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Abstract

Aims: Some studies have reported associations between bilirubin and diabetic
microvascular complications. However, these studies focused only on total bilirubin (TBIL)
without distinguishing different bilirubin subtypes. In this study, we aimed to investigate
the associations of TBIL, direct bilirubin (DBIL) and indirect bilirubin (IBIL) levels with
albuminuria/creatinine ratio (ACR) and the prevalence of diabetic retinopathy (DR) among

diabetic adults.

Methods: We analyzed 4368 individuals out of 4813 diabetic participants enrolled from seven
communities in 2018 in a cross-sectional study. Participants underwent several checkups,
including the measurement of anthropometric parameters, blood pressure, glucose, lipid
profile, TBIL, DBIL, IBIL and ACR. DR was detected by high-quality fundus photographs and

was remotely read by ophthalmologists.

Results: Compared with the first quartile of DBIL, participants in the fourth quartile had a
lower prevalence of high ACR (odds ratio (OR) 0.76; 95% confidence interval (Cl) 0.59, 0.99)

(p for trend < 0.05). Neither TBIL nor IBIL was associated with the prevalence of high ACR.

In DR, higher DBIL and TBIL by one standard deviation was associated with a 19% (OR 0.81;
95% C1 0.69, 0.94) and a 12% (OR 0.88; 95% CI 0.78, 0.99) lower frequency of DR, respectively
(both p for trend < 0.05). However, IBIL was not associated with the prevalence of DR. These
associations were adjusted for potential confounding factors.

Conclusion: DBIL had a stronger association with high ACR and DR than TBIL or IBIL did in
diabetic adults. The effect of DBIL on diabetic complications should be noted and investigated

in further studies.
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Introduction

Type 2 diabetes mellitus (T2DM), a chronic, life-
threatening disease, has become a serious threat
to human health and global economies.!»? In
2017, there were an estimated 451 million people
with diabetes worldwide, and it was expected to
increase to 693 million by 2045,3 affecting the
incidence and prevalence of microvascular

complications directly. Approximately one in
three patients with T2DM will develop diabetic
retinopathy (DR), and one in four will develop
diabetic kidney disease, leading to blindness and
kidney failure.* Although the rates of diabetic
complications in developed nations have stabi-
lized as the result of improved management of
risk factors, the actual numbers of individuals

Ther Adv Endocrinol
Metab

2020, Vol. 11: 1-12

DOI: 10.1177/
2042018820937897

© The Authorl(s), 2020.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Yingli Lu

Institute and Department
of Endocrinology and
Metabolism, Shanghai
Ninth People’s Hospital,
Shanghai Jiao Tong
University School of
Medicine, Shanghai,
200011, China
luyingli2008/@126.com

Wen Zhang

Institute and Department
of Endocrinology and
Metabolism, Shanghai
Ninth People’s Hospital,
Shanghai Jiao Tong
University School of
Medicine, Shanghai,
200011, China
zhangwen0129@126.com

Heng Wan

Hui Zhu

Yuying Wang

Kun Zhang

Yi Chen

Fangzhen Xia

Ningjian Wang

Institute and Department
of Endocrinology and
Metabolism, Shanghai
Ninth People’s Hospital,
Shanghai Jiao Tong
University School of
Medicine, Shanghai, China
Sijie Fang

Department of
Ophthalmology, Shanghai
Ninth People’s Hospital,
Shanghai Jiao Tong
University School of
Medicine, Shanghai, China

*Heng Wan, Hui Zhu and
Yuying Wang contributed
equally to this work.

journals.sagepub.com/home/tae

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tae
mailto:luyingli2008@126.com
mailto:zhangwen0129@126.com

Therapeutic Advances in Endocrinology and Metabolism 11

Subjects in METAL study(n=4813)

=

Exclusion

1.missing bilirubin data (n=3)

2.history of tumors or hepatobiliary surgery
and participants missing questionnaire
data about the information (n=442)

'

Basal subjects analyzed in

this study(n= 4368)

Exclusion

Exclusion
1.missing ACR data (n=217)
2.subjects with chronic nephritis,

missing DR values
(n=1394)

\ 4

21 RBC/high-power filed or = 2
WBC/high-power filed in urine
sample (n=337)

\4

Final Subjects analyzed for
associations between bilirubin level
and DR (n=2974)

Final Subjects analyzed for
associations between bilirubin level and
ACR (n=3814)

Figure 1. Flowchart of the sampling frame and participants selected from the METAL study.
ACR, albumin/creatinine ratio; DR, diabetic retinopathy; METAL, Environmental Pollutant Exposure and Metabolic Diseases

in Shanghai; RBC, red blood cell; WBC, white blood cell.

affected by diabetes complications is still increas-
ing because of the increasing absolute number of
new diabetes cases.>:® Thus, it is paramount to
find novel therapies to prevent and/or treat dia-
betic complications.

Bilirubin is generated in the catabolism of heme, in
which biliverdin, as an intermediate product, is
converted into indirect bilirubin (IBIL) by biliver-
din reductase rapidly.” Further processing of biliru-
bin occurs in hepatocytes, where IBIL is conjugated
by uridine diphosphate-glucuronosyltransferase to
direct bilirubin (DBIL).8 Total bilirubin (TBIL) is
the sum of IBIL and DBIL, and IBIL accounts for
more than 95% of TBIL in healthy adults.’
Although bilirubin was long considered to be a
marker of liver disease and to be supportive evi-
dence for hemolytic anemia, bilirubin is actually an
antioxidant.!? In fact, moderate elevations in serum
total bilirubin have been associated with reduced
susceptibility to such diseases as diabetic kidney
disease, DR and so on.11:12 However, these studies
merely focused on TBIL, without distinguishing
between IBIL and DBIL, which have different clin-
ical significance. To the best of our knowledge,
studies reporting the associations of TBIL, DBIL
and IBIL with diabetic microvascular complica-
tions in the same population are lacking.

