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The prevalence of steatotic liver disease (SLD) with 
fibrosis in patients with psoriasis is unknown and no 
consensus on screening exists. Therefore, patients 
from The Copenhagen Translational Skin Immunology 
Biobank and Research Programme (BIOSKIN) were 
examined. SLD was defined as controlled attenuation 
parameter (CAP) > 250 dB/m and fibrosis as median 
liver stiffness measurement (LSM) ≥ 8 kPa using trans-
ient elastography. Biomarkers included fibrosis-4 in-
dex (FIB-4), N-terminal propeptide of collagen (type 
III), and enhanced liver fibrosis (ELF) test. A total of 
403 patients (median age 51 years, 54% men, median 
BMI 27), 80% with moderate-to-severe psoriasis were 
enrolled. Based on the transient elastography, 40% of 
the patients had steatosis (mean CAP 245, ± 55 dB/m) 
and 5% had fibrosis (median LSM 4.8 kPa, IQR 3.8–
5.8). According to self-reported alcohol consumption, 
all patients with steatosis except for 2 were categori-
zed as having metabolic dysfunction-associated stea-
totic liver disease (MASLD). With transient elasto-
graphy as the reference, FIB-4 and ELF had better 
diagnostic accuracy than PIIINP with Area Under the 
Receiver Operating Characteristic Curve (AUROC) of 
0.92 (95% confidence interval 0.87–0.97) for FIB-4, 
0.90 (0.83–0.97) for ELF test, and 0.77 (0.66–0.87) for 
PIIINP.
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Methotrexate (MTX) has been first-line systemic 
treatment for patients with moderate-to-severe 

psoriasis for decades. Concerns about hepatotoxicity 
emerged early, as hepatic fibrosis had been described 
in patients with leukaemia, treated with high doses of 
MTX (1). Later studies in psoriasis confirmed the risk of 
elevated liver enzymes and hepatic fibrosis (2). However, 
many of these studies were affected by selection bias, 
as only patients with suspected liver disease underwent 

liver biopsy, and important confounders were often not 
considered (3). Subsequent studies have demonstrated 
that patients with psoriasis exhibit a twofold increased 
risk of non-alcoholic fatty liver disease (NAFLD)(4), 
now termed metabolic dysfunction-associated steatotic 
liver disease (MASLD) (5). Obesity represents the most 
important risk factor for MASLD and is also a risk 
factor for incident psoriasis and disease progression 
(6, 7). The association between psoriasis and MASLD 
persists after adjustment for obesity and metabolic 
syndrome, suggesting that systemic inflammation may 
also contribute (8). While simple steatosis is harmless, 
15–25% of the patients will progress to steatohepatitis 
with varying degree of fibrosis and finally cirrhosis (Fig. 
S1) (9). MASLD is defined as steatosis in the presence 
of cardiometabolic risk factors and is part of the broader 
umbrella term steatotic liver disease (SLD), also inclu-
ding alcohol-related and drug-induced liver injury. The 
histopathology of MTX-induced steatosis resembles 
what is seen in the presence of MASLD (10, 11). Thus, 
the underlying cause of hepatic fibrosis in patients with 
psoriasis could perhaps be the total burden of risk factors 
including cardiometabolic factors, alcohol consumption, 
systemic inflammation, and use of MTX. Currently, no 
international consensus exists on how to screen patients 
with psoriasis for hepatic fibrosis (12–15).

In this study, we examined the prevalence of SLD 
including fibrosis in patients with psoriasis and compared 
the diagnostic accuracy of the fibrosis-4 index (FIB-4), 

SIGNIFICANCE
Psoriasis is associated with steatotic liver disease, but 
it remains unclear whether these patients also have an 
increased risk of liver fibrosis. Moreover, no consensus 
exists on optimal screening strategies. In this study of 403 
patients with psoriasis, 40% had steatosis and 5% had 
liver fibrosis. These prevalence estimates fall within the 
range reported in overweight populations, although direct 
comparisons are limited by the lack of a control group. The 
fibrosis-4 index (FIB-4) and enhanced liver fibrosis (ELF) 
test showed superior diagnostic performance to N-terminal 
propeptide of collagen type III (PIIINP) and may be prefer-
red for fibrosis screening.
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enhanced liver fibrosis (ELF) test, and N-terminal 
propeptide of collagen type III (PIIINP) for detecting 
fibrosis using transient elastography as the reference. 

