equipment. Therefore, many other surrogate methods have explored the indirect measurement method of IR. One of the
most widely used techniques is the homeostatic model assessment of IR (HOME-IR). HOME-IR is calculated based on
the measurement of fasting glucose and insulin levels. However, insulin levels show a wide range of intra-subject and
inter-subject variability, and insulin levels are not standardized. Therefore, attempts have been made to identify several
other parameters as a measure of IR. Research indicated that TyG index is better than HOME-IR in predicting

Figure 5 Comparisons of 25(OH)D levels and prevalence of vitamin D deficiency in the High TyG group and Low TyG group for male and female participants (A).
Comparisons of 25 (OH)D levels in the High TyG group and Low TyG group in the male participants. (B) Comparisons of 25 (OH)D levels in the High TyG group and Low
TyG group in the female participants. (C) Comparisons of the prevalence of vitamin D deficiency in the High TyG group and Low TyG group in the male participants. (D)
Comparisons of the prevalence of vitamin D deficiency in the High TyG group and Low TyG group in the female participants. *Denotes significance at a P value of <0.05.
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atherosclerosis in T2DM patients, which further confirms that TyG index may be used as a low-cost and simple non-
invasive biomarker to assess the prevalence of atherosclerosis in T2DM patients.20 In recent years, there have been more
studies on the TyG index predicting the incidence of T2DM.21 A high TyG index is associated with the presence of
retinopathy and nephropathy in individuals with diabetes and can be used for monitoring metabolic status in clinical
settings.22,23 In addition, a high TyG index is associated with an increased risk of microalbuminuria, and TyG can
effectively identify individuals at risk of non-alcoholic fatty liver disease (NAFLD) since it is highly sensitive to the
detection of NAFLD subjects, and can be suitable as a diagnostic standard for Chinese adults with NAFLD.24,25 Previous
studies have confirmed that vitamin D is independently related to IR in patients with T2DM, but the study applied
HOME-IR to reflect insulin resistance.6,26 This article uses a new indicator, the TyG index, to reflect insulin resistance,
which may be helpful for future clinical applications. The TyG index is calculated from blood sugar and triglycerides.
Both are routine inspections. It can be checked even in very essential hospitals, so it is very convenient. This study found
higher prevalence of vitamin D deficiency in patients with high TyG, and the TyG levels were inversely correlated with
vitamin D.

In our study, all the research subjects were divided into vitamin D deficiency group, and vitamin D deficiency group,
and relevant clinical data were collected. In the vitamin D deficiency group, we found that women accounted for
a greater proportion. Previous studies have shown that This difference may be related to women’s less outdoor exercise

Figure 6 (A) Comparisons of TyG index levels in the Normal-BMI group and High-BMI group in all participants. (B) Comparisons of vitamin D levels in the High TyG group
and Low TyG group in Normal-BMI participants. (C) Comparisons of vitamin D levels in the High TyG group and Low TyG group in High-BMI participants. *Denotes
significance at a P value of <0.05.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 https://doi.org/10.2147/DMSO.S348845

DovePress
521

Dovepress Jia et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


and lower hormone levels. In addition, the systolic blood pressure of the vitamin D deficiency group was higher than that
of the non-vitamin D deficiency group, but the albumin content was lower. The interaction mechanism between them is
still unclear, and previous studies have not explained the relationship between them, which may be related to
confounding factors such as gender and age. We also found that compared with the non-vitamin D deficiency group,
the vitamin D deficiency group had lower creatinine and uric acid levels, but higher fasting blood glucose and
glycosylated hemoglobin levels, consistent with previous studies. The TyG index is divided into two groups based on

Figure 7 The correlation between vitamin D and TyG index levels. (A) The correlation between vitamin D and TyG index levels in all participants. (B) The correlation
between vitamin D and TyG index levels in male participants. (C) The correlation between vitamin D and TyG index levels in female participants.

