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ABSTRACT

Background: Recent case-control studies observed an increased prevalence of non-
alcoholic fatty liver disease (NAFLD) in psoriasis patients, which is relevant in selecting 
optimal psoriasis treatment. 

Objective: To compare the prevalence of NAFLD in people with psoriasis and those 
without psoriasis. 

Methods: This large prospective population-based cohort study (part of the Rotterdam 
study) enrolled elderly participants (>65 years). NAFLD was diagnosed as fatty liver on 
ultrasonography in the absence of other liver diseases. Participants with psoriasis were 
identified using a validated algorithm. Multivariable logistic regression model was used 
to assess whether psoriasis was associated with NAFLD after adjusting for demographic, 
life-style characteristics and laboratory findings. 

Results: In total, 2,292 participants were included (mean age 76.2±6.0 years; 58.7% 
female; mean BMI 27.4±4.2kg/m2) of whom 118 (5.1%) had psoriasis. The prevalence 
of NAFLD was 46.2% in psoriasis subjects compared to 33.3% for the reference group 
without psoriasis (p=0.005). Psoriasis was significantly associated with NAFLD; after 
adjustment for alcohol consumption, pack-years and smoking status, presence of meta-
bolic syndrome and alanine aminotransferase, psoriasis remained a significant predictor 
of NAFLD (adjusted OR=1.7, 95%CI 1.1-2.6). 

Limitations: This was a cross-sectional study

Conclusion: Elderly participants with psoriasis are 70% more likely to have NAFLD than 
those without psoriasis independent of common NAFLD risk factors.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is currently the most common chronic liver dis-
ease in Western countries, and is considered the hepatic manifestation of the metabolic 
syndrome.1 It was estimated that NAFLD will be the leading cause of liver transplanta-
tion by 2020.2 The prevalence of NAFLD, diagnosed by ultrasonography, ranges from 
15-34% and can be as high as 74% in obese patients.3-6 Although the condition is mostly 
asymptomatic, it is the most common cause of abnormal liver enzymes in Caucasian 
populations.7 NAFLD refers to a wide spectrum of liver damage, ranging from mild ste-
atosis to non-alcoholic steatohepatitis (NASH) 8, advanced fibrosis and liver cirrhosis. The 
prevalence of NASH and cirrhosis due to NAFLD in the general population is estimated 
to be 5% and 1%, respectively. The pathophysiology of how NAFLD develops into a 
NASH or cirrhosis remains unclear.

Recently, three hospital-based observational studies suggested that psoriasis patients 
are 1.5 to 3 folds more likely to have NAFLD.9-11 Furthermore, psoriasis patients are more 
likely to suffer from methotrexate-induced liver damage compared to healthy controls 
and patients with rheumatoid arthritis.8 This increased risk of NAFLD and subsequent 
risk of liver damage was explained by an increased prevalence of NAFLD risk factors 
such as obesity, diabetes mellitus and alcohol consumption among psoriasis patients. 
12-14 Because of the strong association of both psoriasis and NAFLD with these metabolic 
conditions and the potentially increased chronic systemic inflammatory status in both 
diseases, it is still unclear whether psoriasis is an independent risk factor for NAFLD.

In this study, we assessed whether elderly participants with psoriasis have a higher 
prevalence of NAFLD compared to a reference population and to what extent this as-
sociation depends on other known risk factors for NAFLD. 

METHODS

Participants

This study is part of the Rotterdam Study, an on-going large prospective population-
based cohort study, which started in January 1990.15 All inhabitants who were aged 
55 years and older, living in Ommoord, a district in Rotterdam (The Netherlands), were 
invited to participate. The rationale and study design have been described previously.15 
Abdominal ultrasonography was introduced to the core protocol at the fifth survey of 
the Rotterdam Study (February 2009-February 2012), which constitutes the baseline sur-
vey for the present study. Clinical skin examinations for the screening of dermatological 
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conditions started in September 2010. In addition, each participant completed an ex-
tensive interview, fasting blood was collected and anthropometric measurements were 
conducted. Detailed information on drug prescriptions was dispensed from automated 
pharmacies, where nearly all participants (98%) are registered. 

