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ABSTRACT

Objective To describe the prevalence and variations

of non-alcoholic fatty liver disease/non-alcoholic
steatohepatitis (NAFLD/NASH) among children and
adolescents (CADs) and young adults (YADs).

Design A population-based observational study.

Setting Annual cases and prevalence of NAFLD/NASH
from 1990 to 2017, by sex, region and country were
collected from the Global Burden of Disease database.
Main outcome measures The estimated annual
percentage change, which was calculated by a regression
line, was used to quantify the temporal trends in NAFLD/
NASH burden among young people at the global, regional
and national levels.

Results Globally, NAFLD/NASH incidence increased from
19.34 million in 1990 to 29.49 million in 2017 among
CADs, with an annual increase of 1.35%. Additionally, in
YADs, the number of cases and NAFLD/NASH prevalence
significantly increased during this period, independent of
sex and region. The greatest NAFLD/NASH increase was
in North Africa and the Middle East. Aimost all countries
showed an increasing trend from 1990 to 2017, with the
most pronounced increase observed in the developed
regions.

Conclusions The epidemiology of NAFLD/NASH in
young people has changed considerably over the last
three decades. Both the prevalence and number of cases
have increased irrespective of sex, age and region. This
phenomenon can result in a predictable increase in chronic
liver disease burden in the near future. Understanding
the prevalence of NAFLD/NASH and its variations is of
paramount importance to develop strategies to implement
public health policy.

INTRODUCTION

Over the past three decades, lifestyle trans-
formation has radically changed health
priorities worldwide, owing to the growing
incidence of non-communicable disease.'
The new epidemic of chronic liver disease
(CLD) is related to the increasing prevalence
of non-alcoholic fatty liver disease (NAFLD)
that parallels the worldwide increase in
obesity.” According to a meta-analytic, the

Strengths and limitations of this study

» The specific situation of non-alcoholic fatty liver dis-
ease/non-alcoholic  steatohepatitis (NAFLD/NASH)
among children and adolescents and young adults
(YADs) requires further exploration. Our study can
provide evidence of the global, regional and national
prevalence and its variations in NAFLD/NASH among
the young population to address this gap.

» Our study also uses the estimated annual percent-
age change to quantify the secular trends in the
prevalence of NAFLD/NASH.

» The analyses were based on data from the Global
Burden of Disease dataset, and the miscoding
and under-reporting of NAFLD/NASH because of a
lack of medical information can cause bias in the
estimations.

» Because of the population-based design, individual-
level data were unavailable; therefore, we could not
estimate the contributions of risk factors to NAFLD/
NASH over time.

» The diagnosis methods of every country were not
known, which may have influenced the prevalence
estimation. Although most countries use ultrasound
or other imaging diagnostics, different diagnostic
methods can lead to different prevalence.

global prevalence of NAFLD is 25.24% and
has a high prevalence in all continents, with
the highest reported in the Middle East
(31.78%) and South America (30.45%), while
the lowest in Africa (13.48%).> A smaller
subgroup of these patients can develop non-
alcoholic steatohepatitis (NASH), which has
been considered as the most common aeti-
ologies for hepatocellular carcinoma (HCC)
and indications for liver transplantation in
the USA.*

With obesity shifting towards an early onset
in life,5_7 NAFLD/NASH prevalence began
to increase in the younger populations. In
the Western countries, 3%-10% of children
are estimated to be affected by NAFLD.®
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However, given the difficulty in its diagnosis in children,
the rate is underestimated,9 and in contrast with that in
adults, the disease in children has been ignored by health-
care providers. The rate among people aged 18-35 years
in America is approximately 24%, which has also been
underestimated. Compared with adults, they do not have
adequate health insurance coverage and a delay in diag-
nosis attributed to their sense of invulnerability and lack
of awareness among physicians.'’ In addition, evidence to
inform management practices and policies for children,
adolescents and young adults (YADs) had major gaps.
According to a recent study, NAFLD/NASH caused by
overweight in late adolescence is a significant predictor
of severe liver disease, including HCC later in life."" The
specific situation of NAFLD/NASH requires further
exploration. Although some studies have reported the
prevalence of NAFLD/NASH among children, most of
them have been regionally limited and some regions have
not been systematically investigated."” To address this
gap, this study aimed to provide evidence of the global,
regional and national prevalence and its variations in
NAFLD/NASH among the young population, which
should be considered by health policies to secure a better
future for the coming generations of children.

