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INTRODUCTION

Chronic illnesses are strongly correlated with suicide risk.1 The 

risk of suicide in people suffering from diseases, such as cancer, 

chronic renal failure, or heart failure, is significantly higher than 

that of the general population.2-4 However, few reports have in-

vestigated the risk of suicide resulting from chronic liver diseases, 

such as liver cirrhosis (LC).

Diagnosis of LC can cause significant psychological stress in pa-

tients. This is, in part, because most forms of LC are irreversible, 

and the disease brings about a significant decrease in quality of 

life, which is consequent to complications arising from deteriora-

tion of hepatic function. Accumulation of psychological distress 

may not only cause depression, but also lead to suicidal thoughts. 

Indeed, a previous study has reported that patients with chronic 

liver disease have a higher risk of depression and demonstrate in-

creased attempts at suicide.5

The most common cause of LC in South Korea is chronic viral 

hepatitis B, followed by alcoholic hepatitis and chronic viral hepa-

titis C.6 The prevalence of chronic hepatitis B-related LC has con-

tinued to decrease due to vaccination and administration of anti-

viral drugs. However, the prevalence of alcoholic LC has continued 

to increase to 31%, and this prevalence is high compared with 

that of other developed countries.6 In 2015, socioeconomic costs 

to the 40–49-year-old age group were the second highest burden 

of LC after those for self-harm, and it is suggested that the socio-

economic burden associated with LC is very high.7 However, few 

organizations or committees offer psychological health support to 

patients with LC.

When comparing the absolute risk of suicide to death resulting 

from LC complications, the risk may be significantly lower. How-

ever, although LC symptoms cannot always be effectively con-

trolled, psychological intervention can be provided to prevent sui-

cides. Indeed, several studies suggest that psychological stress in 

patients with LC is clinically relevant. Specifically, patients with LC 

have psychological distress and depression, which are correlated 

with severity of liver disease.8-11 Moreover, several studies have 

suggested that severe psychological stress, such as depression, 

impairs the clinical prognosis of patients with chronic liver diseas-

es and LC, as well as that of post-liver transplant patients.12-14 

However, few studies have investigated whether the risk of sui-

cide is higher in LC patients. Our study attempts to fill this gap by 
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Study Highlights
· Patients newly diagnosed with cirrhosis face severe psychological stress.
· Patients newly diagnosed with cirrhosis have a 2.37 times higher suicidal incidence rate than the matched cohort group.
· A social and psychological support system is required for patients diagnosed with cirrhosis.
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investigating whether newly developed LC increases the risk of 

suicide.

MATERIALS AND METHODS

Study subjects

Incident LC patients and matched controls were selected from 

the National Health Insurance Service-National Sample Cohort 

(NHIS-NSC) of South Korea. The NHIS established an administra-

tive database for research purposes, i.e., the National Health In-

formation Database (NHID), which stores all healthcare service re-

cords from the general population.15,16 From the NHID, the NHIS 

constructs and provides researchers the NHIS-NSC, a representa-

tive administrative dataset, for guiding health policy and carrying 

out biomedical research. A detailed cohort profile was published 

by the NHIS.16 The NHIS-NSC consists of one million people se-

lected by a systematic stratified random sampling method from a 

target population of 48,222,537 in 2006. Under the aegis of a 

compulsory social insurance system instituted by the National 

Health Insurance Act, all subjects could be followed until 2015, 

except in cases of disqualification due to death or emigration. 

Data from 2002 to 2005 were included to provide additional past 

medical information. As a single payer, the NHIS maintains all 

personal information, demographics, and medical treatment data 

for the entire Korean population. Key variables in the NHIS-Senior 

include all inpatient and outpatient medical claims data, such as 

treatment procedure codes, prescription codes, and diagnostic 

codes. This study protocol was approved by the Institutional Re-

view Board of Chungnam National University Hospital (IRB No.: 

2019-10-001).

