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ABSTRACT
Objective: Major depressive disorder (MDD) is a chronic, 
debilitating mood disorder associated with poor medical 
outcomes. MDD has a multifactorial etiology with numerous 
biopsychosocial factors implicated as risk factors. Functional and 
psychiatric impairments have been evaluated in patients with 
liver cirrhosis; however, less is known about the prevalence and 
risk factors for the development of MDD in those patients. The 
objective of this study was to evaluate the risk of developing 
depression among adult patients with liver cirrhosis in the United 
States.

Methods: Data were collected using a commercial database, 
an aggregate of electronic health record data from 26 major 
integrated US health care systems consisting of 360 hospitals 
in the US from 1999 to 2019. The study cohort was retrieved 
by searching the database for a Systematized Nomenclature of 
Medicine-Clinical Terms diagnosis of “cirrhosis of liver” during 
the designated period of the study. The following factors were 
adjusted for in the analyses: age, sex, race, smoking, alcohol, 
substance abuse, underlying mental disorders, and comorbidities. 

Results: 56,197,690 adults were identified between 1999 and 
2019. Of those, 293,150 had a diagnosis of liver cirrhosis. The 
prevalence of depression among those cirrhotic patients was 
23.93% versus 7.61% in the noncirrhotic control group (95% CI, 
16.1836%–16.4770%; P < .0001). By applying a multivariate analysis 
model, cirrhotic patients were found to be more likely to develop 
depression (odds ratio = 2.172; 95% CI, 2.159–2.185; P < .0001) 
compared to patients with no prior history of liver cirrhosis.

Conclusions: Liver cirrhosis is associated with increased risk of 
depression and is likely to be an independent risk factor in its 
development. Future efforts should focus on the identification and 
treatment of this debilitating condition in those with liver cirrhosis 
via an integrated care model.
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Major depressive disorder (MDD), or clinical 
depression, is a psychiatric disorder characterized 

by 2 or more weeks of persistently depressed mood 
accompanied by symptoms such as feelings of worthlessness, 
guilt, hopelessness, helplessness, loss of self-esteem, sleep 
disturbance, changes in oral intake, anhedonia, loss of 
interest, and suicidality.1 Depression is highly prevalent 
globally and is a leading cause of disability.2–4 The Global 
Burden of Disease Study found depression to be a leading 
cause of disability among all illnesses.5 The lifetime 
prevalence of depression in the United States is estimated 
to be 17%.6 Depressive disorders not only commonly 
accompany chronic progressive medical conditions, such 
as coronary artery disease, diabetes mellitus, malignancy, 
stroke, neurodegenerative disease, and chronic liver 
diseases,7–10 but also serve as risk factors for their mortality, 
life burden, and cost.11–13

Liver cirrhosis is one of the diseases commonly associated 
with depression.14–16 It is characterized by progressive 
hepatic fibrosis, destruction of hepatic architecture, and 
formation of regenerative nodules. The most common 
causes of liver cirrhosis in the United States are hepatitis 
C, alcoholic liver disease, nonalcoholic fatty liver disease, 
and iatrogenic insults.17,18 At the early stages of cirrhosis, 
termed compensated liver cirrhosis, patients may be 
asymptomatic or may report nonspecific neurovegetative 
symptoms such as anorexia, weight loss, weakness, and 
fatigue.19,20 If unidentified and untreated, these symptoms 
will progress to compensated liver cirrhosis, and symptoms 
of hepatic insufficiency such as jaundice, pruritus, hepatic 
encephalopathy, ascites, and variceal hemorrhage may 
develop.21 At this stage, the only treatment option available is 
liver transplantation. The progressive nature of this disease 
results in high rates of hospitalization, extensive exposure 
to medications, increased financial burden, frequent need 
for invasive procedures, changes in body image, and an 
increase in morbidity and mortality.20 All these factors 
contribute to the physical and psychological stress that 
mediates the development of depressive symptoms.

High rates of depression have been documented in 
patients with decompensated liver disease and in those 
anticipating liver transplantation.22,23 While on the 
transplant waiting list, cirrhotic patients who are depressed 
are more likely to have a terminal event compared to 
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Clinical Points
 ■ It is postulated that the propensity for patients with liver 

cirrhosis to develop depression is higher than for those 
without cirrhosis.

 ■ A holistic approach should be initiated, including referral to 
a psychiatrist, to possibly improve morbidity and quality of 
life in patients with cirrhosis.

 ■ Physicians treating patients with cirrhosis should screen for 
mental disorders including depression and substance use 
disorders.

their counterparts who are not depressed.24 Studies have 
demonstrated high rates of disparity reflecting depression 
among patients with liver cirrhosis (point prevalence of 
17%–57%)25,26 compared to the general population (point 
prevalence of 2%).27 Despite the relationship between 
depression and liver cirrhosis and its relevance to the 
clinical outcome, few studies in the literature have explored 
the prevalence of depression in cirrhotic patients. The 
aim of this study was to evaluate the risk of developing 
depression among adult patients with liver cirrhosis in the 
United States.

