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Background:Non-alcoholic fatty liver disease (NAFLD) is a common chronic liver

disease, affecting 25-30% of the general population globally. The condition is

even more prevalent in individuals with obesity and is frequently linked to the

metabolic syndrome. Given the known associations between the metabolic

syndrome and common mental health issues, it is likely that such a relationship

also exists between NAFLD and mental health problems. However, studies in this

field remain limited. Accordingly, the aim of this systematic review and meta-

analysis was to explore the prevalence of one or more common mental health

conditions (i.e., depression, anxiety, and/or stress) in adults with NAFLD.

Methods: PubMed, EBSCOhost, ProQuest, Ovid, Web of Science, and Scopus

were searched in order to identify studies reporting the prevalence of depression,

anxiety, and/or stress among adults with NAFLD. A random-effects model was

utilized to calculate the pooled prevalence and confidence intervals for

depression, anxiety and stress.

Results: In total, 31 studies were eligible for inclusion, involving 2,126,593 adults

with NAFLD. Meta-analyses yielded a pooled prevalence of 26.3% (95% CI: 19.2 to

34) for depression, 37.2% (95% CI: 21.6 to 54.3%) for anxiety, and 51.4% (95% CI:

5.5 to 95.8%) for stress among adults with NAFLD.
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Conclusion: The present findings suggest a high prevalence of mental health

morbidity among adults with NAFLD. Given the related public health impact, this

finding should prompt further research to investigate such associations and

elucidate potential associations between NAFLD and mental health morbidity,

exploring potential shared underlying pathophysiologic mechanisms.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,

identifier CRD42021288934.

KEYWORDS

non-alcoholic fatty liver disease, NAFLD, NASH, mental health, depression,

anxiety, stress

Introduction

Non-alcoholic fatty liver disease (NAFLD) develops as a result

of excess accumulation of fat in hepatocytes, which is unrelated to

excess alcohol intake, and extends from simple steatosis to non-

alcoholic steatohepatitis (NASH) with or without fibrosis that may

lead to liver failure and even hepatocellular carcinoma (1–3).

NAFLD currently constitutes the most prevalent chronic liver

disease worldwide with prevalence rates of up to 25-30% among

the general adult population (1–3). Furthermore, NAFLD is

frequently linked to the metabolic syndrome which represents a

cluster of interrelated cardio-metabolic conditions associated with

central obesity, and obesity-related insulin resistance [i.e., type 2

diabetes mellitus (T2DM), hypertension and dyslipidemia] (4).

Indeed, it is reported that approximately 85% of individuals with

NAFLD exhibit at least one element of the metabolic syndrome (5),

with the prevalence of NAFLD among individuals with obesity

reaching 70-90% (2, 3, 6). In addition, it is reported that future

generations are at risk of a ‘second wave’ of metabolic liver disease,

in the form of NAFLD, owing to potential early-onset as an impact

of weight issues during childhood (7).

Owing to these associations with obesity and the metabolic

syndrome, NAFLD is often referred to as the hepatic manifestation

of metabolic syndrome (8–11). Of note, to highlight these links and to

more accurately describe the pathophysiology of NAFLD, renaming

this condition to metabolic dysfunction-associated fatty liver disease

(MAFLD) or metabolic dysfunction-associated steatotic liver disease

(MASLD) has been recently proposed (12, 13). Indeed, as reported by

the European Association for the Study of the Liver (14), the term

‘MASLD’ is reflective of patients with hepatic steatosis who

experience more than one of five cardiometabolic risk factors, and

thus is considered to be less stigmatizing and a preferred

nomenclature as opposed to the term ‘NAFLD’. Taking into

account these newer proposed terms for NAFLD, it is noteworthy

that, in addition to introducing the new nomenclatures of MAFLD

and MASLD in the scientific literature, the definitions of these

nosologies are also redefined based on specific diagnostic criteria

for each term (15–18). As such, whereas the diagnosis of NAFLD

requires the exclusion of alternative etiologies of steatosis/

steatohepatitis (e.g., alcoholic or viral hepatitis), the diagnosis of

both MAFLD and MASLD acknowledges that in such patients a

combination of dysmetabolic and other (e.g. alcohol-related)

pathophysiologic components may contribute to the underlying

hepatic nosology (15–18). Accordingly, these conditions are

diagnosed based primarily on the presence of metabolic

dysfunction rather than on the exclusion of other causes of

steatosis/steatohepatitis. Thus, MAFLD is defined as steatosis which

is detected - either by imaging or blood biomarkers/scores or

histology - in the presence of at least either obesity, and/or T2DM,

or at least two out of seven predefined dysmetabolic risk

abnormalities (relating to waist circumference, blood pressure,

plasma triglycerides, plasma HDL-cholesterol, plasma high-

sensitivity C-reactive protein, prediabetes, and the homeostatic

model assessment for insulin resistance score) in those adults who

are lean (normal weight by ethnic-specific BMI criteria) and do not

have T2DM (15, 16, 18). Similarly, MASLD is defined as the presence

of steatotic liver disease combined with at least one of five predefined

cardio-metabolic criteria relating to BMI, fasting plasma glucose

levels, blood pressure, plasma triglycerides, and plasma HDL-

cholesterol (17). From these definitions, it is evident that, despite

the significant overlap (>95% of adult patients previously diagnosed

as having NAFLD also fulfil the MASLD diagnostic criteria) (19), the

terms NAFLD, MAFLD and MASLD cannot always be applied

interchangeably, whilst there are also concerns regarding whether

the clinical evidence accumulated for NAFLD can be directly

extrapolated to MAFLD and MASLD (20). Indeed, following the

introduction of the term MASLD, researchers have called for more

flexible editorial conduct regarding the proposed MASLD

nomenclature, since these three nosologies/terms are defined

differently and, thus, accurate distinction between NAFLD,

MAFLD, and MASLD is important for the accuracy of the relevant

scientific literature (20). To address issues relating to the different

definitions of NAFLD, MAFLD and MASLD, in the present

systematic review the NAFLD terminology has been retained since
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the accumulated evidence of interest has been primarily accumulated

under the NAFLD nomenclature/definition.

NAFLD often remains asymptomatic for a lengthy duration,

hence representing a ‘silent epidemic’ (21). However, NAFLD

constitutes a significant risk factor for cardiovascular disease

(CVD), which is reported as the most common cause of mortality

in this patient population (21, 22). In parallel to the data highlighting

NAFLD as an evolving epidemic, growing evidence also suggests

direct associations between common mental health issues, such as

depression, anxiety and chronic stress, and the metabolic syndrome

(23, 24). Based on the strong overlap between NAFLD and the

metabolic syndrome, it seems likely that such associations may also

be observed in individuals with NAFLD, potentially with shared

underlying mechanisms that create a feed-forward vicious cycle

between NAFLD and such mental health morbidity (12). However,

further research is required to fully clarify the complete spectrum of

such potential associations. Furthermore, it is plausible that certain

features associated with NAFLD, such as lack of awareness regarding

the condition, fatigue, and perceived stigma (13, 25–27), may result in

feelings of isolation and loneliness (28), which, in turn, may have a

further impact on mental health and have been reported to be

associated with cardio-metabolic disorders linked to NAFLD,

including obesity, T2DM, metabolic syndrome, and CVD (29, 30).

In this context, research addressing potential mental health issues

in individuals with NAFLD warrants attention. However, despite

previous systematic reviews which have investigated links between

psychological health and NAFLD and associations with depression

(31–33), such issues remain relatively under-recognized in clinical

practice. Indeed, a systematic review by Macavie et al. (32) draws

attention to depression and anxiety as the most relevant emotional

factors among individuals with NAFLD/NASH, suggesting that such

conditions may be regarded as cognitive-behavioral in nature with

lifestyle modification representing the most effective management

(32). Furthermore, additional systematic reviews - albeit with a low

number (up to ten) of included eligible studies (31, 33) - have

demonstrated an association between NAFLD and depression.

Given the limited but growing data in this field, the present

systematic review and meta-analysis aimed to explore the

prevalence of one or more common mental health conditions of

interest (i.e., depression, and/or anxiety, and/or stress) in adults

with NAFLD, and to identify relevant gaps and weaknesses within

the existing literature.

Methodology

Search strategy and study selection

This systematic review was prepared in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) Guidelines (34), and was registered with the

International Prospective Register of Systematic Reviews

(PROSPERO Reference Number: CRD42021288934).

Inclusion criteria were any study (observational or interventional)

published as a scientific paper reporting the prevalence of at least one of

the three mental health conditions of interest (i.e., depression, anxiety,

or chronic psychological stress) in adults (male and female) aged over

18 years with a diagnosis of NAFLD.

A search was conducted in relation to NAFLD and mental health

utilizing the PubMed, EBSCOhost, ProQuest, Ovid,Web of Science, and

Scopus databases. The search terms applied for the PubMed database

included the following: ((metabolic associated fatty liver disease[Title/

Abstract] OR MAFLD OR metabolic dysfunction associated fatty liver

disease[Title/Abstract] OR NAFLD[MeSH Terms] OR NAFLD OR

non-alcoholic fatty liver disease[Title/Abstract] OR non-alcoholic

steatohepatitis[Title/Abstract] OR NASH)) AND ((mental health

[MeSH Terms] OR mental health[Title/Abstract] OR “mental health”

OR “mental well-being” OR “mental wellbeing” OR depression[MeSH

Terms] OR depression[Title/Abstract] OR major depressive disorder

[MeSH Terms] or major depressive disorder[Title/Abstract] OR major

depression[Title/Abstract] OR MDD OR anxiety[MeSH Terms] OR

anxiety[Title/Abstract] OR generalized anxiety disorder[MeSH Terms]

OR generalized anxiety disorder[Title/Abstract] OR generalized anxiety

disorder[Title/Abstract] OR stress, psychologic[MeSH Terms] OR

disorder, mood[MeSH Terms] OR distress[Title/Abstract])). This

search string was applied and adapted to the syntax of all of the

utilized databases (Supplementary Table 1).