MATERIALS AND METHODS

Data collection

Annual cases and prevalence of NAFLD/NASH from 1990
to 2017 by sex, region and country were collected from
the Global Health Data Exchange (GHDx) query tool
(http://ghdx.healthdata.org/gbd-results-tool).'”  Data
from 195 countries and territories are available. These
countries and territories were then categorised into five
regions based on the Socio-Demographic Index (SDI),
including low, low middle, middle, high middle and
high. Moreover, the world is divided into 21 geographical
regions, such as East Asia. The general methods for the
Global Burden of Disease (GBD) 2016 and the methods
for estimating disease burden have been detailed in
previous studies."” '* Data of people aged 39 years and
younger were retrieved. People aged 0-19 years and
20-39 years were identified as children and adolescents
(CADs) and YADs, respectively. NAFLD is broad category
for a range of liver conditions affecting people who drink
little to no alcohol and is identified by the ICD10 code
K76.0. NAFLD prevalence was estimated by a systematic
literature review of PubMed and then modelled using
DisMod-MR 2.1 models."”

Patient and public involvement

The data for this study were obtained from the GHDx
query tool. No clinical information was extracted for this
study.

Statistical analysis
The estimated annual percentage change (EAPC) was
used to quantify the prevalence trends of NAFLD/NASH,

stratified by sex, region, nation and age, from 1990 to
2017. The EAPC was calculated by a regression line,
which was fitted to the natural logarithm of the rates, that
is, y = a + fx + ¢, where y=In(rate) and x=calendaryear.
The rate was deemed to increase if the EAPC estima-
tion and the lower limit of its 95% CI were both >0. By
contrast, the rate decreased if the EAPC estimation and
the upper limit of its 95% CI were both <0. Otherwise, the
rate was deemed stable over time. All statistical analyses
were performed using R (V.3.5.1, R Core Team, Vienna,
Austria). Statistical significance was set at p<0.05.

RESULTS

Prevalence of NAFLD/NASH and its variations among CADs
and YADs at the global level

Globally, the prevalence of NAFLD/NASH increased
from 19.34million in 1990 to 29.49million in 2017
among CADs, with an annual increase of 1.35% during
this period. The increase was more pronounced in boys
than in the girls (boys: EAPC=1.36, 95% CI 1.18 to 1.55;
girls: EAPC=1.31, 95%CI 1.12 to 1.49) and approxi-
mately 2/3 of the total NAFLD/NASH cases occurred
in boys in 2017 (table 1). Both the number of cases and
prevalence of NAFLD/NASH were higher in regions
with high SDIs than in regions with relatively low SDIs
(table 1, figure 1A). All SDI regions had a significant
increase in NAFLD/NASH prevalence among CADs, with
the greatest increase observed in the high-middle SDI
regions (table 1).

Similarly, the number of cases and prevalence of
NAFLD/NASH among YADs also showed a significant
increase from 1990 to 2017 independent of the sex and
region (table 1, figure 1B). And the number of cases
of NAFLD/NASH among YADs was higher than that in
CADs (152.85million in 1990; 284.32million in 2017).
The prevalence of all five SDI regions increased almost
linearly, with the high-middle SDI region having the
highest prevalence (15.04%).

Prevalence of NAFLD/NASH and its variations among CADs
and YADs at the regional level

All GBD regions demonstrated an increasing trend in
NAFLD/NASH prevalence among the CAD patients.
In 2017, a relatively higher prevalence was observed in
North Africa and the Middle East (2.05%), followed by
Central Latin America (1.88%), High-income North
America (1.64%), Oceania (1.57%) and Andean Latin
America (1.56%). The lowest regions were Eastern
Sub-Saharan Africa, Central Sub-Saharan Africa and
Western Sub-Saharan Africa (0.62%, 0.66% and 0.70%,
respectively) (figure 2A). The prevalence in YADs was
approximately 10-fold of that in CADs, while the trend
of NAFLD/NASH prevalence was similar to that in CADs.
In 2017, a relatively high prevalence of NAFLD/NASH in
YADs was observed in North Africa and the Middle East
(22.18%), followed by that in Oceania (17.14%), Central
Latin America (16.20%) and Southeast Asia (15.41%).
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Table 1 The cases, prevalence and EAPC of NAFLD/NASH among CADs and YADs in 1990 and 2017 by sex and SDI region

