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Background: Previous studies suggested protective effects of bilirubin against cardiovascular disease, with a possible gender 
difference. However, the relationship between serum total bilirubin (TBIL) with diabetic macro- and microvascular complications 
remains unknown. We aimed to examine the association of macro- and microvascular complications with serum TBIL levels.
Methods: Serum TBIL was measured in 648 patients with T2DM. Demographic and clinical data were obtained from the inpatient 
medical record system. Serum TBIL was measured with an automatic biochemistry analyzer according to routine protocols. 
Parameters of vascular complications, including ankle-brachial index, carotid intima-media thickness, estimated glomerular filtration 
rate and the urinary albumin to creatinine ratio, were measured and calculated. The association between TBIL and diabetic macro- and 
microvascular complications was analyzed.
Results: In multivariable logistic regression, after adjustment for age, sex, body mass index and diabetic duration, higher serum TBIL 
levels were significantly associated with decreased odds of microalbuminuria (OR = 0.31, [95% CI] 0.16–0.61, P = 0.003) and chronic 
kidney disease (OR = 0.19, [95% CI] 0.09–0.41, P < 0.001). These associations were only found in male but not in female patients. 
However, no significant relationship was found between TBIL and peripheral arterial disease or carotid hypertrophy.
Conclusion: Our findings suggest that physiological higher TBIL level might be a protective factor for diabetic microvascular 
complications.
Keywords: total bilirubin, diabetic macrovascular complications, diabetic microvascular complications, gender difference

Introduction
Diabetes mellitus (DM) is one of the most prominent chronic diseases; its prevalence is increasing and estimated to be 10.2% for 
2030 among adults.1 Macrovascular complications (cardiovascular disease, stroke and peripheral arterial disease (PAD)) and 
microvascular complications (nephropathy, retinopathy and neuropathy) are the main causes of morbidity and mortality in 
patients with DM.2 Therefore, exploring the modifiable risk factors that are related to diabetic vascular complications is of most 
importance. Previous basic and clinical research data indicated that increased oxidative stress and inflammation played pivotal 
roles in the development of diabetic vascular complications.3,4

Bilirubin, as the final product of heme catabolism, includes total bilirubin (TBIL), indirect bilirubin (IBIL), and direct 
bilirubin (DBIL).5 Recent studies have shown that bilirubin might be a possible candidate biomarker for DM6 and diabetic 
complications7–9 due to its potent antioxidant and anti-inflammatory properties. To date, there are few studies investigating the 
relationship between serum TBIL and diabetic vascular complications. We found one study that reported an association 
between decreased TBIL and major diabetic complications among Chinese senile diabetic patients.10 However, in their study, 
the definition of diabetic vascular complications was obtained from the medical record, resulting in inaccurate results. On the 
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other hand, gender differences in diabetic vascular complications have been recognized.11 However, research to date has not 
yet investigated the gender differences in the relationship between TBIL and diabetic vascular complications in Chinese 
people with type 2 diabetes mellitus (T2DM).

Therefore, in this paper, we aimed to examine (1) whether serum TBIL levels are associated with diabetic macrovascular (PAD 
and carotid hypertrophy) and microvascular complications (microalbuminuria (MAU) and chronic kidney disease (CKD)) in 
Chinese people with T2DM and (2) whether gender differences exist in the association.