Diagnosis of psoriasis

Psoriasis was diagnosed either by trained physicians in Dermatology at the research 
center, or by records of general practitioners (GP). Participants, which were not seen at 
the research center, were identified using a validated algorithm based on hard copy and 
electronic medical records of all subjects using anti-psoriatic drugs or who had a diag-
nostic code for psoriasis were screened for the diagnosis of psoriasis in the GP notes, 
medical specialist reports and hospital discharge letters. The participants seen at the 
research center were used as gold standard. Participants with a history of possible anti-
psoriatic drug use, but without a diagnosis of psoriasis, were excluded from the analysis. 
The validated algorithm had a sensitivity 98%, specificity 98%, positive predictive value 
62% and a negative predictive value of 99.9%. A detailed description of the psoriasis 
selection was described previously.16 Participants without psoriasis were defined as the 
reference cohort. 

The date of onset of psoriasis was the date of the first diagnosis of psoriasis in the 
medical records, first anti-psoriatic medication available in the pharmacy database or 
the self-reported date of onset, whichever came first. Psoriasis severity of participants 
evaluated at the research center was scored using the Psoriasis Area Severity Index 
(PASI).17 

Diagnosis of NAFLD

Abdominal ultrasonography was performed by certified and experienced technicians 
on Hitachi HI VISION 900 in all study participants. Images were re-evaluated by a hepa-
tologist (J.N.L.S.) with more than ten years’ experience in ultrasonography. The diagnosis 
and grading of fatty liver was determined according to the protocol by Hamaguchi et al 
18. Severity of fatty liver was classified as ‘no fatty liver’ (score 0-1), ‘mild fatty liver’ (score 
2-3), or ‘moderate-to-severe fatty liver’ (score 4-6). Participants with any of the following 
possible secondary causes of fatty liver were excluded from the analyses: 1) excessive al-
cohol consumption 2) positive HBsAg or anti-HCV, 3) use of oral pharmacological agents 
historically associated with fatty liver (i.e. amiodarone, corticosteroids, methotrexate, 
and tamoxifen). None of the psoriasis participants used methotrexate at the time of the 
ultrasound. Other rare causes of chronic liver disease (e.g. autoimmune liver diseases, 
alpha-1 antitrypsin deficiency, Wilson’s disease) were not accounted for. The impact 
of misclassification bias is likely to be small because most of these rare diseases in a 
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population sample affect young patients and those treated with corticosteroids were 
excluded from the analysis. 

Covariables

Participants were interviewed at home using a standardized questionnaire to obtain 
data concerning demographics, medical history, comorbid conditions, smoking behav-
iour, alcohol intake, and (prior) drug use. Data from the first interview prior to ultrasound 
examination were used. Excessive alcohol consumption was defined as more than 14 
drinks weekly for men and women. Pack-years of smoking were calculated as years of 
smoking (excluding years of non-smoking) multiplied by the average number of packs 
(containing 20 cigarettes) smoked per day. 

Anthropometric measurements were performed by well-trained nurses. Body Mass 
Index (BMI) was calculated as weight(kg)/length(m2). Waist and hip circumference were 
measured in centimeters. The average of two blood pressure measurements, obtained at 
a single visit in sitting position after a minimum of 5 minutes rest, was used for analysis. 

Fasting blood samples were collected on the morning of ultrasound examination. 
Blood lipids, glucose and alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), and gamma-glutamyltransferase (GGT) were analysed. Insulin, HBsAg and anti-
HCV antibodies were measured by automatic immunoassay (Roche Diagnostics GmbH, 
Mannheim,DE). 

The metabolic syndrome was defined, according to Adult Treatment Panel III cri-
teria, as the presence of at least three of the following five traits: 1) abdominal obe-
sity, defined as a waist circumference in men>102cm and in women>88cm, 2) serum 
triglycerides≥1.7 mmol/L or drug treatment for elevated triglycerides, 3) serum HDL 
cholesterol<1.0mmol/L in men and <1.3mmol/L in women or drug treatment for low 
HDL-C, 4) blood pressure≥130/85mmHg or drug treatment for elevated blood pressure, 
5) fasting plasma glucose≥5.6 mmol/L or drug treatment for elevated blood glucose.19 
Insulin resistance index was calculated using the Homeostasis Model Assessment of 
Insulin Resistance (HOMA-IR): fasting glucose (mmol/L) x fasting insulin (mU/L)/22.5.20

Statistical analysis

The Chi-square tests and Student’s t tests or Wilcoxon rank sum tests were used to test 
for statistical significance of differences in distributions of categorical data and continu-
ous data, respectively, between participants with and without psoriasis. 

