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Abstract
BACKGROUND
Melatonin is reported to be related to diabetes mellitus (DM) risk; however, the effect of melatonin on diabetic retinopathy (DR) risk remains unclear.

AIM
The aim of this study was to determine the effect of melatonin on DR risk.

METHODS
[bookmark: _Hlk57821296]A hospital-based case-control study was conducted from January 2020 to June 2020. DR was assessed using the Diabetic Retinopathy preferred practice pattern (PPP)-updated 2019 criteria. The participants were divided into the DM cases without DR (NDR) group, non-proliferative DR (NPDR) group and proliferative DR (PDR) group. Plasma melatonin concentration was detected with the enzyme-linked immunosorbent assay kit. The relationship between plasma melatonin concentration and DR risk as well as severity was assessed.

RESULTS
It was found that plasma melatonin was 72.83 ± 16.25, 60.38 ± 13.43, 44.48 ± 10.30 and 44.69 ± 8.95 pg/mL in healthy controls, NDR group, NPDR and PDR group, respectively. In addition, it was found that plasma melatonin could be used as a potential diagnostic biomarker for DR (AUC = 0.893, P < 0.001). There was a significant positive relationship between total bilirubin and melatonin content (P < 0.001) based on the correlation assay. Significant associations between total bilirubin and melatonin content were also detected in the NPDR (R2 = 0.360, P < 0.001) and PDR (R2 = 0.183, P < 0.001) groups.

CONCLUSION
The data obtained in this study demonstrated that plasma melatonin concen-tration was decreased in DR cases and could be used as a sensitive and specific marker for the diagnosis of DR. A significant positive relationship between total bilirubin and melatonin was detected. More related studies are required to understand the role of melatonin in DR.
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Core Tip: Melatonin is reported to be related to diabetes mellitus risk; however, the effect of melatonin on diabetic retinopathy (DR) risk remains unclear. The data obtained in this study demonstrated that plasma melatonin concentration was decreased in DR cases and could be used as a sensitive and specific marker for the diagnosis of DR. A significant positive relationship between total bilirubin and melatonin was detected. More related studies are required to understand the role of melatonin in DR.

INTRODUCTION
The global prevalence of diabetes mellitus (DM) has continued to increase in the past decade and it is now regarded as a huge public health problem[1]. Diabetic retinopathy (DR), is the most common microvascular complication of DM, and has affected more than 400 million patients and is the main cause of blindness in individuals of working age[2]. The primary prevention measures for DR include stricter control of blood glucose, blood pressure and blood lipid, adjustment of diet and exercise, and establishment of effective screening strategies[3]. However, a considerable number of patients still progress to the advanced stage of DR. Advanced DR patients often require intravitreal injection of anti-vascular endothelial growth factor drugs and corticosteroids, as well as vitrectomy. Although the treatments for DR have improved in recent years, the long-term prognosis of late stage DR is not optimistic, and highlights the importance of controlling the progression of DR from the early to late stage.
Biomarkers are biochemical indicators that can be used to mark changes in the structure or function of a system, organ, tissue and cell, and effective biomarkers have been used in the diagnosis and classification of various disorders, including DM and DR[4]. A recent study involved the detection of dual biomarkers for the sensitive screening of DR based on a delicate microbead enrichment technique[5]. Another study demonstrated that peripheral fractal dimension could be calculated automatically and therefore be used as a useful surrogate biomarker in DR patients[6]. Blood samples, such as serum and plasma, have huge diagnostic potential as they are noninvasive and easy to obtain. In a case-control study, researchers aimed to investigate the expression of plasma levels of miR-29b and miR-200b in DR secondary to type 2 diabetes[7]. Melatonin is an indoleamine synthesized by pineal cells and it is synthesized and secreted at night[8]. Once synthesized, melatonin is released into the blood. Previous studies have shown that melatonin can demonstrate significant immune regulation, anti-tumor, and anti-aging effects and provides protective effects on the brain, heart, liver and other important organs[9]. Plasma melatonin was reported to be associated with the risk of several diseases. In a cross-sectional study of 61 patients with idiopathic Parkinson’s disease (PD), it was reported that plasma melatonin levels in PD patients were significantly higher than those in healthy controls[10].
Melatonin has been reported to be associated with several metabolic diseases and might protect different organs during DM development. Melatonin, which was an anti-oxidant and anti-apoptosis factor, demonstrated a potential effect in the treatment of DR based on previous experimental DR models[11]. To date, there is limited knowledge on the association between plasma melatonin and the risk of DR. In the present cross-sectional study, plasma melatonin was determined in DR cases and the related clinical characteristics were investigated.

