
O R I G I N A L  R E S E A R C H

The Relationship Between Hemoglobin Glycation 
Variation Index and Vitamin D in Type 2 Diabetes 
Mellitus

Zelin Li1,2 

Fei Wang1,2 

Yujiao Jia1,2 

Feiyue Guo1,3 

Shuchun Chen1,2,4

1Graduate School of Hebei Medical 
University, Shijiazhuang, Hebei, People’s 
Republic of China; 2Department of 
Endocrinology, Hebei General Hospital, 
Shijiazhuang, Hebei, People’s Republic of 
China; 3Department of Glandular 
Surgery, Hebei General Hospital, 
Shijiazhuang, Hebei, People’s Republic of 
China; 4Hebei Key Laboratory of 
Metabolic Diseases, Hebei, People's 
Republic of China 

Objective: This study aimed to investigate the relationship between hemoglobin glycation 
variation index (HGI) and vitamin D in patients with type 2 diabetes mellitus (T2DM).
Materials and Methods: This is a cross-sectional study that recruited 347 patients with 
T2DM. The subjects were divided into no vitamin D deficiency group (25(OH)D ≥20 
ng/mL) and vitamin D deficiency group (25(OH)D < 20 ng/mL). HGI was calculated as 
the difference between the measured and predicted values of HbA1c using the linear 
relationship between HbA1c level and fasting plasma glucose levels. All study partici-
pants were divided into high HGI and low HGI groups using the median of HGI as the 
boundary. At last, the subjects were divided into male group and female group, and 
these groups were further subdivided into vitamin D deficiency group and no vitamin 
D deficiency group.
Results: The levels of HGI were significantly higher in the vitamin D deficiency group 
compared with the no vitamin D deficiency group for all patients. The same was true for 
female patients but not for male patients. The prevalence of vitamin D deficiency in the high 
HGI group was higher than that in the low HGI group. The high HGI group had lower 
vitamin D levels compared to the low HGI group. Compared to the male group, the female 
group had lower vitamin D levels but higher HGI levels. A negative correlation existed 
between 25(OH) D and HGI in all subjects, as well as in the female-only subgroups. In the 
male-only subgroups, there was no correlation between them, and this positive correlation 
still existed after adjusting for other factors in multilinear regression analysis.
Conclusion: Our study showed for the first time that HGI is inversely associated with 
vitamin D in all patients with T2DM, and the correlation was also found in female patients, 
but not in male patients.
Keywords: hemoglobin glycation variation index, vitamin D, type 2 diabetes mellitus

Introduction
Vitamin D is an essential fat-soluble vitamin, which plays an important role in many 
physiological functions, including calcium/phosphorus homeostasis, bone metabolism, 
promoting insulin secretion1 and increasing insulin sensitivity.2 Usually, 80–90% of 
Vitamin D in the body is synthesized in the skin upon sunlight exposure and 10–20% 
comes from food intake.3 Despite the dual sources of vitamin D, vitamin D deficiency 
remains a global health problem. It is estimated that 1 billion people worldwide suffer 
from vitamin D deficiency.4 Among the forms of vitamin D, 25-hydroxyvitamin D (25 
(OH)D) is considered to be the most valuable indicator of vitamin D levels for clinical 
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judgment of vitamin D levels, and vitamin D deficiency is 
defined as 25(OH)D < 20 ng/mL (50 nmol/L).

Vitamin D deficiency can accelerate the progression of 
some chronic diseases such as diabetes.5 Recently, an increas-
ing number of studies had shown that vitamin D is associated 
with glucose homeostasis in patients with type 2 diabetes 
mellitus (T2DM), and they found that vitamin D levels were 
negatively related to fasting blood glucose (FBG)4 and glyco-
sylated hemoglobin (HbA1c).2,6 In clinical practice, HbA1c 
levels are universally considered a gold standard for monitor-
ing glucose control. However, there are differences between 
HbA1c and blood glucose levels. Many individuals exhibiting 
consistently higher or lower HbA1c levels than those that 
expected based on FBG or continuous glucose monitoring.7 

Therefore, the hemoglobin glycosylation index (HGI) was 
introduced to quantify the inter-individual differences in gly-
cosylation that lead to differences between FBG and HAb1c.8 

HGI can be considered as a blood glucose monitoring indica-
tor. Researches suggested that high HGI is associated with an 
increased risk of many chronic complications of diabetes, 
including diabetic retinopathy and diabetic nephropathy, espe-
cially cardiovascular disease.9–11

However, there are currently no data about the relationship 
between HGI and vitamin D among patients with T2DM. 
Considering the importance of vitamin D in the body, the 
purpose of this study was to investigate: 1) The relationship 
between HGI and vitamin D in patients with T2DM, and 
whether there is any difference between males and females; 2) 
Whether HGI is an independent factor for vitamin D levels.

