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Background Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver 
disease in the developed countries. The aim of this study was to evaluate the NAFLD prevalence 
in European adults and children/adolescents of the general population and specific subgroups.

Method Search for all articles published between 01/1990-06/2019 reporting NAFLD prevalence 
from European countries. 

Results Nineteen studies with adults and 9 with children/adolescents were included. Pooled 
NAFLD prevalence in adults was 26.9%, being higher in studies using ultrasonography (27.2%) 
or fatty liver index (FLI) (30.1%) than liver biochemical tests (19.1%) and without differences 
between Mediterranean and non-Mediterranean countries or publication periods. Pooled NAFLD 
prevalence was higher in men than women (32.8% vs. 19.6%) and in patients with than those without 
metabolic syndrome (75.3% vs. 17.9%) or any of its components (always P<0.01). Ultrasound and 
FLI performed equally in estimating NAFLD prevalence in most subgroups. A higher prevalence 
was reported using FLI in obese and in diabetic patients, whereas a higher prevalence was observed 
with ultrasound in non-obese patients and in individuals without metabolic syndrome. NAFLD 
prevalence was 2.7% in unselected and 31.6% in obese/overweight children/adolescents. 

Conclusions NAFLD prevalence exceeds 25% in European adults, being higher in those with 
metabolic syndrome component(s)-related comorbidities. It remains low in unselected NAFLD 
population, but increased in overweight/obese European children/adolescents, particularly from 
Mediterranean countries.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is characterized 
by fat accumulation (steatosis) in >5% of hepatocytes, in the 
absence of other causes including alcohol over-consumption [1]. 
NAFLD spectrum ranges from benign hepatic steatosis, 
to nonalcoholic steatohepatitis (NASH), characterized by 
steatosis, inflammation and hepatocyte ballooning, and liver 
cirrhosis and/or hepatocellular carcinoma (HCC) [2,3].

Today, NAFLD represents the most common cause of chronic 
liver disease in developed countries with a global prevalence of 
25% among adults [4] being higher in patients with metabolic 
syndrome (MetS) or its components [5]. Moreover, liver 
transplantation (LT) performed in Europe for NASH-related 
decompensated cirrhosis and HCC increased from 0.9% to 5.0% 
and from 0.2% to 1.2% from 2014 to 2017, respectively [6], while 
in the USA NASH became the second leading cause for LT in 
2015 [7], and is expected to be the first one soon [8]. 
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Additionally, NAFLD is associated with an increased 
incidence of cardiovascular diseases (CVD) [1,2], dyslipidemia, 
insulin resistance, type II diabetes, and/or arterial hypertension, 
which represent components of MetS [1,2]. A recent meta-
analysis [9] demonstrated that NAFLD and particularly NASH 
carry significant clinical and economic burden [9]. However, 
NAFLD epidemiology in European countries alone has not 
been systematically investigated, despite the need for detailed 
description of the current situation that could guide precise 
patient management in this distinct region.

This systematic review and meta-analysis aimed to assess 
the NAFLD prevalence in European-only adults and children/
adolescents overall as well as different subgroups.

Materials and methods

Data sources and searches

PubMed/Medline from 1990 to June 2019 was searched 
according to the Preferred Reporting Items for Systemic 
Reviews and Meta-Analyses (PRISMA) guidelines [10] 
for a meta-analysis of observational studies to identify all 
relevant medical literature included under the following 
search text terms: “non-alcoholic fatty liver” OR “NAFLD” 
AND “prevalence” OR “epidemiology”. Also, a full manual 
search of all relevant review articles and the original studies 
retrieved was performed. PRISMA checklist is provided in the 
Supplementary Appendix A. 

Study selection 

All studies published in English as full papers were 
included if they fulfilled all of the following criteria: 1) they 
were observational (case-control or cohort) studies; 2) they 
included random samples of the general population or specific 
subpopulations with well-defined inclusion criteria from 
European countries; 3) they included adults (≥18 years old) or 
children/adolescents (<18 years old) with NAFLD diagnosis; 
4) they excluded other common causes of liver diseases, such 
as hepatitis B and C, as well as excess alcohol consumption 
in cases with NAFLD diagnosis; 5) they provided data on 
the prevalence of NAFLD based on any diagnostic method, 
i.e., biopsy, imaging [ultrasonography, magnetic resonance 
imaging (MRI) or other scans] or liver biochemical enzymes. 
Multicenter studies with participants from both European and 
non-European countries that did not provide the European 
data separately were excluded. If 2 studies of the same cohort 
were published, only the largest study was considered.