MATERIALS AND METHODS
The current study was approved by the Ethical Committee of the Changshu No. 2 People’s Hospital. The subjects had the opportunity to familiarize themselves with the blood test results. Additional information is provided and the test results may be used for research purposes only and not for diagnostic procedures. All procedures were conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all the participants before the study.

Study population
A total of 532 healthy volunteers, DM and DR patients were screened for potential inclusion in this study between January 2020 and June 2020. A total of 232 participants were excluded as they did not meet the inclusion criteria or were unwilling to participate. The inclusion criteria were as follows: (1) Healthy controls or type 2 DM cases with/without DR; (2) Able to cooperate with the research protocol; and (3) Signed the informed consent before the study. The exclusion criteria were as follows: (1) Diagnosed with type 1 DM; (2) Patients with psychiatric disorders or severe sleeping disorder; and (3) Oral melatonin supplementation use in the recent 2 wk. Participants without a history of DM were included in the control group. The DM patients were divided into the DM cases without DR (NDR) group, non-proliferative DR (NPDR) group and the proliferative DR (PDR) group. In this study, a total of 118 healthy controls, 57 NDR cases, 64 NPDR cases and 61 PDR cases were enrolled. The diagnosis of type 2 DM was made according to the American Diabetes Association (ADA 2019) criteria[12]. The diagnosis and classification of DR cases were conducted based on retinal photographs according to were taken and graded according to the Diabetic Retinopathy preferred practice pattern (PPP)-updated 2019 guideline. After collecting clinical data and blood samples, the clinical information and laboratory data were used in advanced analyses. The flow chart of patients and controls screening is shown in Figure 1.

Clinical data 
Baseline information, such as age, diabetes duration, use of oral hypoglycemic agents and insulin, history of hypertension, smoking and drinking was obtained by consulting the participants. Body mass index (BMI) was calculated as weight (kg)/height (m2). The laboratory data, including physical indicators and biochemical examination results were extracted from the in-hospital examination system. The diagnosis of DR was conducted by fundus photography by two ophthalmologists specialized in the retina using digital Canon retinography. All the data were processed by two independent researchers and the consistency was checked before advanced analyses.

Collection of blood samples and melatonin detection
After collecting the clinical data and laboratory outcomes, a total of 5 mL venous blood was obtained and placed in a vacuum tube at 8:00 am. The venous blood samples were placed in tubes containing ethylenediaminetetraacetic acid (EDTA) on ice and were sent to obtain plasma as soon as possible. Whole blood was mixed thoroughly in the tubes and then centrifuged for 15 min at 20000 g at 4°C to obtain the plasma samples. These plasma samples were placed in Eppendorf tubes (1.5 mL) and stored at -80°C until use. Plasma concentrations of melatonin were detected using a human melatonin enzyme-linked immunosorbent assay (ELISA) Kit (Glory Science Co., Ltd., TX, United States) in accordance with the manufacturer's instructions. Each sample was examined three times and the mean value was used in the final data analyses.

Statistical analysis
Continuous measurements are presented as mean ± standard difference (SD). The independent t test was used to compare indicators between the two groups, and one-way ANOVA was used to determine the differences between three groups. The chi square test was used for qualitative data comparison. The receiver operating characteristic (ROC) curve was used to test the efficacy of related indicators. The Pearson correlation coefficient was used to analyze the correlation between different parameters. P < 0.05 was considered statistically significant. This study used GraphPad 8 statistical software for the statistical analysis.