Methods
Study Participants
Patients with T2DM, consecutively attending the inpatient department of Geriatrics at the Second Xiangya Hospital of Central 
South University, Changsha, China, from January 2019 to January 2022, were initially recruited. All patients had a diagnosis of 
T2DM based on fasting plasma glucose (FPG) ≥7.0 mmol/l and/or 2-h plasma glucose ≥11.0 mmol/l, according to the World 
Health Organization criteria,12 or having self-reported doctor-diagnosed T2DM. Subject inclusion criteria were as follows: 
(1) confirmed of newly diagnosed T2DM; (2) normal liver function tests (defined as alanine aminotransferase (ALT) <120 U/L, 
aspartate aminotransferase (AST) <120 U/L, TBIL < 34.2 μmol/L, and DBIL < 12.0 μmol/L). Exclusion criteria were as follows: 
(1) under 18 years old; (2) type 1 diabetes or other special types of diabetes; (3) diabetic acute complications, biliary obstruction 
disease, acute inflammatory disease, or malignant tumors; (4) missing data. A final total of 648 patients were eligible and included 
in this study. This study was performed according to the guidelines of the Declaration of Helsinki and was approved by the Ethics 
Committees of the Second Xiangya Hospital of Central South University, Changsha, Hunan Province, China (ethical approval 
number: 2018085). Written informed consent was obtained from all participants or their family members.

Anthropometric and Biochemical Measurements
Demographic and clinical characteristics, including age, sex, diabetic duration, medical history, and history of hypertension, 
stroke, coronary heart disease (CHD) were collected from the inpatient medical record system of the Second Xiangya Hospital of 
Central South University. Body weight and body height were measured by professionals, and body mass index (BMI) was 
calculated. Venous blood and urine samples were obtained in the morning after a 12-hour overnight fast. Serum total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), FPG, TBIL, 
DBIL, ALT, AST, creatinine (Crea), cystatin C (CysC) and glycated hemoglobin A1c (HbA1c) were measured by an automatic 
biochemistry analyzer according to routine protocols in the hospital medical laboratory. The estimated glomerular filtration rate 
(eGFR) was calculated using the following formulas published by the Japanese Society of Nephrology, eGFR = (104 × CysC−1.019 

× 0.996age (years)) - 8 (male); eGFR = (104 × CysC−1.019 × 0.996age (years) × 0.929) - 8 (female).13

Assessment of Macro- or Microvascular Complications
The Omron Non-Invasive Vascular Screening Device (BP-203RPEIII) was used to measure ankle-brachial index (ABI). Carotid 
intima-media thickness (CMT) was determined by a Siemens Acuson S3000 US scanner (Mountain View, CA, USA). These 
examinations were performed by senior clinical physicians and ultrasound doctors, respectively. In the present study, macro
vascular complications included PAD (ABI < 0.90 in either leg)14 and carotid hypertrophy (CMT > 0.9 mm).15 Urinary albumin 
and creatinine concentrations were measured by turbidimetric immunoassay and enzymatic assay, respectively. For microvascular 
complications, CKD was defined as eGFR ≤60mL/min per 1.73 m2, MAU was defined as urinary albumin to creatinine ratio 
(UACR) ≥30 mg/g.

Statistical Analysis
Quantitative parameters were shown as the mean ± standard deviation (SD), and qualitative parameters were expressed as 
number (percentage). The quantitative parameters were compared using the Student’s t-test and one-way analysis of 
variance, and qualitative parameters were compared by the Chi square test. The association between serum TBIL and 
clinical parameters was assessed by Pearson or Spearman bivariate correlation analysis; the partial correlation coefficient 
was used to control for the effects of age, sex, BMI and diabetic duration. The univariate and multivariable logistic 
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regression analyses were performed to determine the association of serum TBIL and other variables with risk of diabetic 
macro- and microvascular complications. A two-sided P < 0.05 was considered significant. All statistical analyses were 
performed using SPSS, version 26.0 (SPSS Inc, Chicago, Illinois).

Results
Participant Characteristics
The characteristics of the participants are listed in Table 1. The mean age was 65.46 ± 11.19 years, and mean TBIL level was 
10.11 ± 4.63 µmol/L; male/female 395/253. The mean HbA1c was 8.27 ± 1.95%. Compared with men, women were older 
(67.62 ± 10.17 vs 64.09 ± 11.60 years, P < 0.001), had lower BMI (23.75 ± 3.76 vs 24.71 ± 3.19 kg/m2, P < 0.001), Crea (77.24 
± 74.05 vs 102.35 ± 74.04 μmol/L, P < 0.001), TG (1.78 ± 1.10 vs 1.98 ± 1.64 mmol/L, P = 0.044) and higher HDL-C (1.15 ± 
0.31 vs 1.02 ± 0.35 mmol/L, P < 0.001). In terms of vascular complications, women showed lower CMT (0.90 ± 0.20 vs 0.94 ± 
0.18 mm, P = 0.033) but higher incidence of PAD (31.62% vs 21.27%, P = 0.003).

