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ABSTRACT

Introduction and Objectives: Major depressive disorder (MDD) is a major psychiatric complication of liver
transplantation (LT). Here, we aimed to analyze the impact of de novo MDD on survival post-LT and identify
risk factors for this disorder among LT recipients.
Materials and Methods: A retrospective analysis was conducted on 1350 LT recipients at Severance Hospital,
Korea, from July 2005 to December 2022. Patients with MDD were matched 1:5 with controls using a nested
case-control design to control for immortal time bias.
Results: During follow-up post-LT, 58 patients (4.3 %) were newly diagnosed with MDD. The median time
from LT to MDD diagnosis was 316 (interquartile range 46—920) days. Patients with MDD had significantly
lower graft survival rates than controls at 1, 3, and 5 years after matching (89.5 %, 75.3 %, and 66.5 % vs.
95.5 %, 91.5 %, and 86.4 %, respectively; P =0.003). Multivariable Cox regression identified de novo MDD as an
independent risk factor for reduced graft survival (hazard ratio 2.39, 95 % confidence interval [CI] 1.15-4.98,
P =0.003). Independent risk factors for de novo MDD included female sex (odds ratio [OR] 2.29, 95 % CI 1.16
—4.53, P=0.017), alcoholic liver disease (OR 2.36, 95 % CI 1.16—4.75, P = 0.016), pre-transplant encephalopa-
thy (OR 2.95, 95 % CI 1.49-5.79, P = 0.002), and lower hemoglobin levels (OR 0.85, 95 % CI 0.73—0.98,
P=0.025).
Conclusions: In our matched population of nested case controls, de novo MDD significantly reduced the sur-
vival of LT recipients. Screening and early intervention are required for LT recipients with risk factors for
MDD.

© 2025 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espaiia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

10-year survival of LT recipients with high depression levels was
approximately 23 % lower than that of LT recipients with low depres-

Liver transplantation (LT) has emerged as a definitive treatment
for patients with end-stage liver disease and unresectable hepatocel-
lular carcinoma (HCC), resulting in substantial improvements in sur-
vival and quality of life [1]. However, the posttransplantation period
introduces a new set of challenges, including the onset of psychiatric
complications [2]. Major depressive disorder (MDD) is of particular
concern owing to its prevalence and impact on LT outcomes. At least
30 % of patients with liver cirrhosis and up to 40 % of LT recipients
reportedly experience depressive symptoms [3,4]. Furthermore, the

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval; HCC, Hepatocellular
Carcinoma; HR, Hazard Ratio; IQR, Interquartile Range; LDLT, Living Donor Liver Trans-
plantation; LT, Liver Transplantation; MDD, Major Depressive Disorder; MELD, Model
for End-Stage Liver Disease; OR, Odds Ratio; POD, Post-Operative Day
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sion levels [4].

One hypothesis on how MDD negatively affects LT survival sug-
gests that MDD reduces adherence to immunosuppressive medica-
tions and engagement in post-operative clinical follow-up [5,6].
Another social theory proposes that MDD is related to weight gain
and reduced physical inactivity, thereby hindering post-operative
rehabilitation [7]. Possible biological explanations for MDD include
increased activity of the hypothalamic-pituitary-adrenal axis and glu-
cocorticoid resistance, which may, in turn, increase the risk of graft
rejection [8]. Furthermore, serotonin, acting on the 5HT-2b receptor,
appears to promote hepatocyte growth, which is another link
between MDD and poor outcomes after LT [9]. Similar to non-recipi-
ents, the increased incidence of suicide in patients with depression
can negatively impact the survival of LT patients [10].

To improve patient outcomes, it is crucial to predict high-risk
patient groups for MDD after LT and implement appropriate
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screening and early intervention [11]. Several risk factors for depres-
sion have been reported, including previous depression, younger age,
living alone, and unemployment [4,7,12]. However, evidence of de
novo MDD post-LT remains poorly investigated. The causes underly-
ing survival and mortality after LT vary considerably among patients,
and the timing of MDD onset ranges from short- to long-term. There-
fore, an analysis that adjusts for immortal time bias due to time of
occurrence is necessary [13]. In the current study, we aimed to ana-
lyze the impact of de novo MDD on patient survival following LT and
identify potential MDD risk factors among LT recipients.

2. Materials and Methods
2.1. Study population and data collection

We conducted a retrospective analysis of 1385 LTs performed at
Severance Hospital, Korea, from July 2005 to December 2022. Exclu-
sion criteria were patients under 18 years of age (n = 129) and those
diagnosed with MDD prior to LT (n = 45), resulting in 1350 eligible LT
patients. De novo MDD was defined as a new diagnosis made by
expert psychiatrists after LT, based on the DSM-IV or DSM-V criteria,
depending on the period of diagnosis, regardless of the use of antide-
pressant medications. The baseline characteristics of the recipients,
donors, and transplant factors were retrieved from the institutional
LT database. After applying a nested case-control design, various lab-
oratory results on the index post-operative day (POD) for each
patient were integrated into the matched cohort. Additional data on
the marital status, religion, and primary caregiver post-LT were
extracted from the medical records. Data on surgical complications,
rejection episodes, and newly initiated dialysis before the index POD
were also collected. For the living donor LT (LDLT) subgroup, donor
information such as age, sex, relationship with the recipient, and
post-operative data, including complications, hospital stay, and read-
mission after donor hepatectomy, were included.