Materials and Methods
Study Population
This was a hospital-based cross-sectional study, which was 
conducted in the Department of Endocrinology, Hebei 
General Hospital, from December 2018 to 
December 2019. Patients complying with the WHO diag-
nostic criteria for diabetes, 1999, were included. This 
study excluded patients with type 1 diabetes mellitus or 
acute diabetic complications, pregnant women, patients 
with hepatic or renal dysfunction or malignant tumor or 
thyroid diseases or hyperparathyroidism, and patients 
using agents that could affect vitamin D. This study was 
approved by the medical ethics committee of Hebei 
General Hospital, and all patients had signed the informed 
consent form before enrollment. This study was conducted 
in accordance with the Declaration of Helsinki.

Information and Biomarkers Collection
All participants completed a questionnaire to collect basic 
information, including gender, age, medical history, smok-
ing history, and alcohol consumption history. Height, 
weight, systolic blood pressure, diastolic blood pressure 
were measured twice by professional, and the average 
value was recorded. Blood samples were collected from 
the patients after 8 hours of fasting. All blood biomarkers 
were tested in the same laboratory. In addition, our study 
measured the levels of FBG, HbA1c, vitamin D, total 
cholesterol, triglyceride, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol, alanine amino-
transferase, aspartate aminotransferase, urea nitrogen, 
creatinine and uric acid.

Hemoglobin Glycation Index
HGI was calculated using the formula: HGI = measured 
HbA1c value - predicted HbA1c value.11 The linear rela-
tionship between HbA1c and FPG was estimated from 
linear regression analysis of the data of the all the subject 
subjects (N = 347). In this study, we calculated the regres-
sion equation is: HbA1c = 0.0371 × FPG (mmol/L) + 
6.008, r = 0.456 and p < 0.001). Predicted HbA1c value 
was then calculated from the regression equation using 
each subject’s FPG value. In a word, HGI was defined as 
the difference between the measured HbA1c level and that 
predicted from FBG levels, calculated using the HbA1c– 
FBG regression equation based on data obtained from all 
the study subjects.12

Statistical Analysis
All analyses were conducted using Statistical Product and 
Service Solutions 25.0 (SPSS 25.0). The study tested the 
distribution normality using the Kolmogorov–Smirnov test. 
Continuous variables are presented as mean ± standard 
deviation or median (25th–75th interquartile range) values. 
For categorical variables, data were expressed as numbers 
(percentages). The biochemical parameters between the two 
groups were compared using the Student’s t-test or Mann– 
Whitney test. χ2 test was employed to compare categorical 
variables. Spearman or Pearson correlation analysis was 
used to analyze the correlation between dependent variables 
and independent variables. Multiple linear regression analy-
sis was used to study the independent correlation between 
HGI and vitamin D levels. A P-value less than 0.05 was 
considered statistically significant.
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Results
Clinical Characteristics of All Participants
A total of 347 patients with T2DM (161 female and 186 
male) were included in this study. The mean age was 58.13 
years, the mean BMI was 25.73 kg/m2 and the mean 
diabetes duration was 10 years. In the cohort of all 
patients, the mean FBG level was 7.94 mmol/L and the 
mean HbA1c level was 8.40%. The mean vitamin D level 
was 16.39 ng/mL, 252 (72.6%) participants suffered from 
vitamin D deficiency 25(OH)D < (20 ng/mL). A total of 
167 patients with high HGI values (48.1%), the mean HGI 
value was −0.44 (Table 1).

Clinical Characteristics of All Patients 
with T2DM with and without Vitamin 
D Deficiency
The HGI and HbA1c levels were significantly increased in 
patients with vitamin D deficiency compared to patients 
without vitamin D deficiency, (P<0.001, respectively). 
Compared with the no vitamin D deficiency, the propor-
tion of females in the vitamin D deficiency group was 

higher (P < 0.001). The vitamin D deficiency group had 
significantly lower creatinine and uric acid levels com-
pared with the no vitamin D deficiency group (P=0.001, 
P=0.040, respectively) (Table 2). The difference in HGI 
between vitamin D deficiency group and no vitamin 
D deficiency group is shown in Figure 1.

