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Background: Patients with psoriasis are more likely than matched controls in the general population to have advanced liver fibrosis; however, our understanding of these patients is limited. There is currently no systematic evaluation of the prevalence and risk factors of liver fibrosis in psoriasis patients.

Objective: To evaluate the prevalence of psoriasis patients who are at high or low risk for advanced liver fibrosis and determine the risk factors for developing liver fibrosis.

Methods: Electronic searches were conducted using the PubMed, Embase, Scopus, and Cochrane Library databases from the dates of their inception till May 2022, using the PubMed, Embase, Scopus, and Cochrane Library databases. Any observational study describing the prevalence and/or risk factors for liver fibrosis in patients with psoriasis was included.

Results: Patients with psoriasis at high risk for advanced liver fibrosis had a pooled prevalence of 9.66% [95% confidence interval (CI): 6.92–12.75%, I2 = 76.34%], whereas patients at low risk for advanced liver fibrosis had a pooled prevalence of 77.79% (95% CI: 73.23–82.05%, I2 = 85.72%). Studies that recruited methotrexate (MTX)-naïve patients found a lower prevalence of advanced liver fibrosis (4.44, 95% CI: 1.17–9.22%, I2 = 59.34%) than those that recruited MTX-user cohorts (12.25, 95% CI: 6.02–20.08%, I2 = 82.34%). Age, sex, BMI, PASI score, psoriasis duration, MTX cumulative dose, and the prevalence of obesity, MTX users, diabetes mellitus, hypertension, dyslipidemia, and metabolic syndrome were not identified as sources of heterogeneity by meta-regression analysis. The pooled odds ratios for age >50 years, BMI > 30, diabetes mellitus, hypertension, dyslipidemia, and metabolic syndrome were 2.20 (95% CI: 1.42–3.40, I2 = 0%), 3.67 (95% CI: 2.37–5.68, I2 = 48.8%), 6.23 (95% CI: 4.39–8.84, I2 = 42.4%), 2.82 (95% CI: 1.68–4.74, I2 = 0%), 3.08 (95% CI: 1.90–4.98, I2 = 0%), and 5.98 (95% CI: 3.63–9.83, I2 = 17%), respectively.

Conclusion: Approximately 10% of the population with psoriasis is at high risk for advanced liver fibrosis, while 78% are at low risk. Patients over the age of 50 with obesity, diabetes, hypertension, dyslipidemia, and/or metabolic syndrome have an increased risk of developing liver fibrosis, necessitating monitoring.

Systematic review registration: [https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022303886], identifier [CRD42022303886].
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Introduction

Liver disease is a leading cause of mortality and morbidity worldwide (1). When liver fibrosis reaches an advanced stage, patients are at increased risk of developing hepatocellular carcinoma, hepatic decompensation, and liver-related mortality (1). Patients with psoriasis are more likely to have advanced liver fibrosis than matched controls in the general population (2). They are predisposed to liver fibrosis for a variety of reasons, one of which is non-alcoholic fatty liver disease (NAFLD), a prevalent liver disease affecting approximately 25% of the general population (3). NAFLD has been found to be strongly associated with psoriasis in previous meta-analyses (4–6).

Recent scientific breakthroughs have significantly advanced our understanding of psoriasis pathophysiology, resulting in the development of targeted biologic therapies such as anti-TNF, IL-12/23 inhibitors, IL-17 inhibitors, and IL-23 inhibitors. Furthermore, the efficacy of biologic treatments for psoriasis has been validated by numerous real-world studies (7–9), which is significant because, in a real-life situation, some patients are not typically included in clinical trials, such as those with multiple comorbidities, elderly patients, erythrodermic or pustular psoriasis, and previous history of biologic treatment failure. Moreover, paradoxical adverse effects, such as the development of hidradenitis suppurativa and vitiligo, have been linked to biologics in psoriasis patients and require to be monitored (10, 11).

Methotrexate (MTX) is among the most frequently prescribed non-biologic medications for psoriasis. In addition to its standard indications, such as psoriatic arthritis, MTX can be prescribed in conjunction with biologic therapy to minimize the occurrence of anti-drug antibodies (12). The extent of the association between MTX and liver fibrosis in psoriasis patients is disputed. A histology-based study discovered a similarity between the histopathologic features of MTX-induced liver toxicity and non-alcoholic steatohepatitis (NASH), a severe form of NAFLD, implying that MTX may exacerbate pre-existing NASH (13). As a result, psoriasis patients who have NASH risk factors such as diabetes or obesity are also classified as having a high risk of hepatotoxicity by psoriasis guidelines (14, 15), as they can develop liver fibrosis as a result of MTX toxicity at a lower cumulative dose.

Screening for liver fibrosis is critical because it identifies patients at risk, allowing elimination of hepatotoxic risk factors from those individuals proactively (such as by switching off hepatotoxic medications). Previous psoriasis guidelines recommend monitoring hepatotoxicity with routine blood sampling and liver biopsy (14, 15). However, a liver biopsy may be deemed excessively invasive, and many studies stated that routine liver enzyme tests are not sensitive enough to detect advanced liver fibrosis (16).

Recent research has demonstrated that non-invasive tests (NITs) are extremely beneficial in clinical practice, as they can reliably rule out the presence of advanced fibrosis in NAFLD patients (17). Patients classified as having a high risk of advanced fibrosis may be referred for additional testing, while those classified as having a low risk of advanced fibrosis may be offered lifestyle modifications and annual re-evaluation (17). NIT has been incorporated into the most recent AAD guidelines for MTX hepatotoxicity screening (18). NIT is recommended for a baseline evaluation of liver fibrosis; if NIT reveals a low risk of liver fibrosis, MTX can be initiated, and annual evaluations are recommended (18).

Liver stiffness measurement (LSM) by transient elastography (TE) is the most extensively used and verified non-invasive technique to date, and is frequently referred to as the NIT of choice by many. However, the tests to be used (serum biomarkers or imaging-based techniques) should be determined by local availability and usage context. For example, because TE performs poorly in obese individuals, alternative techniques such as magnetic resonance elastography or point shear wave elastography may be considered depending on local availability. While in resource-limited settings, liver fibrosis scores calculated from simple laboratory values such as the Fibrosis-4 index (FIB-4) may be used to identify patients who require additional testing such as TE and liver biopsy (19).

The prevalence of advanced liver fibrosis in patients with psoriasis is not well established, which contributes to a lack of awareness regarding the risk of advanced liver fibrosis in psoriasis patients. To the best of our knowledge, no meta-analysis has been conducted to determine the prevalence or risk factors for liver fibrosis in patients with psoriasis. The objectives of this meta-analysis were to determine the prevalence of patients with psoriasis who were at a high or low risk of having advanced liver fibrosis, as well as to determine the risk factors for developing liver fibrosis. Our research, we believe, will inform future clinical decision-making regarding risk assessment, screening, and treatment of psoriasis patients in daily practice, thereby promoting more tailored care and improving patient outcomes.



Materials and methods


Study design

The protocol was registered in PROSPERO (International Prospective Register of Systematic Reviews; no. CRD42022303886). The systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines (20) (Supplementary document). Electronic searches were conducted from database’s inception to May 2022, using the PubMed, Embase, Scopus, and Cochrane Library databases. Using keywords and a controlled vocabulary, the search strategy was designed to retrieve all studies on psoriasis and NITs for liver fibrosis. There were no restrictions on the language or publication period of the searches. Conference abstracts were excluded. Supplementary Table 1 provides details about the search strategy.



Study selection

Each article was reviewed independently by two reviewers (TY and AN), both at the title/abstract and full-text levels. Disagreements between the two reviewers regarding the studies’ eligibility were resolved via discussion with a third reviewer (WI). Any observational study describing the prevalence and/or risk factors for liver fibrosis in patients with psoriasis or containing sufficient data to calculate the respective prevalence or odds ratio was included. We excluded studies in which more than 10% of patients had a known cause of liver fibrosis (except NAFLD), such as chronic viral hepatitis, or consumed excessive amounts of alcohol (more than 20 g/day). We also excluded studies on special populations such as pregnant patients, duplicate studies from the same cohort, and studies with a small sample size of fewer than 10.



Data extraction

Data were extracted from the included studies using a standardized format. The following data were collected: study type, study characteristics (primary author, country, publication year), patient characteristics [number of psoriasis patients, age, female percentage, weight, BMI, severity of psoriasis (PASI), age of onset, disease duration, type of psoriasis, presence of joint involvement, systemic treatment with duration and accumulative dosage, relevant laboratory data, alcohol intake, comorbidity], investigations [tests for liver fibrosis with associated cutoff(s), liver biopsy], and outcomes (prevalence of liver fibrosis detected, sensitivity and specificity, risk ratios of associated factors for significant fibrosis). Corresponding investigators were contacted via email if there was missing data. Two independent reviewers (TY and AN) extracted data, and discrepancies were resolved with the assistance of a third reviewer (WI).