Thus, in this study, from a large community-based
sample, we aimed to investigate the associations of

three serum bilirubin (TBIL, DBIL and IBIL) lev-
els with the albuminuria/creatinine ratio (ACR)
and the prevalence of DR among diabetic adults.

Materials and methods

Study design and participants

We designed a cross-sectional study named the
METAL study (Environmental Pollutant Exposure
and Metabolic Diseases in Shanghai, www.chictr.
org.cn, ChiCTR1800017573). The present study
is primary analysis of the METAL study. The
detailed protocols have been described in previ-
ously published papers.!13-15 In brief, Chinese citi-
zens =18years old who have been previously
diagnosed with diabetes and have lived in their cur-
rent area for =6 months were enrolled, using a sim-
ple random method, from the registration platform
of the healthcare centers in seven communities in
Huangpu and Pudong District, Shanghai, China,
from May to August 2018. A total of 4813 subjects
with diabetes who were 23-99years old received
examination. Participants who had history of tumors
or hepatobiliary surgery or missing questionnaire
data about the information or bilirubin data
(n=445) were excluded. A total of 4368 partici-
pants were involved in the basal analyses (Figure 1).

The study protocol was approved by the Ethics
Committee of Shanghai Ninth People’s Hospital,
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Shanghai Jiao Tong University School of
Medicine (2017-210). The study protocol con-
formed to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a prior:
approval by the appropriate institutional review
committee. Written consent was obtained from
all participants included in the study.

Measurements

A questionnaire about sociodemographic charac-
teristics, medical history, family history and life-
style factors was adopted during the interview.
The same group of trained and experienced per-
sonnel as in the SPECT-China study!® conducted
the interviews and clinical examinations, includ-
ing weight, height and blood pressure, according
to a standard protocol. Body mass index (BMI)
was calculated as weight in kilograms divided by
height in meters squared. Current smoking was
defined as having smoked at least 100 cigarettes in
one’s lifetime and currently smoking cigarettes.1?

Peripheral venous blood samples were collected
between 6:00am and 9:00am after fasting for at
least 8 h in K-EDTA anti-coagulation tubes
(Gaode, Zhejiang, China) for testing glycated
hemoglobin (HbA1lc), sodium fluoride tubes
(Gaode, Zhejiang, China) for fasting plasma glu-
cose (FPQG) and separation gel vacuum procoagu-
lant tube (Gaode, Zhejiang, China) for serum
bilirubin (including TBIL, DBIL and IBIL),
alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), triglycerides, total choles-
terol and high- (HDL) and low-density lipoprotein
(LDL). Then, the blood samples were refrigerated
immediately and, in 2h, they were centrifuged,
and the sera were aliquoted and frozen in a cen-
tral laboratory. HbA1c was measured by high-per-
formance liquid chromatography (MQ-2000PT,
Medconn, Shanghai, China). Serum bilirubin,
FPG, serum creatinine, ALT, AST, triglycerides,
total cholesterol, HDL and LDL were performed
with a Beckman Coulter AU 680 (Brea, USA).

Morning fasting spot urine samples were col-
lected, refrigerated immediately and frozen at
—20°C in 2h. The concentrations of urine albu-
min and creatinine were measured with a
Beckman Coulter AU 680 (Brea, USA) using a
turbidimetric immunoassay and an enzymatic
method in a single spot urine sample, and urine
ACR was calculated.

DR screening was done by mydriatic binocular
indirect ophthalmoscopy (Topcon TRC-NW400
Non-Mydriatic Retinal Camera, Oakland, USA).
Fundus photographs were read by an ophthal-
mologist specialized in the retina as before.!8

Outcome definition

Hypertension was defined as systolic blood pres-
sure =140mmHg, diastolic blood pressure
=90 mmHyg, or a self-reported previous diagnosis
of hypertension by a physician. Dyslipidemia was
defined as total cholesterol =6.22 mmol/l (240 mg/
dl), triglycerides =2.26 mmol/l (200mg/dl), LDL
=4.14mmol/l (160mg/dl), HDL<1.04mmol/l
(40mg/dl), or self-reported previous diagnosis of
hyperlipidemia by a physician, according to the
modified National Cholesterol Education Program—
Adult Treatment Panel III.

The estimated glomerular filtration rate (eGFR)
was calculated according to the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI)
equation for ‘Asian origin’.!® High ACR was
defined as ACR =30mg/g.

The internationally accepted DR classification by
the ‘Global Diabetic Retinopathy Project Group’
in 2003 was used.?? The classification was as fol-
lows: no diabetic retinopathy (NDR) (DR stage
0, no abnormalities), non-proliferative DR
(NPDR) (DR stage 1-3, intraretinal microaneu-
rysms, hemorrhages, venous beading, prominent
microvascular abnormalities) and proliferative
DR (PDR) (DR stage 4, neovascularization or
vitreous/preretinal hemorrhages).

Statistical analysis

Data analyses were performed using IBM SPSS
Statistics, Version 22 (IBM Corporation, Armonk,
NY, USA). A p value <0.05 indicated significance
(two sided). Continuous variables were summa-
rized as the mean * standard deviation (SD) or
median (interquartile range) and categorical vari-
ables as percentages (%). Linear or logistic regres-
sion analysis was used to test for trend of the
variable changes across the bilirubin level quartiles,
providing p values adjusted for age, sex, current
smoking, education and duration of diabetes.

Bilirubin levels were divided into quartiles, with
the first quartile representing the lowest and the

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

Therapeutic Advances in Endocrinology and Metabolism 11

fourth quartile representing the highest. Linear
(continuous dependent variables) and logistic
regression (categorical dependent variables) were
used to measure the association between bilirubin
and diabetic microvascular complication out-
comes. Data are expressed as regression coeffi-
cient or odds ratio (95% confidence interval) [OR
95% CI)].