Clinical Characteristics of All Patients 
with T2DM in the High and Low HGI 
Groups
There were more male patients in the low HGI group com-
pared with the high HGI group (P<0.001). Compared with 
patients with high HGI level, patients with low HGI level 
exhibited significantly higher rates of smoking and drinking 
(P=0.039, P=0.007, respectively). There was no significant 
difference in age and duration of diabetes between the two 
groups. The prevalence of vitamin D deficiency in the high 
HGI group was higher than that in the low HGI group 
(P<0.001). Vitamin D levels were significantly decreased in 
the high HGI group compared with the low HGI group 
(P<0.001). The levels of creatinine and uric acid were sig-
nificantly decreased in the high HGI group compared with 
the low HGI group (P<0.001, respectively), whereas the 
HAb1c levels were significantly increased (P<0.001) 
(Table 3). The difference of the prevalence of vitamin 
D deficiency and 25(OH)D levels in High HGI group and 
Low HGI group are shown in Figure 2.

Clinical Characteristics of Male and 
Female Patients with T2DM
Female patients with T2DM had lower levels of vitamin 
D than male patients with T2DM (P<0.001), while the 
levels of HGI were higher than male patients with 
T2DM (P<0.001, respectively). Compared to males with 
T2DM, female with T2DM had significantly higher levels 
of total cholesterol, low-density lipoprotein, and high- 
density lipoprotein, while creatinine and uric acid levels 
were significantly lower (Table 4).

Compared with female patients without vitamin 
D deficiency, HbA1c and HGI values were significantly 
higher in females with vitamin D deficiency (P=0.001, 
P<0.001, respectively). However, there was no significant 
difference in HbA1c and HGI values between the no vita-
min D deficiency male patients and vitamin D deficiency 
male patients (P=0.062, P=0.158, respectively) (Table 5). 
The difference of HGI levels and 25(OH)D levels in female 
group and male group is shown in Figure 3.

Table 1 Clinical Characteristics of All Participants

Subjects (n=347)

Gender Male(186, 53.60%)

Smoking (112, 33.2%)

Drinking (107, 30.8%)
Age 58.13±12.13

DM duration 10.00 (4.00, 15.00)

BMI (kg/m2) 25.73 (22.89, 27.74)
SBP (mmHg) 133.00 (121.00, 147.00)

DBP(mmHg) 89.00 (80.00, 98.00)

ALT (U/L) 17.80 (13.90, 23.20)
AST (U/L) 19.00 (16.30, 22.80)

TC (mmol/L) 4.68 (3.93, 5.41)

TG (mmol/L) 1.38 (0.98, 1.94)
LDL-C (mmol/L) 2.92 (2.24, 3.50)

HDL-C (mmol/L) 1.10 (0.93, 1.34)

FBG (mmol/L) 7.94 (6.41, 10.45)
SCr (mmol/L) 68.20 (60.50, 74.90)

BUN (mmol/L) 5.10 (4.12, 5.90)

UA (mmol/L) 283.00 (237.08, 335.35)
HbA1c (%) 8.40 (7.30, 10.00)

Vitamin D (ng/mL) 16.39 (12.79, 20.64)

HGI −0.44 (−1.26, 0.98)

Abbreviations: BMI, body mass index; SBP: systolic blood pressure; DBP: diastolic 
blood pressure; 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; Scr: scrum 
creatinine; BUN: urea nitrogen; UA: uric acid; HbA1c, glycated hemoglobin; HGI: 
hemoglobin glycosylation index.
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Correlation Between Vitamin D and HGI 
Levels in Patients with T2DM
Vitamin D was negatively correlated with HGI in all study 
subjects (r = −0.225, P < 0.001), and it was also negatively 
correlated with HGI in female patients with T2DM (r = 
−0.293, P < 0.001). However, there was no correlation 
between them in male with T2DM (r =0.090, P = 0.223) 
(Table 6) (Figure 4).

Multivariate Linear Correlation Analysis 
of Vitamin D and HGI Levels in Patients 
with T2DM
For all participants, HGI was negatively correlated with 
vitamin D in the crude model 1 (β=−0.689, P<0.001), 
model 2 (adjusted for age, BMI, and duration of diabetes) 
(β=−0.676, P<0.001), model 3 (adjusted for age, BMI, 
duration of diabetes, total cholesterol, triglyceride, high- 
density lipoprotein cholesterol and low-density lipoprotein 
cholesterol) (β=−0.709, P<0.001) and model 4 (adjusted 
for age, BMI, duration of diabetes, total cholesterol, tri-
glyceride, high-density lipoprotein cholesterol, low- 

density lipoprotein cholesterol, urea nitrogen, creatinine, 
uric acid) (β = −0.598, P<0.001) (Table 7).

