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Abstract

Background and aims Depression is linked to obesity and metabolic syndrome, but its independent association with metabolic
dysfunction-associated steatotic liver disease (MASLD) remains unclear. We examined the association between depressive
symptoms and MASLD, independent of other risk factors.

Methods We analyzed cross-sectional data from 7433 participants of the Paracelsus 10,000 study. Depression (BDI-11> 13)
and MASLD (FLI > 60 plus > 1 cardiometabolic risk factor) were assessed. Associations were examined using Poisson and
linear regression models adjusted for demographics, lifestyle factors, metabolic syndrome, and antidepressant use. Subgroup
and interaction analyses explored effect modification.

Results MASLD was more prevalent in participants with depressive symptoms than those without (37% vs. 27%, p <0.01).
Depressive symptoms were independently associated with MASLD (adjusted incidence rate ratio: 1.25, 95% CI: 1.13-1.39,
p<0.01), with consistent findings using continuous BDI-II scores. The association remained robust across subgroups defined
by age, metabolic syndrome, education, smoking status, and antidepressant use. No significant differences were observed
in fibrosis markers (APRI and FIB-4).

Conclusion In this large, population-based cross-sectional study, depressive symptoms were found to be associated with
MASLD, independent of metabolic risk factors and antidepressant use. However, given the observational design and limited
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detail on antidepressant type, dose, indication, and adherence, the findings should be interpreted with caution and do not
support causal conclusions. Nevertheless, findings suggest that mental health considerations may be relevant in MASLD
screening and prevention strategies. Further research is needed to explore whether and how antidepressant therapy may

relate to liver health.
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Introduction

The rising prevalence of metabolic dysfunction-associated
steatotic liver disease (MASLD) is becoming a growing
challenge for health systems worldwide due to its associa-
tion with cirrhosis, hepatocellular carcinoma, and increased
healthcare costs [1]. MASLD is strongly linked to cardio-
metabolic risk factors such as type 2 diabetes, hypertension,
and dyslipidaemia, which are commonly clustered under the
umbrella of metabolic syndrome[1]. Recent research from
our cohort has highlighted that the MASLD risk is influ-
enced by socioeconomic factors, in particular educational
attainment and income [2].

Depression has been increasingly recognized as a risk
factor for morbidity and mortality across a wide range of
chronic conditions, including obesity, hypertension, dia-
betes, coronary artery disease, and stroke [3-5]. Many of
these comorbidities also co-occur with MASLD, suggesting
a potential shared pathophysiology. In a large population-
based study, Kim et al. reported a 1.6- to 2.2-fold increased
odds of MASLD in individuals with depression [5]. Simi-
larly, Cho et al. demonstrated that depression was associ-
ated not only with higher MASLD incidence, but also with
advanced liver fibrosis, particularly in individuals with obe-
sity [6].

Several biological pathways may underlie the link
between depression and MASLD. Dysregulated stress
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responses have been associated with systemic inflamma-
tion, oxidative stress, and insulin resistance—all key con-
tributors to hepatic steatosis [6—8]. Obesity may play a role
in this relationship through elevated glucocorticoid levels,
altered adipokine profiles, and pro-inflammatory signaling
[8]. However, the link between psychological distress, met-
abolic dysfunction, and liver health remains incompletely
understood.

In this population-based study, depressive symptoms
were assessed using the Beck Depression Inventory-II
(BDI-II), a widely used and robust self-report questionnaire
that quantifies the severity of depressive symptoms across
cognitive, affective, and somatic symptomes. MASLD was
determined using the fatty liver index (FLI), a validated
non-invasive score widely accepted for estimating hepatic
steatosis in population studies In line with the new MASLD
definition, the presence of at least one cardiometabolic risk
factor—such as type 2 diabetes, hypertension, dyslipidemia,
or central obesity—was also incorporated, to enhance diag-
nostic specificity. Liver fibrosis was assessed separately
using the fibrosis-4 (FIB-4) index. [9-11] We aimed to
investigate whether depressive symptoms are independently
associated with MASLD, accounting for established demo-
graphic, metabolic, and lifestyle-related risk factors as well
as antidepressant medication. We also explored whether this
relationship applies to liver fibrosis. By exploring the link
between mental health and MASLD, this study may help
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improve strategies to identify patients at risk and prevent
disease progression.

Methods
Study design and population

This cross-sectional analysis utilized baseline data from the
Paracelsus 10,000 Study, a population-based cohort study
conducted between 2013 and 2020 [12]. This prospective
registry was established to track the health status of indi-
viduals aged 40-77 years living in and around Salzburg,
Austria. Participants were randomly selected from the local
population registry, with equal representation of men and
women, independent of any family structure [12]. The study
protocol adhered to the Declaration of Helsinki and was
approved by the local ethics committee (reference number
415-E/1521/6-2012). [12]

Inclusion and exclusion criteria

Participants were included if they had complete data for
fatty liver index, AST to platelet ratio index, and fibrosis-4
score calculations, as well as Beck Depression Inventory-
II scores, daily alcohol consumption data, and information
on antidepressant or tranquilizer use. To ensure that the
study population exclusively reflected cases of MASLD
and to rule out a primarily alcohol-related etiology, indi-
viduals with excessive alcohol intake—defined as more
than 20 g per day for women or more than 30 g per day
for men—were excluded. Additional exclusion criteria
comprised the presence of viral hepatitis and missing data
for any of the required variables. A detailed flow chart
illustrating the participant selection process is provided
in Fig. 1.