MATERIALS AND METHODS

Study cohort

The Copenhagen Translational Skin Immunology 
Biobank and Research Programme (BIOSKIN) is an 
ongoing observational cohort of patients with inflam-
matory skin diseases at the Department of Dermatology 
and Allergy, Copenhagen University Hospital – Herlev 
and Gentofte, Denmark (16). BIOSKIN is conducted 
according to the Declaration of Helsinki, approved by 
the Scientific Ethical Committee of the Capital Region, 
Denmark (H-21032986). All patients gave informed 
consent prior to inclusion in the study. This study was 
reported in concordance with STROBE guidelines (17).

We included patients with psoriasis enrolled in 
BIOSKIN from February 2022 to April 2024. Patients 
were recruited either from our outpatient clinic or 
from private dermatological clinics in Copenhagen. 
Patients (≥ 18 years of age) with psoriasis who could 
provide informed consent were eligible for inclusion. 
At enrolment, all participants answered an extensive 
questionnaire concerning lifestyle factors and health 
status including educational level, alcohol and tobacco 
consumption, Dermatology Life Quality Index (DLQI), 
and presence of psoriatic arthritis and other comorbi-
dities. Information on topical and systemic treatments, 
including current and previous MTX use, was col-
lected at enrolment through review of medical records 
supplemented by patient self-report. Data on treatment 
duration and cumulative MTX dose were not available. 
A clinical examination was performed by a healthcare 
professional including anthropometrics and assessment 
of disease severity using Body Surface Area (BSA) and 
Psoriasis Area and Severity Index (PASI). Blood samples 
were collected for biochemical analyses. Liver steatosis 
and fibrosis were assessed using transient elastography 
(FibroScan® 530 Compact, Echosens, Paris, France) by 
a certified and trained clinician. 

Blood samples

Metabolic markers included non-fasting haemoglobin 
A1c (HbA1c), triglycerides, total cholesterol, low-
density lipoprotein (LDL) cholesterol, and high-density 
lipoprotein (HDL) cholesterol. Liver-specific measure-
ments included platelets, albumin, total bilirubin, aspar-
tate aminotransferase (AST), alanine aminotransferase 
(ALT), and alkaline phosphatase. FIB-4 was calculated 
as previously described (Table SI) (18). All analyses 
were performed using standard hospital assays at the 
Department of Clinical Biochemistry, Copenhagen 
University Hospital – Herlev and Gentofte, Denmark. 

Phosphatidylethanol (PEth) was measured to estimate 
alcohol intake during the past 2–4 weeks (19). Levels 
< 0.05 µmol/L indicate low or occasional alcohol con-
sumption and levels > 0.30 µmol/L suggest regular high 
alcohol intake (20). 

Non-invasive tests of hepatic fibrosis 

The ELF test was measured using the commercially 
available test (Atellica IM 1300. Siemens Healthmineers 
AG, Forchheim, Germany) and included hyaluronic acid 
(HA), tissue inhibitor of metalloproteinase-1 (TIMP-1), 
and PIIINP (21). In our analyses, we also included 
separate values of PIIINP (13). Cut-off values used for 
the assessment of steatosis and fibrosis are summarized 
in Table SI (18).

Steatosis was defined by Controlled Attenuation 
Parameter (CAP) and fibrosis by liver stiffness mea-
surement (LSM) obtained from transient elastography 
(see Table SI) (22). Patients with signs of fibrosis were 
referred to the Gastro Unit, Copenhagen University 
Hospital – Hvidovre, Denmark, for further evaluation. 

Covariates

Smoking habits were classified into 3 categories: never, 
former, and current smokers. Alcohol intake was grouped 
in categories as follows; ≤ 1 unit/week, 2–7 units/week, 
8–15 units/week, 16–21 units/week, or > 21 units/week. 
Patients were also asked whether a doctor had ever 
diagnosed them with psoriatic arthritis, hypertension, 
dyslipidaemia, or diabetes mellitus type 2. 