2.2. Nested case-control matching

To control for the immortal time bias from LT to de novo MDD,
patients newly diagnosed with MDD (MDD group) were matched in a
1:5 ratio with controls (control group) using a nested case-control
design [14]. Possible controls, i.e.,, who had not yet been diagnosed
with MDD (irrespective of future diagnosis), were randomly sampled
at the time points (index POD) corresponding with the MDD diagno-
sis of the MDD group. To ensure a balanced follow-up duration, the
year of LT was mandatorily matched during the sampling process.
The type of donor (deceased donor LT or LDLT) was also exactly
matched between the groups due to the typically higher pretrans-
plant comorbidities in our cohort, which is attributed to severe
regional organ shortages [15]. Patients selected as controls at specific
time points could be reused as potential controls at subsequent sam-
pling times for the MDD group, provided they had not been previ-
ously diagnosed with MDD. The resulting left-truncated data were
followed from the index POD until death, re-transplantation, five
years after the sampling time, or June 2023, whichever came first. If
control participants were diagnosed with MDD thereafter, they were
censored at the time of their first MDD diagnosis.

2.3. Statistical methods

Data were presented according to normality: categorical variables
as numbers (percentages) and continuous variables as medians
(interquartile range [IQR]). To compare the MDD group with controls,
the chi-square test or Wilcoxon rank-sum test was used, as appropri-
ate. Graft survival following the index POD was compared between
the two groups using the Kaplan—Meier curve and log-rank test to
evaluate the impact of MDD on graft survival, thus eliminating
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immortal time bias. Additionally, the relationship between MDD and
graft survival was assessed by performing univariable and multivari-
able Cox regression analyses. Baseline information and graft survival
were also compared between LDLT subgroups to determine whether
MDD exerted distinct effects on this cohort. Risk factor analyses for
de novo MDD were conducted using multivariable logistic regression,
including covariates with P < 0.1 in univariable models. Given the
number of events in the matched cohort, variables in the multivari-
able model were selected using the backward stepwise method. All
analyses were performed using the R statistical package, version
44.1 for macOS (http://cran.r-project.org), with the significance
threshold set at P < 0.05.

2.4. Ethical statement

All study procedures were conducted in accordance with the Dec-
laration of Helsinki, as revised in 2013. The Institutional Review
Board of Severance Hospital approved this study (4—-2024-1092),
and the requirement for patient consent was waived owing to its ret-
rospective design.

3. Results

Among the 1350 eligible LT patients, 58 (4.3 %) were newly diag-
nosed with MDD during median follow-up of 1528 days (IQR 495
—3095) (Fig. 1). The median time from LT to de novo MDD diagnosis
was 316 days (IQR 46—920) (Figure S1). Annual incidence of post-LT
MDD was 0.8 per 100 person-years. Of those diagnosed with MDD,
38 (65.5 %) used antidepressants, whereas 20 (34.5 %) did not use any
antidepressants until the last follow-up. The types of antidepressants
primarily used were selective serotonin reuptake inhibitors (n = 13),
trazodone (n = 14), noradrenergic and specific serotonergic antide-
pressants (n = 8), tricyclic antidepressants (n = 2), and serotonin and
norepinephrine reuptake inhibitors (n = 1).

3.1. Baseline characteristics

As shown in Table 1, the age of patients in both the MDD and con-
trol groups was comparable (53 [IQR 43—59] years in the MDD group
vs. 55 [IQR 50—61] years in the control group, P = 0.053). The propor-
tion of females was higher in the MDD group than in the control
group (39.7 % vs. 23.4 %, P = 0.016). Body mass index (BMI) was lower
in the MDD group than in the control group (23.0 [IQR 21.1-24.8] kg/
m? vs. 23.9 [IQR 21.8—26.1] kg/m?, P=0.025). Both groups had similar
rates of hypertension (22.4 % vs. 22.4 %, P > 0.999) and diabetes melli-
tus (20.7 % vs. 32.1 %, P=0.117). Underlying liver disease differed sig-
nificantly between the groups (P = 0.001), with viral causes being
more common in the control group (44.8 % vs. 65.5 %) and alcohol-
related causes being more prevalent in the MDD group (46.6 % vs.
22.1 %). HCC was less frequent in the MDD group than in the control
group (34.5 % vs. 51.4 %, P = 0.027). The pre-transplant model for
end-stage liver disease score was significantly higher in the MDD
group than in the control group (21 [IQR 11-28] vs. 14 [IQR 9-23],
P = 0.045). Both groups had similar rates of pre-transplant dialysis
(5.2 % vs. 8.3 %, P = 0.591) and refractory ascites (17.2 % vs. 22.4 %,
P = 0.484). However, the occurrence of encephalopathy was signifi-
cantly higher in the MDD group than in the control group (43.1 % vs.
16.2 %, P < 0.001). Donor age, sex, and BMI showed no significant dif-
ferences (P = 0.729, P > 0.999, and P = 0.995, respectively). Operative
times were comparable between the groups (P = 0.981); however,
the volume of red blood cell transfusions was higher in the MDD
group than in the control group (5 [IQR 4—10] L vs. 4 [IQR 1-8] L,
P =0.034). The proportion of unmarried individuals was significantly
higher in the MDD group than in the control group (12.1 % vs. 5.2 %,
P = 0.94). The proportion of non-religious individuals was similar
between the groups (48.3 % vs. 57.1 %, P = 0.274). The main caregivers
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Fig. 1. Study flow for a nested case-control study.