Step 1.:
Poisson Regression Analysis

Step 2.:
Interaction Analysis

Paracelsus 10,000 Cohort Study

n= 10,044
Exclusion criteria: Missing inclusion criteria (n=1,816)

e viral hepatitis (n= 72)

® autoimmune hepatitis (n=2) ® no FLI, APRI or FIB-4 Score calculable
e alcohol consumption (n=721) T . 10 BDHI Score calculable

o daily alcohol consumption >20g
in females and >30g in males
v

Participants meeting inclusion criteria
without any exclusion criteria
at the age of 40-77 years.
n=7,433

Depression
BDI lI-score (linear vs. categorical)
MASLD
FLI Score > 60 + CMR

l

Step 3 .

Multivariable Linear Regression

Step 4.:
Fibrosis Markers

Fig.1 Flow chart illustrating the inclusion and exclusion criteria for
the cross-sectional analysis of participants from the Paracelsus 10,000
cohort study. FLI fatty liver index, APRI AST to platelet ratio index;

FIB-4 fibrosis-4 score, BDI-1I Beck depression inventory-1I, MASLD
metabolic dysfunction-associated steatotic liver disease, CMR cardio-
metabolic risk, n number of participants
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MASLD definition and assessment tools

In this study, MASLD was diagnosed when two criteria were
met: a fatty liver index (FLI) greater than 60 and the pres-
ence of at least one cardiometabolic risk factor, in line with
the current MASLD definition and reflecting the metabolic
basis of the disease. The fatty liver index is an important
and practical tool because it is a well-validated, non-inva-
sive score that enables reliable detection of hepatic stea-
tosis, making it suitable for large-scale population studies
and clinical screening. The score was calculated using the
formula established by Bedogni et al., incorporating triglyc-
erides, body mass index, gamma-glutamyl transferase, and
waist circumference measurements. This validated score
ranges from 0 to 100, with values of 60 or higher indicat-
ing hepatic steatosis with high sensitivity and specificity in
population-based settings [11, 13].

According to the new MASLD definition, we additionally
applied the requirement of a cardiometabolic risk factor in
our definition of MASLD to further specify the diagnosis
and enhance the precision of our findings. These cardio-
metabolic criteria included body mass index of 25 kg/m? or
greater, waist circumference of 94 cm or greater in men or
80 cm or greater in women, fasting glucose of 5.6 mmol/L
or higher or existing type 2 diabetes or antidiabetic treat-
ment, blood pressure of 130/85 mmHg or higher or antihy-
pertensive treatment, plasma triglycerides of 1.70 mmol/L
or higher, or plasma HDL-cholesterol below 1.0 mmol/L in
men or below 1.3 mmol/L in women. [14]

Liver fibrosis was evaluated using two validated non-
invasive markers. The AST to platelet ratio index was cal-
culated as AST divided by the upper limit of normal, mul-
tiplied by 100, and divided by platelet count expressed as
10° per liter. Values below 1.5 were considered to exclude
significant fibrosis due to the high negative predictive value
of this threshold [15, 16]. The fibrosis-4 index was derived
using age, AST, ALT, and platelet count, with a threshold
of 1.75 used to identify advanced fibrosis, corresponding to
liver stiffness of 10 kPa or greater [17].

Depression was assessed using the Beck Depression
Inventory-II, a widely validated 21-item questionnaire that
measures the severity of depressive symptoms over the pre-
ceding two weeks. Scores range from 0 to 63, calculated
as the sum of all items (0-3 each), with higher scores indi-
cating greater symptom severity. The BDI-II was adminis-
tered as part of the lifestyle assessment in the Paracelsus
10,000 study, requiring complete responses for inclusion.
Clinically relevant depressive symptoms were defined as a
BDI-II score > 13, consistent with prior validation studies
in community samples. This threshold provides a good bal-
ance of sensitivity (81%) and specificity (92%) for detecting
major depression and is widely recommended in psychomet-
ric reviews [9, 18].
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Clinical and laboratory assessments

Anthropometric measurements, including height, weight,
and waist circumference, were obtained by qualified clini-
cal personnel using standardized protocols routinely applied
in a university hospital setting. Height was measured using
a stadiometer, with participants standing without shoes.
Weight was recorded using calibrated digital scales, with
participants wearing light indoor clothing. Waist circum-
ference was measured to the nearest 0.1 cm at the midpoint
between the lowest rib and the iliac crest, with the par-
ticipant standing and breathing out gently. All measuring
devices were subject to regular quality control, including
periodic inspection by the Technical Inspection Association
(TUV) and calibration performed according to the manufac-
turer’s specifications.

Body mass index was calculated as weight in kilograms
divided by height in meters squared. Metabolic syndrome
was diagnosed according to the revised National Cholesterol
Education Program criteria when three or more of the fol-
lowing components were present: waist circumference of
102 cm or greater in men or 88 cm or greater in women, tri-
glycerides of 150 mg/dL or higher, HDL-cholesterol below
40 mg/dL in men or below 50 mg/dL in women, blood pres-
sure of 130/85 mmHg or higher or current antihypertensive
treatment, and fasting glucose of 100 mg/dL or higher or
current antidiabetic treatment [19].

Laboratory analyses were performed using standardized
automated procedures and included comprehensive meta-
bolic panels, liver function tests, and lipid profiles. Blood
samples were collected after an overnight fast of at least
8 h. Diabetes was defined as haemoglobin Alc (HbAlc)
levels exceeding 6.4% or current use of insulin or other
glucose-lowering medications. Alcohol consumption was
assessed using a standardized questionnaire in which par-
ticipants reported their typical weekly intake, detailing the
frequency and quantity of beer, wine, and spirits consumed.
Antidepressant use was recorded as a binary yes/no variable
without information on class, dose, duration, indication, or
adherence.

