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Abstract

Purpose Chronic plaque psoriasis is associated with the presence of non-alcoholic fatty liver disease (NAFLD), but the
magnitude of this association remains currently uncertain. We aimed to investigate the magnitude of the association between
psoriasis and the risk of prevalent and incident NAFLD, and to assess whether psoriasis severity and/or psoriatic arthritis
are associated with a greater risk of NAFLD.

Methods A systematic review and meta-analysis of observational studies evaluating the association between psoriasis and
NAFLD, as diagnosed by imaging or International Classification of Diseases codes was performed. Literature search on
PubMed, Scopus and Web of Science on May 3, 2021 was undertaken. Studies using liver biopsy were not available. For
the meta-analysis, the random-effects modelling was adopted.

Results We identified 15 observational (case—control and cross-sectional) studies for a total of 249,933 patients with pso-
riasis (49% with NAFLD) and 1,491,402 controls (36% with NAFLD). Psoriasis was associated with prevalent NAFLD
(n=11 studies; pooled random-effects odds ratio [OR] 1.96, 95% CI 1.70-2.26; P=97%, p<0.01). Psoriatic patients with
NAFLD had a higher mean psoriasis area and severity index (PASI) than their counterparts without NAFLD (n =8 studies,
pooled weighted mean difference: 3.93, 95% CI 2.01-5.84; I>=88%, p <0.01). The risk of NAFLD was marginally higher
in patients with psoriatic arthritis than in those with psoriasis alone (n =35 studies, pooled random-effects OR 1.83, 95%
CI 0.98-3.43; =64%, p=0.03). Sensitivity analyses did not alter these findings. Funnel plot did not show any significant
publication bias. A major limitation of the study was the high degree of heterogeneity across studies.

Conclusion Psoriasis is associated with prevalent NAFLD and this risk parallels the severity of psoriasis.

Keywords Psoriasis - NAFLD - Meta-analysis - MAFLD - Comorbidities - Psoriatic arthritis - Metabolic syndrome

Introduction

Chronic plaque psoriasis is a common, immune-mediated,
inflammatory skin disease affecting nearly 3% of adults in
the general population in Western countries [1]. In the past
decade, several observational studies have documented that
chronic plaque psoriasis is strongly associated with multi-
ple cardiometabolic co-morbidities, including cardiovascular
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disease (CVD), obesity, type 2 diabetes (T2DM) or meta-
bolic syndrome [1, 2].

Non-alcoholic fatty liver disease (NAFLD) is consid-
ered a purely metabolic liver disease, which includes a
spectrum of progressive pathologic liver conditions, rang-
ing from simple steatosis to steatohepatitis (NASH) and
cirrhosis [2]. To date, NAFLD has reached epidemic pro-
portions and is the most common cause of chronic liver
disease in Western countries (affecting up to 30% of adults
in the general population and up to ~70% of people with
T2DM) [3]. In the last decade, it has become increasingly
clear that NAFLD is a ‘multisystem’ disease [4], which is
not only associated with important liver-related compli-
cations (such as liver failure or hepatocellular carcinoma
[HCC]), but also with extra-hepatic diseases, such as CVD
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[5], chronic kidney disease (CKD) [6] and some types of
extra-hepatic cancers [7].

Recently, some observational studies, although not all,
have reported that individuals with chronic plaque pso-
riasis have an increased risk of having NAFLD compared
with those without psoriasis [8]. Presently, however, the
magnitude of this risk and whether the risk changes with
the underlying severity of psoriasis remains uncertain. To
our knowledge, there are only two small meta-analyses
(published in 2015 and 2019, respectively) that have
investigated the association between psoriasis and risk of
prevalent NAFLD [9, 10]. These two small meta-analyses
reported that psoriasis is associated with an increased risk
of prevalent NAFLD, but the available data on the associa-
tion of NAFLD with the severity of psoriasis or psoriatic
arthritis remain inconclusive. Notably, as discussed in
detail below, in the last 2 years, new observational studies
examining the association between psoriasis (and its sever-
ity) and the risk of NAFLD have been published.

