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Abstract
Purpose We aimed to evaluate the prevalence of anxiety and depression traits in Italian patients with metabolic dysfunction-
associated steatotic liver disease (MASLD), and the possible relation with the severity of liver disease.
Methods Demographic, anthropometric, clinical and laboratory parameters were collected in patients referred to a metabolic 
unit for a comprehensive evaluation of possible liver disease. Hepatic steatosis and fibrosis were evaluated by surrogate 
biomarkers. Imaging (controlled attenuation parameter-CAP and vibration-controlled transient elastography-VCTE). Beck 
depression inventory (BDI) and state-trait anxiety inventory-Y (STAI-Y) were used to define depressive/anxiety states; calorie 
intake and lifestyle were self-assessed by questionnaires.
Results The whole sample comprised 286 patients (61.9% females; mean age 52.0 years; BMI, 34.6 kg/m2); 223 fulfilled 
MASLD criteria. BDI and trait anxiety scores were lower in the MASLD cohort, and the prevalence of both moderate/severe 
depression and severe trait anxiety was reduced compared with non-MASLD cases, despite VCTE-diagnosed fibrosis F3–F4 
present in over 15% of cases. However, after correction for demographic and anthropometric confounders, MASLD was not 
associated with a lower risk of moderate/severe depression or severe anxiety trait (odds ratio, 0.34; 95% confidence interval, 
0.12–1.01 and 0.79, 0.27–2.34). Additional adjustment for the severity of fibrosis did not change the results. No differences 
in state anxiety were observed.
Conclusion The risk of anxiety and depression in MASLD is not different from that generated by diabetes and obesity per 
se. MASLD patients do not perceive liver disease as a specific source of psychological distress, possibly as a consequence 
of the unawareness of progressive liver disease.

Keywords Nonalcoholic fatty liver disease · Metabolic dysfunction-associated steatotic liver disease · Vibration-controlled 
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STAI-Y  State-trait anxiety inventory-Y forms
VCTE  Vibration-controlled transient elastography

Introduction

The term steatotic liver disease (SLD) has been recently 
chosen as the overarching definition of hepatic steatosis 
identified by imaging or biopsy [1]. It includes metabolic 
dysfunction-associated steatotic liver disease (MASLD), for-
merly known as nonalcoholic fatty liver disease (NAFLD), 
the most common form of liver disease worldwide. A sys-
tematic review and meta-analysis reported an increase from 
25.3% in the period 1990–2006 to 38% in more recent epi-
demiological surveys (2016–2019)[2], and MASLD is now 
the second cause of liver transplantation in the United States 
and Europe, and the first in women [3, 4].

Despite massive efforts by pharmaceutical companies and 
multiple lines of research, lifestyle intervention and weight 
loss are the only strategies for MASLD treatment approved 
by international guidelines to reduce disease progression [5, 
6]. Unfortunately, only few patients achieve and maintain 
the desired lifestyle modifications in diet and physical activ-
ity associated with long-term weight loss (10% or more), 
reported to improve disease outcome [7].

One of the factors influencing attitudes towards diet 
and exercise is mental health. The presence of anxiety or 
depression can affect motivation and compliance to treat-
ment in chronic diseases [8]. In anxiety states, food intake 
may be a way of coping with stress, while in depression it 
may help experiment positive emotions [9, 10], and adult 
women with positive screening for anxiety or depression 
have higher scores in uncontrolled eating and emotional eat-
ing [11]. Depression is a common public health problem, 
affecting 12.9% of individuals globally, with differences 
among countries, gender and other socioeconomic factors 
[12]. Also generalized anxiety disorder is very common in 
both community and clinical settings. Worldwide, estimates 
of lifetime and 12-month prevalence are 3.7% and 1.8%, 
respectively [13], but the prevalence of less severe disorders 
may be much higher, particularly in the presence of comor-
bid conditions.

Only a few studies are available on the prevalence of anxi-
ety/depression in the MASLD population, with conflicting 
results. A meta-analysis by Xiao et al. [14], involving over 
two-million patients, found that NAFLD was associated with 
an increased risk of depression (OR: 1.29, CI: 1.02–1.64, 
p = 0.03), whereas a Brazilian study reported an inverse 
association with anxiety [15]. Weinstein et al. reported that 
individuals with NAFLD and depression were more likely 
to be physically inactive (60.7%) compared to NAFLD indi-
viduals without depression (33.3%) [16], and the presence of 
depression was associated with worse treatment outcomes 

[17]. Finally, an association was reported between depres-
sion and all-cause [18, 19] and cancer-related mortality [18], 
cardiovascular diseases [18] and stroke [18] in NAFLD.