The searches were conducted by LL and the results of the

searches were imported into Covidence systematic review software

V2.0 (Veritas Health Innovation, Melbourne, Australia). Following

removal of duplicates, title and abstract screening was completed by

SS, LL and CK. No publication date restriction was adopted for the

timeframe of the search strategy (no publication date restriction up

to 2022). Full-text screening was performed by SS and LL, with any

disputes being resolved by the inclusion of a third reviewer (CK).

Data extraction and quality assessment

Data (including country, year, study design, number of

participants, mental health measures, NAFLD diagnosis, gender,

and age) were independently extracted by two reviewers (SS, LL),

with the outcome of interest being the prevalence of depression,

anxiety, and/or stress. Any disagreements or possible input errors

were checked and resolved via discussion between the two reviewers.

Risk of bias assessment was performed by SS and LL using the

Covidence systematic review software V2.0 which utilizes a

standard template based on the Cochrane Risk of Bias version 1

tool. The assessment criteria were amended within Covidence to

reflect risk of bias assessment for non-randomized studies

(RoBaNS) (35). Any disputes were settled by a third reviewer

(CK). The categories assessed were selection of participants,

confounding variables, exposure measurements, selective outcome

reporting, incomplete outcome data, and other sources of bias.

Author judgement for risk of bias was rated as high, low, or unclear

for each category (Supplementary Figure 1).
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Statistical analysis

The Freeman-Tukey variant of the arcsine square root

transformation was applied in order to normalize the raw

prevalence estimates obtained from each included study; an

approach commonly used for the pooling of proportions (36). For

the performed meta-analyses, the DerSimonian-Laird random-

effects model was utilized; a methodology frequently adopted in

anticipation of discrepancies in population demographics, research

techniques, and study environments (37). The heterogeneity

amongst studies was evaluated by examining the forest plots, and

by applying the chi-squared test for heterogeneity, setting a

statistical significance level of P ≤ 0.10, as well as the use of the I2

statistic, with a 50% value indicative of moderate heterogeneity (38),

and a 75-100% value representing considerable heterogeneity (39).

Subsequent to the primary analyses, additional subgroup

analyses were also conducted, differentiated by the types of

validated instruments used to deduce prevalence estimates. The

potential for reporting bias was examined using a funnel plot, a

graphical tool typically used to assess the presence of publication

bias in systematic reviews (40). The robustness of the meta-analysis

results were evaluated using a leave-one-study-out sensitivity

analysis (41). In addition, to assess the influence of individual

studies on the overall meta-analysis results and their contribution

to heterogeneity, we utilized Baujat plots. This graphical tool plots

the contribution of each study to the overall heterogeneity against

its influence on the overall result (42).

Results

A total of 1470 studies were identified from the performed

database searches and were then imported to Covidence where 81

duplicates were removed, thus resulting in 1389 studies for title and

abstract screening. Following title and abstract screening, 1305

studies were considered irrelevant, leading to an initial total of

84 studies going forward for full text review. During full text review,

53 studies were excluded with reasons (Figure 1), resulting in a total

of 31 studies eligible for inclusion.

For the 31 studies included in this systematic review, NAFLD

was defined by various means including liver biopsy,

ultrasonography/evidence of ultrasound, hepatic steatosis index,

pathology and/or radiologic testing, computed tomography,

magnetic resonance imaging, and self-reported physician

diagnosis (Table 1). From the 31 included studies, 18 studies

(58%) measured only depression (44, 49–53, 57, 58, 61–70), one

study measured only anxiety (55), 10 studies (32%) measured

depression and anxiety (43, 45–48, 56, 60, 71–73), one study

measured only stress (54), and one study measured stress and

anxiety (59). In these studies, the mental health conditions of

interest were identified by validated measures (including DSM-IV

and ICD-10) in 17 studies (44, 46, 48, 49, 53, 54, 56–59, 63, 65–68,

70, 73), self-reported in six studies (43, 47, 55, 61, 62, 69), or

identified by other diagnosis (e.g., medical history) in eight studies

(45, 50–52, 60, 64, 71, 72). Characteristics of the included studies are

presented in Table 1.

FIGURE 1

PRISMA flow chart for the present systematic review.
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TABLE 1 Study characteristics of the 31 eligible studies on non-alcoholic fatty liver disease (NAFLD) and coexisting depression, anxiety and/or stress

in adults which are included in the present systematic review.

Study
(year)

Country Study
Design

Participant
Characteristics

Mental
Health
Assessment
Method

NAFLD Diagnosis Summarized Main
Study Findings

Balp et al.

(2019)

(43)

European Cross-

Sectional

Total sample: n = 184

(male: 57.1%)

Age: 54.5 (13.1) years

Depression: n = 57

Anxiety: n = 59

Self-Reported Self-reported

physician diagnosis

Depression and anxiety diagnosis was

greater in the NASH cohort, compared to

the matched general population, with a

significant burden to HRQoL.

Canivet

et al. (2020)

(44)

France Prospective

cohort study

Total sample: n =388*

(female: 81%)

Age: 40 (30-50)

*A sub-sample of 183

patients were selected

from the initial sample

of 388 and were tested

for depression.

Depression: n =

62 (BDI)

83 (HADS)

BDI

HADS

Liver Biopsy Participants with severe obesity had more

severe BED and depression compared to

lean individuals, independent of

NAFLD severity.

Castellanos-

Fernández

et al.

(2021)

(45)

Cuba Cross-

Sectional

Total sample: n = 221

(female: 67.9%)

Age: 54 (11.3) years

Depression: n = 86

Anxiety: n = 124

Other diagnosis

(e.g.

medical history)

Liver biopsy or imaging Fatigue, anxiety, depression and abdominal

pain represented the strongest independent

predictors of HRQoL among participants.

Choi et al.

(2021)

(46)

South

Korea

Retrospective

Cross-

Sectional

Total sample: n =

7,846 (male: 78.63%)

Age: 50.5 (10) years

Depression: n = 335

State Anxiety: n = 541

Trait Anxiety: n = 162

BDI

STAI

Ultrasonography NAFLD was significantly and independently

associated with depression. Steatosis stage

had significant associations with both state

anxiety and trait anxiety in women.

Doward

et al.

(2021)

(47)

USA Qualitative Total sample: n = 43

(female: 66.65%)

Age: 53.25 (10.2) years

Depression: n = 13

Anxiety: n = 8

Self-Reported Liver biopsy or

phenotypic diagnosis

Depression was one of the most frequently

reported comorbidities (>25% mentioned

feeling depressed and anxious due

to NASH).

Elwing et al.

(2006)

(48)

USA Case-

control study

Total sample: n = 36

(female: 58.3%

Age: 48.8 (2.01) years

Depression: n = 20

Anxiety: n = 18

DSM-IV Liver Biopsy Lifetime rates of major depressive disorder

and general anxiety disorder were

significantly increased in patients with

NASH, and were associated with advanced

histological hepatic abnormalities.

Fillipovic,

Markovic &

Duric

(2018)

(49)

Serbia Case-

control study

Total sample: n = 40

(male: 55%)

Age: 47.88 (6.07) years

Depression: n = 33

HAM-D Abdominal ultrasound Patients with NAFLD had a higher risk of

depression compared to those without.

Forlano

et al. (2021)

(50)

UK Service

Evaluation

Project

Total sample: n = 81

(female: 61.73%)

Age (with BEDs): 52

(45-57.5) years

Age (without BEDs):

59 (49-63) years

Depression: n = 15

Other Diagnosis

e.g.

Medical History

Not reported Participants with BED experienced more

frequent depression than those without.

Glass et al.

(2021)

(51)

USA Intervention

Study

Total sample: n = 248

(female: 54%)

Age: 53.5 (44-62) years

Depression: n = 100

Other Diagnosis

e.g.

Medical History

Ultrasound, computed

tomography, or

magnetic

resonance imaging

Depression was independently associated

with high-risk behaviors (e.g. unhealthy diet

and sedentary behavior) among people

with NAFLD.

(Continued)
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TABLE 1 Continued

Study
(year)

Country Study
Design

Participant
Characteristics

Mental
Health
Assessment
Method

NAFLD Diagnosis Summarized Main
Study Findings

Huang et al.

(2021)

(52)

China Cross-

Sectional

Total sample: n =

5,181 (male: 65.8%)

Age: 43.8 (13.3) years

Depression: n = 135

Other Diagnosis

e.g.

Medical History

Ultrasound, computed

tomography, and

magnetic resonance

imaging in 24 months or

liver biopsies in

36 months.

Depression, and factors such as disease

severity, CVD and diabetes, influenced

HRQoL based on the CLDQ-NAFLD.

Jung et al.

(2019)

(53)

South

Korea

Cross-

sectional

Total sample: n =

31,635 (male: 77.38%)

Age: 41.25 (7.15) years

Depression: n = 2,870

CES-D Abdominal ultrasound NAFLD, both in terms of presence and

severity was associated with

depressive symptoms.

Kang et al.

(2020)

(54)

South

Korea

Cross-

Sectional

Total sample: n =

47,538 (male: 76.6%)

Age: 42 (9.1) years

Stress: n = 36,555

PSI Ultrasound Perceived stress levels were associated with

the NAFLD prevalence, even after

controlling for behavioral metabolic, &

socioeconomic, factors (stronger association

in men, and in participants with obesity).

Khoonsari

et al. (2017)

(55)

Iran Cross-

Sectional

Total sample: n = 206

(male: 52.9%)

Age: 41.2 (8.3) years

Anxiety: n = 181

Self-Reported Ultrasonography Anxiety and gastrointestinal problems were

common in patients with NAFLD.

Labenz

et al.

(2020)

(56)

Germany Retrospective

cohort study

Total sample: n =

19,871 (male: 57.5%)

Age: 58.5 (14.2) years

Depression: n = 4,173

Anxiety: n = 1,590

ICD-10 Not specified NAFLD was identified as an independent

risk factor for depression and anxiety.

