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Abstract: Aims: To investigate the association between serum bilirubin levels in the physiological range and dia-
betic peripheral neuropathy (DPN) in Chinese patients with type 2 diabetes. Methods: This cross-sectional study 
involved 1,402 patients with type 2 diabetes and 344 healthy controls. The subjects were stratified into sex-specific 
groups, and the relationship between bilirubin and DPN was analyzed. Binary logistic regression analysis was used 
to estimate the potential risk factors for DPN. Comparison of the prevalence of DPN and other clinical parameters 
across indirect bilirubin quartiles was conducted. Pearson correlation analysis was used to examine the association 
between the serum indirect bilirubin and other clinical parameters, and linear regression analysis was conducted to 
explore the influencing factor for indirect bilirubin. Results: The total bilirubin, direct bilirubin and indirect bilirubin 
concentrations were significantly lower in individuals with DPN than in those without DPN in women and healthy 
controls. The binary logistic regression analysis showed that serum indirect bilirubin was associated with the preva-
lence of DPN in women. Subjects were further assigned to quartiles based on serum indirect bilirubin levels. The 
prevalence of DPN in women was significantly lower among persons in the highest indirect bilirubin quartile than 
among those in the lowest quartile. Linear regression analysis showed that the indirect bilirubin level was negatively 
correlated with WBC, HB and RBC in women. Conclusions: Serum indirect bilirubin levels within the physiological 
range were inversely associated with DPN in Chinese women with type 2 diabetes.

Keywords: Bilirubin, diabetic peripheral neuropathy, type 2 diabetes

Introduction

The prevalence of diabetes mellitus (DM) and 
its complications is increasing rapidly due to an 
aging population. Although the exact mecha-
nism is not clear, oxidative stress has been 
implicated in the pathogenesis of type 2 diabe-
tes and its chronic complications [1]. Bilirubin 
might antagonize oxidative stress by acting as 
an antioxidant and cytoprotectant, which may 
have beneficial effects on diseases related to 
oxidative stress [2]. Recently, serum bilirubin 
levels have gained particular attention for the 
possible protective role against the develop-
ment of diabetes and its chronic complications. 

There is a body of evidence indicating that ele-
vated serum bilirubin levels are inversely asso-
ciated with diabetes [3-6], diabetic retinopathy 
(DR) [7-10], diabetic nephropathy (DN) [11-20], 
diabetic cardiovascular autonomic neuropathy 
[21], diabetic peripheral neuropathy (DPN) [22], 
and limb amputation [23, 24]. 

However, the association between serum biliru-
bin levels and DPN in patients with type 2 dia-
betes mellitus in China has not been fully estab-
lished. The aim of this study was to investigate 
the correlation between the serum bilirubin lev-
els within the physiological range and DPN in 
Chinese patients with type 2 diabetes mellitus 
(T2DM).

http://www.ijcem.com
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Materials and methods

Subjects 

We retrospectively analyzed 1,402 patients 
with type 2 diabetes who were hospitalized in 
the Lianyungang First People’s Hospital from 
October 2010 to September 2014. T2DM was 
biochemically confirmed according to the World 
Health Organization diagnostic criteria for the 
classification of diabetes. A diagnosis of hyper-
tension was assigned if the subject reported a 
physician diagnosis of hypertension, if the sub-
ject reported taking prescription medications 
for hypertension, or if the systolic blood pres-
sure (SBP) was >140 mmHg or the diastolic 
blood pressure (DBP) was >90 mmHg. A history 
of cardiovascular disease or cerebrovascular 
disease (CVD) was defined as a history of angi-
na, myocardial infarction and/or cerebrovascu-
lar incidents. Subjects with a urine albumin-
uria/creatinine ratio (ACR) >30 mg/g were 
regarded as having DN.

Patients with alcohol abuse, uremia, viral hepa-
titis, other hemolytic, autoimmune, drug-in- 
duced liver diseases associated with hyperbili-
rubinemia, hypothyroidism/hyperthyroidism, vi- 
tamin B12 deficiency, peripheral arterial dis-
ease, trauma, cancer, compression due to ver-
tebral disk herniation, inflammatory and infec-
tious diseases, HIV infections, unexplained 
weight loss and neurotoxic drugs, severe car-
diovascular diseases, severe liver disease (e.g., 
aspartate aminotransferase or alanine amino-
transferase greater than two times the normal 
level), severe renal disease (Scr >115 µmol/l), 
and central nervous system disorders were 
excluded.