Providing psychological support to frail patients is man-
datory to improve the effectiveness of lifestyle intervention. 
We aimed to define the prevalence of anxiety and depression 
traits in consecutive Italian patients with MASLD, and the 
possible relation with liver disease severity. This strategy 
might help define the importance of psychologists in the 
team building inside the MASLD treatment units, as prereq-
uisite to adapt lifestyle programs to the possible presence of 
psychologic burden.

Material and methods

Patients

The present study is part of the ongoing program "One day 
screening of NASH", a study started in June 2021 at the 
IRCCS AOUBO (University of Bologna) aimed at evaluat-
ing the presence of hepatic steatosis and the risk of liver 
fibrosis, measured with non-invasive methods, in a popula-
tion with suspected metabolic syndrome and referred to our 
Institution by general practitioners or specialists of other 
clinical areas without a history, or signs and symptoms of 
advanced liver disease. According to the program, subjects 
entering the program are visited by a specialist in metabolic 
disorders and are screened for steatotic liver disease (SLD) 
by non-invasive methods. Inclusion criteria were informed 
consent signed before any trial-related activities, age ≥ 18 
years, presence of at least one feature of metabolic syn-
drome; exclusion criteria were alcohol intake  ≥ 20 g/day 
(women and 30g/day (men) and active hepatitis B and C 
virus infection.

The study was performed in accordance with the ethical 
standards as laid down in the 1964 Declaration of Helsinki 
and its later amendments. It was approved by the ethical 
committee of Area Vasta Emilia Centro (Study 110/2021/
Sper/AOUBo); all subjects signed the informed consent to 
participate in the study and to report publication.

Methods

All subjects were tested when first seen at our Institu-
tion, before any intervention, using a protocol previously 
described [20]. The visit included questions on lifestyle hab-
its, including self-evaluated food intake and physical activity 
(graded from 1 [much lower-than-normal, sedentary] to 5 
[much higher-than-normal, very physically active] compared 
to relatives and friends), smoking and alcohol use. Cases 
reporting alcohol use above 14 units/week in women and 
21 units/week in men were excluded from the analysis. The 



Acta Diabetologica 

diagnosis of Metabolic Syndrome was based on the redefini-
tion of the National Cholesterol Education Program—Adult 
Treatment Panel III (NCEP-ATPIII) [21], which requires the 
presence of at least three of the following five criteria: (a) 
waist circumference ≥ 94 cm in men and ≥ 80 in women; 
(b) triglycerides ≥ 150 mg/dL or ongoing lipid-lowering 
therapy; (c) HDL cholesterol ≤ 40 mg/dL in men and ≤ 50 in 
women; (d) systolic blood pressure ≥ 130 mmHg and dias-
tolic pressure ≥ 85 or current antihypertensive therapy; (e) 
fasting blood glucose ≥ 100 mg/dL or diagnosis of diabetes 
mellitus.

Fasting blood samples were drawn for the determina-
tion of a panel of laboratory parameters, if not available 
within 90 days prior to the visit. All laboratory tests were 
performed by the Metropolitan laboratory Service of Bolo-
gna. The upper limits of alanine aminotransferases (ALT) 
were set at 30 U/L in men and 19 U/L in women [22]. The 
Fatty Liver index (FLI) was calculated as marker of steato-
sis; based on the FLI score, patients were divided into three 
categories: low risk of steatosis (FLI < 30), intermediate risk 
of steatosis (FLI between 30 and 60) and high risk of stea-
tosis (FLI > 60) [23]. Similarly, the presence of advanced 
fibrosis was estimated by the Fibrosis-4 index (Fib-4) [24]. 
Fib-4 values < 1.30 exclude advanced fibrosis, values > 2.67 
are at high risk of advanced fibrosis, values between 1.30 
and 2.67 are in the indeterminate range [25].