Association of Serum TBIL with Anthropometric, Biochemical and Clinical Parameters
Next, we analyzed the relationship of serum TBIL with other parameters. Serum TBIL levels were positively associated liver 
enzymes, DBIL, TC, HDL-C, LDL-C, and eGFR, and negatively with age, diabetic duration, Crea, TG, and UACR (P < 0.001 or 
P < 0.05; Table 2). With adjustment for age, sex, BMI, and diabetic duration, serum TBIL levels correlated significantly and 
positively with liver enzymes, DBIL and eGFR (P < 0.001 or P < 0.05; Table 2). A negative correlation of serum TBIL with FPG, 
Crea, TG, and UACR was observed (P < 0.01 or P < 0.05; Table 2).

Table 1 Characteristics of Participants

Variable Overall (n = 648) Female (n = 253) Male (n = 395) P value

Age (years) 65.46 ± 11.19 67.62 ± 10.17 64.09 ± 11.60 <0.001

BMI (kg/m2) 24.34 ± 3.45 23.75 ± 3.76 24.71 ± 3.19 <0.001
Diabetic duration (years) 11.98 ± 7.78 12.22 ± 8.17 11.81 ± 7.52 0.675

FPG (mmol/L) 7.46 ± 3.02 7.21 ± 2.72 7.61 ± 3.20 0.141

HbA1c (%) 8.27 ± 1.95 8.25 ± 1.98 8.27 ± 1.94 0.802
Crea (μmol/L) 92.81 ± 74.98 77.24 ± 74.05 102.35 ± 74.04 <0.001

ALT (U/L) 21.22 ± 14.62 19.75 ± 13.65 22.12 ± 15.13 0.066

AST (U/L) 20.35 ± 11.32 21.11 ± 11.68 19.89 ± 11.08 0.224
TBIL (μmol/L) 10.11 ± 4.63 9.74 ± 4.50 10.36 ± 4.71 0.481

DBIL (μmol/L) 3.32 ± 1.67 3.13 ± 1.59 3.45 ± 1.70 0.172

TC (mmol/L) 4.27 ± 1.10 4.35 ± 1.14 4.22 ± 1.06 0.191
TG (mmol/L) 1.90 ± 1.46 1.78 ± 1.10 1.98 ± 1.64 0.044

HDL-C (mmol/L) 1.07 ± 0.34 1.15 ± 0.31 1.02 ± 0.35 <0.001

LDL-C (mmol/L) 2.66 ± 0.93 2.67 ± 0.96 2.65 ± 0.91 0.748
ABI < 0.9 (n, %) 164, 25.31% 80, 31.62% 84, 21.27% 0.003

CMT (mm) 0.93 ± 0.19 0.90 ± 0.20 0.94 ± 0.18 0.033

eGFR (mL/min/1.73 m2) 79.73 ± 28.46 81.50 ± 27.69 78.64 ± 28.91 0.169
UACR (mg/g) 421.34 ± 1257.55 488.49 ± 1455.64 375.69 ± 1103.27 0.450

Hypertension (n, %) 452, 69.75% 175, 69.17% 277, 70.13% 0.796

CHD (n, %) 229, 35.34% 88, 34.78% 141, 35.70% 0.812
Stroke (n, %) 145, 22.38% 57, 22.53% 88, 22.28% 0.940