A total of 344 healthy controls from the indi-
viduals who visited our hospital for check-up 
were enrolled.

The study was approved by the institutional 
review board of the Lianyungang First Affiliated 
Hospital to Nanjing Medical University.

Neuropathy assessment and physical exami-
nation

All patients took a complete history of neuro-
logical symptoms and received a physical 
examination. The definition of DPN required the 
presence of both clinically evident DPN and 
abnormal nerve conduction velocity.

Peroneal nerve conduction velocities (NCVs) 
were conducted on both sides of each individu-
al using EMG (Keypoint 4; Medtronic, Min- 
neapolis, MN, USA). Electrophysiological exami-
nation was considered abnormal if one ab- 
normal attribute (among conduction velocity, 
amplitude, distal latency or F-wave latency) 
appeared in no less than two nerves.

Clinical feature measurement 

Demographic and clinical data were recorded. 
Blood pressure measurements were obtained 
from the subject in a seated position by using a 
standard manual sphygmomanometer. The 
retained values were the average of the two 
readings (left and right arm). Height and weight 
were measured with the participants standing 
without shoes and lightly clothed. BMI was cal-
culated as the ratio of weight divided by height 
squared (kg/m2). Retinal conditions were 
assessed by ophthalmologists using a combi-
nation of clinical examination, stereoscopic 
retinal photographs, and/or fluorescein an- 
giography.

Blood samples were measured for metabolic 
parameters. Plasma glucose, total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), BUN, serum creatinine 
(Scr), serum acid (UA), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) 
and r-glutamine aminotransferase (r-GTT) were 
measured with an automatic analyzer (UniCel 
DxH 800), and glycosylated hemoglobin 
(HbA1c) was determined by a BIO-RAD D-10TM 
kit (USA). ACR was measured using a fluores-
cent immunoassay (Sequoia-Turner model 450 
digital fluorometer, Block Scientific, Holbrook, 
NY, USA).

Statistics

All data was expressed as the means ± SD or 
number (percentages). Comparisons of two 
continuous variables were performed using 
Student’s t-test, and categorical variables were 
analyzed using the Chi-square statistical test. A 
binary logistic regression analysis was per-
formed with ‘presence of DPN’ as the dichoto-
mous dependent variable and other indepen-
dent covariates. Pearson correlation analyses 
were performed to examine the association 
between indirect bilirubin and various parame-
ters, and linear regression analysis was con-
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Table 1. Comparison of baseline characteristics in healthy control and diabetic patients with and 
without DPN by sex
Parameters Men Women

Health control NDPN DPN Health control NDPN DPN
Number (n) 168 370 312 176 516 204

Age (y) 55.48±11.94 54.42±14.18 62.48±11.94b,c 60.45±11.73 55.52±10.93a 61.48±12.50b

Duration (y) - 7.97±6.35 12.40±8.00b - 8.28±6.77 13.07±7.75b

BMI (Kg/m2) 25.13±3.79 26.02±4.51 25.13±3.79 24.62±4.51 25.98±3.58 25.50±4.39

SBP (mmHg) 125.89±20.29 128.95±14.52a 132.89±20.29b,c 123.07±16.43 126.69±19.70 135.07±16.47b,c

DBP (mmHg) 81.23±9.07 80.64±8.58 81.23±9.07 74.79±9.62 75.83±10.02 80.79±9.74b,c

HbA1c (%) - 7.31±2.17 9.36±2.30b - 8.90±2.12 9.48±2.19b

UA1b/Cr (mg/g) 13.84±25.00 29.92±84.38a 79.70±12.86b,c 24.03±25.99 35.59±17.89a 126.99±37.93b,c

TB (umol/l) 14.56±4.69 15.58±11.10 14.33±6.47 12.17±3.99 12.28±5.45 11.82±3.96b,c

DBIL (umol/l) 2.66±0.69 2.66±2.55 2.37±1.17 2.28±0.72 2.15±2.66 1.90±0.93b,c

IBIL (umol/l) 11.90±4.12 12.66±6.34 11.96±5.50 9.88±3.18 10.18±3.95 9.31±3.43b,c

TP (g/l) 73.41±3.03 67.32±7.28a 66.23±5.92c 73.08±3.29 67.91±5.32a 66.88±8.04c

ALB (g/l) 55.09±5.57 42.77±5.09a 40.68±4.79b,c 45.75±2.09 40.88±4.66 39.59±4.63c

GLO (g/l) 26.65±2,43 25.00±4.20 25.56±4.88 27.33±2.81 26.87±3.61 27.63±4.35

ALT (U/L) 23.08±10.19 29.43±46.99 22.32±12.19 15.50±7.47 18.75±6.98 17.79±7.11

AST (U/L) 24.28±4.95 20.11±9.15a 19.87±12.19c 19.06±4.15 20.29±17.32 24.26±46.92

r-GGT (U/L) 23.71±11.18 36.20±26.90a 36.28±52.15c 17.17±13.52 28.23±57.27a 30.70±52.59c

