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Abstract: [ Objective] This study aimed to assess the circulating bilirubin profile [ total bilirubin (TBIL), conjugated
bilirubin (DBIL) , unconjugated bilirubin (IBIL) | and their associations with nonproliferative diabetic retinopathy (NP-
DR).[Methods] A case—control study which enrolled 312 type 2 diabetic mellitus (T2DM) patients (78 newly diagnosed
NPDR 1:3 matched with 234 T2DM without diabetic retinopathy) was conducted. Diabetic retinopathy was screened by ar-
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tificial intelligence fundus camera and further confirmed by the ophthalmologist, and demographic and clinical information

were collected. Serum bilirubin and related biochemical indicators were assessed.[ Results] Patients with NPDR had signif-

icantly lower serum TBIL, DBIL and IBIL concentrations (P values were 0.003, 0.001 and 0.006) , which were not associ-

ated with glycated hemoglobin (HbAlc) concentration (all P values >0.05). The association persisted after adjustment for

traditional risk factors including gender, diabetes duration, HbAlc and systolic blood pressure. Moreover, low IBIL had a
higher risk of NPDR with odds ratio (OR) 95%CI of 3.44 (1.04, 11.38) in well glycemic controlled T2DM patients
(HbAle <7%) or of 2.53 (1.10, 5.82) in T2DM patients without microalbuminuria [urine albumin creatine ratio
(UACR) <30mg/g]; low DBIL had a higher risk of NPDR with OR 95%CI of 2.05 (1.09, 3.86) in poor glycemic con-
trolled T2DM patients (HbA1¢>7%) or of 2.40 (1.14, 5.02) in T2DM patients with microalbuminuria (UACR >30mg/g).

[ Conclusion] Our results suggested that circulating bilirubin level is inversely and independently associated with NPDR

which might be an early clinical biomarker for predicting and preventing diabetic retinopathy.
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Table 1 Baseline characteristics of the research patients [(£+5) or M (P~P,) orn (%) ]
ot Diabetic retinopathy status il p
NPDR (n =78) No-DR (n = 234)

Age /years 522+7.4 51.8+7.8 0.436 0.663
Men, n (%) 61 (78.2) 170 (72.6) 0.939 0.332
Diabetes duration /years 7.0 (3.0~12.0) 6.0 (3.0~9.0) -2.419 0.016
BMI /(kg/m?) 25.0 (23.3~27.6) 25.6 (23.4~28.0) ~1.170 0.242
Systolic blood pressure /mmHg 130.0 (123.0~145.0) 127.0 (116.0~137.0) -2.736 0.006
Diastolic blood pressure /mmHg 84.9 + 8.8 83.1 +10.2 1.457 0.146
Current smoker, n (%) 24 (30.8) 58 (24.8) 1.081 0.299
Hypoglycemic treatment, n (%) 74 (94.9) 213 (91.0) 1.174 0.279
g ey i () 21 (26.9) 63 (26.9) 0.000 1.000
HbAlc /% 8.4 (7.1~9.5) 6.8 (6.1~8.2) =5.519 <0.001
TC /(mmol/L) 5.2 (4.7~5.9) 4.9 (4.3~5.9) -1.406 0.160
HDL-C /(mmol/L) 1.2 (1.0~1.4) 1.2 (1.0~1.4) -0.240 0.810
LDL-C /(mmol/L) 3.0 (2.5~3.7) 3.0 (2.5~3.7) -0.383 0.702
TG /(mmol/L) 1.4 (1.0~2.7) 1.4 (1.0~2.0) -0.879 0.379
eGFR /[mL/(min-1.73m*) ] 75.0 £ 19.7 76.9 + 16.6 -0.657 0.512
CRP /(mg/L) 1.5 (1.0~2.5) 1.9 (1.2~3.2) ~1.342 0.180
TBIL /( pmol/L) 10.1 (8.2~13.3) 12.2 (8.9~15.6) ~3.007 0.003
DBIL /( wmol/L) 3.4 (2.5~4.4) 3.9 (3.0~5.3) -3.233 0.001
IBIL /(pumol/L) 7.2 (5.9~8.4) 8.4 (5.9~10.5) -2.756 0.006
UACR /(mg/g) 53.3(13.9~182.8) 16.6 (8.8~45.9) -4.262 <0.001
FBG /(mmol/L) 8.2 (6.6~11.6) 6.9 (5.5~8.5) -4.469 <0.001
ALT /(U/L) 23.2 (16.2~34.0) 25.1 (17.6~37.0) -1.636 0.102
AST /(U/L) 19.7 (16.0~25.9) 20.6 (17.2~26.2) -1.670 0.095