Lee & Park

(2021)

(57)

Korea Cross-

Sectional

Total sample: n =

4,688 (female 61.6%)

Age: 48.25 (0.75) years

Depression: n = 422

PHQ-9 Hepatic steatosis index Adults with depression had a higher risk of

NAFLD, with depression also being

associated to insulin resistance.

Lee et al.

(2013)

(58)

USA Cross-

Sectional

Total sample: n = 497

(female: 55%)

Age: 49.62 (0.72) years

Depression: n = 148

PHQ-9 NAFLD defined by the

absence of any other

causes of CLD

Depression was not found to be

independently associated with NAFLD at a

population level after controlling for other

confounding factors.

Magalhaes

et al.

(2020)

(59)

Brazil Case-

control study

Total sample: n = 26

(female: 89.1%)

Age: 37 (8.9) years

Anxiety: n = 21

Stress: n = 6

HAM-A

LSSI

Ultrasonography Findings did not identify significant

associations between NAFLD and anxiety

or stress, although all participants with

NAFLD had some level of anxiety.

No significant association between NAFLD

and stress was identified.

Moon et al.

(2021)

(60)

USA Prospective

cohort study

Total sample: n =

3,474 (female: 58.9%)

Age: 56.9 (12.96) years

Depression: n = 1,333

Anxiety: n = 925

Other Diagnosis

e.g.

Medical History

Liver biopsy and/or

pragmatic

case definitions

Opioid use was identified in 1 out of 5

patients with NAFLD and was more

common in those with depression, anxiety,

and severe liver disease.

Patel et al.

(2017)

(61)

Australia Prospective

cohort study

Total sample: n = 95

(male: 61%)

Age: 59.6 (9.4) years

Depression: n = 42

Self-Reported Ultrasound Adults with NAFLD and T2DM had at least

two other chronic conditions, with the most

common being metabolic syndrome and

self-reported depression.

Patel et al.

(2017)

(62)

Australia Cross-

Sectional

Total sample: n = 151

(male: 63.6%)

Age: 60.7 (10.3) years

Depression: n = 72

Self-Reported Ultrasound Self-reported depression was highly

prevalent and more common in those with

moderate alcohol consumption.

Sayiner

et al.

(2020)

(63)

USA Cross-

sectional

Total sample: n =

1,980,950 (female:

54.7%)

Age: 70 (11.11) years

Depression: n

= 188,307

ICD-10 ICD-9/ICD-10 Codes Depression was among the most common

extra-hepatic diseases identified.

(Continued)
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Assessment of risk of bias

Judgements regarding risk of bias are presented in Figure 2, whilst

further information is available in Supplementary Figure 1.

Selection bias was identified in 13 studies (42%). The main

support for judgement was that for these studies, patients had been

recruited from a single center and therefore findings may not be

representative of the general patient population with NAFLD.

TABLE 1 Continued

Study
(year)

Country Study
Design

Participant
Characteristics

Mental
Health
Assessment
Method

NAFLD Diagnosis Summarized Main
Study Findings

Shaheen

et al.

(2021)

(64)

United

Kingdom

Retrospective

cohort study

Total sample: n =

19,053 (female: 54.7%)

Age: 54.1 (12.7) years

Depression: n = 3,061

Other Diagnosis

e.g.

Medical History

Read Codes No significant difference in liver disease

progression among patients with NAFLD

and ALD in relation to major

depressive disorder.

Surdea-

Blaga &

Dumitras ̧cu

(2011)

(65)

Romania Cross-

Sectional

Total sample: n = 63

(female: 60.3%)

Median Age: 46.4/50.1

years (men/women)

Depression: n = 36

BDI Abdominal Ultrasound No significant relationship between

depression/anxiety and NAFLD. Anxiety

and depression are common in the

studied region.

Takahashi

et al.

(2017)

(66)

Japan Retrospective

cohort study

Total sample: n = 24

(female: 100%)

Age: 54 (47-61) years

Depression: n = 1

CES-D Ultrasonography Potential association between decreased

brain activity and NAFLD, regardless

of depression.

Tomeno

et al.

(2015)

(67)

Japan Retrospective

cohort study

Total sample: n = 258

(male: 53.1%)

Age: 48.6 (13.25) years

Depression: n = 32

DSM-IV Liver biopsy The comorbid state of MDD was associated

with more severe histological steatosis and

worse treatment outcomes in NAFLD.

Tutunchi

et al.

(2021)

(68)

Iran Case-

control study

Total sample: n = 95

(female: 56.8%)

Age: 48.8 (5.9) years

Depression: n = 44

BDI Ultrasonography Higher prevalence of depression in those

with NAFLD, compared to those

without NAFLD.

Weinstein

et al.

(2011)

(69)

USA Cross-

Sectional

Total sample: n = 184

(female: 69.4%)

Age: 46.7 (11.2) years

Depression: n = 50

Self-Reported Pathology and/or

radiologic testing

Patients with NAFLD and HCV had higher

depression prevalence compared to

individuals with HBV and the depression

rates among the general population.

Yang et al.

(2021)

(70)

USA Cross-

Sectional

Total sample: n = 595

(female: 53.2%)

Age: 59.9 (0.7) years

Depression: n = 65

PHQ-9 Liver steatosis in the

absence of possible

secondary causes of

fatty liver.

Depression was an independent predictor

for MAFLD risk, with a positive

relationship between depression and

MAFLD in middle‐aged and older adults.

Younossi

et al.

(2019)

(71)

USA Cross-

Sectional

Total sample: n =

1,338 (female: 53.1%)

Age: 57 (8.9) years

Depression: n = 339

Anxiety: n = 260

Other Diagnosis

e.g.

Medical History

Histologic evidence NASH was associated with significant

impairment on patient reported outcomes

and well-being.

Younossi

et al.

(2020)

(72)

USA Cross-

Sectional

Total sample: n =

1,222 (female: 56.7%)

Mean Age: 57.8 years

Depression: n = 272

Anxiety: n = 335

Other Diagnosis

e.g.

Medical History

Liver biopsy Depression or a nervous system disorder

were associated with fatigue and increased

likelihood to report pruritus.

Youssef

et al.

(2013)

(73)

USA Cross

Sectional

Total sample: n = 567

(female: 67%)

Age: 48 (1.1) years

Depression: n = 80

Anxiety: n = 143

HADS Histological diagnosis

of NAFLD

Subclinical and clinical depression was

noted in 53% and 14% of patients,

respectively. Increased severe depression

symptoms were associated with a greater

likelihood of severe hepatocyte ballooning.

ALD, Alcoholic Liver Disease; BDI, Beck Depression Inventory; BED, binge eating disorder; BMI, Body Mass Index; CES-D, Centre for Epidemiological Studies-Depression; CLDQ, Chronic

Liver Disease Questionnaire; CVD, Cardiovascular Disease; DSM-IV, Diagnostic and Statistical Manual of Mental Health Disorders; HADS, Hospital Anxiety and Depression Scale; HAM-A,

Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression Rating Scale; HBV, Hepatitis B; HCV, Hepatitis C; HRQoL, Health-Related Quality of Life; ICD, International Classification of

Diseases; LSSI, Lipp’s Stress Symptoms Inventory; MAFLD, Metabolic Dysfunction-Associated Fatty Liver Disease; NAFLD, non-alcoholic fatty liver disease; PHQ-9, Patient Health

Questionnaire; PSI, perceived stress inventory; STAI, State-Trait Anxiety Inventory; T2DM, Type 2 Diabetes Mellitus. Age is reported as mean (Standard Deviation or range), or median

(Interquartile Range) based on available data reported by each study.
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Selection bias was judged to be low for nine studies (29%) and

unclear for nine studies (29%). For confounding factors, 19 studies

(61%) were judged to have a low risk of bias, since these had been

controlled for within analyses. The remaining studies were judged

as having an unclear risk for 11 studies (35.4%) and high risk for

one study (3.2%). Risk of bias was judged as low for intervention

(exposure) measurement for 24 (77.4%) studies, with the remaining

seven studies (22.5%) judged as unclear owing to the use of self-

report measures. Low risk of bias was also reported for incomplete

outcome data in 30 (96.7%) studies, with one study identified as

unclear. Selective outcome reporting was judged as being low risk of

bias for all included studies. When other sources of bias were

assessed, 22 studies were judged as low risk (70%), five studies

(16.1%) were judged as unclear, whilst four (12.9%) studies were

rated as having a high risk of bias.

Depression

In total, 28 of the included studies measured depression, with

the total number of participants amounting to 2,079,270. Validated

instruments were used to measure depression in 15 studies (44, 46,

49, 53, 56–59, 63, 65–68, 70, 73), while self-report and other

diagnosis (e.g., medical history) were used in five (43, 47, 61, 62,

69) and eight studies (45, 50–52, 60, 64, 71, 72), respectively. Of

these studies, 11 were from the USA (47, 48, 51, 58, 60, 63, 69–73),

resulting in a total of 1,989,154 participants from this geographical

region. However, the majority of USA participants were recruited

for one particular study involving 1,980,950 individuals (63).

It should be noted that one study (44) had utilized both the Beck

Depression Inventory (BDI) and the Hospital Anxiety and

Depression Scale (HADS) to measure depression, but we included

only the data from the BDI within the primary analysis for pooled

prevalence of depression, as this had gleaned a higher prevalence

when the authors reported mild depression in addition to moderate

to severe. When the data were analyzed by sub-groups, on the basis

of individual validated measures, both the BDI and HADS

were included.