Table 1
Baseline characteristics of patients.
Variables MDD Control P
(n=58) (n=290)

Age 53 (43-59) 55(50-61) 0.053
Sex, female 23(39.7) 68 (23.4) 0.016
BMI, kg/m? 23.0(21.1-24.8) 23.9(21.8-26.1) 0.025
Year of LT >0.999

2012-2015 15(25.9) 75 (25.9)

2016-2018 24 (41.4) 120 (41.4)

2019-2021 19(32.8) 95(32.8)
Hypertension 13(22.4) 65 (22.4) >0.999
Diabetes mellitus 12(20.7) 93(32.1) 0.117
Cardiovascular disease 8(13.8) 19(6.6) 0.107
Underlying liver disease 0.001

Viral 26 (44.8) 190 (65.5)

Alcoholic 27 (46.6) 64(22.1)

Others 5(8.6) 36(12.4)
HCC 20(34.5) 149 (51.4) 0.027
Pretransplant MELD 21(11-28) 14(9-23) 0.045
Pretransplant in-hospital stay 32 (55.2) 119 (41.0) 0.066
Pretransplant dialysis 3(5.2) 24 (8.3) 0.591
Refractory ascites 10(17.2) 65(22.4) 0.484
Encephalopathy 25(43.1) 47(16.2) <0.001
Retransplantation 1(1.7%) 6(2.1%) 0.424
ABO incompatibility 9(15.5) 25(8.6) 0.170
Donor type >0.999

Living 200 (69.0) 40 (69.0)

Deceased 18(31.0) 90(31.0)
Offspring donor 23(39.7) 139(48.1) 0.302
Donor age 34 (25-47) 36 (27-47) 0.729
Donor sex, female 22(37.9) 113 (39.0) >0.999
Donor BMI 23.0(20.6-24.8) 22.7(20.8—24.8) 0.995
Operation time, min 615 (495-678) 600 (480—690) 0.981
RBC transfusion, L 5(4-10) 4(1-8) 0.034
Unmarried 7(12.1) 15(5.2) 0.094
Non-religious 28 (48.3) 164 (57.1) 0.274
Main caregiver 0.002

Spouse 35(60.3) 206 (71.0)

Offspring 9(15.5) 52(17.9)

Parent 9(15.5) 9(3.1)

Others 5(8.6) 23(7.9)

BMI, body mass index; HCC, hepatocellular carcinoma; LT, liver transplantation; MELD,

model for end-stage liver disease; RBC, red blood cell; MDD, major depressive disorder.

were spouses in the control group (60.3 % vs. 71.0 %), while parents
were the more common caregivers in the MDD group (15.5 % vs.
3.1 %, P=0.002).

3.2. Information at index POD

Several laboratory and clinical parameters were compared with
the matched POD indices (Table 2). Levels of total bilirubin
(0.9 mg/dL [IQR 0.6—1.4] vs. 0.7 mg/dL [IQR 0.5-1.1], P = 0.076),
aspartate aminotransferase (22 [U/L [IQR 16—43] vs. 22 IU/L [IQR 18
—31], P = 0.789), and alanine aminotransferase were comparable
(14 IU/L[IQR 11-27] vs. 16 IU/L [IQR 11-29], P = 0.493) between two
groups. The international normalized ratio was higher in the MDD
group (1.0 [IQR 0.9—1.1] vs. 0.9 [IQR 0.9—1.0], P = 0.014) than that in
the control group. The hemoglobin level at index POD was signifi-
cantly lower in the MDD group than in the control group (11.4 g/dL
[IQR 9.4—13.5] vs. 12.6 g/dL [IQR 10.9—-14.0], P = 0.002), whereas
white blood cell and platelet counts were similar between the
groups. The rates of prior rejection (22.4 % vs. 22.8 %, P > 0.999), bile
duct complications (25.9 % vs. 22.1 %, P = 0.647), and vascular compli-
cations (3.4 % vs. 4.8 %, P = 0.909) were similar between the groups.
The proportion of patients who started dialysis before the index POD
was comparable between the two groups (13.8 % vs. 9.3 %, P = 0.425).
Regarding immunosuppression, mean tacrolimus trough level and
intrapatient variability were similar between groups. The use of each
immunosuppressive drugs was similar between the MDD and control
groups.

3.3. Impact of de novo MDD on graft survival

In the Kaplan—Meier analysis, graft survival (death or re-LT) fol-
lowing the index POD was significantly lower in the MDD group than
in the control group, with 1-, 3-, and 5-year survival rates of 89.5,
75.3 %, and 66.5 %, respectively, versus 95.5, 91.5, and 86.4 % in the
no-MDD group (P < 0.001, Fig. 2). Both univariate and multivariate
Cox regression models identified post-LT de novo MDD as an inde-
pendent risk factor for graft survival in the matched cohort, with a
hazard ratio of 2.39 (95 % confidence interval [CI] 1.15—4.98, Table
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Table 2
Information at index POD.

