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Abstract

Background Rheumatoid arthritis (RA) is associated with systemic inflammation and increased risk of cardiovascular
and metabolic comorbidities. The relationship between RA and metabolic dysfunction-associated steatotic liver disease
(MASLD) has not been established in population-based studies.

Methods We conducted a cross-sectional analysis of 6638 participants from the population-based Paracelsus 10,000 cohort
in Austria, including 187 individuals with physician-diagnosed RA meeting ACR/EULAR classification criteria. MASLD
was defined using the Fatty Liver Index (>60) combined with cardiometabolic risk factors according to 2024 EASL guide-
lines. We used Poisson regression models with sequential adjustment for demographic factors, metabolic syndrome, lifestyle
factors, NSAID use, and cardiovascular risk (SCORE?2). Liver fibrosis risk was assessed using the Fibrosis-4 Index (FIB-4).
Results MASLD prevalence was higher in RA patients than controls (41.2% vs. 28.5%, P<0.001). In sequential regres-
sion models, the association between RA and MASLD persisted after adjustment for demographics (IRR, 1.55; 95% CI
1.33-1.82), metabolic and lifestyle factors (IRR, 1.20; 95% CI 1.03—1.40), and cardiovascular risk factors (IRR, 1.35; 95%
CI 1.14-1.60; P<0.001). In addition, RA patients showed elevated liver fibrosis markers (median FIB-4: 1.21 vs. 1.08;
P<0.001).

Conclusions In this population-based cohort, RA was independently associated with a 35% increased risk of MASLD and
elevated liver fibrosis markers. These findings suggest that systematic liver assessment should be considered in the routine
care of RA patients.

Keywords Rheumatoid arthritis - Metabolic dysfunction-associated steatotic liver disease - Fatty liver - Fibrosis -
Cohort studies - Risk factors

Introduction

RA is a chronic systemic autoimmune disease character-
ized by persistent synovial inflammation, primarily affect-
ing joints and impacting approximately 1% of the global
population [1]. Beyond joint inflammation, RA is associated
with numerous extra-articular complications and comor-
bidities, including cardiovascular diseases, metabolic syn-
drome and liver dysfunction [2—4]. Despite the availability
of various conventional and biological disease-modifying

Extended author information available on the last page of the article

anti-rheumatic drugs the disease can remain difficult to con-
trol and typically leads to a lifelong treatment.

MASLD, formerly known as Non-Alcoholic Fatty Liver
Disease (NAFLD) affects up to 30% of the adult popula-
tion in Western countries, posing a significant global health
challenge [5, 6]. It is characterized by the accumulation of
fat in the liver along with metabolic risk factors such as
obesity, type 2 diabetes or dyslipidemia. MASLD is diag-
nosed when these criteria are met and alcohol consumption
remains below 20 g per day for women and 30 g per day for
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men, ruling out significant alcohol-related liver damage as a
primary cause [7]. Approximately 5% of MASLD patients
advance to more serious conditions like steatohepatitis, cir-
rhosis or hepatocellular carcinoma [5]. This makes MASLD
a widespread condition which is associated with significant
clinical and economic burdens [6, 8]. Furthermore, MASLD
is linked to increased risks of cardiometabolic diseases,
extrahepatic malignancies, diabetes and respiratory condi-
tions [9].

The relationship between RA and liver disease is not rec-
ognized. Chronic inflammation in RA, as well as the effects
of medications like methotrexate and NSAIDS, may con-
tribute to liver injury. Despite this, there is limited research
explicitly examining the link between RA and liver disease
[10, 11].

The Paracelsus 10,000 study is a large, population-based
cohort designed to investigate various health outcomes
across a broad range of participants [12]. With over 10,000
individuals enrolled, it provides extensive data on both met-
abolic conditions and autoimmune diseases like RA. This
makes it an excellent resource for exploring the potential
correlations between MASLD and RA, offering insights
into how chronic inflammation and metabolic factors inter-
act in these patients [12—16].

To date, no large population-based study has specifically
investigated the association between RA and MASLD. This
study aims to fill that gap by analyzing data from a well-
characterized Austrian cohort.

Methods
Study population

We conducted a cross-sectional analysis using data from the
Paracelsus 10,000 cohort, a population-based observational
study in Salzburg, Austria. Between April 2013 and March
2020, participants aged 40—77 years were randomly selected
from the Austrian national registry. Of 56,600 invitations
sent, 10,044 individuals participated.