The pooled prevalence of depression for all studies yielded an

estimate of 26.3% (95% CI: 19.2 to 34%) (Figure 3). The I2 statistic

was 100%, indicating a considerable degree of heterogeneity among

the studies. The funnel plot for examination of publication bias is

shown in Supplementary Figure 2. We found evidence of publication

bias as indicated by the asymmetrical funnel plot of studies’ precision

against prevalence estimates (in logarithmic scale). However, the

results of leave-one-study-out sensitivity analyses showed that no

study had undue influence on the pooled depression prevalence as

presented in Supplementary Figure 3A. The Baujat plot highlighted

the study by Sayiner et al. (63) as a significant contributor to the

overall heterogeneity and influence on the meta-analysis results

(Supplementary Figure 3B). The large sample size of this study (63)

in relation to the total combined sample size of all studies contributes

significantly to the heterogeneity (I² = 100%) of the meta-analysis.

Another study by Fillipovic et al. (49) appears to have a minimal

influence on the overall meta-analysis result when compared to its

contribution to heterogeneity. This suggests that while the study adds

to the variability within the meta-analysis, its effect size or weight

does not substantially alter the combined effect estimate of

depression prevalence.

As presented in Figure 3, the pooled estimate tended to be

higher among studies that used self-reported tools (36.0%, 95% CI:

27.8 to 44.5%), followed by studies that used validated measures

(24.8%, 95% CI: 13.7 to 37.8%), and studies that used other

diagnosis such as medical history (24%, 95% CI: 14.3 to 35.3%).

Figure 4 presents the results of the meta-analysis stratified by

validated tools/measures. The pooled prevalence estimate was

highest among studies that used the Hospital Anxiety and

Depression Scale (HADS), followed by the Beck Depression

Inventory (BDI), the Centre for Epidemiological Studies-

Depression (CES-D) scale, and the Patient Health Questionnaire-

9 (PHQ-9).

Anxiety

Of the studies reporting depression, ten additionally measured

anxiety, resulting in a total of 12 studies measuring anxiety (43, 45–

48, 55, 56, 59, 60, 71–73), with the corresponding total number of

participants amounting to 35,034. Validated instruments were used

to measure anxiety in four studies (Table 1), utilizing the DSM-IV

(48), ICD-10 (56), the Hamilton Anxiety Rating Scale (59) and the

Hospital Anxiety and Depression Scale (73). Self-report and other

diagnosis (e.g., medical history) were used in three (43, 47, 55) and

four studies (45, 60, 71, 72), respectively. A further study (46),

utilized a validated instrument to measure both state and trait

anxiety. To separate the two domains, this study was not

incorporated into the primary analysis for pooled prevalence of

anxiety and was included in the additional sub-group analyses only.

Six of these studies originated from the USA (47, 48, 60, 71–73),

with a total of 7,127 participants. However, the largest number of

participants (n = 19,871) was from a study originating from

Germany (56).

The pooled prevalence of anxiety yielded an estimate of 37.2%

(95% CI: 21.6 to 54.3%) (Figure 5). As with depression, the I2 statistic

was 100%, indicating considerable heterogeneity between the studies.

The funnel plot for the examination of publication bias is presented in

Supplementary Figure 4. We found evidence of publication bias as

indicated by the asymmetrical funnel plot of studies’ precision against

prevalence estimates (in logarithmic scale). However, the results of

the leave-one-study-out sensitivity analyses showed that no study had

undue influence on the pooled anxiety prevalence (Supplementary

Figure 5).

FIGURE 2

Risk of bias assessment of the included studies.
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FIGURE 3

Pooled prevalence of depression, split into subgroups by method of diagnosis, i.e. validated measures (including DSM-IV and ICD-10), self-report,

and other diagnosis (e.g. medical history).

FIGURE 4

Pooled prevalence of depression, by validated tools/measures. In the sub-group analysis, only data for moderate to severe depression were included

for the purpose of consistency across studies.
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As presented in Figure 5, the pooled estimate tended to be higher

among studies that used self-reported tools (47.4%, 95% CI: 8.5 to

88.2%), followed by studies that used validated measures (38.0%, 95%

CI: 9.5 to 71.8%), and studies that used another method for diagnosis

such as medical history (29.6%, 95% CI: 15.0 to 46.7).

Stress

One of the included studies also measured stress in addition to

anxiety (59). In total, only two of the included studies investigated

stress in association with NAFLD (54, 59), involving a total of

47,564 participants. However, one of these studies (54), conducted

in South Korea, included 47,538 participants. Both studies utilized

validated instruments to measure stress. One study used the

Perceived Stress Inventory to measure stress (54), whilst the other

utilized the Lipp’s Stress Symptoms Inventory (59) (Table 1).

The pooled prevalence of stress (Figure 6) yielded an estimate of

51.4% (95% CI: 5.5 to 95.8%). The I2 statistic was 97%, indicating a

considerable degree of heterogeneity between the studies.

Discussion

The present systematic review and meta-analysis presents novel

data on the prevalence of depression, anxiety, and/or stress in adults

living with NAFLD, whilst comprehensively summarizing the

relevant literature. When we meta-analyzed data from 28 studies,

a high prevalence of depression was revealed among this patient

population (26.3%; 95% CI: 19.2 to 34%). A higher pooled

prevalence estimate of 37.2% (95% CI: 21.6 to 54.3%) was noted

for anxiety in patients with NAFLD, whilst stress appears to affect

one in two patients with NAFLD (51.4%; 95% CI: 5.5 to 95.8%). To

our knowledge, this is the largest meta-analysis of available data on

the prevalence rates of depression, and/or anxiety, and/or stress

among adults with NAFLD, documenting even higher mental

health comorbidity in this patient population than previously

reported (33). As discussed in the following sections, this

apparently high overlap between NAFLD and these common

mental health problems constitutes a significant health issue

which merits further attention both in the context of the clinical

care of these patients and for targeted research in this field.

Depression

Depression is a highly prevalent disorder worldwide,

constituting a leading cause of years lived with disability and

affecting over a quarter of a billion people (74). The findings of

this systematic review suggest that depression is present in

approximately one out of four (~26.3%) patients with NAFLD.

This prevalence of depression is even higher than the one reported

in a previous meta-analysis (33), which included 10 studies with an

18.21% pooled prevalence of depression in patients with NAFLD.

This may, at least in part, be reflective of the larger number of

studies and the larger sample size included in our systematic review.

Notably, in the larger study included in the present systematic

review, involving 1,980,950 Medicare beneficiaries, depression was

reported to be one of the most common extra-hepatic diseases

identified in people with NAFLD (63). Depression was further

reported as a contributing factor to impaired health-related quality

of life (45, 52), whilst there are data supporting an independent

FIGURE 5

Pooled prevalence of anxiety broken down into subgroups by method of diagnosis, namely validated tool/measure (including DSM-IV and ICD-10),

self-report, and other diagnosis (e.g. medical history).

FIGURE 6

Pooled prevalence of stress.
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association of depression with high-risk behaviors, such as

sedentariness and unhealthy diet among individuals with NAFLD

(51). Another included study reported similarities between both

men and women regarding a significant association between

NAFLD and the incidence of depression, independently of other

confounders such as diabetes, CVD, asthma, sex and age (56). In

addition, a further retrospective cross-sectional study conducted by

Choi et al. (46), involving 7,846 participants, identified an

independent association of NAFLD with the risk for depression

after controlling for other factors including diabetes and age.

Regarding more severe forms of NAFLD, studies investigating

rates of depression in patients with NASH identified a higher

frequency of depression among this patient group (43, 47, 48).

Additional evidence from included studies suggests an

association of depression with NAFLD progression/severity, with

the study by Tomeno et al. (67) showing that major depressive

disorder was associated with more severe histological hepatic

steatosis and worse treatment outcomes in patients with

NAFLD. Furthermore, both major depressive disorder and

general anxiety disorder have been identified as being significantly

increased in patients with NASH, and associated with increased

advanced liver histological abnormalities (48). An association of

increased symptoms of depression with a greater likelihood of

severe hepatocyte ballooning has also been reported by Youssef

et al. (73).

Contrary to the above, one study reported that depression was

not found to be independently associated with NAFLD at a

population level after controlling for other confounding factors,

such as diabetes and obesity (58). Likewise, in a study conducted in

Romania, authors reported that they were unable to detect a

relationship between NAFLD and depression and anxiety,

highlighting that symptoms of depression and anxiety are

common in this particular region (65).

Anxiety

A total of 12 studies included in the present systematic review

measured anxiety, resulting in a pooled prevalence rate of ~37.2%.

Thus, as with depression, our findings indicate that anxiety appears

to be a very common mental health problem among patients with

NAFLD, which has a potential impact on the overall health-related

quality of life (43, 45, 47, 55). Notably, one study indicated that

general anxiety disorder is significantly increased in patients with

NASH and is associated with advanced liver histological

abnormalities (48).

Furthermore, the study by Choi et al. (46) explored the presence

of both state anxiety and trait anxiety among a NAFLD population,

demonstrating that, although NAFLD in itself was not significantly

associated with anxiety, associations with state and trait anxiety did

emerge depending on the stage of steatosis. These associations

remained consistent after adjusting for factors such as age, body

mass index (BMI), diabetes, and smoking, but were evident only in

females. However, a study by Magalhaes et al. (59) did not identify

significant associations between NAFLD and anxiety, although all

participants with NAFLD had some level of anxiety.

Stress

Growing evidence suggests an association between chronic

psychosocial stress and an increase in the prevalence of various

cardio-metabolic diseases, such as obesity, T2DM, CVD and

hypertension (75, 76). Despite this emerging importance of

chronic stress as a potential factor associated with metabolic

syndrome and NAFLD, there is a paucity of studies which have

explored such a relationship. Indeed, the present systematic review

identified only two eligible studies which investigated chronic stress

in relation to NAFLD, gleaning a pooled prevalence of ~51.4%.

Interestingly, of these two studies, the large cross-sectional study

conducted in South Korea (54) identified a positive independent

association between increased prevalence of NAFLD and perceived

stress, suggesting a probable relationship between the two.

