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Abst rac t
Non-alcoholic fatty liver disease (NAFLD) is the most common liver pathology in the western countries. Psoriatic pa-
tients are at higher risk of having NAFLD, and at higher risk of experiencing a more severe form of the disease with 
poorer outcomes. The components of the metabolic syndrome – obesity, lipid abnormalities, hypertension, and type 2  
diabetes – significantly correlate with NAFLD progression. The inflammatory state present in psoriasis plays a sig-
nificant role in development of NAFLD and the metabolic syndrome. All patients with psoriasis and insulin resistance 
and risk factors for metabolic syndrome should also been screened for NAFLD, and planning of the treatment options 
should always take into consideration the possible risks related to the liver, especially in patients with NAFLD.
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Introduction

Psoriasis is a chronic, inflammatory disease caused 
by genetic, environmental and immunologic factors. Skin 
and joints are the most affected sites; however, there is 
a growing number of comorbidities leading to serious 
health and psychological implications [1, 2]. During the 
last decade, there has been increased scientific research 
about the association between psoriasis and other dis-
eases including cardio-vascular, metabolic, gastrointes-
tinal, liver, kidney diseases, depression, tumours, infec-
tions, and uveitis [3–7].

Recently, there has been growing interest in non-alco-
holic fatty liver disease (NAFLD) and its higher prevalence 
among patients with psoriasis. The aim of this review is 
to show the link between NAFLD and psoriasis and the 
implications in applying safe therapy.

Non-alcoholic fatty liver disease

NAFLD is defined as excessive liver fat accumulation 
in absence of other reasons for these accumulations, 
such as excessive alcohol consumption, hereditary or ac-
quired diseases such as Wilson’s disease, lipodystrophy, 
abetalipoproteinemia, starvation, as well as exogenous 
factors such as medications. Excessive alcohol intake, 
for clinical purposes, is defined as current or recent al-
cohol consumption of more than 21 portions per week 

(1 portion = 10 g of ethanol) for men, and more than  
14 portions for women [8]. In the case of NAFDL, its over-
all pathology is related to metabolic derangements, par-
ticularly insulin resistance (IR). Primary NAFLD can only 
be diagnosed when other causes of liver disease and ex-
cessive ethanol consumption have been excluded.

Currently, NAFLD is thought to be the liver manifesta-
tion of the metabolic syndrome [9]. There are well-known 
conditions that are associated with NAFLD in particular 
obesity, type 2 diabetes (T2DM), hypertension, and dys-
lipidaemia. New emerging conditions are sleep apnoea, 
colorectal cancer, osteoporosis, psoriasis, endocrinopa-
thies, and polycystic ovary syndrome independent of 
obesity [10]. Studies conducted in Eastern Asia suggest 
that the serum uric acid (SUA) level is highly related to 
NAFLD. Data from a study on the US population also 
confirmed the increased risk of NAFLD associated with 
a high serum level of SUA. This increased risk is prob-
ably independent of conventional NAFLD risk factors [11]. 
The prevalence of NAFLD may vary according to age, sex, 
and ethnicity [12]. In fact, both the prevalence of NAFLD 
and stage of liver disease appear to increase with age. 
Although controversial, male sex has been considered 
a risk factor for NAFLD. Furthermore, the prevalence of 
NAFLD in men is 2 times higher than in women [13].

The authors from Shanghai, China (study on 439 
patients) have found that patients with psoriasis onset 
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before the age of 40 have a significantly higher preva-
lence of NAFLD than patients with late onset of psoriasis 
(74.2% and 40.4%, respectively) [14].

Diet may affect modulation of liver fat accumulation, 
regulation of antioxidant activity, insulin sensitivity and 
postprandial triglyceride metabolism. Physical activity 
may modulate liver fat content through weight loss, but 
may also directly reduce oxidative stress [15–18].

The management of NAFLD and non-alcoholic steato-
hepatitis (NASH) prevention should consist of treating liv-
er disease as well as the associated metabolic comorbidi-
ties such as obesity, hyperlipidaemia, IR, and T2DM. To 
date, lifestyle modification, through exercise and weight 
loss efforts, has been the cornerstone of management of 
NAFLD. There is no standard pharmacological therapy for 
NAFLD or NASH [10].

NAFLD covers a wide spectrum of pathophysiologi-
cal features – from a simple hepatosteatosis called non-
alcoholic fatty liver (NAFL), through steatohepatitis NASH, 
liver fibrosis, and liver cirrhosis with its potential compli-
cations, including hepatocellular carcinoma [19].