Variables * MDD Control P
(n=58) (n=290)

Total bilirubin, mg/dL 0.9(0.6-1.4) 0.7 (0.5-1.1) 0.076
AST, IU/L 22 (16-43) 22(18-31) 0.789
ALT, IU/L 14(11-27) 16 (11-29) 0.493
INR 1.0(0.9-1.1) 0.9(0.9-1.0) 0.014
Creatinine, mg/dL 1.0(0.8-1.2) 1.0(0.8-1.2) 0.908
White blood cell, 103/uL 5.5(4.3-7.3) 5.6 (4.5-7.0) 0.855

Hemoglobin, g/dL 11.4(9.4-13.5) 12.6(10.9-14.0) 0.002
Platelet, 10°/uL 161(110-227)  174(122-212)  0.715
Prior rejection 13(224) 66 (22.8) >0.999
Prior bile duct complication 15(25.9) 64(22.1) 0.647
Prior vascular complication 2(34) 14(4.8) 0.909
Start dialysis before index pod 8(13.8) 27(9.3) 0.425
Immunosuppressant use
Tacrolimus trough level, mean 6.5 (5.4-8.0) 6.5(5.1-7.7) 0.547
Tacrolimus trough level, IPV 41.5(35.8-55.9) 40.1(31.2-52.5) 0.081
Tacrolimus use” 58 (100.0) 289(99.7) >0.999
Cyclosporin use” 0(0.0) 2(0.7) >0.999
Mycophenolate mofetil use” 47 (81.0) 182(72.8) 0.102
mTOR inhibitor use” 8(13.8) 77 (16.6) 0.258
Steroid use” 58(100.0) 290 (100.0) -

@ :values were acquired from LT to index POD in each patient.

P : use of each immunsuppressants was defined as prescription at over 50 % of
post-transplant days before index POD
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ICU, intensive care
unit; INR, international normalized ratio; IPV, intrapatient variability; POD, post-
operative day; MDD, major depressive disorder; LT, liver transplantation.

S1). In the MDD group, graft failure was the most common cause of
death (n = 5, 33.3 %), followed by infection (n = 4, 26.7 %) and recur-
rent HCC (n = 3, 20.0 %, Fig. 3). In the control group, the most common
causes of death were recurrent HCC (n = 11, 37.9 %) and infection
(n =11, 37.9 %), followed by graft failure (n = 5, 17.2 %). Among
patients with graft failure, the most common cause was patient death
with a functioning graft, accounting for 56.2 % in the MDD group and
82.8 % in the control group (Table S2). The second most common
cause in the MDD group was alcohol recidivism (18.8 %), compared to
only one case (3.4 %) in the control group. Among patients with
underlying alcoholic liver disease, alcohol recidivism was the
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underlying cause of graft failure in three of 27 patients in the MDD
group (11.1 %) and in one of 64 patients (1.6 %), although the differ-
ence was not significant (P = 0.142).

3.4. Comparison of survival between subgroups

Among the MDD group (38 with antidepressant medication, 20
without medication), graft survival did not differ, regardless of the
use of antidepressants (P = 0.840, Figure S2). In the LDLT subcohort,
there were no significant differences in living donor information,
including donor age, sex, relationship, donor complications, and
readmission (Table S3). Graft survival was significantly lower in the
MDD group than in the control either in LDLT patients (72.1 % vs.
90.0 %, P = 0.002, Figure S3)

3.5. Risk factors for de novo MDD

In both univariable and multivariable logistic regression analyses
(Table 3), the independent risk factors for MDD following LT were
identified as female sex (odds ratio [OR] 2.29, 95 % CI 1.16—4.53),
alcoholic liver disease (OR 2.36, 95 % CI 1.16—4.75), and pre-trans-
plant encephalopathy (OR 2.95, 95 % CI 1.49-5.79). Among the labo-
ratory values at the index POD, serum hemoglobin showed a
significant inverse relationship with MDD (OR 0.85, 95 % CI 0.73
—0.98). The MDD group had significantly lower pre-LT hemoglobin
than the control group (10.9 + 2.2 vs. 10.0 £+ 1.9, P = 0.005), with a
similar trend observed during the follow-up period (Figure S4). Based
on risk factor analyses in subgroups according to recipient sex, hemo-
globin showed significant association in male patients (OR 0.82, 95 %
CI 0.69-0.97) and marginal association in female patients (OR 0.79,
95 % C10.61-1.02, Table S4)

4. Discussion

The improved prognosis following LT has shifted the focus toward
the mental health of LT recipients [16]. MDD, a common psychologi-
cal problem in LT recipients, can markedly impact medication adher-
ence to immunosuppressants and eventually affect overall survival
and quality of life. Therefore, identifying the risk factors for MDD and
implementing appropriate clinical interventions are essential for

1.009 ==~ "
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— 0.751 B _
(1] [
= " t=ee==ea=--
2
7 0.501
©
© ' Control
0.25
P<0.001 -- MDD
0.00+1
0 1 2 3 4 5
Year from index POD
Number at risk
290 232 200 161 134 113
MDD 58 51 36 28 22 19

Fig. 2. Graft survival after matched index POD between the MDD and control groups.POD, post-operative day; MDD, major depressive disorder
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MDD group

Causes of Death
Malignancy except recurred HCC
Cerebrovascular accident
Bleeding
Recurred HCC
Infection
Graft failure

Fig. 3. Causes of death among matched population.HCC, hepatocellular carcinoma; MDD, major depressive disorder

improving the prognosis and enhancing the quality of life of LT recipi-
ents. In the current study, we detected an independent association
between de novo MDD and LT survival, along with associated risk fac-
tors, efficiently controlling for immortal time bias via a nested case-
control design.