ALP (U/L) 79.57±25.50 82.97±64.53 79.97±35.65 80.65±24.54 89.18±40.29a 84.53±29.69c

BUN (mmol/l) 5.38±1.14 5.85±1.61 6.07±1.57c 4.44±0.95 5.38±1.60a 5.68±1.97

Scr (umol/l) 84.84±9.46 78.65±15.04a 79.08±15.38 70.48±7.56 68.00±13.00a 67.43±17.79

UA (mmol/l) 268.03±76.47 296.99±89.54a 306.05±106.35b,c 257.63±51.31 261.45±83.93a 273.92±93.58b

TC (mmol/l) 4.06±0.91 4.91±1.62 4.72±1.69 4.40±0.95 4.93±1.14 4.86±1.32

TG (mmol/l) 1.19±0.53 2.56±4.07a 3.25±9.81c 1.10±0.66 2.29±2.02a 2.17±1.21

HDL-c (mmol/l) 1.26±0.26 0.97±0.27a 0.98±0.26c 1.41±0.22 1.13±0.42a 1.05±0.25

LDL-c (mmol/l) 2.70±0.40 2.71±0.82 2.64±0.96 2.45±0.42 2.80±0.94a 2.81±1.31

FPG (mmol/l) 5.38±0.34 10.75±3.72a 12.87±4.03b,c 5.23±0.41 10.22±0.42a 13.28±4.37b

FCP (ng/ml) - 3.64±1.56 2.63±1.83b - 2.51±1.50 2.08±1.26b

DR (n) - 27 79b - 12 110b

DN (n) - 15 51b - 12 60b

Hypertension (n) - 85 203b - 52 264b

Statin use - 33 101b - 48 196b

ACEI/ARB use - 58 129b - 49 213b

WBC (10*9/l) 6.51±1.89 6.42±1.77 6.95±3.15 6.13±1.47 6.14±1.67 6.69±1.83

RBC (10*12/l) 4.62±0.78 4.79±0.53 4.46±0.75b 4.28±0.42 4.29±0.43 4.21±0.54

Hb (g/l) 142.45±15.67 146.78±14.28 137.87±19.62b 126.32±13.42 127.74±12.58 125.15±15.32

PLT (10*9/l) 194.23±52.41 194.00 ±50.59 195.45±67.92 218.45±54.78 222.04±53.77 214.52±63.48
Data were shown as mean ± SD. NDPN: Non-diabetic peripheral neuropathy; DPN: Diabetic peripheral neuropathy; BMI: Body mass index; DBP: Diastolic blood pressure; 
SBP: Systolic blood pressure; HbA1c: Glycosylated hemoglobin A1c; ACR: Urine albuminuria/creatinine ratio; TB: Total bilirubin; IBIL: indirect bilirubin; DBIL: direct biliru-
bin; TP: Total protein; ALB: Albumin: GLO: globuin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; r-GGT: r--Glutamine aminotransferase; Scr: serum Cre-
atinine; BUN: blood urea nitrogen; UA: serum uric acid; TC: Total Cholesterol; HDL-C: high density lipoprotein cholesterol; TG: Triglycerides; LDL-C: Low-density lipoprotein 
cholesterol; FPG: Fasting plasma glucose; FCP: Fasting C-peptide; DR: Diabetic retinopathy; DN: diabetic nephropathy. CVD: cardiovascular disease or cerebrovascular 
disease. aP<0.05, NDPN group vs. healthy control group; bP<0.05, DPN group vs. NDPN group. cP<0.05, DPN group vs. healthy control group.

ducted to explore the influence factor for indi-
rect bilirubin. All above tests were considered 
significant at P<0.05 (two-tailed). Data were 
analyzed using SPSS version 22.0. 