We undertook an updated systematic review and meta-
analysis of observational studies to quantify the magnitude
of the association between psoriasis and risk of prevalent
and incident NAFLD, as well as to examine whether the
severity of chronic plaque psoriasis or presence of psori-
atic arthritis were associated with a higher risk of preva-
lent NAFLD.

Methods
Data sources and searches

We performed the systematic review according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [11]. Since the
included studies were observational in design, we fol-
lowed the reporting items proposed by Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) for
the meta-analysis of these studies [12]. We conducted
a systematic literature search from the inception date to
May 3, 2021 through PubMed, Scopus and Web of Sci-
ence to identify observational studies examining the risk
of prevalent NAFLD amongst individuals with and with-
out chronic plaque psoriasis. Search text terms were as
follows: ((“Arthritis, Psoriatic” [Mesh]) OR (“Psoriasis”
[Mesh])) AND (“Non-alcoholic Fatty Liver Disease” OR
“NAFLD” [Mesh]). Searches were restricted to human
studies. There were no restrictions in terms of sex, race,
language, or geographic area. Additionally, we reviewed
references from relevant original papers and review arti-
cles to identify further eligible studies not covered by the
original database searches.

@ Springer

Study selection

Studies were included in the meta-analysis if they meet
the following criteria: (1) observational studies examin-
ing the association between chronic plaque psoriasis and
risk of NAFLD; (2) studies reporting odds ratios (ORs)
with 95% confidence intervals (95% Cls) values for the
outcome of interest; (3) studies in which the diagnosis of
both psoriasis and psoriatic arthritis were based on clinical
examinations and specific international criteria, namely
CASPAR criteria [13]; (4) studies in which the psoriasis
severity was estimated using the psoriasis area and sever-
ity index (PASI); and (5) studies in which the diagnosis
of NAFLD was based on liver biopsy, imaging techniques
or International Classification of Diseases, 9th Revision
(ICD-9) or ICD-10 codes, in the absence of significant
alcohol consumption or other competing causes for hepatic
steatosis [14].

Criteria for exclusion of the studies from the meta-anal-
ysis were as follows: (1) congress abstracts, case reports,
theses, reviews, commentaries, editorials, or practice
guidelines; (2) studies not reporting ORs and 95% Cls
for the outcome of interest; and (3) studies conducted in
paediatric population (< 18 years).

Data extraction and quality assessment

Data from studies eligible for the aggregate data meta-
analysis were extracted by two authors independently (FB
and PG). Any disagreements were resolved by consensus
and a third author if needed (GG).

For all eligible studies, we extracted information on
publication year, study design, study country, sample size,
population characteristics, methods used for the diagno-
sis of psoriasis and NAFLD, psoriasis severity assessed
by PASI score, psoriatic arthritis (PsA), matching and
confounding factors included in multivariable regression
analyses. In case of multiple publications, we included
the most up-to-date or comprehensive information. We
did not contact any corresponding author of the eligible
studies in order to obtain additional information for the
meta-analysis.

Two authors (FB and PG) independently assessed the
risk of bias. Any discrepancies were addressed by a re-
evaluation of the original article by a third author (GG).
Since the eligible studies were non-randomized, the New-
castle—Ottawa Scale (NOS) was used to judge the quality
of the studies included in the meta-analysis, as recom-
mended by the Cochrane Collaboration. Briefly, the NOS
uses a star system to evaluate a study in three domains:
selection of participants, comparability of study groups,
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and ascertainment of outcomes of interest. We used an
adapted version of the NOS for cross-sectional studies.
We judged studies that received a NOS score of at least 8
stars to be at low risk of bias, thereby reflecting the high-
est quality [15].