Contrarily, the small study by Magalhaes et al. (59), which sought

to identify an association between NAFLD and occupational stress

among 26 healthcare professionals employed at a community

hospital in Brazil, failed to confirm a significant relationship

between stress and the presence of NAFLD, although the authors

suggest that such an association should continue to be explored.

Accordingly, caution should be adopted when interpreting these

findings since data are drawn from only two studies. However, this

(both the existing data and the absence of more such data) should

clearly prompt further research into the potential links between

NAFLD and chronic stress.

Comparison with other population groups
and general population data

Certain studies included within this review investigated the

prevalence of mental health problems in patients with NAFLD

compared with other population groups (48, 49, 68–70). For

example, the study by Elwing et al. (48) identified a higher rate of

depression and anxiety in patients with NASH compared to a

matched control group without liver disease. Furthermore,

Fillipovic et al. (49) demonstrated greater risk of cognitive

impairment and depression in patients with NAFLD compared to

those without, whilst Weinstein et al. (69) reported a higher

prevalence of depression in individuals with NAFLD in

comparison with patients with another liver disease, namely those

with a hepatitis B virus infection.

In terms of comparisons with general population data, data

suggest a lifetime prevalence estimate for depression of 14.6% and

an average 12-month prevalence estimate of 5.5% for adults in high-

income countries (77). It is further estimated that generalized

anxiety disorder has a lifetime prevalence of between 1-7% in

Europe and around 7.8% in the USA, although it is suggested that

generalized anxiety disorder is often underdiagnosed (78).

Therefore, based on even the lower corresponding estimates from

the present systematic review, it appears that the prevalence of

depression and anxiety among patients with NAFLD is likely to be

considerably higher when compared to the general population.

Depression is a key health issue of concern globally, which has

significantly worsened after the COVID-19 pandemic, with the
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WHO reporting that the prevalence of depression and anxiety

increased by 25% within the first year of this pandemic (79).

Furthermore, depression is reported to be a common co-existing

problem among patients with chronic disorders (80). For example, a

large prospective cohort study conducted in Spain, identified that

around 20% of patients with diabetes suffered from depression, and

that this was associated with a number of diabetes related outcomes

and complications (81). A further systematic review revealed a 28%

prevalence of anxiety in patients with diabetes, with those with pre-

existing anxiety at higher risk of developing diabetes (19%) (82).

Likewise, stress is reported as a trigger for the onset of both type 1

and type 2 diabetes, with the combination of chronic stress and

obesity leading to metabolic failure and increasing diabetes risk in

such individuals (83). Depression, anxiety and chronic

psychological stress are also reported as being common in people

with CVD, with a recent systematic review revealing a prevalence of

depression at 31.3%, and anxiety and stress at 32.9% and 57.7%,

respectively, among this population (84). Moreover, a systematic

review and meta-analysis by Mejarah et al. (83), revealed a high

prevalence of depression among cancer patients, with the highest

prevalence being identified among those with colorectal cancer

(32%) (83), whilst a 13.8% prevalence of anxiety among patients

with cancer has also been reported (85).

Thus, our present findings suggest that the prevalence rates of

these common mental health problems in patients with NALFD

may be similar to those documented for other chronic disorders;

however, this seems to have received less attention and awareness

among the NAFLD population in comparison to other

patient groups.

Diagnosis of NAFLD/measurement of
mental health

Among the studies included in this review, a range of methods

were used to diagnose NAFLD. In general, liver biopsy continues to

be considered the gold standard for the diagnosis of NAFLD and

NASH, as it allows the histologic assessment of hepatic steatosis,

inflammation, and fibrosis. However, liver biopsy is an invasive

strategy which is costly, not always feasible, and carries a risk of

complications (e.g., bleeding). As such, many patients are currently

diagnosed via non-invasive methods (e.g., ultrasound and other

imaging methods), with liver biopsy more commonly reserved for

use where there is diagnostic uncertainty (86, 87). This also explains

the range of NAFLD diagnostic methods utilized in the studies

included in this systematic review (Table 1).

Regarding assessment of the mental health problems of interest,

a number of the included studies involved the use of well-

established validated tools/methods, whilst others utilized self-

report or other means, such as medical records. Of interest, for

studies where depression and anxiety were self-reported, a higher

prevalence of these conditions was evident - a finding that was also

noted in a previous systematic review (33). This may be due to

problems regarding patient recall of physician diagnosis, but might

also reflect the possibility that generic validated tools may not

capture depression and anxiety among this specific NAFLD patient

group. To our knowledge, there are no mental health measures

validated specifically for NAFLD patients. Likewise, as far as we are

aware, the tools that are currently in widespread use for measuring

common mental health problems have not been specifically

validated for use among this patient group.

It is important to note that in some of the studies included in

this review, mental health was not the primary outcome. For

example, two of our included studies had a focus on binge eating

disorder (BED), with the primary aim being to assess if BED related

to obesity was associated with the severity of NAFLD in one study

(44), and to assess risk factors for the presence of BED among

patients with NAFLD together with the impact of BED on body

mass composition in another study (50). Additionally, Patel et al.

(61) sought to describe the number and type of chronic conditions

and medications taken by patients with diabetes and NAFLD and to

identify characteristics that may impact on liver disease severity,

whilst another study by Patel et al. (62) aimed to examine the

association between lifetime alcohol consumption and significant

liver disease in patients with diabetes and NAFLD (62). Therefore,

the assessment of mental health might be seen as a secondary

objective of these studies, and, thus, care should be taken when

interpreting these findings, since the relevant mental health issues

identified might be due to other causes beyond NAFLD itself.

However, it should be noted that when these studies were omitted

during the performed leave-one-out sensitivity analysis, their

omission had no significant effect on the overall pooled

prevalence of depression.

Potential underlying mechanisms

The present systematic review specifically looked at the

prevalence of one or more common mental health issues (i.e.,

depression, anxiety and stress) in adults with NAFLD, thus the

included studies offered evidence predominantly on this research

question. However, growing broader data suggest that a bi-

directional pathophysiologic association between NAFLD and

depression might be in existence (31), whilst it is also plausible

that a feed-forward vicious cycle exists between these common

mental health conditions and NAFLD, whereby such mental health

morbidity may promote NAFLD, and vice versa (12). Thus, it is

important to consider the potential underlying mechanisms that

may link NAFLD with these common mental health problems.

Indeed, some of the studies included in this review also refer to such

potential underlying mechanisms, including insulin resistance,

inflammation, and the activity of the hypothalamic-pituitary-

adrenal axis (HPA) axis (46, 54, 56, 73). For example, when

exploring the association between depression and NAFLD, one of

the studies included within this systematic review suggests that

insulin resistance appears to play an important role in modulating

the link between depression and NAFLD risk (57). Moreover, the

potential involvement of the serotonin pathway, and the gut

microbiome have also been discussed in the context of underlying

mechanisms linking NALFD and these mental health problems (12,
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46). Finally, brain insulin resistance, neuro-inflammation and

cerebrovascular changes are also considered as part of the

NAFLD-related pathophysiology which may affect the central

nervous system in these patients and could contribute to the

development of depression and anxiety (88). Of note, a

Mendelian randomization study by Lin et al. showed that NAFLD

causally affects the brain cortical structure, revealing an association

between NAFLD (NAFLD activity score and fibrosis stages) and

cortical structures (reduced global surface area and changes in the

cortical structures of several brain gyri as assessed by MRI) which

may contribute to disease/dysfunction of the central nervous system

(89). These findings further support the notion of a liver-brain axis

and suggest that MRI scans could be introduced in the routine care

offered to patients with NAFLD in order to promptly diagnose

potential neuropsychiatric comorbidity (89).

It is important to highlight that there could be many other

factors that may contribute to the mental health and well-being of

patients with NAFLD, including symptoms of fatigue which may

impact on quality of life and the high risk of significant

complications, as well as the lack of awareness of the condition

and perceived stigmatization (28). Furthermore, it is reported that

NAFLD patients with depression are at a greater risk of adverse

outcomes, such as stroke, CVD and cancer-related mortality

compared to those without depression (90). Similarly, anxiety has

been shown to be associated with a number of health issues

including CVD, hypertension and gastrointestinal issues (91), and

increased levels of anxiety among NAFLD patients might also lead

to further physical complications. Anxiety may also impair quality

of life both in terms of physical and mental health and in association

with everyday functioning (92), and this is highly likely to be the

case with NAFLD patients.

Overall, NAFLD is a complex condition and may further be

associated with various socioeconomic factors and unmet needs,

which could in turn lead to mood imbalances and feelings of social

isolation and loneliness, representing a further substantial risk to

overall health and quality of life (28). Interestingly, chronic

loneliness is reported as being associated with both mental health

problems and metabolic disorders, potentially acting as a chronic

stressor leading to HPA axis overactivity which may contribute to

the development of both mental health and metabolic problems

that, in turn, may also lead to feelings of social isolation (93).

Limitations

This systematic review and meta-analysis has certain

limitations. Firstly, because a number of the included studies were

cross-sectional in design, it is not possible to determine causality. In

addition, our analysis included some studies wherein mental health

issues were not representative of the intended primary study

outcomes. Also, high heterogeneity was documented throughout

the analysis, which is potentially due to the cross-sectional nature of

many of the included studies, different methods used for diagnosing

NAFLD and measuring mental health, and differences across

country of study origin, and sample size. High levels of

heterogeneity have also been identified in previous reviews of this

nature (31, 33). It is possible that high heterogeneity is a common

feature in meta-analyses of observational studies, due to high risk of

bias and because not all included studies may be answering the same

research question (94). In terms of risk of bias judgement for the

studies included in our review, risk of bias was judged highest for

the selection bias domain, since 13 of the included studies involved

patients recruited from a single center. These centers were

predominantly either liver clinics or centers specializing in

gastroenterology or hepatology, implying that the corresponding

findings may not be representative of the general population of

patients with NAFLD. In addition, in the present systematic review

we included only papers which were published in the English

language, whilst we did not include unpublished studies. Hence, it

is likely that there may be additional relevant studies which are

currently unpublished or have been published in languages other

than English. Furthermore, it was not possible to explore potential

ethnicity related differences in the context of this systematic review

since ethnic specific data were not consistently reported by the

included studies. It would be of interest if future research could

further investigate differences in the prevalence, disease

management, and associations of NAFLD and mental health

problems across different ethnic groups. Finally, it was not

possible to further analyse potential differences depending on the

exact stage of NAFLD and whether steatosis/steatohepatitis and/or

comorbid conditions are present or not, since the included studies

did not consistently report such detailed data as well.