Results

Statistical analysis of patient characteristics

Of the 1,402 subjects, 516 (38.8%) were diag-
nosed with DPN. Table 1 shows the clinical and 

biochemical characteristics of the subjects 
stratified by healthy control and patients with 
and without DPN for both sexes. For both sexes, 
the patients with DPN were older, had longer 
durations, higher glycemia, higher ACR, UA and 
SBP, lower C peptide, higher statin and ACER/
ARB use, and greater prevalences of hyperten-
sion, DN, and DR than the patients without 
DPN. For women, the serum total bilirubin and 
indirect bilirubin levels were significantly lower 
in patients with DPN than in those without DPN. 
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Table 2. Analysis of binary logistic regression of DPN 
risk factors in patients with female patients
Variable β β’ Wald P OR 95% CI
Constant -13.68 7.16 3.64 0.04 0.000
Duration 0.08 0.02 5.99 0.00 1.18 1.021-2.32
HbA1c 0.12 0.05 5.76 0.02 1.12 1.09-1.32
UA1b/Cr 0.03 0.01 9.31 0.00 2.41 1.17-4.97
UA 0.37 0.17 5.01 0.03 1.68 1.49-1.95
IBIL -0.05 0.31 2.37 0.04 0.87 0.65-092
SBP 0.02 0.01 2.14 0.04 1.17 0.54-5.54
DR 1.49 0.32 4.32 0.00 2.50 2.34-8.65
DN 1.03 0.52 4.04 0.03 2.78 1.03-6.82

However, for men, there was no significant dif-
ference in the serum bilirubin levels between 
the DPN and non-DPN groups. It should be 
noted that subjects with DPN had higher dia-
stolic blood pressure (DBP) than those without 
DPN in women.

Final model of binary logistic regression 
analysis (stepwise) with DPN as dependent 
variables in female patients

We performed a binary logistic regression anal-
ysis (stepwise method), considering the pres-
ence/absence of DPN as the dependent vari-
able, in order to evaluate the contribution of 
bilirubin and clinical variables to the risk of 
developing DPN in female patients. The analy-
sis showed that the independent variables 
associated with DPN were a longer duration of 
diabetes, higher glycemia, higher ACR, higher 
SBP, higher UA, higher prevalences of DR and 
DN, and lower indirect bilirubin. Therefore, this 
analysis confirmed the involvement of indirect 
bilirubin in the susceptibility to DPN in women 
(Table 2). However, bilirubin levels were unre-
lated to the presence of DPN in men (data not 
shown).

Correlation analysis between indirect biliru-
bin and other clinical parameters in female 
patients

To further examine the correlation between 
indirect bilirubin levels and the prevalence of 
DPN in female patients, subjects were catego-
rized into four quartiles (Q1-Q4) according to 
indirect bilirubin levels. Their clinical and bio-
chemical characteristics according to bilirubin 
quartile categories are shown in Table 3. For 
women, the women with higher indirect biliru-

bin levels had a shorter duration of diabe-
tes, lower HbA1c, lower ACR, better lipid 
profiles and higher WBC and HB than the 
patients within the lowest indirect bilirubin 
quartiles. Moreover, as the bilirubin quar-
tile increased, the prevalence of diabetic 
microvascular complications and hyper-
tension decreased.

Correlations between indirect bilirubin 
levels and various parameters 

The Pearson correlation coefficients bet- 
ween the serum indirect bilirubin levels 
and other variables were calculated. The 

serum indirect bilirubin was negatively corre-
lated with duration, ARC, UA, HbA1c, DBP, FCP, 
BUN, TG, HDL-c and LDL-c levels and positively 
associated with WBC, RBC and HB levels. 
Furthermore, linear regression analysis showed 
that the WBC, RBC and HB levels were the influ-
encing factors for indirect bilirubin in female 
patients (data not shown).

Expression levels of indirect bilirubin among 
mild, moderate and severe DPN groups

From Tables 1, 2, we knew that there was a 
significant association between indirect biliru-
bin and DPN in women. To explore whether 
there was a link between qualified indirect bili-
rubin and DPN disease severity, the analysis of 
the relationship between the indirect levels 
and DPN disease severity was further per-
formed. According to TCSS, DPN subjects were 
divided into mild (6-8 points), moderate (9-11 
points), and severe (12 to 19 points) groups. 
The expression levels of indirect bilirubin 
decreased with the neuropathy stages (2.09± 
1.13 vs. 1.41±0.98 vs. 0.98±0.25, P<0.05). 
Compared with Q4 quartiles, there was a sig-
nificant increase in the prevalence of patients 
in the Q2 quartiles (Table 4).