Moderate-to-severe psoriasis was defined as cur-
rent systemic treatment (conventional or biologics), 
PASI ≥ 10, DLQI ≥ 10, or BSA ≥ 10. 

Statistics 

StataNow/SE 18.5 (https://www.stata.com/statanow/) 
was used to perform the statistical analyses. A two-sided 
p-value less than 0.05 was considered statistically signi-
ficant. Parametric and non-parametric tests were applied 
depending on the distribution of data. Correlations were 
estimated using scatterplots and by calculating the Pear-
son correlation coefficient. The Area Under the Receiver 
Operating Characteristic Curve (AUROC) was calcula-
ted and compared for FIB-4, PIIINP, and ELF test with 
fibrosis on transient elastography as the reference. To 
visualize overlap between transient elastography (LSM 
≥ 8 kPa) and elevated values of FIB-4 (≥ 1.3), ELF test 
(≥ 9.8) and PIIINP (> 11.0 µg/L for 18–40 years of age 
and > 9.5 µg/L for 41–70 years of age), a Venn diagram 
was generated. Potential risk factors for hepatic fibrosis 
were examined using logistic regression. The dependent 
variable was fibrosis, defined as LSM ≥ 8 kPa (yes/no). 
Independent variables included sex (men/women), age 
(≥ 65/< 65 years), severity of psoriasis (mild/moderate-
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to-severe), alcohol consumption (≥ 16/< 16 units/week), 
BMI (≥ 30/< 30 kg/m2), diabetes mellitus type 2 (yes/no), 
current use of MTX (yes/no), and previous use of MTX 
(yes/no). Analyses were restricted to univariable models 
to avoid overfitting. Odds ratios (ORs) with correspon-
ding 95% confidence intervals (CIs), as well as β1 coef-
ficients (log-odds), were reported for each variable. 

RESULTS

Clinical and demographic characteristics

Of the 403 patients included in this study, 82 (20%) had 
mild psoriasis and 321 (80%) had moderate-to-severe 
psoriasis, defined as current systemic treatment (conven-
tional or biologics), PASI ≥ 10, DLQI ≥ 10, or BSA ≥ 10 
(Table I). The mean age was 51 years, with 54% being 
men. Alcohol consumption was low, with 46% reporting 
only 0–1 units per week and 36% reporting 2–7 units per 
week. Overall, we found a moderate correlation between 
self-reported alcohol consumption and PEth, suggesting 
underreporting (Pearson correlation coefficient 0.45, 
p > 0.0001). 

Compared with patients with mild psoriasis, a higher 
proportion of patients with moderate-to-severe disease 
reported having hypertension (43% vs 28%), dyslipi-
daemia (41% vs 26%), and type 2 diabetes (10% vs 
5%). Six patients were reported to have known liver 
disease at baseline including MASLD, primary scleros-
ing cholangitis, and Gilbert syndrome (Table SII). The 
median PASI was 2.4 (min.–max. 0.0–40.8) with slightly 
lower values observed in patients categorized as having 
moderate-to-severe psoriasis, indicating effective anti-
psoriatic treatments in this group. A similar phenomenon 
was observed regarding BSA and DLQI. Missing values 
are presented in Table SIII.

Liver measurements

Liver tests including AST, ALT, albumin, platelets, total 
bilirubin, and alkaline phosphatase were within normal 
range for most patients (Table II). Based on transient 
elastography, 40% had liver steatosis (mean CAP 245, 
± 55 dB/m) and 5% had fibrosis (median LSM 4.8 kPa, 
IQR 3.8–5.8). According to the self-reported alcohol 
consumption, all patients were categorized as MASLD, 

Table I. Baseline characteristics

Baseline characteristics
All patients
n = 403

Patients with mild psoriasis*
n = 82 (20%)

Patients with moderate-severe psoriasis*
n = 321 (80%)