Concluding remarks

Given that the prevalence rates of both NAFLD and mental health

problems are expected to continue to increase globally, a further growth

in the patient group presenting with such comorbid chronic problems

should be expected in the following years. Thus, it is important for the

clinical practice to ascertain the exact degree of mental health

comorbidity among the NAFLD patient population in order to

prioritize and/or tailor relevant treatment interventions. The present

systematic review and meta-analysis presents such up-to-date data on

the apparently high prevalence of depression, anxiety, and stress among

adults with NAFLD, and comprehensively summarizes the existing

relevant literature. Our findings showmarkedly high pooled prevalence

rates of these mental health disorders in adults with NAFLD, indicating

a plausible underlying pathophysiological link, however, the present

work does not draw conclusions on such an association. Thus,

additional research is required to elucidate the potential

pathophysiological links between these common mental health

disorders and NAFLD, and to further identify the exact risk of

developing stress, anxiety and depression disorders in this patient

population. Indeed, our present work further highlights such gaps/

weaknesses which remain within the relevant literature, including the

need to understand potential bi-directional links between NAFLD and

mental health problems. Therefore, whilst clinical practice should

acknowledge the apparently high prevalence rates of depression,

anxiety, and stress among adults with NAFLD and accordingly offer
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tailored care to these patients, research efforts should also be directed

on elucidating potential underlying mechanisms shared between these

common chronic health problems which could result in developing

novel treatment options for such patients.

Data availability statement

Information for existing publicly accessible datasets is

contained within the article.

Author contributions

SS: Conceptualization, Formal analysis, Visualization, Writing –

original draft, Writing – review & editing. CL: Conceptualization,

Visualization, Writing – review & editing. CK: Formal analysis,

Visualization, Writing – review & editing. LL: Visualization, Writing

– review & editing. OU: Formal analysis, Visualization, Writing –

review & editing. AD: Formal analysis, Visualization, Writing – review

& editing. LA: Supervision, Visualization, Writing – review & editing.

SC: Visualization, Writing – review & editing. HR: Conceptualization,

Supervision, Visualization, Writing – review & editing. IK:

Conceptualization, Supervision, Visualization, Writing – review &

editing.

Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.

Acknowledgments

SS, IK, and HR would like to thank the University Hospitals

Coventry and Warwickshire (UHCW) NHS Trust and the General

Charities of Coventry for their ongoing support.

Conflict of interest

Author LA was employed by company iPrescribe Exercise

Digital Ltd.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fendo.2024.1357664/

full#supplementary-material

References

1. Asrih M, Jornayvaz FR. Metabolic syndrome and nonalcoholic fatty liver disease:
Is insulin resistance the link? Mol Cell Endocrinol. (2015) 418:55–65. doi: 10.1016/
j.mce.2015.02.018

2. Estes C, Anstee QM, Arias-Loste MT, Bantel H, Bellentani S, Caballeria J, et al.
Modeling NAFLD disease burden in China, France, Germany, Italy, Japan, Spain,
United Kingdom, and United States for the period 2016-2030. J Hepatol. (2018)
69:896–904. doi: 10.1016/j.jhep.2018.05.036

3. Murag S, Ahmed A, Kim D. Recent epidemiology of nonalcoholic fatty liver
disease. Gut Liver. (2021) 15:206–16. doi: 10.5009/gnl20127

4. Kyrou I, Randeva HS, Tsigos C, Kaltsas G, Weickert MO. Clinical problems
caused by obesity. In: Feingold KR, Anawalt B, Boyce A, Chrousos G, de Herder WW,
Dhatariya K, et al, editors. Endotext. (2018). South Dartmouth, MA: MDText.com, Inc.
(2000).

5. Hassen G, Singh A, Belete G, Jain N, de la Hoz I, Camacho-Leon GP, et al.
Nonalcoholic fatty liver disease: an emerging modern-day risk factor for cardiovascular
disease. Cureus. (2022) 14:e25495. doi: 10.7759/cureus.25495

6. Rinaldi L, Pafundi PC, Galiero R, Caturano A, Morone MV, Silvestri C, et al.
Mechanisms of non-alcoholic fatty liver disease in the metabolic syndrome. A narrative
review. Antioxidants (Basel). (2021) 10. doi: 10.3390/antiox10020270

7. Karlsen TH, Sheron N, Zelber-Sagi S, Carrieri P, Dusheiko G, Bugianesi E, et al.
The EASL-Lancet Liver Commission: protecting the next generation of Europeans
against liver disease complications and premature mortality. Lancet. (2022) 399:61–
116. doi: 10.1016/S0140-6736(21)01701-3

8. Godoy-Matos AF, Silva Junior WS, Valerio CM. NAFLD as a continuum: from
obesity to metabolic syndrome and diabetes. Diabetol Metab Syndr. (2020) 12:60.
doi: 10.1186/s13098-020-00570-y

9. Huang X, Liu X, Yu Y. Depression and chronic liver diseases: are there shared
underlying mechanisms? Front Mol Neurosci. (2017) 10:134. doi: 10.3389/fnmol.2017.00134

10. Katsiki N, Perez-Martinez P, Anagnostis P, Mikhailidis DP, Karagiannis A. Is
nonalcoholic fatty liver disease indeed the hepatic manifestation of metabolic syndrome?
Curr Vasc Pharmacol. (2018) 16:219–27. doi: 10.2174/1570161115666170621075619

11. Russ TC, Kivimaki M, Morling JR, Starr JM, Stamatakis E, Batty GD. Association
between psychological distress and liver disease mortality: A meta-analysis of
individual study participants. Gastroenterology. (2015) 148:958–66 e4. doi: 10.1053/
j.gastro.2015.02.004

12. Shea S, Lionis C, Kite C, Atkinson L, Chaggar SS, Randeva HS, et al. Non-
alcoholic fatty liver disease (NAFLD) and potential links to depression, anxiety, and
chronic stress. Biomedicines. (2021) 9. doi: 10.3390/biomedicines9111697

13. Alemany-Pages M, Moura-Ramos M, Araujo S, Macedo MP, Ribeiro RT, do OD,
et al. Insights from qualitative research on NAFLD awareness with a cohort of T2DM
patients: time to go public with insulin resistance? BMC Public Health. (2020) 20:1142.
doi: 10.1186/s12889-020-09249-5

14. EASL. Multinational liver societies announce new “Fatty” liver disease
nomenclature that is affirmative and non-stigmatising (2023). Available online at:
https://easl.eu/news/new_fatty_liver_disease_nomenclature-2/.

15. Eslam M, Sanyal AJ, George J, International Consensus P. MAFLD: A
consensus-driven proposed nomenclature for metabolic associated fatty liver disease.
Gastroenterology. (2020) 158:1999–2014 e1. doi: 10.1053/j.gastro.2019.11.312

16. Méndez-Sánchez N, Bugianesi E, Gish RG, Lammert F, Tilg HThe Global multi-
stakeholder consensus on the redefinition of fatty liver disease. Global multi-
stakeholder endorsement of the MAFLD definition. Lancet Gastroenterol Hepatol.
(2022) 7:388–90. doi: 10.1016/S2468-1253(22)00062-0

Shea et al. 10.3389/fendo.2024.1357664

Frontiers in Endocrinology frontiersin.org14



17. Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, et al. A
multisociety Delphi consensus statement on new fatty liver disease nomenclature. J Hepatol.
(2023) 79:1542–56. doi: 10.1097/HEP.0000000000000520

18. Shiha G, Korenjak M, Eskridge W, Casanovas T, Velez-Moller P, Hogstrom S,
et al. Redefining fatty liver disease: an international patient perspective. Lancet
Gastroenterol Hepatol. (2021) 6:73–9. doi: 10.1016/S2468-1253(20)30294-6

19. Loomba R, Wong VW. Implications of the new nomenclature of steatotic liver
disease and definition of metabolic dysfunction-associated steatotic liver disease.
Aliment Pharmacol Ther. (2024) 59:150–6. doi: 10.1111/apt.17846

20. Lonardo A, Bril F, Caldwell SH, EslamM, Fan JG, Gish RG, et al. Researchers call
for more flexible editorial conduct rather than abruptly adopting only the new MASLD
nomenclature. J Hepatol. (2024). doi: 10.1016/j.jhep.2024.01.012

21. Lazarus JV, Colombo M, Cortez-Pinto H, Huang TT, Miller V, Ninburg M, et al.
NAFLD - sounding the alarm on a silent epidemic. Nat Rev Gastroenterol Hepatol.
(2020) 17:377–9. doi: 10.1038/s41575-020-0315-7

22. Paternostro R, Trauner M. Current treatment of non-alcoholic fatty liver disease.
J Intern Med. (2022) 292:190–204. doi: 10.1111/joim.13531

23. Kucerova J, Babinska Z, Horska K, Kotolova H. The common pathophysiology
underlying the metabolic syndrome, schizophrenia and depression. A review. BioMed Pap
Med Fac Univ Palacky Olomouc Czech Repub. (2015) 159:208–14. doi: 10.5507/bp.2014.060

24. Liang Y, Zou L, Tian Y, Zhou S, Chen X, Lin C. Dietary and metabolic risk of
neuropsychiatric disorders: insights from animal models. Br J Nutr. (2021) 126:1771–
87. doi: 10.1017/S0007114521000659