Incident LC cohort

The incident LC cohort was constructed from the NHIS-NSC 

base cohort. To be enrolled, subjects must fit the operational defi-

nition of new-onset LC, i.e., first-time admission to an acute care 

hospital or two or more outpatient visits with primary or the first 

secondary diagnostic codes of LC (International Statistical Classifi-

cation of Diseases and Related Health Problems, 10th Revision 

[ICD-10] K702, K703, K717, K74, K761, K765, K766). The decom-

pensated LC cohort comprised those with K702, K703, K717, K74, 

K761, K765, K766 codes accompanying I85.0, I86.4, I98.3, K72, 

K72.1, K72.9, K76.7, R17, R18 codes, and the alcoholic cirrhosis 

cohort was defined as patients with simultaneous codes of K70.2 

and K70.3. For definition of the ICD-10 code for LC patient 

groups, validation studies and a South Korean study were refer-

enced.17-20 Among these patients, some were excluded to maintain 

the study design validity. To select new-onset LC cases, patients 

having medical claims of LC between 2002 and 2006 (a 5-year 

washout period) were considered to have a diagnosis of LC previ-

ously, and were excluded. The date of LC incidence was defined 

as that of the first admission or the second outpatient visit, 

whichever occurred first. The second outpatient visit was consid-

ered the date of diagnosis of LC to avoid immortal time bias,21 

which is the interval between the first and the second outpatient 

visit. LC patients younger than 18 years at the time of LC inci-

dence were also excluded. From January 1, 2007, new-onset LC 

patients were enrolled in the incident LC cohort at the index date 

(time zero) and followed up.

Identification of suicides

Information on death from Statistics Korea was individually 

linked using unique personal identification numbers.16,22 Under a 

de-identification policy, the calendar year and month of death 

were provided by the NHIS, after masking the exact date. By law, 

all deaths are required to be reported to Statistics Korea. Suicide 

was identified by the set of deaths assigned ‘Intentional self-

harm’ (ICD-10 codes, X60 to X84).

Risk set matching on propensity score

Although the NHIS-NSC was constructed retrospectively, the 

design of this study was planned to mimic a prospective study. 

First, a time-dependent propensity score was calculated, followed 

by risk-set matching.23,24 To adjust for confounding effects, the as-

sociation between LC and suicide was examined by time-depen-

dent propensity score matching.24 Hazard components (as propen-

sity score) were estimated using Cox’s proportional hazards model 

with January 1, 2007 as baseline and LC as event. All variables in-

cluded in Table 1 were independent variables and were collected 

from 3 years (2004 to 2006) before baseline. Age and square of 

age were included as continuous variables, whereas sex, house-

hold income level (decile), registered disability, residential district 

as fixed effect, Charlson Comorbidity Index (CCI), numbers of 

hospital admissions and outpatient visits, and past medical history 

were included as categorical variables. Each subject’s number of 

comorbidities was assessed by diagnostic codes using the Quan 
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Table 1. Baseline characteristics of liver cirrhosis patients and their risk set-matched cohort

Characteristic Liver cirrhosis cohort (n=5,552) Matched cohort (n=11,104) Standardized difference

Age (years) 56.3±12.9 56.3±12.9 0

Square of age 3,334.2±1,472.8 3,334.2±1,472.8 0

Female sex 1,586 (28.6) 3,172 (28.6) 0

Household income level (decile) 0.0314

Medical aid program 447 (8.1) 942 (8.5)

National health insurance

First 478 (8.6) 976 (8.8)

Second 450 (8.1) 966 (8.7)

Third 429 (7.7) 855 (7.7)

Fourth 505 (9.1) 982 (8.8)

Fifth 476 (8.6) 944 (8.5)

Sixth 449 (8.1) 887 (8.0)

Seventh 644 (11.6) 1,260 (11.3)

Eighth 475 (8.6) 937 (8.4)

Ninth 583 (10.5) 1,124 (10.1)

Tenth 616 (11.1) 1,231 (11.1)

Registered disability 474 (8.5) 923 (8.3) 0.0081

Residential district 0.0307

Seoul 1,000 (18.0) 1,971 (17.8)

Pusan 503 (9.1) 982 (8.8)

Daegu 241 (4.3) 501 (4.5)

Incheon 247 (4.4) 496 (4.5)