Data synthesis and analysis

The primary outcome measure of the meta-analysis was the
risk of having NAFLD in patients with chronic plaque pso-
riasis and non-psoriatic control subjects. The ORs with 95%
CIs were considered as the effect size for all eligible studies.
When studies had several adjustment models, we extracted
those that reflected the maximum extent of adjustment for
potentially confounding risk factors. The adjusted ORs of
all eligible studies were then pooled, and an overall estimate
of effect size was calculated using the DerSimonian—Laird
random-effects model. The psoriasis severity, as assessed
by PASI score, in patients with and without NAFLD was
displayed as weighted mean difference (WMD) and 95%
ClIs for the changes of mean PASI score between psoriatic
patients with and without coexisting NAFLD. Visual inspec-
tion of the forest plot was used to investigate the possibility
of statistical heterogeneity. Statistical heterogeneity was also
assessed by the I’-statistics, which provides an estimate of
the percentage of variability across studies that is due to
heterogeneity rather than chance alone. According to Hig-
gins and Thompson [16], I*-values of approximately 25%
represent low heterogeneity; approximately 50% represent
medium heterogeneity; and approximately 75% represent
high heterogeneity. Publication bias was evaluated using
the funnel plot, the Begg’s rank correlation test [17] and the
Egger’s regression test [18].

To explore the possible sources of heterogeneity among
the eligible studies and to test the robustness of the observed
associations, we performed subgroup analyses stratifying
the eligible studies by study country, methodology used for
the diagnosis of NAFLD, NOS scale (i.e. the ‘high-quality’
studies), or whether they had adjustment at least for age, sex
and body mass index (BMI]. Additionally, we performed
univariable meta-regression analyses to evaluate the impact
of specific moderators (i.e., age, sex and BMI) on the effect
size of the risk of having psoriasis-related NAFLD across
the eligible studies. We also tested for possible excessive
influence of individual studies using a meta-analysis influ-
ence test that eliminated each of the included studies one
at a time. All statistical tests were two sided and used a
significance level of p <0.05. We used Review Manager ver-
sion 5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014) and STATA® software v16.1
(StataCorp, College Station, Texas, USA) for all statistical

analyses. This systematic review and meta-analysis is regis-
tered in PROSPERO, number: CRD42021247549.

Results
Characteristics of the included articles

From a total of 76 retrieved articles (after excluding dupli-
cates), a total of 20 eligible studies from PubMed, Scopus
or Web of Science databases were identified based on the
titles and abstracts, (kappa agreement=90%) (Fig. 1).
After full text examination of these 20 potentially eligi-
ble studies, we excluded five studies because unsatisfac-
tory inclusion criteria or unacceptable outcome measures,
(kappa agreement =90%) (Supplementary Table 1). After
of this exclusion, a total of 15 observational studies were
analysed in the meta-analysis. Of these 15 eligible studies,
11 studies were included in the pooled primary analysis
that compared the risk of prevalent NAFLD between pso-
riatic patients and non-psoriatic controls; 8 studies were
included in the analysis examining the association between
NAFLD and psoriasis severity, as assessed by PASI score;
5 studies were included in the secondary analysis assess-
ing the risk of prevalent NAFLD among psoriatic patients
with and without PsA [19-33]. Of note, the study by Ogdie
et al. included both a cross-sectional and a cohort design
[24].

In particular, the main characteristics of the 11 eligible
studies assessing the risk of prevalent NAFLD are reported
in Table 1. Overall, these cross-sectional or case—control
studies had aggregate data on 249,933 psoriatic patients
(mean age 55 years, mean BMI 27.7 kg/m?, 54% were
men, 49% had NAFLD) and 1,491,402 non-psoriatic
healthy controls (mean age 53 years, mean BMI 26.7 kg/
m?, 49% were men, 36% had NAFLD). Four studies were
carried out in the Europe (Italy and the Netherlands), 3
studies were carried out in Asia (Iran and Taiwan) and 4
studies were carried out in the United States. NAFLD was
diagnosed by ultrasonography in 7 studies and by ICD-
9/10 codes in 4 studies. No studies with liver biopsy data
were available for the meta-analysis.