25. Carol M, Perez-Guasch M, Sola E, Cervera M, Martinez S, Juanola A, et al.
Stigmatization is common in patients with non-alcoholic fatty liver disease and
correlates with quality of life. PloS One. (2022) 17:e0265153. doi: 10.1371/
journal.pone.0265153

26. Francque SM, Marchesini G, Kautz A, Walmsley M, Dorner R, Lazarus JV, et al.
Non-alcoholic fatty liver disease: A patient guideline. JHEP Rep. (2021) 3:100322.
doi: 10.1016/j.jhepr.2021.100322

27. Newton JL, Jones DE, Henderson E, Kane L, Wilton K, Burt AD, et al. Fatigue in
non-alcoholic fatty liver disease (NAFLD) is significant and associates with inactivity
and excessive daytime sleepiness but not with liver disease severity or insuling
resistance. Gut. (2008) 57:807–13. doi: 10.1136/gut.2007.139303

28. Shea S, Lionis C, Atkinson L, Kite C, Lagojda L, Chaggar SS, et al. Support needs
and coping strategies in non-alcoholic fatty liver disease (NAFLD): A multidisciplinary
approach to potential unmet challenges beyond pharmacological treatment. Livers.
(2023). doi: 10.3390/livers3010001

29. Cene CW, Beckie TM, Sims M, Suglia SF, Aggarwal B, Moise N, et al. Effects of
objective and perceived social isolation on cardiovascular and brain health: A scientific
statement from the american heart association. J Am Heart Assoc. (2022) 11:e026493.
doi: 10.1161/JAHA.122.026493

30. Jung FU, Luck-Sikorski C. Overweight and lonely? A representative study on
loneliness in obese people and its determinants. Obes Facts. (2019) 12:440–7.
doi: 10.1159/000500095

31. Gu Y, Zhang W, Hu Y, Chen Y, Shi J. Association between nonalcoholic fatty
liver disease and depression: A systematic review and meta-analysis of observational
studies. J Affect Disord. (2022) 301:8–13. doi: 10.1016/j.jad.2021.12.128

32. Macavei B, Baban A, Dumitrascu DL. Psychological factors associated with
NAFLD/NASH: a systematic review. Eur Rev Med Pharmacol Sci. (2016) 20:5081–97.

33. Xiao J, Lim LKE, Ng CH, Tan DJH, Lim WH, Ho CSH, et al. Is fatty liver
associated with depression? A meta-analysis and systematic review on the prevalence,
risk factors, and outcomes of depression and non-alcoholic fatty liver disease. Front
Med (Lausanne). (2021) 8:691696. doi: 10.3389/fmed.2021.691696

34. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. BMJ. (2009) 339:
b2535. doi: 10.1136/bmj.b2535

35. Kim SY, Park JE, Lee YJ, Seo HJ, Sheen SS, Hahn S, et al. Testing a tool for assessing
the risk of bias for nonrandomized studies showed moderate reliability and promising
validity. J Clin Epidemiol. (2013) 66:408–14. doi: 10.1016/j.jclinepi.2012.09.016

36. Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of prevalence. J
Epidemiol Community Health. (2013) 67:974–8. doi: 10.1136/jech-2013-203104

37. IntHout J, Ioannidis JP, Borm GF. The Hartung-Knapp-Sidik-Jonkman method
for random effects meta-analysis is straightforward and considerably outperforms the
standard DerSimonian-Laird method. BMC Med Res Methodol. (2014) 14:25.
doi: 10.1186/1471-2288-14-25

38. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. (2002) 21:1539–58. doi: 10.1002/sim.1186

39. Collaboration C. Identifying and Measuring Heterogeneity (2011). Available
online at: https://handbook-5-1.cochrane.org/chapter_9/9_5_2_identifying_and_
measuring_heterogeneity.htm.

40. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

41. Patsopoulos NA, Evangelou E, Ioannidis JP. Sensitivity of between-study
heterogeneity in meta-analysis: proposed metrics and empirical evaluation. Int J
Epidemiol. (2008) 37:1148–57. doi: 10.1093/ije/dyn065

42. Baujat B, Mahe C, Pignon JP, Hill C. A graphical method for exploring
heterogeneity in meta-analyses: application to a meta-analysis of 65 trials. Stat Med.
(2002) 21:2641–52. doi: 10.1002/sim.1221

43. Balp MM, Krieger N, Przybysz R, Way N, Cai J, Zappe D, et al. The burden of non-
alcoholic steatohepatitis (NASH) among patients from Europe: A real-world patient-
reported outcomes study. JHEP Rep. (2019) 1:154–61. doi: 10.1016/j.jhepr.2019.05.009

44. Canivet CM, Perney P, Cherick F, Orlowski M, Patouraux S, Bailly-Maitre B,
et al. No association between binge eating disorder and severity of non-alcoholic fatty
liver disease in severely obese patients. JGH Open. (2020) 4:525–31. doi: 10.1002/
jgh3.12309

45. Castellanos-Fernandez MI, Borges-Gonzalez SA, Stepanova M, Infante-
Velazquez ME, Ruenes-Domech C, Gonzalez-Suero SM, et al. Health-related quality
of life in Cuban patients with chronic liver disease: A real-world experience. Ann
Hepatol. (2021) 22:100277. doi: 10.1016/j.aohep.2020.10.005

46. Choi JM, Chung GE, Kang SJ, Kwak MS, Yang JI, Park B, et al. Association
between anxiety and depression and nonalcoholic fatty liver disease. Front Med. (2020)
7:585618. doi: 10.3389/fmed.2020.585618

47. Doward LC, Balp MM, Twiss J, Slota C, Cryer D, Brass CA, et al. Development of
a patient-reported outcome measure for non-alcoholic steatohepatitis (NASH-
CHECK): results of a qualitative study. Patient. (2021) 14:533–43. doi: 10.1007/
s40271-020-00485-w

48. Elwing JE, Lustman PJ, Wang HL, Clouse RE. Depression, anxiety, and
nonalcoholic steatohepatitis. Psychosom Med. (2006) 68:563–9. doi: 10.1097/
01.psy.0000221276.17823.df

49. Filipovic B, Markovic O, Duric V, Filipovic B. Cognitive changes and brain
volume reduction in patients with nonalcoholic fatty liver disease. Can J Gastroenterol
Hepatol. (2018) 2018:9638797. doi: 10.1155/2018/9638797

50. Forlano R, Harlow C, Mullish BH, Thursz MR, Manousou P, Yee M. Binge-
eating disorder is associated with an unfavorable body mass composition in patients
with non-alcoholic fatty liver disease. Int J Eat Disord. (2021) 54:2025–30. doi: 10.1002/
eat.23584

51. Glass L, Asefa H, Volk M, Lok AS, Tincopa MA. Disease knowledge, health-
related quality of life, and lifestyle behavior change in patients with nonalcoholic fatty
liver disease: impact of an educational intervention. Dig Dis Sci. (2022) 67:2123–33.
doi: 10.1007/s10620-021-07052-9

52. Huang R, Fan JG, Shi JP, Mao YM, Wang BY, Zhao JM, et al. Health-related
quality of life in Chinese population with non-alcoholic fatty liver disease: a national
multicenter survey. Health Qual Life Outcomes. (2021) 19:140. doi: 10.1186/s12955-
021-01778-w

53. Jung JY, Park SK, Oh CM, Chung PW, Ryoo JH. Non-alcoholic fatty liver disease
and its association with depression in korean general population. J Korean Med Sci.
(2019) 34:e199. doi: 10.3346/jkms.2019.34.e199

54. Kang D, Zhao D, Ryu S, Guallar E, Cho J, Lazo M, et al. Perceived stress and non-
alcoholic fatty liver disease in apparently healthy men and women. Sci Rep. (2020)
10:38. doi: 10.1038/s41598-019-57036-z

55. Khoonsari M, Mohammad Hosseini Azar M, Ghavam R, Hatami K, Asobar M,
Gholami A, et al. Clinical manifestations and diagnosis of nonalcoholic fatty liver
disease. Iran J Pathol. (2017) 12:99–105. doi: 10.30699/ijp.2017.25038

56. Labenz C, Huber Y, Michel M, Nagel M, Galle PR, Kostev K, et al. Nonalcoholic
fatty liver disease increases the risk of anxiety and depression.Hepatol Commun. (2020)
4:1293–301. doi: 10.1002/hep4.1541

57. Lee JW, Park SH. Association between depression and nonalcoholic fatty liver
disease: Contributions of insulin resistance and inflammation. J Affect Disord. (2021)
278:259–63. doi: 10.1016/j.jad.2020.09.073

58. Lee K, Otgonsuren M, Younoszai Z, Mir HM, Younossi ZM. Association of
chronic liver disease with depression: a population-based study. Psychosomatics. (2013)
54:52–9. doi: 10.1016/j.psym.2012.09.005

59. Magalhaes VDS, Jost TDA, Pasqual HM, Becker ALG, Marques LM, Manica M,
et al. Non-alcoholic fatty liver disease and associated risk factors in health care
professionals in a community hospital in Brazil. Rev Bras Med Trab. (2021) 18:449–
56. doi: 10.47626/1679-4435-2020-582

60. Moon AM, Watkins SE, Lok AS, Firpi-Morell RJ, Trinh HN, Kupec JT, et al. Opioid
use is more common in nonalcoholic fatty liver disease patients with cirrhosis, higher BMI,
and psychiatric disease. Dig Dis. (2021) 39:247–57. doi: 10.1159/000511074

61. Patel PJ, Hayward KL, Rudra R, Horsfall LU, Hossain F, Williams S, et al.
Multimorbidity and polypharmacy in diabetic patients with NAFLD: Implications for
disease severity and management. Med (Baltimore). (2017) 96:e6761. doi: 10.1097/
MD.0000000000006761

62. Patel PJ, Smith D, Connor JP, Horsfall LU, Hayward KL, Hossain F, et al.
Alcohol consumption in diabetic patients with nonalcoholic fatty liver disease. Can J
Gastroenterol Hepatol. (2017) 2017:7927685. doi: 10.1155/2017/7927685

63. Sayiner M, Arshad T, Golabi P, Paik J, Farhat F, Younossi ZM. Extrahepatic
manifestations and healthcare expenditures of non-alcoholic fatty liver disease in the
Medicare population.Hepatol Int. (2020) 14:556–66. doi: 10.1007/s12072-020-10038-w

64. Shaheen AA, Kaplan GG, Sharkey KA, Lethebe BC, Swain MG. Impact of major
depression and antidepressant use on alcoholic and non-alcoholic fatty liver disease: A
population-based study. Liver Int. (2021) 41:2308–17. doi: 10.1111/liv.14973

Shea et al. 10.3389/fendo.2024.1357664

Frontiers in Endocrinology frontiersin.org15



65. Surdea-Blaga T, Dumitrascu DL. Depression and anxiety in nonalcoholic
steatohepatitis: is there any association? Rom J Intern Med. (2011) 49:273–80.