Quality assessment

TY and AN independently assessed the quality of cohort and case-control studies using the adapted version of the Newcastle-Ottawa Scale (NOS) (21). The original NOS is a scoring tool comprised of seven items with nine scores that assesses how well the investigators selected their participants (score ranges from 0 to 4), the comparability of their results (score ranges from 0 to 2), and the applicability of the outcomes (score ranges from 0 to 3). We assigned up to one point for the sample size element of the selection score since smaller studies are prone to sampling bias; hence we had to lower the outcome score from 3 to 2. The higher the score, the higher the study’s quality and the lower the likelihood of bias. Therefore, we classified studies as having high quality if they received a total score of 7 or more, fair quality if they received a score of 4–6, and low quality if they received a score of 4. Any discrepancies between reviewers regarding the risk of bias in specific studies were resolved through discussion with a third reviewer (PR).



Statistical analysis

Primary analysis assessed the prevalence of psoriasis patients with low and high risk of advanced liver fibrosis. The odds ratios for variables associated with liver fibrosis were also pooled using the inverse variance method. The “metaprop” and “metan” commands were used in Stata to summarize prevalence and odds ratios, respectively (22). As significant heterogeneity across studies was expected, the DerSimonian–Laird random-effects model was used. Heterogeneity between studies was estimated using Higgins’ and Thompson’s I2-statistics derived from Cochran’s Q-test, with an I2 value > 50% representing substantial heterogeneity (23).

The prevalence analyses were based on previously established cutoffs for low risk (LSM < 8 kPa, FIB-4 < 1.3, NFS < −1.455, FibroTest/FibroSure < 0.3) and high risk (LSM ≥ 10 kPa, FIB-4 > 3.25, NFS > 0.672, ELF > 9.8, FibroTest/FibroSure > 0.7) of advanced liver fibrosis (17, 24, 25). When different cutoffs were utilized in the included studies, we selected those closest to the established cutoffs and categorized them accordingly. Because TE is the current test of choice, it was chosen to represent the cohort’s prevalence in studies that included multiple tests. When multiple NITs were used to determine the prevalence of a cohort and none of the NITs were TE, the NIT with the highest performance in detecting advanced fibrosis and cirrhosis was selected to represent the cohort’s prevalence (17, 26). We could not locate any study demonstrating that an abnormal level of procollagen III amino-terminal peptide (PIIINP) is associated with an increased risk of advanced liver fibrosis; instead, all such studies were conducted regardless of fibrosis stage, and thus PIIINP studies were excluded from the quantitative analysis. Additionally, studies that lacked data specifically on psoriasis patients were excluded from the quantitative analysis.

To compare the prevalence estimated between groups and investigate the source of heterogeneity, subgroup analyses by the geography of research origin, type of NIT, and percentage of MTX users were conducted. We also conducted univariable meta-regression analyses on variables with at least ten observations to determine the effect of specific moderators on the prevalence of liver fibrosis across studies (e.g., age, sex, and BMI). Deeks funnel plots of the outcomes were created to assess for publication bias. Due to the possibility of bias revealed by funnel plots, the Egger linear regression test was used. All statistical analyses were conducted using STATA 16.0 (StataCorp LLC, College Station, TX, USA).




Results


Study characteristics

After removing duplicates, 2,619 references were screened by title/abstract. At the full-text stage, 128 full articles met our predefined selection criteria and were sought, 123 were retrieved, and we further excluded 82 references for the following reasons: conference abstract (n = 55), insufficient data (n = 9), wrong population (n = 8), review articles (n = 5), and editorial or comment (n = 5) (Figure 1). Forty-one studies, enrolling a total of 3,868 patients with psoriasis between 1988 and 2022, were included in the review (Table 1) (Supplementary Table 2).
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FIGURE 1
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of search strategy and included studies.



TABLE 1    Characteristics of included studies.
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We included thirty-seven studies in the quantitative analysis (19, 27–62), and twelve studies were only used qualitatively (55–66). Nine types of NIT were included: twenty-two TE (27, 29–34, 36–42, 44–46, 48, 49, 51–53, 66) (n = 2222), thirteen PIIINP (36, 54–65) (n = 947), six FIB-4 (19, 27, 28, 32, 34, 35) (n = 689), five NAFLD fibrosis score (NFS) (28, 32, 34, 35, 47) (n = 477), four FibroTest/FibroSure (34, 43, 50, 66) (n = 285), two AST to Platelet Ratio Index (APRI) (27, 34) (n = 180), two Enhanced Liver Fibrosis score (ELF) (54, 65) (n = 297), one Forns Index (34) (n = 63), one FibroMeter (34) (n = 64), one Hepascore (34) (n = 64), and one Fibrosis Probability Index (34) (n = 64) studies. Formulae of NITs mentioned in this review are shown in Supplementary Table 3.



Prevalence of high risk of advanced liver fibrosis

The pooled prevalence of 9.66% [95% confidence interval (CI): 6.92–12.75%, I2 = 76.34%, Figure 2A] was found for psoriasis patients with a high risk of having advanced liver fibrosis. Studies conducted in Asian countries (6.64, 95% CI: 3.92–9.94%, I2 = 59.08%) were found to have lower prevalence, compared to European countries (10.99, 95% CI: 7.66–14.79%, I2 = 64.45%). Fifteen of the 18 studies that used NIT with a high-risk cutoff for advanced liver fibrosis performed TE as their NIT, and the prevalence was 9.36% (95% CI: 6.35–12.82%, I2 = 76.34%). Subgroup analyses based on other NITs were not performed due to a limited number of studies. A lower prevalence (4.44, 95% CI: 1.17–9.22%, I2 = 59.34%) was also found among studies that recruited MTX-naïve patients, compared to MTX-user cohorts (12.25, 95% CI: 6.02–20.08%, I2 = 82.34%) (67) (Supplementary Figure 1).
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FIGURE 2
Forest plots for pooled prevalence of psoriasis patients with high risk (A) and low risk (B) of advanced liver fibrosis.




Prevalence of low risk of advanced liver fibrosis

The pooled prevalence of 77.79% (95% CI: 73.23–82.05%, I2 = 85.72%, Figure 2B) was found for psoriasis patients with a low risk of advanced liver fibrosis. Studies conducted in Europe (74.61, 95% CI: 68.88–79.96%, I2 = 80.49%) were found to have lower prevalence than studies originated in Asia (84.02, 95% CI: 76.48–90.39%, I2 = 88.04%). Twenty-one of the 27 studies that used NIT with a low-risk cutoff for advanced liver fibrosis used TE as their NIT, and the prevalence was found to be 78.51% (95% CI: 78.51–83.36%, I2 = 85.97%). Whereas, in the studies that used FIB-4 (3 studies) and FibroTest/FibroSure (2 studies) as their NIT, the prevalences were 73.88 and 84.39%, respectively. Similar prevalence was found for MTX-naïve and MTX-user cohorts, with pooled prevalence of 79.98% (95% CI: 65.79–91.23%, I2 = 90.89%) and 71.95% (95% CI: 64.70–78.69%, I2 = 83.54%) (Supplementary Figure 2).



Meta-regression

Meta-regression analysis did not identify age, BMI, PASI score, psoriasis duration, MTX cumulative dose, and the proportion of females, obesity, MTX user, diabetes mellitus, hypertension, dyslipidemia, and metabolic syndrome as sources of heterogeneity. Supplementary Table 4 provides a summary of the meta-regression analysis.



Factors associated with liver fibrosis

The pooled odds ratios of 2.20 (95% CI: 1.42–3.40, I2 = 0%), 3.67 (95% CI: 2.37–5.68, I2 = 48.8%), 6.23 (95% CI: 4.39–8.84, I2 = 42.4%), 2.82 (95% CI: 1.68–4.74, I2 = 0%), 3.08 (95% CI: 1.90–4.98, I2 = 0%), and 5.98 (95% CI: 3.63–9.83, I2 = 17%) were found for age > 50 years, BMI > 30, diabetes mellitus, hypertension, dyslipidemia, and metabolic syndrome, respectively. Pooled odds ratios of 1.10 (95% CI: 0.87–1.39, I2 = 3.2%), 1.67 (95% CI: 0.94–2.95, I2 = 37%), 1.30 (95% CI: 0.82–2.06, I2 = 30.6%), and 1.58 (95% CI: 0.91–2.75, I2 = 0%) were found for male, PASI > 10, psoriatic arthritis, and cumulative MTX dose > 1500 mg, respectively. Supplementary Figure 3 depicts the forest plots, and Table 2 summarizes the details.