Statistical analysis

All statistical analyses were performed using Stata/IC 17
software. Statistical significance was set at p values less than
0.05 for all comparisons.

The primary objective was to investigate the association
between depressive symptoms and MASLD using Poisson
regression models to estimate incidence rate ratios with
95% confidence intervals. Three models were constructed to
control for potential confounding factors. Model 1 provided
unadjusted estimates, Model 2 included adjustments for age
and sex, and Model 3 additionally controlled for metabolic
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syndrome, income level, educational attainment, smoking
status, and antidepressant use. Covariate selection was based
on a theoretical framework informed by clinical experience
and supported by prior epidemiological and MASLD litera-
ture, rather than solely on statistical significance in bivariate
analysis [2, 20]. The fully adjusted model includes age, sex,
metabolic syndrome, income level, educational attainment,
smoking status, and antidepressant use, as these variables
are well-established risk factors for both depression and
MASLD.

Secondary analyses examined depression both as a con-
tinuous variable using total Beck Depression Inventory-II
scores and as a binary variable using the established cutoff
of 13 points. Interaction analyses were conducted to test
whether the association between depressive symptoms and
MASLD varied across subgroups defined by sex, age, pres-
ence of metabolic syndrome, educational level, smoking
status, and antidepressant use. Each interaction term was
tested separately by adding it to the fully adjusted Poisson
regression model. Sensitivity analyses were conducted by
stratifying the association between depressive symptoms
and MASLD by antidepressant us. Additional exploratory
analyses examined potential mediation through metabolic
syndrome by comparing models with and without metabolic
syndrome as a covariate and performing stratified analyses
by metabolic syndrome status. Linear regression models
were used to assess the association between continuous
Beck Depression Inventory-II scores and fatty liver index
values as a continuous outcome, following the same step-
wise adjustment strategy.

Due to their non-normal distribution, fibrosis markers
including the AST to platelet ratio index and fibrosis-4
scores were analyzed as categorical variables using chi-
squared tests to compare proportions between groups with
and without depressive symptoms.

Results
Baseline characteristics

Of the 7433 participants included in this analysis, 6794
(91%) had BDI-II scores of 13 or lower, while 639 (9%)
scored above 13, indicating elevated depressive symp-
toms suggestive of clinical relevance. The BDI-II scores
showed the following distribution: mean=4.96 (SD=6.23),
median = 3.0, range =0-56. The distribution showed posi-
tive skewness (skewness=2.27), which is consistent with
expected patterns in general population samples where
most individuals score in the lower range (25th percen-
tile=0, 75th percentile =7) with fewer individuals showing
higher symptom levels. Baseline characteristics stratified by
depression status are presented in Table 1. Participants with

depressive symptoms demonstrated several unfavourable
metabolic profiles compared to those without depression.
Glycaemic control differed significantly between groups,
with median HbAlc levels of 5.5% in the depression group
versus 5.4% in those without depression (p <0.01).

Lipid abnormalities were more prevalent among par-
ticipants with depression, who exhibited higher triglyc-
eride concentrations (104 mg/dL vs. 94 mg/dL, p<0.01)
and lower HDL cholesterol levels (59 mg/dL vs. 62 mg/
dL, p=0.02). However, no significant differences were
observed in LDL cholesterol or total cholesterol levels
between groups. Anthropometric measures revealed higher
BMI values in participants with depression (27 kg/m? vs.
25 kg/mz, p<0.01) and increased waist circumference (94
cm vs. 92 cm, p<0.01). Consequently, metabolic syndrome
was more prevalent in the group with depression (28% vs.
20%, p<0.01), as was type 2 diabetes (4% vs. 3%, p<0.01).

Liver enzymes showed minimal between-group differ-
ences. ALT and GGT levels were comparable across groups,
while AST levels were slightly lower in participants with
depression (22 vs. 23 U/L, p=0.054). Alkaline phosphatase
values were modestly elevated in the group with depression,
though this difference was not statistically significant (64 vs.
62 U/L, p=0.60). Within our analytical sample, missing-
ness was minimal: outcome variable (0.00%), main predic-
tor (0.00%), demographics (0.00%), metabolic syndrome
(0.06%), education (1.49%), and antidepressant use (0.47%).

MASLD prevalence

The prevalence of MASLD was significantly higher among
participants with depressive symptoms compared to those
without (37% vs. 27%, p <0.01). Overall MASLD preva-
lence in the total cohort was 28%, as illustrated in Fig. 2.

Primary association analysis

Table 2 presents the results of regression analyses examining
the association between depressive symptoms and MASLD.
When BDI-II scores were analyzed as a continuous variable,
each one-point increase was associated with higher MASLD
risk across all models. In the unadjusted analysis, the inci-
dence rate ratio was 1.01 (95% CI: 1.01-1.02, p<0.01).
After adjustment for age and sex, the association remained
significant. The fully adjusted model, controlling for meta-
bolic syndrome, socioeconomic factors, lifestyle variables,
and antidepressant use, yielded an IRR of 1.01 (95% CI:
1.00-1.01, p<0.01).