Finally, all patients were tested by vibration-controlled 
transient elastography (VCTE) using FibroScan™ (Echo-
sense, Paris, France). Both liver stiffness (marker of fibrosis) 
and the Controlled Attenuation Parameter (CAP), marker of 
steatosis, were determined [26]. M or XL probes were used 
according to standard protocols. The probes undergo calibra-
tion every six months. The test was considered reliable if ten 
valid measurements were achieved with a success rate above 
60% and the ratio between the interquartile range and the 
median was < 0.3. The stiffness cut-offs indicative of signifi-
cant fibrosis (F2), advanced fibrosis (F3) and cirrhosis (F4) 
were 7.0 kPa, 8.7 kPa and 10.3 kPa, respectively. The CAP 
score diagnostic cut-offs were set at 248 dB/m, 260 dB/m 
and 280 dB/m, respectively, for grade 1 (S1), grade 2 (S2) 
and grade 3 (S3) steatosis.

Questionnaires

Depression—The Beck Depression Inventory (BDI) was 
used to assess the presence and severity of self-reported 
depression levels. It consists of 21 items each rated from 
0 (no symptom), to 3 (severe symptom). The BDI had an 
internal consistency of 0.81 and 0.85 in the sample with and 
without obesity, respectively, a reasonably good test–retest 
reliability, and good criterion validity [27]. Cutoff values for 
total BDI scores were used for descriptive presentation. The 
responses were graded according to the following cut-offs: 

normal, 0–9; mild depressive symptoms, 10–15; moderate 
depressive symptoms, 16–22; and severe depressive symp-
toms, 23–63 [28, 29]. Finally, it has been validated in the 
Italian version [30].

Anxiety—The State Trait Anxiety Inventory-Y (STAI-Y) 
[31] was used for the assessment of anxious symptomatol-
ogy. It consists of two sub-scales of 20 items each: state 
anxiety (S-STAI-Y), the respondent’s level of anxiety at the 
present time, and trait anxiety (T-STAI-Y), the usual level 
of the respondent’s anxiety in his/her everyday life. Sample 
items for the STAI-Y are “I am tense” for state anxiety, and 
“I am a steady person” for trait anxiety. For both STAI-Y 
questionnaire, item scores vary from 0 to 4, with higher 
scores indicating higher levels of anxious symptoms (No 
or low anxiety, 20–37; moderate anxiety, 38–44; high anxi-
ety, 45–80). The S-STAI-Y had an internal consistency of 
0.80 and 0.84, while the T-STAI-Y of 0.80 and 0.82 in the 
sample with and without obesity, respectively. Finally, the 
reliability of both STAI-Y Forms in their Italian version has 
been validated [32].

Dietary intake—“Quanto Mangio Veramente” (How 
much do I really eat; QMV, 20 items). The questionnaire 
semi-quantitatively estimates calorie intake on the basis 
of the habitual weekly consumption and portion size (on a 
5-point Likert scale) of 18 items referred to habitual food 
intake, and a final item on the number of meals not con-
sumed at home during the week [33]. To help subjects with 
the determination of portion size, pictures are presented to 
visually explain what is considered small-sized, medium-
sized, or large-sized, whereas a few questions specifically 
investigate the number of specific items consumed during 
the week, if any (e.g., number of sugar cubes or sugar cof-
fee-spoons, candies, chocolate tablets). Each portion size is 
given an estimate (value) of its energy content (as multiple 
of 50 kcal, to simplify calculations). The in-house developed 
questionnaire has been validated vs. dietary interview car-
ried out by an expert dietitian and has been extensively used 
since 2006 by specialists and by general physicians in the 
area of Bologna [34].

Statistical analysis

The statistical analysis was carried out by means of StatView 
5.0 program (SAS Institute, Inc., Cary, NC.) and SPSS for 
Windows v.21 (SPSS Inc., Chicago, IL, USA), on the whole 
population and separately in the two cohorts. Descriptive 
statistics included mean, standard deviation (SD), median 
(interquartile range) for non-Gaussian distributed scores, and 
percentage for categorical variables. Comparison between 
different groups were carried out by Student t test for 
unpaired data or chi-square values, as appropriate. Non para-
metric analyses (Mann–Whitney or Wilcoxon test) were also 
performed. Correlation analysis and/or linear and logistic 
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regression analysis (odds ratio [OR] and 95% confidence 
interval [95% CI]) were used to test the association between 
BDI and STAI scores or risk of depression and anxiety with 
clinical data, with/without adjustment for confounders. For 
all comparisons, P values < 0.05 were considered statisti-
cally significant.