Gwangju 159 (2.9) 307 (2.8)

Daejeon 120 (2.2) 225 (2.0)

Ulsan 119 (2.1) 231 (2.1)

Gyeonggi-do 1,102 (19.9) 2,209 (19.9)

Gangwon-do 210 (3.8) 432 (3.9)

Chungcheongbuk-do 145 (2.6) 296 (2.7)

Chungcheongnam-do 279 (5.0) 525 (4.7)

Jeollabuk-do 259 (4.7) 522 (4.7)

Jeollanam-do 340 (6.1) 732 (6.6)

Gyeongsangbuk-do 331 (6.0) 656 (5.9)

Gyeongsangnam-do 417 (7.5) 859 (7.7)

Jeju-do 80 (1.4) 160 (1.4)

Charlson Comorbidity Index score 0.0450

0 3,082 (55.5) 6,300 (56.7)

1 1,345 (24.2) 2,745 (24.7)

2 624 (11.2) 1,162 (10.5)

3 291 (5.2) 509 (4.6)

4 or more 210 (3.8) 388 (3.5)
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ICD-10 coding algorithm of CCI score.25 The presence of CCI dis-

ease-constituting categories and the presence of a past medical 

history of malignant neoplasm, congestive heart failure, chronic 

obstructive pulmonary disease, or alcoholic liver disease were de-

fined by at least two outpatient visits or one admission upon pri-

mary or first secondary diagnosis. Prescription over 90 days for 

antihypertensive, antidiabetic, or lipid-lowering agents was ac-

counted for as patients using corresponding medications.

Second, to emulate a prospective study, the patients were 

matched to subjects at risk of LC by age, sex, and use of anti-de-

pressants at the calendar date (time zero) when the first LC pa-

tient was identified. This method of risk-set matching was repeat-

ed for subsequent patients until the last LC patient.23,26,27

Third, 1:2 matching on propensity score was performed sequen-

tially for each risk set using a nearest neighbor matching algo-

rithm with a maximum caliber of 0.1 of the hazard components. 

To allow matching to be independent of future events, the 

matched-control subjects could be either those who never devel-

oped LC or those who had not yet developed LC. Thus, an LC pa-

tient in the incident LC cohort could enter the study as an LC pa-

tient or a matched control for another LC patient whose time zero 

was prior to that of the initial patient.28 Next, to yield non-over-

lapping samples from the risk set, the matched subjects were re-

moved from the next risk sets. The process was performed itera-

tively with the next risk sets until there were no more treated 

patients in the risk set.

Statistical analyses

Using the final matched cohorts, statistical tests for the associ-

ation between incident LC and risk of suicide were performed 

considering the statistical nature of matched-pair analysis. To as-

sess covariate balance between treatment groups, baseline char-

acteristics were compared with standardized differences where a 

Characteristic Liver cirrhosis cohort (n=5,552) Matched cohort (n=11,104) Standardized difference

Number of hospital admission 0.0412

0 4,047 (72.9) 8,276 (74.5)

1 876 (15.8) 1,694 (15.3)

2 or more 629 (11.3) 1,134 (10.2)

Number of outpatient visit 0.0616

0 329 (5.9) 720 (6.5)

1–9 1,590 (28.6) 3,383 (30.5)

10–19 1,153 (20.8) 2,360 (21.3)

20–29 747 (13.5) 1,384 (12.5)

30–39 578 (10.4) 1,056 (9.5)

40 or more 1,155 (20.8) 2,201 (19.8)

Antihypertensive agents 1,392 (25.1) 2,609 (23.5) 0.0368

Antidiabetic agents 598 (10.8) 1,085 (9.8) 0.0329

Lipid lowering agents 444 (8.0) 865 (7.8) 0.0077

Antidepressive agents 400 (7.2) 800 (7.2) 0

Antiviral agents 138 (2.5) 267 (2.4) 0.0052

Malignant neoplasm 185 (3.3) 326 (2.9) 0.0227

Congestive heart failure 67 (1.2) 112 (1.0) 0.0189

Chronic obstructive pulmonary disease 472 (8.5) 887 (8.0) 0.0187

Alcoholic liver disease 385 (6.9) 798 (7.2) 0.0098

Values are presented as mean±standard deviation or number (%). 
At the date of liver cirrhosis incidence of each patient, two controls were matched on follow-up time and propensity score estimated by Cox proportional 
hazards model with predictors included in this table.