The main characteristics of the 8 eligible studies exam-
ining the association between NAFLD and psoriasis sever-
ity, as assessed by PASI score, are reported in Table 2. Of
these 8 studies, 4 recruited European individuals, 2 stud-
ies involved Asian subjects and 2 studies involved United
States individuals. NAFLD was diagnosed by imaging
techniques (mostly ultrasonography) in all eligible stud-
ies, although 2 ones also used biopsy in a small subset of
psoriatic patients (for a total of 57 cases).
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Risk of prevalent NAFLD in patients
with and without chronic plaque psoriasis

The distribution of the 11 eligible studies by estimate of
the association between presence of psoriasis and risk of
NAFLD, stratified by methods used for NAFLD diagno-
sis (ultrasonography vs. ICD codes), is plotted in Fig. 2.
Overall, patients with chronic plaque psoriasis had an
approximately doubled odds ratio for NAFLD compared
to non-psoriatic control subjects (pooled random-effects
OR 1.96, 95% CI 1.70-2.26, I’=97%, p <0.001). Simi-
lar results were observed when the studies were strati-
fied by the methods of NAFLD diagnosis, i.e., either by
ultrasonography (n =7; pooled random-effects OR 2.02,
95% CI 1.78-2.28, I*’=13%, p=0.33) or by ICD codes
(n=4; pooled random-effects OR 1.83,95% CI 1.45-2.32,
F=97%, p <0.001). Notably, as shown in the figure, there
was no significant heterogeneity across the eligible studies
that used ultrasonography to diagnose NAFLD (I* = 13%).

@ Springer

Psoriasis severity in patients
with and without NAFLD

Figure 3 shows the pooled estimates of mean PASI score
among psoriatic patients with and without coexisting
NAFLD across 8 eligible studies. Psoriatic patients with
NAFLD had significantly greater mean PASI score than their
counterparts without NAFLD (pooled WMD: 3.93, 95% CI
2.01-5.84; =88, p <0.0001).

Risk of incident NAFLD in patients with psoriasis

In a subgroup of patients, the study conducted by Ogdie
et al. also assessed the risk of incident NAFLD in patients
with psoriasis or in those with other autoimmune diseases. In
particular, in this study that involved 197,130 patients with
psoriasis, 12,308 patients with PsA, 54,251 patients with
rheumatoid arthritis and 1,279,754 healthy controls, Ogdie
et al. showed that compared to healthy controls, patients
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found, as formally tested by the Begg’s rank correlation test
(p=0.436), or the Egger’s regression test (p =0.183) (Sup-
plementary Fig. 7).

Discussion

Our updated meta-analysis provides evidence for a signifi-
cant association between chronic plaque psoriasis and risk of
prevalent NAFLD, as detected by ultrasonography or ICD-
9/10 codes. Our meta-analysis involves a total of 15 obser-
vational cross-sectional studies with aggregate data on more
than 1.7 million individuals, i.e., 249,933 psoriatic patients
(49% with NAFLD) and 1,491,402 non-psoriatic healthy
controls (36% with NAFLD). Specifically, we found that
patients with chronic plaque psoriasis had a nearly twofold
higher odds of prevalent NAFLD compared to non-psoriatic
healthy controls. The magnitude of this risk remained essen-
tially unchanged even when the comparison was stratified by
study country, modality of NAFLD diagnosis, NOS quality
scale or degree of covariate adjustment. Notably, the risk
of NAFLD appeared to increase further with the severity
of psoriasis, given that psoriatic patients with NAFLD had
significantly higher mean PASI score than their counterparts
without NAFLD. Furthermore, the risk of NAFLD also
tended to be higher among patients with PsA than among
those with skin psoriasis alone.