Discussion

The major finding of our study is that a lower 
serum indirect bilirubin level is a risk factor for 
the development of DPN in Chinese women. 
Individuals in the lower quartiles of indirect bili-
rubin levels had increasing prevalences of neu-
ropathy and other microvascular complica-
tions, such as diabetic retinopathy and ne- 
phropathy. However, there was no association 
between bilirubin levels and DPN in men. 
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Therefore, the present study demonstrated 
that indirect bilirubin levels in the physiological 
range are significantly and inversely associated 
with DPN in the Chinese female population. 
Individuals with lower indirect bilirubin concen-
trations had a higher risk for the development 
of DPN.

It is well known that DPN is one of the most 
common complications of diabetes and causes 
severe morbidity and mortality, resulting in a 

considerable economic burden for diabetes 
care. It is documented that DPN is caused pri-
marily by microvascular injury and the duration 
of DM, hyperglycemia, hypertension, and hyper-
lipidemia. Chronic hyperglycemia-associated 
reactive oxygen species stress and low-grade 
inflammation might be one of the important 
mechanisms underlying the onset and exacer-
bation of diabetic neuropathy. Bilirubin may 
exhibit strong antioxidant and anti-inflammato-
ry properties on the vasculature [25] and has 

Table 3. Baseline clinical and biochemical characteristics of the studied based on serum indirect 
bilirubin quartiles in female patients
IBIL Women

Q1 Q2 Q3 Q4
Number (n) 178 184 172 186
Age (y) 60.71±12.71 61.47±14.10 60.40±12.58 59.16±10.04
Duration (y) 11.32±6.96 11.15±6.78 10.76±7.13 9.04±6.49
BMI (Kg/m2) 25.43±3.72 25.31±4.96 25.27±5.13 25.30±3.33
SBP (mmHg) 132.99±14.63 131.90±16.75 130.74±16.20 130.70±17.24
DBP (mmHg) 78.48±9.95 78.26±8.46 79.12±12.13 80.68±8.74
HbA1c (%) 9.45±2.00 9.43±2.18 9.21±2.53 8.83±2.04
ACR (mg/g) 79.99±22.83 59.65±28.26 38.20±9.85 26.45±10.52
TP (g/l) 64.78±6.88 66.72±6.74 67.13±5.15 67.52±8.28
ALB (g/l) 38.45±5.67 40.61±4.54 40.89±5.14 42.44±3.98
GLO (g/l) 26.35±4.60 26.15±4.84 25.68±3.82 26.06±4.03
ALT (U/L) 18.36±7.32 17.29±7.11 17.81±6.83 18.40±7.18
AST (U/L) 16.88±5.26 16.24±5.08 16.35±4.67 15.84±4.12
GGT (U/L) 24.10±18.79 21.85±14.63 20.94±12.80 21.78±15.04
ALP (U/L) 75.96±26.66 84.55±30.25 76.26±21.66 76.57±23.72
BUN (mmol/l) 5.79±1.73 5.38±1.68 5.29±1.50 5.24±1.56
Scr (umol/l) 66.92±17.24 69.36±16.64 70.08±19.79 66.77±17.28
UA (mmol/l) 282.55±86.94 277.56±100.01 264.22±75.74 260.70±100.33
TC (mmol/l) 5.33±1.24 4.94±1.08 4.78±1.02 4.56±1.09
TG (mmol/l) 2.88±2.10 2.06±1.21 1.84±1.27 1.73±0.91
HDL-c (mmol/l) 1.07±0.59 1.10±0.25 1.11±0.43 1.10±0.24
LDL-c (mmol/l) 2.97±0.96 2.89±1.09 2.71±0.85 2.62±0.87
FPG (mmol/l) 9.61±4.37 10.02±4.52 10.41±4.32 11.44±3.67
FCP (ng/ml) 2.07±0.94 2.22±1.41 1.90±0.90 2.08±1.17
WBC 6.15±1.78 6.41±1.73 6.29±1.68 6.89±1.85
RBC 3.96±0.42 4.37±0.41 4.23±0.46 4.41±0.40
HB 118.06±11.91 127.10±13.21 126.15±12.40 133.11±11.71
PLT 233.87±74.51 213.68±44.89 216.80±59.96 221.68±57.20
DR (n) 42 (23.6) 36 (19.56) 26 (15.11) 18 (9.68)
DN (n) 28 (15.73) 22 (11.96) 14 (8.14) 8 (4.30)
DPN (n) 94 (52.80) 84 (45.65) 68 (39.53) 50 (26.88)
Hypertension (n) 88 (49.44) 84 (45.65) 80 (46.51) 64 (34.41)
CVD (n) 8 (4.49) 16 (8.70) 16 (9.30) 8 (4.30)
Data were shown as mean ± SD.
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recently drawn much interest particularly in 
relation to oxidative stress-related diseases, 
including diabetes and its chronic complica-
tions. However, there are limited studies on the 
relationship between bilirubin and DPN. Kim et 
al. [22] have reported that low serum total bili-
rubin levels are significantly associated with 
DPN in both sexes, independent of classic risk 
factors and other microvascular complications. 
However, the comparisons in their study did not 
include total, direct or indirect bilirubin, which is 
the best predictor of the development of DPN. 
In our analyses, it was shown that indirect bili-
rubin was a significant explanatory variable for 
type 2 diabetic peripheral neuropathy in 
Chinese female patients, similar to the of 
known factors, such as HbA1c and the duration 
of diabetes in multiple regression analysis. 
Moreover, the patients with more severe dia-
betic retinopathy showed lower indirect biliru-
bin levels. Taken together, these findings sug-
gest the possibility that lower indirect bilirubin 
levels may be involved in the onset and/or dete-
rioration of DPN in Chinese female patients 
with type 2 diabetes mellitus. The discrepancy 
between the current results and those of Kim 
et al. may have resulted from the differences in 
the populations’ characteristics. However, we 
cannot explain the lack of association between 
bilirubin and DPN in diabetic men. Hepatic uri-
dine diphosphate glucuronyl transferase 
(UGT1A1), which encodes hepatic urine diphos-
phate-glucuronyl transferase and is a major 
enzyme in bilirubin conjugation and in the regu-
lation of bilirubin levels, could explain 18% of 
the variation in serum total bilirubin levels. Ali 
et al. reported that total bilirubin levels are 
causally associated with a lower risk of new-
onset T2D by implementation of Mendelian ran-
domization and examined the UGT1A1 rs- 
6742078 (Bilirubin as a potential causal factor 
in type 2 diabetes risk: a Mendelian randomiza-
tion study). Further studies are warranted to 

