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Abstract: Objective To investigate the association between chronic liver disease (CLD) and depression and the mediating role
of nocturnal sleep duration, as well as the consistency of this association between Chinese and American populations.
Methods The data from two databases were integrated , i.e., China Health and Retirement Longitudinal Study (CHARLS) (n=14 225)
in China and National Health and Nutrition Examination Survey (NHANES) (n=11 353) in the United States, and the subjects
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were divided into CLD group and non-CLD group. A stepwise Logistic regression model was used to assess the independent
association between CLD and depression. Bootstrap resampling (1 000 times) was used to quantify the proportion of the mediating
effect of nocturnal sleep duration, and interaction effects were evaluated through stratified analyses based on the factors including
registered residence/race and income. The independent-samples ¢ test was used for comparison of continuous data between two
groups; the chi-square test or the Fisher’s exact test was used for comparison of categorical data; a multivariate Logistic regression
model analysis was used to investigate the association of different types of CLD with depression. Results  After multivariate
adjustment, CLD was significantly associated with the increased risk of depression (CHARLS: odds ratio [OR]=1.76, 95%
confidence interval [CI]: 1.46—2.12, P<0.001; NHANES: OR=1.87, 95%CI: 1.50—2.35, P<0.001). Nocturnal sleep duration
played a partial mediating role in the association between CLD and depression, with a mediating effect accounted for 12.41% in
CHARLS and 2.16% in NHANES (P<0.05). The interaction analysis showed that in CHARLS, the association between CLD and
depression was more significant in the residents with agricultural registered permanent residence (OR=2.07, 95%CI: 1.67—2.57,
P<0.001) , and in NHANES, this association was more significant in the population with moderate poverty income ratio (OR=
2.66, 95% CI: 1.92—3.69, P<0.001). The subtype analysis showed that autoimmune hepatitis (OR=3.63, 95%CI: 1.49—8.88,
P=0.005) , liver cirrhosis (OR=2.46, 95%CI: 1.32—4.60, P=0.005), and fatty liver disease (OR=1.75, 95%CI: 1.27—2.39,
P=0.001) significantly increased the risk of depression, while no statistical significance was observed for viral hepatitis or other
liver diseases (P>0.05). Conclusion This study reveals the significant association between CLD and depression at the population
level and suggests that nocturnal sleep duration may play a partial mediating role, which is consistent between the Chinese and
American populations. These research findings provide quantitative evidence-based support for understanding the underlying

mechanism of CLD-related depression and points out the potential significance of sleep issues in CLD management.
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Figure 1 Flow chart for study population selection
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%1 CLD#3E CLD HAEL451E (CHARLS)
Table 1 Baseline characteristics of CLD group and non-CLD group(CHARLS)

At Hit(n=14225) JECLD# (n=13721)  CLD#4H(n=504) il P
() 592495 592495 59.3+09.1 1=0.067 0.795
P (%) ] X'=1.188 0.005
& 7275(51.1) 7048(51.4) 227(45.0)
3 6950(48.9) 6 673(48.6) 277(55.0)
HERE (%) ] Y=9.314 0.002
CH 3713(26.1) 3611(26.3) 102(20.2)
EXH 10512(73.9) 10 110(73.7) 402(79.8)
USRI (%) ] 0.749
g 11 858(83.4) 11428(83.3) 430(85.3)
BUS5 R 811(5.7) 786(5.7) 25(5.0)
i 1440(10.1) 1394(10.2) 46(9.1)
KU 116(0.8) 113(0.8) 3(0.6)
FE(%) ] X'=4.564 0.033
el A 3252(22.9) 3117(22.7) 135(26.8)
Ak 10973(77.1) 10 604(77.3) 369(73.2)
e[ 4] (%) ] X'=0.846 0.358
Wi 5731(40.3) 5518(40.2) 213(42.3)
Vil 8 494(59.7) 8203(59.8) 291(57.7)
A ] (%) ] X'=5.389 0.145
b 7 O R AR 8 177(57.5) 7902(57.6) 275(54.6)
gk I R T 2796(19.7) 2702(19.7) 94(18.6)
I P R A AT 317(2.2) 301(2.2) 16(3.2)
IR P R AR T 2935(20.6) 2816(20.5) 119(23.6)
RR B (%) ] Y'=20.351 <0.001
& 12 282(86.3) 11881(86.6) 401(79.6)
= 1943(13.7) 1.840(13.4) 103(20.4)
5y [ (%) ] Y'=6.822 0.009
En 11 866(83.4) 11467(83.6) 399(79.2)
= 2359(16.6) 2254(16.4) 105(20.8)
R[] AR K (h) 64+1.9 64+1.9 6.1+2.0 1=9.647 0.002
L (%) ] X'=22.541 <0.001
MR 8 588(60.4) 8311(60.6) 277(55.0)
WEAE Y 1218(8.6) 1146(8.3) 72(14.3)
H s 4419(31.0) 4264(31.1) 155(30.7)
WA (%) ] Y=14.241 <0.001
MR WA 8514(59.9) 8248(60.1) 266(52.8)
REAE W 40 1302(9.1) 1237(9.0) 65(12.9)
H AT AR 4409(31.0) 4236(30.9) 173(34.3)
SIS (43) 7.0(3.0 ~ 12.0) 7.0(3.0 ~ 12.0) 9.0(4.0 ~ 15.0) 1=39.896 <0.001
L1 (%) ] X'=28.899 <0.001
7 9007(63.3) 8 745(63.7) 262(52.0)
= 5218(36.7) 4976(36.3) 242(48.0)
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%2 CLD#3E CLD HEL451E (NHANES)
Table 2 Baseline characteristics of CLD group and non-CLD group (NHANES)