Cross-sectional studies examining depressive symptoms have
reported that 30—40 % of LT recipients experience depressive symp-
toms [4]. However, in this study, the incidence of de novo MDD was
4.3 %. In a Korean population-based study, depression was the most
common psychological disease during the post-LT period, with a
prevalence of 37.5 %. However, among patients without pre-LT
depression, only 60 of 3758 (approximately 1.6 %) were diagnosed
with a depressive disorder post-LT [2]. The age-standardized preva-
lence of MDD among Korean adults was reported to be 5.6 % as of
2016 [17]. Additionally, the incidence of MDD in patients with
chronic liver disease has been reported as 7.54 per 100 person-years
in a population-based study utilizing claims data [18]. However,
direct comparison with the incidence reported in our study is limited,
as our study employed diagnostic criteria such as DSM-IV or V and
diagnoses were confirmed by psychiatrists. Furthermore, Given that
the follow-up period in this study was longer than that in the popula-
tion-based study, and the data from this single center were more pre-
cise, the incidence of MDD in our population appears to be a
reasonable figure. It is important to note that this study did not

Table 3
Risk factors for de novo MDD after LT.

Univariable Multivariable®
Variables OR (95 % CI) P OR (95 % CI) P
Age 0.96 (0.93-0.99) 0.005
Female 2.15(1.18-3.86) 0.012 2.29(1.16—4.53) 0.017
BMI 0.89(0.81-0.98) 0.014 0.92(0.84-1.01) 0.083
Diabetes mellitus 0.55(0.27-1.06) 0.088
Cardiovascular disease 2.28(0.90-5.34) 0.066
Alcoholic liver disease 3.08(1.71-5.53) 0.001 2.36(1.16—4.75) 0.016
HCC 0.50(0.27-0.89)  0.020
Pretransplant MELD 1.03 (1.00-1.05) 0.036
Pretransplant in-hospital stay 1.77 (1.00-3.14) 0.049
Encephalopathy before LT 3.92(2.13-7.19) 0.001 2.95(1.49-5.79) 0.002
AST at index POD 1.01(1.00-1.02) 0.044
Hemoglobin at index POD 0.80(0.70-0.91) 0.001 0.85(0.73-0.98) 0.025
Unmarried 2.52(0.92-6.29) 0.056

Caregiver, parent 5.73(2.14-15.40) 0.001 2.77(0.83-9.16) 0.093

2 Model was established using the backward stepwise method.
Only variables with a P value <0.1 in the univariable analysis are presented.
AST, aspartate aminotransferase; BMI, body mass index; HCC, hepatocellular carci-
noma; LT, liver transplantation; MELD, model for end-stage liver disease; POD, post-
operative day; MDD, major depressive disorder; OR, odds ratio; Cl, confidence interval.

screen all the patients who were not referred for psychiatric assess-
ment using a depression scale.

Hypotheses for the reduced LT survival associated with depres-
sion include decreased adherence to treatment and management,
including immunosuppressants, and reduced physical activity [5,6].
However, given the retrospective nature of this study, the hypotheses
were difficult to analyze. Alcohol consumption is currently the lead-
ing cause of liver disease requiring liver transplantation, surpassing
viral hepatitis in the United States [16]. Post-LT alcohol recidivism
rates vary widely depending on the definition used, ranging from 10
to 50 % [19]. In South Korea, although the rate of post-transplant alco-
hol recidivism is lower than that in Western countries, studies indi-
cate a rate of approximately 25 %, which remains a notable cause of
graft failure [20]. Although depression is commonly associated with
patients with alcoholic liver disease, a meta-analysis detected no sig-
nificant correlation between depression and alcohol recidivism in LT
recipients [21]. However, the same study also identified psychiatric
disease as a risk factor for alcohol recidivism, underscoring the
importance of post-LT mental health management. The findings of
this study indicate that alcoholics are at a higher risk of depression,
suggesting that managing depression in these patients is crucial as it
can substantially impact the likelihood of alcohol recidivism and
overall survival after LT.

In the current study, female sex was identified as a risk factor for
MDD following LT. In the general population, it is well known that
females have twice the prevalence of depression than males [10].
These differences can be attributed to a combination of biological,
hormonal, and social factors that adversely impact females [22]. In
terms of treatment efficacy, female patients generally respond better
to antidepressants but are more likely to experience side effects. Con-
versely, males are less likely to report depressive symptoms and seek
treatment, potentially leading to an underestimation of their depres-
sion rates [23]. Understanding these sex-based disparities is crucial
for developing effective prevention and treatment strategies tailored
to the specific needs of LT recipients of each sex.

Hepatic encephalopathy is an important complication occurring in
40-70 % of patients with liver cirrhosis and is a crucial factor influ-
encing outcomes after LT [24,25]. Hepatic encephalopathy and
depression exhibit several overlapping clinical features, including
psychomotor and cognitive impairment. This overlap complicates the
co-diagnosis of both conditions and makes it challenging to distin-
guish their symptoms as distinct or different expressions of the same
disorder [26]. Additionally, attempts have been made to clarify the
relationship between hepatic encephalopathy and depression by
linking both conditions to the gut microbiota-brain axis [27,28].
However, clinical evidence of the relationship between hepatic
encephalopathy and depression remains insufficient, with some
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studies reporting negative results [29]. In the current study, pre-LT
encephalopathy was identified as a significant risk factor for the
development of de novo depression, which is a crucial insight sup-
porting the clinical correlation between these two conditions.