Table 1. Continued
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difference less than 0.1 (10%) is generally considered negligi-

ble.29,30 The cumulative incidence curve of suicide was obtained 

by Kaplan-Meier survival curves and a stratified log-rank test was 

used to compare the Kaplan-Meier curves of the matched co-

hort.31 Cumulative incidence of suicide and 95% confidence in-

terval (CI) was calculated by the product limit (Kaplan-Meier) 

method of survival probability. Incidence rate (IR) of suicide and 

95% CI were calculated based on a generalized estimating equa-

tion with a Poisson distribution and expressed as number of sui-

cides per 100,000 person-years. The effect size was presented as 

hazard ratio (HR) using Cox’s proportional hazards model with a 

robust variance estimator that accounts for clustering within 

matched pairs.30,31 Time zero was set to the date of LC incidence 

for both LC patients and their matched controls. Survival time 

used in analyses was defined as months from time zero to time of 

death or December 31, 2015, whichever came first. Proportional 

hazards assumption was assessed by graphically using log trans-

formation of the negative log of estimated survivor function, 

time-dependent explanatory variables, Schoenfeld residuals, cu-

mulative sums of martingale residuals, and a supremum test. In 

addition to these cause-specific models for competing risks, a 

Fine and Gray sub-distribution hazard model was performed as a 

sensitivity analysis. Sub-group analyses within categorized age 

groups (18–49, 50–64, and 65 years or more), sex, and follow-

up time frames (0–24, 25–60, 61 months or over) were per-

formed. To compare the suicide rate according to severity of cir-

rhosis, the analysis was performed by dividing patients into 

matched cohort, compensated LC, and decompensated LC. More-

over, to additionally perform stratified analysis on patients with 

depression, as a coexisting mental illness, the suicide rate accord-

ing to presence or absence of LC was analyzed by categorizing 

whether anti-depressant was administered. The statistical analy-

ses were conducted using SAS Enterprise Guide version 7.1 (SAS 

Institute, Cary, NC, USA). P-values <0.05 were considered statis-

tically significant.

RESULTS

Flow of analysis and baseline characteristics of 
patients

From January 1, 2002 to December 31, 2015, a total of 10,594 

patients met the inclusion criteria. Among these patients, LC pa-

tients during the washout period of 2002 to 2006 (4,354 pa-

tients) were excluded. During risk-set matching, five LC patients 

were not matched to control subjects and were excluded, and an-

other 331 patients entered into the study as control subjects of 

another LC patient were excluded.

Additionally, 87 LC patients were excluded due to a less than 

Figure 1. Study flow and disposition of the patients. LC, liver cirrhosis.

Systemic stratified random sampling of 1,000,000 people
from a target population of 48,222,537

Patients who meet incident LC inclusion from 2002 to 2015 (n=10,594)

Finally enrolled incident LC patients (n=5,809)

1:2 matched control for incident LC patients (n=11,618)

Patients who did not meet incident LC inclusion criteria (n=989,406)

Excluded patients (n=4,785)

- Patients with incident LC during the washout period of 2002 to 2006 (n=4,354)
- Patients with incident LC did not matched to control subjects on risk-set matching (n=5)
- Patients with incident LC entered into the study as control subjects of another LC patients (n=331)
- Patients with incident LC less than 1:2 matching ratio (n=87)
- Patients with incident LC less than 18 years old (n=8)
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1:2 matching ratio, and eight LC patients younger than 18 years 

were excluded. Finally, 5,809 incident LC patients and their 

11,618 matched controls were analyzed in this study (Fig. 1). The 

mean period of follow-up was 4.20 years, generating 73,261 per-

son years. During follow-up, a total of 61 suicide cases was iden-

tified. Table 1 shows the baseline characteristics of the matched 

cohorts. Mean age was 56.3 years, and 28.6% of the patients 

were female. The highest standardized difference in number of 

outpatient visits was 5.19%.