RESULTS
Characteristics of the study participants by the presence and severity of DR
In this study, 62 females/56 males, 30 females/27 males, 38 females/26 males, and 32 females/29 males were included in the healthy controls group, NDR group, NPDR group and PDR group, respectively, and there was no significant gender distribution among the groups (P = 0.947). Age in the healthy controls group, NDR group, NPDR group and PDR group was 59.84 ± 9.60, 58.21 ± 7.75, 60.89 ± 9.93 and 65.72 ± 8.36 years, and those in the NPDR and PDR group were older (P < 0.001). When the BMI was considered, there was a slight but significant difference between the different groups (P = 0.047). An advanced study on blood pressure and hypertension statu, showed that higher blood pressure and a greater incidence of hypertension were detected in the DR group. No significant differences in smoking and drinking history were detected among the groups (P = 0.801 and 0.730, respectively).
Diabetes-related characteristics, such as diabetes duration, fasting blood glucose, hemoglobin A1C (HbA1C) content, oral hypoglycemic agent use and insulin administration, were detected in the NDR, NPDR and PDR groups. It was found that longer diabetes duration, severe fasting blood glucose and higher HbA1C content were detected in the DR group (P < 0.001). Treatments for diabetes, including oral hypoglycemic agents and insulin use, were not related to the risk of NPDR or PDR incidence in all type 2 DM cases (P < 0.369 and P < 0.408, respectively).
[bookmark: _Hlk57819414]When the relationship between several laboratory data, including triglycerides, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total bilirubin, aspartate aminotransferase and alanine aminotransferase concentrations, and the risk of NPDR or PDR were considered, it was found that lower total bilirubin was associated with the risk of NPDR and PDR compared with the control and NDR groups (P = 0.002).

Association between plasma melatonin and DR risk
When assessing the association between plasma melatonin and the presence and severity of DR, it was found that plasma melatonin was 72.83 ± 16.25, 60.38 ± 13.43, 44.48 ± 10.30 and 44.69 ± 8.95 pg/mL in the healthy controls, NDR group, NPDR group and PDR group, respectively. As shown in Figure 2A, it was found that low melatonin was detected in the NDR group compared with the healthy controls (P < 0.001). Lower melatonin concentrations were also found in the NPDR and PDR groups compared with the NDR group (P < 0.001). As shown in Figure 2B, the diagnostic role of plasma melatonin in DR cases was detected using the ROC curve and it was found that plasma melatonin can be used as a potential diagnostic biomarker for DR (AUC = 0.893, P < 0.001).

Clinical and laboratory risk factors for NPDR and PDR
To detect the clinical and laboratory risk factors for DR at different stages, the association between age, diabetes duration, hypertension, BMI, smoking, drinking, fasting blood glucose (FBG) concentration, HbA1C content, total bilirubin, melatonin concentration and both NPDR and PDR risk were evaluated. As shown in Table 2, longer diabetes duration, higher FBG and lower melatonin concentration were associated with increased NPDR risk (P < 0.001). In advanced analyses of PDR risk, it was found that hypertension status and higher HbA1C content were risk factors for PDR (P < 0.001).

Factors related to plasma melatonin concentrations
Considering the potential diagnostic role of plasma melatonin in DR, it could provide more information on the relationship between the baseline information and laboratory data and plasma melatonin concentrations. It was found that diabetes duration, systolic blood pressure, mean arterial blood pressure, FBG and HbA1C contents were negatively associated with melatonin concentration (P < 0.001). A significant positive relationship was observed between total bilirubin and melatonin content (P < 0.001).

The association between total bilirubin and melatonin concentration
As there was a significant positive association between total bilirubin and melatonin concentration, more advanced studies on this relationship in the different groups were conducted. Among the healthy controls, NDR, NPDR as well as PDR cases, there was a significant linear association between total bilirubin and melatonin concentration (R2 = 0.438, P < 0.001). When the different DR stages were considered, significant associations between total bilirubin and melatonin content were detected in the NPDR (R2 = 0.360, P < 0.001) and PDR (R2 = 0.183, P < 0.001) groups.