TABLE 2    Summary of pooled odds ratios of variables associated with significant liver fibrosis.

[image: Table 2]



Quality assessment and publication bias

Supplementary Table 5 summarizes the quality assessment scores for the included studies. The mean quality assessment score was 8.1 (range: 4–9), with 34 high-quality studies and seven of moderate quality. Publication bias was assessed through funnel plots, which were found to be slightly asymmetric (Figure 3), but Egger’s tests (p = 0.86 and 0.33) indicate no publication bias.
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FIGURE 3
Funnel plots for pooled prevalence of psoriasis patients with (A) high risk and (B) low risk of advanced liver fibrosis analyses.





Discussion

In this systematic review and meta-analysis, we discover that 9.66% of people with psoriasis are at high risk of having advanced liver fibrosis, necessitating further investigation and management. While 77.79% of the population is considered low risk, the remaining 22.21% requires further testing. Subgroup analysis revealed a lower prevalence of advanced liver fibrosis in Asian studies (6.64%), compared to European studies (10.99%). It is highly improbable to be the result of NAFLD alone, as a recent meta-analysis (68) discovered comparable prevalence of NAFLD in Asia (30.5%) and Europe (30.9%). Further investigation of the factors that contribute to geographic disparity may provide additional insights on risk factors for advanced liver fibrosis in patients with psoriasis.

We are able to identify significant risk factors for liver fibrosis, including advanced age, diabetes mellitus, hypertension, dyslipidemia, and metabolic syndrome. On the other hand, disease-related factors such as severe psoriasis and psoriatic arthritis were not found to have a statistically significant association with liver fibrosis. Our findings are consistent with previous meta-analyses (4–6) which found that NAFLD was associated with the development of liver fibrosis in patients with psoriasis. Furthermore, a previous study by Ortolan et al. also reported that insulin resistance was the main determinant of liver fibrosis, and psoriatic arthritis, a disease-related inflammation, was not a significant predictor (40). As the evidence for MTX-induced liver fibrosis is anecdotal and based on poorly controlled data, metabolic syndrome and its risk factors, such as insulin resistance, could be considered a more significant risk factor for liver fibrosis than MTX use (69–75).

Since the introduction of NITs, routine liver biopsy on psoriasis patients has become unethical. The most recent joint AAD-NPF guideline does not recommend a baseline liver biopsy, regardless of the presence of risk factors for liver fibrosis (18). Liver biopsies are now reserved for patients who have been classified non-invasively as having a high risk of advanced liver fibrosis and who have been advised to undergo the procedure by a gastrointestinal specialist (18).

There is limited evidence regarding the performance of different NITs in detecting advanced liver fibrosis in the psoriasis population, which may contribute to their underutilization. Only three studies using TE reported sensitivity and specificity values ranging from 50% (45, 66) to 100% (49) and 67 (49) to 88% (66), respectively, for detecting significant liver fibrosis in psoriasis patients. Previous meta-analysis (16) reported a pooled sensitivity and specificity for TE of 60 and 80%, respectively; however, the number of patients included was limited (two studies, n = 34).

In the past, PIIINP was used to detect liver fibrosis in patients with psoriasis taking MTX and was found to have a pooled sensitivity and specificity of 74 and 77% (16), respectively, for any stage of liver fibrosis. In addition to not being widely available in many countries, including the United States (18), it is well-established that PIIINP has other significant limitations, including the fact that it only measures active fibrogenesis and may be falsely elevated in inflammatory conditions such as arthritis (76–82). We observed that the majority of PIIINP studies were small, old, and received lower scores by NOS. Since the introduction of other NITs, the number of published PIIINP studies has decreased. In the last decade, only four studies (36, 48, 54, 55) involving PIIINP have been conducted, and none of them have recommended PIIINP over other tests. More studies on PIIINP are needed to justify its usage, particularly on how a particular level of PIIINP would be associated with high risk of advanced liver fibrosis. In the meantime, we concur with Patel that other NITs, such as FIB-4, may be preferred because they are more consistent with current recommendations (83).

There is an urgent need for a safe, non-invasive, and efficient screening test to aid in the diagnosis or exclusion of advanced liver fibrosis in psoriasis patients. Many studies (19, 27, 34, 37) attempted to assess the risk of liver fibrosis without performing a biopsy; however, we felt that the efficacy of NITs had not been established in the psoriasis population. Future large-scale, prospective, histologically based studies comparing the performance of various tests for the detection of liver fibrosis are necessary to determine which tests are the most effective and safe non-invasive screening tools for liver fibrosis.

Methotrexate is one of the most frequently prescribed systemic medications for psoriasis patients due to its affordability and efficacy. In the past, the AAD recommended a routine liver biopsy for psoriasis patients who had received 3.5 to 4 g of MTX cumulative dosage due to the long-held belief that drug accumulation directly causes liver injury (84). In high-risk patients, it was recommended that liver biopsy be performed at a lower cumulative MTX dose of 1.0 to 1.5 g. The relationship between cumulative MTX dose and the risk of liver fibrosis in psoriasis patients remains controversial. A previous meta-analysis of histology-based studies found that MTX-induced liver toxicity is associated with total cumulative dose (85). In contrast, a recent systematic review of eight observational studies involving 429 psoriasis patients reported no clear association between cumulative MTX dose and liver fibrosis (69). Additionally, many observational studies (27, 33, 46, 48, 52, 66, 86) did not find any association between MTX cumulative dose and the risk of liver fibrosis. Lynch et al. discovered an association between MTX cumulative dose and abnormal FibroTest results, but not with TE (48). Bauer et al. discovered that a higher cumulative MTX dose was associated with a higher FibroSure score in women, but not in men (43). In our meta-analysis, we found that MTX-naive cohorts (4.44%) have a lower prevalence of patients at high risk for advanced liver fibrosis than MTX-using cohorts (12.25%). However, no statistically significant association between cumulative MTX doses greater than 1,500 mg and an increased risk of liver fibrosis was found. Additional research into the association between MTX use and liver fibrosis would aid in determining how strict a fibrosis screening protocol should be following MTX prescription.

The present results should be interpreted in the light of some limitations. First, there was substantial heterogeneity found in some of our analyses, specifically in the pooled prevalence analyses. Through multiple subgroup analyses and meta-regression, we investigated the source of the heterogeneity; however, we were unable to determine its source. Additionally, there are limitations to the fibrosis assessment. In contrast to previous reviews (69, 85) that included studies that assessed liver fibrosis through liver biopsies, we chose to examine the prevalence of patients at risk for liver fibrosis and the risk factors for liver fibrosis using NITs, as these are the method of choice when evaluating liver fibrosis for the first time in clinical practice.



Conclusion

This meta-analysis sheds light on the burden of advanced liver fibrosis in psoriasis patients. We hope to inform practitioners and future researchers about the high prevalence of advanced liver fibrosis in psoriasis patients, as well as the critical need for liver fibrosis screening. Approximately 10% of the psoriasis population is at high risk of having advanced liver fibrosis, while only around 78% are at low risk. Patients over the age of 50 with comorbidities such as obesity, diabetes mellitus, hypertension, dyslipidemia, and/or metabolic syndrome are at an increased risk of developing liver fibrosis, necessitating surveillance. Further research is required to determine why the prevalence of patients at high risk for advanced liver fibrosis is higher in European countries, the performance of NITs for the detection of advanced liver fibrosis in patients with psoriasis, and the extent of association between MTX use, particularly its cumulative dose, and liver fibrosis.