Demographics
Age, years, mean (SD) 51 (± 16) 51 (± 17) 51 (± 16)
Men, n (%) 217 (54%) 33 (40%) 184 (57%)
Caucasian, n (%) 375 (93%) 78 (95%) 297 (93%)
Alcohol consumption
 ≤ 1 unit/week, n (%) 184 (46) 27 (33) 157 (49)
 2–7 units/week, n (%) 145 (36) 34 (41) 111 (35)
 8–15 units/week, n (%) 49 (12) 15 (18) 34 (11)
 16–21 units/week, n (%) 15 (3.7) 3 (3.7) 12 (3.7)
 > 21 units/week, n (%) 6 (1.5) 2 (2.4) 4 (1.3)
Smoking
 Never, n (%) 142 (35) 33 (40) 109 (34)
 Former, n (%) 161 (40) 34 (41) 127 (40)
 Current, n (%) 96 (24) 14 (17) 82 (26)
Higher educational level, n (%) 160 (40) 37 (45) 123 (38)
Comorbidities 
 Hypertension, n (%) 122 (30) 21 (26) 101 (31)
 Dyslipidaemia, n (%) 111 (28) 17 (21) 94 (29)
 Diabetes mellitus type 2, n (%) 24 (6.0) 3 (3.7) 21 (6.5)
Anthropometrics
Systolic blood pressure, mmHg, mean (SD) 140 (± 19) 138 (± 17) 140 (± 20)
Diastolic blood pressure, mmHg, mean (SD) 87 (± 12) 87 (± 11) 87 (± 12)
BMI, kg/m2, median (IQR) 27 (24–31) 25 (23–28) 28 (24–32)
Waist circumference, cm, median (min–max) 97 (± 16) 92 (± 14) 98 (± 16)
Waist–hip ratio, median (min–max) 0.90 (0.10) 0.87 (0.09) 0.91 (0.10)
Disease characteristics
PASI, median (min–max) 2.4 (0.0–40.8) 2.8 (0.0–9.6) 2.4 (0.0–40.8)
BSA, median (min–max) 2.0 (0.0–80.0) 2.0 (0.0–9.0) 1.5 (0.0–80)
DLQI, median (min–max) 2.0 (0.0–26.0) 3.0 (0.0–19.0) 1.5 (0.0–26.0)
Psoriatic arthritis, n (%) 95 (24) 12 (15) 83 (26)
Current systemic treatment, n (%) 309 (77) 0 (0) 309 (96)
Current treatment with MTX, n (%) 143 (35) 0 (0) 143 (45)
Previous treatment with MTX, n (%) 137 (34) 14 (17) 123 (38)
Metabolic blood profile
HbA1c, mmol/mol, median (min–max) 33 (24 – 116) 33 (26–58) 34 (24–116)
Triglycerides, mmol/L, median (min–max) 1.3 (0.4–13.2) 1.3 (0.4–4.0) 1.4 (0.4–13.2)
Total cholesterol, mmol/L, mean (SD) 4.8 (± 0.96) 5.1 (± 0.90) 4.8 (± 0.97)
LDL cholesterol, mmol/L, mean (SD) 2.7 (± 0.86) 2.9 (± 0.81) 2.7 (± 0.86)
HDL cholesterol, mmol/L, mean (SD) 1.4 (± 0.40) 1.5 (± 0.37) 1.4 (± 0.40)

n: number; SD: standard deviation; BMI: body mass index; IQR: interquartile range; min: minimum; max: maximum; HbA1c: haemoglobin A1c; LDL: low-density 
lipoprotein; HDL; high-density lipoprotein.
*Moderate-severe psoriasis was defined as current systemic treatment (conventional or biologics): PASI≥ 10: DLQI≥ 10: or BSA≥ 10.
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except for 3 patients who had ALD. Baseline characte-
ristics and values of FIB-4, ELF test, and PIIINP on all 
21 patients with fibrosis are presented in Table SIV. 