Binary analysis using the established BDI-II cutoff
of 13 confirmed these findings. Participants with clini-
cally relevant depressive symptoms showed a 38% higher
MASLD risk in unadjusted analysis (IRR: 1.38, 95%
CI: 1.24-1.54, p<0.01). After age and sex adjustment,
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Table 1 Clinical and metabolic differences by BDI-II score (<13 vs.> 13)

VARIABLE TOTAL BDI-II <13 BDLII>13 p-VALUE*
N=7,433 N=6,794 N=639

AGE [YEARS] 54 (49-60) 54 (49-61) 54 (49-59) 0.12
GENDER [% =FEMALE] (N) 52% (3,881) 51% (3,477) 63% (404) <0.01
ALT [U/L] (SD) 21 (16-29) 21 (16-29) 21 (16-29) 0.60
AST [U/L] (SD) 23 (19-27) 23 (19-27) 22 (19-26) 0.054
GGT [U/L] (SD) 22 (15-34) 22 (15-34) 21 (15-32) 0.24
ALP [U/L] (SD) 62 (52-74) 62 (52-74) 64 (54-77) 0.60
CHOLESTEROL [MG/DL] (SD) 208 (184-233) 208 (184-234) 210 (183-236) 0.60
TRIGLYCERIDES [MG/DL] (SD) 95 (70-133) 94 (69-131) 104 (77-150) <0.01
HDL CHOLESTEROL [MG/DL] (SD) 62 (51-75) 62 (51-75) 59 (48-73) 0.02
LDL CHOLESTEROL [MG/DL] (SD) 139 (115-164) 139 (115-164) 138 (115-164) 0.85
BMI [KG/M?] (SD) 25 (23-29) 25 (23-28) 27 (23-30) <0.01
ABDOMINAL CIRCUMFERENCE [CM] (SD) 92 (83-100) 92 (83-100) 94 (84-104) <0.01
HBAIC [%] (SD) 5.4 (5.2-5.6) 5.4 (5.2-5.6) 5.5(5.3-5.7) <0.01
TYPE 2 DIABETES [%] (N) 3 (196) 3(171) 4(25) <0.01
METABOLIC SYNDROME [%] (N) 20 (1,501) 20 (1,324) 28 (177) <0.01
FLI> 60 [%] (N) 28 (2,058) 27 (1,821) 37 (237) <0.01
APRI SCORE > 0.5 [%] (N) 4(239) 4(221) 3(18) 0.44
FIB-4 SCORE > 1.75 [%] (N) 9 (593) 9 (554) 7(39) 0.07
ANTIDEPRESSANT THERAPY [%] (N) 3% (204) 2% (134) 11% (70) <0.01

Median (IQR) or % shown

N number, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyl transferase, ALP alkaline phosphatase, HDL
high-density lipoprotein, LDL low-density lipoprotein, BMI body mass index, HbAIc glycated haemoglobin, FLI fatty liver index, APRI AST to

platelet ratio index, FIB-4 Fibrosis-4 score, SD standard deviation
*p-values: comparison between BDI-II <13 and>13.
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Fig.2 MASLD prevalence by depression status. Prevalence of meta-
bolic dysfunction-associated steatotic liver disease (MASLD) among
participants with Beck Depression Inventory-II (BDI-II) scores <13
(no depression) and> 13 (depression). MASLD was defined as fatty
liver index > 60 plus cardiometabolic risk factors. Data are presented
as percentages. Statistical comparison was performed using chi-
squared test. p<0.01 indicates significant difference between groups
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this association strengthened to an IRR of 1.57 (95% CI:
1.42-1.75, p<0.01). In the fully adjusted model, the asso-
ciation remained robust with an IRR of 1.25 (95% CI:
1.13-1.39, p<0.01), indicating a 25% increased likelihood
of MASLD among participants with depressive symp-
toms. Figure 3 demonstrates the dose-response relation-
ship between BDI-II scores and the predicted probability
of MASLD.

Interaction and sensitivity analyses

Interaction analyses revealed that the association between
depressive symptoms and MASLD was generally consist-
ent across subgroups. The relationship was not signifi-
cantly modified by metabolic syndrome status (interac-
tion IRR: 1.00, 95% CI: 1.00-1.02, p=0.46), age over 55
years (IRR: 0.99, 95% CI: 0.98-1.00, p=0.20), educa-
tional attainment, smoking status, or antidepressant use.
Educational level showed no meaningful effect modifica-
tion, with interaction IRRs of 0.99 (95% CI: 0.98-1.00,
p=0.21) for medium education and 1.00 (95% CI:
0.98-1.01, p=0.69) for high education compared to low
education. Similarly, smoking status did not significantly
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Table 2 Association Between Depressive Symptoms and MASLD

Model IRR 95% CI p-value
Continuous association
Model 1 1.01 [1.01, 1.02] <0.01
Model 2 1.01 [1.00, 1.01] <0.01
Model 3 1.01 [1.00, 1.01] <0.01
Categorical association (BDI-I1>13)
Model 1 1.38 [1.24, 1.54] <0.01
Model 2 1.57 [1.42, 1.75] <0.01
Model 3 1.25 [1.13, 1.39] <0.01
Interaction analysis with BDI-II score (continuous)
Interaction term IRR 95% CI p-value

Metabolic syndrome 1.00 [1.00, 1.02] 0.46

Age>55 0.99 [0.98, 1.00] 0.20

Male 0.98 [0.97, 1.00] 0.02
Education (ISCED)

Medium 0.99 [0.98, 1.00] 0.21

High 1.00 [0.98, 1.01] 0.69

Smoking status

Previous smoking 1.00 [1.00, 1.01] 0.78
Current smoking 0.99 [0.98, 1.00] 0.15
Antidepressant use 1.00 [0.99, 1.01] 0.96