For the association of bilirubin with eGFR, linear
regression analysis was used. Binary logistic regres-
sion analysis was used for the association of biliru-
bin with the prevalence of high ACR. Associations
of bilirubin with the prevalence of DR were calcu-
lated by binary logistic regression analysis. For the
association between bilirubin and DR ranging
from NDR to PDR, ordinal logistic regression was
used. The restricted cubic spline analysis for the
dose-relationship between DBIL and the preva-
lence of DR and high ACR were completed by the
statistical package R (http://www.R-project.org,
The R Foundation) and Empower (R) (www
.empowerstats.com; X&Y Solutions, Inc., Boston,
MA, USA). The model was adjusted for age, sex,
duration of diabetes, education, current smoking,
BMI, HbAlc, ALT, AST, dyslipidemia and
hypertension and the usage of insulin, angioten-
sin-converting enzyme inhibitor (ACEI ) or angio-
tensin receptor antagonist (ARB) and statins.

Sensitivity analyses were performed. We evalu-
ated the general characteristics of the participants
with or without DR data shown in the
Supplemental Material Table 1 online, the asso-
ciations of bilirubin level quartiles with the preva-
lence of DR after adjusting for FPG instead of
HbA1c shown in Supplemental Table 2. Multiple
imputation analysis was done, assuming the main
missing data about DR are missing at random.
Ten imputed datasets were created, and the rela-
tive efficiency of the substantive regression analy-
sis was atleast 99%. Fully conditional specification
was applied with logistic regression models. The
imputation procedure included all variables from
the regression model (age, sex, duration of diabe-
tes, education, current smoking, BMI, HbAlc,
ALT, AST, dyslipidemia, hypertension and the
usage of insulin, ACEI or ARB and statins, DBIL,
IBIL, TBIL and DR for the DR regression analy-
sis) (Supplemental Table 3). Furthermore, the
associations of DBIL with DR and High ACR in
different subgroups by the median of age, dura-
tion of diabetes, FPG and HbAlc and the

interaction of these variables were calculated
(Supplementary Figure 1).

Results

Characteristics of the participants by bilirubin
level quartile

The general demographic and characteristics of
the study population are shown in Table 1. We
analyzed 4368 diabetic participants with a mean
age of 67 years [SD 9, maximum (max.) 99, mini-
mum (min.) 23]. The mean TBIL, DBIL and
IBIL levels were 14.1 umol/l (SD 5.5, max. 139.1,
min. 3.1), 2.5umol/l (SD 1.2, max. 38.3, min.
0.2) and 11.6umol/l (SD 4.5, max. 113.7, min.
2.5), respectively. Compared with the participants
in the lowest DBIL quartile, those in the highest
quartile had significantly lower HbAlc, total cho-
lesterol, triglycerides, LDL, prevalence of high
ACR, NPDR and dyslipidemia and higher HDL
and eGFR (all p for trend <0.05). (Table 1).

Association of bilirubin level quartiles with high
ACR and eGFR

Table 2 indicates that higher DBIL level, rather
than TBIL or IBIL, was significantly associated
with the lower prevalence of high ACR, although
higher TBIL, DBIL and IBIL were all associated
with higher eGFR significantly. It is worth noting
that higher DBIL by one SD had the highest 3
associated with eGFR (B 1.12, 95% CI 0.64,
1.60), compared with TBIL (B 0.99, 95% CI
0.52, 1.46) and IBIL (B 0.93, 95% CI 0.47,
1.40), which indicated that DBIL had a stronger
association with eGFR than TBIL or IBIL.

In addition, participants in the fourth DBIL quar-
tile had a significantly lower prevalence of high
ACR (OR 0.76; 95% CI 0.59, 0.99) (p for
trend < 0.05), and higher DBIL by one SD was
significantly associated with a 14% lower fre-
quency of high ACR events (OR 0.86; 95% CI
0.78, 0.95). A non-linear inverse association
(Ptor non-lineariy < 0-01) between DBIL and the prev-
alence of high ACR was detected (Figure 2).
However, neither DBIL nor IBIL was significantly
associated with high ACR. These associations
were all adjusted for age, sex, duration of diabetes,
education, current smoking, BMI, HbAlc, ALT,
AST, dyslipidemia and hypertension and the
usage of insulin, ACEI or ARB and statins.
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Table 1. General characteristics of all participants by DBIL level quartiles.

Characteristic DBIL level, umol/l

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend
(<1.8) (>1.8, <2.3) (>2.3,<2.9) (>2.9)