The estimated proportion of individuals with fibrosis 
was 24% based on FIB-4 (median 0.90, IQR 0.63–1.28), 
20% based on ELF test (median 9.0, IQR 8.3–9.6), and 
14% based on PIIINP (median 6.9 µg/L, IQR 5.7–8.4) 
(Table II). As illustrated in the Venn diagram (Fig. S2), 
8 patients showed evidence of fibrosis based on all 4 
measurements, 31 on 3 measurements, and 69 patients on 
2 measurements. Seven patients with suspected fibrosis 
underwent a liver biopsy showing MASH with fibrosis 
or MetALD with fibrosis (see Table SIII). The remaining 
patients were not biopsied due to lack of consent, medi-
cal contraindications, or because repeated non-invasive 
assessments did not support clinically significant fibrosis.

Pearson correlation coefficient between levels of 
fibrosis using LSM and blood tests was highest for FIB-4 

with r = 0.57 (p < 0.0001), followed by the ELF test 
(r = 0.41, p < 0.0001), and PIIINP (r = 0.30, p < 0.0001) 
(Fig. S3).

In the univariable logistic regression analyses, higher 
age (OR 2.97, 95% CI 1.21–7.30), excessive alcohol 
consumption (OR 7.07, 95% CI 2.30–21.71), type 2 
diabetes (OR 6.09, 95% CI 2.28–16.27), and previous 
MTX use (OR 2.74, 95% CI 1.13–6.68) were associated 
with liver fibrosis, whereas psoriasis severity, BMI, and 
current MTX use were not (Table III). 

Diagnostic accuracy 

The sensitivity for detecting fibrosis was highest for 
FIB-4 (0.86), followed by ELF test (0.76) and PIIINP 
(0.43) (Fig. 1A). Specificity was highest for PIIINP 
(0.88) followed by ELF and FIB-4 (0.83 and 0.79, 
respectively). FIB-4 and ELF test demonstrated superior 

Table II. Liver measurements

Liver measurements
All patients
n = 403

Patients with mild  
psoriasis
n = 82 (20%)

Patients with moderate-
severe psoriasis
n = 321 (80%) Reference values

Laboratory tests
AST, U/L, median (min–max) 22 (9–310) 22 (10–45) 23 (9–310) 13–35 women 

14–45 men
ALT, U/L, median (min–max) 26 (9–172) 23 (11–99) 26 (9–172) 10–45 women

10–70 men
Albumin, g/L, median (min–max) 41 (35–50) 41 (35–50) 41 (29–50) 36–48
Thrombocytes, 109/L, median (min–max) 240 (69–515) 245 (154–485) 238 (69–515) 145–390 
Total bilirubin, μmol/l, median (min–max) 7 (2–30) 7 (3–30) 7 (2–31) 2–25
Alkaline phosphatase, U/L, median (min–max) 71 (31–220) 70 (31–184) 71 (38–220) 35–105
PEth, μmol/l, median (min–max) 0.04 (0.00 – 3.22) 0.06 (0.00–1.03) 0.03 (0.00–3.22) < 0.05 = low intake 

> 0.30 = regular high intake
Liver fibrosis markers
FIB-4, median (IQR) 0.90 (0.63 – 1.28) 1.01 (0.64–1.30) 0.89 (0.63–1.27) < 1.3 no fibrosis
FIB-4 ≥ 1.3, n (%) 98 (24) 22 (27) 76 (24)
ELF test, median (IQR) 9.0 (8.3–9.6) 9.0 (8.5–9.5) 9.0 (8.3–9.7)) < 9.8 no fibrosis
ELF test ≥ 9.8, n (%) 79 (20) 10 (12) 69 (22)
PIIINP, µg/L, median (IQR) 6.9 (5.7–8.4) 6.8 (5.8–7.8) 6.9 (5.6–8.4) ≤ 11 between 18–40 years old

≤ 9.5 above 40 years old
PIIINP > 9.5/11 µg/L, n (%) 55 (14) 10 (12) 45 (14)
CAP, dB/m, mean (SD) 245 (55) 230 (50) 249 (56) ≤ 250 no steatosis