Data extraction and quality assessment

Data extraction from selected papers was carried out based 
on a predefined form by 2 authors (MP, GM) for adults and 
for children-adolescents (IP, EC) according to the PRISMA 

guidelines [10]. The Newcastle-Ottawa scale [11] was used to 
assess the quality of the included studies. 

Any queries regarding data extraction were arbitrated by a 
discussion with another author (GP). Data extracted from selected 
studies included country and center(s), date of publication, type 
of study (case-control or cohort), primary study question, sample 
size, age and gender in total population and among NAFLD 
cases, method of NAFLD diagnosis, and number of patients with 
NAFLD in the total population as well as in specific subgroups 
according to sex, smoking habits, presence of MetS and its 
parameters, presence of comorbidities such as obesity (based on 
the body mass index [BMI]), CVD, and chronic kidney disease. A 
pilot data extraction form was tested and revised. 

Risk of bias was assessed by the Newcastle-Ottawa scale. 
This scale assigns a maximum score of 5 for selection, 2 for 
comparability, and 2 for outcome. Studies with a score 7-9, 4-6 
and 1-3 were considered of high quality (low risk of bias), fair 
quality (moderate risk of bias), and low quality (high risk of 
bias), respectively.

Statistical analysis

The outcome of interest involved NAFLD prevalence in 
the total population and specific subgroups defined by gender, 
smoking habits, MetS and its parameters and comorbidities 
(obesity, CVD, chronic kidney disease) according to the 
diagnostic method, geographical region (Mediterranean 
or non-Mediterranean countries) and publication period, 
whenever data were available. In addition, pooled mean values 
were evaluated in participants with and without NAFLD, 
whenever data were available.

Meta-analysis was performed using a generalized linear 
mixed model [12] and Clopper-Pearson confidence intervals 
(exact binomial interval) for individual studies [13]. Between 
studies, variance was estimated using the maximum likelihood 
estimator. Heterogeneity was examined visually in the forest 
plots and its extent was described using the I2 measure, as 
proposed by Higgins et al [14]. We used a test statistic based 
on a weighted linear regression of the treatment effect on 
the inverse of the total sample size using the variance of the 
average event rate as weights, as described by Peters [15]. The 
pooled prevalence rates (95% confidence intervals [CI]) are 
reported. A prediction interval (PI) for the treatment effect of a 
new study was also calculated as proposed by Higgins [16,17]. 
Random-effects meta-analysis was chosen in advance as the 
analysis method to incorporate the assumption that the true 
effect varies across studies. In cases of zero responders, zero was 
replaced by 0.5, and the number of participants was corrected 
accordingly. Analysis was performed in R v3.6.0 [18] using the 
meta [19] and the metaphor [20] packages.

Results

In total, 28/3580 observational studies were included in the 
meta-analysis; 19 studies in adults published with a total of 
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85,486 subjects [21-39] and 9 studies in children/adolescents 
with a total of 19,891 subjects [40-48] (Supplementary Fig. 1). 
Study and subject characteristics for adults and children/
adolescents are presented in Supplementary Tables  1 and 2, 
respectively. 

Adults

Nineteen studies were included for the analysis of NAFLD 
prevalence in adults. Two of them evaluated patients with MetS 
and were used only for the relevant subgroup analysis [21,29]. 
The remaining 17 studies [22-28,30-39] were from 8 European 
countries (Germany: 6, Italy: 2, Netherlands: 2, Spain: 2, 
Finland: 2, Portugal: 1, United Kingdom (UK): 1, Greece: 1). 
The mean Newcastle-Ottawa Scale quality assessment score 
was 7 (range 5-9), whereas 12 studies were of high and 7 of 
fair quality. 

The 17 adult studies evaluated 85,203 participants (NAFLD 
patients, n=19,922). Five studies were published between 
2004-2010 [22-26], 6 between 2011-2015 [27,28,30-33], and 
6 between 2016-2019 [34-39]. NAFLD was diagnosed by 
ultrasonography in 11 (n=14,393), liver biochemical tests 
(aminotransferases ± γ-glutamyl transpeptidase [GGT]) in 
2 (n=5,829) and combination of biochemical markers and 
clinical parameters, e.g., fatty liver index (FLI) in 4 studies 
(n=64,981). 