Notes: Quantitative parameters are shown as mean ± standard deviation (SD), and qualitative parameters are expressed as 
(number, percentage). 
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; A1c, Crea creatinine; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; TC, total cholesterol; TG, 
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ABI, ankle-brachial index; 
CMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; UACR, urinary albumin to creatinine ratio; CHD, 
coronary heart disease.
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Logistic Regression According to the Quartiles of TBIL
The patients were then divided into four groups (Q1, Q2, Q3, and Q4) according to the quartiles of their TBIL levels. There were 
significant differences among the four groups in terms of age, diabetic duration, Crea, ALT, DBIL, TG, HDL-C, CMT, eGFR, 
UACR, and history of stroke (P < 0.001 or P < 0.05), and no significant difference was found in the other indicators 
(Supplementary Table S1). As shown in Table 3 and Figure 1, with Q1 (first quartile) serving as the reference, TBIL levels in 

Table 2 Correlation Between TBIL and Clinical Parameters in All Participants

Variable r P value Adjusted r Adjusted P value

Age (years) −0.131 0.004
BMI (kg/m2) 0.042 0.369

Diabetic duration (years) −0.190 <0.001

FPG (mmol/L) 0.034 0.484 −0.175 0.048
HbA1c (%) −0.018 0.695 −0.155 0.081

Crea (μmol/L) −0.214 <0.001 −0.214 0.016

ALT (U/L) 0.186 <0.001 0.111 0.005
AST (U/L) 0.154 0.001 0.102 0.010

DBIL (μmol/L) 0.879 <0.001 0.916 <0.001
TC (mmol/L) 0.128 0.006 −0.038 0.670

TG (mmol/L) −0.098 0.034 −0.214 0.016

HDL-C (mmol/L) 0.135 0.003 0.139 0.119
LDL-C (mmol/L) 0.131 0.004 0.013 0.884

CMT (mm) 0.093 0.140 0.074 0.409

eGFR (mL/min/1.73 m2) 0.310 <0.001 0.175 0.048
UACR (mg/g) −0.268 <0.001 −0.293 0.001

Notes: Adjusted for age, sex, BMI and diabetic duration. 
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; A1c, Crea 
creatinine; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct 
bilirubin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; CMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; UACR, 
urinary albumin to creatinine ratio.

Table 3 Univariate Logistic Regression for Risk of Macro and Microvascular Complications According to 
the Quartiles of TBIL

TBIL (μmol/L) Carotid Hypertrophy ABI < 0.9 MAU CKD

All patients

Q1 (2.60–6.90) 1.00 1.00 1.00 1.00

Q2 (7.00–9.20) 1.80 (0.90–3.61) 0.96 (0.52–1.80) 0.62 (0.34–1.12) 0.43 (0.24–0.78)
Q3 (9.30–12.30) 2.08 (1.00–4.31) 0.63 (0.33–1.24) 0.35 (0.19–0.64) 0.25 (0.13–0.48)

Q4 (12.40–31.50) 1.27 (0.62–2.58) 0.41 (0.20–0.85) 0.28 (0.15–0.53) 0.19 (0.09–0.38)

P for trend 0.180 0.061 < 0.001 < 0.001
Female

Q1 (2.60–6.80) 1.00 1.00 1.00 1.00

Q2 (6.90–8.70) 1.36 (0.47–3.91) 0.64 (0.26–1.59) 0.43 (0.17–1.07) 0.53 (0.20–1.41)
Q3 (8.80–11.70) 2.00 (0.63–6.35) 0.54 (0.21–1.43) 0.38 (0.14–0.98) 0.65 (0.24–1.74)

Q4 (11.80–31.50) 0.93 (0.30–2.92) 0.47 (0.18–1.23) 0.26 (0.10–0.69) 0.54 (0.19–1.54)
P for trend 0.597 0.422 0.400 0.550

Male

Q1 (2.90–7.00) 1.00 1.00 1.00 1.00
Q2 (7.10–9.40) 1.80 (0.74–4.39) 1.21 (0.51–2.85) 0.55 (0.26–1.18) 0.38 (0.18–0.77)