Suicide risk in LC

Cumulative incidence of suicide during the entire follow-up pe-

riod showed a statistically significant difference between LC and 

matched-control cohort (P=0.002 for stratified log-rank test) (Fig. 

2). The 5-year cumulative incidence risk of suicide was 0.78% 

(95% CI, 0.52–1.13) for the LC cohort and 0.33% (95% CI, 0.22–

0.47) for the matched-control cohort (Table 2). During the entire 

follow-up period, among 5,809 LC patients 30 suicides were 

identified during 20,930 person-years (IR, 143.3 per 100,000 per-

son-years; 95% CI, 100.2–205.1). The LC patients were 2.37 

times more likely to commit suicide than their matched controls 

(HR, 2.37; 95% CI, 1.44–3.88). Moreover, increased suicide risk 

was predominantly observed within the first 2 years of follow-up 

(HR, 2.59; 95% CI, 1.20 –5.60), among patients in the 

18–49-year-old group (HR, 3.72; 95% CI, 1.45–9.56) (Fig. 3).

Subgroup analysis for suicide risk according to 
alcohol use, LC severity, and use of anti-depressant

In subgroup analyses, non-alcoholic LC patients had a 2.04 

times higher suicide risk than the matched cohort (HR, 2.04; 95% 

CI, 1.16–3.58), and alcoholic LC patients had a 3.29 times higher 

suicide risk compared with the matched cohort (HR, 3.29; 95% 

CI, 1.66–6.52). However, when comparing the suicide risk of non-

alcoholic LC patients and alcoholic LC patients, the suicide risk of 

alcoholic LC patients was 1.62 times higher, although there was 

no statistical significance (HR, 1.62; 95% CI, 0.77–3.40; 

P=0.206). Moreover, compensated LC (HR, 2.03; 95% CI, 1.18–

3.49) and decompensated (HR, 4.42; 95% CI, 2.05–9.52) LC pa-

tients were more likely to commit suicide compared to their 

matched controls. Interestingly, as a result of a comparative anal-

ysis of suicide risk between compensated and decompensated LC 

patients, the suicide risk of decompensated LC patients was 2.18 

times higher, although the difference was not significant (HR, 

2.18; 95% CI, 0.96–4.94; P=0.062). Among ever-users of anti-

depressants, increased risk of suicide was observed in LC patients, 

although the association was not significant (HR, 1.97; 95% CI, 

0.55–7.13; P=0.301). Among patients not taking anti-depres-

sants, the risk of suicide in LC patients was significantly 2.44 

times higher compared to that of the matched cohort (HR, 2.44; 

95% CI, 1.42–4.17; P=0.001) (Fig. 4). Results of Fine and Gray 

sub-distribution hazards model were similar to those of the cause-

specific model.

Table 2. Cumulative incidence of suicide according to survival duration 
after LC diagnosis

Time frame
Cumulative incidence (%) of suicide (95% CI)

Liver cirrhosis cohort Matched cohort

1 year 0.17 (0.09–0.32) 0.06 (0.03–0.13)

2 years 0.29 (0.17–0.48) 0.11 (0.06–0.20)

3 years 0.47 (0.29–0.72) 0.18 (0.11–0.29)

4 years 0.68 (0.45–0.99) 0.24 (0.15–0.36)

5 years 0.78 (0.52–1.13) 0.33 (0.22–0.47)

6 years 0.83 (0.56–1.21) 0.39 (0.27–0.56)

7 years* 0.93 (0.61–1.37) 0.42 (0.28–0.60)

8 years* 0.93 (0.61–1.37) 0.42 (0.28–0.60)

9 years* 0.93 (0.61–1.37) 0.42 (0.28–0.60)

Cumulative incidence was calculated by product limit (Kaplan-Meier) 
method of survival probability.
LC, liver cirrhosis; CI, confidence interval.
*There was no suicide event between 82 and 108 months of survival time.