Prevalence of NAFLD in the general population 

The overall pooled NAFLD prevalence was 26.9% (95%CI 
23.7-30.2, 95%PI 15.6-42.2, primary-study range 17.6-
41.2%) (Fig. 1) [22-28,30-39]. The prevalence of NAFLD was 
23.9% (95%CI 19.9-28.5) and 28.5% (95%CI 24.5-32.9) in 
studies from Mediterranean [22,23,26,30,38,39] and non-
Mediterranean countries [24,25,27,28,31-37] (P=0.14), as well 
as 27.2% (95%CI 24.6-29.9), 19.1% (95%CI 17.1-21.3) and 
30.1% (95%CI 21.6-40.2) in studies using ultrasonography 
[22,24,26,28,30,32-34,37-39], only liver biochemical 
tests [23,25] and FLI [27,31,35,36] for NAFLD diagnosis, 
respectively (P<0.01) (Fig. 2). 

The prevalence of NAFLD varied according to the period 
of publication being 26.2% (95%CI 20.0-33.6), 31.0% (95%CI 
26.1-36.3) and 23.8% (95%CI 20.7-27.2) in studies published 
between 2004-2010 [22-26], 2011-2015 [27,28,30-33] and 
2016-2019 [34-39], respectively (P=0.06) (Fig. 2). 

When only the studies using ultrasonography for NAFLD 
diagnosis were taken into consideration, the prevalence of 
NAFLD was 25.4% (95%CI 21.4-30.0) and 28.2% (95%CI 26.0-
30.4) in studies from Mediterranean and non-Mediterranean 
countries (P=0.27) and 31.9% (95%CI 25.9-38.6), 26.6% 
(95%CI 25.4-27.9) and 25.0% (95%CI 20.6-29.9) in studies 
published between 2004-2010, 2011-2015 and 2016-2019, 
respectively (P=0.19). 

Bedogni G, et al 2005 [22]
Papatheodoridis G, et al 2007 [23]
Kirovski G, et al 2010 [24]
Kotronen A, et al 2010 [25]
Caballera L, et al 2010 [26]
Ruckert l, et al 2011 [27]
Armstrong M, et al 2012 [28]
Caballera L, et al 2012 [30]
Kanerva N, et al 2014 [31]
Ludwig U, et al 2015 [32]
Graeter T, et al 2015 [33]
Markus M, et al 2016 [34]
Nass K, et al 2017 [35]
van den Berg E, et al 2017 [36]
Akinkugbe A, et al 2017 [37]
Foschi F, et al 2018 [38]
Leitao J, et al 2018 [39]
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Figure 1 Pooled prevalence of nonalcoholic fatty liver disease (NAFLD) in adult general population in Europe
CI, confidence interval
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Prevalence of NAFLD in subpopulations

Sex

The pooled prevalence of NAFLD was higher in men than 
women (32.8% vs. 19.6%, P<0.01) [22-28,30,32,33,35-37] 
(Fig. 3), regardless of publication period, diagnostic method or 
geographical area (Table 1).

MetS 

Τhe pooled prevalence of NAFLD was higher in those 
with than those without MetS (75.3% vs. 17.9%, P<0.01) 
[21,26,29,30,32,33,35,36] (Fig.  4). In patients with MetS, 
the prevalence of NAFLD was 69.5% in studies using 
ultrasonography [26,29,30,32,33] and 70.7% in studies using 
FLI [35,36] (P=0.82), as well as 97.5% in one study based on 
liver biopsy [21]. Moreover, NAFLD prevalence was 86.8%, 
73.0% and 70.7% in studies published between 2004-2010 
[21,26], 2011-2015 [29,30,32,33] and 2016-2019 [35,36], 
respectively (P=0.69) in the same setting. In participants 
without MetS, the prevalence of NAFLD was 22.8% and 11.4% 

in studies in which NAFLD was diagnosed by ultrasonography 
[26,30,32,33] and FLI [35,36], respectively (P<0.01) and 21.8% 
23.0% and 11.4% in studies published between 2004-2010 
[26], 2011-2015 [30,32,33] and 2016-2019 [35,36], respectively 
(P<0.01) (Table 1). 