HGI was negatively correlated with vitamin D levels in 
female patients with T2DM, regardless of whether an unad-
justed or adjusted model was used (model 1: β = −0.277, 
P<0.001; model 2: β = −0.286, P<0.001; model 3: β=−0.283, 
P<0.001; model 4: β = −0.285, P<0.001) (Table 8).

On the other hand, HGI was not associated with vita-
min D levels in male patients with T2DM, regardless of 
the model used (model 1: β = −0.111, P = 0.133; model 2: 
β = −0.094, P = 0.214; model 3: β = −0.104, P = 0.173; 
model 4: β = −0.105, P = 0.166) (Table 9).

Discussion
Vitamin D deficiency is a risk factor for osteoporosis, and 
osteoporosis is a common public health problem in China. In 
recent years, the prevalence of osteoporosis has been increas-
ing, affecting more than one-third of people aged 50 years and 
older.13 The most common prevention and treatment of osteo-
porosis is vitamin D supplementation.14 Vitamin D is one of 
the most-known lipoprotein hormones with metabolic proper-
ties, which plays an important role in calcium/phosphorus 

Table 2 Clinical Characteristics of All Patients with T2DM with and without Vitamin D Deficiency

Vitamin D Deficiency  
N=252

No Vitamin D Deficiency  
N=95

P

Gender Male (120, 47.62%) Male (66, 69.47%) <0.001*

Smoking (71, 28.17%) (39, 41.05%) 0.022*

Drinking (67, 26.59%) (38, 40.00%) 0.015*
Age 57.64±12.56 59.06±10.90 0.331

DM duration 10 (3,15) 10 (5,15) 0.516

BMI (kg/m2) 25.83 (22.86, 27.74) 25.53±3.57 0.582
SBP (mmHg) 135.39±19.69 130.00 (121.00, 146.00) 0.399

DBP(mmHg) 81.00 (74.25, 91.00) 80.00 (74.00, 86.00) 0.135
ALT (U/L) 18.35 (14.00, 24.75) 16.90 (13.10, 21.50) 0.112

AST (U/L) 19.00 (16.33, 22.55) 18.80 (16.30, 22.80) 0.513

TC (mmol/L) 4.68 (3.94, 5.43) 4.56 (3.87, 5.35) 0.489
TG (mmol/L) 1.43 (1.00, 1.97) 1.21 (0.90, 1.84) 0.112

LDL-C (mmol/L) 2.91 (2.22, 3.52) 2.94 (2.27, 3.41) 0.938

HDL-C (mmol/L) 1.09 (0.93, 1.34) 1.17 (0.93, 1.35) 0.429
FBG (mmol/L) 8.11 (6.45, 10.50) 7.63 (6.26, 9.91) 0.205

SCr (mmol/L) 66.62 (59.55, 74.15) 73.60 (64.00, 77.50) 0.001*

BUN (mmol/L) 5.04 (4.02, 5.95) 5.21 (4.31, 5.76) 0.511
UA (mmol/L) 275.22 (233.85, 336.59) 291.75 (254.20, 332.30) 0.042*

HbA1c (%) 8.70 (7.50, 10.60) 7.90 (6.90, 8.60) <0.001*

HGI −0.17 (−1.18, 1.30) −0.95 (−1.44, −0.21) <0.001*
Vitamin D (ng/mL) 14.61 (11.45, 17.06) 23.30 (21.42, 25.82) <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; 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; Scr, scrum creatinine; 
BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin; HGI, emoglobin glycosylation index.
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homeostasis, bone metabolism and skeletal development. 
Vitamin D is activated by hydroxylases in liver and kidney 
to become the active hormone (1,25(OH) 2D). On the one 

hand, 1,25(OH) 2D can increase intestinal absorption of cal-
cium and phosphorus, and renal tubular reabsorption of cal-
cium and phosphorus. These functions enable 1.25(OH)2D to 

Figure 1 Comparisons of HGI in No vitamin D deficiency group and Vitamin D deficiency group.(A) Comparisons of HGI in No vitamin D deficiency group and Vitamin 
D deficiency group in all participants. (B) Comparisons of HGI No vitamin deficiency group and Vitamin D deficiency group in female participants. (C) Comparisons of HGI 
in No vitamin deficiency group and Vitamin D deficiency group in male participants. *Denotes significance at a P value of <0.05.