The underlying mechanism for the development and 
progression of NAFLD is complex and multifactorial. One 
of the first hypotheses regarding progression of simple 
fatty liver to steatohepatitis was the “two hit” model, 
proposed by Day and James in 1998 [20]. This model sug-
gests that the first ‘‘hit”, the development of steatosis [21], 
sensitizes the liver to the second ‘‘hit” – oxidative stress 
and subsequent lipid peroxidation, proinflammatory cy-
tokines, adipokine release and mitochondrial dysfunction 
promote hepatic injury, inflammation and fibrosis, leading 
to apoptosis, necroinflammation and ultimately fibrosis 
and cirrhosis, through activation of hepatic stellate cells 
[22]. The pathogenesis of NAFLD and its progression is  
a complex process, which cannot be completely explained 
by the “two hit” hypothesis. A number of diverse parallel 
processes contribute to the development of steatosis and 
liver inflammation. The “multiple hit” hypothesis considers 
multiple insults acting together on genetically predisposed 
subjects to induce NAFLD and provides a more accurate 
explanation of NAFLD pathogenesis. Such hits include 
insulin resistance, hormones secreted from the adipose 
tissue, nutritional factors, gut microbiota and genetic and 
epigenetic factors [23].

The world epidemiological studies concerning NAFLD, 
NAFL and NASH prevalence are not conclusive. It is esti-
mated that NAFLD is the most frequent liver pathology 
in Western countries and affects 17–46% of the popula-
tion [11], and NASH 3–5% [8]. These data depend on the 
region, the examined population and methodology. The 
risk factors for NAFLD are obesity and type 2 diabetes [8]. 
Even though most of the NAFLD cases are not reported 
because of its symptomless nature [24], we can current-
ly observe an alarming rise of NAFLD frequency in the 
global population.

The NAFLD diagnosis has to be confirmed by imaging 
tests or liver biopsy. The diagnostic value of imaging tests 

such as ultrasonography (USG), computed tomography 
(CT), magnetic resonance (MRI) is very high for NAFLD 
(sensitivity and specificity > 90%) [25].

USG confirms most of the cases of average and se-
vere steatosis if it affects more than 30% of hepatocytes 
[26]. Unfortunately, imaging techniques are not able to 
differentiate between NAFL and NASH. The gold standard 
of NASH diagnosis is liver punch biopsy [8]. Because of 
the risk of progression of the relatively benign NAFL into 
NASH with liver fibrosis and cirrhosis, there is a need for 
a non-invasive monitoring method for these patients.

A routine biochemistry panel is recommended: albu-
min, bilirubin, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), γ-glutamyltransferase (GGT) as 
well as blood morphology. Most commonly one can ob-
serve an increase in the AST and ALT levels, usually not 
exceeding 5 times the upper limits [27]. Nevertheless, 
sometimes the activity of liver enzymes does not cor-
relate with NAFLD severity [28]. Identifying the presence 
and severity of the liver fibrosis in patients with NAFLD 
is of major importance. Non-invasive assessment of the 
stage of fibrosis is done by evaluating the rigidity of the 
liver by means of transient elastography. This method is 
used for evaluating the liver stiffness. The fibrosis cor-
relates well with liver stiffness [29]. Because the elas-
tography results have a higher rate of false-positive than 
false-negative results, they cannot be used for making 
clinically significant decisions [30]. The European soci-
eties for liver disease, diabetes and obesity (European 
Association for the Study of the Liver (EASL), European 
Association for the Study of Diabetes (EASD) and Euro-
pean Association for the Study of Obesity (EASO)) have 
published new guidelines for NAFLD management [30].

According to these regulations, all patients with in-
sulin resistance and risk factors for metabolic syndrome 
should be screened for NAFLD, by the use of abdominal 
USG and liver biochemistry panels. If NAFLD is confirmed 
by the USG, any increase in ALT, AST or GGT requires fur-
ther diagnostics. If no liver enzyme abnormalities are 
present, it is recommended to evaluate the risk of fibro-
sis using serum fibrosis markers such an “NAFLD fibrosis 
score” test (NFS). The test takes into account 6 param-
eters (age, body mass index (BMI), glucose level, platelet 
number, albumin concentration, AST/ALT ratio) and it 
is calculated with the use of a formula available online 
(http://nafldscore.com/) [31]. Results suggesting a low 
risk require follow-up every 2 years while any medium to 
high risk require further specialist referral [24]. Psoriasis 
patients with risk factors for metabolic syndrome treated 
by dermatologists should be evaluated based on these 
regulations.