The inverse relationship between hemoglobin levels and de novo
depression is an interesting finding of this study. Previous studies
have shown that anemia is closely associated with depressive symp-
toms, particularly among pregnant women [30]. In older adults,
untreated anemia has been linked to a 2.6-fold increase in the risk of
depression [31]. Multiple population-based studies have revealed a
robust association between anemia and depression [32,33]. Possible
mechanisms include reduced tissue oxygenation, diminished physi-
cal performance due to anemia, and changes in monoamine synthesis
caused by malnutrition, all of which may influence depression [32]. In
the matched population of this study, the MDD group demonstrated
persistently lower hemoglobin levels post-LT than the control group,
suggesting that correcting anemia may be necessary to prevent
depression in patients with LT. However, given the presence of nega-
tive reports on the causality between anemia and depression, caution
is needed when interpreting these results, and further studies are
warranted [34].

Limitations of this study include its retrospective and single-cen-
ter nature. However, we minimized time-related bias up to the occur-
rence of depression using nested case-control matching. Another
limitation is that the diagnosis of MDD was limited to the diagnosis
and description of antidepressants by psychiatrists. Evaluation met-
rics, such as the Beck Depression Inventory score, were unavailable;
hence, treatment intention could not be fully assessed. Finally, the
primary reported hypotheses for the reduced survival of patients
with depression, such as lower adherence and decreased physical
activity, were challenging to confirm owing to the retrospective
nature of the study. The impact of socioeconomic status on compli-
ance, alcohol recidivism, and the development of MDD in LT patients
requires further investigation through future studies.

5. Conclusions

The findings of this study revealed that the development of de
novo MDD notably decreased LT survival rates, with control of
immortal time bias achieved through a nested case-control design.
Additionally, female sex, alcoholic liver disease, pre-transplant
encephalopathy, and reduced hemoglobin levels were identified as
independent predictors of MDD. We recommend psychiatric evalua-
tion and intervention for LT recipients with these risk factors.

Author contributions

Conceptualization : Y.J.Y. and D.-G.K. , Data curation: Y.J.Y., M.K,,
H.-H.K, E.-K.M., Formal analysis: Y.J.Y., H.-H.K and D.-G.K., Investiga-
tion: E.-K.M.,, ].G.L,, D.J.J. and M.S.K,, Writing - original draft: Y.J.Y. and
D.-G.K., Writing - review & editing: Y.J.Y. and D.-G.K., Supervision:
D.-G.K.
Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of interests

None.

Annals of Hepatology 30 (2025) 101779
Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.achep.2025.101779.

References

[1] Yang LS, Shan LL, Saxena A, Morris DL. Liver transplantation: a systematic review
of long-term quality of life. Liver Int 2014;34:1298-313. https://doi.org/10.1111/
liv.12553.

[2] Heo ], Noh OK, Oh YT, Chun M, Kim L. Psychiatric comorbidities among patients
undergoing liver transplantation in South Korea: a nationwide population-based
study. Hepatol Int 2018;12:174-80. https://doi.org/10.1007/s12072-018-9849-y.

[3] Bianchi G, Marchesini G, Nicolino F, Graziani R, Sgarbi D, Loguercio C, Abbiati R,
et al. Psychological status and depression in patients with liver cirrhosis. Dig Liver
Dis 2005;37:593-600. https://doi.org/10.1016/j.d1d.2005.01.020.

[4] DiMartini A, Dew MA, Chaiffetz D, Fitzgerald MG, Devera ME, Fontes P. Early tra-

jectories of depressive symptoms after liver transplantation for alcoholic liver dis-

ease predicts long-term survival. Am ] Transplant 2011;11:1287-95. https://doi.
0rg/10.1111/j.1600-6143.2011.03496.x.

Errichiello L, Picozzi D, de Notaris EB. Prevalence of psychiatric disorders and sui-

cidal ideation in liver transplanted patients: a cross-sectional study. Clin Res Hep-

atol Gastroenterol 2014;38:55-62. https://doi.org/10.1016/j.clinre.2013.07.010.

Dobbels F, Vanhaecke ], Dupont L, Nevens F, Verleden G, Pirenne ], De Geest S. Pretrans-

plant predictors of posttransplant adherence and clinical outcome: an evidence base for

pretransplant psychosocial screening. Transplantation 2009;87:1497-504. https://doi.
org/10.1097/TP.0b013e3181a440ae.

Rogal SS, Dew MA, Fontes P, DiMartini AF. Early treatment of depressive symptoms and

long-term survival after liver transplantation. Am J Transplant 2013;13:928-35. https://

doi.org/10.1111/ajt.12164.

[8] Zunszain PA, Anacker C, Cattaneo A, Carvalho LA, Pariante CM. Glucocorticoids,
cytokines and brain abnormalities in depression. Prog Neuropsychopharmacol
Biol Psychiatry 2011;35:722-9. https://doi.org/10.1016/j.pnpbp.2010.04.011.

[9] TianY, Graf R, El-Badry AM, Lesurtel M, Furrer K, Moritz W, Clavien PA. Activation
of serotonin receptor-2B rescues small-for-size liver graft failure in mice. Hepa-
tology 2011;53:253-62. https://doi.org/10.1002/hep.23960.