Ag i BiF(n=11353)  HECLD41(n=10754) CLD 4 (n=599) ESRARIE] PIA
(%) 520+17.3 51.7+174 572+13.5 1=58.642 <0.001
P[5 (%) ] ¥'=0.126 0.723
% 5368(47.3) 5089(47.3) 279(46.6)
& 5985(52.7) 5665(52.7) 320(53.4)
P B (%) ] X'=39.168 <0.001
JEVEBEAFFAA 5394(47.5) 5110(47.5) 284(47.4)
VIS FRA 2254(19.8) 2187(20.3) 67(11.2)
HITEFEEEA 1039(9.2) 973(9.1) 66(11.0)
HiAh, 2 666(23.5) 2484(23.1) 182(30.4)
HERE (%) ] Y'=6.746 0.034
<9Q4E 554(4.9) 513(4.8) 41(6.8)
9~ 124 3574(31.5) 3376(31.4) 198(33.1)
>S124F 7225(63.6) 6 865(63.8) 360(60.1)
USR5 (%) ] Y'=7.684 0.021
=y 6 459(56.9) 6 104(56.8) 355(59.3)
S Y 2679(23.6) 2526(23.5) 153(25.5)
AL I 2215(19.5) 2124(19.7) 91(15.2)
PIR[ (%) ] X=10.129 0.006
<13 2813(24.8) 2638(24.6) 175(29.2)
13~35 4347(38.3) 4112(38.2) 235(39.2)
>3.5 4193(36.9) 4004(37.2) 189(31.6)
A H B A BE R A (h) 7.6+1.6 76+1.6 75+1.8 t=4.360 0.037
WA 1 (%) ] X=27.992 <0.001
A A 6 544(57.6) 6261(58.2) 283(47.2)
WEAT 2 0 2902(25.6) 2711(25.2) 191(31.9)
H iy A 1907(16.8) 1782(16.6) 125(20.9)
L (%) ] X'=48.330 <0.001
MR 961(8.5) 915(8.5) 46(7.7)
RVl 2053(18.1) 1881(17.5) 172(28.7)
H A s 8339(73.4) 7958(74.0) 381(63.6)
PABEES (43) 2.0(0.0~5.0) 2.0(0.0~5.0) 3.0(1.0 ~ 8.0) 1=62.245 <0.001
PR (%) ] X'=38.261 <0.001
1w 10 133(89.3) 9 644(89.7) 489(81.6)
P 1220(10.7) 1110(10.3) 110(18.4)

1 CLD, M2 VERFHG s NHANES, 36 [ [ 5 i i 5 8 FR K A i 2

&3 CLD 5#88#yiZ 8 E Y3547 (CHARLS)
Table 3 Logistic regression analysis of CLD and depression (CHARLS)

o . R | R 2 A 3
AR g IARLHI(%) ] - -
OR(95%CI) PIE OR(95%CI) P& OR(95%CI) P&
4k CLD 13721  4976(36.3) 1.00 1.00 1.00
CLD 504 242(48.0)  1.62(1.36~1.94) <0.001 1.81(1.51~2.18) <0.001 1.76(1.46~2.12) <0.001