251–290 grade I steatosis
291–330 grade II steatosis
> 330 grade III steatosis

Grade I steatosis, n (%) 83 (21) 12 (15) 71 (22)
Grade II steatosis, n (%) 42 (10) 4 (5) 38 (12)
Grade III steatosis, n (%) 38 (9) 4 (5) 34 (11)
LSM, kPa, median (IQR) 4.8 (3.8–5.8) 4.0 (3.3–5.2) 5.0 (4.0–5.9) < 8.0 no fibrosis
LSM ≥ 8 kPa, n (%) 21 (5.2) 2 (2.4) 19 (5.9)

n: number; AST: aspartate aminotransferase; ALT: alanine transaminase; min.: minimum; max.: maximum; PEth: Phosphatidylethanol; FIB-4: fibrosis-4 index; 
IQR: interquartile range; ELF test: enhanced liver fibrosis test; PIIINP: procollagen 3 N-terminal peptide; CAP: controlled attenuation parameter; LSM: liver stiffness 
measurement; kPa: kilopascal.

Table III. Univariable logistic regression analyses of potential risk factors for hepatic fibrosis (LSM ≥ 8kPa) according to transient 
elastography

Risk factors Odds ratio β1 (log-odds) 95% CI p-value

Male sex 1.42 0.35 0.57–3.50 0.45
Age (≥ 65) 2.97 1.09 1.21–7.30 0.02
Psoriasis severity 2.52 0.92 0.57–11.03 0.22
Excessive alcohol consumption 7.07 1.96 2.30–21.71 0.001
Obesity (BMI≥ 30) 1.52 0.42 0.61–3.77 0.61
Diabetes mellitus type 2 6.09 1.81 2.28–16.27 < 0.001
Current use of MTX 0.55 –0.59 0.20–1.54 0.26
Previous use of MTX 2.74 1.01 1.13–6.68 0.03

Odds ratios (ORs), β1 coefficients (log-odds), and 95% confidence intervals (CIs) are derived from univariable logistic regression models.
LSM: liver stiffness measurements; kPa: kilopascal; CI: confidence interval; BMI: body mass index; MTX: methotrexate.
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diagnostic accuracy for identifying liver fibrosis than 
PIIINP with AUROC of 0.92 (0.87–0.97) for FIB-4, 0.90 
(0.83–0.97) for ELF test, and 0.77 (0.66–0.87) for PIIINP 
(Fig. 1B). Pairwise comparisons confirmed that FIB-4 
and ELF test outperformed PIIINP (p = 0.01) but were not 
significantly different from each other (p = 0.52). These 
findings remained consistent across subgroups stratified 
by age, alcohol intake, BMI, and sex (Fig. S4). 

In a sensitivity analysis applying age-adjusted FIB-4 
thresholds (≥ 1.3 for < 65 years and ≥ 2.0 for ≥ 65 years), 
sensitivity decreased slightly (0.81 vs 0.86), while spe-
cificity improved (0.86 vs 0.79). The negative predictive 
value remained high (0.99), and the positive predictive 
value increased modestly (0.24 vs 0.18), indicating pre-
served rule-out performance.

DISCUSSION

In this clinical study of 403 patients with psoriasis, 5% 
showed evidence of hepatic fibrosis according to trans-
ient elastography. The blood-based biomarkers FIB-4 and 
ELF test had better diagnostic accuracy than PIIINP for 
identifying this. These findings support previous studies 
suggesting that the risk of MTX-related liver fibrosis may 
be overestimated, and may help inform the choice of 

screening tools in the absence of consensus on screening 
for hepatic fibrosis in psoriasis. 

The global prevalence of MASLD is ≈25% but in 
overweight populations this ranges from 33–53% (23). 
In this context, the observed steatosis prevalence of 
40% in our cohort falls within the range reported in 
overweight populations. However, as this study did not 
include a control group and comparable Danish popu-
lation-based data are lacking, these comparisons should 
be interpreted cautiously. Similarly, the prevalence of 
hepatic fibrosis in the general population is ≈5% and 
even higher in at-risk groups (24). In our univariable 
analyses, psoriasis severity and current MTX use were 
not associated with fibrosis. Previous MTX use, howe-
ver, showed an association with fibrosis. This should be 
interpreted cautiously as this may reflect discontinuation 
of MTX in patients with early liver abnormalities and 
a potential survivor effect, whereby patients tolerating 
MTX remain on treatment while those developing 
abnormalities discontinue. 