DISCUSSION
To date, limited information on circulating biomarkers of DR is available. In the current study, we detected the expression of plasma melatonin in DR cases with different disease severity. The results showed that plasma melatonin was decreased in NPDR and PDR patients. Thus, plasma melatonin could be used as a diagnostic marker for DR. The correlation analyses demonstrated that total bilirubin was positively related to melatonin concentration in all NPDR and PDR cases.
Retinal fundus examination, including fundus ophthalmoscopy and fundus photography, was used in the diagnosis of DR. An optimized retinal fundus examination strategy could be used in DR screening and is important in the primary prevention of DR[13]. However, retinal fundus examination can detect pathological changes when a microaneurysm and small bleeding spots occur in the retina. However, this examination shows relatively late changes, as these pathological signs are associated with microvascular damage due to long-term hyperglycemic toxicity. Thus, the development of early diagnostic biomarkers would have important preventive value in DR. In an in silico and in vivo study on retinal and circulating miRNA expression patterns in DR, a group of miRNAs were identified for the potential diagnosis of DR[14]. In a hospital-based cross-sectional study of 2696 participants, it was reported that serum CA125 level was associated with the presence and severity of DR in Chinese patients with type 2 DM[15]. These previous observational studies have provided the feasibility for developing novel circulating biomarkers for DR.
Melatonin is an endogenous regulatory factor and is synthesized by the pineal gland and part of the retina in humans[8]. Melatonin has been reported to have important regulatory effects and prevents a variety of disorders, including cardio-vascular diseases, neurovascular diseases and diabetes, in addition to the complications secondary to diabetes[16]. As DR has been confirmed to be related to oxidative stress and inflammation, melatonin, which is a powerful antioxidant, may provide important protective effects in the development of DR. Melatonin can prevent oxidative damage of retinal nerve tissue, and protect retinal vascular endothelial cells by inhibiting the expression of inducible nitric oxide synthase (iNOS). In addition, it could play a role in the prevention and treatment of DR from various aspects, and is expected to become a major therapeutic drug[17,18]. It was also demonstrated that the secretion of melatonin in patients with PDR was reduced, because melatonin, as an antioxidant/mitochondrial protector and inflammatory factor, may lead to the progression of DR[19]. Inconsistent with a previous study[20], plasma melatonin in the NPDR group was decreased compared with the healthy controls and the NDR group in the current study. A relatively larger sample size was included in this study and the ELISA detection method may explain the differences between these two studies.
In this study, a significant positive correlation was observed between total bilirubin and melatonin concentration. Bilirubin is produced by the catabolism of heme and abnormal bilirubin concentration is related to liver damage. In recent years, the beneficial effects of higher but physiological levels of circulating bilirubin is regarded as an area of ongoing research in different diseases, including DR. In a cross-sectional study of 1637 individuals, it was found that serum bilirubin was significantly decreased in DR cases compared with type 2 DM cases[21]. Another study enrolled a total of 490 patients with type 2 DM lasting for ≥ 10 years and it was reported that higher total bilirubin could be regarded as a protective factor for DR[22]. Bilirubin, which demonstrates strong antioxidant and anti-inflammatory effects on the microvascular system, is a strong endogenous antioxidant and has a potential mechanism in the development of DR[23]. The similar physiological roles of bilirubin and melatonin in the progression of DR may be the reason for the positive relationship between these two factors. The significant positive correlation of these two factors highlighted the potential regulatory effect between them.
There were several limitations in the current study. Firstly, the relatively small number of participants included in this study weakened the reliability of the conclusions. Advanced observational studies with more cases and a long-term follow-up would provide further information on the effect of melatonin on the development and progression of DR. Secondly, the secretion of melatonin demonstrated a circadian rhythm pattern; however, only one time point was chosen in this study. Although we chose a standard time point for all the participants, more time points in future studies would help to measure the circadian rhythm of melatonin secretion.
The data obtained in this study demonstrated that plasma melatonin concentration was decreased in DR cases and may help in the management of DR. Based on the sensitivity and specificity assay, it was identified that plasma melatonin could be used as a sensitive and specific marker for the detection of DR. A significant positive relationship between total bilirubin and melatonin was detected. However, more clinical studies with reasonable study designs as well as functional research on animal or cellular models would help in understanding the role of melatonin in DR.

CONCLUSION
The data obtained in this study demonstrated that plasma melatonin concentration was decreased in DR cases and could be used as a sensitive and specific marker for the diagnosis of DR. A significant positive relationship between total bilirubin and melatonin was detected. More related studies are required to understand the role of melatonin in DR.

ARTICLE HIGHLIGHTS
Research background
Melatonin is reported to be related to diabetes mellitus (DM) risk; however, the effect of melatonin on diabetic retinopathy (DR) risk remains unclear.

Research motivation
To determine the effect of melatonin on the risk of diabetic retinopathy (DR).

Research objectives
To assess the effect of melatonin on diabetic retinopathy (DR) risk, and determine whether plasma melatonin can be used as a sensitive and specific marker for detecting DR.

Research methods
A hospital-based case-control study was conducted from January 2020 to June 2020. The participants were divided into the DM cases without DR group, non-proliferative DR group and proliferative DR group. Plasma melatonin concentration was detected using an enzyme-linked immunosorbent assay kit.

Research results
Plasma melatonin concentration was decreased in DR cases, and a significant positive relationship between total bilirubin and melatonin was observed.

Research conclusions
Plasma melatonin concentration may help in the management of DR. Plasma mela-tonin could be used as a sensitive and specific marker for the detection of DR.