Table 3 Clinical Characteristics of All Patients with T2DM in the High and Low HGI Groups

High HGI (n=167) Low HGI (n=180) P

Gender Male (72, 43.11%) Male (114, 66.33%) <0.001*

Smoking (44, 26.35%) (66, 36.67%) 0.039*

Drinking (39, 23.35%) (66, 36.67%) 0.007*
Age 57.38±12.80 58.63±11.47 0.338

DM duration 8 (2, 19) 10 (5, 15) 0.486

BMI (kg/m2) 25.22 (22.57, 27.47) 25.99 (23.29, 28.08) 0.056
SBP (mmHg) 136.29±20.24 132.00 (121.00, 145.00) 0.219

DBP(mmHg) 81.00 (75.00, 89.00) 80.00 (74.00, 88.00) 0.697

ALT (U/L) 18.40 (12.60, 24.50) 17.40 (14.50, 22.60) 0.872
AST (U/L) 18.70 (16.00, 22.30) 19.00 (16.62, 22.80) 0.388

TC (mmol/L) 4.65 (3.90, 5.38) 4.76±1.13 0.731

TG (mmol/L) 1.30 (0.97, 1.90) 1.44 (1.05, 1.98) 0.177
LDL-C (mmol/L) 2.81±1.16 2.96 (2.32, 3.51) 0.293

HDL-C (mmol/L) 1.11 (0.93, 1.35) 1.09 (0.93, 1.33) 0.621

FBG(mmol/L) 8.06 (6.10, 10.83) 7.78 (6.52, 10.11) 0.842
SCr (mmol/L) 65.00 (58.60, 72.90) 70.45 (63.08, 76.52) <0.001*

BUN (mmol/L) 5.04 (4.00, 5.83) 5.14 (4.20, 5.90) 0.537

UA (mmol/L) 254.82 (227.80, 315.00) 295.11 (256.29, 351.41) <0.001*
HbA1c (%) 10.23±1.68 7.40 (6.50,8.20) <0.001*

Vitamin D (ng/mL) 15.39±4.78 18.27±5.94 <0.001*

Prevalence of vitamin D deficiency 140 (83.83%) 112 (62.22%) <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; 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; Scr, scrum creatinine; 
BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin.
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elevate blood calcium levels and increase bone density. On the 
other hand, it can promote bone formation by affecting related 
transcription factors and directly acting on osteoblasts through 
vitamin D receptor (VDR). When patients have vitamin 

D deficiency, osteoblasts’ proliferation and differentiation 
ability are reduced, and it will eventually impair bone forma-
tion. In addition, vitamin D deficiency can lead to secondary 
hyperparathyroidism and significantly increase PTH levels. 

Figure 2 Comparisons of 25(OH)D levels and prevalence of vitamin D deficiency in the High HGI group and Low HGI group for all participants (A). Comparisons of 25 
(OH)D levels in the High HGI group and Low HGI group for all participants. (B) Comparisons of the prevalence of vitamin D deficiency in the High HGI group and Low HGI 
group for all participants. *Denotes significance at a P value of <0.05.

Table 4 Clinical Characteristics of Male and Female Patients with T2DM

Female (n=161) Male (n=186) P

Gender 60.20±11.89 56.15±12.05 0.002*

DM duration 10 (4.00, 17.00) 10 (3.75, 15.00) 0.573
BMI (kg/m2) 25.30 (22.48, 29.68) 25.91±3.55 0.053

SBP (mmHg) 133.00 (120.00, 148.75) 133.00 (121.75, 146.25) 0.941

DBP(mmHg) 80.00 (72.00, 87.00) 82.00 (75.75, 90.25) 0.032*
ALT (U/L) 17.00 (13.15, 23.05) 18.45 (14.58, 24.43) 0.107

AST (U/L) 19.20 (16.30, 23.05) 18.70 (16.40, 22.10) 0.493
TC (mmol/L) 4.87 (3.94, 5.70) 4.57±1.15 0.013*

TG (mmol/L) 1.33 (1.00, 1.82) 1.43 (0.98, 2.09) 0.277

LDL-C (mmol/L) 3.01±1.12 2.87 (2.16, 3.35) 0.038*
HDL-C (mmol/L) 1.19 (1.02, 1.44) 1.02 (0.89, 1.27) <0.001*

FBG(mmol/L) 8.00 (6.50, 10.86) 7.89 (6.22, 10.06) 0.516

SCr (mmol/L) 61.82 (54.32, 68.30) 72.90 (67.20, 77.50) <0.001*
BUN (mmol/L) 5.00 (4.00, 5.80) 5.17 (4.35, 5.99) 0.129