Non-alcoholic fatty liver disease and psoriasis

NAFLD is considered to be a liver manifestation of 
the metabolic syndrome [9], and psoriasis has a strong 
connection with this syndrome [32], thus the frequent 
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co-presence of the 2 diseases is unsurprising. Mantovani 
et al. [33] have suggested a new definition of a hepato-
dermal axis, highlighting the importance of the mutual 
pathophysiological mechanisms of the two diseases. 
Ganzetti et al. have extended this definition by cardio-
vascular diseases (CVD), finding mutual inflammatory 
biomarkers for psoriasis, NAFLD and CVD [34].

Recent studies have shown a correlation between 
psoriasis, particularly its severe form and psoriatic arthri-
tis with NAFLD [35–38]. Gisondi et al. [35] have shown 
that patients with psoriasis have twice as high a risk of 
NAFLD (confirmed by an ultrasound). In addition, NAFLD 
was more frequent in patients with severe psoriasis 
(when estimated by PASI score). In another retrospec-
tive study Miele et al. [36] have found NAFLD in 59.2% of 
psoriatic patients.

In a study done by Roberts et al. that included 103 
patients with psoriasis and psoriatic arthritis, the preva-
lence of NAFLD was estimated to be 47% (confirmed by 
USG), and prevalence of NASH to be 22% (confirmed by 
punch biopsy) [39].

In a meta-analysis of 7 different studies done in 2015: 
patients with psoriasis (n = 267 761) had a higher risk of 
NAFLD when compared to a control group with no pso-
riasis – odds ratio (OR) = 2.15. The risk of NAFLD was sig-
nificantly higher for patients with psoriatic arthritis (n = 
505, OR = 2.25) and for patients with moderate to severe 
psoriasis when compared to patients with mild psoriasis 
(OR = 2.07) [40].

The above data show that in psoriatic patients there 
is an increased risk of severe hepatic complications. Thus, 
there is a need for meticulous liver monitoring, especially 
for patients subjected to chronic therapies [33].

Mutual pathophysiological mechanisms for 
psoriasis and non-alcoholic fatty liver disease

Psoriasis, as well as NAFLD, is a multifactorial dis-
ease. Common mechanisms responsible for psoriasis 
and NAFLD are mediated by pro-inflammatory cytokines.

The same mediators responsible for psoriasis and 
atherosclerosis may promote the liver steatosis and 
worsen both the NAFLD and psoriasis [33] (Figure 1).

The NAFLD pathogenesis has not been yet fully elic-
ited. It is thought that insulin resistance plays a major 
role in initiating the disease process and, recently, obe-
sity and adipokines (bioactive molecules released by the 
adipose tissue) have been suggested as well. A possible 
interaction between visceral fat, fatty liver and psoriatic 
skin has also been investigated [33].

White adipose tissue (WAT) is the source of pro-
inflammatory cytokines such as TNF-α, interleukin-1, 
interleukin-6, leptin, visfatin, chemerin, and resistin. At 
the same time there is a decreased production of adipo-
nectin (an anti-inflammatory cytokine), by the adipose 
tissue. Obesity, type 2 diabetes, hypertension, NAFLD 
correlate with decreased levels of adiponectin. Psoriatic 
patients also have a reduced level of adiponectin. Even 
lower levels of adiponectin were observed in patients 
with both psoriasis and NAFLD compared with patients 
affected with psoriasis without hepatic involvement [41]. 
This aspect could be linked to the adiponectin-mediated 
suppression of T-helper(Th)1 type cytokines which pre-
vent psoriasis-prone individuals from developing the dis-
ease until the imbalance of pro- and anti-inflammatory 
cytokines observed in patients with NAFLD antagonize 
these effects [41].