Research perspectives
More studies on animal or cellular models would help in understanding the role of melatonin in DR.
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Figure Legends
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Figure 1 Flowchart demonstrates the number of patients enrolled, grouping, examination and analyses in the study. NDR: Without diabetic retinopathy; NPDR: Non-proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy.
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[bookmark: _Hlk57820778][bookmark: _Hlk57820565]Figure 2 Plasma melatonin concentrations in healthy controls and diabetic retinopathy patients. A: Plasma melatonin in the healthy controls, without diabetic retinopathy (NDR), non-proliferative diabetic retinopathy (NPDR) and proliferative diabetic retinopathy (PDR) groups; B: The diagnostic effect of plasma melatonin on diabetic retinopathy was discovered using the receiver operating characteristic curve. aP < 0.001. NDR: Without diabetic retinopathy; NPDR: Non-proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy; DM: Diabetes mellitus; AUC: Area under the receiver operating characteristic curve.
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Figure 3 Linear relationship between total bilirubin and melatonin concentration in the different groups. A: The linear relationship in all the participants; B: The linear relationship in the non-proliferative diabetic retinopathy (NPDR) group; C: The linear relationship in the proliferative diabetic retinopathy (PDR) group. NPDR: Non-proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy.
[bookmark: OLE_LINK2]
Table 1 Baseline characteristics, disease information and laboratory data of the healthy controls, without diabetic retinopathy, non-proliferative diabetic retinopathy and proliferative diabetic retinopathy groups
	
	Healthy controls (n = 118)
	DM
	P value

	
	
	NDR (n = 57)
	NPDR (n = 64)
	PDR (n = 61)
	

	Baseline characteristics

	Gender (male, %)
	56 (48.70)
	27 (47.37)
	26 (40.63)
	29 (47.54)
	0.947

	Age (yr)
	59.84 ± 9.60
	58.21 ± 7.75
	60.89 ± 9.93
	65.72 ± 8.36
	< 0.001

	BMI (kg/m2)
	26.11 ± 3.18 
	27.39 ± 3.71 
	26.86 ± 2.76
	25.93 ± 3.89
	0.047

	SBP (mmHg)
	123.53 ± 14.47 
	126.82 ± 17.62 
	131.66 ± 10.63 
	136.34 ± 11.87
	< 0.001

	DBP (mmHg)
	73.97 ± 12.08 
	73.54 ± 12.69 
	81.14 ± 15.42 
	77.52 ± 13.09
	0.0019

	MAP (mmHg)
	90.49 ± 9.41 
	91.30 ± 10.86 
	97.98 ± 10.78 
	97.13 ± 10.04
	< 0.001

	Disease information

	Diabetes duration (yr)
	-
	5.72 ± 2.64 
	10.92 ± 6.01
	12.52 ± 4.96
	< 0.001

	Fasting blood glucose (mg/dL)
	84.73 ± 23.85 
	133.81 ± 24.98
	143.28 ± 36.25
	167.86 ± 40.42
	< 0.001

	HbA1C (%)
	5.87 ± 1.32
	7.85 ± 1.69
	8.61 ± 2.11
	9.27 ± 1.80
	< 0.001

	Use of oral hypoglycemic agents
	-
	38 (66.67)
	50 (78.13)
	44 (72.13)
	0.369

	Use of insulin
	-
	15 (26.31)
	24 (37.50)
	21 (34.43)
	0.408

	Hypertension (n, %)
	52 (44.07)
	25 (43.86)
	38 (59.38)
	41 (67.21)
	0.009

	Smoking (n, %)
	37 (31.36)
	14 (24.56)
	18 (28.13)
	19 (31.15)
	0.801

	Drinking (n, %)
	41 (34.75)
	20 (30.09)
	19 (29.69)
	24 (39.34)
	0.730

	Laboratory data

	Triglycerides (mmol/L)
	4.70 ± 1.50 
	4.79 ± 1.28 
	4.55 ± 1.28 
	4.88 ± 1.20
	0.567

	Total cholesterol (mmol/L)
	4.57 ± 1.54 
	5.01 ± 1.64 
	4.25 ± 1.77 
	4.77 ± 1.79
	0.077

	LDL cholesterol (mmol/L)
	3.12 ± 1.12
	2.96 ± 1.20 
	2.98 ± 1.09 
	2.87 ± 0.94
	0.504

	HDL cholesterol (mmol/L)
	1.18 ± 0.27
	1.14 ± 0.26
	1.19 ± 0.29
	1.16 ± 0.28
	0.740