Figure 2. Comparison of cumulative incidence of suicide between inci-
dent liver cirrhosis patients and their risk set-matched controls. P-value 
for stratified log-rank test=0.002.
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DISCUSSION

Patients with various chronic diseases are known to exhibit a 

high rate of suicidal tendencies. For example, according to a na-

tional population-based study conducted in the United Kingdom, 

overall standardized mortality ratio (SMR) was as high as 1.20 

Figure 3. Comparable analysis of suicide rate for the relationship between liver cirrhosis and risk of suicide. CI, confidence interval.

Exposure 
Number 

of 
subjects 

Number 
of 

suicides 

Person 
years 

Incidence rate  
(95% CI) per 100,000 

person years 

Hazard ratio 
(95% CI) 

Full cohort 

Matched cohort 11,618 31 52,331 59.2 (41.7–84.2) 1
Liver cirrhosis cohort 5,809 30 20,930 143.3 (100.2–205.1) 2.37 (1.44–3.88) 

Time from diagnosis 
0–24 months 

Matched cohort 11,618 12 20,707 58.0 (32.9–102.0) 1
Liver cirrhosis cohort 5,809 14 9,148 153.0 (90.6–258.4) 2.59 (1.20–5.60) 

25–60 months 
Matched cohort 9,125 15 21,407 70.1 (42.3–116.2) 1
Liver cirrhosis cohort 3,753 14 8,252 169.7 (100.5–286.5) 2.42 (1.20–4.88) 

61 months or over 
Matched cohort 5,109 4 10,217 39.2 (14.7–104.3) 1
Liver cirrhosis cohort 1,842 2 3,530 56.7 (14.2–226.6) 1.42 (0.26–7.78) 

Sex 
Male 

Matched cohort 8,294 28 37,747 74.2 (51.3–107.4) 1
Liver cirrhosis cohort 4,147 26 14,907 174.4 (118.7–256.3) 2.31 (1.37–3.89) 

Female 
Matched cohort 3,324 3 14,583 20.6 (6.6–63.8) 1
Liver cirrhosis cohort 1,662 4 6,023 66.4 (24.9–177.0) 3.07 (0.67–14.13) 

Age 
18–49 years 

Matched cohort 3,562 7 17,638 39.7 (18.9–83.2) 1
Liver cirrhosis cohort 1,781 11 7,375 149.1 (82.6–269.4) 3.72 (1.45–9.56) 

50–64 years 
Matched cohort 4,906 8 21,819 36.7 (18.3–73.3) 1
Liver cirrhosis cohort 2,453 11 8,980 122.5 (67.8–221.2) 3.24 (1.29–8.13) 

65 years or over 
Matched cohort 3,150 16 12,874 124.3 (76.3–202.5) 1
Liver cirrhosis cohort 1,575 8 4,575 174.9 (87.4–350.0) 1.37 (0.61–3.08) 

	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15
	             Better		   Worse

Figure 4. Subgroup analysis of suicide rate according to alcoholic etiology of LC, compensation of LC, and anti-depressant use. CI, confidence interval; 
LC, liver cirrhosis.

Exposure 
Number 

of 
subjects 

Number 
of 

suicides 

Person 
years 

Incidence rate  
(95% CI) per 100,000 

person years 

Hazard ratio 
(95% CI) 

Full cohort 

Matched cohort 11,618 31 52,331 59.2 (41.7–84.2) 1
Non-alcoholic LC 4,242 19 15,388 123.5 (78.8–193.6) 2.04 (1.16–3.58) 
Alcoholic LC 1,567 11 5,543 198.5 (109.7–359.0) 3.29 (1.66–6.52) 

Full cohort 
Matched cohort 11,618 31 52,331 59.2 (41.7–84.2) 1
Compensated LC 4,867 22 17,988 122.3 (80.5–185.8) 2.03 (1.18–3.49) 
Decompensated LC 942 8 2,942 271.9 (136.1–543.1) 4.42 (2.05–9.52) 

Anti-depressant 
Ever user 

Matched cohort 842 5 3,834 130.4 (54.5–311.9) 1
Liver cirrhosis cohort 421 4 1,513 264.4 (98.9–707.0) 1.97 (0.55–7.13) 