Results

Demographic, anthropometric and clinical data

In the period between June 2021 and December 2023 the 
protocol involved 286 subjects, and CAP identified the pres-
ence of steatosis of variable severity in 223. Their clinical 
and laboratory data are reported in Table 1, divided accord-
ing to the presence of MASLD. Notably, subjects with 
MASLD (n = 223) were characterized by older age and lower 
education, and were more frequently males. Their lifestyle 
was not remarkably different from that reported from the 
non-MASLD group (n = 63), also in terms of food intake 
and engagement in physical activity. Their BMI was how-
ever nearly six-point higher, with a totally different distri-
bution across the obesity grades, despite very much similar 
reported BMI at age 20, expression of a remarkable weight 
increase, which had also occurred in the past 12 months 
in both cohorts. The MASLD cohort was also character-
ized by a higher prevalence of diabetes, hypertension and 
metabolic syndrome. Finally, their liver enzymes were more 
commonly elevated (only 30.8% had normal ALT vs. 55.7% 
in non-MASLD). FLI values were consistent with the pres-
ence of steatosis indicated by CAP (coefficient of correlation 
between CAP and FLI:  R2, 0.272; P < 0.001), and this was 
also the case for FIB-4 and vibration-controlled transient 
elastography (VCTE) (coefficient of correlation between 
liver stiffness and FIB-4:  R2, 0.406; P < 0.001), with a risk 
of advanced fibrosis detected also in a minority of non-
MASLD cases.

Depression scores

In the whole population, BDI scores ranged from 0 to 
47; they were moderately higher in women (n = 177; 
median, 12; interquartile range [IQR], 9) compared to 
men (n = 109; 10 [9]; P = 0.006), and in subjects aged ≤ 60 
years (n = 205; median 11, [9]) vs. older patients (n = 81; 9, 
[8.25]; P = 0.004) and the differences were maintained in 
the MASLD cohort (Table 2). The values were more dis-
persed and significantly lower in the presence of MASLD 
(10 [8] vs. 13 [10.5] in non-MASLD; P = 0.003) (Fig. 1); 
also when classified according to categories of depression 
severity, many more cases with severe depression were 
observed in the non-MASLD cohort (P = 0.021) (Fig. 2), 

with a prevalence of moderate/severe depression nearly dou-
bled in non-MASLD (38.1% vs. 21.1% in MASLD; Fisher’s 
exact test, P = 0.008). In a logistic regression analysis, the 
presence of MASLD was associated with a lower risk of 
moderate/severe depression (OR, 0.43; 95% CI, 0.24–0.79; 
P = 0.006), but the association was cancelled by adjustment 
for demographic (age, sex, civil status and education) and 
anthropometric data (BMI) (OR, 0.34; 95% CI, 0.12–1.01; 
P = 0.052). Additional correction for the severity of liver 
fibrosis, as measured by VCTE, did not change the results. 
Notably, the prevalence of moderate/severe depression 
increased with increasing BMI and was as high as 37% 
in subjects with grade 3 obesity vs. 22% in lower obesity 
grades (P = 0.042).

In MASLD higher depression scores were demonstrated 
in the presence of advanced liver fibrosis, measured by 
VCTE (fibrosis F3–F4, median 12 (IQR, 7.75) vs. 10 [8] in 
fibrosis F0–F2; P = 0.078), not when fibrosis was scored by 
the surrogate biomarker FIB-4 (Rule-out fibrosis, 11 [8.5]; 
Indeterminate, 10 [5]; Rule-in Fibrosis, 9 [14]; P = 0.645).

Anxiety scores

Notably, State and Trait anxiety scores were correlated with 
BDI scores in the whole cohort (r = 0.509 and r = 0.640, 
respectively), as were S-STAI-Y vs. T-STAI-Y (r = 0.694; 
all, P < 0.001) (Fig. 1). Both S-STAI-Y and T-STAI-Y scores 
were significantly higher in women (median 40 (18) and 
41 (15) vs. 36 (9) and 37 (12); P < 0.001 for both), and dif-
ferences were maintained in the MASLD cohort, where 
scores were more dispersed (Table 1 and Fig. 1). State anxi-
ety scores were again higher in young persons in MASLD, 
whereas trait scores were higher in older subjects in both 
cohorts. Finally, severe anxiety scores were more common in 
the non-MASLD group (without statistically significant dif-
ferences vs. MASLD cohort) (Fig. 2). In the MASLD cohort, 
the presence of more severe VCTE-diagnosed fibrosis was 
not associated with higher state and trait anxiety scores. In 
logistic regression analyses, the presence of MASLD was 
not associated with either mild or severe anxiety states, but 
it was again negatively associated with a severe anxiety trait 
(severe T-STAI-Y, OR, 0.50; 95% CI, 0.26–0.97; P = 0.040). 
Also in this case, the risk was no longer significant after 
adjustment for demographic and anthropometric confound-
ers (OR, 0.79; 95%CI, 0.27–2.34), without any effect of the 
presence of advanced fibrosis.