METHODS

Database
This retrospective study was performed using a large 

multi-institutional database (IBM Explorys Solutions, 
Armonk, New York) containing electronic health record 
(EHR) data from 26 health care systems, consisting of 
360 US hospitals from 1999 to 2019.28 The data were 
collected from billing inquiries. Raw data of diagnoses, 
findings, and procedures were arranged in the Systematized 
Nomenclature of Medicine-Clinical Terms (SNOMED-CT) 
hierarchy. Prescription drug orders were mapped into 
SNOMED and RxNorm.28 The Explorys database, which 
is HIPAA compliant, generated multiple cohorts based on 
the presence or absence of SNOMED-CT diagnoses. These 
cohorts allow for further analysis to provide the temporal 
relationship between diagnoses and identification of 
sentinel diagnoses.28 To protect patient identity, cell counts 
in the database were rounded to the nearest 10.28 Explorys 
has been validated in multiple medical fields including 
gastroenterology and psychiatry.29–32

Patient Selection and Covariates
Active records of all adult patients aged ≥ 18 years were 

identified between the years 1999 and 2019. The study 
cohort (liver cirrhosis) was then retrieved by searching the 
database for a SNOMED-CT diagnosis of “cirrhosis of liver” 
during the designated period of the study. Demographics 
such as age, sex, and race-based data were collected. Known 
risk factors of depression were identified by searching the 
database for their respective SNOMED-CT diagnoses 
including sex, race, age, smoking, substance abuse 

(including alcohol), other mental disorders, and comorbid 
conditions.

Statistical Analysis
Patients with liver cirrhosis (study group) were 

compared with noncirrhotic patients (control group). 
The overall period prevalence was calculated by dividing 
the total number of individuals with the diagnosis of 
depression by the total number of individuals in Explorys. 
The prevalence rates of depression in the study group 
(cirrhotic patients) and in the control group (noncirrhotic 
patients) were calculated by dividing the total number 
of individuals with depression by the total number of 
individuals with and without liver cirrhosis, respectively. 
Cases of depression were included in this analysis only if 
the diagnosis of cirrhosis preceded diagnosis of depression. 
The odds ratio (OR) for univariable analysis and its 
standard error and 95% confidence interval were calculated 
using MedCalc Statistical Software (Ostend, Belgium). To 
adjust for possible confounding from the covariates listed 
previously, multivariate regression model was constructed 
using binary logistic regression with liver cirrhosis as the 
dependent variable. Statistical analysis for the multivariable 
multivariate model was performed using SPSS version 25 
(IBM Corp, Armonk, New York). For all analyses, a 2-sided 
P value < .05 was considered statistically significant.

RESULTS

Of the 56,197,690 patients identified between 1999 
and 2019, 293,150 carried a diagnosis of liver cirrhosis, 
while 55,904,540 had no history of liver disease. Basic 
demographic characteristics in both groups are shown in 
Table 1.

Based on our study, the documented prevalence of 
depression among people with liver cirrhosis was 23.93%. 
This rate is significantly higher than the prevalence of 
7.61% we found in noncirrhotic patients (P < .0001). After 
adjusting for age, sex, race, smoking, substance abuse 
including alcohol, other mental disorders, and comorbid 
conditions, we found that patients with liver cirrhosis 
were more likely to develop depression (OR = 2.172; 95% 
CI, 2.159–2.185; P < .0001) compared to patients with 
no prior history of liver cirrhosis. When looking at the 
development of depression, having other mental disorders 
was the strongest predicting factor by a decided margin; 
other predictors were age ≥ 65 years, female sex, history 
of polysubstance abuse, nicotine use, and the presence of 
more than 1 comorbidity or chronic disease. ORs and 95% 
confidence intervals for these factors are presented in Table 
2.

DISCUSSION

Our findings suggest a strong association between liver 
cirrhosis and depression. The cause of this association 
is likely multifactorial, involving biological, social, and 
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Table 2. Multivariable Model With Depression as the 
Outcome

Multivariable Model Odds Ratio 95% CI P Value
Age (≥ 65 vs < 65) 1.210 1.208–1.212 < .0001
Sex (male vs female) 0.462 0.461–0.463 < .0001
Race (White vs non-White) 2.290 2.287–2.294 < .0001
Substance abuse 4.359 4.344–4.375 < .0001
Smoking 2.699 2.694–2.704 < .0001
Alcohol 0.944 0.939–0.948 < .0001
Other mental disorders 5.412 5.403–5.421 < .0001
Comorbiditiesa 2.174 2.170–2.178 < .0001
Liver cirrhosis 2.172 2.159–2.185 < .0001
aComorbidities: ≥ 1 of the following: heart failure, coronary artery disease, 

liver cirrhosis, chronic kidney disease, inflammatory bowel disease, 
chronic obstructive pulmonary disease, diabetes mellitus, obesity, 
hypertension, or metabolic syndrome.