Data availability statement

The original contributions presented in this study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

WI, PR, and PS: conceptualization. PS, TY, and AN: methodology. PS and PR: validation. TY and WI: formal analysis. TY, AN, and WI: investigation. TY: data curation. TY, AN, WI, and PR: writing – original draft preparation. PS: writing – review and editing. All authors have read and agreed to the published version of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.1068157/full#supplementary-material



References

1. Cheemerla S, Balakrishnan M. Global epidemiology of chronic liver disease. Clin Liver Dis. (2021) 17:365–70. doi: 10.1002/cld.1061

2. Ogdie A, Grewal S, Noe M, Shin D, Takeshita J, Chiesa Fuxench Z, et al. Risk of incident liver disease in patients with psoriasis, psoriatic arthritis, and rheumatoid arthritis: a population-based study. J Invest Dermatol. (2018) 138:760–7. doi: 10.1016/j.jid.2017.10.024

3. Younossi Z, Koenig A, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemiology of nonalcoholic fatty liver disease—meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology. (2016) 64:73–84. doi: 10.1002/hep.28431

4. Bellinato F, Gisondi P, Mantovani A, Girolomoni G, Targher G. Risk of non-alcoholic fatty liver disease in patients with chronic plaque psoriasis: an updated systematic review and meta-analysis of observational studies. J Endocrinol Investig. (2022) 45:1277–88. doi: 10.1007/s40618-022-01755-0

5. Candia R, Ruiz A, Torres-Robles R, Chávez-Tapia N, Méndez-Sánchez N, Arrese M. Risk of non-alcoholic fatty liver disease in patients with psoriasis: a systematic review and meta-analysis. J Eur Acad Dermatol Venereol. (2015) 29:656–62. doi: 10.1111/jdv.12847

6. Phan K, Onggo J, Charlton O, Smith S. Relationship between psoriasis and non-alcoholic fatty liver disease - updated systematic review and adjusted meta-analysis. Australas J Dermatol. (2019) 60:e352–5. doi: 10.1111/ajd.13015

7. Megna M, Potestio L, Camela E, Fabbrocini G, Ruggiero A. Ixekizumab and brodalumab indirect comparison in the treatment of moderate to severe psoriasis: results from an Italian single-center retrospective study in a real-life setting. Dermatol Ther. (2022) 35:e15667. doi: 10.1111/dth.15667

8. Ruggiero A, Fabbrocini G, Cinelli E, Megna M. Real world practice indirect comparison between guselkumab and risankizumab: results from an Italian retrospective study. Dermatol Ther. (2022) 35:e15214. doi: 10.1111/dth.15214

9. Megna M, Tommasino N, Potestio L, Battista T, Ruggiero A, Noto M, et al. Real-world practice indirect comparison between guselkumab, risankizumab, and tildrakizumab: results from an Italian 28-week retrospective study. J Dermatolog Treat. (2022) 33:2813–20. doi: 10.1080/09546634.2022.2081655

10. Marasca C, Fornaro L, Martora F, Picone V, Fabbrocini G, Megna M. Onset of vitiligo in a psoriasis patient on ixekizumab. Dermatol Ther. (2021) 34:e15102. doi: 10.1111/dth.15102

11. Ruggiero A, Martora F, Picone V, Marano L, Fabbrocini G, Marasca C. Paradoxical hidradenitis suppurativa during biologic therapy, an emerging challenge: a systematic review. Biomedicines. (2022) 10:455. doi: 10.3390/biomedicines10020455

12. Arora S, Das P, Arora G. Systematic review and recommendations to combine newer therapies with conventional therapy in psoriatic disease. Front Med. (2021) 8:696597. doi: 10.3389/fmed.2021.696597

13. Langman G, Hall P, Todd G. Role of non-alcoholic steatohepatitis in methotrexate-induced liver injury. J Gastroenterol Hepatol. (2001) 16:1395–401. doi: 10.1046/j.1440-1746.2001.02644.x

14. Kalb R, Strober B, Weinstein G, Lebwohl M. Methotrexate and psoriasis: 2009 national psoriasis foundation consensus conference. J Am Acad Dermatol. (2009) 60:824–37. doi: 10.1016/j.jaad.2008.11.906

15. Menter A, Korman N, Elmets C, Feldman S, Gelfand J, Gordon K, et al. Guidelines of care for the management of psoriasis and psoriatic arthritis: section 4. Guidelines of care for the management and treatment of psoriasis with traditional systemic agents. J Am Acad Dermatol. (2009) 61:451–85. doi: 10.1016/j.jaad.2009.03.027

16. Maybury C, Samarasekera E, Douiri A, Barker J, Smith C. Diagnostic accuracy of noninvasive markers of liver fibrosis in patients with psoriasis taking methotrexate: a systematic review and meta-analysis. Br J Dermatol. (2014) 170:1237–47. doi: 10.1111/bjd.12905

17. Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment of liver disease in patients with nonalcoholic fatty liver disease. Gastroenterology. (2019) 156:1264–81.e4. doi: 10.1053/j.gastro.2018.12.036

18. Menter A, Gelfand J, Connor C, Armstrong A, Cordoro K, Davis D, et al. Joint American academy of dermatology-national psoriasis foundation guidelines of care for the management of psoriasis with systemic nonbiologic therapies. J Am Acad Dermatol. (2020) 82:1445–86. doi: 10.1016/j.jaad.2020.02.044

19. Yim E, Deutsch A, Nazarian R, McLellan B, Espinoza D, Wolkoff A, et al. Utilizing fibrosis-4 score to assess risk for hepatic fibrosis in patients with psoriasis on methotrexate. Int J Dermatol. (2021) 60:e100–1. doi: 10.1111/ijd.15201

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

21. Wells G, Wells G, Shea B, Shea B, O’Connell D, Peterson J, et al. editors. The newcastle-ottawa scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses. Ottawa: Hospital Research Institute (2014).

22. Nyaga V, Arbyn M, Aerts M. Metaprop: a STATA command to perform meta-analysis of binomial data. Arch Public Health. (2014) 72:39. doi: 10.1186/2049-3258-72-39

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

24. Ratziu V, Massard J, Charlotte F, Messous D, Imbert-Bismut F, Bonyhay L, et al. Diagnostic value of biochemical markers (FibroTest-FibroSURE) for the prediction of liver fibrosis in patients with non-alcoholic fatty liver disease. BMC Gastroenterol. (2006) 6:6. doi: 10.1186/1471-230x-6-6

25. Fagan K, Pretorius C, Horsfall L, Irvine K, Wilgen U, Choi K, et al. ELF score =9.8 indicates advanced hepatic fibrosis and is influenced by age, steatosis and histological activity. Liver Int. (2015) 35:1673–81. doi: 10.1111/liv.12760

26. Xiao G, Zhu S, Xiao X, Yan L, Yang J, Wu G. Comparison of laboratory tests, ultrasound, or magnetic resonance elastography to detect fibrosis in patients with nonalcoholic fatty liver disease: a meta-analysis. Hepatology. (2017) 66:1486–501. doi: 10.1002/hep.29302

27. Lee J, Loo C, Tan W, Lee C, Jamil A, Khor Y. Comparison of noninvasive screening tools for hepatic fibrosis, association with methotrexate cumulative dose, and risk factors in psoriasis patients. Dermatol Ther. (2022) 35:e15203. doi: 10.1111/dth.15203

28. Takamura S, Teraki Y, Katayama E, Kawaguchi T, Kawaguchi M, Nakano D, et al. Effects of IL-17 inhibitors on hepatic fibrosis index in patients with psoriasis and MAFLD: directed acyclic graphs. Clin Mol Hepatol. (2022) 28:269–72. doi: 10.3350/cmh.2022.0040

29. Mahajan R, Dogra S, Handa S, Razmi T, Narang T, Rathi S, et al. Metabolic syndrome and female gender, but not methotrexate, are the important associations of significant liver fibrosis in patients with moderate-to-severe psoriasis as detected by transient elastography. Indian J Dermatol Venereol Leprol. (2020) 86:649–55. doi: 10.4103/ijdvl.IJDVL_152_19

30. Mahajan V, Chauhan N, Rana B, Mehta K, Hooda S, Chauhan P, et al. The association between chronic plaque psoriasis and nonalcoholic fatty liver disease in Indian patients: results of a pilot study. J Clin Exp Hepatol. (2022) 12:785–92. doi: 10.1016/j.jceh.2021.11.016

31. Rattanakaemakorn P, Pinyowiwat P, Iamsumang W, Chanprapaph K, Suchonwanit P. Incidence and risk factors of hepatic fibrosis in psoriatic patients receiving methotrexate with concomitant acitretin therapy and methotrexate monotherapy. Drug Des Devel Ther. (2021) 15:2299–307. doi: 10.2147/dddt.S304168

32. Belinchón-Romero I, Bellot P, Romero-Pérez D, Herraiz-Romero I, Marco F, Frances R, et al. Non-alcoholic fatty liver disease is associated with bacterial translocation and a higher inflammation response in psoriatic patients. Sci Rep. (2021) 11:8593. doi: 10.1038/s41598-021-88043-8

33. Brunner K, Oláh P, Moezzi M, Pár G, Vincze Á, Breitenbach Z, et al. Association of nonalcoholic hepatic fibrosis with body composition in female and male psoriasis patients. Life. (2021) 11:763. doi: 10.3390/life11080763

34. Cervoni J, Alby-Lepresle B, Weil D, Zhong P, Aubin F, Wendling D, et al. A pragmatic non-invasive assessment of liver fibrosis in patients with psoriasis, rheumatoid arthritis or crohn’s disease receiving methotrexate therapy. Clin Res Hepatol Gastroenterol. (2020) 44s:100003. doi: 10.1016/j.clirex.2020.100003