Relation between depression/anxiety and body 
weight

No association was demonstrated between BDI score and 
BMI  (R2 = 0.005; P = 0.249) or between BDI class and obe-
sity grades (P = 0.127), but severe depression was associated 
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Table 1  Demographic, anthropometric, clinical and laboratory data of patients with/without steatotic liver disease (SLD) involved in the study

Data are expressed as mean ± standard deviation or as prevalence, as appropriate
* Student t test, Chi-square test, or Fisher’s exact test, as appropriate. For multiple categorical variables, P value refers to overall differences 
between groups (Chi-square test)
°Self-graded from 1 to 5 as: very low, low, normal, higher-than-normal, much higher-than-normal
^Self-graded from 1 to 5 as: very sedentary, sedentary, normal, moderately active, very active
# ALT, alanine aminotransferase: normal values, < 31 U/L in men, 20 U/L in women

All cases (n = 286) MASLD (n = 223) No-MASLD (n = 63) P value*

Demography
Age (years) 52.0 ± 12.5 52.9 ± 12.3 48.9 ± 12.6 0.026
Female sex (%) 61.9 56.9 79.4 0.023
Civil status (single/married/ widowed) (%) 35.0/61.3/3.7 34.4/61.3/4.3 36.4/61.4/2.3 0.897
Education (primary/secondary/ vocational/degree) (%) 1.5/14.6/49.6/34.2 2.2/19.4/53.8/24.7 –/4.5/40.9/54.5 0.014
Self-assessed lifestyle habits
Food intake (kcal/day)$ 1996 ± 637 1982 ± 602 2027 ± 637 0.700
Food intake (1–5) (%)° 1.5/14.1/41.5/37.3/6.6 2.2/11.0/42.9/37.4/6.6 –/20.5/38.6/31.8/9.1 0.480
Physical activity (1–5) (%)^ 20.7/40.7/24.4/12.6/1.5 17.9/47.4/23.1/11.5/– 24.6/32.7/26.3/14.0/3.5 0.217
Alcohol intake (safe limits/abstainer/ex) (%) 46.7/47.4/5.9 48.7/48.7/2.6 43.9/45.6/10.5 0.161
Smoking (yes/no/ex) (%) 26.3/45.9/27.8 31.5/46.1/22.4 15.9/45.5/38.6 0.065
Clinical data
BMI (kg/m2) 34.6 ± 5.4 36.0 ± 5.2 29.8 ± 2.5 < 0.001
 Overweight/Obesity I, II, III (%) 11.5/53.8/18.6/16.1 2.2/53.4/23.8/20.6 37.7/56.5/5.8/– < 0.001
 ∆ BMI in the last year (%) 3.3 ± 8.0 3.3 ± 7.3 3.3 ± 9.4 0.987
 BMI at age 20 (kg/m2) 23.8 ± 4.6 24.4 ± 5.0 22.7 ± 3.2 0.053

Waist circumference (cm) 107.3 ± 13.7 111.2 ± 12.4 95.0 ± 9.5 < 0.001
Diabetes (%) 26.2 30.1 12.1 0.038
 Blood glucose (mg/dL) 99.2 ± 19.2 100.6 ± 19.0 94.2 ± 19.3 0.020
 HbA1c (mmol/mol) 39.8 ± 7.9 40.2 ± 8.1 38.5 ± 7.5 0.337

Triglycerides (mg/dL) 135.9 ± 71.7 146.2 ± 75.2 99.7 ± 40.8 < 0.001
HDL-cholesterol (mg/dL) 52.6 ± 11.3 51.7 ± 11.0 56.0 ± 11.8 0.006
Hypertension (%) 32.9 36.7 19.0 0.006
 Systolic blood pressure (mmHg) 125.0 ± 15.7 127.0 ± 15.1 117.5 ± 15.9 < 0.001
 Diastolic blood pressure (mm/Hg) 76.9 ± 10.4 78.1 ± 10.1 72.9 ± 10.4 < 0.001