bilirubin, indirect bilirubin could be important 
for the antioxidative stress anti-inflammatory 
effects. On the basis of in vitro and in vivo stud-
ies, bilirubin has been recognized as a potent 
antioxidant under physiological conditions, 
which suppresses the oxidation of lipids and 
lipoproteins, especially low-density lipoprotein 
cholesterol [26, 27]. Second, bilirubin is also an 
endogenous tissue protector by virtue of its 
involvement in immune reactions and inflam-
matory processes. Further investigations are 
necessary on the underlying mechanism that 
links bilirubin to neuroprotection and the prog-
nostic significance of serum bilirubin in DPN.

There are some limitations in our study that are 
worth noting. First, owing to the retrospective 
nature of the present study, we are not able to 
establish a causal or resultant relationship 
between indirect bilirubin and DPN. Second, 
there were missing data, especially on the  
history of ever-smoking and ever-drinking. 
However, it has been documented that there 
were no significant interactions between smok-
ing status or serum bilirubin levels. Third, the 
present study was carried out in an urban uni-
versity hospital in an ethnically homogenous 
population in China, and the patients were 
admitted to the hospital because of uncon-
trolled hyperglycemia, which might not be gen-
eralized to other type 2 diabetic patient 
populations.

However, most of the other studies in the litera-
ture have compared only total bilirubin as the 
parameter for the prediction of diabetic compli-
cations. Our study is the first to consider all of 
the three parameters of bilirubin stratified by 
sex in a Chinese population.

In summary, we have observed that low indirect 
bilirubin levels were significantly associated 
with the incidence of DPN in Chinese women. 
Further experimental and longitudinal studies 

Table 4. Odds risk for DPN in different IBIL quartiles in 
female patients

B SE Walds P OR (95% CI)
Constant 0.07 0.17 0.17 0.68 1.07
IBIL group (4) 9.83 0.02
IBIL group (1) 0.59 0.24 5.08 0.02 1.82 (1.12, 1.91)
IBIL group (2) 0.05 0.24 0.04 0.83 1.05 (0.66, 1.68)
IBIL group (3) 0.54 0.24 5.00 0.03 1.72 (1.07, 2.76)

explore and confirm this sex-based diver-
gence and the role of UGT1A1 rs6742078 
in the development of DPN.

The precise mechanisms underlying the 
protective effects of bilirubin on the inci-
dence of DPN are largely unknown. There 
are two possible explanations. First, bili-
rubin has anti-inflammatory and antioxi-
dant properties. Because indirect biliru-
bin usually comprises the majority of total 
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are expected to elucidate the role of serum indi-
rect bilirubin in the pathogenesis of DPN.