Our findings corroborate and extend the results of two
previous smaller meta-analyses (published in 2015 and
2019) [9, 10]. These two meta-analyses included a lower
number of observational studies (from 6 to 9 cross-sec-
tional or case—control studies) with a smaller overall sam-
ple size. In the first meta-analysis including 6 case—control
studies, Candia et al. reported that psoriatic patients had
2.1-fold increased odds of prevalent NAFLD (as detected
by ultrasonography or ICD-9/10 codes) compared to non-
psoriatic individuals (n =6 studies included; pooled random-
effects OR 2.15, 95% CI 1.57-2.94; I*=74%) [9]. This risk
appeared to be comparable between patients with mild
psoriasis and those with moderate to severe psoriasis. In
second meta-analysis that incorporated 9 cross-sectional or
case—control studies, Phan et al. also showed an almost dou-
bled risk of having NAFLD (as detected by ultrasonography
or ICD-9/10 codes) in patients with psoriasis compared to
non-psoriatic controls (n=6 studies included; pooled ran-
dom-effects OR 1.95,95% CI 1.35-2.83; ’=91%) [10]. In
this meta-analysis, the authors failed to show any significant
association between the severity of psoriasis (assessed by
PASI score) and NAFLD, although the odds of NAFLD was
marginally (but not significantly) higher in patients with PsA
than in those with skin psoriasis alone (n =3 studies; pooled
random-effects OR 3.74, 95% CI 0.85-16.3; I>= 54%).

Collectively, therefore, compared to the aforementioned
two smaller meta-analyses, we have almost doubled the
number of eligible studies, increased the overall sample size,
and performed subgroup analyses and meta-regressions to
test the robustness of the observed associations. That said,
the evidence from this and the two previously published
meta-analyses supports the existence of a significant asso-
ciation between the presence and severity of psoriasis and
the risk of prevalent NAFLD.

To date, the precise underlying mechanisms linking
chronic plaque psoriasis and NAFLD are complex and
poorly understood. Psoriasis and NAFLD may share com-
plex, multi-factorial and overlapping metabolic abnor-
malities. A cluster of interconnected features defining the
metabolic syndrome are known to be closely associated
with chronic plaque psoriasis, including abdominal obesity,
atherogenic dyslipidaemia, hypertension, insulin resistance
and dysglycaemia [34]. In particular, insulin resistance
plays a pathogenic role in the development of NAFLD, as
it promotes an increased free fatty acid flux from visceral
adipose tissue into the liver, thereby increasing hepatic de
novo lipogenesis [34]. On the other hand, hepatic fat accu-
mulation may further aggravate systemic and hepatic insulin
resistance and promote increased hepatic glucose production
[35]. Additionally, overlapping mechanisms of the so-called
“metaflammation” may also contribute to the complex link
between psoriasis and NAFLD. Indeed, we found that both
psoriasis severity and PsA correlated with an increased risk
of prevalent NAFLD. The secretion of pro-inflammatory,
pro-thrombotic and oxidative stress mediators in both psori-
atic skin and adipose tissue might act systemically and pro-
mote insulin resistance and other metabolic derangements
that promote the development and progression of NAFLD.
For example, tumour necrosis factor-alfa, as well as interleu-
kins (IL)-1, IL-2, IL-6 and IL-17 may contribute to psoriatic
plaque development, as well as impaired glucose metabolism
and insulin resistance in both hepatocytes and adipocytes
[36]. However, the link between NAFLD and psoriasis is
more complex than previously believed. Indeed, it is also
possible to hypothesize that NAFLD (especially in its more
advanced forms) may release multiple pro-inflammatory
and pro-oxidant mediators (which is also one of the most
important mechanisms by which NAFLD may contribute
to the development of CVD and other extra-hepatic compli-
cations) [4—7] that may adversely influence the severity of
psoriasis by increased keratinocyte proliferation, increased
inflammation, and up-regulation of various vascular adhe-
sion molecules [8].