Never user 
Matched cohort 10,776 26 48,496 53.6 (36.5–78.7) 1
Liver cirrhosis cohort 5,388 26 19,417 133.9 (91.2–196.7) 2.44 (1.42–4.17) 

	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15
	             Better		   Worse
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(95% CI, 1.16–1.25) and was highest (2.74; 95% CI, 2.52–2.98) 

within the first 6 months after being diagnosed with cancer.32 In 

addition, a retrospective, population-based study using data from 

the Surveillance, Epidemiology, and End Results program between 

1973 and 2014, reported that the SMR in cancer patients was as 

high as 4.44 (95% CI, 4.33–4.55).2 Moreover, according to a 

study of end-stage renal disease patients in the USA, the overall 

standardized incidence ratio for suicide from 1995 to 2001 was 

1.84 (95% CI, 1.50–2.27) and patients with end-stage renal dis-

ease had an 84% higher suicide rate than the general USA popu-

lation.3 In addition, a study conducted in Taiwan found that pa-

tients with heart failure had a 1.68 times increase in suicide risk 

compared with age-, sex-, and residence area-matched-control 

subjects, with the highest risk being 7-fold in the first 6 months 

after diagnosis of heart failure.4

Therefore, it is necessary to examine suicide risk in patients with 

chronic liver disease. Indeed, almost one in six patients with cir-

rhosis has moderate or higher depression than controls, and near-

ly 50% of these patients have moderate or higher anxiety symp-

toms.33 In patients with liver cancer, the overall SMR for suicide 

was 1.56 (95% CI, 0.84–2.90), which was higher than that of the 

general population, although the difference was not significant.32 

Previous studies have investigated the relationship between liver 

disease and suicide attempt. According to a survey of 43,093 

adults older than 18 years in the USA, lifetime rates of suicide at-

tempts among participants with major depression were higher in 

participants with liver disease (33.2%) compared with those with-

out liver disease (13.7%; odds ratio [OR], 3.1; 95% CI, 1.3–7.6).5 

These findings from a liver disease-specific study are concordant 

with our findings and support the idea that patients with LC are 

at higher risk of suicide. In addition, according to a nationwide 

population-based cohort study in South Korea, the OR for risk of 

suicide in patients diagnosed with alcoholic liver disease during 

their lifetime was 5.62 (95% CI, 4.70–6.72) compared with age- 

and sex-matched non-suicidal living controls, and the adjusted OR 

was 2.39 (95% CI, 1.88–3.04).34 In particular, among patients di-

agnosed with alcoholic liver disease, females had an adjusted OR 

of 10.68 (95% CI, 4.04–28.21), which was significantly higher 

than adjusted OR of 1.94 (95% CI, 1.48–2.54) in males.34 One 

possible mechanism for these findings is related to the preliminary 

finding that chronic liver diseases are associated with depres-

sion.35 Stigmatization of patients with cirrhosis is another possible 

cause. Patients with cirrhosis may experience internalized stigma 

due to their physical disorder, and this may be a significant risk 

factor for suicide.36 No study has been performed to directly in-

vestigate suicide risk in patients newly diagnosed with LC.

South Korea not only exhibits one of the highest suicide rates in 

the world, but also the eighth highest mortality rate from chronic 

liver disease. Chronic liver disease accounted for 13.3% of total 

deaths in 2016, illustrating it as a serious disease in South Ko-

rea.37 Therefore, the Korean population provides the optimal re-

search conditions to analyze the risk of suicide due to chronic liver 

disease, such as LC. Because several physical, psychological, and 

socioeconomic factors play a role in suicide risk, we set an adjust-

ed matched cohort using propensity scores for patients with LC 

and analyzed the data based on these two populations. Our study 

indicates that 30 of 5,809 patients newly diagnosed with LC had 

a potentially preventable death during the observation period. 

Moreover, when we specifically analyzed the characteristics of 

patients who faced higher risk, one of the influencing factors was 

age. The 18–49-year-old age group of patients diagnosed with 

LC exhibited the highest risk of suicide, followed by the 

50–64-year-old age group, and the 65 years and older group. 

