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Purpose: We investigate the correlation between glucose and lipid metabolism and diabetic retinopathy (DR) in patients with type 2
diabetes mellitus (T2DM) and its diagnostic and predictive value.

Patients and Methods: A retrospective analysis involved 620 patients diagnosed with T2DM, categorized into two groups based on
fundus examination results: the non-diabetic retinopathy group (NDR, n=340) and the diabetic retinopathy group (DR, n=280). We
collected baseline patient data, calculated the ratio of glycated hemoglobin (HbA1c¢) to high-density lipoprotein cholesterol (HDL-C),
and analyzed its association with Type 2 Diabetic Retinopathy.

Results: HbAl1c/HDL-C in DR group exhibited significantly higher than the NDR group (P<0.001). Mantel-Haenszel’s chi-square
trend analysis indicated a notable linear trend (P<0.001) between HbA1c/HDL-C and DR. HbA1c/HDL-C revealed moderate positive
correlations with DR, r=0.342, P<0.001. Binary logistic regression analysis showed systolic blood pressure (SBP), diabetes course,
fasting blood glucose (FBG) and HbA1c¢/HDL-C as independent risk factors for DR in T2DM patients. Restrictive cubic spline
analysis demonstrated a significant nonlinear relationship between HbA1c/HDL-C and DR (P total trend <0.001, P nonlinear =
0.0196). ROC curve analysis identified that HbA1c/HDL-C had the highest diagnostic accuracy for DR, with an area under the ROC
curve (AUC) of 0.711, 53.2% sensitivity, and 78.2% specificity.

Conclusion: Our study shows that HbA1c/HDL-C is an independent risk factor for DR in patients with type 2 diabetes. HbA1c/HDL-
C has good diagnostic value for DR and can be used as a biological index for early screening of DR.

Keywords: glucose metabolism, lipid metabolism, glycosylated hemoglobin, high density lipoprotein cholesterol, HbA1lc/HDL-C,
type 2 diabetes, diabetic retinopathy

Introduction
Diabetic retinopathy (DR) is a common microvascular complication of type 2 diabetes mellitus (T2DM). Vascular
endothelial injury, microaneurysm formation, and punctate intraretinal hemorrhage are the early manifestations of non-
proliferative diabetic retinopathy (NPDR). As the disease progresses, new capillaries appear and fibrous tissue prolifer-
ates, which gradually develops into proliferative diabetic retinopathy (PDR). In severe cases, it can pull the retina away,
leading to blindness.' Due to pathological changes in DR, ophthalmoscopy is still the first choice for early diagnosis and
risk stratification of DR.> However, due to the limitation of medical resources and the degree of patients’ cooperation,
ophthalmoscopy has not been fully popularized, and the early screening rate of DR is low, which often progresses to
irreversible damage.® Therefore, it is of great significance to identify more biomarkers for early screening and interven-
tion of DR.

Glycated hemoglobin (HbAlc) is a product of non-enzymatic glycosylation of protein, which reflects the average
blood glucose level for nearly 2—3 months and more stable than fasting blood glucose, therefore it is not affected by

fasting blood glucose and insulin therapy.* Several studies have shown that HbAlc is independently associated with the
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risk of T2DM and diabetic complications.””’ As early as 2010, ADA guidelines have listed HbA1c>6.5% as the
diagnostic criteria of diabetes mellitus,® which shows that HbAlc plays an important role in blood glucose monitoring
of patients with T2DM. In recent years, studies have found that disorder of blood glucose metabolism not only leads to
the apoptosis of islet f cells but also affects the metabolism of blood lipids. Hyperglycemia will accelerate the synthesis
of free fatty acids and the accumulation of cholesterol, and the increased lipid will be deposited in non-adipose tissues,
such as heart, kidney, and blood vessel wall, eventually multiple-organ dysfunction occurs.”'® Researchers have
demonstrated that more than 75% of T2DM patients with diabetic dyslipidemia (DD), mainly manifested by the increase
in triglyceride (TG) and the decrease in high-density lipoprotein cholesterol (HDL-C)."" The synergistic effect of glucose
and lipid metabolism disorder continuously aggravates insulin resistance and accelerates the process of T2DM and its
complications.'? However, in clinical practice, patients with T2DM often have normal HbAlc or blood lipids, but still
progress to DR. Therefore, this study comprehensively considers the glucose and lipid metabolism levels of patients with
T2DM, integrates the HbAlc and HDL-C indicators, calculates HbAlc/HDL-C, and discusses the correlation between
HbA1c/HDL-C and DR.