For this analysis, we included 6,638 participants with
complete data on liver function, cardiometabolic param-
eters and RA status. We excluded individuals with other
chronic autoimmune diseases, missing laboratory values, or
alcohol consumption above MASLD thresholds (>20 g/day
for women, >30 g/day for men). As this was a secondary
analysis of the existing Paracelsus 10,000 cohort, no formal
sample size calculation was performed a priori. Our study
had sufficient power (>90%) to detect the observed 12%
difference in MASLD prevalence between groups and could
detect differences as small as 10.2% with 80% power at
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a=0.05.” This explains both our methodological approach
and demonstrates adequate statistical power.

Definitions

RA was diagnosed by rheumatologists or internists using
the 2010 ACR/EULAR classification criteria, confirmed
through medical record review and interviews. MASLD
was defined as FLI>60 plus at least one cardiometabolic
risk factor (BMI>25 kg/m?, type 2 diabetes, hyperten-
sion, dyslipidemia, or metabolic dysregulation), according
to 2024 EASL-EASD-EASO guidelines. FLI incorporates
BMI, waist circumference, triglycerides, and gamma-glu-
tamyl transferase levels.

Liver fibrosis risk was assessed using the FIB-4 index,
with participants categorized as low risk (<1.3), intermedi-
ate risk (1.3-2.67), or high risk (>2.67). Cardiovascular risk
was evaluated using SCORE2 (ages 40—69) or SCORE2-OP
(>70 years).

NSAID use was assessed through structured interviews
during the baseline examination, focusing on regular use
within the preceding three months. This timeframe was
chosen because NSAIDs can affect liver enzymes and
inflammatory markers within this period, potentially con-
founding the relationship between RA and liver outcomes.
We included NSAID adjustment in Model IV because these
medications are commonly used in RA management and
may contribute to liver enzyme abnormalities.

Statistical analysis

All analyses were performed using Stata version 19.5. Con-
tinuous variables are presented as median (interquartile
range) and categorical variables as frequencies (percent-
ages). Group comparisons used Mann-Whitney U tests for
non-normal continuous variables and chi-square tests for
categorical variables.

We used Poisson regression to estimate incidence rate
ratios (IRR) with 95% confidence intervals, as this approach
is more appropriate than logistic regression for cross-sec-
tional studies with common outcomes. Five sequential mod-
els were constructed: (1) unadjusted, (2) adjusted for age
and sex, (3) additionally adjusted for metabolic syndrome,
smoking, and income, (4) further adjusted for NSAID use,
and (5) finally adjusted for cardiovascular risk scores.

Subgroup analyses examined associations stratified by
sex, age (<55 vs. >55 years), and metabolic syndrome sta-
tus. Statistical significance was set at P<0.05.

The study was approved by the Ethics Committee of the
Province of Salzburg, Austria (approval no. 415-E/1521/3-
2012, approval date 12 June 2012). The approval covers the
Paracelsus 10,000 cohort study and subsequent secondary
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analyses. The study was conducted in accordance with the
Declaration of Helsinki and Austrian regulatory require-
ments. All participants provided written informed consent
prior to enrolment.

Table 1 Baseline characteristics

Characteristic Non-RA RA (N=187) P
(N=6,451) Value

Age—yr 54 (49-60) 58 (54-63)  <0.001

Sex—no. (%) <0.001

Male 2978 (46) 58 (31)

Female 3473 (54) 129 (69)

HbAlc—% 54(53-5.6) 5.5(53-5.8) 0.004

Creatinine—mg/dL 0.8 (0.7-1.0) 0.8 (0.7-0.9) <0.001

AST—U/L 23 (19-27) 22 (20-29) 0.20

Gamma-GT—U/L 21 (15-33) 22 (15-34) 0.47

FIB-4 Score—no. (%) 0.01

<1.30 4182 (72) 104 (63)

1.30-2.67 1551 (27) 60 (37)

>2.67 59 (1) 0(0)

Fatty Liver Index—no. (%) <0.001

<30 3028 (47) 74 (40)

30 to <60 1555 (24) 35(19)

>60 1868 (29) 78 (42)

MASLD—no. (%) 1842 (29) 77 (41) <0.001

Liver stiffness—kPa 4.5(3.8-5.6) 43(3.3-54) 0.26

Total cholesterol—mg/dL 208 208 0.97
(183-233) (186-232)

Triglycerides—mg/dL 95 (70-133) 100 (72-139)  0.39

HDL cholesterol—mg/dL 61 (50-74) 62 (51-77) 0.15

LDL cholesterol—mg/dL 140 133 0.12
(116-164) (114-158)

hs-CRP—mg/L 0.11 0.14 0.010
(0.06-0.23)  (0.08-0.27)

BMI—no. (%) <0.001

<30 5255 (81) 126 (67)

>30 1196 (19) 61 (33)

BMI Categories—no. (%) <0.001

<18.5 64 (1) 312

18.5 t0 24.9 2712 (42) 60 (32)

25.0t029.9 2457 (38) 63 (34)