Linear regression

Model B coefficient 95% CI p-value
Model 1 0.02 [0.01, 0.02] <0.01
Model 2 0.03 [0.03, 0.04] <0.01
Model 3 0.02 [0.01, 0.03] <0.01

Association between depressive symptoms (BDI-II) and MASLD:
Poisson and linear regression models with BDI-II as continuous and
categorical predictor. FLI used as continuous outcome in linear mod-
els. Models: 1: unadjusted; 2:+age, sex; 3:+metabolic syndrome,
income, education, smoking, antidepressant use

IRR incidence rate ratio, CI confidence interval, BDI-II Beck Depres-
sion Inventory-II, MASLD metabolic dysfunction-associated steatotic
liver disease, ISCED education level, FLI fatty liver index, f beta
coefficient

modify the association, with interaction terms of 1.00
(95% CI: 1.00-1.01, p=0.78) for former smokers and 0.99
(95% CI: 0.98-1.00, p=0.15) for current smokers. Antide-
pressant use showed no interaction effect (IRR: 1.00, 95%
CI: 0.99-1.01, p=0.96). However, a significant interaction
was observed for sex, with the association being modestly
attenuated in men compared to women (interaction IRR:
0.98, 95% CI: 0.97-1.00, p=0.002).

In sensitivity analyses stratified by antidepressant use,
the association between depressive symptoms and MASLD
remained statistically significant both among partici-
pants without antidepressant therapy (IRR: 1.34, 95% CI:
1.18-1.53, p<0.001) and among those with antidepressant
therapy (IRR: 1.32, 95% CI: 1.05-1.67, p=0.019). Results
are shown in Table 3.

Stratified analyses by metabolic syndrome status revealed
that the association remained significant in both participants
without metabolic syndrome (IRR: 1.37,95% CI: 1.12—-1.68,
p=0.003) and those with metabolic syndrome (IRR: 1.09,
95% CI: 1.01-1.18, p=0.026). The interaction analysis
confirmed no significant effect modification by metabolic
syndrome status (interaction p=0.46), indicating that the
strength of association between depressive symptoms and
MASLD does not differ significantly between these groups.

Secondary outcomes

Linear regression analyses using FLI as a continuous out-
come variable supported the primary findings. In unad-
justed analysis, each one-point increase in BDI-II score was
associated with a f coefficient of 0.02 (95% CI: 0.01-0.02,
p<0.01). After age and sex adjustment, this association
strengthened (f=0.03, 95% CI: 0.03-0.04, p<0.01), and
remained significant in the fully adjusted model (f=0.02,
95% CI: 0.01-0.03, p<0.01).

Fibrosis markers

Analysis of hepatic fibrosis markers revealed no significant
differences between participants with and without depres-
sive symptoms. APRI scores of 0.5 or higher were observed
in 3% of participants with depression compared to 4% of
those without depression (p=0.44). Using a higher thresh-
old of 0.7, elevated APRI scores were found in 7.3% of the
depression group versus 6.1% of the non-depression group
(p=0.35). Similarly, FIB-4 scores showed no significant
between-group differences. A FIB-4 score of 1.3 or higher
was present in 8.4% of participants with depression com-
pared to 7.9% of those without depression (p =0.43).

Discussion

This study identifies a consistent association between
depressive symptoms and MASLD. Among participants
with a BDI-II score> 13, the prevalence of MASLD,
defined by an FLI score > 60 plus cardiometabolic risk, was
significantly higher compared to those with lower depression
scores (37% vs. 27%, p<0.01). Comparable results were
observed in a study by Prett et al. exploring the relationship
between depression and obesity. They found that 43% of
adults with depression were obese, compared with 33% of
adults without depression [20]. Depression has been associ-
ated with subsequent weight gain and obesity, supporting the
hypothesis that depressive symptoms may be relevant to the
development of adverse metabolic outcomes over time [21,
22]. While our study is cross-sectional, these prior findings
in related metabolic conditions strengthen the plausibility of
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Fig.3 Adjusted probability of

Adjusted predictions with 95% Cls

MASLD by BDI-II score. The
graph shows predicted probabil- 8
ities from a Poisson regression
model adjusted for age, sex,
education, smoking, metabolic
syndrome, and antidepressant
use. Shaded areas represent 95% 6
confidence intervals =
e
o
4
2
0 20 40 60
Beck Depression Inventory
Table 3 Sensitivity 'anglysis: Model No Antidepressant use (n=7,229) Antidepressant use (n=204)
BDI-MASLD association
IRR 95% CI p-value IRR 95% CI p-value
Model 1 1.34 [1.18, 1.53] <0.01 1.32 [1.05, 1.67] 0.02
Model 2 1.54 [1.36, 1.75] <0.01 1.35 [1.07, 1.70] 0.01

BDI-II Beck depression inventory-II, MASLD metabolic dysfunction-associated steatotic liver disease, /RR
incidence rate ratio, CI confidence interval

the association we observed between depressive symptoms
and MASLD.

Our findings were supported by regression models: as a
continuous variable, each additional BDI-II point was asso-
ciated with increased MASLD risk, and binary analysis
confirmed a 25% higher risk in individuals with depressive
symptoms in fully adjusted models. Interaction analyses
showed no significant modification by age, metabolic syn-
drome, education, smoking status, or antidepressant use. The
association was attenuated in men, yet remained statistically
significant (interaction p=0.002). Linear regression using
FLI as a continuous outcome supported a dose—response
relationship.