The association between NAFLD and psoriasis was assessed by multivariate logistic 
regression analysis resulting in adjusted odds ratios (OR) and 95% confidence intervals 
(CI). The first multivariable model adjusted for age and gender. In the fully adjusted mul-
tivariable logistic regression model, we decided a priori to adjust for age, gender, alcohol 

Psoriasis is independently associated with NAFLD 5



consumption, smoking, the presence of the metabolic syndrome and ALT. In this model, 
metabolic syndrome was entered as a single covariate instead to avoid over-adjustment. 
The quantitative variables are handled as continue variables in the analyses. 

A multivariable ordinal regression analysis was used to assess the impact of psoriasis 
on the severity of NAFLD (no, mild and moderate to severe), which was the dependent 
variable in this analysis. 

P-values were two-sided and values <0.05 were considered statistically significant. 
Statistical analyses were performed using software (SPSS 20.0, IBM Corp, Armonk, NY).

The study was approved by the Medical Ethics Committee of the Erasmus Medical Center 
in Rotterdam. Written informed consent was obtained from all participants. 

The present study was reported according to the STROBE guidelines.21

RESULTS

Study population

Data on psoriasis diagnosis was available for all 3,205 participants who underwent an 
abdominal ultrasonography. After excluding cohort members with a history of possible 
anti-psoriatic drug use (e.g., medicated shampoos), but no diagnosis of psoriasis in their 
medical files or during clinical examination from the reference group, 2,617 participants 
remained (Figure 1). In total, 325 participants were excluded for the presence of second-
ary causes of fatty liver resulting in 2,292 eligible participants for the analyses. 

 

3205 participants with liver ultrasonography

118 psoriasis
participants

2292 eligible participants

2617 participants with liver ultrasonography
and conclusive psoriasis dataExcluded:

91 medication
0 methotrexate
0 TNF inhibitor
33 amiodarone
55 corticosteroids
3 tamoxifen

23 positive HBV, HCV
220 >14 alcohol beverage

55 NAFLD
(46.2%)

2174 reference
participants

724 NAFLD
(33%)

Excluded:
588 uncertainty about case
verification of psoriasis

 
 Figure 1. Flowchart of the participants of the Rotterdam study included in this study. 

Abbreviations: TNF, Tumor Necrosis Factor; HBV, hepatitis B viral infection; HCV, hepatitis C viral infection; NAFLD, 
non alcoholic fatty liver diseases.
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Psoriasis population

Of the 2,292 participants, 118 (5.1%) had psoriasis. The remaining 2,174 was defined as 
reference population. The average age of both populations was 76 years and 58.4% of 
the reference population was female compared to 62.4% of the psoriasis population 
(p=0.47; Table 1). Almost all participants in both groups were Caucasian. 

The median duration of psoriasis since first diagnosis was 10.5 years (interquartile 
range 13.4 years). At time of the analyses, one third of participants defined as having 
psoriasis received a dermatological examination at the research center and had a mean 
PASI of 2.9±2.8. In the past 20 years, 14% of 118 participants with psoriasis had been 
exposed to ultraviolet therapy (UVB and/or psoralen+UVA) and 10% had been treated 
with systemic therapy. None of the psoriasis participants were treated with systemic 
medication at time of the analyses. In only 5 out of the 118 participants with psoriasis, 
ultrasonography had been performed before the diagnosis of psoriasis (median dura-
tion of 2.5 month).

NAFLD prevalence

Among the psoriasis patients, 46.2% were reported to have NAFLD compared to 33.3% 
of the people in the reference population (p=0.005). Risk factors for NAFLD such as age, 
sex, ethnicity, BMI and alcohol intake did not significantly differ between participants 
with psoriasis and those without this skin disease. Although BMI as continuous vari-
able was not statistically different between the two groups (p=0.07), participants with 
psoriasis were significantly more likely to have a BMI>30kg/m2 and an increased waist 
circumference. Participants with psoriasis were also significantly more likely to be cur-
rent smokers (14.9% vs 8.2%, p=0.01) and to meet the criteria for metabolic syndrome 
(62.2% vs 52.2%, p=0.05).