Q3 (9.50–12.80) 2.30 (0.84–6.30) 0.55 (0.20–1.51) 0.52 (0.23–1.15) 0.09 (0.03–0.26)

Q4 (12.90–29.60) 1.36 (0.53–3.46) 0.28 (0.09–0.91) 0.23 (0.10–0.57) 0.09 (0.03–0.25)
P for trend 0.371 0.059 0.015 < 0.001

Abbreviations: TBIL, total bilirubin; ABI, ankle-brachial index; MAU, microalbuminuria; CKD, chronic kidney disease.
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Q4 (fourth quartile) were associated with a decreased OR (odds ratio) for MAU (OR = 0.28, [95% CI] 0.15–0.53, P < 0.001) and 
CKD (OR = 0.19, [95% CI] 0.09–0.38, P < 0.001) but not for carotid hypertrophy (OR = 1.27, [95% CI] 0.62–2.58, P = 0.180) or 
PAD (OR = 0.41, [95% CI] 0.20–0.85, P = 0.061).

In the age, sex, BMI and diabetic duration-adjusted model, the TBIL levels in Q4 were correlated with 0.31 
(95% CI = 0.16–0.61, P = 0.003) odds for MAU, and 0.19 (0.09–0.41, P < 0.001) odds for CKD (Table 4 and 
Figure 2).

Gender-based disparities are shown in Table 3 and Table 4. In the fully adjusted model, TBIL levels were significantly 
associated with MAU and CKD in males, with OR 0.23 and 0.09, respectively, but not in females.

Figure 1 Q4 (highest quartile) vs Q1 (first quartile) odds ratio (OR) of TBIL for macro- and microvascular complications. 
Abbreviations: CI, confidence interval; CKD, chronic kidney disease; MAU, microalbuminuria; ABI, ankle-brachial index.
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Discussion
The primary finding of the present study is that a higher TBIL level was significantly associated with a lower risk of 
MAU and CKD in T2DM patients but not PAD or carotid hypertrophy. We further showed that the association of TBIL 
levels with MAU and CKD was only found in male but not in female patients. These results indicated that TBIL might be 
an independent protective factor against diabetic microvascular complications in male T2DM patients.

Bilirubin possessed antioxidant and anti-inflammatory activities, reported to attenuate atherosclerosis in vivo.16 

Atherosclerosis is the pathological basis for cardiovascular disease (CVD).17 A cross-sectional study analyzed 1156 
symptomatic intracranial atherosclerotic stenoses patients. The results showed that lower bilirubin levels may indicate 
severe intracranial atherosclerotic stenoses.18 Shi et al19 conducted a cross-sectional study that included 10,900 
participants with hypertension. The results showed that TBIL was U-shaped associated with PAD. Zuo et al20 reported 
a U-shaped relationship between bilirubin and CVD in the general population. However, these studies did not examine 
the relationship between serum TBIL levels and diabetic macro- and microvascular complications.

Macrovascular complications remain the leading cause of morbidity and mortality in individuals with T2DM. 
Nevertheless, we found no relationship between TBIL and PAD or carotid hypertrophy. However, those with lower 
TBIL levels were significantly more likely to have a history of stroke in our study. The relationship between serum TBIL 
levels and macrovascular complications is still controversial. A previous study among patients with hypertension showed 
that serum TBIL levels were negatively associated with the prevalence of PAD.21 Meanwhile, a U-shaped relationship 
was found between TBIL and CVD in the general population.20 The reasons for these contradictory results might be the 
different study population and health status.