Acknowledgements

This study was supported by the Lianyungang 
Health Bureau program, Jiangsu Provincial in 
china (bureau 1402, 201510) and the Health 
International (Regional) Exchange Support 
Program of Jiangsu Province. However, The 
funders had no role in study design, data col-
lection and analysis, decision to publish, or 
preparation of the manuscript. Here, we are 
grateful to Dr. Yang Tao for the technical 
assistance.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Guofeng Wang, 
Department of Endocrinology Medicine, Lianyungang 
First People’s Hospital, 182 Tongguan North Road, 
Lianyungang 222000, Jiangsu, China. Tel: +86-
18961327083; E-mail: nfmwangguofeng@126.com

References

[1]	 Ceriello A. Oxidative stress and glycemic regu-
lation. Metabolism 2000; 49: 27-29.

[2]	 Victor VM, Rocha M, Herance R, Hernandez-
Mijares A. Oxidative stress and mitochondrial 
dysfunction in type 2 diabetes. Curr Pharm 
Des 2011; 17: 3947-3958.

[3]	 Stocker R, Yamamoto Y, McDonagh AF, Glazer 
AN, Ames BN. Bilirubin is an antioxidant of pos-
sible physiological importance. Science 1987; 
235: 1043-1046.

[4]	 Jung C, Lee M, Kang Y, Hwang J, Jang J, Leem 
J, Park JY, Kim HK, Lee W. Higher serum biliru-
bin level as a protective factor for the develop-
ment of diabetes in healthy Korean men: a 4 
year retrospective longitudinal study. Metab 
Clin Exp 2014; 63: 87-93.

[5]	 Bossard M, Aeschbacher S, Schoen T, Hoch-
grubber T, Rotz MV, Blum J, Risch M, Risch L, 
Conen D. Serum bilirubin levels and risk of pre-
diabetes in young and healthy adults. Int J Car-
diol 2014; 171: 24-25.

[6]	 Cheriyath P, Gorrepati VS, Peters I, Nookala V, 
Murphy ME, Srouji N, Fischman D. High total 
bilirubin as a protective factor for diabetes 
mellitus: an analysis of NHANES data from 
1999-2006. J Clin Med Res 2011; 2: 201-206.

[7]	 Ikeda N, Inoguchi T, Sonoda N, Fujiii M, Takei R, 
Hirata E, Yokomizo H, Zheng J, Maeda Y, Ko-
bayashi K, Takayanagi R. Biliverdin protects 
against the deterioration of glucose tolerance 

in db/db mice. Diabetologia 2011; 54: 2183-
2191.

[8]	 Yasuda M, Kiyohara Y, Wang J, Arakawa S, Yo-
nemoto K, Doi Y, Ninomiya T, ishibashi T. High 
serum bilirubin levels and diabetic retinopathy: 
the Hisayama study. Ophthalmology 2011; 
118: 1423-1428. 

[9]	 Sekioka R, Tanaka M, Nishimura T, Itoh H. Se-
rum total bilirubin concentration is negatively 
associated with increasing severity of retinopa-
thy in patients with type 2 diabetes mellitus. J 
Diabetes Coplications 2015; 29: 218-221. 

[10]	 Cho HC. The relationship among homocyste-
ine, bilirubin, and diabetic retinopathy. Diabe-
tes Metab J 2011; 35: 595-60.

[11]	 Dave A, Kalra P, Gowda BH, Krishnaswamy M. 
Association of bilirubin and malondialdehyde 
levels with retinopathy in type 2 diabetes mel-
litus. Indian J Endocrinol Metab 2015; 19: 
373-377.

[12]	 Riphagen IJ, Deetman PE, Bakker SJ, Navis G, 
Cooper ME, Lewis JB, de Zeeuw D, Lambers 
Heerspink HJ. Bilirubin and progression of ne-
phropathy in type 2 diabetes: a post hoc analy-
sis of RENAAL with independent replication in 
IDNT. Diabetes 2014; 63: 2845–2853. 

[13]	 Toya K, Babazono T, Hanai K, Uchigata Y. As-
sociation of serum bilirubin with development 
and progression of albuminuria, and decline in 
estimated glomerular filtration rate in patients 
with type 2 diabetes mellitus. J Diabetes In-
vstig 2014; 5: 228-235.