P values were compared by Mann — Whitney U test, Student ¢ test or x* test as appropriate. BMI: Body mass index; HbAlc: Glycated hemoglo-

bin; TC: Total cholesterol; HDL-C: High—density lipoprotein cholesterol; LDL-C: Low—density lipoprotein cholesterol; TG: Triglyceride; eG-

FR: Estimated glomerular filtration rate; CRP: C-reactive protein; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Indirect Bilirubin;

UACR: Urine albumin creatine ratio; FBG: Fasting blood glucose; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
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DM: diabetes mellitus; no~DM: no diabetes mellitus; no—DR: no diabetic retinopathy; NPDR: nonproliferative diabetic retinopathy. The bilirubin

levels of each group were compared by Mann Whitney U test, P <0.05 indicated that there were differences in bilirubin levels.
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Fig.1 Serum TBIL, DBIL and IBIL levels in each group
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Spearman correlation analysis was used to analyze the correlation between HbA I¢ and TBIL, DBIL or IBIL. P >0.05 means no correlation (r coeffi-

cient is meaningless).

2 % TBIL.DBIL #1 TBIL /K F 5 HbAlc HJX &
Fig.2 Correlation between the serum TBIL, DBIL and IBIL levels and HbAlc
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Bilirubin quartiles

Q1: TBIL <8.7 wmol/L or DBIL <2.9 pmol/L or IBIL <5.9 pmol/
L; Q2: TBIL 8.8 to 11.7 pmol/L or DBIL 3.0 to 3.8 pmol/L or IBIL 6.0
to 7.8 pwmol/L; Q3: TBIL 11.8 to 14.6 pwmol/L or DBIL 3.9 to 5.0 pwmol/
L or IBIL 7.9 to 9.9 pmol/L; Q4: TBIL >14.7 wmol/L or DBIL >5.1
pmol/L or IBIL =10.0 pmol/L.
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Fig.3 The prevalence of NPDR at each bilirubin
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Table 2 Multivariate logistic regression analysis for the association of bilirubin and NPDR

Variables b S, Wald y* P OR OR 95%CI
Intercept -7.785 1.383 31.665 <0.001 = =
Systolic blood pressure 0.019 0.009 4.935 0.026 1.02 (1.00, 1.04)
HbAlc 0.415 0.083 25.323 <0.001 1.52 (1.29,1.78)
TBIL levels

TBIL
Ist quartile 1.062 0.450 5.570 0.018 2.89 (1.20, 6.99)
2nd quartile 1.282 0.441 8.458 0.004 3.60 (1.52, 8.55)
3rd quartile 1.058 0.447 5.603 0.018 2.88 (1.20, 6.92)
4th quartile = = 9.104 0.028 = =
Intercept -7.525 1.365 30.382 <0.001 = =
Systolic blood pressure 0.021 0.009 5.748 0.017 1.02 (1.00, 1.04)
HbAlce 0.403 0.083 23.619 <0.001 1.50 (1.27, 1.76)
DBIL levels

DBIL Ist quartile 1.211 0.414 8.579 0.003 3.36 (1.49, 7.55)
2nd quartile 0.494 0.434 1.297 0.255 1.64 (0.70, 3.84)
3rd quartile 0.356 0.436 0.667 0.414 1.43 (0.61, 3.36)
4th quartile = = 10.028 0.018 = =
Intercept -7.446 1.377 29.236 <0.001 = =
Systolic blood pressure 0.018 0.009 4.435 0.035 1.02 (1.00, 1.04)
HbAlc 0.414 0.083 24.578 <0.001 1.51 (1.28, 1.78)
IBIL levels

IBIL Ist quartile 0.786 0.434 3.279 0.070 2.20 (0.94, 5.14)
2nd quartile 1.271 0.418 9.238 0.002 3.56 (1.57, 8.09)
3rd quartile 0.650 0.449 2.093 0.148 1.92 (0.79, 4.62)
4th quartile = = 9.487 0.023 = =