UA (mmol/L) 259.90 (224.25, 301.20) 297.95 (254.02, 362.76) <0.001*

HbA1c (%) 8.70 (7.65, 10.80) 8.15(7.08,9.50) <0.001*
Vitamin D (ng/mL) 14.68 (11.75, 18.55) 18.22±5.70 <0.001*

HGI −0.48 (−0.95, 1.41) −0.76 (−0.51, 0.44) <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; 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; Scr, scrum creatinine; 
BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin; HGI, hemoglobin glycosylation index.
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Large doses of PTH can increase bone resorption. The imbal-
ance between bone formation and bone resorption can lead to 
osteoporosis.

Recently, an increasing number of studies have shown 
that vitamin D is also involved in diabetes. The incidence of 
T2DM continues to increase worldwide.15 The major points 

Table 5 Clinical Characteristics of Male and Female Patients with T2DM with and without Vitamin D Deficiency

Male Participants Female Participants

Vitamin D Deficiency 
N=120

No Vitamin D Deficiency 
N=66

P Vitamin D Deficiency 
N=132

No Vitamin D Deficiency 
N=29

P

Smoking (68, 56.7%) (39, 59.1%) 0.749

Drinking (64, 53.3%) (38, 57.6%) 0.578

Age 55.43±12.71 57.47±10.69 0.269 59.66±12.11 65.00 (56.50, 69.50) 0.136

DM duration 9.50 (3.00, 15.00) 10.00 (4.00, 15.00) 0.662 10.00 (3.00, 17.00) 10.00 (5.00, 15.50) 0.552

BMI (kg/m2) 26.17±3.42 25.44±3.74 0.182 25.15 (22.41, 27.18) 25.75±3.19 0.369

SBP (mmHg) 135.80±19.13 130.00 (121.00, 145.25) 0.269 135.01±20.26 129.00 (121.00, 156.50) 0.938

DBP(mmHg) 84.41±11.99 81.50 (74.00, 86.25) 0.045* 80.00 (72.00, 88.00) 79.00 (71.50, 85.50) 0.468

ALT (U/L) 18.85 (15.13, 26.45) 17.60 (12.98, 21.88) 0.178 17.80 (13.03, 24.10) 16.29±4.43 0.168

AST (U/L) 18.70 (16.40, 22.10) 18.70 (16.08, 22.85) 0.786 19.30 (16.30, 23.25) 18.80 (16.40, 22.65) 0.641

TC (mmol/L) 4.61 (3.97, 5.20) 4.47±1.10 0.311 4.93 (3.92, 5.69) 4.84 (4.39, 6.16) 0.348

TG (mmol/L) 1.52 (1.07, 2.27) 1.17 (0.87, 1.91) 0.024* 1.34 (0.97, 1.83) 1.31 (1.04, 1.82) 0.934

LDL-C (mmol/L) 2.89 (2.14, 3.43) 2.73±0.95 0.872 2.98±1.07 3.17±1.30 0.390

HDL-C (mmol/ 

L)

1.02 (0.89, 1.24) 1.04 (0.88, 1.31) 0.669 1.17 (0.99, 1.39) 1.32 (1.10, 1.59) 0.019*

FBG (mmol/L) 8.10(6.28,10.33) 7.57 (6.08, 9.94) 0.314 8.11 (6.49, 10.93) 8.29±2.81 0.548

SCr (mmol/L) 72.05 (66.75, 77.09) 73.85 (68.30, 77.80) 0.227 61.72±8.58 63.48±10.78 0.340

BUN (mmol/L) 5.06 (4.16, 6.28) 5.24±1.13 0.854 5.00 (3.97, 5.79) 5.01 (4.01, 6.17) 0.689

UA (mmol/L) 310.23±93.52 298.05 (272.23, 338.00) 0.682 252.61 (221.66, 302.01) 264.74 (231.20, 306.24) 0.358

HbA1c (%) 8.40 (7.20, 9.70) 7.85 (6.65, 8.80) 0.062 9.20 (7.90, 10.90) 8.10±1.42 0.001*

HGI −0.70 (−1.55, 0.77) −0.92 (−1.41, −0.20) 0.158 0.36 (−0.76, 1.69) −0.97 (−1.53, −0.16) <0.001*

Vitamin D (ng/ 

mL)

15.59 (12.16, 17.64) 23.43 (21.84, 26.42) <0.001* 13.60±3.47 22.64 (20.96, 24.89) <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; 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; Scr, scrum creatinine; 
BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin; HGI, hemoglobin glycosylation index.