Metabolic syndrome (%) 41.3 48.9 14.3 < 0.001
 No of features (1,2,3,4,5) (%) 32.9/37.1/22.7/6.3/1.0 27.4/35.9/27.4/8.1/1.3 52.3/41.3/6.3/–/– < 0.001

Alanine aminotransferases (U/L) 33.5 ± 24.9 37.3 ± 27.1 21.7 ± 9.8 < 0.001
 Normal ALT (%)# 37.0 30.8 55.7 0.001

Aspartate aminotransferases (U/L) 28.5 ± 17.6 30.3 ± 19.4 22.5 ± 7.2 0.003
Gamma-GT (U/L) 37.7 ± 30.0 42.4 ± 32.3 21.0 ± 7.3 < 0.001
Biomarkers and Imaging
Fatty liver index (%) 77.8 ± 20.8 87.1 ± 9.8 45.0 ± 15.2 < 0.001
  < 30/31–60/ > 60 (%) 3.5/14.7/81.8 - /0.9/99.1 15.9/63.5/20.6 < 0.001

Fibrosis-4 score 1.23 ± 2.05 1.30 ± 2.33 0.99 ± 0.54 0.341
  < 1.30/1.31–2.67/ > 2.67 (%) 71.6/22.3/6.1 70.9/21.7/7.4 74.1/24.1/1.8 0.323
Controlled attenuation parameter (dB/m) 270.7 ± 51.8 291.2 ± 45.3 220.7 ± 26.1 < 0.001
 S0/S1/S2/S3 (%) 39.7/7.3/13.2/39.8 –/12.1/22.0/65.9 100.0/–/–/– < 0.001

Liver stiffness (VCTE) (kPa) 6.34 ± 5.29 6.94 ± 5.83 4.21 ± 1.18 < 0.001
 F0–F1/F2/F3/F4 (%) 77.3/7.7/6.6/8.4 71.7/9.0/8.5/10.8 96.8/3.2/–/– < 0.001
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with 5% or more weight loss or weight gain in the previ-
ous year (P = 0.038), not with self-assessed food intake 
(P = 0.132) in the whole cohort, as well as in MASLD.

S-STAI-Y was associated with BMI in the whole 
cohort  (R2 = 0.017; P = 0.026), and the correlation was 

maintained in MASLD  (R2 = 0.029; P = 0.010), but was 
not associated with recent weight change.

No correlation was observed between T-STAI-Y score 
or severity and BMI, BMI change and obesity grades.

Table 2  Scores of beck depression inventory (BDI) and state and trait anxiety inventory form-Y (S-STAI-Y and T-STAI-Y) in subjects with/
without MASLD, grouped according to demographic, anthropometric and clinical characteristics (median [interquartile range—IQR])

Data are analyzed by Mann–Whitney U test
Significant values are printed in bold characters

Questionnaire MASLD (223) P value Non-MASLD (63) P value P value P value

(a) (b) (a) vs. (b) (c) (d) (c) vs. (d) (a) vs. (c) (b) vs. (d)

Beck depression 
inventory (BDI)

Men (n = 96) Women (n = 127) 0.004 Men (n = 13) Women (n = 50) 0.206 0.004 0.278
9 [7.5] 12 [7.75] 15 [11] 13 [10]
Age ≤ 60 (n = 152) Age > 60 (n = 71) 0.016 Age ≤ 60 (n = 53) Age > 60 (n = 10) 0.553 0.037 0.126
11 [8] 9 [7] 13 [9.25] 13 [7]
F0–F2 (n = 180) F3–F4 (n = 43) 0.078 F0–F2 (n = 63) F3–F4 (n = 0) – 0.001 –
10 [8] 12 [7.75] 13 [10.5] –

State anxiety 
inventory form-Y 
(S-STAI-Y)

Men (n = 96) Women (n = 127) 0.001 Men (n = 13) Women (n = 50)
36 [9] 40 [17.75] 33 [13.5] 39.5 [19] 0.126 0.364 0.634
Age ≤ 60 (n = 152) Age > 60 (n = 71) 0.026 Age ≤ 60 (n = 53) Age > 60 (n = 10) 0.547 0.704 0.931
38.5 [15.5] 36 [9] 38 [20] 34.5 [14]
F0–F2 (n = 180) F3–F4 (n = 43) 0.392 F0–F2 (n = 63) F3–F4 (n = 0) – 0.934 –
38 [16] 43 [15.75] 38 [17] –