n 1156 1169 1062 981 -

Age, years 65.92+9.15 66.65 + 8.42 67.70 +8.52 68.26 +8.50 -

Men, % 32.3 41.7 57.4 63.9 -

Duration of diabetes, years 8 (3, 15) 10 (4, 15) 8 (3, 15) 8(3, 15) -

Current smoking, % 18.9 20.0 20.7 16.8 -

Beyond high school education, % 49.4 51.4 54.3 52.8 -

BMI, kg/m? 24.93 +3.64 24.96 +3.57 25.04+3.48 24.94+3.51 0.558
FPG, mmol/l 7.82+2.65 7.78 +2.37 7.79 +2.53 7.76 +2.28 0.781
HbAlc, % 7.58 + 1.42 7.50 + 1.45 7.49 +1.37 7.41+1.31 0.010
Total cholesterol, mmol/L 5.66+1.23 5.26+1.13 4.84+1.07 4.51+1.02 <0.001
Triglycerides, mmol/l 1.92(1.34,2.85)  1.56(1.12,2.15) 1.44 (1.05, 2.00) 1.31(0.96,1.74)  <0.001
HDL, mmol/L 1.19+0.27 1.23+0.29 1.18+0.29 1.20+0.31 <0.001
LDL, mmol/L 3.50 +0.84 3.26+0.82 3.00+0.79 2.75+0.74 <0.001
AST, U/L 20 (17, 25) 2118, 25) 2118, 26) 22 (19, 28) <0.001
ALT, U/L 18 (14, 24) 19 (14, 25) 19 (14, 26) 20 (15, 30) <0.001
TBIL, pmol/l 9.4(8.3,10.7) 12.1(11.0, 13.3) 14.5(13.2,16.3) 19.4(17.1,22.5)  <0.001
IBIL, pmol/L 7.9 (6.8,9.1) 10.0 (8.9, 11.2) 11.9 (10.6, 13.6) 15.9(13.8,18.7)  <0.001
High ACR, % 28.5 25.9 24.3 22.5 0.006
eGFR, ml/min per 1.73m? 91.17 +19.89 92.93+15.99 91.22 +16.49 91.31+15.31 <0.001
NPDR, % 19.0 16.9 17.7 14.6 0.033
PDR, % 0.6 0.5 0.3 0.4 0.365
Hypertension, % 78.6 77.3 81.5 77.9 0.223
Dyslipidemia, % 71.7 61.3 60.2 54.2 <0.001
Using insulin, % 14.0 12.6 13.7 13.9 0.517
Taking ACEl or ARB, % 22.2 215 25.7 21.6 0.468
Taking statins, % 12.8 16.0 15.8 14.8 0.086

The data are summarized as the mean = SD or median (interquartile range) for continuous variables or as a numerical proportion for categorical
variables. p for trend was calculated by regression tests and was adjusted for age, sex, current smoking, education and duration of diabetes. High

ACR was defined as ACR =30 mg/g.

ACEI, angiotensin-converting enzyme inhibitor; ACR, albumin/creatinine ratio; ALT, alanine aminotransferase; ARB, angiotensin receptor
antagonist; AST, aspartate aminotransferase; BMI, body mass index; DBIL, direct bilirubin; eGFR, estimated glomerular infiltration rate; FPG,
fasting plasma glucose; HbAc, glycated hemoglobin; HDL, high-density lipoprotein; IBIL, indirect bilirubin; LDL, low-density lipoprotein; NPDR,
non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; TBIL, total bilirubin
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Table 2. Associations between bilirubin level quartiles and high ACR and eGFR.

Bilirubin level, umol/l p for trend 1-SD increment of
bilirubin
Quartile 1 Quartile 2 Quartile 3 Quartile 4
TBIL
High ACR  Ref. 0.92(0.73, 1.16) 0.99 (0.79, 1.25) 0.81(0.64, 1.03) 0.170 0.89(0.81, 1.01)
eGFR Ref. 2.27(0.98, 3.56) 1.91(0.61, 3.21) 3.21(1.89, 4.54) <0.001 0.99 (0.52, 1.46)
DBIL
High ACR  Ref. 1.03 (0.82, 1.29) 0.84(0.66, 1.06) 0.76 (0.59, 0.99) 0.015 0.86(0.78, 0.95)
eGFR Ref. 2.06 (0.78, 3.34) 2.08 (0.75, 3.40) 3.30 (1.90, 4.70) <0.001 1.12 (0.64, 1.60)
IBIL
High ACR  Ref. 0.90(0.72, 1.13) 1.01 (0.81, 1.27) 0.81(0.64 1.03) 0.204 0.90 (0.82, 1.02)
eGFR Ref. 2.43(1.14,3.71) 2.02(0.72, 3.33) 3.19 (1.86, 4.51) <0.001 0.93(0.47, 1.40)

Data are expressed as regression coefficient or odds ratio (95% confidence interval]. Linear and logistic regression analyses were used for the
association of bilirubin with continuous and categorical variables, respectively. Some 217 subjects had missing ACR values, and 337 had chronic
nephritis, =1 RBC/high-power field or =2 WBCs/high-power field in urine samples, so they were excluded. High ACR was defined as ACR
=30mg/g. In total, 3814 subjects were involved in the regression analyses. The model was adjusted for age, sex, duration of diabetes, education,
current smoking, BMI, HbAlc, ALT, AST, dyslipidemia, hypertension and the usage of insulin, ACEl or ARB and statins.

ACEI, angiotensin-converting enzyme inhibitor; ACR, microalbumin/creatinine ratio; ALT, alanine aminotransferase; ARB, angiotensin receptor
antagonists; AST, aspartate aminotransferase; BMI, body mass index; DBIL, direct bilirubin; eGFR, estimated glomerular infiltration rate; HbA'c,
glycated hemoglobin; IBIL, indirect bilirubin; RBC, red blood cell; Ref., reference; TBIL, total bilirubin; WBC, white blood cell.

Association of bilirubin level quartiles with the
prevalence and severity of DR

Table 3 shows that increased DBIL and TBIL, but
not IBIL, were significantly associated with a
decreased prevalence of DR and the severity of
DR. Compared with the first DBIL or TBIL quar-
tile, participants in the fourth quartile had a lower
prevalence of DR [(OR 0.70; 95% CI 0.51, 0.95)
and (OR 0.72; 95% CI 0.54, 0.97)] (both p for
trend < 0.05). Higher DBIL by one SD was associ-
ated with a 19% lower prevalence of DR (OR 0.81,
95% CI 0.69, 0.94), whereas higher TBIL by one
SD was associated with a 12% lower frequency of
DR (OR 0.88, 95% CI 0.78, 0.99), which indi-
cated that DBIL had a stronger association with
the prevalence of DR than TBIL. However, IBIL
was not significantly associated with the prevalence
of DR. Furthermore, in ordinal logistic regression,
the ORs (95% CIs) of DR ranging from NDR to
PDR for DBIL and TBIL by one SD were respec-
tively 0.98 (0.96, 0.99) and 0.98 (0.97, 1.00) (p for
trend < 0.05). In the restricted cubic spline model,
a non-linear inverse association (Pr; pondinear-
iy <<0.01) between DBIL and the prevalence of
DR was detected (Figure 2). The associations were

all adjusted for age, sex, education, duration of
diabetes, current smoking, BMI, HbAlc, ALT,
AST, dyslipidemia and hypertension and the usage
of insulin, ACEI or ARB and statins.