NAFLD/NASH
Cases (x10%) Prevalence (%) EAPC (95% CI)
1990 2017 1990 2017 1990-2017
Children and adolescents
Sex
Both 19336.6 29494.9 0.84 1.14 1.35 (1.16 to 1.54)
Male 12823.4 19649.5 1.09 1.47 1.36 (1.18 to 1.55)
Female 65i13:3 9845.5 0.58 0.78 1.31 (1.12 to 1.49)
SDI
High 2492.9 3255.3 0.93 1.33 1.62 (1.39 to 1.85)
High middle 4438.8 5077.3 1.06 1.54 1.80 (1.37 to 2.23)
Middle 6714.4 8617.6 0.97 1.35 1.59 (1.36 to 1.81)
Low middle 3721.9 7852.1 0.71 1.08 1.68 (1.62 to 1.74)
Low 1864.4 4599.3 0.49 0.71 1.41 (1.33 to 1.49)
Young adults
Sex
Both 152852.8 284318.8 9.22 12.17 1.01 (1.00 to 1.02)
Male 94583.8 175717.4 11.28 14.94 1.03 (1.02 to 1.04)
Female 58269.1 108601.4 7.11 9.37 1.00 (0.98 to 1.02)
SDI
High 23560.0 31808.9 7.65 10.37 1.16 (1.09 to 1.24)
High middle 38867.9 69101.2 10.51 15.04 1.28 (1.23 to 1.32)
Middle 49997.3 87370.7 10.16 13.17 0.93 (0.91 to 0.95)
Low middle 26356.2 62176.0 8.96 11.81 1.03 (1.02 to 1.05)
Low 13215.8 32630.6 7.18 8.82 0.78 (0.75 t0 0.81)

CADs, children and adolescents; EAPC, estimated annual percentage change; SDI, Socio-Demographic Index; YADs, young adults.

The lowest prevalence were observed in the Eastern
Sub-Saharan Africa, Central Sub-Saharan Africa and
Central Europe (7.88%, 8.46%, and 8.10%, respectively)
(figure 2B).

The greatest increase in CADs was observed in high-
income North America (EAPC=2.23, 95%CI 1.92 to
2.54), and the lowest increase occurred in Eastern Europe
(EAPC=0.64, 95% CI -0.08 to 1.37) (figure 3A). However,
in YADs, the greatest increase was observed in Central
Latin America (EAPC=1.30, 95% CI 1.26 to 1.34) and a
minimum increase was observed in Central Sub-Saharan

Africa (EAPC=0.56, 95% CI 0.49 to 0.63) (figure 3B).

Prevalence of NAFLD/NASH and its variations among CADs
and YADs at the national level

Among the CADs in 195 countries, the highest preva-
lence was found in American Samoa (3.34%) and Saudi
Arabia (3.13%), and the lowest prevalence was observed
in Greenland (0.15%) and Andorra (0.16%). Between
1990 and 2017, only three countries (EAPC: the Czech
Republic: -0.44 to 0.80, —0.09; Bulgaria: -0.32 to 0.62,
-0.02; Somalia: -0.15 to 0.47, 0.17) showed a signifi-
cant decrease during this period. More than 95% of the

countries (188/195) experienced a significant increase
in NAFLD/NASH prevalence, with the most pronounced
increase observed in the Maldives (EAPC=3.55, 95% CI
3.06 to 4.05) (figure 4).

Compared with CADs, the highest prevalence of
NAFLD/NASH among YADs was observed in countries
located in the Middle East, such as Qatar (29.44%) and
Kuwait (27.09%). The lowest prevalence was observed
in Greenland (1.28%) similar to that of the CADs. Only
one country (Bulgaria: EAPC=0.15, 95% CI -0.01 to 0.31)
remained stable in NAFLD/NASH prevalence, whereas
the remaining 194 countries or territories showed a
significant increasing trend from 1990 to 2017. The
greatest increase was observed in Oman (EAPC=2.20,
95% CI 2.00 to 2.40), followed by that in Equatorial
Guinea (EAPC=1.86, 95% CI 1.73 to 2.00) and Nicaragua
(EAPC=1.71, 95%CI 1.61 to 1.80). Generally, countries
with a high prevalence also have a high EAPC, while some
are different, such as YADs in Finland, the prevalence
was low (8.20%), while the EAPC was high (EAPC=1.70
95% CI 1.55 to 1.84) (figure 4).
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Figure 1 The temporal trends of the prevalence of non-alcoholic fatty liver disease/non-alcoholic steatohepatitis (NAFLD/