66. Takahashi A, Kono S, Wada A, Oshima S, Abe K, Imaizumi H, et al. Reduced brain
activity in female patients with non-alcoholic fatty liver disease as measured by near-infrared
spectroscopy. PloS One. (2017) 12:e0174169. doi: 10.1371/journal.pone.0174169

67. Tomeno W, Kawashima K, Yoneda M, Saito S, Ogawa Y, Honda Y, et al. Non-
alcoholic fatty liver disease comorbid with major depressive disorder: The pathological
features and poor therapeutic efficacy. J Gastroenterol Hepatol. (2015) 30:1009–14.
doi: 10.1111/jgh.12897

68. Tutunchi H, Saghafi-Asl M, Ebrahimi-Mameghani M, Ostadrahimi A. Food
insecurity and lipid profile abnormalities are associated with an increased risk of
nonalcoholic fatty liver disease (NAFLD): A case-control study. Ecol Food Nutr. (2021)
60:508–24. doi: 10.1080/03670244.2021.1875453

69. Weinstein AA, Kallman Price J, Stepanova M, Poms LW, Fang Y, Moon J, et al.
Depression in patients with nonalcoholic fatty liver disease and chronic viral hepatitis B
and C. Psychosomatics. (2011) 52:127–32. doi: 10.1016/j.psym.2010.12.019

70. Yang S, Cheng J, Zhang R, Sun H, Zhang H, Lyu S, et al. Metabolic dysfunction-
associated fatty liver disease and liver fibrosis: Prevalence and associated factors in the
middle-aged and older US population. Hepatol Res. (2022) 52:176–86. doi: 10.1111/
hepr.13728

71. Younossi ZM, StepanovaM, Lawitz EJ, Reddy KR,Wai-SunWongV,Mangia A, et al.
Patients with nonalcoholic steatohepatitis experience severe impairment of health-related
quality of life. Am J Gastroenterol. (2019) 114:1636–41. doi: 10.14309/ajg.0000000000000375

72. Younossi ZM, Wong VW, Anstee QM, Romero-Gomez M, Trauner MH,
Harrison SA, et al. Fatigue and pruritus in patients with advanced fibrosis due to
nonalcoholic steatohepatitis: the impact on patient-reported outcomes. Hepatol
Commun. (2020) 4:1637–50. doi: 10.1002/hep4.1581

73. Youssef NA, Abdelmalek MF, Binks M, Guy CD, Omenetti A, Smith AD, et al.
Associations of depression, anxiety and antidepressants with histological severity of
nonalcoholic fatty liver disease. Liver Int. (2013) 33:1062–70. doi: 10.1111/liv.12165

74. GBD Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis
for the Global Burden of Disease Study 2017. Lancet. (2018) 392:1789–858.
doi: 10.1016/S0140-6736(18)32279-7

75. Osborne MT, Shin LM, Mehta NN, Pitman RK, Fayad ZA, Tawakol A.
Disentangling the links between psychosocial stress and cardiovascular disease.
Circulation: Cardiovasc Imaging. (2020) 13. doi: 10.1161/CIRCIMAGING.120.010931

76. Tsigos C, Kyrou I, Kassi E, Chrousos GP. Stress: Endocrine Physiology and
Pathophysiology. In: Feingold KR, Anawalt B, Boyce A, Chrousos G, de Herder WW,
Dhatariya K, et al, editors.Endotext. (2020). SouthDartmouth,MA:MDText.com, Inc. (2000).

77. (NICE) NIfHaCE. Depression:How common is it? Available online at: https://
cks.nice.org.uk/topics/depression/background-information/prevalence.

78. (NICE) NIfHaCE. Generalized anxiety disorder: How common is it? Available
at: anxiety/background-information/prevalence.

79. WHO. COVID-19 pandemic. triggers 25% increase in prevalence of anxiety and
depression worldwide (2022). Available online at: https://www.who.int/news/item/02-
03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-anxiety-and-
depression-worldwide.

80. Li H, Ge S, Greene B, Dunbar-Jacob J. Depression in the context of chronic
diseases in the United States and China. Int J Nurs Sci. (2019) 6:117–22. doi: 10.1016/
j.ijnss.2018.11.007

81. Salinero-Fort MA, Gomez-Campelo P, San Andres-Rebollo FJ, Cardenas-
Valladolid J, Abanades-Herranz JC, Carrillo de Santa Pau E, et al. Prevalence of
depression in patients with type 2 diabetes mellitus in Spain (the DIADEMA Study):
results from the MADIABETES cohort. BMJ Open. (2018) 8:e020768. doi: 10.1136/
bmjopen-2017-020768

82. Mersha AG, Tollosa DN, Bagade T, Eftekhari P. A bidirectional relationship
between diabetes mellitus and anxiety: A systematic review and meta-analysis. J
Psychosom Res. (2022) 162. doi: 10.1016/j.jpsychores.2022.110991

83. Mejareh ZN, Abdollahi B, Hoseinipalangi Z, Jeze MS, Hosseinifard H, Rafiei S,
et al. Global, regional, and national prevalence of depression among cancer patients: A
systematic review and meta-analysis. Indian J Psychiatry. (2021) 63:527–35.
doi: 10.4103/indianjpsychiatry.indianjpsychiatry_77_21

84. Karami N, Kazeminia M, Karami A, Salimi Y, Ziapour A, Janjani P. Global
prevalence of depression, anxiety, and stress in cardiac patients: A systematic review
and meta-analysis. J Affect Disord. (2023) 324:175–89. doi: 10.1016/j.jad.2022.12.055

85. Goerling U, Hinz A, Koch-Gromus U, Hufeld JM, Esser P, Mehnert-Theuerkauf
A. Prevalence and severity of anxiety in cancer patients: results from a multi-center
cohort study in Germany. J Cancer Res Clin Oncol. (2023) 149:6371–9. doi: 10.1007/
s00432-023-04600-w

86. Dyson JK, Anstee QM, McPherson S. Non-alcoholic fatty liver disease: a
practical approach to treatment. Frontline Gastroenterol. (2014) 5:277–86.
doi: 10.1136/flgastro-2013-100404

87. Heyens LJM, Busschots D, Koek GH, Robaeys G, Francque S. Liver fibrosis in
non-alcoholic fatty liver disease: from liver biopsy to non-invasive biomarkers in
diagnosis and treatment. Front Med (Lausanne). (2021) 8:615978. doi: 10.3389/
fmed.2021.615978

88. Colognesi M, Gabbia D, De Martin S. Depression and cognitive impairment-
extrahepatic manifestations of NAFLD and NASH. Biomedicines. (2020) 8.
doi: 10.3390/biomedicines8070229

89. Lin YK, Cai XR, Chen JZ, Hong HJ, Tu K, Chen YL, et al. Non-alcoholic fatty
liver disease causally affects the brain cortical structure: a Mendelian randomization
study. Front Neurosci. (2023) 17:1305624. doi: 10.3389/fnins.2023.1305624

90. Ng CH, Xiao J, Chew NWS, Chin YH, Chan KE, Quek J, et al. Depression in
non-alcoholic fatty liver disease is associated with an increased risk of complications
and mortality. Front Med (Lausanne). (2022) 9:985803. doi: 10.3389/fmed.2022.985803

91. Kang HJ, Bae KY, Kim SW, Shin HY, Shin IS, Yoon JS, et al. Impact of anxiety
and depression on physical health condition and disability in an elderly korean
population. Psychiatry Investig. (2017) 14:240–8. doi: 10.4306/pi.2017.14.3.240

92. Wilmer MT, Anderson K, Reynolds M. Correlates of quality of life in anxiety
disorders: review of recent research. Curr Psychiatry Rep. (2021) 23:77. doi: 10.1007/
s11920-021-01290-4

93. Ahmed M, Cerda I, Maloof M. Breaking the vicious cycle: The interplay between
loneliness, metabolic illness, and mental health. Front Psychiatry. (2023) 14:1134865.
doi: 10.3389/fpsyt.2023.1134865

94. Metelli S, Chaimani A. Challenges in meta-analyses with observational studies.
Evid Based Ment Health. (2020) 23:83–7. doi: 10.1136/ebmental-2019-300129

Shea et al. 10.3389/fendo.2024.1357664

Frontiers in Endocrinology frontiersin.org16


	Non-alcoholic fatty liver disease and coexisting depression, anxiety and/or stress in adults: a systematic review and meta-analysis
	Introduction
	Methodology
	Search strategy and study selection
	Data extraction and quality assessment
	Statistical analysis

	Results
	Assessment of risk of bias
	Depression
	Anxiety
	Stress

	Discussion
	Depression
	Anxiety
	Stress
	Comparison with other population groups and general population data
	Diagnosis of NAFLD/measurement of mental health
	Potential underlying mechanisms
	Limitations
	Concluding remarks

	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