35. Rivera R, Vilarrasa E, Ribera M, Roe E, Kueder-Pajares T, Zayas A, et al. Unmet needs in patients with moderate-to-severe plaque psoriasis treated with methotrexate in real world practice: first study. J Dermatolog Treat. (2020) 33:1329–38. doi: 10.1080/09546634.2020.1801977

36. Koch K. Psoriasis, transient elastography and methotrexate: monitoring at a tertiary hospital. Australas J Dermatol. (2021) 62:69–70. doi: 10.1111/ajd.13395

37. Magdaleno-Tapial J, Valenzuela-Oñate C, Ortiz-Salvador J, Martínez-Doménech Á, García-Legaz-Martínez M, Alonso-Carpio M, et al. Prevalence of non-alcoholic fatty liver and liver fibrosis in patients with moderate–severe psoriasis: a cross-sectional cohort study. Austral J Dermatol. (2020) 61:105–9. doi: 10.1111/ajd.13175

38. Kumar P, Ganapathi S, Sivasubramanian A. Usefulness of fibro scan in assessing liver fibrosis in adult patients with psoriasis. Int J Res Dermatol. (2019) 5:376–81. doi: 10.18203/issn.2455-4529.IntJResDermatol20191765

39. Neema S, Banerjee D, Radhakrishnan S, Vasudevan B, Sinha P, Oberoi B. Use of transient elastography in detection of liver fibrosis in psoriasis patients–A cross-sectional study. Indian Dermatol Online J. (2020) 11:387–90. doi: 10.4103/idoj.IDOJ_312_19

40. Ortolan A, Lorenzin M, Tadiotto G, Russo F, Oliviero F, Felicetti M, et al. Metabolic syndrome, non-alcoholic fatty liver disease and liver stiffness in psoriatic arthritis and psoriasis patients. Clin Rheumatol. (2019) 38:2843–50. doi: 10.1007/s10067-019-04646-7

41. Ben Lagha I, Jaber K, Rabhi F, Slimane B, Mrabet A, Abdelli N, et al. Psoriasis and liver fibrosis: an investigation using transient elastography in Tunisian patients with psoriasis. Br J Dermatol. (2019) 181:1306–8. doi: 10.1111/bjd.18177

42. Maybury C, Porter H, Kloczko E, Duckworth M, Cotton A, Thornberry K, et al. Prevalence of advanced liver fibrosis in patients with severe psoriasis. JAMA Dermatol. (2019) 155:1028–32. doi: 10.1001/jamadermatol.2019.0721

43. Bauer B, Chyou P, Stratman E, Green C. Noninvasive testing for nonalcoholic steatohepatitis and hepatic fibrosis in patients with psoriasis receiving long-term methotrexate sodium therapy. JAMA Dermatol. (2017) 153:977–82. doi: 10.1001/jamadermatol.2017.2083

44. Talme T, Nikamo P, Rosenberg P, Ståhle M. Transient elastography may improve detection of liver fibrosis in psoriasis patients treated with methotrexate. Acta Derm Venereol. (2017) 97:952–4. doi: 10.2340/00015555-2677

45. Rongngern P, Chularojanamontri L, Wongpraparut C, Silpa-Archa N, Chotiyaputta W, Pongpaibul A, et al. Diagnostic performance of transient elastography for detection of methotrexate-induced liver injury using roenigk classification in Asian patients with psoriasis: a retrospective study. Arch Dermatol Res. (2017) 309:403–8. doi: 10.1007/s00403-017-1733-4

46. Pongpit J, Porntharukchareon S, Kaewduang P, Promson K, Stitchantrakul W, Petraksa S, et al. Liver stiffness measurement in psoriasis: do metabolic or disease factors play the important role? Biomed Res Int. (2016) 2016:7963972. doi: 10.1155/2016/7963972

47. Gisondi P, Barba E, Girolomoni G. Non-alcoholic fatty liver disease fibrosis score in patients with psoriasis. J Eur Acad Dermatol Venereol. (2016) 30:282–7. doi: 10.1111/jdv.13456

48. Lynch M, Higgins E, McCormick P, Kirby B, Nolan N, Rogers S, et al. The use of transient elastography and fibrotest for monitoring hepatotoxicity in patients receiving methotrexate for psoriasis. JAMA Dermatol. (2014) 150:856–62. doi: 10.1001/jamadermatol.2013.9336

49. Bray A, Barnova I, Przemioslo R, Kennedy C. Liver fibrosis screening for patients with psoriasis taking methotrexate: a cross-sectional study comparing transient elastography and liver biopsy. Br J Dermatol. (2012) 166:1125–7. doi: 10.1111/j.1365-2133.2011.10657.x

50. Madanagobalane S, Anandan S. The increased prevalence of non-alcoholic fatty liver disease in psoriatic patients: a study from South India. Austral J Dermatol. (2012) 53:190–7. doi: 10.1111/j.1440-0960.2012.00905.x

51. Seitz M, Reichenbach S, Möller B, Zwahlen M, Villiger P, Dufour J. Hepatoprotective effect of tumour necrosis factor α blockade in psoriatic arthritis: a cross-sectional study. Ann Rheum Dis. (2010) 69:1148–50. doi: 10.1136/ard.2009.116194

52. Laharie D, Seneschal J, Schaeverbeke T, Doutre M, Longy-Boursier M, Pellegrin J, et al. Assessment of liver fibrosis with transient elastography and fibrotest in patients treated with methotrexate for chronic inflammatory diseases: a case-control study. J Hepatol. (2010) 53:1035–40. doi: 10.1016/j.jhep.2010.04.043

53. Vandervoort E, Koehler E, Nijsten T, Stricker B, Hofman A, Janssen H, et al. Increased prevalence of advanced liver fibrosis in patients with psoriasis: a cross-sectional analysis from the rotterdam study. Acta Dermato Venereol. (2016) 96:213–7. doi: 10.2340/00015555-2161

54. van der Voort E, Wakkee M, Veldt-Kok P, Darwish Murad S, Nijsten T. Enhanced liver fibrosis test in patients with psoriasis, psoriatic arthritis and rheumatoid arthritis: a cross-sectional comparison with procollagen-3 N-terminal peptide (P3NP). Br J Dermatol. (2017) 176:1599–606. doi: 10.1111/bjd.15220

55. van den Reek J, Menting S, Janssen W, Dhaliwal R, Heijboer A, van Herwaarden A, et al. Procollagen-3 N-terminal peptide measurements for the detection of liver fibrosis in methotrexate-treated patients with psoriasis: daily practice use and clinical implications. Br J Dermatol. (2017) 177:1454–7. doi: 10.1111/bjd.15313

56. Lindsay K, Gough A. Psoriatic arthritis, methotrexate and the liver–are rheumatologists putting their patients at risk? Rheumatology. (2008) 47:939–41. doi: 10.1093/rheumatology/ken158

57. Zachariae H, Heickendorff L, Søgaard H. The value of amino-terminal propeptide of type III procollagen in routine screening for methotrexate-induced liver fibrosis: a 10-year follow-up. Br J Dermatol. (2001) 144:100–3. doi: 10.1046/j.1365-2133.2001.03959.x

58. Zachariae H, Muhammad Aslam H, Bjerring P, Søgaard H, Zachariae E, Heickendorff L. Serum aminoterminal propeptide of type III procollagen in psoriasis and psoriatic arthritis: relation to liver fibrosis and arthritis. J Am Acad Dermatol. (1991) 25:50–3. doi: 10.1016/0190-9622(91)70173-Y

59. Zachariae H, Søgaard H, Heickendorff L. Methotrexate-induced liver cirrhosis. Clinical, histological and serological studies–a further 10-year follow-up. Dermatology. (1996) 192:343–6. doi: 10.1159/000246408

60. Boffa M, Smith A, Chalmers R, Mitchell D, Rowan B, Warnes T, et al. Serum type III procollagen aminopeptide for assessing liver damage in methotrexate-treated psoriatic patients. Br J Dermatol. (1996) 135:538–44. doi: 10.1111/j.1365-2133.1996.tb03827.x

61. Mitchell D, Smith A, Rowan B, Warnes T, Haboubi N, Lucas S, et al. Serum type III procollagen peptide, dynamic liver function tests and hepatic fibrosis in psoriatic patients receiving methotrexate. Br J Dermatol. (1990) 122:1–7. doi: 10.1111/j.1365-2133.1990.tb08232.x