Materials and Methods

Ethical Declaration: This study was conducted in strict adherence to the Helsinki Declaration of Principles and received
approval from the Ethics Committee of Hebei General Hospital. At the same time, patients are informed of the purpose of
this study and signed informed consent forms.

Experimental design: This study employed a cross-sectional design, collected clinical data of 1326 T2DM patients
diagnosed in Hebei General Hospital from January 2020 to December 2022, and screened patients according to the
following criteria. Inclusion criteria: 1) aged 18 to 80 years; 2) T2DM patients diagnosed according to the 1999 World
Health Organization Diagnostic Criteria for Diabetes. Exclusion criteria: 1) Acute complications and acute stress state of
diabetes; 2) Diabetic foot; 3) Patients with severe cardiac, liver, or renal insufficiency; 4) Patients with pregnancy and
blood system diseases; 5) and individuals with conditions such as Hyperthyroid eye disease or glaucoma, which cannot
cooperation during fundoscopic examinations. In the end, 620 T2DM patients were screened to be included in this study.
All 620T2DM patients underwent a fundus examination and were divided into non-diabetic retinopathy group (NDR,
n=340) and diabetic retinopathy group (DR, n=280) according to the DR grading standard formulated by International
Society of Ophthalmology in 2002.

Data collection and laboratory analysis: Collect basic information of the patients, including age, gender,
diabetes course, smoking history, drinking history, systolic blood pressure (SBP), diastolic blood pressure
(DBP), height, and weight. Laboratory tests included glycated hemoglobin (HbAlc), fasting blood glucose
(FBG), albumin (ALB), serum creatinine (Cr), serum uric acid (UA), blood urea nitrogen (BUN), glomerular
filtration rate (eGFR), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C). Body mass index (BMI) was calculated by dividing weight by the
square of height, and HbA1c/HDL-C was calculated by dividing glycated hemoglobin by high-density lipoprotein
cholesterol.

Statistical analysis: SPSS 21.0 software was used for statistical analysis of the collected data, and GraphPad
Prism 8.0.2 and R version 4.3.1 software were used for drawing. Measurement data that conformed to a normal
distribution were expressed as mean =+ standard deviation, with group comparisons performed using two indepen-
dent samples #-tests. Non-normally distributed measurement data were expressed as the median and quantile
spacing [M(P25%, P75%)], with group comparisons performed using the Mann—Whitney U-test. Chi-square trend
testing via Mantel-Haenszel analysis was employed for trend analysis. Binary logistic regression analysis was used
to identify independent risk factors for DR in T2DM patients. The nonlinear relationship between the risk of DR
and HbA1c/HDL-C in T2DM patients was analyzed using restricted cubic spline. The diagnostic value of HbAlc/
HDL-C for DR in T2DM patients was determined through Receiver Operating Characteristic (ROC) curve analysis,
including the calculation of the area under the curve (AUC). Statistical significance was established at P<0.05 for
all analyses.
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Results

Comparison of General Data and Laboratory Related Indexes Between the Two
Groups

In all T2DM patients, the HbAlc/HDL-C ratio of DR patients was significantly higher than that of NDR patients
(P<0.001) (Table 1 and Figure 1). DR patients had a significantly longer course of diabetes compared to NDR patients
(P<0.001). Several laboratory indicators were elevated in the DR group, including SBP, HbAlc, FBG, and TG levels,
while ALB and HDL-C decreased (all P<0.05). However, there were no significant differences between DR and NDR in
age, gender, smoking history, drinking history, DBP, BMI, Cr, UA, BUN, eGFR, TC, or LDL-C (Table 1).