	[bookmark: OLE_LINK3]Total bilirubin (mmol/L)
	12.79 ± 3.34
	13.44 ± 3.89
	11.55 ± 4.04
	11.21 ± 3.89
	0.002

	AST (U/L)
	21.76 ± 9.08
	22.62 ± 9.15
	22.38 ± 8.78
	22.40 ± 9.60
	0.930

	ALT (U/L)
	21.16 ± 8.66
	22.78 ± 9.35
	23.16 ± 8.92
	22.61 ± 8.33
	0.4251


SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MAP: Mean arterial pressure; FBG: Fasting blood glucose; HbA1C: Hemoglobin A1C; BMI: Body mass index; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; AST: Aspartate transaminase; ALT: Alanine aminotransferase; DM: Diabetes mellitus.

Table 2 Multiple logistic regression analysis of the association between clinical characteristics and diabetic retinopathy/proliferative diabetic retinopathy risk
	
	DR
	PDR

	
	Multivariate OR (95% CI)
	P value
	Multivariate OR (95% CI)
	P value

	[bookmark: _Hlk45917600]Age (10 yr)
	0.03 (0.008 to 0.063)
	0.134
	0.939 (0.003 to 0.011)
	0.005

	Diabetes duration
(1 yr)
	0.032 (0.025 to 0.039)
	< 0.001
	0.007 (0.007 to 0.023)
	0.002

	Hypertension
	-0.023 (-0.105 to 0.059)
	0.577
	0.015 (-0.129 to 0.022)
	< 0.001

	BMI
	-0.008 (-0.019 to 0.001)
	0.090
	-0.053 (-0.023 to -0.001)
	0.166

	Smoking
	-0.033 (-0.109 to 0.044)
	0.402
	-0.012 (-0.098 to 0.075)
	0.032

	Drinking
	-0.023 (-0.096 to 0.050)
	0.532
	-0.012 (-0.143 to 0.021)
	0.791

	FBG (mg/dL)
	0.002 (0.001 to 0.003)
	< 0.001
	-0.061 (0.001 to 0.004)
	0.143

	[bookmark: _Hlk45917985]HbA1C (%)
	0.017 (-0.002 to 0.036)
	0.084
	0.002 (-0.006 to 0.037)
	< 0.001

	Total bilirubin (mmol/L)
	0.004 (-0.006 to 0.014)
	0.428
	0.015 (-0.016 to 0.006)
	0.158

	Melatonin (pg/mL)
	-0.008 (-0.010 to -0.005)
	< 0.001
	-0.005 (-0.004 to 0.002)
	0.412


FBG: Fasting blood glucose; BMI: body mass index; HbA1C: Hemoglobin A1C.
[bookmark: _Hlk45918179][bookmark: _Hlk45918318]
Table 3 Correlations between baseline information and laboratory data and plasma melatonin concentrations
	[bookmark: _Hlk45778486]Baseline information and laboratory data
	Plasma melatonin concentrations

	
	r
	P value

	Age
	-0.1018
	0.078

	Gender
	-0.1428
	0.013

	[bookmark: _Hlk45918397]Diabetes duration
	-0.5623
	< 0.001

	SBP
	-0.2224
	< 0.001

	DBP
	-0.1326
	0.022

	MAP
	-0.2146
	< 0.001

	Hypertension
	0.1429
	0.013

	BMI
	-0.09046
	0.118

	Smoking
	-0.0543
	0.349

	Drinking
	-0.06159
	0.288

	[bookmark: _Hlk45918433]FBG (mg/dL)
	-0.464
	< 0.001

	[bookmark: OLE_LINK4][bookmark: OLE_LINK1]HbA1C (%)
	-0.481
	< 0.001

	Triglycerides (mmol/L)
	0.04224
	0.466

	Total cholesterol (mmol/L)
	0.01544
	0.790

	LDL cholesterol (mmol/L)
	0.02813
	0.628

	HDL cholesterol (mmol/L
	-0.01587
	0.784

	[bookmark: _Hlk45918718]Total bilirubin (mmol/L)
	0.4386
	< 0.001

	AST (U/L)
	-0.06536
	0.259

	ALT (U/L)
	-0.06815
	0.239


[bookmark: _Hlk46342013]SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MAP: Mean arterial pressure; FBG: Fasting blood glucose; HbA1C: Hemoglobin A1C; BMI: Body mass index; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; AST: Aspartate transaminase; ALT: Alanine aminotransferase.
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