62. Risteli J, SØGaard H, Oikarinen A, Risteli L, Karvonen J, Zachariae H. Aminoterminal propeptide of type III procollagen in methotrexate-induced liver fibrosis and cirrhosis. Br J Dermatol. (1988) 119:321–5. doi: 10.1111/j.1365-2133.1988.tb03224.x

63. Oogarah P, Rowland P, Mitchell D, Smith A, Chalmers R, Rowan B, et al. Abnormalities of serum type III procollagen aminoterminal peptide in methotrexate-treated psoriatic patients with normal liver histology do not correlate with hepatic ultrastructural changes. Br J Dermatol. (1995) 133:512–8. doi: 10.1111/j.1365-2133.1995.tb02697.x

64. Khan S, Subedi D, Chowdhury M. Use of amino terminal type III procollagen peptide (P3NP) assay in methotrexate therapy for psoriasis. Postgrad Med J. (2006) 82:353–4. doi: 10.1136/pgmj.2005.041533

65. Martyn-Simmons C, Rosenberg W, Cross R, Wong T, Smith C, Barker J. Validity of noninvasive markers of methotrexate-induced hepatotoxicity: a retrospective cohort study. Br J Dermatol. (2014) 171:267–73. doi: 10.1111/bjd.12782

66. Berends M, Snoek J, De Jong E, Van Krieken J, De Knegt R, van Oijen M, et al. Biochemical and biophysical assessment of MTX-induced liver fibrosis in psoriasis patients: fibrotest predicts the presence and fibroscan® predicts the absence of significant liver fibrosis. Liver Int. (2007) 27:639–45. doi: 10.1111/j.1478-3231.2007.01489.x

67. Chanprapaph K, Sutharaphan T, Suchonwanit P. Scalp biophysical characteristics in males with androgenetic alopecia: a comparative study with healthy controls. Clin Interv Aging. (2021) 16:781–7. doi: 10.2147/cia.S310178

68. Le M, Yeo Y, Li X, Li J, Zou B, Wu Y, et al. 2019 Global NAFLD prevalence: a systematic review and meta-analysis. Clin Gastroenterol Hepatol. (2021) 20:2809–17.e28. doi: 10.1016/j.cgh.2021.12.002

69. Maybury C, Jabbar-Lopez Z, Wong T, Dhillon A, Barker J, Smith C. Methotrexate and liver fibrosis in people with psoriasis: a systematic review of observational studies. Br J Dermatol. (2014) 171:17–29. doi: 10.1111/bjd.12941

70. Suchonwanit P, Udompanich S, Thadanipon K, Chanprapaph K. Trichoscopic signs in systemic lupus erythematosus: a comparative study with 109 patients and 305 healthy controls. J Eur Acad Dermatol Venereol. (2019) 33:774–80. doi: 10.1111/jdv.15421

71. Leerunyakul K, Suchonwanit P. Evaluation of hair density and hair diameter in the adult thai population using quantitative trichoscopic analysis. Biomed Res Int. (2020) 2020:2476890. doi: 10.1155/2020/2476890

72. Suchonwanit P, Leerunyakul K, Kositkuljorn C. Diagnostic and prognostic values of cutaneous manifestations in COVID-19. Dermatol Ther. (2020) 33:e13650. doi: 10.1111/dth.13650

73. Iamsumang W, Leerunyakul K, Suchonwanit P. Finasteride and its potential for the treatment of female pattern hair loss: evidence to date. Drug Des Devel Ther. (2020) 14:951–9. doi: 10.2147/dddt.S240615

74. Suchonwanit P, Triamchaisri S, Wittayakornrerk S, Rattanakaemakorn P. Leprosy reaction in thai population: a 20-year retrospective study. Dermatol Res Pract. (2015) 2015:253154. doi: 10.1155/2015/253154

75. Suchonwanit P, Triyangkulsri K, Ploydaeng M, Leerunyakul K. Assessing biophysical and physiological profiles of scalp seborrheic dermatitis in the thai population. Biomed Res Int. (2019) 2019:5128376. doi: 10.1155/2019/5128376

76. Hørslev-Petersen K, Saxne T, Haar D, Thomsen B, Bentsen K, Junker P, et al. The aminoterminal-type-III procollagen peptide and proteoglycans in serum and synovial fluid of patients with rheumatoid arthritis or reactive arthritis. Rheumatol Int. (1988) 8:1–9. doi: 10.1007/BF00541343

77. Sriphojanart T, Khunkhet S, Suchonwanit P. A retrospective comparative study of the efficacy and safety of two regimens of diphenylcyclopropenone in the treatment of recalcitrant alopecia areata. Dermatol Rep. (2017) 9:7399. doi: 10.4081/dr.2017.7399

78. Suchonwanit P, McMichael A. Alopecia in association with malignancy: a review. Am J Clin Dermatol. (2018) 19:853–65. doi: 10.1007/s40257-018-0378-1

79. Leerunyakul K, Suchonwanit P. Asian hair: a review of structures, properties, and distinctive disorders. Clin Cosmet Investig Dermatol. (2020) 13:309–18. doi: 10.2147/ccid.S247390

80. Suchonwanit P, Iamsumang W, Leerunyakul K. Topical finasteride for the treatment of male androgenetic alopecia and female pattern hair loss: a review of the current literature. J Dermatolog Treat. (2022) 33:643–8. doi: 10.1080/09546634.2020.1782324

81. Rattanakaemakorn P, Suchonwanit P. Scalp pruritus: review of the pathogenesis, diagnosis, and management. Biomed Res Int. (2019) 2019:1268430. doi: 10.1155/2019/1268430

82. Suchonwanit P, Kositkuljorn C, Mahasaksiri T, Leerunyakul K. A comparison of the efficacy and tolerability of three corticosteroid treatment regimens in patients with alopecia areata. J Dermatolog Treat. (2022) 33:756–61. doi: 10.1080/09546634.2020.1773384

83. Patel N. Comment on: ‘monitoring for methotrexate-induced liver fibrosis in many UK dermatology centres is out of date and needs reform’. Clin Exp Dermatol. (2022) 47:1724–5. doi: 10.1111/ced.15253

84. Thomas J, Aithal G. Monitoring liver function during methotrexate therapy for psoriasis: are routine biopsies really necessary? Am J Clin Dermatol. (2005) 6:357–63. doi: 10.2165/00128071-200506060-00003

85. Whiting-O’Keefe Q, Fye K, Sack K. Methotrexate and histologic hepatic abnormalities: a meta-analysis. Am J Med. (1991) 90:711–6.

86. Barbero-Villares A, Mendoza J, Trapero-Marugan M, Gonzalez-Alvaro I, Daudén E, Gisbert J, et al. Evaluation of liver fibrosis by transient elastography in methotrexate treated patients. Med Clin. (2011) 137:637–9. doi: 10.1016/j.medcli.2010.12.024



OPS/images/fmed-09-1068157-g001.jpg
\ 4

\ 4

\ 4

Records removed before
screening:.

Duplicate records removed
by automation tools

(n = 1,489)

Records excluded (n = 2,563)
Duplicate records removed
manually (n = 259)

Reports not retrieved (n = 5)

)
Records identified from 4
5 databases:
= - PubMed (n = 998)
2 - Embase (n =1,625)
= - Scopus (n=1,778)
2 - Cochrane library
= (n = 38)
S
S
Records screened
(n = 2,950)
Reports sought for retrieval
> (n = 128)
=
c
QO
o
: l
N
Reports assessed for eligibility
(n = 123)
) S
v
e
= Studies included in review
3 (n = 41)
=
—/

\ 4

Reports excluded:
Conference abstract (n = 55)
Insufficient data (n = 9)
Wrong population (n = 8)
Review articles (n = 5)
Editorial or comment (n =5)






OPS/images/fmed-09-1068157-g002.jpg
Study Prevalence (95% CI)  Weight (%)
T

Lee (MTX) (2022) — 11.48 (5.67,21.84)  4.42

Lee (MTX-naive) (2022) —-— 7.41 (2.92, 17.55) 425
Mahajan (2022) ~— : 0.00 (0.00, 5.92) 442
Rattanakaemakorn (2021) —0—: 5.30 (2.59, 10.54) 5.30
Brunner (2021) : 26.92 (16.77,40.25)  4.19