Inversely, 7.0% of participants with NAFLD had psoriasis, as did 4.2% of participants 
without NAFLD (p=0.007). Prevalence of the metabolic syndrome was higher in partici-
pants with NAFLD (72%) than in participants without NAFLD (42%, p<0.001). ALT, AST, 
GGT and HOMA-IR were significantly higher in participants with NAFLD (all p-values 
<0.01). No difference was seen in alcohol intake or pack-years in current smokers be-
tween participants with or without NAFLD.

Factors associated with NAFLD 

Logistic regression analyses showed that psoriasis was associated with a significantly 
increased prevalence of having NAFLD of 70% (crude OR=1.70, 95%CI 1.17-2.46) and the 
risk remained increased after adjustment for age and gender (adjusted OR=1.70, 95%CI 
1.17-2.47). After adjusting for alcohol consumption, pack years of smoking, smoking 
status, ALT and presence of the metabolic syndrome in a multivariable logistic regres-
sion model, participants with psoriasis remained 70% more likely to have NAFLD on 
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Table 1. General characteristics of the study population according to presence of psoriasis.

Covariables

Total 
(n=2292)

Reference 
(n=2174)

Psoriasis 
(n=118)

P-value*

100% 94.9% 5.1%

Age (years) 76.2 (±6.0) 76.2 (±6.0) 76.0 (±6.5) 0.86

Female (%) 58.6 58.4 62.4 0.47

Caucasian (%) 95.1 95.0 97.1 0.33

BMI (kg/m2) 27.4 (±4.2) 27.3 (±4.1) 28.0 (±4.8) 0.07

BMI category 0.25

Normal; BMI < 25 (%) 30.3 30.3 29.1

Overweight; 25 ≤ BMI < 30 (%) 47.1 47.3 41.9

Obese; BMI ≥ 30 (%) 22.7 22.3 29.1

Alcohol intake (drinks/week) 3.8 (±3.8) 3.7 (±3.7) 4.0 (±3.8) 0.50

Smoking (Status) 0.04

Never (%) 36.7 36.8 34.2

Former (%) 54.8 55.0 50.9

Current (%) 8.5 8.2 14.9

Metabolic syndrome (%) 52.7 52.2 62.2 0.05

Fasting glucose >100 mg/dL or
drug treatment for elevated blood glucose

48.1 48.1 48.2 0.89

Waist circumference
>88cm (♀) or >102 cm (♂)

41.5 40.8 54.7 0.004

Triglycerides >150 mg/dL or
drug treatment for elevated triglycerides 43.4 43.4 44.1 0.92

HDL-C <40 mg/dL(♂) or <50 mg/dL(♀) or
drug treatment for low HDL-C 41.4 41.2 45.0 0.46

BP ≥130/85 mmHg or
drug treatment for elevated BP 93.7 93.8 91.5 0.30

ALT (U/L) 18 (14-23) 18 (14-23) 17 (14-22) 0.18

AST (U/L) 25 (22-29) 25 (22-29) 24 (20-27) 0.01

GGT (U/L) 22 (17-32) 22 (17-32) 23 (18-33) 0.22

HOMA-IR 2.6 (1.8-4.0) 2.6 (1.7-4.0) 2.8 (1.9-5.2) 0.09

Nonalcoholic fatty liver disease (NAFLD) (%) 34.0 33.3 46.2 0.005

Severity of NAFLD 0.01

Mild (%) 5.6 5.4 9.3

Moderate-severe (%) 28.2 27.8 36.4

Data are represented as mean (± standard deviation), median (25^th -75^th percentile) or percentages.
*Significance level between reference population and psoriasis. Based on T-test, Wilcoxon rank sum test or Chi-
square test
Abbreviations: BMI, Body Mass Index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gam-
ma glutamyl transferase; HOMA-IR, Homeostasis Model Assessment of Insulin Resistance; HDL-C, high-density li-
poprotein cholesterol; BP, blood pressure. 
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ultrasound examination compared to the reference population (fully adjusted OR=1.70, 
95%CI 1.13-2.58; Table 2). No statistical interaction was observed between psoriasis 
and alcohol consumption. Moreover, restricting the regression analysis to nondrinkers, 
psoriasis remained significantly associated with NAFLD (p=0.03). 