Discussion

To the best of our knowledge, this is the first
study to evaluate the association of TBIL, DBIL
and IBIL with eGFR, high ACR and DR in the
same large-scale population simultaneously. In
this study, among over 4000 community-dwelling
Chinese type 2 diabetic adults, we found that
increased DBIL, rather than TBIL or IBIL, was
significantly associated with a decreased preva-
lence of high ACR, and higher DBIL and TBIL,
but not IBIL, were associated with a lower preva-
lence of DR, although DBIL, TBIL and IBIL
were  positively associated with eGFR.
Importantly, our results showed that DBIL may
have stronger associations with high ACR, eGFR
and DR compared with TBIL and IBIL in dia-
betic adults. These associations were strong, dose
dependent and consistent even after adjusting for
potential confounding factors.

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

H Wan, H Zhu et al.

Multivariate-adjusted ORs of high ACR

2.04

0.5

Multivariate-adjusted ORs of DR
o

0.04

2 4 6 2 4 6
DBIL, ymol/L DBIL, umol/L
(a) (b)
16

5 154

< x

< [a]

2 -

S [s}

5 12 2

L o 4

& 1.0

e 3

3 EA

g os k]

] )

© -

o o 039

£ g

[ =

Z 04 E}

g =

= 0.04

10 20 30 40 10 20 30 40
TBIL, pmol/L TBIL, ymol/L
(©) (d)
16 164

14

o

< x

5 o

= 5]

=12 @ 124

: g

n

o

) 8

3 2

3 08 T 08

T o)

b ]

Q =

s 2

© =

2 04 S 044

S =

=

10 20 30 10 20 30
IBIL, pmol/L IBIL, ymol/L

(e (f)

Figure 2. Dose-response relationship between bilirubin level with the prevalence of high ACR and DR.
(a) DBIL and high ACR; (b) TBIL and high ACR; (c] IBIL and high ACR; (d) DBIL and DR; (e) TBIL and DR; (f) IBIL and DR.
The model was adjusted for age, sex, duration of diabetes, education, current smoking, BMI, HbA1c, ALT, AST, dyslipidemia,

hypertension and the usage of insulin, ACEIl or ARB and statins.

ACEI, angiotensin-converting enzyme inhibitor; ACR, albumin/creatinine ratio; ALT, alanine aminotransferase; ARB,
angiotensin receptor antagonists; AST, aspartate aminotransferase; BMI, body mass index; DBIL, direct bilirubin; DR,
diabetic retinopathy; HbA1c, glycated hemoglobin; IBIL, indirect bilirubin; TBIL, total bilirubin

DBIL production is the final step in the complex
chain of heme degradation, which occurs in hepat-
ocytes.®2! Compared with IBIL, the clinical impact
of DBIL seems to be minimal due to its hydro-
philic and less antioxidant properties.1%22 In such
cases, the clinical role of DBIL has often been
overlooked. However, in reality, some studies have
demonstrated the benefits of DBIL. One cohort
study of 5900 Korean men found that higher
serum DBIL level was significantly associated

with a lower risk of developing non-alcoholic fatty
liver disease.?> Moreover, other epidemiologic
studies have also suggested that higher DBIL was
significantly associated with a lower prevalence of
various diseases, such as metabolic syndrome,?*
coronary artery calcium?> and stroke severity.2°
One more recent study suggested that DBIL is
more negatively correlated with levels of small,
dense LDL compared with IBIL and TBIL.?7
Specifically, these authors all suggested that lower
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Table 3. Association of bilirubin level quartiles with the prevalence and severity of DR.

Bilirubin level, umol/l p fortend 1-SD increment
of bilirubin
Quartile 1  Quartile 2 Quartile 3 Quartile 4
TBIL
DR Ref. 0.96 (0.73, 1.27) 0.90 (0.68, 1.19) 0.72 (0.54, 0.97) 0.031 0.88(0.78, 0.99)
DR (stage NDR to PDR]  Ref. 1.00 (0.95, 1.04) 0.99 (0.95, 1.03) 0.95(0.91, 0.99] 0.018 0.98(0.97, 1.00)
DBIL
DR Ref. 0.84(0.64, 1.11) 0.88(0.66, 1.16) 0.70(0.51, 0.95) 0.038 0.81(0.69, 0.94)
DR (stage NDR to PDR]  Ref. 0.97(0.93, 1.02) 0.98 (0.94, 1.02) 0.95(0.91, 0.99) 0.025 0.98 (0.96, 0.99)
IBIL
DR Ref. 0.98 (0.75, 1.29) 0.96(0.73, 1.27) 0.76 (0.57, 1.02) 0.084 0.89 (0.79, 1.01)
DR (stage NDR to PDR]  Ref. 0.99 (0.95, 1.04) 0.99 (0.95, 1.04) 0.95(0.91, 1.00) 0.044 0.98(0.97, 1.00)

Data are expressed as odds ratio (95% confidence interval). Ordinal logistic regression analysis was used for the association between bilirubin and DR
(stage NDR to PDR]. The association between bilirubin and the prevalence of DR was calculated by binary logistic regression analysis. A total of 1394
subjects with missing DR values were excluded. A total of 2974 subjects were involved in the regression analyses. The model was adjusted for age, sex,
duration of diabetes, education, current smoking, BMI, HbA'c, ALT, AST, dyslipidemia, hypertension and the usage of insulin, ACEl or ARB and statins.
ACEI, angiotensin-converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor antagonist; AST, aspartate
aminotransferase; BMI, body mass index; DBIL, direct bilirubin; DR, diabetic retinopathy; HbA1c, glycated hemoglobin; IBIL, indirect bilirubin; NDR,
non-diabetic retinopathy; PDR, proliferative diabetic retinopathy; Ref., reference; TBIL, total bilirubin

DBIL level was more strongly associated with a
high prevalence of the disease than were TBIL
and IBIL levels. However, no studies have
reported the effects of individual bilirubin sub-
types on diabetic microvascular complications.