Yim (2020) -0-—+— 2.56 (0.45, 13.18) 3.76

Koch (2020) : 34.85 (24.48, 46.89) 4,52
Mahajan (2020) ﬂI-O— 11.94 (7.48, 18.52) 5.31
Magdaleno-Tapial (2020) —0-';— 8.45 (3.93, 17.24) 4.62
Kumar (2020) —— 7.84 (4.03, 14.72) 5.04
BenLagha (2019) —0—:— 5.68 (2.45, 12.62) 4.88
Maybury (2019) 14.11 (10.78,18.26)  5.92
vanderVoort (without PsA) (2017) : —— 21.01 (14.65, 29.18) 5.20
vanderVoort (PsA) (2017) —B— 13.25 (8.74, 19.57) 5.42
Talme (biologics) (2017) —0—:— 3.12 (0.55, 165.74) 3.46
Talme (MTX > 24 months) (2017) —— 9.02 (5.11, 15.43) 5.23
Talme (MTX < 24 months) (2017) —o—:— 6.38 (2.19, 17.16) 4.05
Rongngern (2017) —0—:— 7.32 (2,52, 19.43) 3.84
Pongpit (20186) —o—:— 6.67 (3.76, 11.54) 5.49
Gisondi (2016) —O—E— 7.27 (2.86, 17.28) 4.27
vanderVoort (2016) —+:— 8.11 (3.77, 16.58) 4.67

Bray (2012) I % 30.00 (10.78,60.32)  1.76
Overall (12 =76.34%, p = 0.00) ¢ 9.66 (6.92, 12.75) 100.00

I
| T : | |
0 50 100

-50

Study

Lee (MTX) (2022)

Belinchon-Romero (2021)
Brunner (2021)

Rivera (2020)

Koch (2020)

Mahajan (2020)
Magdaleno-Tapial (2020)

Kumar (2020)

Neema (2020)

Ortolan (PsA) (2019)

Ortolan (without PsA) (2019)
BenLagha (2019)

Maybury (2019)

Bauer (2017)

Talme (biologics) (2017)

Talme (MTX > 24 months) (2017)
Talme (MTX < 24 months) (2017)
Rongngern (2017)

Lynch (2014)

Bray (2012)

Madanagobalane (2012)

Seitz (TNF-naive) (2010)

Seitz (TNF) (2010)

Laharie (2010)

Overall (12 =85.72%, p = 0.00)

Prevalence (95% Cl)

63.93 (51.39, 74.83)
79.63 (67.10, 88.23)
76.90 (65.33, 85.47)

93.18 (87.55, 96.37)
82.76 (73.48, 89.26)
48.08 (35.10, 61.31)
90.50 (79.12, 95.99)
66.67 (50.98, 79.37)
73.80 (69.23, 77.91)
56.06 (44.08, 67.37)
75.37 (67.44, 81.89)
85.92 (75.98, 92.17)
81.37 (72.73, 87.74)
71.95 (61.41, 80.52)
69.00 (54.11, 80.78)
72.00 (55.03, 84.38)
80.68 (71.22, 87.57)
79.58 (74.92, 83.56)
72.46 (60.95, 81.61)
62.50 (45.25, 77.07)
62.30 (53.44, 70.40)
68.09 (53.83, 79.60)
75.61 (60.686, 86.17)
89.09 (83.42, 92.99)
54.55 (41.52, 66.97)
82.00 (69.20, 90.23)
60.00 (31.27, 83.18)
94.90 (85.96, 98.26)
70.00 (48.10, 85.45)
95.65 (79.01, 99.23)
89.19 (82.05, 93.71)
77.79 (73.23, 82.05)

Weight (%)

100.00 (94.08, 100.00) 3.17
3.52

3.36
3.08
3.04
2.88
3.76

100.00

|
150





OPS/images/fmed-09-1068157-g003.jpg
Standard error

Funnel plot
®
o.:' °
®
O‘. ®
@ @
°
kil
©
®
| |
-5 5
Prevalence
Pseudo 95% ClI e Studies

Estimated 6 v

Funnel plot
o =
® e
Y @ : @
S ] ; - do ®
) .. @ .' - o ®
© ‘ ]
o o ©
B~ s
&
o™ -
: &
| | | |
0 5 1 1.5
Prevalence
Pseudo 95% ClI e Studies

Estimated 6 v






OPS/images/ain.jpg





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Liver fibrosis prevalence and risk factors in patients with psoriasis: A systematic review and meta-analysis



		Introduction



		Materials and methods



		Study design



		Study selection



		Data extraction



		Quality assessment



		Statistical analysis







		Results



		Study characteristics



		Prevalence of high risk of advanced liver fibrosis



		Prevalence of low risk of advanced liver fibrosis



		Meta-regression



		Factors associated with liver fibrosis



		Quality assessment and publication bias







		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Medicine

Liver fibrosis prevalence
and risk factors in patients
with psoriasis: A systematic

review and meta-analysis





OPS/images/fmed-09-1068157-t001a.jpg
Van der Voort et al. (54) Netherlands PsA group: 151 patients, age o High risk: ELF > 9.8 = 20 (13.2%)
52.8 & 11.7 years, female 70 (46.3%) o PIIINP > 12.2 ug/L =7 (6%)
- PIIINP > 15.3 pg/L = 6 (5.2%)
Without PsA group: 119 patients, age o High risk: ELF > 9.8 = 25 (21%)
49.8 £ 14.3, female 45 (37.8%) @ PITINP > 12.2 ug/L =9 (6%)
o PIIINP > 15.3 pg/L = 2 (1.3%)
Bauer et al. (43) United States 107 patients (69 FibroSure), age o Low risk: FibroSure < 0.21 = 50 (71.5%)
83.3 &+ 13.5, female 57 (53.2%)
Talme et al. (44) Sweden Biologic group: 32 patients, age 48 (range | o Low risk: LSM < 6.5 kPa = 20 (62.5%)
18-76), female 6 (18.8%) e High risk: LSM > 11.5 kPa=1 (3.1%)
MTX duration > 24 months group: 122 e Low risk: LSM < 6.5 kPa =76 (62.3%)
patients, age 60 (range 22-82), female 52 e High risk: LSM > 11.5 kPa= 11 (9%)
(41.9%)
MTX duration < 24 months group: 47 o Low risk: LSM < 6.5 kPa = 32 (68.1%)
patients, age 50 (range 20-76), female 17 o High risk: LSM > 11.5 kPa = 3 (6.4%)
(34.7%)
Rongngern et al. (45) Thailand 41 patients, age 51.2 £ 11.6, female 17 e Low risk: LSM < 7.1 kPa = 31 (75.6%)
(41.5%) o High risk: LSM > 10 kPa = 3 (7.3%)
Pongpit et al. (46) Thailand 165 patients, age 49.2 % 14, female 90 e Low risk: LSM < 7 kPa = 147 (89.1%)
(54.5%) e High risk: LSM > 9.5 kPa = 11 (6.7%)
Gisondi et al. (47) Ttaly 124 patients (55 NFES), age 55 £ 12, female | o Low risk: NFS < —1.455 = 30 (54.5%)
55 (44%) o High risk: NFS > 0.676 =4 (7.3%)
Van der Voort et al. (53) Netherlands 74 patients, age 71.2 & 6.5 years, female 33 | e High risk: LSM > 9.5 kPa =6 (8.1%)
(44.6%)
Martyn-Simmons et al. (65)* | United Kingdom | 27 patients, age 56 £ 2.7 years, female 9 NR
(33%)
Lynch et al. (48) Ireland 77 patients (50 TE, 70 FibroTest, 51 o Low risk: LSM < 7 kPa = 41 (82%), FibroTest < 0.31 = 59 (84.3%)
PIIINP), age 51 (range 22-85), female 36 o Serial PIIINP (1 year before TE) > 4.2 ng/L = 9/51 (17.6%)
(46.8%) @ Serial PIIINP (1 year before FibroTest) > 4.2 pg/L = 3/34 (8.8%)
Bray et al. (49) United Kingdom | 21 patients (10 TE), age 59 (range 41-83), e Low risk: LSM < 8 kPa = 6 (60%)
female 9 (42.9%) o High risk: LSM > 10 kPa = 3 (30%)
Madanagobalane and India 58 patients, age 46.9 & 1.15, female 12 o Low risk: FibroTest stage < F2-F3 = 94.9%
Anandan, (50) (20.7%)
Seitz et al. (51) Switzerland TNEF-naive group: 20 patients, age e Low risk: LSM < 8 kPa = 14 (70%)
51.9 % 14.1, female 6 (30.0%)
TNF group: 23 patients, age 51.3 + 10.9, e Low risk: LSM < 8 kPa = 22 (95.7%)
female 7 (30.4%)
Laharie et al. (52) France 111 patients, age 56.2 & 12.2, female 30 o Low risk: LSM < 7.9 kPa = 99 (89.2%)
(27%)
Lindsay and Gough, (56)* United Kingdom | 48 patients, age 54.4 & 11, female NR o Elevated PITINP = 16 (33.3%)
Berends et al. (66)* Netherlands 24 patients, age 55 (range 34-73), female NR
13 (54.2%)
Khan et al. (64)* United Kingdom | 15 patients, age 56.4 & 12.8, female 7 NR
(46.7%)
Zachariae et al. (57)* Denmark 70 patients, age NR, female 31 (44.3%) o PITINP > 4.2 pg/L = 6 (8.6%)
Zachariae et al. (59)* Denmark 11 patients, age NR, female NR e PIIINP > 4.2 ug/L=0
Boffa et al. (60)* United Kingdom | 87 patients, age NR, female NR o PIIINP > 4.2 ng/L = 41 (47.1%)
Oogarah et al. (63)* United Kingdom | 22 patients, age 42.6 (22-72), female 8 o Elevated PITINP (first assay) = 6/11 (54.5%)
(36.4%) o Elevated PITINP (second assay) = 4/22 (18.2%)
Zachariae et al. (58)* Denmark 170 patients, age NR, female NR o PIIINP > 4.3 pg/L =24 (21.8%)
Mitchell et al. (61)* United Kingdom | 51 patients, age 47 (range 22-69), female o PIIINP > 11.8 pg/L = 35 (68.6%)
NR
Risteli et al. (62)* Denmark 24 patients, age 50 (range 32-75), female o PIIINP > 4.2 pg/L = 8 (33.3%)