MetS parameters

The pooled prevalence of NAFLD was 56.0% (95%CI 
49.1-62.7) and 21.8% (95%CI 19.2-24.6) in participants with 
and without diabetes (P<0.01) [23,24,26,28,32,35-37] (Fig. 5) 
and 39.3% (95%CI 31.3-48.0) and 19.9% (95%CI 15.2-
25.6) in participants with and without arterial hypertension, 
respectively (P<0.01) [24,26,28,32,35,36]. Among patients 
with diabetes, the prevalence of NAFLD was higher in studies 
using FLI [35,36] than ultrasonography [24,26,28,32,37] 
(64.1% vs. 51.9%, P<0.01), but did not differ in relation to 
the publication period. In contrast, in individuals without 
diabetes, the prevalence of NAFLD was similar in studies using 
ultrasonography [24,26,28,32,36] or FLI [35,36] as well as in 
studies published between 2004-2010 [23,24,26], 2011-2015 
[28,32] or 2016-2019 [35-37] (Table  1). Based on available 
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data from 2 studies, the pooled prevalence of NAFLD was 
44.0% (95%CI 20.4-70.8) and 18.7% (95%CI 11.7-28.4) in 
individuals with and without hyperlipidemia, respectively 
(P=0.053) [26,35]. 

Finally, the pooled prevalence of NAFLD in patients with 
abnormal waist circumference (defined as >102 cm in men 
and >88 cm in women) was significantly higher, compared 
to those with normal waist circumference (37.6% vs. 16.0%, 
P<0.01) [23,26,37]. Among individuals with abnormal waist 
circumference, the prevalence of NAFLD was 42.6% in 

studies using ultrasonography [26,37] and 28.9% in the only 
study using liver biochemical tests [23] for NAFLD diagnosis 
(P<0.01) as well as 31.6% in studies published between 2004-
2010 [23,26] and 48.7% in the only study [37] published 
between 2016-2019 (P<0.01). Similarly, in individuals with 
normal waist circumference, the prevalence of NAFLD was 
17.4% [26,37] and 13.0% [23] in studies where NAFLD was 
diagnosed by ultrasonography and liver biochemical tests, 
respectively (P<0.01) as well as 15.8% and 16.7% in studies 
published between 2004-2010 [23,26] and 2016-2019 [37], 
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Figure 3 Pooled prevalence of nonalcoholic fatty liver disease (NAFLD) in adults in Europe by sex
CI, confidence interval
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respectively (P=0.71). There was no data for the NAFLD 
prevalence in relation to the waist circumference from studies 
published between 2011-2015 (Table 1).

Other comorbidities

As expected, the pooled NAFLD prevalence was higher 
in obese patients (BMI ≥30 kg/m2) than non-obese (BMI <30 
kg/m2) individuals (57.0% vs. 13.7%, P<0.01) [23,26,28,35,36] 
(Supplementary Fig.  2). In obese individuals, the prevalence 
of NAFLD was higher in studies using FLI [35,36] than 
ultrasonography [26,28] (80.4% vs. 41.5%, P<0.01) as well as in 
the more recently published studies (2004-2010 [23,26]: 37.4%, 
2011-2015 [28]: 39.3%, 2016-2019 [35,36]: 80.4%, P<0.01). 
In non-obese subjects, the prevalence of NAFLD was lower 
in studies using FLI [35,36] than ultrasonography [26,28] for 
NAFLD diagnosis (10.3% vs. 18.2%, P<0.01) as well as in the 2 
more recent studies published between 2016-2019, both of which 
used FLI for NAFLD diagnosis (2004-2010 [23,26]: 16.3%, 2011-
2015 [28]: 17.5%, 2016-2019 [35,36]: 10.3%, P<0.01) (Table 1). 

NAFLD prevalence in adults in relation to smoking

There were 3 studies [23,36,37] with evaluable data 
regarding smoking: 9,373 participants were current smokers, 
and 33,658 participants were ex or never smokers. Based on the 
available data from these three studies, the pooled prevalence 
of NAFLD was similar between current smokers and ex/never 
smokers [20.8% (95%CI 17.6-24.4) vs. 22.5% (95%CI 18.0-
27.7), P=0.58].