30.0 to 34.9 903 (14) 41 (22)

35.0t0 39.9 228 (4) 18 (10)

>40 87 (1) 2(1)

Type 2 diabetes—no. (%) 223 (3) 14 (7) 0.003

Hypertension—no. (%) 1300 (20) 66 (35) <0.001

Metabolic syndrome—no. 990 (15) 52 (28) <0.001

(%)

Smoking status—no. (%) 0.081

Never smoker 3000 (48) 74 (41)

Former smoker 2159 (35) 77 (42)

Current smoker 1051 (17) 31(17)

Education level—no. (%) <0.001

Lower education 403 (7) 30(17)

Medium education 4242 (69) 121 (67)

Higher education 1470 (24) 29 (16)

Results
Baseline characteristics

This study included 6,638 participants, of whom 187 (3%)
were diagnosed with RA. Participants with RA were older
(median age 58 vs. 54 years), more frequently female (69%
vs. 54%), and had higher levels of systemic inflammation
(hs-CRP: 0.14 vs. 0.11 mg/L, p=0.010) compared to con-
trols. RA patients had a significantly higher prevalence of
metabolic syndrome (28% vs. 15%, p<0.001) and obesity,
but similar liver enzyme levels (AST and gamma-GT). Edu-
cational attainment was lower among RA participants, with
fewer having higher education (16% vs. 24%, p<0.001).
Complete baseline characteristics are shown in Table 1.

Primary outcome: MASLD prevalence and
association

MASLD prevalence was higher among RA patients com-
pared to controls [41% (77 individuals) vs. 29% (1842
individuals), p<0.001] (Fig. 1). In sequential Poisson
regression analyses, RA remained independently associated
with MASLD across all adjustment models. The unadjusted
association showed an IRR of 1.44 (95% CI 1.21-1.72,
p<0.001). After adjusting for age and sex, the association
strengthened (IRR: 1.55, 95% CI 1.33-1.82, p<0.001).
Further adjustment for metabolic syndrome, smoking, and
income attenuated but maintained the association (IRR:
1.20, 95% CI 1.03—1.40, p=0.019). The addition of NSAID
use reduced the association to borderline significance (IRR:
1.15, 95% CI 0.99-1.35, p=0.076). In the final model
incorporating cardiovascular risk scores (SCORE2), RA
remained significantly associated with MASLD (IRR: 1.35,
95% CI 1.14-1.60, p<0.001) - (Table 2).

Secondary outcomes: liver fibrosis risk

RA patients showed elevated FIB-4 scores compared to
controls [median: 1.21 (IQR 0.99-1.50) vs. 1.08 (IQR:
0.87-1.34), p<0.001]. Using established FIB-4 cut-offs,
fewer RA patients were classified as low risk (<1.30: 63%
vs. 72%) while more were in the intermediate risk category
(1.30-2.67: 37% vs. 27%). No RA patients were classified
as high risk (>2.67) compared to 1% of controls (Fig. 2).
However, after adjustment for demographic and clinical
factors, the association between RA and elevated FIB-4
(>1.30) was no longer statistically significant across models
I1-V (all p>0.05).

@ Springer
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MASLD Prevalence in RA and Non-RA Patients
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Fig. 1 Prevalence of Metabolic Dysfunction-Associated Steatotic
Liver Disease in Patients with and without Rheumatoid Arthritis. The
prevalence of MASLD was significantly higher among patients with
rheumatoid arthritis (RA) than among those without RA (41% vs.
29%, P<0.001). MASLD was defined as a Fatty Liver Index of 60

Table 2 Association of rheumatoid arthritis with MASLD across five
Poisson regression models

Variables Adjusted IRR (95% CI) P
Value
Model I Unadjusted 1.44 (1.21-1.72)  <0.001
Model I Age, sex 1.55(1.33-1.82)  <0.001
Model III  Age, sex, metabolic 1.20 (1.03-1.40) 0.019
syndrome, smoking,
income
Model IV Model IIT+NSAID 1.15 (0.99-1.35) 0.076
intake
Model V. SCORE2 cardiovascular 1.35 (1.14-1.60) <0.001
risk score
Subgroup analyses

In stratified analyses, the association between RA and
MASLD was consistent across sex (females: IRR 1.64,
95% CI 1.23-2.19; males: IRR 1.68, 95% CI 1.42-2.00,
both p<0.01) but varied by age, with significant associa-
tions only in participants older than 55 years (IRR: 1.42,
95% CI 1.17-1.73, p<0.001). Among participants with-
out metabolic syndrome, RA remained associated with
MASLD (IRR: 1.36, 95% CI 1.01-1.84, p=0.046), while

@ Springer

Non-RA Patients

or higher combined with at least one cardiometabolic risk factor, in
accordance with 2024 EASL-EASD-EASO guidelines. The analysis
included 187 participants with RA and 6,451 controls from the popula-
tion-based Paracelsus 10,000 cohort

no association was observed in those with pre-existing met-
abolic syndrome (IRR: 0.98, 95% CI 0.86-1.11, p=0.719).