T A | R R A B 2 v AR Y MRS R B P O R AR 5 AR 3 AR 2 g S b TR AR R K
WA . CLD, P2 PR ; CHARLS, Y Rl 15 27 8 R4 OR, EL{E HE s €1, AR XA,

5875 DR 5 AR S AR KU b AR 20 BB R SRR I AT XU 2 A e i A A
I, BRIV COR=1.75) 5 3VAR (4 G 6 3 B VAR T FRE AL a7 207, i SR AL T 11 450 B e e T4 DR o o o 7 o 1 48
(OR=2.46)F1 [ B s PEIF 4 (OR=3.63) . X AIAEIEH  %E AL A PR 3T 0, FL S 9MAR Y G I 25
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*F4 CLD 5###9Z 45 E Y35 #7 (NHANES)

Table 4 Logistic regression analysis of CLD and depression (NHANES)

= " R | FEI 2 A 3
e i W) ) — s PIH OR(95%CI) PIH OR(95%CI) P
JECLD 10754  1110(10.3) 1.00 1.00 1.00
CLD 599 110(18.4)  1.95(1.57~2.43) <0.001 1.98(1.58~2.47) <0.001 1.87(1.50~2.35) <0.001
WA B MR 0 PR AR M ) PRI B 3 ZEAL 2 (G LA [V TSI AT A LG RO RIE AR . CLD M8

ey LB L IF ST

TEOSCHLS

JHT s NHANES , € [ [ S A 5 08 FR A A5 AT s OR, A He s CF, B A X

&5 CLD 5M#EBRILAE S HF13Z BAEA 547 (CHARLS)
Table 5 Subgroup analysis and interaction of CLD and depression (CHARLS)

W A OR(95%CI) PH P, |4 A5 it OR(95%CI) P P,
P 0.402 | W HH 0.155
7k dECLD 1.00 MR AR JECLD 1.00
CLD 1.91(1.45~2.53) <0.001 CLD 1.94(1.50 ~2.51)  <0.001
Bk JECLD 1.00 R JECLD 1.00
CLD 1.65(127~2.13) <0.001 CLD 1.01(0.58~1.79)  0.962
HERE 0.263 |  HHTMRIE 4k CLD 1.00
XH JECLD 1.00 CLD 1.85(1.35~2.54)  <0.001
CLD 2.18(1.43~333) <0.001 PR 0.002
EXCH JECLD 1.00 el 4k CLD 1.00
CLD 1.67(1.35~2.07) <0.001 CLD 1.04(0.68 ~ 1.57)  0.868
IS4 0.192 | Ak JECLD 1.00
LI JECLD 1.00 CLD 2.07(1.67~2.57) <0.001
CLD 1.67(1.36 ~2.05) <0.001 SR 0.831
B JECLD 1.00 W JECLD 1.00
CLD 2.34(0.98 ~5.61) 0.056 CLD 1.73(1.29 ~232)  <0.001
i JEcLD 1.00 LAY JEcLD 1.00
CLD 2.16(1.13~4.12)  0.019 CLD 1.79(1.40 ~2.29)  <0.001
E N JECLD 1.00 R 0.006
CLD 12 464 056.58"”  0.991 oAl dECLD 1.00
BIEY/N 0.012 | EAELRN CLD 1.88(1.47 ~2.42)  <0.001
& dECLD 1.00 A al| JECLD 1.00
CLD 1.97(1.60 ~2.42)  <0.001 JE Sk CLD 275(1.79 ~425)  <0.001
P JECcLD 1.00 Wil P A JECLD 1.00
CLD 1.03(0.64 ~1.65) 0916 JRAEART CLD 055(0.14~2.22)  0.405
L} 0.126 | I 4k CLD 1.00
PE RS 4k CLD 1.00 JE A CLD 1110072~ 1.73)  0.633
CLD 2.07(1.61 ~2.66) <0.001 HRR 0.904
BEAE R JECLD 1.00 & dECLD 1.00
CLD 1.38(0.84 ~2.29)  0.206 CLD 1.78(1.44 ~2.20)  <0.001
H T JECLD 1.00 s 3ECLD 1.00
CLD 1.44(1.01 ~2.06) 0.042 CLD 1.68(1.10~2.56)  0.016