NAFLD prevalence in adults in relation to CVD or chronic 
kidney disease

Based on the available data derived from 2 studies, the 
pooled prevalence of NAFLD was 43.5% (95%CI 40.5-46.6) 
and 21.2% (95%CI 20.7-21.7) in individuals with and without 
CVD (P<0.001) [35,36]. In addition, NAFLD was more 
frequent in those with than in those without chronic kidney 
disease [pooled prevalence 37.9% (95%CI 36.2-39.7) vs. 19.5% 
(95%CI 18.9-20.1), P<0.001] [35,36]. 

Study
NAFLD
Events Total NAFLD patients Prevalence (%) 95%CI

MetS = Yes
Sorrentino P, et al 2004 [21]
Caballera L, et al 2010 [26]
Soresi M, et al 2012 [29]
Caballera L, et al 2012 [30]
Ludwig U, et al 2015 [32]
Graeter T, et al 2015 [33]
Nass K, et al 2017 [35]
van den Berg E, et al 2017 [36]
Random effects model
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Figure 4 Pooled prevalence of nonalcoholic fatty liver disease (NAFLD) in adults in Europe by metabolic syndrome
CI, confidence interval
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Children and adolescents 

Eight of the 9 studies including children and/or adolescents 
were from single European countries (3 from Germany, 
2  from Italy, 1 from UK, 1 from Poland and 1 from Greece) 
and 1 was multicenter having subjects from Germany, Austria 
and Switzerland [40-48]. Six studies included 17,590 only 
obese/overweight children/adolescents [40-44,46,48] and 
3 studies included 2,352 children/adolescents from the general 
population [41,45,47] (in 1 [41] of these 3 studies, the prevalence 
of NAFLD in obese/overweight children/adolescents was also 
provided). Based on the Newcastle-Ottawa scale, the mean 
quality assessment score was 7 (range 6-9), whereas 5 studies 
were of high and 4 studies of fair quality. 

Four of the 9 studies were published between 2004-2011 
and 5 studies between 2012-2019. The method used for 
NAFLD diagnosis was ultrasonography in 6 studies (including 
3,192 participants), liver biochemical tests (aminotransferases 
and/or GGT) in 1 study (including 16,390 participants), MRI 

in 1 study (including only 44 participants), and autopsy/
postmortem liver biopsy in 1 study (including 265 participants). 

General population 

All studies assessing the prevalence of NAFLD 
in unselected children/adolescents were from non-
Mediterranean countries (Germany, Poland and UK) 
[41,45,47]. The overall NAFLD prevalence was 2.7% (95%CI 
2.1-3.4; primary-study range: 2.4-4.1%). The prevalence 
of NAFLD was: 2.8% (95%CI 1.9-4.2) in boys and 2.2% 
(95%CI 1.5-3.3) in girls [41,47], as well as 2.4% (95%CI 
1.3-4.5) and 2.7% (95%CI 2.1-3.6) in studies published 
between 2004-2011 and 2012-2019, respectively [41,45,47]. 
NAFLD prevalence was 2.5% (95%CI 1.9-3.3) and 4.2% 
(95%CI 2.3-7.3) in studies in which NAFLD was diagnosed 
by ultrasonography and autopsy/postmortem liver biopsy, 
respectively [41,45,47] (always P>0.05). 

Study
NAFLD
Events Total NAFLD patients Prevalence (%) 95%CI

Random effects modal
Prediction interval
Heterogeneity: I2 = 100%, �2 = 0.7159
Residual heterogeneity: I2 = 88%
Test for subgroup differences: �1 = 87.06, df =1 (p < 0.01)2
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Figure 5 Pooled prevalence of nonalcoholic fatty liver disease (NAFLD) in adults in Europe by diabetes mellitus
CI, confidence interval
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Obese/overweight children/adolescents 