NASH) (%) among children and adolescents and young adults from 1990 to 2017 by sex and Socio-Demographic Index (SDI)
region.
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Figure 2 The prevalence of non-alcoholic fatty liver disease/non-alcoholic steatohepatitis (NAFLD/NASH) (%) among children
and adolescents and young adults in 1990 and 2017 at the global burden of disease-region level.

4 Zhang X, et al. BMJ Open 2021;11:€042843. doi:10.1136/bmjopen-2020-042843

“ybuAdoa Aq parosiold 1sanb Aq 120z ‘0€ 1snbBny uo Jwoofwg uadolway/:dny wouy papeojumod 120z AelN  Uo £18270-020z-uadolwg/osTT 0T St paysiignd 1say :uado cNg


http://bmjopen.bmj.com/

A (Children and adolescents)

2-
0. II

SRR IA SRR A d s

EAPCs (95% Cl)

0;&6:‘ @g&ﬁf’éi%%@ @W@ w&w&
«“*\\x@“ @g\ﬁ@@ wcj} M wx\*“

B (Young adults)

O
© 1.04
uw
22
w
; I05-|IIIII|III
[/
<
W0}
0.01
e «6’5@@ ‘”@‘59"" 2 N AP 46D S0P
2 “3‘\6‘:‘0‘03;“‘ A 22 Ocaé‘a‘{% \o"s‘f\ ?9‘\ o o‘@i w\ﬁ
255 S y SNy :"f‘ﬁ’“
x;\ 605 50& p‘fsp? -ﬁﬁd} c‘p at\

3 o
o S

Figure 3 The estimated annual percentage changes (EAPCs) in the prevalence of non-lcoholic fatty liver disease/non-alcoholic
steatohepatitis among children and adolescents and young adults at the global burden of disease-regional level between 1990

and 2017. The error bar denotes the 95% CI for EAPC.

DISCUSSION

Over the past 30 years, NAFLD/NASH has shifted from
a feature that could not be distinguish from alcoholic
liver disease to the biggest causative factor of CLD world-
wide, especially among CADs and YADs.' ' With further
modifications of contemporary lifestyle,'® NAFLD /NASH
still has an increasing trend and will be predictably aggra-
vated as the number of younger people with NAFLD will
increase, which has received little attention. In this study,
we analysed the prevalence and variations in NAFLD/
NASH prevalence among CADs and YADs at the global,
regional and national levels. Generally, the number of
cases and prevalence of NAFLD/NASH among these
two populations both showed a significant increase from
1990 to 2017, independent of sex and region. The prev-
alence of NAFLD/NASH was found to be relatively high
in North Africa and the Middle East, and the prevalence

Children and adolescents

Prevalence

[ o-0s
[ os-10
M 11-15
B 1820
B 2125
B zs-30
o o

Prevalence

]

E

W o

] o~0s
] oe-10
B 1.1-15
B 1520
W -0

of NAFLD/NASH increased in these two populations
during the same period.

Obesity is the main risk factor for NAFLD/ NASH16_18;
however, type 2 diabetes mellitus," alcohol intake,” an
unhealthy hfestyle such as skipping meals higher intake
of fast food®' and physical inactivity® can also affect the
disease. Sex and ethnicity are predisposing factors as
well.” ** The interplay between these factors can lead
to disease progression, which can result in cirrhosis,
liver failure and HCC at a younger age than that was
commonly recognised.'’ In our study, we found that all
SDI regions showed an increase in NAFLD/NASH, with
the greatest increase observed in the high-middle SDI
region. The main cause of this situation was increase in
obesity. According to the latest results, between 1975 and
2016, the prevalence of overweight increased from 5% to
27% in boys and 6% to 24% in girls.” A twofold increase