[10] Malhi GS, Mann JJ Depression. Lancet 2018;392:2299-312. https://doi.org/
10.1016/S0140-6736(18)31948-2.

[11] Mullish BH, Kabir MS, Thursz MR, Dhar A. Review article: depression and the use
of antidepressants in patients with chronic liver disease or liver transplantation.
Aliment Pharmacol Ther 2014;40:880-92. https://doi.org/10.1111/apt.12925.

[12] Miller LR, Paulson D, Eshelman A, Bugenski M, Brown KA, Moonka D, Abouljoud
M. Mental health affects the quality of life and recovery after liver transplanta-
tion. Liver Transpl 2013;19:1272-8. https://doi.org/10.1002/1t.23728.

[13] Gaynor JJ, Tabbara MM, Ciancio G, Selvaggi G, Garcia ], Tekin A, Vianna R. The
importance of avoiding time-dependent bias when testing the prognostic value
of an intervening event - Two acute cellular rejection examples in intestinal
transplantation. Am ] Transplant 2023;23:815-30. https://doi.org/10.1016/j.
ajt.2023.02.023.

[14] Ernster VL. Nested case-control studies. Prev Med 1994;23:587-90. https://doi.
org/10.1006/pmed.1994.1093.

[15] Yim SH, Kim DG, Kang M, Koh HH, Choi MC, Min EK, Lee ]G, et al. Survival benefit
of living-donor liver transplantation in patients with a model for end-stage liver
disease over 30 in a region with severe organ shortage: a retrospective cohort
study. Int ] Surg 2023;109:3459-66. https://doi.org/10.1097/
J59.0000000000000634.

[16] Kwong AJ, Ebel NH, Kim WR, Lake JR, Smith JM, Schladt DP, Skeans MA, et al. OPTN/
SRTR 2020 Annual Data Report: liver. Am ] Transplant 2022;22(Suppl 2):204-309.
https://doi.org/10.1111/ajt.16978.

[17] Korea Disease Control and Prevention Agency, Trends in prevalence of depressive
disorder among korean adults aged 19 years and over, 2014 and 2016, available
at  https://www.kdca.go.kr/board/board.es?mid=a20601010000&bid=0034&list_
no=140810&act=view

[18] Seo GH, Yoo JJ. Incidence of major depressive disorder over time in patients with
liver cirrhosis: a nationwide population-based study in Korea. PLoS One 2022;17:
e0278924. https://doi.org/10.1371/journal.pone.0278924.

[19] Daswani R, Kumar A, Sharma P, Singla V, Bansal N, Arora A. Role of liver
transplantation in severe alcoholic hepatitis. Clin Mol Hepatol 2018;24:43-
50. https://doi.org/10.3350/cmh.2017.0027.

[20] Yun H]J, Lee ]G, Kim HJ, Han DH, Choi GH, Kim MS, Choi JS, et al. Risk factors for
alcohol recidivism after liver transplantation. Annals of Liver Transplantation
2021;1:18-23. https://doi.org/10.52604/alt.21.0011.

[21] Chuncharunee L, Yamashiki N, Thakkinstian A, Sobhonslidsuk A. Alcohol relapse
and its predictors after liver transplantation for alcoholic liver disease: a system-
atic review and meta-analysis. BMC Gastroenterol 2019;19:150. https://doi.org/
10.1186/s12876-019-1050-9.

[22] Kuehner C. Why is depression more common among women than among men?
Lancet Psychiatry 2017;4:146-58. https://doi.org/10.1016/S2215-0366(16)
30263-2.

[23] Marcus SM, Kerber KB, Rush AJ, Wisniewski SR, Nierenberg A, Balasubramani GK,
Ritz L, et al. Sex differences in depression symptoms in treatment-seeking adults:
confirmatory analyses from the Sequenced Treatment Alternatives to Relieve
Depression study. Compr Psychiatry 2008;49:238-46. https://doi.org/10.1016/j.
comppsych.2007.06.012.

[5

[6

[7


https://doi.org/10.1016/j.aohep.2025.101779
https://doi.org/10.1111/liv.12553
https://doi.org/10.1111/liv.12553
https://doi.org/10.1007/s12072-018-9849-y
https://doi.org/10.1016/j.dld.2005.01.020
https://doi.org/10.1111/j.1600-6143.2011.03496.x
https://doi.org/10.1111/j.1600-6143.2011.03496.x
https://doi.org/10.1016/j.clinre.2013.07.010
https://doi.org/10.1097/TP.0b013e3181a440ae
https://doi.org/10.1097/TP.0b013e3181a440ae
https://doi.org/10.1111/ajt.12164
https://doi.org/10.1111/ajt.12164
https://doi.org/10.1016/j.pnpbp.2010.04.011
https://doi.org/10.1002/hep.23960
https://doi.org/10.1016/S0140-6736(18)31948-2
https://doi.org/10.1016/S0140-6736(18)31948-2
https://doi.org/10.1111/apt.12925
https://doi.org/10.1002/lt.23728
https://doi.org/10.1016/j.ajt.2023.02.023
https://doi.org/10.1016/j.ajt.2023.02.023
https://doi.org/10.1006/pmed.1994.1093
https://doi.org/10.1006/pmed.1994.1093
https://doi.org/10.1097/JS9.0000000000000634
https://doi.org/10.1097/JS9.0000000000000634
https://doi.org/10.1111/ajt.16978
https://www.kdca.go.kr/board/board.es?mid=a20601010000&bid=0034&list_no=140810&act=view
https://www.kdca.go.kr/board/board.es?mid=a20601010000&bid=0034&list_no=140810&act=view
https://doi.org/10.1371/journal.pone.0278924
https://doi.org/10.3350/cmh.2017.0027
https://doi.org/10.52604/alt.21.0011
https://doi.org/10.1186/s12876-019-1050-9
https://doi.org/10.1186/s12876-019-1050-9
https://doi.org/10.1016/S2215-0366(16)30263-2
https://doi.org/10.1016/S2215-0366(16)30263-2
https://doi.org/10.1016/j.comppsych.2007.06.012
https://doi.org/10.1016/j.comppsych.2007.06.012