The overall prevalence of NAFLD in obese/overweight 
children/adolescents was 31.6% (95%CI 17.6-49.9; primary-
study range: 11.58-81.82) [40-44,46,48]. The prevalence of 
NAFLD was highest in studies using ultrasonography [37.7% 
(95%CI 19.4-60.2)] [41,42,44,46,48], intermediate in the study 
using MRI [31.8% (95%CI 19.8-46.8)] (40) and lowest in 
the study using liver biochemical tests for NAFLD diagnosis 
[11.6% (95%CI 11.1-12.1)] [43] (P<0.001). NAFLD prevalence 
was higher in studies from Mediterranean [40,44,48] than non-
Mediterranean countries [41-43,46] [53.1% (95%CI 27.5-77.3) 
vs. 19.8% (95%CI 13.1-28.7), P=0.01; or 63.8% (95%CI 33.1-
86.3) vs. 27.0% (95%CI 24.4-29.8), P=0.016, when only studies 
using ultrasonography for NAFLD diagnosis were considered]. 
Finally, NAFLD prevalence was higher in studies published 
between 2012-2019 [44,46,48] than 2004-2011 [40-43] [50.7% 
(95%CI 24.0-77.0) vs. 20.0% (95%CI 12.7-30.0), P=0.03; or 
50.7% (95%CI 24.0-77.0) vs. 26.9% (95%CI 23.5-30.7), P=0.09, 
when only studies using ultrasonography for NAFLD diagnosis 
were considered]. 

Sex

Based on the available data, NAFLD was more frequent 
in obese/overweight boys than girls [32.5% (95%CI 22.7-
44.0) vs. 15.5% (95%CI 7.6-29.0); P=0.04] [40-44,46]. The 
higher prevalence of NAFLD in obese/overweight boys than 
girls was maintained in both publication periods [2004-2011: 
28.0% (95%CI 17.0-42.5) vs. 11.1% (95%CI 4.1-26.6); 2012-
2019: 40.4% (95%CI 34.4-46.7) vs. 25.6% (95%CI 13.0-44.3)], 
in studies with NAFLD diagnosis by ultrasonography [40.6% 
(95%CI 36.4-44.9) vs. 15.1% (95%CI 5.2-36.6)] as well as in 
non-Mediterranean countries [30.6% (95%CI 19.0-45.2) vs. 
10.8% (95%CI 6.0-18.8)] (always P<0.05), but not in studies 
from Mediterranean countries [39.7% (95%CI 28.8-51.7) vs. 
37.9% (95%CI 26.5-51.0); P=0.84].

Discussion

Our meta-analysis, which is the first one exclusively focusing 
on NAFLD epidemiology in European adults and children/
adolescents, confirms that the overall prevalence of NAFLD 
in European adults is high, exceeding 25%, without difference 
between Mediterranean and non-Mediterranean countries and 
publication period. NAFLD prevalence in adults is higher in men 
than women and patients with than without MetS or any of its 
components or with any related comorbidity such as obesity, CVD 
or chronic kidney disease (approximately 37-75% depending on 
the patient subgroup). The overall NAFLD prevalence remains 
low (<3%) in unselected children/adolescents, but it appears 
to exceed 30% in obese/overweight children/adolescents from 
European countries and to increase in the recent years. 

Our findings regarding the overall pooled NAFLD 
prevalence in European adults (27%) is in accordance with 

estimations for US or global population [3,4], while rates 
range widely from 14% in non-obese participants to 75% 
in those with MetS. Moreover, the lower overall NAFLD 
prevalence in adult studies using liver biochemical tests 
(19%) compared to ultrasonography or FLI (27% and 30%, 
respectively) indicates that aminotransferases are unreliable 
for NAFLD diagnosis leading to underestimation of the 
true prevalence and that ultrasonography or FLI should be 
used for NAFLD screening, as suggested [1]. In our meta-
analysis, ultrasonography was the most commonly used 
screening test (n=11 studies), followed by FLI (n=4) and liver 
function tests (aminotransferases/GGT, n=2), while, in only 
1 study including adults with MetS, histological diagnosis was 
reported. 

The absence of statistically significant differences in 
NAFLD rates between Mediterranean and non-Mediterranean 
countries (24% vs. 29%, P=0.14) might be explained by 
the widespread westernized lifestyle across Europe today, 
irrespective of the geographical region. Also, it is quite 
surprising that NAFLD prevalence in Europe did not increase 
significantly among different 5-year periods, (24% vs. 31% vs. 
26%, in 2016-2019 vs. 2011-2015 vs. 2004-2010, P-value not 
significant), despite seemingly rising rates worldwide, perhaps 
because urbanization and lifestyle changes had already been 
established in Europe during the last 15 years, when all the 
included studies were published. 