[14]	 Fujii M, Inoguchi T, Sasaki S, Maeda Y, Zheng J, 
Kobayashi K, Takayanagi R. Bilirubin and bili-
verdin protect rodents against diabetic ne-
phropathy by downregulating NAD(P)H oxi-
dase. Kidney Int 2010; 78: 905-919.

[15]	 Han SS, Na KY, Chae DW, Kim YS, Kim S, Chin 
HJ. High serum bilirubin is associated with the 
reduced risk of diabetes mellitus and diabetic 
nephropathy. Tohoku J Exp Med 2010; 221: 
133-140.

[16]	 Fukui M, Tanaka M, Shiraishi E, Harusato I, 
Hosoda H, Asano M, Hasegawa G, Nakamura 
N. Relationship between serum bilirubin and 
albuminuria in patients with type 2 diabetes. 
Kidney Int 2008; 74: 1197-1201.

[17]	 Nishimura T, Tanaka TM, Sekioka R, Itoh H. Se-
rum bilirubin concentration is associated with 
eGFR and urinary albumin excretion in pa-
tients with type 1 diabetes mellitus. J Diabetes 
Complications 2015; 1056-8727.

[18]	 Targher G, Bosworth C, Kendrick J, Smits G, 
Lippi G, Chonchol M. Relationship of serum 
bilirubin concentrations to kidney function and 
albuminuria in the United States adult popula-
tion. findings from the national health and nu-
trition examination survey 2001-2006. Clin 
Chem Lab Med 2009; 47: 1055-1062.

mailto:nfmwangguofeng@126.com


Indirect bilirubin and type 2 diabetic peripheral neuropathy in Chinese female

12628	 Int J Clin Exp Med 2018;11(11):12621-12628

[19]	 Toya K, Babazono T, Hanai K, Uchigata Y. As-
sociation of serum bilirubin levels with devel-
opment and progression of albuminuria, and 
decline in estimated glomerular filtration rate 
in patients with type 2 diabetes mellitus. J Dia-
betes Investig 2014; 5: 228-235.

[20]	 Okada H, Fukui M, Tanaka M, Matsumoto S, 
Kobayashi K, Iwase H, Tomiyasu K, Nakano K, 
Hasegawa G, Nakamura N. Low serum biliru-
bin concentration is a novel risk factor for the 
development of albuminuria in patients with 
type 2 diabetes. Metabolism 2014; 63: 409-
414. 

[21]	 Chung JO, Cho DH, Chung DJ, Chung MY. Phys-
iological serum bilirubin concentrations are in-
versely associated with the prevalence of car-
diovascular autonomic neuropathy in patients 
with type 2 diabetes. Diabet Med 2014; 31: 
185-191;

[22]	 Kim ES, Lee SW, Mo EY, Moon SD, Han JH. In-
verse association between serum total biliru-
bin levels and diabetic peripheral neuropathy 
in patients with type 2 diabetes. Endocrine 
2015; 50: 405-412.

[23]	 Chan KH, O’Connell RL, Sullivan DR, Hoffmann 
LS, Rajamani K, Whiting M, Donoghoe MW, 
Vanhala M, Hamer A, Yu B, Stocker R, Ng MK, 
Keech AC; FIELD Study Investigators. Plasma 
total bilirubin levels predict amputation events 
in type 2 diabetes mellitus: the fenofibrate in-
tervention and event lowering in diabetes 
(FIELD) study. Diabetologia 2013; 56: 724-
736.

[24]	 Peristein TS, Pande RL, Beckman JA, Creager 
MA. Serum total bilirubin level and prevalent 
lower-extremity peripheral arterial disease na-
tional health and nutrition examination survey 
(NHANES) 1999 to 2004. Arterioscler Thromb 
Vasc Biol 2008; 28: 166-172.

[25]	 Dekker D, Dorresteijn MJ, Pijnenburg M, Heem-
skerk S, Rasing-Hoogveld A, Burger DM, Wa-
gener FA, Smits P. The bilirubin-increasing drug 
atazanavir improves endothelial function in 
patients with type 2 diabetes mellitus. Arterio-
scler Thromb Vasc Biol 2011; 31: 458-463.

[26]	 Stocker R, Yamamoto Y, McDonagh AF, Glazer 
AN, Ames BN. Bilirubin is an antioxidant of pos-
sible physiological importance. Science 1987; 
235: 1043-1046.

[27]	 Baranano CE, Rao M, Ferris CD, Snyder SH. 
Biliverdinreductase: a major physiologic cyto-
protectant. Proc Natl Acad Sci USA 2005; 99: 
16093-16098.