Trait anxiety 
inventory form-Y 
(T-STAI-Y)

Men (n = 96) Women (n = 127)  < 0.001 Men (n = 13) Women (n = 50) 0.405 0.003 0.440
37 [11] 43 [14] 48 [14.5] 44 [17]
Age ≤ 60 (n = 152) Age > 60 (n = 71) 0.028 Age ≤ 60 (n = 53) Age > 60 (n = 10) 0.017 0.298  < 0.001
38 [13.75] 41.5 [14.5] 43 [16.25] 51.5 [12]
F0–F2 (n = 180) F3–F4 (n = 43) 0.157 F0–F2 (n = 63) F3–F4 (n = 0) – 0.003 –
39 [13] 43 [15.75] 44 [16.75] –

Fig. 1  Scores of depressive 
mood (beck depression inven-
tory [BDI]) and anxiety (S- and 
T-state and trait depression 
inventory form-Y [S- and 
T-STAI-Y]) in the population 
with/without MASLD. In this 
box and whiskers plot, the hori-
zontal lines correspond to medi-
ans, the boxes cover the 25°-75° 
area and the whiskers extend to 
5–95° of variance. The circles 
represent cases exceeding the 
95% confidence intervals. No 
difference between paired plots 
were observed
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Fig. 2  Prevalence of depression 
and anxiety scores according to 
categories of disease severity. 
No difference in score distribu-
tion was observed between No-
MASLD and MASLD cohorts 
(Chi-square test)
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Discussion

The study fails to identify significant states of anxiety 
and depression specifically associated with the presence 
of MASLD in our population screened for the presence 
of hepatic fat as suggested by guidelines in subjects with 
features of the metabolic syndrome. Compared to subjects 
without biochemical and imaging evidence of steatosis, 
they do not score worse in validated questionnaires of 
depression and anxiety, after correction for confounders. 
The most important factors increasing the risk of anxiety 
and depression remain younger age and female sex.

The relation between obesity and depression in the 
community is a matter of debate. In a systematic review 
and meta-analysis involving over 16,000 older adults (≥ 60 
years) in 19 studies, the presence of overweight and obe-
sity were associated with lower odds of depression, con-
firming the hypothesis of “jolly fat” [35]. This is probably 
not the case for younger subjects. A review article con-
cluded that increasing adiposity from childhood to adult-
hood, as was probably the case for the majority of younger 
individuals enrolled in the present study considering the 
large weight gain from age 20, was associated with an 
increased risk of depression, particularly in women, not 
in men [36]. This was confirmed in our setting, where the 
higher BDI scores observed in individuals aged below 60 
in comparison to younger patients were mostly due to the 
difference observed in women.

The negative association of MASLD with depression 
and trait anxiety, when compared with non-MASLD 
cohort, should be interpreted with caution. As seen, it 
largely stems from the older age and the higher preva-
lence of men in MASLD (two factors associated with a 
reduced risk of depression), and the difference is no longer 
significant after adjustment for confounders, including dif-
ferences in education, largely reflected in different working 
activities. Indeed, other studies reported positive associa-
tions between depression/anxiety and NAFLD. In a retro-
spective cross-sectional study involving 25,333 subjects, 
NAFLD was significantly associated with depression 
(adjustedOR, 1.43; 95% CI, 1.14–1.80; P = 0.002), while 
severe NAFLD was associated with state and trait anxi-
ety (adjustedOR, 1.84; 95% CI, 1.01–3.37; P = 0.047 and 
adjustedOR 2.45; 95% CI, 1.08–4.85; P = 0.018, respec-
tively) in women [37]. Similarly, in a cross-sectional study 
conducted on 3,327 individuals from National Health and 
Nutrition Examination Survey, the prevalence of depres-
sion, assessed through the Patient Health Questionnaire 
(PHQ-9), was higher among individuals with MAFLD 
or significant fibrosis than among those without [38]. In 
a Brazilian cross-sectional study including 7,241 par-
ticipants evaluated by 21-item Beck Anxiety Inventory, 

Patient Health Questionnaire-9, and K6 distress scale), 
NAFLD was inversely associated with anxiety and posi-
tively associated with depression. Finally, in a 10-year lon-
gitudinal study comparing 19,871 patients with NAFLD to 
19,871 matched controls, the hazard ratio for the incidence 
of depression was 1.21 (P < 0.001) and that for the inci-
dence of anxiety was 1.23 (P < 0.001) [39].