Ordinal regression analysis showed a significant association between psoriasis and 
the severity of non-alcoholic fatty liver (crude OR=1.54, 95%CI 1.11-2.15). After adjusting 
for alcohol consumption, pack-years of smoking, smoking status, ALT and presence of 
the metabolic syndrome, the presence of psoriasis increased the likelihood of having 
more severe NAFLD by approximately 60% (adjusted OR=1.58, 95%CI 1.06-2.38). 

DISCUSSION

In this large population-based cohort study of elderly people, psoriasis was indepen-
dently associated with NAFLD and increased the likelihood of having NAFLD by ap-
proximately 70%. In our study, the prevalence of NAFLD in participants with psoriasis 
in a general population was significantly higher than in our reference population (46% 
vs 33%). These prevalence estimates are comparable to results of an Italian case-control 
study (47%) including 130 psoriasis patients from a tertiary center (mean age 51.2, 
PASI>10 in 55%,) and 260 age, sex and BMI matched controls. 9 A higher prevalence 

Table 2. Association between psoriasis and NAFLD in logistic regression analysis. 

Crude / Adjusted OR (95% CI) P-value

Crude univariate model#

Psoriasis 1.70 (1.17-2.46) 0.005

Age and sex adjusted

Psoriasis 1.70 (1.17-2.47) 0.006

Multivariable adjusted*

Age, years 0.98 (0.96-1.00) 0.01

Sex, female 1.19 (0.96-1.48) 0.10

Metabolic syndrome 3.51 (2.86-4.32) <0.001

Smoking 0.2

Never 1

Past 0.88 (0.67-1.15) 0.34

Current 0.99 (0.96-1.01) 0.07

Pack years 1.01 (1.01-1.02) <0.001

Alcoholic beverages weekly 0.99 (0.96-1.01) 0.35

ALT (U/L) 1.01 (1.01-1.02) <0.001

Psoriasis 1.70 (1.13-2.58) 0.01

#Nagelkerke adjusted R square=0.005; *Nagelkerke adjusted R square=0.19 
Abbreviations: OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase
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of 59% was described in another cross-sectional Italian study that enrolled consecu-
tive out-clinic psoriasis patients in a tertiary referral center (mean age 50.1, PASI>10 in 
66%).11 An Indian hospital-based case-control study reported a prevalence of NAFLD 
of only 17% among 333 outpatient clinic psoriasis patients (mean age 46.3, PASI>10 
in 14%) which was estimated to be twice as high as the 300 age, sex and BMI matched 
controls.10 This lower prevalence in Indian patients can partly be explained by using an-
other definition of NAFLD (liver steatosis on ultrasound combined with laboratory liver 
enzyme abnormalities) and/or a different distribution of other risk factors for NAFLD 
in this non-Western population. Furthermore, prevalence differences are likely to be 
explained by various clinical settings and baseline characteristics (e.g., age, disease se-
verity, and presence of metabolic syndrome [ranging between 28%-49%] in the different 
studies). Compared to the other studies, the Dutch psoriasis patients were most likely to 
fulfil the criteria for metabolic syndrome, which may be due to the more elderly study 
population.

In the present study, one third of the reference population had NAFLD, a prevalence 
that is comparable to previously published data in the general population of Western 
countries, suggesting a good internal validity of the study.7, 22, 23 24

Metabolic syndrome was the strongest predictor of having NAFLD followed by excessive 
smoking, more than doubling of upper limit of ALT and psoriasis increased the likelihood 
of NAFLD by approximately 70%. Even in the fully adjusted model of the most com-
mon known risk factors of NAFLD, these will explain together not even 20% (adjusted R 
square=0.191) and psoriasis accounted for less than 1% of the variability of developing 
NAFLD. This implies that the pathogenesis of NAFLD appears to be multifactorial in 
origin and the underlying mechanisms causing NAFLD are still largely unclear. Other risk 
factors of NAFLD such as genetic predisposition, lifestyle factors, drugs/toxin exposure, 
pro-inflammatory status and/or chronic oxidative stress that were not assessed in this 
and other psoriasis studies, may explain a part as well. 