Gender, duration of disease, HbAlc and systolic blood pressure were taken as the adjusted factors. The highest quartile (4th quartile) was the

reference. Stepwise logistic regression was fitted to estimate the association between bilirubin and NPDR, and the 4th quartile of bilirubin was the
reference. 1st quartile: TBIL <8.7 pmol/L or DBIL <2.9 pmol/L or IBIL <5.9 pmol/L; 2nd quartile: TBIL 8.8 to 11.7 pmol/L or DBIL 3.0 to 3.8
pmol/L or IBIL 6.0 to 7.8 pmol/L; 3rd quartile: TBIL 11.8 to 14.6 pwmol/L or DBIL 3.9 to 5.0 pmol/L or IBIL 7.9 to 9.9 pmol/L; 4th quartile:

TBIL >14.7 pmol/L or DBIL >5.1 wmol/L or IBIL >10.0 pmol/L.

5.82), P =0.029. 4 UACR >30 mg/g i}, fik DBIL
JKAF-(Q1-Q2) ¥ NPDR JXUS: 5 F i85 DBIL 7K F- (Q3-
Q4),0R 95%CI =2.40 (1.14, 5.02), P=0.021, £
LA 20 v, AR 21 2% A1 s IH 21 28 /K8 22 ]
NPDR XU JC 25 5, W3 3,

AT — 2R H ROC il £k 43 #7 DBIL IBIL,
HbAlc F1 UACR /K- % NPDR 4 #0611 . 4%

§7% : DBIL . IBIL . HbAlc #1 UACR X} NPDR f) % 4
BAWMEE ST, AUC 73514 0.63 (0.56, 0.70), P =
0.001; 0.61 (0.54, 0.68) , P=0.005; 0.66 (0.59,
0.74) , P <0.001; 0.71 (0.64, 0.77) , P <0.001,
DBIL ., HbAlc Fil UACR %5 & 1y AUC 4 0.77 (0.71,
0.83) , P<0.001. IBIL,HbAlc il UACR 45 & 1
AUC40.77 (0.71, 0.83), P <0.001, WL.I& 4,
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%3 A [E HbAlcHl UACR 7K F IF4H# NPDR #9 XU
Table 3 The risk of NPDR in subgroup according to HbA1lc levels and UACR levels

HbAlc% <7 HbA1c% >7 UACR <30 mg/g UACR >30 mg/g

Groups NPDR N N

(%) OR (95% CI) (%) OR (95% CI) (%) OR (95% CI) (%) OR (95% CI)
TBIL
Q3-Q4 57 1.00 314 1.00 12.8  1.00 29.5  1.00
Q1-Q2 155 3.03(0.91, 10.01) 424 1.61(0.86,3.00)0 207 1.79(0.80,4.01) 40.8 1.65(0.80, 3.41)
DBIL
Q3-Q4 74 1.00 28.7 1.00 143 1.00 254 1.00
Q1-Q2 137 2.00(0.65,6.18) 452 2.05(1.09,3.86) 188 1.39(0.63,3.10) 449 2.40(1.14, 5.02)
IBIL
03-Q4 54 1.00 29.6  1.00 10.6  1.00 283 1.00

Q1-Q2 164 3.44(1.04,11.38) 433 1.82(0.96, 3.42)

232 2.53(1.10, 5.82) 41.7  1.81(0.87, 3.75)

TBIL in (Q3-Q4) >11.7 mmol/L, TBIL in (Q1-Q2) <11.7 mmol/L; DBIL in (Q3-Q4) >3.8 mmol/L,, DBIL in (Q1-Q2) <3.8 mmol/L; IBIL

in (Q3-Q4) >7.8 mmol/L, IBIL in (Q1-Q2) <7.8 mmol/L.

1.0

: 1=
0.8 :
r ‘Jr_/_‘
- I’
2 0.6 I
= .
b= ~—
=] Lt
04 — DBIL
— IBIL
—— UACR
HbAlc
0.2 DBIL+HbA 1c+UACR
— IBIL+HbA1c+UACR
00002 04 06 08 10
1-Specificity

DBIL + HbAlc + UACR is combining DBIL, HbAlc and UACR;

IBIL + HbAlc + UACR is combining IBIL, HbAlc and UACR
4 DBIL.IBIL.HbA1lc#1 UACR il NPDR # ROC Hf
&Kot
Fig. 4 ROC curve of DBIL, IBIL, HbAlc and UACR to
predict NPDR