10 (41.7)

APRI, aspartate aminotransferase to platelet ratio index; ELF, enhanced liver fibrosis; FIB-4, fibrosis-4 index; FPI, fibrosis probability index; LSM, liver stiffness measurement; MTX,

methotrexate; NFS, non-alcoholic fatty liver disease fibrosis score; NR, not reported; PsA, psoriasis arthritis; PITINP, procollagen III amino-terminal peptide; TE, transient elastography;
TNE, tumor necrosis factor alpha blockers; UK, United Kingdom; USA, United States. *These studies are not included in the quantitative analysis.
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Country

Number of patients, age

(years), female

Prevalence of patients with high and low risk
of advanced liver fibrosis NIT and cutoff

55.9 £ 16.5, female 20 (48.8%)

Leeetal. (27) Malaysia MTX group: 61 patients, age 52.98 £ 15.5, | e Low risk: LSM < 6.5 kPa = 39 (63.9%), FIB-4 < 1.45 = 48 (78.7%),
female 29 (47.5%) APRI < 0.7 = 54 (88.5%)
o High risk: LSM > 11.5 kPa=7 (11.5%), FIB-4 > 3.25 = 2 (3.3%),
APRI > 1.0 = 5 (8.2%)
MTX-naive group: 56 patients, age o Low risk: LSM < 6.5 kPa = 45 (80.4%), FIB-4 < 1.45 = 46 (82.1%),
52.2 £ 15.1, female 24 (42.9%) APRI < 0.7 =49 (87.5%)
o High risk: LSM > 11.5 kPa =4 (7.1%), FIB-4 > 3.25 = 2 (3.6%),
APRI > 1.0 = 6 (10.7%)
Mabhajan et al. (30) India 61 patients, age 47.5 £ 13.8, female 18 o Low risk: LSM < 7.6 kPa = 61 (100%)
(29.5%)
Takamura et al. (28) Japan 65 patients, age 46 (range 40-54.5), female | e Low risk: NFS < —1.455 = 75.4%, FIB-4 < 1.3 =76.9%
16 (24.6%)
Rattanakaemakorn et al. (31) Thailand 132 patients, age 52, female 68 (51.5%) o Low risk: LSM < 8 kPa = 123 (93.2%)
o High risk: LSM > 10 kPa =7 (5.3%)
Belinchoin-Romero et al. (32) Spain 91 patients (87 with valid TE), age 53 (IQR | e Low risk: LSM < 7.8 kPa =72 (82.8%)
45.5-61.5), female 32 (35.2%)
Brunner et al. (33) Hungary 52 patients, age 54.0 & 13.4, female 26 o Low risk: LSM < 8.2 kPa =72 (82.8%)
(50%) o High risk: LSM > 9.7 kPa = 14 (26.9%)
Cervoni et al. (34) France 66 patients (49 TE, 63 Forns index, 65 e Low risk: LSM < 7.1 kPa = 90.5%, FibroTest < 0.49 = 88.6%,
APRI, 65 FIB-4, 64 FPI, 64 Hepascore, 64 Hepascore < 0.5 = 92.2%, Forns Index < 6.9 = 90.5%,
NES, 64 Fibrometer, 61 FibroTest), age FPI < 0.8 = 87.5%, FibroMeter < 0.49 = 78.1%
54 + 2, female 39% o High risk: FIB-4 > 3.25 = 4.6%, NFS > 0.676 = 6.3%,
APRI > 1.5=3.1%
Yim etal. (19) Spain 39 patients, age 49.8, female 24 (61.5%) o Low risk: FIB-4 < 1.45 = 26 (66.7%)
o High risk: FIB-4 > 3.25 =1 (2.6%)
Rivera et al. (35) Spain 457 patients (280 NFS, 392 FIB-4), age o Low risk: FIB-4 < 1.3 =73.8%, NFS < —1.455 = 62.8%
53.3 £ 14.0, female 199 (43.5%)
Koch, (36) New Zealand 66 patients, age 51.2 £ 14.0, female 34 o Low risk: LSM < 7.1 kPa = 37 (56.1%)
(51.5%) o High risk: LSM > 9 kPa = 23 (34.8%)
o PIIINP > 4.2 ug/L = 29 (43.9%)
Mabhajan et al. (29) India 134 patients, age 44.13 & 13.86, female 40 | o Low risk: LSM < 7 kPa = 101 (75.4%)
(30.3%) o High risk: LSM > 9 kPa = 16 (6.7%)
Magdaleno-Tapial et al. (37) Spain 71 patients, age 46.7 & 14 years, female 24 | o Low risk: LSM < 7.7 kPa = 61 (85.9%)
(33.8%) o High risk: LSM > 9.5 kPa = 6 (8.5%)
Kumar and Ganapathi, (38) India 102 patients, age 42.12, females 61 (59.8%) | e Low risk: LSM < 7.5 kPa = 83 (81.3%)
o High risk: LSM > 10 kPa = 8 (7.8%)
Neema, (39) India 82 patients, age 47.04 & 12.45, female 20 o Low risk: LSM < 7 kPa = 59 (72.0%)
(24.4%)
Ortolan et al. (40) Ttaly PsA group: 43 patients, age 60.2 & 8.4, o Low risk: LSM < 7 kPa = 69%
female 11 (25.6%)
without PsA group: 33 patients, age o Low risk: LSM < 7 kPa = 72%
54.5 £ 19.6, female 12 (36.4%)
Ben Lagha et al. (41) Tunisia 88 patients, age 45.6 £ 14.3, female 48 o Low risk: LSM < 7 kPa =71 (80.7%)
(42.9%) o High risk: LSM > 9.5 kPa =5 (5.7%)
Maybury et al. (42) United Kingdom | 400 patients (333 TE), age 49.5 £ 13, o Low risk: LSM < 7 kPa = 265 (79.6%)
female 108 (27.2%) o High risk: LSM 8.7 kPa = 47 (14.1%)
Van den Reek et al. (55)* Netherlands Elevated PITINP: 41 patients, age o Elevated PIIINP = 41 (22.4%) ‘

No elevated PITINP: 142 patients, age
55.9 £ 16.5, female 20 (48.8%)
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Variables Pooled OR (95% CI) References Number of patients
Age 2.20 (1.42-3.40) 0% (31,38, 44, 45) 344
Male 1.10 (0.87-1.39) 3.2% (27, 29,31, 35, 36, 38, 39, 41, 42, 44-46) 1,851
PASI > 10 1.67 (0.94-2.95) 37% (27,31, 41, 46) 500
Psoriatic arthritis 1.30 (0.82-2.06) 30.6% (27, 35, 36, 46) 738
Cumulative MTX dose >1500 mg 1.58 (0.91-2.75) 0% (29, 39, 45, 46) 422
BMI > 30 3.67 (2.37-5.68) 48.8% (27, 31, 36, 41, 44) 602
Diabetes mellitus 6.23 (4.39-8.84) 42.4% (27, 31, 35, 36, 41, 44-46) 1,200
Hypertension 2.82 (1.68-4.74) 0% (27, 41, 45, 46) 409
Dyslipidemia 3.08 (1.90-4.98) 0% (27, 31, 41, 45, 46) 541
Metabolic syndrome 5.98 (3.63-9.83) 17% (35, 39, 41, 45, 46) 768

BMI, body mass index; MTX, methotrexate; OR, odds ratio; PASI, psoriasis area severity index.