Figure 3 Comparisons of HGI levels and 25(OH)D levels in female group and male group for all participants. (A) Comparisons of HGI levels in female group and male group 
for all participants. (B) Comparisons of the 25(OH)D levels in female group and male group for all participants. *Denotes significance at a P value of <0.05.
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Table 6 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 −0.001 0.083 0.041

P-value 0.991 0.296 0.574

DM duration r-value 0.035 0.030 0.078

P-value 0.520 0.708 0.291

BMI r-value 0.012 0.014 −0.045

P-value 0.812 0.866 0.542

SBP (mmHg) r-value −0.049 0.061 −0.136

P-value 0.036 0.447 0.064

DBP (mmHg) r-value −0.044 0.041 −0.163

P-value 0.416 0.607 0.026*

ALT (U/L) r-value −0.076 −0.063 −0.124

P-value 0.159 0.431 0.091

AST (U/L) r-value −0.011 0.010 0.011
P-value 0.844 0.901 0.883

TC (mmol/L) r-value −0.013 0.056 −0.032
P-value 0.811 0.477 0.663

TG (mmol/L) r-value −0.120 −0.135 −0.160
P-value 0.026* 0.087 0.029*

LDL-C (mmol/L) r-value −0.019 0.016 −0.010
P-value 0.723 0.839 0.887

HDL-C (mmol/L) r-value 0.088 0.214 0.112
P-value 0.101 0.007* 0.127

FBG (mmol/L) r-value −0.032 0.007 −0.061
P-value 0.554 0.927 0.405

SCr (mmol/L) r-value 0.235 0.056 0.127
P-value <0.001* 0.479 0.084

BUN (mmol/L) r-value 0.133 0.084 0.122
P-value 0.013* 0.292 0.098

UA (mmol/L) r-value 0.151 0.046 0.082
P-value 0.005* 0.558 0.265

HbA1c (%) r-value −0.218 −0.252 −0.117
P-value <0.001* 0.001* 0.110

HGI r-value −0.225 −0.293 −0.090
P-value <0.001* <0.001* 0.223

Note: *Denotes significance at a P value of <0.05. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 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; Scr, scrum creatinine; 
BUN, urea nitrogen; UA, uric acid; HbA1c, glycated hemoglobin; HGI, hemoglobin glycosylation index.
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in the pathophysiology of T2DM are impaired insulin secre-
tion, insulin resistance, and systemic inflammation.16 

Studies have confirmed that vitamin D can have impacts 
on all of these pathophysiological pathways through vita-
min D receptors on pancreatic β cells, skeletal muscle and 
adipocytes.17 First, 1.25(OH) 2D binds to VDRs on pan-
creatic β cells and directly affects insulin secretion.18,19 In 
addition, 1.25(OH) 2D can increase insulin receptor expres-
sion, activate insulin receptors and enhance insulin 
mediated glucose transport.20 Vitamin D can reduce periph-
eral insulin resistance by inhibiting adipocyte 

differentiation and adipogenesis and reducing the expres-
sion of peroxisome proliferator-active receptor-γ.21 

Moreover, vitamin D can regulate the immunological reac-
tion of macrophages and monocytes, reduce the production 
of inflammatory factors and alleviate the inflammatory 
response. Therefore, vitamin D can further reduce insulin 
resistance.1 Although the effect of vitamin D on T2DM is 
not fully understood, recent studies have shown an inverse 
correlation between vitamin D levels and glycemic 
control.2,6,22 Only few studies failed to find the correlation 
between HbA1c and vitamin D.23

Figure 4 The correlation between vitamin D and HGI levels. (A) The correlation between vitamin D and HGI levels in all participants. (B) The correlation between vitamin 
D and HGI levels in female participants. (C) The correlation between vitamin D and HGI levels in male participants.