This is in contrast to the notion that risk of suicide increases with 

age in the general population. Moreover, according to the results 

of our analyses, the suicide rate was high within 5 years after be-

ing diagnosed with LC, with a particularly high risk in the first  

2 years. Although suicide is difficult to predict, our findings sug-

gest that psychological support is essential for all patients diag-

nosed with LC, especially for those newly diagnosed. Therefore, 

we suggest that screening and psychological support to pre-empt 

suicidal tendencies in patients is necessary immediately after be-

ing diagnosed with LC.

Our study has several strengths. First, use of nationwide insur-

ance claim data allowed a well-represented study. Because the 

study was conducted on the whole population and was not limit-

ed to a specific hospital or organization, the enrolled study sub-

jects can be considered to represent the whole population in an 

unbiased manner. Second, the research question cannot be ad-

dressed without using a nationwide cohort based on insurance 

claim data, because retrospective studies or randomized con-

trolled trials cannot conclude a relationship between suicide and 

LC. Suicide is an unambiguous cause of death that is unlikely to 

be misidentified. Third, patients enrolled in this study were 

tracked using insurance claim data due to the nature of the study, 

so there was no follow-up loss, except in rare cases of immigra-

tion or imprisonment.

There are some inherent limitations to our study. First, based on 

use of insurance claim data, the exact diagnosis of LC may be in-

accurate. In most cases, an extensive diagnosis code was applied 
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to patients’ insurance coverage of medical examination, treatment 

modality, and drug prescription could be added in the course of 

patient care in hospitals or clinics. To overcome these limitations, 

this study used not only the two earliest diagnoses, but also pa-

tients who were admitted more than twice as outpatients and 

more than one for hospitalization. Second, since these study data 

are derived from insurance claim data, clinical information is limit-

ed. An additional limitation is that specific clinical information, 

such as blood test results, was not included. Third, because it is a 

study related to suicide in patients with LC, there is a possibility 

that confounding variables can influence the variables of cirrhosis 

and suicide. In addition, due to lack of information, some impor-

tant variables such as severity of LC were not included in the 

model to calculate propensity score. To overcome these pitfalls, 

we selected and used a 1:2 matched cohort using a propensity 

score. Even so, residual confounding factors could be present af-

ter propensity score matching. Thus, we tried to overcome these 

shortcomings by performing Cox regression analysis considering 

social and economic indicators such as CCI score and income lev-

el. Lastly, since the diagnosis code is masked due to privacy rea-

sons in patients with depression, classification was performed ac-

cording to anti-depressant prescription to evaluate suicide risk. 

However, this could not accurately include all depressed patients, 

as those without anti-depressant description were excluded, even 

if they were admitted to the hospital.

In conclusion, our study found an increased risk of suicide in 

patients with new onset LC, especially during the early period fol-

lowing diagnosis and in relatively younger patients. In addition, 

our study results have several important clinical implications. 

When newly diagnosed with LC, patients worry about the physi-

cal manifestations of the disease and are frustrated that it cannot 

be cured without liver transplantation. Therefore, medical services 

for psychological and social support, in addition to medical ser-

vices for physical problems, are essential for patients diagnosed 

with LC. These measures are needed not only in the initial stage 

following LC diagnosis, but also for at least 2 years after diagnosis 

of LC. There are many ways to address the mental problems of 

these patients. In the study of patients with chronic liver disease, 

an integrated care model created by mental health providers and 

clinicians has been recommended in place of the usual care mod-

el. In particular, active care from experts and psychological inter-

vention is necessary to alleviate suicide risk due to societal and 

self-stigmatization of physical health issues of patients with cir-

rhosis. Through the integrated care model, specific risk factors 

were identified during screening, treatment methods were sug-

gested, and results were suggested to promote clinical and psy-

chiatric improvements through regular follow-up observations. 

Currently, the Metropolitan Mental Health Center and the Metro-

politan Suicide Prevention Center are in operation in South Korea; 

however, there is no specialized institution for patients with cir-

rhosis. Therefore, a support system including a hepatologist, psy-

chologist, and mental health provider could result in better man-

agement of patients with cirrhosis.
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