Taken together, our findings do not suggest a mar-
kedly increased prevalence of steatosis or fibrosis due 
to psoriasis itself or to ongoing use of MTX; however, 
controlled studies using matched populations are needed 
to address this question more definitively. 

Fig. 1. Diagnostic accuracy of fibrosis-4 index (FIB-4), enhanced liver fibrosis (ELF) test, and procollagen 3 N-terminal peptide (PIIINP) 
for diagnosing hepatic fibrosis (reference = liver stiffness measurement [LSM] ≥ 8 kPa). (A) Sensitivity, specificity, negative predictive value 
(NPV), and positive predictive value (PPV) of elevated FIB-4, ELF test, and PIIINP with transient elastography (LSM ≥ 8 kPa) as the reference. (B) Area 
Under the Receiver Operating Characteristic Curve (AUROC) for FIB-4, ELF test, and PIIINP. Fibrosis according to transient elastography (LSM ≥ 8 kPa) 
as the reference.
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The prevalence of steatosis and fibrosis was higher 
in patients with moderate-to-severe psoriasis compared 
with patients with mild disease (steatosis 45% vs 24%; 
fibrosis 5.9% vs 2.4%), which may be due to a higher 
prevalence of obesity and type 2 diabetes. In further 
support of our findings, a meta-analysis of randomized 
controlled trials (n = 13,177 participants) of MTX users 
including patients with rheumatoid arthritis, psoriasis, 
psoriatic arthritis, and inflammatory bowel disease, MTX 
was associated with increased risk of liver enzyme abnor-
malities but not fibrosis, cirrhosis, liver failure, or death 
(25). In addition, Atallah et al. examined ≈ 1,000 patients 
with psoriasis and rheumatoid arthritis using transient 
elastography, ELF test, and PIIINP and concluded that 
neither MTX cumulative dose nor duration was associa-
ted with liver fibrosis (26). However, in contrast to our 
findings, a systematic review found 22% increased risk 
of “any fibrosis” following use of MTX (3). Importantly, 
they did not find an increased risk of “significant fibro-
sis”, which is the clinically relevant outcome. Further-
more, they included only studies with biopsy-diagnosed 
fibrosis, which induce a high degree of selection bias. 
Lastly, they did not find any clear association between 
cumulative dose of MTX and fibrosis, which one would 
expect if MTX was the underlying cause of the fibrosis. 
Thus, the findings of our study suggest that metabolic risk 
factors may be more important than the use of MTX in 
the development of hepatic fibrosis, although a potential 
contribution of MTX cannot be excluded. Consequently, 
screening patients with psoriasis and cardiometabolic 
risk factors for hepatic fibrosis, especially before starting 
hepatotoxic drugs, may be more beneficial than focusing 
solely on patients on MTX treatment. 

Immune-mediated mechanisms involving tumour 
necrosis factor (TNF) and interleukin (IL)-17 are increa-
singly recognized in the pathogenesis of steatohepatitis 
and liver fibrosis (27). As inhibitors of these pathways are 
widely used in psoriasis, use of biologics could plausibly 
modulate hepatic inflammation and fibrogenesis (28). 
Although speculative, such treatment-related effects may 
partly contribute to the absence of a clear association 
between psoriasis severity and liver fibrosis observed 
in our cohort. 

PIIINP has been used to monitor hepatic fibrosis since 
the 1980s (29). It reflects type III collagen formation 
(= active fibrogenesis) but does not capture established 
fibrosis. Furthermore, PIIINP is not liver-specific and 
may be elevated in several other conditions, including 
psoriatic arthritis, post-surgery, smoking, and normal 
growth in children (13, 29–31). In this study, PIIINP had 
lower diagnostic accuracy than FIB-4 and the ELF test. 
However, it should be noted that British and European 
guidelines suggest serial measurements of PIIINP, which 
might increase diagnostic accuracy (12, 13, 15). The ELF 
test is a newer commercially available blood-based bio-
marker which combines PIIINP with 2 other serological 