We believe that the observed association between psoria-
sis and NAFLD is clinically relevant and may have practi-
cal implications. Whilst phototherapy or topical treatments
are not usually associated with significant abnormalities in
metabolic parameters and serum liver enzymes, specific
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Table 2 Characteristics of the eligible studies evaluating the psoriasis severity (assessed by PASI score) in psoriatic patients with and without
NAFLD

References Country Patients, n Age, years® PASI® Diagnosis of Prevalence Risk of NAFLD Mean PASI dif-
(PMID) NAFLD of NAFLD, in PsA vs. PsO  ference in patients
n (%) (OR 95% CI) with NAFLD (IV,
95% CI)*
Gisondi Italy 130 51.2+134 13.1+£11.0 US 61 (47) 1.02 (0.51-2.03) 7.90 (4.67-11.13)
etal. [21]
(19560226)
Miele et al. [31] TItaly 84 50.1+15 16.4+10.0 US, biopsy (5 84 (59.2) 3.53 (0.98- 2.00 (— 1.96 to
(19664838) cases) 12.77) 5.96)
Madanagob- India 333 463+11.5 65+10.8 USand TE 58 (17.4) 3.71 (1.89-7.30) 2.20 (- 0.62 to
alane and 5.02)
Anandan [23]
(22672067)
Roberts United States 103 52.7+12 52449 TE, biopsy (52 48 (46.6) NR 2.21 (0.64-3.79)
et al. [33] cases)
(25521607)
Gisondi Italy 124 55.0+12.0 13.0+10.0 US 55 (44) 1.00 (0.52-1.95) 8.40 (5.14-11.66)
et al. [22]
(26537011)
Narayanasamy  India 250 447+12.0 27.8+13.5 USand TE 113 (45.2) NR 9.69 (6.29-13.09)
etal. [32]
(28053681)
Awosika United States 101 442+13.6 48+2.1 US 21 (21.2) NR 0.72 (—0.20 to
et al. [20] 1.64)
(29942422)
Magdaleno Spain 71 46.7+14 144+65 USand TE 37 (52.1) 2.15 (0.64-7.21) 1.30(0.30-2.30)
Tapial
et al. [30]
(31731325)

NR not reported, OR odds ratio, US ultrasonography, /V interval variable, TFE transitional elastography, PASI Psoriasis Area Severity Index, PsA

psoriatic arthritis
“Median (IQR)

®Mean + standard deviation

pharmacological treatments may, instead, adversely affect
metabolic comorbidities, including NAFLD. In this regard,
it is also important to highlight that patients with moder-
ate-to-severe psoriasis are often treated with potentially
hepatotoxic drugs, such as methotrexate or cyclosporine.
Methotrexate may induce histological changes in the liver
that are comparable to those observed in NAFLD [37, 38].
In addition, psoriatic patients with type 2 diabetes or obesity
are at higher risk of developing hepatic fibrosis during meth-
otrexate treatment compared with their counterparts with-
out coexisting metabolic comorbidities [8]. Cyclosporine is
metabolized by the hepatic cytochrome P450 system and
may worsen glycaemic control in patients with type 2 diabe-
tes, exacerbate arterial hypertension and predispose to ath-
erogenic dyslipidemia [39]. For this reason, cyclosporine
should be used cautiously in psoriatic patients with NAFLD
or other metabolic comorbidities. Conversely, the newer bio-
logic drugs do not seem to affect negatively liver steatosis
and metabolic parameters, although a weight gain has been

@ Springer

reported with the long-term use of some TNF-a antagonists
[40]. IL-17 inhibitors are being investigated as a potential
therapeutic targeting therapy for patients with NAFLD and
psoriasis [41]. Consequently, we believe that the presence
of NAFLD in psoriatic patients should be always considered
when choosing pharmacological treatment, as some drugs
for psoriasis may be potentially hepatotoxic.