Trend Test of HbA|c/HDL-C Quartile Intervals and DR Risk in T2DM Patients

We categorized patients into four groups based on quartile intervals of HbA1¢/HDL-C (A-D) to convert HbAlc/HDL-C
into ordered multi-classification variables. Specifically, Group A (HbA1c/HDL-C<6.32273), group B (6.32273<HbAlc/
HDL-C<8.12843), group C (8.12843<HbA1c¢/HDL-C<10.09554), Group D (HbA1c/HDL-C>10.09554), and each group

Table | Comparison of General Data and Laboratory-Related Indexes Between the Two

Groups
Variable NDR (n=340) DR (n=280) Statistics | P value
Gender (male/female) 218/122 163/117 2.259 0.133
Age (years) 58 (50, 66.75) 58 (50, 66) —0.022 0.983
Diabetes course (years) 94 13) 12 (7, 18) —4.509 <0.001*
Smoking history (Yes/No) 88/252 70/210 0.063 0.802
Drinking history (Yes/No) 93/247 68/212 0.751 0.386
SBP (mmHg) 131.36+16.49 135.5+18.46 —2.909 0.004*
DBP (mmHg) 81 (74, 88) 80 (73, 88) —0.467 0.641
BMI (Kg/m2) 25.96 (23.59,28.04) | 25.72 (23.83,27.88) —0.161 0.872
HbA I c(%) 7.6 (6.7,9.5) 9.2 (8.1, 10.8) —8.538 <0.001*
FBG (mmol/L) 7.26 (5.94, 9.50) 8.64 (6.80, I1.31) —5.135 <0.001*
ALB (g/L) 42.02+3.38 40.92+3.71 3.884 <0.001*
Cr (umol/L) 64.65 (56.43,73.95) | 64.7 (54.4, 74.98) —0.442 0.659
UA (umol/L) 299.8 (257.8, 369.3) | 291.8 (251.6, 350.5) —1.632 0.103
BUN (mmol/L) 5.4 (4.7, 6.3) 5.4 (4.7, 6.5) —0.671 0.502
eGFR (mL/min) 98.97 (90.76, 106) | 97.91 (90.03, 108.3) —0.108 0914
TC (mmol/L) 4.67 (3.82, 5.25) 4.51 (3.80, 5.22) —-0.393 0.694
TG (mmol/L) 1.35 (0.91, 1.95) 1.52 (1.05, 2.12) —2.830 0.005*
HDL-C (mmol/L) 1.1 (0.95, 1.30) 1.03 (0.88, 1.16) —4.724 <0.001*
LDL-C (mmol/L) 2.99 (2.37, 3.47) 2.97 (2.39, 3.53) —-1.033 0.302
HbAIc/HDL-C 744 (5.61, 9.02) 9.36 (7.53, 1.18) —9.037 <0.001*

Note: *Denotes significance at a P value of <0.05.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, glycated hemoglobin; FBG,
fasting blood glucose; ALB, albumin; Cr, serum creatinine; UA, serum uric acid; BUN, blood urea nitrogen; eGFR,
glomerular filtration rate; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; BMI, Body mass index.
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Figure | Comparison of HbAlc/HDL-C between NDR group and DR group.

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

DR

comprised 155 patients. Mantel-Haenszel chi-square trend test was performed on four groups of patients. After grouping,
there was an evident linear trend between HbAlc/HDL-C and DR (P<0.001), and there was a moderate positive
correlation between HbA1c/HDL-C and DR (r=0.342, P<0.001). The incidence of DR demonstrated an escalating pattern
with increasing HbA1c¢/HDL-C quartile levels with rates of 19.4%, 45.8%, 45.2%, and 70.3% in Groups A, B, C, and D,

respectively (Table 2).

Multi-Factor Regression Analysis of DR in T2DM Patients

Taking DR as the dependent variable, the independent variables were screened in turn, and the candidate variables with
P<0.1: diabetes course, SBP, FBG, ALB, TG, HbA1c/HDL-C were included in the binary logistic regression equation.
The HL test showed a good fit of the regression model (X2=9.248, P=0.322). Regression analysis indicated that diabetes
course, SBP, FBG, HbA1¢/HDL-C were independent risk factors for DR. For each additional unit of HbAlc/HDL-C, the
probability of DR in T2DM patients increased by 0.334 times (Table 3 and Figure 2).