Our study found that in type 2 diabetic adults, a
higher DBIL level, rather than TBIL or IBIL, was
associated with a decreased prevalence of high
ACR, although TBIL, DBIL and IBIL were all
positively associated with e GFR. In fact, the asso-
ciation between TBIL and ACR has been reported
in several studies, but the results are inconsist-
ent.?528 In a cross-sectional study with 93,909
subjects (aged 18-96years, 53.0% male), the
association between high serum bilirubin and
decreased prevalence of diabetic kidney disease
was not found in men.?8 Another cohort study
with normal serum bilirubin subjects showed no
significant association between serum bilirubin
levels and the progression from normoalbuminu-
ria to microalbuminuria.?® Inversely, two cohort
studies found low TBIL concentration could be a
risk factor for the development of albuminuria in
patients with type 2 diabetes.3%:31 However, no
studies have reported the association between
DBIL and albuminuria. It is noteworthy that

studies about the association between bilirubin
and eGFR have resulted in similar conclusions,
but not all reports concur.2%2° One cohort study
showed that not only baseline TBIL but also fol-
low-up changes were negatively associated with
eGFR in male diabetic patients;3? however, in
another cohort study, recruiting subjects with
normal serum bilirubin, no association between
TBIL and eGFR was found.?® Our study found
that TBIL, DBIL and IBIL were all positively
associated with eGFR. As the mechanism
involved is poorly understood, possible explana-
tions for these inconsistent findings might be dis-
crepancies in the considered confounders, the
relatively wide range of bilirubin levels measured
and population characteristics. More studies are
required to further explore this association.

Similar to high ACR, we found that the incidence
and severity of DR were associated with lower
DBIL and TBIL levels, but not IBIL level. Indeed,
previous studies about the association between
TBIL and DR are inconsistent. Some cross-sec-
tional studies reported a significant negative rela-
tionship between TBIL and DR,33-35> which was
consistent with our results. Furthermore, a five-
year cohort study that consisted of 5323 Chinese
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male diabetic patients suggested that serum TBIL
had a U-shaped relationship with DR incidence.3¢
Another previous study found no association
between TBIL and DR.3” The controversy in the
studies may be due to adjustments for different
covariates, variations in population sampling and
the quality of the assessment of retinopathy.
Interestingly, we found that DBIL was negatively
associated with the incidence and severity of DR.
As far as we know, our study is the first to reveal a
negative and significant association between DBIL
and DR. Thus, whether lower DBIL might be a
clinical marker for predicting the occurrence of
DR should be further investigated.

Although the mechanisms linking bilirubin sub-
type and diabetic microvascular complications
are still unclear, some possible explanations can
be proposed. One is the different binding affini-
ties of the different bilirubin forms for albumin.
DBIL, which binds weakly to albumin, plays an
important role in preventing lipid peroxidation as
a chain-breaking antioxidant.?® An epidemiologi-
cal study found that, compared with IBIL and
TBIL, DBIL was more strongly correlated with a
level of small, dense LDL?27 and metabolic syn-
drome,?* which are risk factors for diabetic
microvascular complications. DBIL-mediated
inhibition of immune reactions and inflammatory
processes, and as a marker reflecting heme oxyge-
nase-1 activity, may be the other reason. DBIL
may possess cytoprotective effects, mediated
through albumin-bound bilirubin protecting
plasma and mitochondrial membranes from dam-
age by removal of reactive oxygen species at phys-
iological concentrations.?® Evidence from
population studies suggested that increased
serum concentrations of DBIL, rather than TBIL,
may participate in the protection of cardiovascu-
lar function.?> Furthermore, in the Eisai hyper-
bilirubinemia rat, a model of Dubin-Johnson
syndrome that usually manifests as recurrent
jaundice with conjugated hyperbilirubinemia,
findings have suggested that increased concentra-
tions of DBIL had a protective effect against focal
ischemia, possibly participating in heme oxyge-
nase-1-induced neuroprotection.*® More studies
are required to elucidate the specific discrepan-
cies between DBIL and IBIL with respect to their
molecular mechanisms of action.

Though our study had some strengths, including
its relatively large sample of community-dwelling
participants and strong quality control, there were

also some limitations. First, owing to the nature
of cross-sectional design of the current study,
causal relationships cannot be confirmed linking
bilirubin with diabetic microvascular complica-
tions. The present findings should be cautiously
interpreted and further prospective studies are
needed. Second, Han Chinese were the ethnic
group investigated, so the results may not be gen-
eralizable to other ethnicities. Third, the inability
to account for all confounders related to bilirubin
or diabetic microvascular complications might
have limited our multivariate approach.

Conclusion

We reported that DBIL had a stronger associa-
tion with ACR, eGFR and DR compared with
TBIL and IBIL in Chinese diabetic adults. The
effect of DBIL on diabetic complications should
be noted, and the association between bilirubin
subtype and diabetic microvascular complica-
tions should be assessed in additional follow-up
studies. Future research should be performed to
clarify the different roles of DBIL and IBIL in
diabetic microvascular complications. Further
prospective studies in external populations are
still required to verify our findings.