Table 4 Correlation Between Vitamin D and TyG in All Patients with T2DM

B (95% CI) Std.Error Beta T P

Model1 −1.315 (−2.127, −0.504) 0.413 −0.13 −3.183 0.002*

Model2 −1.336 (−2.178, −0.494) 0.429 −0.132 −3.116 <0.001*

Model3 −1.335 (−2.208, −0.462) 0.444 −0.132 −3.004 <0.001*

Model4 −1.326 (−2.202, −0.451) 0.446 −0.131 −2.975 <0.001*

Note: *Denotes significance at a P value of <0.001.
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the median. We found differences in vitamin D levels and the incidence of vitamin D deficiency between the two groups
of patients. The TyG levels in patients with T2DM were negatively correlated with vitamin D levels. In the female
group, regardless of adjusted or unadjusted confounding factors, there was no correlation between TyG and vitamin
D levels.

Further studies need to be conducted to investigate whether the sample population can affect this result. The age in
the high TyG index group is lower than that of the low TyG index group. For patients with T2DM, as age increases, the
course of diabetes prolongs, and insulin function declines, which means insulin resistance is relatively weakened. In
addition, the TyG index is negatively correlated with BMI, which is consistent with previous studies. The higher the BMI
index, the more pronounced the insulin resistance. Compared with the low TyG group, the smoking rate, diastolic blood
pressure, albumin, and glomerular filtration rate (GFR) are higher in the high TyG group. Regarding the relationship
between TyG and smoking rate and diastolic blood pressure, this can be related to the age and gender and other
confounding factors. Still, the relationship between TyG and albumin, GFR needs to be further studied to clarify the
mechanism. Subgroup analysis showed that the correlation between TyG and the risk of vitamin D deficiency in the
normal BMI group was significantly stronger than that in the high BMI group. Therefore, BMI can be an essential factor
affecting the efficacy of TyG in identifying individuals at risk for vitamin D deficiency. We analyzed the correlation
between vitamin D and the collected clinical data and discovered that vitamin D is correlated with gender, albumin, TG,
FBG, UA, and HbA1C. Gender, age, course of diabetes, BMI, albumin, HbA1C, UA, SBP, BUN, GFR were selected as
confounding factors since they may affect the results. The result shows a correlation between vitamin D and TyG in the
entire study population and the male population, while there is no correlation between female patients.

The study has several advantages. First, all potential confounding factors were adjusted, and 25 (OH)D were
independently related to TyG. Second, the formula for calculating TyG is relatively simple. The indicators used in this
formula are routine indicators in our clinical work and do not require additional laboratory inspections. The index test is
non-invasive and has a certain guiding significance for clinical work.

We identified three limitations of this study. First of all, we cannot assess direct causality since it adopts a cross-
sectional observational study design and the sample size is small. Second, we only excluded patients with high and low
triglycerides, and eliminated confounding factors in applying lipid-lowering drugs. However, we cannot adjust the intake
of alcohol, fruits, juices, and other simple sugars, which can affect the blood and the level of triglycerides. Third, future
research on Vitamin D levels should consider more factors, such as outdoor activities, seasons, and diet.

Table 5 Correlation Between Vitamin D and TyG in Male Patients with T2DM

B (95% CI) Std.Error Beta T P

Model1 −2.02 (−3.098, −0.942) 0.548 −0.188 −3.685 <0.001*

Model2 −1.992 (−3.155, −0.828) 0.592 −0.185 −3.367 <0.001*

Model3 −2.006 (−3.194, −0.818) 0.604 −0.186 −3.32 <0.001*

Model4 −2.056 (−3.279, −0.833) 0.622 −0.191 −3.307 <0.001*

Note: *Denotes significance at a P value of <0.001.

Table 6 Correlation Between Vitamin D and TyG in Female Patients with T2DM

B (95% CI) Std.Error Beta T P

Model1 −0.52 (−1.68, 0.639) 0.588 −0.06 −0.884 0.377

Model2 −0.382 (−1.554, 0.789) 0.594 −0.044 −0.644 0.521

Model3 −0.402 (−1.614, 0.809) 0.614 −0.047 −0.655 0.513

Model4 −0.246 (−1.473, 0.981) 0.622 −0.028 −0.396 0.693
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Conclusion
In summary, this study found that high TyG is a risk factor for vitamin D deficiency in Type 2 diabetes, In addition, there
is an independent negative correlation between TyG and vitamin D levels in patients with T2DM, and this correlation is
different between women and men with T2DM. It is also different between low body weight and high body weight.
Proper supplementation of vitamin D in these patients may improve insulin sensitivity.
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