As expected, adults with MetS presented the highest 
prevalence of NAFLD among all subgroups (75%), irrespective 
of diagnostic modality and time period. In patients without 
MetS [26,30,32,33,35,36], the pooled prevalence of NAFLD 
was 18% and seemed alarmingly lower in studies using FLI 
compared to ultrasonography for NAFLD diagnosis (11% vs. 
23%, P<0.01). Thus, ultrasonography rather than FLI may be 
safer to be used in patients without MetS, while the diagnostic 
method (ultrasound vs. FLI) seems not to be important in 
patients with MetS. 

Comorbidities with MetS components or related diseases 
were associated with a higher prevalence of NAFLD 
indicating their role as risk factors and underlying the 
complex clinical management needed in these patients. In 
most subgroups, a higher NAFLD prevalence was reported 
with the use of ultrasonography and FLI compared to liver 
function tests, but ultrasonography compared to FLI seemed 
to underestimate the NAFLD prevalence in patients with 
diabetes [35,36]. 

Our meta-analysis also showed that more than half of the 
obese European adults have NAFLD (57%), while the relatively 
low rates among non-obese adults (14%) remain clinically 
relevant, particularly since studies have suggested that NAFLD 
in non-obese may hide more severe histological lesions 
and progress more rapidly to end-stage liver disease than 
obese patients [49]. Similar to the subgroup of diabetics, the 
prevalence of NAFLD in obese adults was lower in studies using 
ultrasonography than FLI (42% vs. 80%, P<0.01) suggesting 
that ultrasonography may underestimate NAFLD prevalence 
given the technical difficulties leading to inaccurate evaluation 
in obese subjects. In the same subgroup, the increased disease 
burden in the recent years (80% vs. 37-39% in 2016-2019 
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vs. 2004-2015, P<0.01) is also a finding that should not go 
unnoticed. 

Last but not least, we evaluated, at the same depth as 
above, NAFLD prevalence among children/adolescents 
from Europe and unveiled some intriguing observations 
for the pediatric population where relative available 
epidemiological data were scarce. First, we showed that 
overall pooled prevalence of pediatric NAFLD is quite low 
(3%) without differences between boys and girls, among 
diagnostic methods or publication periods. However, the 
overall prevalence of NAFLD in obese/overweight children/
adolescents seems worryingly high (32%) and highlights 
an essential clinical problem, with concealed risks for the 
future adults. Notably and contrary to the data from adults, 
there was a significantly higher NAFLD prevalence in obese 
children from the Mediterranean than non-Mediterranean 
countries (53% vs. 20%, P=0.01) and in obese boys than 
girls (33% vs. 16%, P=0.04), implicating additional perils for 
the populations of the specific regions and possible further 
deviation from the traditional protective Mediterranean 
diet and lifestyle. More severe obesity, behavioral and 
dietary differences as well as genetic differences may be 
responsible for the differences in NAFLD prevalence in 
children from Mediterranean and non-Mediterranean 
countries. Moreover, the higher rates in obese children/
adolescents from studies using ultrasound or MRI than 
aminotransferases (38% or 32% vs. 12%, P<0.01) might 
indicate again that imaging techniques should be preferred 
for NAFLD diagnosis, similarly to adults. Finally, NAFLD 
rates in obese children/adolescents appear increased in more 
recent studies (2012-2019 than 2005-2011: 51% vs. 20%, 
P=0.03) and therefore, increased vigilance is considered of 
vital importance to control the NAFLD burden in Europe in 
the next decades.

Our systematic review has several limitations including 
data shortage from several European countries, a relatively 
small sample size of some studies, inclusion of participants 
only from urban areas in most studies, and use of different 
methods for NAFLD diagnosis. In addition, the sensitivity 
of ultrasonography, the most common diagnostic method, 
may vary among operators or time periods. However, these 
limitations do not reflect on the quality and/or importance 
of the meta-analysis rather than on the inherent weaknesses 
of the currently available epidemiological studies in this 
setting. 