NAFLD is considered the hepatic manifestation of the metabolic syndrome and seems to 
be an independent predictor of cardiovascular disease (CVD).1, 25, 26 The slightly elevated 
pro-inflammatory markers found in psoriasis, NAFLD, the metabolic syndrome and 
CVD, causing a “chronic inflammatory state”, display considerable overlap. For example, 
increased levels of interleukin-6, CRP and TNFα have been demonstrated in all of these 
conditions. TNFα in particular is hypothesised to play a role in the development of both 
psoriasis and NAFLD.4, 27, 28 Notwithstanding this considerable overlap of inflammatory 
markers, this does not prove any causal relationship between these different condi-
tions.29 
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The pathogenesis of both psoriasis and NAFLD is multifactorial and complex. In both 
conditions environmental components and genetic factors are likely to play an important 
role as well. However, the exact underlying genetic mechanisms are largely unknown. In 
NAFLD PNPLA3 deserves most attention. PNPLA3 is associated with increased hepatic 
fat levels and hepatic inflammation and has been validated in a series of studies. The 
genes that are most likely to be affected in psoriasis are PSORS1-10, which influences 
the immune system and skin. As far as we know, there is no genetic overlap between 
psoriasis and NAFLD.30, 31 

Although the majority of participants in this population-based study had mild psoriasis, 
the prevalence of NAFLD in severely affected patients from a tertiary center was com-
parable to that observed in a sample of patients with predominantly mild disease from 
the general population. This accordance we hypothesize that the association between 
psoriasis and NAFLD is maybe irrespective of psoriasis severity. Physicians prescribing 
drugs with potential liver-toxicity should be aware of the possible presence of NAFLD 
in both mild and severely affected psoriasis patients due to a higher risk of developing 
(drug-induced) advanced stage chronic liver disease.32, 33 It could be argued that refer-
ral of psoriasis patients with a suspicion of NAFLD (e.g. due to presence of metabolic 
syndrome or liver enzyme abnormalities) to a hepatologist should be considered prior 
to starting liver-toxic medication,34 but screening for NAFLD is not routinely advised by 
the “Practice guideline of NAFLD by the American Association for the Study of Liver Dis-
eases, the American College of Gastroenterology, and the American Gastroenterological 
Association”.35

Strengths and limitations

Among the strengths of this study are its population-based design, the large number 
of participants and the extensive availability of demographic, disease and life-style fac-
tors. In the adjusted models, we were able to include most of the known confounders 
that could influence the association between NAFLD and psoriasis. The study was also 
performed in a district of Rotterdam well-representative of the Dutch elderly general 
population. An intrinsic limitation of the cross-sectional study design is that the tempo-
ral relationship remains unclear and that a direct causal relationship between psoriasis 
and NAFLD cannot be established. The case definition (i.e., psoriasis) was based on an 
algorithm with a high specificity and sensitivity (both 98%). Data on psoriasis severity 
was only available in a subset of patients (who were seen by a resident in dermatology) 
making the interpretation of the subgroup analysis hazardous. Since the population 
consisted of elderly participants, the results may not be generalized to younger sub-
jects. The elderly population also explains the high prevalence of psoriasis compared 
to other population based studies.36 However, NAFLD mainly affects middle-aged and 
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elderly people, and its prevalence increases with age.35, 37-41 The short average duration 
of psoriasis with 10.5 years was not expected for this elderly population, which may 
suggest the existence of information bias. However, as this was not a major endpoint of 
this study, this is not very likely to have influenced our results. Ultrasonography is not 
able to differentiate between simple fatty liver and steatohepatitis. However, perform-
ing liver biopsies, the golden standard for discerning between stages of liver disease, in 
a population-based setting is unethical and not feasible. A final limitation concerns the 
self-reporting of alcohol consumption, which may imply that excessive alcoholic intake 
was underreported in both psoriasis and reference populations. 

In conclusion, psoriasis seems to be independently associated with NAFLD in this 
cross-sectional population-based study of elderly Dutch individuals. The increased 
prevalence of NAFLD in participants with psoriasis should alert physicians to consider 
possible chronic hepatic involvement prior to administering therapies with potentially 
liver toxicity. 
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