Table 2 HbAIc¢/HDL-C Quartile Intervals and DR Risk Trend Test

Mantel-Haenszel Chi-Square Trend Test

Groups

A

C

D

Linear Trend

Pearson-Related

DR (%)

19.4

45.8

45.2

70.3

27*=81.329 | P<0.00I

r=0.342 | P<0.001

Table 3 Binary Logistic Regression Analysis of DR in T2DM Patients

B SE Wals P OR 95%(Cl)
Diabetes course 0.055 0.013 18.01 <0.001* 1.056 1.030-1.084
SBP 0.010 0.005 4.081 0.043* 1.010 1.000-1.021
FBG 0.074 0.032 5.328 0.021* 1.076 1.011-1.146
HbAIc¢/HDL-C 0.288 0.042 47,329 <0.001* 1.334 1.229-1.448
ALB —0.030 0.027 1.178 0.278 0.971 0.920-1.024
TG —0.003 0.067 0.002 0.961 0.997 0.875-1.136

Note: *Denotes significance at a P value of <0.05.
Abbreviations: SBP, systolic blood pressure; HbA ¢, glycated hemoglobin; FBG, fasting blood glucose; ALB,
albumin; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol.
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P OR(95%Cl)
FBG- |—|—| 0.021* 1.076(1.011~1.146)
HbA1c/HDL-C —— <0.001* 1.334(1.229~1.448)
6 —fF— 0.961 0.997(0.875~1.136)
ALB- - 0.278 0.971(0.920~1.024)
SBPA ||| 0.043* 1.010(1.000~1.021)
Diabetes course- I+| <0.001* 1.056(1.030~1.084)

1 T 1 1

0.8 1.0 1.2 1.4 1.6
OR(95%CI) for DR
Figure 2 Binary logistic regression Analysis of DR in T2DM patients.
Note: *Denotes significance at a P value of <0.05.

Abbreviations: SBP, systolic blood pressure; HbAlc, glycated hemoglobin; FBG, fasting blood glucose; ALB, albumin; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol.

Nonlinear Relationship Analysis Between HbAIc/HDL-C and DR Risk in T2DM

Patients

The relationship of DR and HbAlc/HDL-C was analysed by using restricted cubic spline. After adjusting diabetes
course, SBP and FBG related confounding factors, we found a significant nonlinear relationship between HbA1c/HDL-C
and DR risk (P total trend<0.0001, P nonlinear=0.0196). When HbA1c/HDL-C>8.1745, the risk of DR increased
significantly, and this risk increased nonlinearly with higher HbA1c/HDL-C values (Figure 3).

ROC Curve Analysis of the Diagnostic Value of HbAlc/HDL-C for DR

ROC curve analysis demonstrated that HbA1c/HDL-C had the highest accuracy in evaluating DR, with an AUC of 0.711,
a sensitivity of 53.2%, and a specificity of 78.2%. HbA1c/HDL-C was more accurate than HbAlc alone in diagnosing DR.
AUC of HbAlc was 0.699, followed by FBG (0.620), diabetes course (0.605), and SBP (0.565) (Table 4 and Figure 4).

Discussion
In the past 40 years, the global prevalence of diabetes has increased from 108 million to 537 million, and the rapid
economic growth and urbanization of various countries have made the global diabetes burden increasingly heavier.'®

Adjusted OR (95%Cl) for DR

HbA1c/HDL-C

Figure 3 Nonlinear relationship analysis between HbAlc/HDL-C and DR risk in T2DM patients.
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Table 4 ROC Curves of HbAlc/HDL-C, HbAlc, FBG, Diabetes Course, and SBP

AUC 95%(ClI) P value | Cut-off | Sensitivity (%) | Specificity (%)
Lower Limit | Upper Limit
HbA|c/HDL-C 0.711 0.671 0.751 P<0.001* | 9.1635 53.2 78.2
HbAlc 0.699 0.658 0.740 P<0.001* 7.85 8l1.8 54.1
FBG 0.620 0.576 0.664 P<0.001* 7415 66.8 53.2
Diabetes course 0.605 0.560 0.650 P<0.001* 1.5 5.1 67.4
SBP 0.565 0519 0.610 0.005* 1375 46.1 66.5

Note: *Denotes significance at a P value of <0.05.
Abbreviations: SBP, systolic blood pressure; HbAlc, glycated hemoglobin; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol.