Most of studies focus on the relationship between TBIL and macrovascular complications. Due to the differences in 
cell content between macro- and microvessels, we then explored the association between serum TBIL levels and diabetic 
microvascular complications. We found that serum TBIL levels were independently and negatively associated with 
UACR and eGFR. Additionally, multivariate logistic regression analysis indicated that TBIL may have important 
protective effects on MAU and CKD. Fukui et al22 investigated 633 Japanese T2DM patients and reported that serum 
bilirubin was positively associated with eGFR and negatively associated with albuminuria. A cross-sectional study of 509 

Table 4 Multivariate Logistic Regression for Risk of Macro and Microvascular Complications 
According to the Quartiles of TBIL

TBIL (μmol/L) Carotid 
Hypertrophy

ABI < 0.9 MAU CKD

All patients

Q1 (2.60–6.90) 1.00 1.00 1.00 1.00
Q2 (6.91–9.15) 1.47 (0.68–3.16) 0.98 (0.48–2.02) 0.61 (0.33–1.16) 0.35 (0.18–0.68)

Q3 (9.16–12.32) 1.84 (0.83–4.09) 0.80 (0.37–1.75) 0.40 (0.21–0.77) 0.21 (0.10–0.45)

Q4 (12.33–31.50) 1.16 (0.53–2.52) 0.55 (0.24–1.23) 0.31 (0.16–0.61) 0.19 (0.09–0.41)
P for trend 0.460 0.442 0.003 <0.001

Female
Q1 (2.60–6.80) 1.00 1.00 1.00 1.00

Q2 (6.90–8.70) 1.48 (0.43–5.08) 0.87 (0.31–2.43) 0.44 (0.16–1.24) 0.57 (0.18–1.80)

Q3 (8.80–11.70) 2.20 (0.57–8.46) 0.68 (0.22–2.07) 0.54 (0.19–1.53) 0.68 (0.21–2.15)
Q4 (11.80–31.50) 0.88 (0.23–3.34) 0.60 (0.20–1.78) 0.35 (0.12–0.97) 0.60 (0.18–2.00)

P for trend 0.566 0.795 0.210 0.768

Male
Q1 (2.90–7.00) 1.00 1.00 1.00 1.00

Q2 (7.10–9.40) 1.31 (0.50–3.43) 1.17 (0.43–3.18) 0.58 (0.26–1.29) 0.31 (0.14–0.70)

Q3 (9.50–12.80) 2.15 (0.74–6.26) 0.68 (0.21–2.17) 0.49 (0.21–1.14) 0.08 (0.03–0.26)
Q4 (12.90–29.60) 1.35 (0.50–3.63) 0.39 (0.11–1.41) 0.23 (0.09–0.59) 0.09 (0.03–0.27)

P for trend 0.578 0.324 0.023 <0.001

Notes: Adjusted for age, sex (only for overall participants), BMI and diabetic duration. 
Abbreviations: TBIL, total bilirubin; ABI, ankle-brachial index; MAU, microalbuminuria; CKD, chronic kidney disease.
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Japanese diabetic patients reported a positive association between serum bilirubin and eGFR.23 Our findings were 
consistent with previous study, which imply an important protective effects of bilirubin on the progression of diabetic 
nephropathy.

Oxidative stress, inflammation and endothelial dysfunction are involved in the pathogenesis of diabetic 
nephropathy.24,25 Supplementation of antioxidants and anti-inflammatory products such as resveratrol and alpha-lipoic 
acid has been reported to alleviate renal injury in rats with diabetes,26,27 although there is limited evidence supporting 
their use in clinic. The mechanisms by which bilirubin functions in diabetic nephropathy remain unclear, but previous 
studies indicate that bilirubin could inhibit the development of diabetic nephropathy in several ways. First, Bilirubin has 
been shown to be a major physiologic antioxidant that can protect cells from a 10,000-fold excess of oxidants.28 

Fujii et al29 found that bilirubin appeared to inhibit oxidative stress, thereby reducing the progression of diabetic 
nephropathy. Second, experimental findings have shown the anti-inflammatory properties of bilirubin.30 It has been 

Figure 2 Q4 (highest quartile) vs Q1 (first quartile) odds ratio (OR) of TBIL for macro- and microvascular complications after adjustment for age, sex (only for overall 
participants), BMI and diabetic duration. 
Abbreviations: CI, confidence interval; CKD, chronic kidney disease; MAU, microalbuminuria; ABI, ankle-brachial index.
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demonstrated that milder elevation of bilirubin concentrations could reduce the levels of inflammatory cytokines, such as 
interleukin-6 and tumor necrosis factor alpha, which might inhibit the inflammatory process of diabetic nephropathy.30 

Third, it was found that experimental hyperbilirubinemia may alleviate high glucose-induced endothelial dysfunction.31 

Serum TBIL levels can be measured easily and quickly in clinic, offering a method to identify patients at high risk of 
diabetic microvascular complications.