YJ. Yoo, J. Lee, D.-G. Kim et al.

[24] Flamm SL. Complications of cirrhosis in primary care: recognition and manage-
ment of hepatic encephalopathy. Am ] Med Sci 2018;356:296-303. https://doi.
org/10.1016/j.amjms.2018.06.008.

[25] Acharya C, Bajaj JS. Hepatic encephalopathy and liver transplantation: the past,
present, and future toward equitable access. Liver Transpl 2021;27:1830-43.
https://doi.org/10.1002/1t.26099.

[26] Kronsten VT, Shawcross DL. Hepatic encephalopathy and depression in chronic
liver disease: is the common link systemic inflammation? Anal Biochem
2022;636:114437. https://doi.org/10.1016/j.ab.2021.114437.

[27] Bajaj JS, Khoruts A. Microbiota changes and intestinal microbiota transplantation
in liver diseases and cirrhosis. ] Hepatol 2020;72:1003-27. https://doi.org/
10.1016/j.jhep.2020.01.017.

[28] Valles-Colomer M, Falony G, Darzi Y, Tigchelaar EF, Wang ], Tito RY, Schiweck C, et al.
The neuroactive potential of the human gut microbiota in quality of life and depres-
sion. Nat Microbiol 2019;4:623-32. https://doi.org/10.1038/s41564-018-0337-x.

[29] Eftekar M. The association between hepatic encephalopathy/minimal hepatic
encephalopathy and depressive and anxiety disorders: a systematic review. Aus-
tralas Psychiatry 2020;28:61-5. https://doi.org/10.1177/1039856219875054.

Annals of Hepatology 30 (2025) 101779

[30] Kang SY, Kim HB, Sunwoo S. Association between anemia and maternal
depression: a systematic review and meta-analysis. ] Psychiatr Res
2020;122:88-96. https://doi.org/10.1016/j.jpsychires.2020.01.001.

[31] Ahmed T, Lamoureux-Lamarche C, Berbiche D, Vasiliadis HM. The association
between anemia and depression in older adults and the role of treating anemia.
Brain Behav 2023;13:e2973. https://doi.org/10.1002/brb3.2973.

[32] Park GN, Kim JO, Oh JW, Lee S. Association between anemia and depression:
the 2014, 2016, and 2018 Korea National health and nutrition examination
survey. ] Affect Disord 2022;312:86-91. https://doi.org/10.1016/j.jad.2022.
06.015.

[33] Vulser H, Wiernik E, Hoertel N, Thomas F, Pannier B, Czernichow S, Hanon O,
et al. Association between depression and anemia in otherwise healthy
adults. Acta Psychiatr Scand 2016;134:150-60. https://doi.org/10.1111/acp-
s.12595.

[34] WangY, Guo D, Sui C, Qu Z, He G, Meng H, Duan Y, et al. Association between ane-
mia and depression: results from NHANES 2005-2018 and mendelian randomiza-
tion analyses. Ann Hematol 2023;102:2651-8. https://doi.org/10.1007/s00277-
023-05374-4.


https://doi.org/10.1016/j.amjms.2018.06.008
https://doi.org/10.1016/j.amjms.2018.06.008
https://doi.org/10.1002/lt.26099
https://doi.org/10.1016/j.ab.2021.114437
https://doi.org/10.1016/j.jhep.2020.01.017
https://doi.org/10.1016/j.jhep.2020.01.017
https://doi.org/10.1038/s41564-018-0337-x
https://doi.org/10.1177/1039856219875054
https://doi.org/10.1016/j.jpsychires.2020.01.001
https://doi.org/10.1002/brb3.2973
https://doi.org/10.1016/j.jad.2022.<?A3B2 re3j?>06.015
https://doi.org/10.1016/j.jad.2022.<?A3B2 re3j?>06.015
https://doi.org/10.1111/acps.12595
https://doi.org/10.1111/acps.12595
https://doi.org/10.1007/s00277-023-05374-4
https://doi.org/10.1007/s00277-023-05374-4

	Outcomes and risk factors for de novo major depressive disorder after liver transplantation: Nested case-control study
	1. Introduction
	2. Materials and Methods
	2.1. Study population and data collection
	2.2. Nested case-control matching
	2.3. Statistical methods
	2.4. Ethical statement

	3. Results
	3.1. Baseline characteristics
	3.2. Information at index POD
	3.3. Impact of de novo MDD on graft survival
	3.4. Comparison of survival between subgroups
	3.5. Risk factors for de novo MDD

	4. Discussion
	5. Conclusions
	Author contributions
	Funding
	Declaration of interests
	Supplementary materials
	References