Pro-inflammatory adipokines such as interleukin-6 
(IL-6), leptin, and resistin seem to play a role in the patho-
genesis of both NAFLD and psoriasis. Tumor necrosis 
factor α TNF-α plays a role in NAFLD pathogenesis via 
promoting insulin resistance (stopping the insulin signal-
ling at the receptor level) and lipolysis stimulation with 
free fatty acids release [42]. Induction of liver fibrosis by 
TNF-α by Kupffer cell activation has also been described 
[43]. TNF-α is a key cytokine in the pathogenesis of psori-
asis. Imbalances between the pro- and anti-inflammatory 

Figure 1. Hypothesized connections between the skin, 
adipose tissue (WAT) and liver damage – a “vicious circle”. 
Modified from Mantovani et al. [33]

TNF – tumour necrosis factor, CRP – C-reactive protein, IL-6 – 
interleukin 6, IL-17 – interleukin 17, NAFLD – non-alcoholic fatty 
liver disease, NASH – non-alcoholic steatohepatitis. 
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cytokines promote the progression of liver disease. WAT-
produced adipokine excess may influence the severity 
of psoriasis by increased keratinocyte proliferation, Th1 
activation, angiogenesis and adhesion molecules activa-
tion in the skin [24].

It is highly probable that the mediators released by the 
fatty, inflamed liver have a negative effect on the severity 
of psoriasis by promoting keratinocyte proliferation [41].

Moreover, the multiple immunological and metabolic 
derangements mutually enhanced both diseases [33].

The influence of psoriasis therapy on NAFLD

There are many options available for the treatment 
of psoriasis. In general, they are classified as topical, sys-
temic and phototherapy.

The data previously mentioned in this article high-
light connections between psoriasis and metabolic de-
rangements and NAFLD. Thus, the safety of patients with 
psoriasis and NAFLD depends on the right choice of sys-
temic therapy.

Methotrexate

For more than 40 years, methotrexate (MTX) has 
been an effective and widely used medication in the 
therapy of moderate to severe psoriasis. It has anti-
proliferative effects, but it also works by suppressing the 
inflammation [44, 45] as well as inhibition of the Th1/
Th17 pathways [46].

MTX induces the synthesis of pro-fibrotic factors in 
hepatocytes and astrocytes by depleting the cells’ folate 
storages [47, 48]. MTX-induced liver damage is histologi-
cally similar to changes that occur in NAFLD [49]. The 
first description of the MTX-induced liver fibrosis case 
in a patient treated for psoriasis was done in 1964 [50]. 
Together with rising frequency of MTX usage, there is 
a higher level of liver toxicity. The first American Asso-
ciation of Dermatology (AAD) guidelines for monitoring 
MTX-treated psoriasis patients recommended pre-treat-
ment liver biopsy followed by series of biopsies during 
the treatment [51].

Currently, routine liver biopsies during MTX-treat-
ment are not recommended. The last 2009 AAD recom-
mendations recognize an increased liver fibrosis risk in 
patients with psoriasis and co-existing obesity, type 2 
diabetes, excessive alcohol intake or a pre-existing liver 
pathology [52]. The newest EADV recommendations from 
2015 assess the risk of liver fibrosis/cirrhosis after MTX 
use as moderately small, as long as appropriate screen-
ing and monitoring procedures are being used [53].

What is interesting to note is that there are more pa-
tients with MTX-induced liver injury with psoriasis than with 
rheumatoid arthritis, according to the literature [54]. Thus, 
there is a different perception of the risk of hepatotoxicity 
and its monitoring between rheumatologists and dermatol-
ogists [55]. The authors of the paper discussing the relation 

between the MTX-hepatotoxicity and NAFLD hypothesize 
that the higher frequency of hepatic fibrosis in patients with 
psoriasis than in patients with rheumatoid arthritis is due to 
the fact that the metabolic syndrome and NAFLD is overall 
less frequent in patients with rheumatoid arthritis [51].

The presence of NAFLD in patients with psoriasis in-
creases the risk of hepatotoxicity of MTX, and therefore 
these patients should be evaluated more thoroughly 
before treatment induction. It is recommended that the 
risk-benefit ratio of MTX therapy in such patients should 
be calculated on an individual basis. It is important to 
recognize NASH, especially NASH with the presence of 
fibrosis [51].

Cyclosporine A

Cyclosporine A, used for the treatment of moderate 
to severe psoriasis may induce hepatotoxicity. This may 
be a direct or an indirect process, by means of provoking 
an atherogenic dyslipidaemia, which promotes NAFLD. 
However, this is not common and usually affects liver 
transplant recipients [33].