Importantly, the observed association between depres-
sive symptoms and MASLD was independent of antide-
pressant use. To further examine whether this relationship
varied by medication status, we first performed an interac-
tion analysis, which revealed no significant effect modifica-
tion by antidepressant use. This suggests that the associa-
tion between depressive symptoms and MASLD does not
differ substantially between individuals with and without
antidepressant therapy. To explore this further, we con-
ducted sensitivity analyses stratified by antidepressant sta-
tus (Participants with and without antidepressant use). The
association remained statistically significant in both groups,

@ Springer

indicating that antidepressant use did not materially alter the
observed relationship. However, due to the observational
study design and the limited resolution of antidepressant
data—which was recorded only as a binary yes/no variable
without information on drug class, dose, duration, indica-
tion, or adherence—these findings are exploratory and do
not allow conclusions regarding causal effects or pharmaco-
logic mechanisms. In literature certain antidepressants, such
as mirtazapine, have been associated with higher hepatic
fat accumulation, while others may have neutral or even
protective effects [23]. Given these heterogeneous profiles,
future studies with detailed, class-specific and drug-specific
medication data are needed to clarify the potential effects of
antidepressants, different drug classes versus the impact of
depression itself on liver health.

Regarding hepatic fibrosis, no significant differences
were found between participants with and without depres-
sive symptoms. The proportions of elevated APRI and FIB-4
scores were low in both groups. This limits interpretability,
as low case numbers may reduce statistical precision. Kim
et al. found depression to be a predictor of advanced fibrosis,
but the effect diminished after adjusting for BMI, suggest-
ing mediation through metabolic factors [24]. Given the low
prevalence of advanced fibrosis in our cohort, our analysis
cannot confirm or rule out an association of fibrosis with



Hepatology International

depression. However, results underscore the value of further
studies in populations with a higher burden of fibrosis.

Biological mechanisms may explain the observed asso-
ciation. The accumulation of hepatic fat promotes systemic
inflammation, insulin resistance, and oxidative stress. These
pathways are also implicated in depression pathogenesis’
[7, 8]. Elevated free fatty acids, common in metabolic
syndrome, activate CD4 + lymphocytes and upregulate
chemokine receptor type 2 expression [8]. This facilitates
neuroinflammation via increased blood—brain barrier per-
meability and microglial activation. On the other hand,
impaired urea synthesis in MASLD may lead to ammonia
accumulation, which, along with gut dysbiosis, may be
involve in the gut-liver—brain axis and may predispose to
neuropsychiatric manifestations [25]. These overlapping
processes may lead to a two-way cycle between MASLD
and depression.

Our study has several limitations. Du to the cross-sec-
tional design, our findings represent associations (BDI-II
and FLI) measured at the same time point and no conclu-
sions can be drawn regarding the temporal or causal direc-
tion of the relationship between depressive symptoms and
MASLD. Nevertheless, previous studies suggest that both
directions are possible and longitudinal data are required to
clarify causality [21, 22]. Furthermore, as the study popula-
tion consisted of individuals living in and around Salzburg,
Austria, the applicability of our findings to populations
in different geographic, ethnic, or healthcare settings may
be limited. The diagnosis of MASLD and fibrosis relied
on non-invasive surrogate markers rather than imaging or
histological confirmation, which may introduce misclassi-
fication. While we adjusted for alcohol consumption and
smoking status to reduce confounding, other lifestyle fac-
tors or comorbidities, such as diet, physical activity, sleep
quality, psychiatric comorbidities and medication adherence
are more difficult to measure and were not available in our
dataset. This may result in residual confounding, a common
challenge in large-scale population studies. Additionally,
self-reported lifestyle factors or information about alcohol
consumption can lead to a reporting bias. Our data on other
chronic liver diseases, including viral hepatitis or autoim-
mune liver disorders, were limited, which could contribute to
further bias. Finally, we acknowledge that antidepressant use
in our study was assessed as a binary yes/no variable, with-
out information on drug class, dose, duration, adherence,
or clinical indication. This limits interpretability and intro-
duces a risk of confounding by indication, as antidepressants
may have been prescribed for conditions other than depres-
sion. The association should therefore be interpreted with
caution and does not allow conclusions about medication
effects. Future studies with prescription registry linkage are
required to differentiate medication effects from underlying
psychiatric morbidity. However, the large, randomly sampled

population enhances generalizability. The low prevalence
of advanced fibrosis aligns with expectations in population-
based samples but warrants cautious interpretation.

In summary, our findings indicate an association between
depressive symptoms and MASLD in a large, population-
based sample, independent of classical metabolic risk factors
and antidepressant use. However, given the cross-sectional
study design, no causal conclusions can be drawn. Antidepres-
sant use was recorded only in binary form, without further
clinical information (type, dosage, indication, etc.), making
it impossible to determine whether the observed associations
reflect underlying psychiatric morbidity, shared risk factors, or
correlates with antidepressant use. Nevertheless, by highlight-
ing a consistent link between mental health and liver health,
our results underscore the importance of considering psycho-
logical factors in MASLD research.

Acknowledgements We would like to thank all the initiators of the
Paracelsus 10,000 study. We also thank all contributors to this study
and all staff who provided support.

Author Contributions Conceptualization, F.K., B.W., E.A., A.Ma.;
methodology, F.K., B.W,, E.A.; formal analysis, B.W.; investigation,
F.K., B.W., E.A,; writing (original draft preparation), F.K.; writing
(review and editing), B.W., E.A., A Ma., AMe., S.G.,].P., BI, VF,
C.D,, B.P, E.T. M.F,; visualization, F.K.; supervision, B.W., E.A_,
A.Ma. All authors have read and agreed to the published version of
the manuscript.