T DCLD RSB A 301, S EREAR DA fr 758 0 B LR, OR (B 34 K VELAR X TR DGR Y™K SR $ it . CLD, 18 P8 F 0 5

CHARLS, ' [E il e 5 337 2B EE WA s OR, LA L s €T, BHE X ]

BRI o R ARBIFE T 3 — 2 DX A3 AN [R) 95 14 R S PR L
] S A AR ) I

A H AT SR, 7E CHARLS #E A H, CLD 5 p O
I R AR SRR S B BEAE . 20
FH, CLD 5 4MAR A JC I AE A 7 1 AHE h B Sk 3

(OR=2.07,P<0.001) , HA . 7 1 ABE TG JEAE T AR A
MR, B HA G E2E R S WA R R R
pUE-ZNITE S QUM V TS QISP SEL Y N RS L
i (OR=1.97,P<0.001) . {E NHANES #£A 1, CLD 5 Fh
W5 B B R WA AR B S BAE R o 43 )2 i B,
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%6 CLD 5#ERRIEA 5 473 BAE A5 # (NHANES)
Table 6 Subgroup analysis and interaction of CLD and

depression(NHANES)

W20 A OR(95%CI) ~ P{H Py
P 0.463
ik JECLD 1.00
CLD 1.70(1.18 ~2.45) 0.004
g-gis JECLD 1.00
CLD 2.00(1.50 ~ 2.67) <0.001
e 0.042
AEPEAF A JECLD 1.00
CLD 2.20(1.61 ~ 3.00) <0.001
JEVEEEFFEAN JECLD 1.00
CLD 3.27(1.79 ~ 5.95) <0.001
HPEEELREA JECLD 1.00
CLD 0.80(0.33 ~1.94) 0.621
HAh JECID 1.00
CLD 1.28(0.81~2.03) 0.291
HEE 0.844
<94 JECLD 1.00
CLD 1.46(0.63 ~3.41) 0.382
9~ 124F 4k CLD 1.00
CLD 1.92(1.33 ~2.76) <0.001
>124F JECLD 1.00
CLD 1.87(1.38 ~2.55) <0.001
SR 0.981
i/ 5ARE  dECLD 1.00
CLD 1.83(1.32 ~2.55) <0.001
T/l s JdECLD 1.00
CLD 1.84(1.23 ~2.74) 0.003
ML dECLD 1.00
CLD 1.90(1.16 ~3.12) 0.011
TR L 0.030
<13 dECLD 1.00
CLD 1.44(0.98 ~2.10) 0.062
13~35 JECLD 1.00
CLD 2.66(1.92 ~3.69) <0.001
>3.5 JECLD 1.00
CLD 1.28(0.72 ~2.28) 0.401
W2 A 0.493
AR dECLD 1.00
CLD 1.58(1.09 ~2.28) 0.016
PR A IR R JECLD 1.00
CLD 1.89(1.25~2.85) 0.003
H i 0] 1.00
CLD 2.33(1.54 ~ 3.53) <0.001
R 0.493
MR JECLD 1.00
CLD 1.26(0.49 ~3.24) 0.625
FEAEATH dECLD 1.00
CLD 1.59(1.04 ~2.43) 0.031
ERilgvell] JECLD 1.00

CLD 2.09(1.58 ~ 2.76) <0.001

s CLD, 18 P T s NHANES, 32 8 [F K fil B 55 FR A A Ji 4 ;

OR, WAl I CI, B A5 X

&ial
| BEREK

.
.
’
’

S oA 12.41% N,

;0 EREEHE0.015T N\
L7 [EERRI95%CI: 0.006 2~0.024 7, P=0.001 R
B EHE:0.126 5 4

[T N R > 18D

TE : CLD, 48405 ; CHARLS, P [ i B b5 35 30 B Y
2 REBRATEXT CLD 54088 5K Bk B 5 91 380 5L 43 4
(CHARLS)
Figure 2 Mediating effect analysis of sleep duration on the
association between CLD and depression (CHARLS)
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Figure 3 Mediating effect analysis of sleep duration on the
association between CLD and depression (NHANES)
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Figure 4 Forest plot of depression risk across chronic liver diseases of various etiologies (NHANES)
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