Diabetes and diabetes-related complications seriously affect the quality of life and longevity of patients. According to the
report of the Global Disease Burden Research Vision Loss Expert Group, from 1990 to 2020, the blindness rate caused
by all kinds of reasons except DR declined regionally, but only DR was the only blinding factor that continued to
increase in the past 30 years."* Among them, vision-threatening DR (VTDR) is the main cause of visual impairment in
patients, including severe non-proliferative diabetic retinopathy (NPDR), proliferative diabetic retinopathy (PDR), and
diabetic macular edema (DME). VTDR not only seriously affects patients’ vision but also increases the risk of death.
According to the latest research by Takao, and so on. DR was independently related to all-cause, vascular, and non-
cancer non-vascular mortality, and VTDR was a more powerful predictor of all-cause, vascular, and non-cancer non-
vascular mortality.'> A Meta-Analysis for Eye Disease shows that the global prevalence of DR is as high as 34.6%, of
which the prevalence of VTDR is about 10.2%.'° However, globally, there are only 7.16 ophthalmologists per 1000
patients with VTDR, and the density of ophthalmologists is only 0.9117 in Africa where the prevalence of VTDR is the
highest.'” The shortage of ophthalmologists makes the treatment of VTDR face great challenges. Therefore, in order to
avoid the progression to VIDR, it is very important to find simple and accessible biological indicators to predict and
diagnose DR early.

ROC curve

1.0
— HbA1c/HDL-C
0.8 — HbA1c
2 FBG
> 0.6
:% SBP
S 0.4- — Diabetes course
n
0.2
0.0 +—T—T—T— T

00 02 04 06 08 1.0
1 - Specificity

Figure 4 ROC curve of HbAlc/HDL-c, HbAlc, FBG, diabetes course and SBP.
Abbreviations: SBP, systolic blood pressure; HbAlc, glycated hemoglobin; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol.
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Researchers have shown that microvascular endothelial cells are the main target of hyperglycemia, which increases
inflammatory response and oxidative stress in vivo and directly leads to vascular endothelial cell dysfunction.'® Controlling
blood glucose is a fundamental measure to delay diabetic microangiopathy. HbAlc is the glycosylation part of hemoglobin,
and its synthesis rate is directly proportional to the concentration of glucose in the environment where red blood cells are
located, thus it directly reflects the level of blood glucose metabolism in the body. A 4-year cohort study showed that HbA 1
level was the main predictor of DR progress.'® At the same time, Calderon and others thought that strictly controlling the
HbA I¢ level below 7% can significantly reduce the occurrence of DR.?® Our research exhibited that the levels of HbAlc and
FBG in DR group were significantly higher than those in NDR group, which was consistent with Song et al.” To wrap up,
strict blood glucose control is still the most critical and effective strategy to prevent DR. With the development of diabetes
mellitus, the incidence of diabetic dyslipidemia (DD) increases gradually, and the plasma lipid spectrum of diabetic patients
also changes substantially. In addition to the main elevated quantitative lipoprotein TG and the reduction of HDL-C,
qualitative lipoproteins such as LDL-C and very low-density lipoprotein cholesterol (VLDL-C) have also increased
abnormally, accompanied by apolipoprotein glycosylation, and the variation of these lipoproteins is closely related to insulin
resistance.''" Therefore, hyperglycemia causes lipid metabolism disorder, while abnormally increased and ectopic accu-
mulated lipids continue to damage the function of islet B cells, resulting in decreased intake and utilization of blood glucose
and aggravating the vicious cycle of blood glucose metabolism disorder. Clinical studies have found that most lipid-lowering
drugs can improve glucose homeostasis, and the efficacy of lipid-lowering therapy in diabetic patients is negatively
correlated with blood glucose level.''*' Diabetes mellitus complicated with DD, especially when TG and LDL-C are
elevated, is often considered an important risk factor for diabetic vascular complications.”*** On the contrary, HDL-C in
blood lipids plays a protective role.** A cross-sectional study involving more than 8000 diabetic patients also proved the
view that HDL-C was negatively correlated with insulin resistance steady-state model (HOMA-IR).>> The reason is that
HDL-C mainly plays the role of reversing cholesterol, transporting cholesterol from peripheral tissues, including blood vessel
walls, to the liver for metabolism, promoting cholesterol clearance, and maintaining lipid balance in the body. At the same
time, HDL-C can resist the damage of vascular endothelial cells caused by hyperglycemia and reduce the risk of diabetic
vascular complications by increasing insulin sensitivity and improving the function of islet B cells.”> However, clinical
researchers have found that the level of HDL-C in most patients with T2DM is lower than normal.'' Hyperglycemia and low
HDL-C continuously aggravate insulin resistance, oxidative stress, and inflammatory reaction in the body, causing persistent
tissue damage and end-organ complications.?