markers including HA and TIMP-1. The ELF test is a 
reliable diagnostic tool in both healthy individuals and 
patients with alcoholic-related liver disease, MASLD, 
and chronic hepatitis (32). However, its application in 
patients with psoriasis remains understudied (33). FIB-4 
is a simple and cheap blood-based algorithm, based on 
ALT, AST, platelets, and age, and is widely used as a first-
line screening tool for hepatic fibrosis (18). A limitation is 
reduced specificity in older individuals (≥ 65 years) (34). 
However, in our sensitivity analyses using age-adjusted 
FIB-4 thresholds, the negative predictive value remained 
high, supporting the robustness of FIB-4 as a rule-out 
tool. In our study, FIB-4 and ELF showed better diag-
nostic accuracy than PIIINP in detecting hepatic fibrosis. 
In support of these findings, a small retrospective cohort 
study (n = 27) found that a single measurement of ELF 
test had higher diagnostic accuracy than serial PIIINP 
(35). The diagnostic accuracy of FIB-4 and ELF test was 
similar in our study; however, in another cohort study 
of the Danish general population (n = 155), the ELF test 
diagnosed fibrosis on liver biopsies significantly better 
than FIB-4 (36). In our study, the diagnostic accuracy 
of FIB-4, the ELF test, and PIIINP are calculated based 
on cut-off values for determining MASLD in the general 
population. One could speculate as to whether patients 
with psoriasis should have other cut-off values to allow 
for a mild and transient liver affection. However, van der 
Voort et al. (33) explored distribution and cut-off for the 
ELF test in patients with psoriasis, psoriatic arthritis, and 
rheumatoid arthritis and recommend existing cut-offs for 
healthy individuals. Similarly, in our data, we find that 
FIB-4 < 1.3 is the best cut-off value for patients with 
psoriasis in order to rule out fibrosis (data not shown). 

Importantly, even though established non-invasive 
tools performed well in this study, they are limited by 
false-positive results. Emerging biomarker approaches, 
including OMIC-based markers, may offer improved 
specificity for MASLD activity and fibrosis and repre-
sent an important area for future research in patients 
with psoriasis.

Limitations
Some limitations need to be considered. We used trans-
ient elastography as reference when identifying hepatic 
fibrosis, and, even though this method is well validated, 
with high diagnostic and prognostic accuracy (18), it is 
not per se the truth. The gold standard for diagnosing 
hepatic fibrosis includes a liver biopsy but due to the 
invasiveness of this procedure, this cannot be used as a 
screening tool. Recently, another definition of fibrosis 
including FIB-4 ≥ 1.3 and LSM ≥ 8 has been suggested as 
a more reliable definition than only LSM. If we use this 
definition instead, we find a similar prevalence of fibrosis 
(4.5% vs 5.2%), confirming the validity of our findings. 
Another limitation with our study is the lack of data on 
cumulative dose and duration of MTX, which limits the 
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ability to assess potential dose–response relationships 
with hepatic fibrosis. Furthermore, in Denmark, MTX 
treatment is accompanied by structured laboratory moni-
toring, which may introduce surveillance bias, as patients 
with early biochemical abnormalities may discontinue 
treatment, potentially attenuating the observed fibrosis 
risk. Lastly, patients living in the surroundings of our 
hospital are in general healthy with high socioeconomic 
status and a rather low burden of unfavourable lifestyle 
factors. Therefore, our results may not be generalizable 
to all patients with psoriasis.

Conclusion
In our study of 403 patients with psoriasis, 40% showed 
evidence of liver steatosis and 5% of fibrosis. The obser-
ved prevalence of steatosis and fibrosis falls within the 
range reported in other overweight populations, although 
direct comparisons are limited by the lack of a control 
group. Overall, our findings suggest that cardiometabolic 
risk factors may play a more prominent role in hepatic 
fibrosis than MTX use alone, although a potential con-
tribution of MTX cannot be excluded. FIB-4 and the 
ELF test showed superior diagnostic accuracy to PIIINP 
and would be preferred as screening tools. Clinically, 
our findings support a risk-based approach, prioritizing 
patients with cardiometabolic risk factors rather than 
focusing solely on MTX. FIB-4 may serve as an initial 
rule-out tool, with transient elastography and/or ELF 
testing reserved for patients with elevated scores. 
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