Our findings also imply that psoriatic patients might be
screened with liver ultrasonography especially when there
are also coexisting metabolic features associated with
NAFLD (e.g., obesity, atherogenic dyslipidemia or dysgly-
cemia). However, the optimal method of screening in these
patients is currently unknown. In view of the intrinsic
limitations of measurement of serum liver enzymes alone
as initial screening test for NAFLD, we believe that liver
ultrasonography combined with the use of non-invasive
biomarkers of advanced fibrosis (such as NAFLD fibrosis
score [NFS] or Fibrosis-4 score [FIB-4]) or, alternatively,
vibration-controlled transient elastography (Fibroscan)
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Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Random, 95% CI
1.4.1 ultrasonographic NAFLD
Abedini etal 2015 1.2782 0.2687 123 123 49% 3.59(2.12,6.08] B
Awosika etal 2018 0.967 0.8369 101 51 0.7% 2.63[0.51,13.56) —
Gisondi et al 2009 0.8154 0.2246 130 260 6.2% 2.26 [1.46,3.51) _—r—
Gisondi etal 2016 0.7885 0.3135 124 79 4.0% 2.20(1.19,4.07) =
Madanagobalane etal 2012 0.7975 0.25 333 300 5.4% 2.22[1.36,3.62) —
Van derVoortetal 2014 0.5306 0.1906 118 2174 7.4% 1.701.17,2.47) ==
Van der Voort et al 2016 0.6523 0.0245 74 1461 14.8% 1.92[1.83,2.01] .
Subtotal (95% Cl) 1003 4448  43.5% 2.02[1.78, 2.28] ¢
Heterogeneity: Tau*= 0.01; Chi*=6.94, df= 6 (P = 0.33); F=13%
Test for overall effect: Z=10.99 (P < 0.00001)
1.4.2 Hospitalization discharge report
Ogdie etal 2018 01702 0.0422 197130 1279754 14.4% 1.19[1.09,1.29] -
Tsaietal 2011 0.8218 0.091 51800 207200 12.2% 2.27[1.90,2.72) -
Yang etal 2021 0.6523 0.0245 0 0 148% 1.92[1.83,2.01] .
Yousafetal 2020 0.7975 0.0023 0 0 151% 222(2.21,2.23) =
Subtotal (95% Cl) 248930 1486954 56.5% 1.83[1.45,2.32] -3
Heterogeneity: Tau®*= 0.05; Chi*= 254.33, df= 3 (P < 0.00001), F=99%
Test for overall effect: Z=5.10 (P < 0.00001)
Total (95% Cl) 249933 1491402 100.0% 1.96 [1.70, 2.26] ¢
Heterogeneity: Tau®= 0.03; Chi*= 292.90, df= 10 (P < 0.00001); F= 97% =l] 01 0¥1 150 100’

Test for overall effect: Z= 9.26 (P < 0.00001)
Test for subgroup differences: Chi*=0.49, df=1 (P=0.48), F=0%

Favours [no association] Favours [association]

Fig.2 Forest plot and pooled estimates of the effect of chronic plaque psoriasis on the risk of prevalent NAFLD in 11 eligible studies, stratified
by NAFLD diagnosis (ultrasonography vs. International Classification of Diseases codes)

Mean PASI score in psoriatic patients with NAFLD vs. without NAFLD

Psoriasis with NAFLD Psoriasis without NAFLD Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Rand 95% CI IV, Rand: 95% CI
Awosika etal 2018 23 21 4.08 0.97 80 15.6% 0.72[-0.20,1.64] r
Gisondi et al 2009 131 11 61 5.2 71 69 11.1%  7.90[4.67,11.13] o
Gisondi etal 2016 14.1 12 55 5.7 27 51 11.0%  8.40[5.14,11.66) -3
Madanagobalane etal 2012 10.8 58 43 38 254 12.0% 2.20[-0.62,5.02) ™
Magdaleno-Tapial etal 2019 29 37 137 1.1 34 155% 1.30(0.30, 2.30] r
Miele et al 2009 10 84 16 9 28 9.6% 2.00 [-1.96, 5.96] ™
Narayanasamy et al 2016 3288 1354 113 2319 1205 105 10.7%  9.69[6.29,13.09] -
Roberts etal 2015 5.207 4.96 48 2.996 27 55 14.6% 2.21(0.64,3.79) ol
Total (95% Cl) 477 676 100.0% 3.93[2.01,5.84] ()
Heterogeneity: Tau®= 5.90; Chi*= 56.60, df= 7 (P < 0.00001); F= 88% 5_1 0 _530 ) 5:0 1005

Test for overall effect: Z= 4.02 (P < 0.0001)