Tissue-specific effect of TBIL might partly explain why we found strong associations for microvascular and not for 
macrovascular complications. In addition, microvascular complications are unique to diabetic patients with long-standing 
hyperglycemia. Besides diabetes-induced hyperglycemia, dyslipidemia and obesity are also factors that contribute to 
pathogenesis of macrovascular complications.32

Liu et al reported that TBIL < 16.5 µmol/L was an independent protective factor for diabetic retinopathy, when TBIL 
≥ 16.5 µmol/L was positively associated with diabetic retinopathy.8 Furthermore, a U-shaped association between TBIL 
and the prevalence of PAD was observed in Chinese patients with hypertension.19 These above indicate that TBIL might 
exert its protective effects on diabetic microvascular complications only in the physiological range. The excessive serum 
TBIL levels are associated with other risk factors for developing vascular dysfunction, including increased ALT and AST 
levels.33 According to previous and our studies, clinicians should consider whether the serum TBIL levels need to be 
maintained at a high level with the physiological range. More attention should be paid to the abnormal range of TBIL and 
the potential vascular risks.

Another important finding of this study is that there was a gender difference in the association among serum TBIL 
levels with diabetic microvascular complications. Previous studies have demonstrated gender differences in the associa
tion of bilirubin levels with PAD19 and cognition.34 Such gender-differences could be attributed to sex hormones, as 
androgens exert detrimental effects on the cardiovascular system, whereas estrogen exhibits protective effects.35 Given 
that the mean age of female patients in our study was beyond the average age of menopause in Chinese women,36 the 
influence of estrogen was not so large in this study. Moreover, men may have other risk factors associated with the 
development of diabetic microvascular complications to women. For example, smoking is significantly hazardous for 
chronic kidney disease.37

Limitations
Some limitations of this study need consideration. First, other diabetic macro- and microvascular complications, such as 
diabetic neuropathy and retinopathy and brachial-ankle pulse wave velocity, were not included in this study due to 
limited resources. Second, CVD risk factors known to differ by gender were not included in our study, such as 
socioeconomic status, dietary patterns, physical activity, and hormone levels. Besides, we did not include blood pressure 
in the present study, which is a risk factor for CVD. Third, our sample was hospital-based and perhaps not representative 
of the general population of patients with T2DM. Fourth, the sample size was relatively small in our study. Thus, further 
studies with a larger sample size and more indicators are warranted.

Conclusion
In conclusion, we found that serum TBIL levels were independently and negatively associated with the prevalence of 
MAU and CKD in male patients with T2DM. Further studies should be performed to prove the hypothesis that higher 
physiological TBIL levels may attenuate the development of diabetic microvascular complications.

Abbreviations
TBIL, total bilirubin; DM, diabetes mellitus; PAD, peripheral arterial disease; IBIL, indirect bilirubin; DBIL, 
direct bilirubin; T2DM, type 2 diabetes mellitus; MAU, microalbuminuria; CKD, chronic kidney disease; FPG, 
fasting plasma glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHD, coronary heart 
disease; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein choles
terol; LDL-C, low-density lipoprotein cholesterol; Crea, creatinine; CysC, cystatin C; HbA1c, glycated hemoglo
bin A1c; eGFR, estimated glomerular filtration rate; ABI, ankle-brachial index; CMT, carotid intima-media 
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thickness; UACR, urinary albumin to creatinine ratio; SD, standard deviation; OR, odds ratio; CVD, cardiovas
cular disease.
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