Discussion

This population-based cohort study demonstrates that RA is
associated with an increased prevalence of MASLD. Nota-
bly, this association remained robust after adjustment for
age, sex and metabolic risk factors, underscoring MASLD
as a relevant comorbidity in RA beyond classical determi-
nants. To our knowledge, this is the first large, population-
based study specifically addressing this association, thereby
providing robust epidemiological evidence for this previ-
ously underexplored link.

Recent research indicates that the updated MASLD
terminology not only reflects a shift in nomenclature but
also underscores its strong links to systemic metabolic and
inflammatory disorders [17, 18]. In line with this, a meta-
analysis showed that autoimmune rheumatic diseases carry
an increased risk of MASLD, supporting the role of systemic
inflammation in liver disease development [19]. Evidence
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Fibrosis Risk Categories
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Fig. 2 Distribution of Liver Fibrosis Risk Categories According
to FIB-4 Index in Patients with and without Rheumatoid Arthritis.
Patients with rheumatoid arthritis (RA) had a higher proportion of
intermediate fibrosis risk compared with controls. Among participants

with RA, 63% were classified as low risk (FIB-4<1.3), 37% as inter-
mediate risk (FIB-4 1.3-2.67), and 0% as high risk (FIB-4>2.67).

further suggests that MASLD in chronic inflammatory con-
ditions may share common mechanistic pathways, reinforc-
ing the importance of systematic liver assessment in these
patients [20, 21]. Prior studies have reported a high burden
of hepatic abnormalities in RA, often related to systemic
inflammation and treatment-related hepatotoxicity [22].
Our findings extend these observations by identifying
MASLD as the predominant hepatic phenotype in a large
population-based RA cohort. These results are consistent
with recent data demonstrating a high prevalence of comor-
bidities in RA compared with other inflammatory arthriti-
des, especially cardiovascular and metabolic disorders [16,
23]. Collectively, these studies highlight that liver disease
should be recognized as part of the broader comorbidity
spectrum in RA. The pathophysiological mechanisms link-
ing RA and MASLD are likely multifactorial. Chronic sys-
temic inflammation, insulin resistance and shared genetic
risk factors contribute to hepatic steatosis [20, 24]. The role

RA

Among participants without RA, 72% were classified as low risk, 27%
as intermediate risk, and 1% as high risk (P=0.01). The FIB-4 index
incorporates age, aspartate aminotransferase, alanine aminotransfer-
ase, and platelet count to assess liver fibrosis risk. Data are from 187
participants with RA and 6451 controls

of obesity is of particular importance. Recent real-world
registry data have shown that overweight and obesity sub-
stantially impact disease activity and treatment outcomes in
RA patients [25]. These findings suggest that metabolic risk
factors not only influence hepatic outcomes but also modify
RA disease course and therapy response.

With regard to liver fibrosis, RA patients in our study
exhibited higher unadjusted FIB-4 values and more fre-
quent intermediate fibrosis risk than controls. However,
these associations were no longer significant after adjust-
ment for demographic and metabolic factors. These findings
complement earlier work on the utility and limitations of
non-invasive fibrosis assessment in RA patients. By addi-
tionally evaluating liver fibrosis markers, our study extends
prior research that has primarily focused on hepatic steato-
sis or treatment-related hepatotoxicity, offering a more com-
prehensive picture of liver involvement in RA. Drug-related
hepatotoxicity must also be considered, as methotrexate is
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associated with potential liver injury. The availability of
non-invasive diagnostic procedures to detect methotrexate-
related hepatotoxicity supports broader implementation of
liver monitoring strategies in RA [22].

Our study has several strengths, including the large, well-
characterized population cohort and the use of standardized
MASLD definitions. Limitations include the cross-sectional
design, which precludes causal inference and the lack of
imaging data to confirm steatosis severity. Furthermore, we
did not capture detailed RA disease activity measures or
complete treatment histories.

In conclusion, our findings highlight MASLD as an
underrecognized but clinically relevant comorbidity in RA.
Although elevated liver fibrosis markers were observed,
these were largely explained by age and metabolic factors.
Integrating non-invasive liver assessment into routine RA
care may therefore facilitate early detection of MASLD,
particularly in patients with obesity, metabolic syndrome,
or long-term methotrexate exposure. A multidisciplinary
approach to RA management that incorporates hepatology
and metabolic screening alongside standard rheumatologic
care appears warranted.
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