Funding Open access funding provided by Paracelsus Medical
University. The study was financially supported by the County of
Salzburg, Salzburger Landeskliniken (SALK: the health care provider
of University Hospitals Landeskrankenhaus and Christian-Doppler-
Klinik), Paracelsus Medical University Salzburg, and the Austrian
Health Insurance (Osterreichische Gesundheitskasse), as well as by
unrestricted grants from Bayer, AstraZeneca, Sanofi-Aventis, and
Boehringer-Ingelheim.

Data availability The datasets generated and/or analyzed during this
study are available from the corresponding author upon reasonable
request. The data are not publicly available due to licensing restrictions.
Access may be granted with permission from LIFE Child, Leipzig, and
the Leipzig Childhood Obesity Consortium.

Declarations

Conflict of interest E.T. has received personal fees from Arvelle
Therapeutics, Inc.; Argenx; Bial; Biogen; Biocodex; Bohringer In-
gelheim; Eisai; Epilog; Everpharma; GlaxoSmithKline; GW Pharma;
Jazz Pharmaceuticals; LivaNova PLC; Marinus Pharmaceuticals, Inc.;
Medtronic; NewBridge Pharmaceuticals; Novartis; Sandoz; Sanofi;
Sunovion Pharmaceuticals, Inc.; Takeda; UCB Pharma; and Xenon, as
well as grants from the Austrian Science Fund (FWF), Bayer, Biogen,
Eisai, European Union, GlaxoSmithKline, Novartis, Osterreichische
Nationalbank, Red Bull, and UCB Pharma. E.T. is the chief executive
officer of NeuroConsult GmbH and has been a trial investigator for Ei-
sai, GlaxoSmithKline, Marinus, Pfizer, and UCB Pharma; E.T. and all
other authors declare no conflicts of interest related to the study. The
funders had no role in the design of the study; the collection, analysis,
or interpretation of data; the writing of the manuscript; or the decision
to publish the results.

@ Springer



Hepatology International

Institutional review board The study was conducted in accordance
with the Declaration of Helsinki and approved by the local ethics com-
mittee (reference number 415-E/1521/6-2012).

Informed consent Written informed consent was obtained from all
subjects involved in the study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Mantovani A, Scorletti E, Mosca A, Alisi A, Byrne CD, Targher
G. Complications, morbidity and mortality of nonalcoholic fatty
liver disease. Metabolism 10. 2020;10:111S — 154170. https://doi.
org/10.1016/j.metabol.2020.154170

2. Koutny F, Aigner E, Datz C, et al. Relationships between educa-
tion and non-alcoholic fatty liver disease. Eur J Intern Med. 2023.
https://doi.org/10.1016/j.ejim.2023.07.039. (Aug 02)

3. Ibanez A, Zimmer ER. Time to synergize mental health with brain
health. Nat Ment Health. 2023;1(7):441-443. https://doi.org/10.
1038/544220-023-00086-0

4. Trinka E, Rainer LJ, Granbichler CA, Zimmermann G, Leitinger
M. Mortality, and life expectancy in epilepsy and status epi-
lepticus-current trends and future aspects. Front Epidemiol.
2023;3:1081757. https://doi.org/10.3389/fepid.2023.1081757

5. Kim D, Yoo ER, Li AA, et al. Depression is associated with non-
alcoholic fatty liver disease among adults in the United States.
Aliment Pharmacol Ther. 2019;50(5):590-598. https://doi.org/10.
1111/apt.15395

6. Cho IY, Chang Y, Sung E, et al. Depression and increased risk
of non-alcoholic fatty liver disease in individuals with obesity.
Epidemiol Psychiatr Sci. 2021;30:e23. https://doi.org/10.1017/
$204579602000116X

7. LiY, Yang P, Ye J, Xu Q, Wu J, Wang Y. Updated mechanisms
of MASLD pathogenesis. Lipids Health Dis. 2024;23(1): 117.
https://doi.org/10.1186/s12944-024-02108-x. (Apr 22)

8. Miller AA, Spencer SJ. Obesity and neuroinflammation: a path-
way to cognitive impairment. Brain Behav Immun. 2014;42:10-
21. https://doi.org/10.1016/j.bbi.2014.04.001

9. Wang YP, Gorenstein C. Psychometric properties of the Beck
Depression Inventory-II: a comprehensive review. Braz J
Psychiatry. 2013;35(4):416-431. https://doi.org/10.1590/
1516-4446-2012-1048

10. Vallet-Pichard A, Mallet V, Nalpas B, et al. FIB-4: an inexpensive
and accurate marker of fibrosis in HCV infection. Comparison
with liver biopsy and fibrotest. Hepatology. 2007;46(1):32-36.
https://doi.org/10.1002/hep.21669

11. Bedogni G, Bellentani S, Miglioli L, et al. The fatty liver index:
a simple and accurate predictor of hepatic steatosis in the general
population. BMC Gastroenterol. 2006;6: 33. https://doi.org/10.
1186/1471-230X-6-33

@ Springer

12. Frey V, Langthaler P, Raphaels E, et al. Paracelsus 10000: an
observational cohort study about the health status of the popula-
tion of salzburg, austria rationale objectives and study design.
PPExMed. 2023;1:1-17. https://doi.org/10.33594/000000600

13. Fouad Y, Alboraie M, Shiha G. Epidemiology and diagnosis
of metabolic dysfunction-associated fatty liver disease. Hepa-
tol Int. 2024;18(Suppl 2):827-833. https://doi.org/10.1007/
$12072-024-10704-3