Table 7 Correlation Between Vitamin D and HGI in All Patients with T2DM

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

Model 1 −0.689 (−1.008, −0.371) 0.162 −0.223 −4.225 <0.001

Model 2 −0.676 (−1.002, −0.349) 0.166 −0.220 −4.066 <0.001
Model 3 −0.709 (−1.036, −0.382) 0.166 −0.231 −4.263 <0.001

Model 4 −0.598 (−0.924, −0.272) 0.166 −0.195 −3.605 <0.001

Table 8 Correlation Between Vitamin D and HGI in Female Patients with T2DM

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

Model 1 −0.777 (−1.1998, −0.356) 0.214 −0.277 −3.639 <0.001

Model 2 −0.802 (−1.245, −0.359) 0.244 −0.286 −3.580 <0.001

Model 3 −0.794 (−1.224, −0.364) 0.218 −0.283 −3.648 <0.001
Model 4 −0.799 (−1.242, −0.356) 0.244 −0.285 −3.564 <0.001

Table 9 Correlation Between Vitamin D and HGI in Male Patients with T2DM

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

Model 1 −0.358 (−0.827, 0.110) 0.237 −0.111 −1.510 0.133

Model 2 −0.299 (−0.771, 0.174) 0.239 −0.094 −1.248 0.214
Model 3 −0.330 (−0.807, 0.146) 0.241 −0.104 −1.368 0.173

Model 4 −0.334 (−0.808, 0.140) 0.240 −0.105 −1.391 0.166
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HbA1c level is universally considered a gold standard for 
monitoring glucose control. However, studies have found 
differences between HbA1c and actual monitored blood glu-
cose levels. Moreover, recent studies have demonstrated that 
only 60–80% of the variation in HbA1c levels could be 
explained by the mean blood glucose level.24 The value of 
HbA1c can be affected by many biological factors, including 
age, glucose metabolism, erythrocyte age, liver and kidney 
disease, etc.25 To overcome the limitations of HbA1c, HGI has 
been established to quantify the variance, which was sug-
gested as an alternative method to account for glycemic 
variations.26

Our study found that HGI was inversely associated 
with vitamin D levels, which also indicated that vitamin 
D is inversely associated with glycemic control in patients 
with T2DM.

HGI has been reported to reflect advanced glycation 
end products (AGEs). Individuals with higher HGI have 
increased levels of AGEs in liver and skin.27 In addition, 
one study had found that vitamin D levels were inversely 
associated with AGEs in the skin.28 Behind the negative 
association between AGEs and vitamin D, the potential 
underlying mechanism is that vitamin D can reduce oxi-
dative stress, which may further reduce the formation of 
AGEs and pro-inflammatory cytokines.29 When patients 
have vitamin D deficiency, the oxidative stress increases, 
which can increase the formation of AGEs. Since HGI can 
reflect AGEs, subjects with vitamin D deficiency may 
have higher HGI levels.

Several studies have investigated the association 
among HGI, diabetic complications and various chronic 
diseases in diabetes. High HGI levels can serve as an 
identifier for individuals with T2DM who may have higher 
risks of diabetes complications. Higher HGI levels have 
been proposed to identify a phenotype of glucose metabo-
lism, which is characterized by an increased susceptibility 
to protein glycation and tissue accumulation of AGEs.28 

The higher degree of nonenzymatic glycation of intracel-
lular proteins and the higher AGEs levels may be the 
pathogenic factors of diabetic complications.12 High HGI 
has been reported to be associated with increased risks of 
cardiovascular disease, diabetic retinopathy and nephropa-
thy in diabetic individuals.8,9,11 And in non-diabetic indi-
viduals, subjects with high HGI have a higher prevalence 
of non-alcoholic fatty liver disease, carotid 
atherosclerosis.30,31 This study found a higher prevalence 
of vitamin D deficiency in patients with high HGI, and the 
HGI levels were inversely correlated with vitamin D.

In this study, we found that females had higher HGI 
levels than males. HGI levels were independently and 
inversely associated with vitamin D levels in females with 
T2DM. In the male-only group, there was no correlation 
between HGI and vitamin D levels, regardless of adjusted or 
non-adjusted confounding factors. In addition, some studies 
have suggested a stronger association of female with high 
HGI.32,33 On the contrary, gender difference of HGI was not 
observed in many studies.34,35 The effect of gender on HGI 
is still controversial and inconclusive. This study also found 
that female patients had lower vitamin D levels than male 
patients, which are influenced by exercise, hormones, etc.

There were limitations to this study. First, this study 
was a cross-sectional study, and the causality of the nega-
tive association between vitamin D levels and HGI could 
not be confirmed. Second, outdoor activities, season, and 
diet should be considered in future studies of vitamin 
D levels. And, this study did not assess the predictors 
affecting glycemic control, such as medication adherence 
and usage rate of insulin.

In conclusion, this study found a higher prevalence of 
vitamin D deficiency in patients with high HGI. We specu-
lated that high HGI is a risk factor for patients with type 2 
diabetes. Moreover, there was an independent negative 
association between HGI and vitamin D levels in patients 
with T2DM, whereas this association differs between 
female and male patients with T2DM.
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