Table 1. Baseline Characteristics of the Study Populationa

Characteristic

Patients With 
History of  

Liver Cirrhosis
(n = 293,150)

Patients With 
No History of  
Liver Cirrhosis

(n = 55,904,540)
Age, y

18–64 162,710 (56) 39,256,650 (70)
≥ 65 130,080 (44) 16,647,890 (30)

Sex
Male 165,570 (56) 29,262,260 (46)
Female 129.010 (44) 34,860,640 (54)

Race
White 220,320 (75) 36,637,560 (57)
Non-White 74,270 (25) 27,485,340 (43)

Comorbidities
Smoking 92,750 (31) 5,283,290 (8)
Alcohol abuse 64,010 (22) 852,670 (1)
Hypertension 197,660 (67) 11,630,610 (18)
Diabetes mellitus 124,710 (42) 4,730,730 (7)
Obesity 70,670 (24) 4,265,090 (7)
Chronic kidney disease 66,260 (23) 1,711,530 (3)
Coronary artery disease 8210 (3) 346,030 (1)
Heart failure 79,050 (27) 1,832,550 (3)
Chronic obstructive pulmonary 

disease
83,290 (28) 2,191,100 (3)

Depression 105,660 (36) 5,508,160 (7)
Other mental disorders 121,610 (41) 6,761,090 (11)
Substance abuse 82,440 (28) 1,681,640 (3)

aData are presented as n (%).

psychological factors. Substance abuse and nonadherence 
with medications are behaviors common in both chronic 
liver disease and MDD, which can create an environment of 
nonresponsiveness to standard treatments.33,34 Biologically, 
the inflammatory component of depression is increasingly 
recognized, making it reasonable to assume that there may 
be a physiologic mechanism linking liver cirrhosis and 
depressive symptoms. Loftis et al35 showed that higher levels 
of proinflammatory cytokines detected in patients with 
chronic liver disease correlated positively to the severity of 
depression in some subgroups. Increased levels of CD8+ T 
cells (also known as “killer T cells”) have been shown to 
correlate with severity of depressive symptoms in cirrhotic 
patients. These findings, among many, suggest that specific 
inflammatory and immune reactions in cirrhotic patients 
may by mechanistically linked to the development of 
depressive symptoms.36–38

A variety of point prevalence of depression in cirrhotic 
patients as well as in the general population has been 
reported in the literature.34,39 This variation in the 
prevalence of depression is consistent with the complexity 
of diagnosing MDD, inaccuracies in chart documentations, 
and increasing mental health literacy among physicians. 
Across these studies, the prevalence of depression was noted 
to be higher in cirrhotic patients,34,40 and it has been noted 
that the severity of liver disease correlates with the severity 
of depressive symptoms.41 Similar to the general population, 
female sex was associated with higher risk of depression in 
those with cirrhosis.42

Cirrhosis is associated with impaired functionality and 
recurrent hospitalizations. When other morbidities are 
present, our study showed that people with cirrhosis have a 

higher likelihood of developing depression. These findings 
are consistent with a meta-analysis by Read et al.43 In a 
thematic analysis performed by Stanners et al,44 patients 
with multiple comorbidities attributed their depression 
to subjective changes in their internal and external 
environment related to their suboptimal physical health. 
Our finding that nicotine use is a significant risk factor in the 
development of depression in cirrhotic patients is consistent 
with a meta-analysis by Fluharty et al,45 showing that 
depression was reported prior to nicotine use in over half of 
the subjects. The association between psychiatric disorders, 
polysubstance abuse, and depression is prevalent in the 
literature, is well known to clinicians,39,46 and is consistent 
with our findings that substance abuse is a predictive factor 
in the development of depressive symptoms. The strong 
association between polysubstance abuse and liver cirrhosis 
warrants the need for perception and early recognition of 
depression along with robust screening and treatment 
protocols in the hepatic care setting.

This is the largest study, to our knowledge, to evaluate 
the association between liver cirrhosis and depression in 
a US population, and the large sample size is a significant 
strength of our study. The sizable number of patients 
provided also functions to eliminate the effect of minor 
confounders and improves the ability to identify relatively 
uncommon associations.

In addition to the retrospective design of our study, other 
limitations include the inability to determine social history 
and life events, which have shown positive associations 
with depression. However, given that Explorys aggregates 
data from 50 states throughout the United States, this 
partially limits the effect of geographic and socioeconomic 
confounders as well as improves generalizability of the 
results. A major hindrance in all studies based primarily 
on chart data is that it is not possible to verify the validity of 
diagnosis. This weakness of our study is partially mitigated 
by the large number of clinicians who were involved 
in making the diagnosis in our large sample. Another 
limitation is the overlap between constitutional symptoms 
of chronic liver disease and neurovegetative symptoms of 
MDD, likely creating significant diagnostic ambiguity when 
screening for depression.
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This study confirms an association between liver 
cirrhosis and depression and points to the significant 
need for integrated psychiatric care in the treatment of 
cirrhotic patients. Our findings may also influence the 
type of psychiatric care recommended. Based on our 
findings, we recommend that physicians of cirrhotic 
patients formally screen for depressive symptoms, 

routinely test for substance abuse, screen for common 
psychiatric disorders, and address comorbid medical 
problems. Adjunct use of psychiatric referral is 
warranted in patients with decompensating psychiatric 
disorders, and treatment of depressive symptoms will 
likely improve their medical and biopsychosocial 
outcomes.
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