Favours no association Favours association

Fig. 3 Forest plot and pooled estimates of PASI score in psoriatic patients with and without NAFLD (n=8 studies included). Data are expressed
as weighted mean difference (WMD) and 95% confidence intervals

Effect of psoriatic arthritis on the risk of prevalent NAFLD

PSA PSO Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Gisondi et al 2009 33 70 28 60 23.5% 1.02[0.51,2.03] —
Gisondi etal 2016 27 52 55 106 241% 1.00[0.52,1.95] —
Madanagobalane etal 2012 21 47 37 207 2338% 3.71[1.89,7.30] —a
Magdaleno-Tapial etal 2019 9 14 26 57 14.8% 2.15(0.64,7.21) ==
Miele et al 2008 25 28 59 84 13.8% 3.53(0.98,12.77) - =
Total (95% CI) 21 514 100.0% 1.83[0.98, 3.43] <
Total events 115 205
Heterogeneity: Tau®= 0.31; Chi*=11.05, df= 4 (P = 0.03); F= 64% =EI 01 0?1 1?0 100*

Test for overall effect: Z=1.89 (P = 0.06)

Favours [PSO] Favours [PSA]

Fig.4 Forest plot and pooled estimates of the effect of psoriatic arthritis (PsA) on the risk of prevalent NAFLD (n=6 studies included)
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might be fruitful as first-line choice in identifying psori-
atic patients with NAFLD and advanced fibrosis, in order
to refer to a hepatologist [8]. In addition, we also believe
that all psoriatic patients with NAFLD should be also fol-
lowed routinely to assess the development of liver-related,
metabolic and CVD complications [8].

This meta-analysis has some important limitations that
should be mentioned. First, the cross-sectional design of
the studies precludes us from establishing causality and
temporality for the observed associations. Second, the
overall quality of the included studies is not consistently
high and some of the eligible studies reported incomplete
adjustments for potential confounding factors, thus the
possibility of residual confounding by unmeasured factors
cannot be ruled out. The degree of adjustment performed
in most of the eligible studies is limited, as some studies
did not adjust for BMI and, most importantly, no studies
adjusted also for insulin resistance or plasma inflamma-
tory biomarkers. Thirdly, even though we used the Der-
Simonian—Laird random-effects model, the interpreta-
tion of some results of this meta-analysis should require
some caution in view of the high heterogeneity observed.
However, it is important to underline that we found a very
low heterogeneity (I*=13%) when we pooled the studies
examining the association between psoriasis and risk of
NAFLD, where the diagnosis of NAFLD was made with
ultrasonography. Another potential limitation of our meta-
analysis is that the majority of the eligible studies used
imaging techniques (mostly ultrasonography) or ICD-9/10
codes that are not always reported by physicians during
their daily clinical practice. Indeed, only two studies used
liver biopsy, which is the reference method for diagnos-
ing and staging NAFLD, but exclusively in a number of
patients that was too small for making any statistical analy-
sis. Thus, it is currently uncertain if psoriatic patients are
also more likely to have more advanced forms of NAFLD
(i.e., NASH with varying levels of fibrosis) compared with
non-psoriatic controls.

Although these limitations, our meta-analysis has some
important strengths. This review summarizes data from large
studies that are likely to reflect people with chronic plaque
psoriasis usually seen in clinical practice. We could not
definitely exclude a selective reporting bias, but we believe
that our search has made such bias unlikely. Finally, visual
inspection of the funnel plot did not show any publication
bias.

In conclusion, this updated meta-analysis of more than
1.7 million individuals of different countries shows that
psoriasis is significantly associated with a nearly twofold
increased odds of prevalent NAFLD. This risk parallels the
underlying severity of chronic plaque psoriasis. Given the
observational design of the eligible studies and the fact that
most eligible studies used ultrasonography for detecting

@ Springer

NAFLD, the findings of this meta-analysis pave the way
for novel large, prospective, histologically based studies.
Mechanistic studies are also needed to better elucidate the
existing but complex link between psoriasis and NAFLD.
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