14. (EASL) EAftSotL, (EASD) EAftSoD, (EASO) EAftSoO.
EASL-EASD-EASO clinical practice guidelines on the manage-
ment of metabolic dysfunction-associated steatotic liver disease
(MASLD). J Hepatol. 2024;81(3):492-542. https://doi.org/10.
1016/.jhep.2024.04.031

15. LiQ, LuC, Li W, Huang Y, Chen L. Impact of age on the diag-
nostic performances and cut-offs of APRI and FIB-4 for sig-
nificant fibrosis and cirrhosis in chronic hepatitis B. Oncotarget.
2017;8(28):45768-45776. https://doi.org/10.18632/oncotarget.
17470

16. YinlY, Yang TY, Yang BQ, et al. Fibroscan-aspartate transami-
nase: a superior non-invasive model for diagnosing high-risk
metabolic dysfunction-associated steatohepatitis. World J Gas-
troenterol. 2024;30(18):2440-2453. https://doi.org/10.3748/wjg.
v30.118.2440

17. Mandorfer M, Aigner E, Cejna M, et al. Austrian consensus
on the diagnosis and management of portal hypertension in
advanced chronic liver disease (Billroth IV). Wien Klin Wochen-
schr. 2023;135(Suppl 3):493-523. https://doi.org/10.1007/
s00508-023-02229-w

18. Dozois DD, Keith & Ahnberg, Jamie. 1998 A Psychometric
Evaluation of the Beck Depression Inventory—II. Psychological
Assessment;.

19. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and man-
agement of the metabolic syndrome: an American heart associa-
tion/national heart, lung, and blood institute scientific statement.
Circulation. 2005;112(17):2735-2752. https://doi.org/10.1161/
CIRCULATIONAHA.105.169404

20. Pratt LA, Brody DJ. Depression and obesity in the U.S.
adult household population, 2005-2010. NCHS Data Brief.
2014;167:1-8

21. Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity,
and depression: a systematic review and meta-analysis of longitu-
dinal studies. Arch Gen Psychiatry. 2010;67(3):220-229. https://
doi.org/10.1001/archgenpsychiatry.2010.2

22. Vogelzangs N, Kritchevsky SB, Beekman AT, et al. Depressive
symptoms and change in abdominal obesity in older persons. Arch
Gen Psychiatry. 2008;65(12):1386-1393. https://doi.org/10.1001/
archpsyc.65.12.1386

23. 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(10):2308-2317. https://doi.org/10.1111/liv.
14973

24. Kim D, Dennis BB, Cholankeril G, Ahmed A. Association
between depression and metabolic dysfunction-associated fatty
liver disease/significant fibrosis. J Affect Disord. 2023;329:184—
191. https://doi.org/10.1016/j.jad.2023.02.101

25. Rose CF, Amodio P, Bajaj JS, et al. Hepatic encephalopathy: novel
insights into classification, pathophysiology and therapy. J Hepa-
tol. 2020;73(6):1526—1547. https://doi.org/10.1016/j.jhep.2020.
07.013

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.metabol.2020.154170
https://doi.org/10.1016/j.metabol.2020.154170
https://doi.org/10.1016/j.ejim.2023.07.039
https://doi.org/10.1038/s44220-023-00086-0
https://doi.org/10.1038/s44220-023-00086-0
https://doi.org/10.3389/fepid.2023.1081757
https://doi.org/10.1111/apt.15395
https://doi.org/10.1111/apt.15395
https://doi.org/10.1017/S204579602000116X
https://doi.org/10.1017/S204579602000116X
https://doi.org/10.1186/s12944-024-02108-x
https://doi.org/10.1016/j.bbi.2014.04.001
https://doi.org/10.1590/1516-4446-2012-1048
https://doi.org/10.1590/1516-4446-2012-1048
https://doi.org/10.1002/hep.21669
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.33594/000000600
https://doi.org/10.1007/s12072-024-10704-3
https://doi.org/10.1007/s12072-024-10704-3
https://doi.org/10.1016/j.jhep.2024.04.031
https://doi.org/10.1016/j.jhep.2024.04.031
https://doi.org/10.18632/oncotarget.17470
https://doi.org/10.18632/oncotarget.17470
https://doi.org/10.3748/wjg.v30.i18.2440
https://doi.org/10.3748/wjg.v30.i18.2440
https://doi.org/10.1007/s00508-023-02229-w
https://doi.org/10.1007/s00508-023-02229-w
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archpsyc.65.12.1386
https://doi.org/10.1001/archpsyc.65.12.1386
https://doi.org/10.1111/liv.14973
https://doi.org/10.1111/liv.14973
https://doi.org/10.1016/j.jad.2023.02.101
https://doi.org/10.1016/j.jhep.2020.07.013
https://doi.org/10.1016/j.jhep.2020.07.013

	Association between depression and metabolic dysfunction-associated steatotic liver disease: a cross-sectional analysis from the paracelsus 10,000 Study
	Abstract
	Background and aims 
	Methods 
	Results 
	Conclusion 
	Graphical abstract:

	Introduction
	Methods
	Study design and population
	Inclusion and exclusion criteria
	MASLD definition and assessment tools
	Clinical and laboratory assessments
	Statistical analysis

	Results
	Baseline characteristics
	MASLD prevalence
	Primary association analysis
	Interaction and sensitivity analyses
	Secondary outcomes
	Fibrosis markers

	Discussion
	Acknowledgements 
	References