3 #
FE XTI BT BRI , BT A Bt 3 AR 21 3%

(TBIL . DBIL 1 IBIL) 5 NPDR XU& £ A & K &,
A NPDR 3~y USSRV 2R o b Ah , AR 0 IR K~

B DIREZK VAT AL 4307, FRAT1 & BRAE IOBE % ) B
4 (HbA 1% <7) s Jofdcit F 8 1 R (UACR <30 mg/
@) PRV R B8 MK TBIL 7KK 2 A5 48 /55 i NPDR
JRUBR: ; 76 MR ) A B (HbA 1% >7) 8 (i (1 2
F1 /K (UACR >30 mg/g) 85 IR 9% 5 & b, fIK DBIL 7K
S H A % B9 NPDR KUK o Ff DBIL 2§ IBIL 5
HbAlc Fll UACR %5 5 7 #F — 20 32 /&5 X NPDR #9 il
MIBETT

55 H AT p 78 45 B — 80, ARG R AT AR
2 5 R A I P W 505 A2 11 2 7R DR R A L
NPDR A5 11485 bR o A T, 4 e o8 vy, I b
27 BT, MAR/KF5 DR B RAETE
38, 7E A 22 FF R IY Hoorn BIFSEHE /R TC FI TG 5 DR
R R ORE L TEAH 56, B Sacks 25 A\ & B DR 5 i £
J R O R S AN R BiR AR AR T HORE DR R
R FH B RE 25 ) R LA AR L, X RN R 2 5
0 IR AR X A i BR K S AR ST X S ep
) NPDR FJAH S HE A

JIRET 2 2 1A PN 2T 240 BBl il A I A 00 7=, 1
WL — EH o e SR Y . 4k, 1
C1Z BT A AR 0 D I A8 A 75 3 1R
Rl 22 1) G, 5 2 mi P IU [A] R A R
T 9 19 30— 300, A WF 53 P % 3 NPDR SB35 19
BBLT R KR T 0 DR BE PRI s, ATk
— KB, 570 DR Wi PR B # A e, NPDR (3%
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Fr AT I LL 2 AR, X mT e i — 2 R W2
B AT REAEE PR A OC L8 I e & Je b R AR R

HHETA KARLLZE KF-5 HbA e [ SR I 5T
i/, Oda K FIHLL K KF 5 HbA le 2 Al
5%, IF HophSr 25 i K SR, ZEFRATT A0
W5 T AT WL DR PR S8 3 I P IR 1 3 K7
T HbA 1e /K- 2 [AI A7 AR SCHK , 7R IRLT 2 K- 7T g
SRS TR 2L FOKE ek R R . Si4h, 3R
e — 2T 2 2 b, FE TR ARG 2 5™
P INIRLT 227K 735 5 NPDR AU 2 A G,
i TBIL 25 55 56 1 26 A AN [ 6 7 T 40F 9 285 SR —
ool i EARWE S, AT — 2 BB TR
DBIL 1 IBIL /K- 2434 Jin 7 NPDR UK , SR A Hb
WR TR S DRIGKER . HAT, X THHL
B FUNE PRI A0 D0 SR A 1 BRI AT 9% L el =, B
—I0 BN SN T PR R £ 3, A9 % RS
IRARLT K5 DR XU 22 8] o] BEAFTE U JE B ™,
PR IR B IE 2T 25 7K S A 2 ) 22 5 DL R IR 4T R 7K
55 DR 56 R 405 F5 o — 2 B T HETE AU B ST

HbA 1e 7K - 2 5 Ik g 10 I SS90 745 2 A K Je (1)
WS fE B 2R, K 22802 BUBE R £ 35 A9 HbA 1c BE
FUKOF R <7% , AT LA Bi7 1k 0 PRI T4 - 0 1) &
A BRI,V 22 OB ) R A AR R B AT K
AT DR AHEGE i 3RATTHE— 2D AR I K -
TR 5B, FE M BEE ] R 47 1) (HbA1e% <7)BEIK
Joa F A T IBIL 7K A9 0 F & 4= NPDR 9 JRUBS:
v, B BV O A ) R 4F G IBIL A ] BB Y in
NPDR A9 XU , 5 0 45 6 B (HbA1c% >7) , ik
DBIL 7K 3 AJ BE 34 /it NPDR (1) & 4= KUK o L A1, H
PR B IR 28 2 W PR f ML 8 I R 2 — , 3
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