Young adults

5.1-10.0
10.1-150
151-20.0
20.1-25.0
=250
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Figure 4 The prevalence and estimated annual percentage changes (EAPCs) of non-alcoholic fatty liver disease/non-alcoholic
steatohepatitis (NAFLD/NASH) (%) among children and adolescents (CADs) and young adults (YADs) in 2017 at the national
level. (A) The prevalence of NAFLD/NASH among CADs in 2017 at the national level. (B) The prevalence of NAFLD/NASH among
YADs in 2017 at the national level. (C) The EAPCs of NAFLD/NASH (%) among CADs in 2017 at the national level. (D) The
EAPCs of NAFLD/NASH (%) among YADs in 2017 at the national level.
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in the prevalence was also found in people aged 20 years
and older who were overweight. As a consequence of the
obesity pandemic, NAFLD, especially the histological
phenotype of NASH, has become one of the major causes
of CLDs and will probably emerge as the leading cause of
end-stage liver disease in the near future.' The trend of the
high-middle SDI region may be interpreted as a change
in the prevalence of NAFLD/NASH in China. As the most
populous country in the high-middle SDI region, preva-
lence in China rapidly increased from 1990 to 2005 and a
relatively slow increase from 2005 to 2017. Generally, the
number of cases increases with growth according to the
SDI. Surprisingly, the prevalence of the high SDI region
was relatively low in five regions. This may be due to the
good medical measures and high health consciousness
in this region, although the exact reasons need further
investigation.

The sex factor among CADs worldwide is the same
as YADs, with a higher prevalence in males. This may
be explained by the different distributions of body fat
in males and females patients. Compared with female
patients, male patients tend to deposit more visceral
adipose tissue in the abdominal region, a difference
that becomes more marked in young adulthood.”*" In
a cross-sectional analysis, visceral fat was found to be an
independent predictor of the degree of necroinflamma-
tion and stage of fibrosis in NAFLD.” The prevalence
of NAFLD/NASH among YADs is almost tenfold higher
among CADs, indicating that the situation of the disease
is more serious in YADs. The EAPC among CADs is higher
than that among YADs, suggesting that we cannot over-
look the disease in CADs. This phenomenon may be
related to differences in sex hormones and insulin resis-
tance among CADs and YADs,”® which may be one of the
causes of NAFLD in adolescents.

An increasing temporal trend of NAFLD/NASH
has been detected, but high heterogeneity exists. For
example, regarding CADs, the prevalence and EAPC
are both high in high-income North America, Central
Latin, America Andean Latin America and North AfTrica,
suggesting a severe disease burden in these areas, which
will still be heavy in the future. In YADs, Central Latin
America has both a high prevalence and EAPC. In addi-
tion to obesity, the high prevalence of NAFLD in America
is affected by genetic factors. Many studies have already
suggested that Hispanic heritage with a polymorphism in
the gene encoding a patatin-like phospholipase domain
containing three genes has a higher prevalence than
others.” *7! Therefore, special attention must be given
to these areas.

Among children, countries with relatively high preva-
lence and EAPC, such as Saudi Arabia and Qatar, need
to take corresponding measures to control the disease.
Countries with low prevalence but a high EAPC, such
as Finland, should not be neglected as they are likely to
develop a more severe situation in the future. Under-
standing the prevalence at the national level can help
governments implement targeted measures.

Our study had some limitations. First, the analyses were
based on data from the GBD dataset, and the miscoding
and underreporting of NAFLD/NASH because of a lack
of medical information support can cause bias in the esti-
mations. Second, because of the population-based design,
individual-level data were unavailable; therefore, we could
not estimate the contributions of risk factors to NAFLD/
NASH over time. Finally, the diagnosis methods of every
country were not known, which may have influenced the
prevalence estimation. Although most countries use ultra-
sound or other imaging diagnostics, different diagnostic
methods may lead to different prevalence.”

In summary, the epidemiology of NAFLD/NASH
among young people has changed significantly over the
last three decades. Although an increasing temporal
trend exists worldwide, almost all countries show an
increasing prevalence. Given the alarming increase in
obesity among young people worldwide, the prevalence
of NAFLD/NASH is anticipated to further increase in the
near future. Understanding the prevalence of NAFLD/
NASH and its variations is of paramount importance to
develop strategies to implement public health policy and
deal with this important CLD.
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