We could not find any reference value for anxiety/
depressive mood in the Italian population, measured by the 
questionnaires used in the present study. The large meta-
analysis by Lim et al. across different countries provides 
cross-sectional, one-year and lifetime prevalence values 
of depression of 12.9%, 7.2% and 10.8% respectively [12], 
which are in keeping with the rate of severe depression in 
our study. The same report indicates that the prevalence 
is higher in women (14.4%), in countries with a medium 
human development index (HDI) (29.2%), and when tested 
by self-reported instruments (17.3%). In general, the preva-
lence of depressive/anxiety symptoms mixed as bipolar dis-
order [40], is higher than normal in the presence of obesity 
and other features of the metabolic syndrome, where a bi-
directional association and the existence of a “metabolic-
mood syndrome” was also postulated [41]. It is noteworthy 
that the non-MASLD cohort showed an unexpectedly high 
prevalence of anxiety-depression at questionnaires, despite 
their lower obesity rates. Whether these less severe patients 
represent a cohort representative of the general population 
or a cohort specifically seeking medical referral for psycho-
somatic distress remains to be defined.

State and trait anxiety scores were partly different 
between MASLD and non-MASLD cases. S-STAI-Y pro-
vides a measure of the psychological reactivity directly 
related to a specific situation and in a specific moment, 
whereas T-STA-Y reflects a particular trait of personality. 
For both cohorts, differences were detected in relation to 
gender and age, but the trait scores were lower in MASLD, 
in keeping with the lower scores of BDI, and confirming a 
different grade of psychological distress.

Within this complex scenario, mediated by bio-psycho-
social factors, three additional components should be con-
sidered. Firstly, treatment of depression, per se, is likely 
to increase body weight [42], thus contributing to liver fat 
accumulation. The issue of psychotropic drug use was not 
systematically assessed in our analysis; individuals referred 
to our institution were free-living and limited data collected 
during triage do not support this possibility. However, this 
remains a limitation of the study, that should be more exten-
sively investigated. Second, we did not find an association 
between recent weight change and anxiety or depressive cat-
egories. Significant weight loss and decreased appetite are 
included as diagnostic criteria for major depression in DSM-
5-TR, but this condition was exceedingly rare in our set-
ting. Third, depression and eating styles are systematically 
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associated with dietary intake, namely lower adherence to 
the principles of Mediterranean diet and a risk of binge eat-
ing disorders (BED), but a previous study failed to detect an 
increase in BED prevalence in our population [20].

In conclusion, the presence of MASLD, largely unappre-
ciated by patients when first visited in our unit, is not per-
ceived as an additional source of psychological distress. The 
general unawareness of the risks associated with MASLD 
has been largely documented in the literature [43], and is 
a matter of concern for dedicated healthcare professionals, 
requiring intensive approach [44] and prompting the publi-
cation of dedicated guidelines for patients [45] and a global 
priority agenda [46]. BDI scores were in the range indicative 
of severe depressive state in over 18% of MASLD cases with 
fibrosis F3–F4 at VCTE—values diagnostic for cirrhosis in 
over 10% of cases –, but depressive mood remained much 
more common and predictive of non-MASLD. As supported 
by the high prevalence of depression in individuals with 
more severe obesity grades, this conclusion suggests that 
obesity per se probably remains the main clinical factor with 
an impact on mood for the majority of MASLD patients—
and also for their general practitioners who refer patients 
to specialized centers on the basis of obesity grades, not 
considering their liver disease. Italian MASLD guidelines 
have been shared by the Liver, Diabetes and Obesity associa-
tions to facilitate screening of patients at risk of advanced 
MASLD on the basis of non-invasive biomarkers [47], fol-
lowing the evidence of poor preparedness of the healthcare 
network [48]. The evidence that metabolic liver disease 
generates a lower impact on anxiety/depression than that 
provided by the sole presence of obesity means that we have 
a long way to go before MASLD receives proper referral 
and treatment, but specialized centers should be prepared 
to provide adequate psychological support and to prepare 
specific programs for MASLD individuals with the most 
severe grades of obesity.
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