Acitretin

Hepatic adverse reactions have been described during 
the treatment with acitretin, which is one of the gold stan-
dards of the conventional systemic treatment of psoriasis. 
Approximately 25% of patients can develop elevation of 
liver enzymes, what is usually transient, and severe liver 
toxicity is rare [56]. The role of acitretin in the process of 
liver fibrosis is unequivocal. The retinoic acid may induce 
the fibrosis process as well as accelerate its development. 
However, most sources identify acitretin as a liver protective 
agent. An et al. have shown that the combination therapy 
with MTX and acitretin results in less MTX-induced liver fi-
brosis without an increased risk of hepatotoxicity [57].

Biological treatment

The biological treatment options seem to be safer 
for the liver. Although there are several biological agents, 
three classes of biological treatments for psoriasis are 
available in practice. The first group includes tumour ne-
crosis factor α inhibitors (TNFi): etanercept, infliximab 
and adalimumab. The second group includes ustekinum-
ab, antibodies directed against interleukin IL-12 and  
IL-23 (IL-12/IL-23). The third group includes interleukin-17 
antagonists: secukinumab and ixekizumab [58].

In general, the biological treatments seem not to 
have a negative effect on the liver enzymes and other 
biochemical parameters when compared to conventional 
therapies. In the long term, the incidence of withdrawal 
from the treatment caused by side effects was higher in 
the group of patients treated with the conventional drugs 
than in the patients with biological treatments [59, 60].

TNF-α plays a major role in the induction of the in-
flammatory process in NAFLD. The role of TNFi in limit-
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ing the inflammatory process in animal models makes 
it plausible to introduce a TNF-α inhibitors therapy for 
liver diseases such as NASH in people. Unfortunately, 
the results of such trials are not conclusive – etanercept-
treated patients with liver alcohol damage were shown 
to have a higher risk of death when compared to a pla-
cebo group (related to a higher risk of infection) [61]. The 
improvement in the liver enzymes profile is, however, ob-
served after treatment with infliximab and adalimumab 
in patients with NAFLD and psoriasis [24]. The influence 
of TNFi on insulin resistance, which is one of the major 
factors responsible for fatty liver, is not yet determined. 
Treatment with etanercept was found to be beneficial on 
glucose homeostasis in obese patients [62]. In a meta-
analysis of patients with rheumatoid arthritis, a bene-
ficial effect of TNFi on insulin resistance was observed 
[63]. This beneficial effect was not, however, shown in 
patients with psoriasis [64]. It is considered that, in gen-
eral, treatment with TNFi does not have a negative effect 
on the lipid profile, and clinically important dyslipidaemia 
is rare. On the other hand, a significant increase in body 
mass can be observed mainly in patients with psoriasis 
undergoing treatment with TNFi [53]. That was not ob-
served in patients who were treated with ustekinumab.

The recently published literature recognizes the pos-
sibility of NAFLD as a negative side effect of TNFi therapy. 
NAFLD developing and progression was found in 8 patients 
during TNFi therapy, with no increase of body weight in 
most patients and normalization of ALT after therapy ces-
sation [65]. In another study of patients with NAFLD and 
psoriasis treated with TNFi, a worsening of the NAFLD was 
noted in patients in whom there was no resolution of joint 
symptoms after therapy cessation [66]. The earlier studies 
describing liver damage related to the TNFi therapy usually 
describe drug-induced liver injury (DILI) or an autoimmune 
hepatitis. The risk of developing such conditions is very 
small. DILI was described after treatment with all clinically 
available TNFis, especially after infliximab. The spectrum of 
the DILI syndrome consisted of conditions such as eleva-
tion of liver enzymes (usually resolving on its own) and 
cholestatic hepatitis [61]. There is little information on the 
effects of IL-12/23 and IL-17 on the liver. In the studies of 
ustekinumab no elevation of liver enzymes was seen. An 
increase in IL-12 activity in the liver of patients with NAFLD 
may signify a shift towards NASH. It is thus reasonable 
to hypothesize that therapy that hinders cytokine-related 
pathways may have a beneficial effect in such patients. 
Thus, therapy for psoriasis with the use of anti-IL-12/IL-23 
for patients who were previously treated with hepatotoxic 
drugs or who have liver pathologies, such as NAFLD seems 
to be safer than other options [67].

Conclusions

Psoriatic patients, particularly with its severe form 
and coexisting metabolic syndrome are at higher risk of 

developing NASH with all its consequences, what has to 
be taken into consideration while planning long-term 
treatment therapies.
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