Acknowledgments
The authors thank all team members and partici-
pants in the METAL study.

Author contribution(s)

Heng Wan: Formal analysis; Investigation;
Methodology; Writing original draft; Writing-
review & editing.

Hui Zhu: Formal analysis; Investigation; Project
administration; Writing-review & editing.
Yuying Wang: Formal analysis; Investigation;
Writing-review & editing.

Kun Zhang: Investigation;
Writing-review & editing.

Methodology;

Yi Chen: Investigation; Methodology; Project
administration; Writing-review & editing.

Sijie Fang: Investigation; Methodology; Writing-
review & editing.

Fangzhen Xia: Investigation; Methodologys;

Writing-review & editing.

Ningjian Wang: Conceptualization; Data cura-
tion; Investigation; Methodology; Project admin-
istration; Writing-review & editing.

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

Therapeutic Advances in Endocrinology and Metabolism 11

Wen Zhang: Investigation; Project administra-
tion; Supervision; Writing-review & editing.

Yingli Lu: Conceptualization; Data curation;
Investigation; Methodology; Project administra-
tion; Supervision; Writing-review & editing.

Availability of data and materials

The data supporting the findings of this study are
available on reasonable request from the corre-
sponding authors. All data analyzed during this
study are included in this published article. Data
are available upon reasonable request to any sci-
entist who wishes to use them without breaching
participant confidentiality.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

Ethics statement

The study protocol was approved by the Ethics
Committee of Shanghai Ninth People’s Hospital,
Shanghai Jiao Tong University School of
Medicine and conformed to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in
a priori approval by the appropriate institutional
review committee.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: this study was
supported by the Commission of Health and
Family Planning of Pudong District (PWZxq2017-
17); the National Natural Science Foundation
of China (91857117, 81570726, 81600609);
Science and Technology Commission of Shanghai
Municipality (19140902400, 18410722300,
16411971200); the Major Science and Technology
Innovation Program of Shanghai Municipal
Education Commission (2018YFC1705103); the
Shanghai Municipal Commission of Health and
Family Planning (20164Y0079); the Municipal
Human Resources Development Program for
Outstanding Young Talents in Medical and
Health Sciences in Shanghai (2017YQO053); the
Clinical Research Plan of SHDC (16CR3076B);
and the Shanghai JiaoTong University School of
Medicine (19X]J11007). The funders played no
role in the design or conduct of the study; the col-
lection, management, analysis, or interpretation of
data; or the preparation, review, or approval of the
article.

Informed consent
Written informed consent was obtained from all
participants included in the study.

ORCID iD
Yingli Lu
5117-1614

https://orcid.org/0000-0002-

Supplemental material
Supplemental material for this article is available
online.

References
1. Kahm K, Laxy M, Schneider U, ez al. Health
care costs associated with incident complications
in patients with type 2 diabetes in Germany.
Diabetes Care 2018; 41: 971-978.

2. Moss TR. Hospital length of stay and
healthcare costs among African American
women due to obesity and diabetic conditions
in United States: a model for correlation
studies comparing ethnicity, co-morbidities and
hospital resources. Chronic Dis Transl Med 2018;
4: 244-253.

3. Cho NH, Shaw JE, Karuranga S, et al. IDF
diabetes atlas: global estimates of diabetes
prevalence for 2017 and projections for 2045.
Diabetes Res Clin Pract 2018; 138: 271-281.

4. Valencia WM and Florez H. How to prevent
the microvascular complications of type 2
diabetes beyond glucose control. BM¥ 2017;
356:16505.

5. Forbes JM and Fotheringham AK. Vascular
complications in diabetes: old messages, new
thoughts. Diabetologia 2017; 60: 2129-2138.

6. Zhou L, Mai JZ, Li Y, et al. Fasting glucose and
its association with 20-year all-cause and cause-
specific mortality in Chinese general population.
Chronic Dis Transl Med 2019; 5: 89-96.

7. Erlinger S, Arias IM and Dhumeaux D. Inherited
disorders of bilirubin transport and conjugation:
new insights into molecular mechanisms and
consequences. Gastroenterology 2014; 146:
1625-1638.

8. Hull TD and Agarwal A. Bilirubin: a potential
biomarker and therapeutic target for diabetic
nephropathy. Diabetes 2014; 63: 2613-2616.

9. Fujiwara R, Haag M, Schaeffeler E, ez al.
Systemic regulation of bilirubin homeostasis:
potential benefits of hyperbilirubinemia.
Hepatology 2018; 67: 1609-1619.

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae
https://orcid.org/0000-0002-5117-1614
https://orcid.org/0000-0002-5117-1614

H Wan, H Zhu et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gazzin S, Vitek L, Watchko J, ez al. A novel
perspective on the biology of bilirubin in health
and disease. Trends Mol Med 2016; 22: 758-768.

Riphagen IJ, Deetman PE, Bakker SJ, ez al.
Bilirubin and progression of nephropathy in type
2 diabetes: a post hoc analysis of RENAAL with
independent replication in IDNT. Diabetes 2014;
63: 2845-2853.

Zhu B, Wu X, BiY, ez al. Effect of bilirubin
concentration on the risk of diabetic
complications: a meta-analysis of epidemiologic
studies. Sci Rep 2017; 7: 41681.

Wan H, Zhang K, Wang Y, et al. The
associations between gonadal hormones

and serum uric acid levels in men and
postmenopausal women with diabetes. Front
Endocrinol (Lausanne) 20205 11: 55.

Wan H, Wang Y, Chen Y, er al. Different
associations between serum urate and diabetic
complications in men and postmenopausal
women. Diabetes Res Clin Pract 20203 160:
108005.