Considering that, in clinical practice, it often happens that patients’ HbAlc or blood lipids are at normal levels, but
they still progress to DR. In order to evaluate patients’ condition more accurately, we have been looking for more
biological indicators to help diagnose DR. Some researchers integrated HbAlc and HDL-C into a new index HbAlc/
HDL-C to predict carotid atherosclerosis, and found that HbAlc/HDL-C was positively correlated with carotid
atherosclerosis.?® However, the correlation between HbA1c/HDL-C and T2DM or related complications has not been
reported, so this study aims to explore the role of HbAlc/HDL-C in DR. HbAlc/HDL-C not only combines the two
pathways of blood glucose and blood lipid metabolism in vivo, reflects the metabolism in vivo more stably, but also the
calculation method of HbA1c/HDL-C is fast, simple, cost-effective. At the same time, HbAlc/HDL-C is obtained only
by blood test, which greatly facilitates patients with mobility and cognitive impairment who cannot cooperate with
ophthalmoscopy and helps clinicians to diagnose and intervene as early as possible. In our study, HbA1lc/HDL-C in DR
group was significantly higher than that in NDR group, and HbA 1c/HDL-C was moderately positively correlated with the
risk of DR. As HbA1c/HDL-C levels increased, the risk of developing DR in T2DM patients increased gradually. In
addition, our study showed that HbAlc/HDL-C is an independent risk factor for evaluating the risk of DR in patients
with T2DM. ROC curve analysis demonstrated that the area under HbA1c/HDL-C curve was the largest, which was more
valuable than HbAlc alone in diagnosing DR, and might become a new biological index for early screening of DR.

Of course, there are still some limitations in this study. First of all, this study is retrospective, and the causal
relationships between DR and HbA1c/HDL-C cannot be determined. Secondly, the detection results of HbAlc are
affected by the life span of red blood cells, while at the same time, pregnancy, anemia, or the use of certain drugs may
also affect the level of HbAlc, thus limiting the diagnosis and predictive value of HbAlc/HDL-C. Finally, the results of
this study are limited to the local population, with a relatively small sample size, limiting the broader applicability to
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most T2DM patients. Consequently, the study on the correlation between HbA1c/HDL-C and DR patients still needs to
be verified by a large number of subsequent clinical trials.

Conclusion

Our results discuss for the first time that HbA1c/HDL-C is closely related to the occurrence of DR in T2DM patients, and
HbA1c/HDL-C serves as independent risk factors for DR in patients with T2DM. In addition, the high accuracy of
HbA1c¢/HDL-C in diagnosing DR underscores its potential as early biological indicators for DR diagnosis.

Ethical Approval and Informed Consent
The study followed the principles in the Declaration of Helsinki and was approved by the Ethical Committees of Hebei
General Hospital (N0.2023183). Informed consent was obtained from all individuals participating in the study.
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