In short, our meta-analysis confirmed that NAFLD 
prevalence in Europe is similar to the global rates (>25%), and 
higher in patients with obesity and/or MetS. Specifically for these 
high-risk subgroups, ultrasonography seems to underestimate 
the true prevalence and therefore, FLI might be considered 
preferential for screening. As there are no epidemiological data 
from Europe based on newer non-invasive NAFLD diagnostic 
methods, future studies employing those modalities are needed 
to shed more light in the true prevalence rates. Finally, further 
research is warranted, especially in the Mediterranean region, 
to confirm the increasing NAFLD rates in obese/overweight 
children/adolescents. 

Summary Box

What is already known:

•	 Nonalcoholic fatty liver disease (NAFLD) represents 
the most common cause of chronic liver disease in 
the developed countries

•	 It is estimated that the global prevalence of NAFLD 
is 25% among adults being higher in patients with 
metabolic syndrome (MetS) or its components

What the new findings are:

•	 In this first systematic review including exclusively 
European populations, the overall prevalence of 
NAFLD in adults was high, exceeding 25%, without 
difference between Mediterranean and non-
Mediterranean countries and publication period

•	 NAFLD prevalence in European adults is higher in 
men than women and patients with than without 
MetS or any of its components or with any related 
comorbidity such as obesity, cardiovascular disease 
or chronic kidney disease (ranging between 37% 
and 75%)

•	 Ultrasound and fatty liver index (FLI) performed 
equally in estimating NAFLD prevalence in most 
subgroups; a higher prevalence was reported using 
FLI in obese and in diabetic patients, whereas a 
higher prevalence was observed with ultrasound in 
non-obese patients and in individuals without MetS
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Section/topic # Checklist item Reported on page # 

Title 

Title 1 Identify the report as a systematic review, meta-analysis, or both 1

Abstract 

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; 
data sources; study eligibility criteria, participants, and interventions; study 
appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number

2

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known 5

Objectives 4 Provide an explicit statement of questions being addressed with reference to 
participants, interventions, comparisons, outcomes, and study design (PICOS)

5

Methods

Protocol and 
registration 

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., 
web address), and, if available, provide registration information including 
registration number

N/A

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow up) and report 
characteristics (e.g., years considered, language, publication status) used as 
criteria for eligibility, giving rationale

6

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact 
with study authors to identify additional studies) in the search and date last 
searched

6

Search 8 Present full electronic search strategy for at least one database, including any 
limits used, such that it could be repeated

6

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in 
systematic review, and, if applicable, included in the meta-analysis)

7

Data collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and confirming 
data from investigators

7

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 
sources) and any assumptions and simplifications made

7

Risk of bias in 
individual studies 

12 Describe methods used for assessing risk of bias of individual studies (including 
specification of whether this was done at the study or outcome level), and how 
this information is to be used in any data synthesis

7

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means) 7-8

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if 
done, including measures of consistency (e.g., I2) for each meta-analysis

7-8

Risk of bias across 
studies 

15 Specify any assessment of risk of bias that may affect the cumulative evidence 
(e.g., publication bias, selective reporting within studies)

N/A

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 
meta-regression), if done, indicating which were pre-specified

7-8

Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the 
review, with reasons for exclusions at each stage, ideally with a flow diagram

9 & Fig. S1

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study 
size, PICOS, follow-up period) and provide the citations

9 & 29-33

Supplementary Appendix A Preferred reporting items for systematic reviews and meta-analyses (PRISMA) checklist[10]
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Section/topic # Checklist item Reported on page # 

Risk of bias within 
studies 

19 Present data on risk of bias of each study and, if available, any outcome level 
assessment (see item 12)

Newcastle-Ottawa scale

Results of individual 
studies 

20 For all outcomes considered (benefits or harms), present, for each study: (a) 
simple summary data for each intervention group (b) effect estimates and 
confidence intervals, ideally with a forest plot

9-10, 14-15 & Fig. 1-5 & Fig. S2

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and 
measures of consistency

9-10 & 14-15

Risk of bias across 
studies 

22 Present results of any assessment of risk of bias across studies (see Item 15) N/A

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup 
analyses, meta-regression [see Item 16])

10-13 & 15-16

Discussion

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main 
outcome; consider their relevance to key groups (e.g., healthcare providers, 
users, and policy makers)

17-20

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-
level (e.g., incomplete retrieval of identified research, reporting bias)

20

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, 
and implications for future research

20

Funding

Funding 27 Describe sources of funding for the systematic review and other support (e.g., 
supply of data); role of funders for the systematic review

4
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