Wan H, Wang Y, Zhang K, ez al. Associations
between vitamin D and microvascular
complications in middle-aged and elderly diabetic
patients. Endocr Pract 2019; 25: 809-816.

Wang N, Wang X, Li Q, et al. The famine
exposure in early life and metabolic syndrome in
adulthood. Clin Nuwr 2017; 36: 253-259.

Xu'Y, Wang L, He ], e al. Prevalence and
control of diabetes in Chinese adults. J4AMA
2013; 310: 948-959.

Wan H, Wang Y, Fang S, er al. Associations
between the neutrophil-to-lymphocyte ratio and
diabetic complications in adults with diabetes: a
cross-sectional study. ¥ Diabetes Res 2020; 2020:
6219545.

Stevens LA, Claybon MA, Schmid CH, ez al.
Evaluation of the chronic kidney disease
epidemiology collaboration equation for
estimating the glomerular filtration rate in multiple
ethnicities. Kidney Int 2011; 79: 555-562.

Wilkinson CP, Ferris FL III, Klein RE, ez al.
Proposed international clinical diabetic retinopathy
and diabetic macular edema disease severity scales.
Ophthalmology 2003; 110: 1677-1682.

Durante W. Bilirubin: striking gold in diabetic
vasculopathy? Diabetes 2015; 64: 1506-1508.

Hinds TD Jr and Stec DE. Bilirubin, a
cardiometabolic signaling molecule. Hypertension
2018; 72: 788-795.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Chang Y, Ryu S, Zhang Y, et al. A cohort
study of serum bilirubin levels and incident
non-alcoholic fatty liver disease in middle aged
Korean workers. PloS One 2012; 7: €e37241.

Hwang HJ and Kim SH. Inverse relationship
between fasting direct bilirubin and metabolic
syndrome in Korean adults. Clin Chim Acta 2010;
411: 1496-1501.

Sung KC, Shin J, Lim YH, ez al. Relation of
conjugated bilirubin concentrations to the
presence of coronary artery calcium. Am ¥ Cardiol
2013; 112: 1873-1879.

Pineda S, Bang OY, Saver JL, et al. Association
of serum bilirubin with ischemic stroke outcomes.
F Stroke Cerebrovasc Dis 20085 17: 147-152.

Kwon Y], Lee HS and Lee JW. Direct bilirubin
is associated with low-density lipoprotein
subfractions and particle size in overweight and
centrally obese women. Nuzr Metab Cardiovasc
Dis 2018; 28: 1021-1028.

Han SS, Na KY, Chae DW, ez al. High serum
bilirubin is associated with the reduced risk of
diabetes mellitus and diabetic nephropathy.
Tohoku § Exp Med 2010; 221: 133-140.

Toya K, Babazono T, Hanai K, ez al. Association
of serum bilirubin levels with development

and progression of albuminuria, and decline in
estimated glomerular filtration rate in patients
with type 2 diabetes mellitus. ¥ Diabetes Investig
2014; 5: 228-235.

Mashitani T, Hayashino Y, Okamura S, ez al.
Correlations between serum bilirubin levels and
diabetic nephropathy progression among Japanese
type 2 diabetic patients: a prospective cohort
study (Diabetes Distress and Care Registry at
Tenri [DDCRT 5]). Diabetes Care 2014; 37:
252-258.

Okada H, Fukui M, Tanaka M, ez al. Low serum
bilirubin concentration is a novel risk factor for
the development of albuminuria in patients with
type 2 diabetes. Metabolism 2014; 63: 409-414.

Liu M, Li ], Lv X, ez al. Bilirubin and its changes
were negatively associated with diabetic kidney
disease incidence and progression: a five-year’s
cohort study based on 5323 Chinese male
diabetic patients. ¥ Diabetes Complications 2018;
32:1012-1017.

Zhang D, Zhang W, Jin S, er al. Elevated serum
total bilirubin concentrations are negatively
associated with diabetic retinopathy among the
Chinese northeastern population. Int ¥ Endocrinol
2018; 2018: 6539385.

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

Therapeutic Advances in Endocrinology and Metabolism 11

34. Hamamoto S, Kaneto H, Kamei S, ez al. Low in Type 2 diabetes mellitus with different diabetic
bilirubin levels are an independent risk factor for duration or diabetic retinopathy. Clin Chim Acta
diabetic retinopathy and nephropathy in Japanese 2006; 366: 293-298.
patients with type 2 diabetes. Diabetes Metab
2015; 41: 429-431. 38. Stocker R and Ames BN. Potential role

of conjugated bilirubin and copper in the

35. Najam SS, Sun ], Zhang J, et al. Serum total metabolism of lipid peroxides in bile. Proc Nazl

bilirubin levels and prevalence of diabetic Acad Sci U S A 1987; 84: 8130-8134.

retinopathy in a Chinese population. ¥ Diabetes

2014; 6: 221-227. 39. Granato A, Gores G, Vilei MT, er al. Bilirubin
36. Liu M, Wang ] and He Y. The U-shaped association inhibits bile acid induced apoptosis in rat

between bilirubin and diabetic retinopathy risk: hepatocytes. Gur 2003; 52: 1774-1778.

a five-year cohort based on 5323 male diabetic . .
- . : 40. Kitamura Y, Ishida Y, Takata K, ez al.
Visit SAGE journals online patients. ¥ Diabetes Res 2018; 2018: 4603087. ramia ¥ o

journals.sagepub.com/ Hyperbilirubinemia protects against focal
home/tae 37. Huang EJ, Kuo WW, Chen Y], ez al. ischemia in rats. ¥ Neurosci Res 2003; 71:
®SAGE journals Homocysteine and other biochemical parameters 544-550.

12 journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae



