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The Growing Burden of Disability Related
to Nonalcoholic Fatty Liver Disease:

Data From the Global Burden of Disease
2007-2017
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Chronic liver disease (CLD) is a growing cause of morbidity and mortality worldwide. The burden of CLD varies
according to etiology and geographic location. We assessed the global burden of disability from the most impor-
tant complications of CLD (cirrhosis and liver cancer [LC]) according to the most common etiologies between 2007
and 2017. We obtained years living with disability (YLD), years of life lost (YLL), and disability-adjusted life-years
(DALYs) data from the Global Burden of Disease 2017 study. Between 2007 and 2017, LC DALYs decreased by
4.52% and cirrhosis DALYs decreased by 10.58%. Nevertheless, in 2017, CLD caused 62.16 million DALYs (33.4%
LC and 66.5% cirrhosis), of which 96.8% came from YLL (34.1% LC and 65.9% cirrhosis) and 3.2% from YLD
(11.6% LC and 88.4% cirrhosis). In 2017, Asia accounted for 66% of all DALYs globally. Central Asia, Africa regions,
Southeast Asia, and Eastern Europe had the highest liver-related DALYs (21,000 per 100,000), whereas the lowest
rates (<500 per 100,000) were seen in high-income regions, such as Asia Pacific, North America, Western Europe,
and Australasia. In 2007, hepatitis B virus caused the majority (47.5%) of liver-related DALYsS, followed by hepatitis
C virus (23.7%), alcoholic liver disease (14.2%), and nonalcoholic fatty liver disease/nonalcoholic steatohepatitis
(NAFLD/NASH) (6.4%). In 2017, these rates shifted to 45.7%, 24.1%, 4.8%, and 7.1%, respectively. Between 2007
and 2017, cirrhosis-related DALYs due to NAFLD/NASH increased by 23.4%, whereas the increment was 37.5%
for LC-related DALYs due to NAFLD/NASH. Conclusion: DALYs due to viral hepatitis still account for the largest
proportion of CLD-related DALYs. Although DALYs from all other liver diseases have remained stable in the last
decade, DALYs related to NAFLD/NASH are growing. National, regional, and global policies are needed to address
the disability burden of NAFLD across the world. (Hepatology Communications 2020;4:1769-1780).

hronic liver disease (CLD) is a major cause risen in recent years; it was the twelfth leading cause
of morbidity and mortality around the of death (COD) in 2016 and became the tenth lead-
globe."? The mortality ranking of CLD has ing COD in 2019.%) In addition to mortality, CLD
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is responsible for significant morbidity with impair-
ment of patients’ quality of life.") Viral hepatitis
(either hepatitis B virus [HBV] or hepatitis C virus
[HCVY), alcoholic liver disease (ALD), and nonalco-
holic fatty liver disease/nonalcoholic steatohepatitis
(NAFLD/NASH) are the leading causes of CLD.
Over time, these types of CLD can lead to devel-
opment of cirrhosis and its complications, including
liver cancer (LC).®

Globally, the contribution of different etiologies
to the burden of liver disease varies based on geo-
graphic location. In this context, despite a decrease in
the incidence of HCV, complications of HCV-related
liver disease, such as hepatocellular carcinoma (HCC),
seem to continue to rise. Furthermore, although
complications of HBV may be preventable by vac-
cination, neonatal screening, and potentially antiviral
therapy in some parts of the world, HBV remains
a significant problem in other parts of the globe. In
contrast, the rising epidemic of obesity is fueling the
rapid increase in the burden of NAFLD.®” Although
the burden of chronic diseases can be quantified in
a number of ways, assessment of disability-adjusted
life-years (DALYs) is an important surrogate. In this
context, understanding the global burden of compli-
cations of CLD (cirrhosis and LC) according to eti-
ology of CLD, geographic location, and trends over
time will be important.®

Although there are adequate data on the prevalence
and mortality associated with CLD, data on morbidity
and DALYs related to CLD are not readily available.
Therefore, the aim of the current study is to assess the
global burden of disability caused by LC and cirrho-
sis by focusing on years living with disability (YLD),
years of life lost (YLL), and DALYs between 2007
and 2017.

ARTICLE INFORMATION:
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Materials and Methods

DATA SOURCES

This study was based on data from the Global
Burden of Disease (GBD) study,(9) coordinated by the
Institute for Health Metrics and Evaluation IHME).
As a continuous quality improvement, each annual
GBD study re-estimated the entire time series by
including all known advances in data, modeling, esti-
mation methods, and health knowledge, ensuring that
each GBD contained the most up-to-date estimates.
The GBD 2017 study was published in 2018, providing
epidemiologic assessments of 359 diseases and injuries
and 84 risk factors from 195 countries and territories.
For this study, we obtained the publication estimates of
incidental cases, deaths, and DALY for LC and cirrho-
sis as well as five etiology groups (HBV, HCV, ALD,
NAFLD, and other causes) for each 5-year age group,
sex, year, and location from GBD 2017.”) General
methods for the GBD study have been published.(lo’n)
Herein, we briefly present the GBD estimation process
tor LC and cirrhosis as well as their etiology for 2017.

Cardiovascular disease (CVD) included ischemic
heart disease, stroke, hypertensive heart disease, rheu-
matic heart disease, aortic valve disease, cardiomyop-
athy, and myocarditis. Metabolic risks included high
fasting plasma glucose, high low-density lipoprotein
cholesterol, high systolic blood pressure, high body
mass index, low bone mineral density, and impaired
kidney function.

GBD ESTIMATION FRAMEWORK

The GBD estimation process began with mortal-
ity. The compilation of data sources, i.e., the COD
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database, assembled various sources of incidence and
mortality data through multiple processing steps for
adjustments of age group and aggregated, implausi-
ble, and unspecified COD codes. 12 The codes of the
International Classification of Diseases, Ninth and
Tenth revisions, that were used to identify LC and
cirrhosis are shown in Supporting Table S1. In the
COD database, LC and cirrhosis mortality were sepa-
rately estimated by the COD ensemble model,1%1*1%
which is an approach that incorporates a wide variety
of individual models (linear mixed-effects regression
and spatiotemporal Gaussian process regression) and
covariates to create a predictive model for CODs. All
individual and ensemble models were evaluated using
out-of-sample predictive validity tests and vetted by
experts in each disease and then validated by special-
ists at IHME and their collaborators from around the
world."%¥) The assessment for the quality of data in
each country is available in Supporting Table S2.

DALYs were computed by the summation of YLL
and YLD, which quantify the health loss due to spe-
cific diseases and injuries. We calculated YLL by mul-
tiplying the estimated number of deaths by age with
a standard life expectancy at that age and YLD by
multiplying prevalence by a disability weight ranging
from O to 1, where O is a state of full health and 1
is death. LC and cirrhosis due to any cause have a
disability weight of 0.451 (95% uncertainty interval
[UI], 0.307-0.600) and 0.178 (95% UI, 0.123-0.250),
respectively.(lz)

ETIOLOGICAL ESTIMATES FOR
LC AND CIRRHOSIS

Etiological estimates for LC and cirrhosis start
with a systematic review to collect secondary data for
the five etiologies: HBV, HCV, ALD, and NAFLD
or NAFLD/NASH as well as other causes, such as
hemochromatosis, autoimmune hepatitis, Wilson’s dis-
ease, cryptogenic, or unknown. Only LC and cirrhotic
population-based studies for the respective location
were included. Importantly, cases due to NAFLD/
NASH were defined only if NAFLD/NASH was
listed as a specific etiology in the manuscript.'” The
compilation of all studies through the systematic
literature review was used as input for five inde(pen—
dent disease modeling-meta-regression models, 16,17)
a Bayesian meta-regression model, to estimate the
proportion of LC and cirrhosis due to each etiology
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for each age, sex, location, and year. To integrate the
etiological proportion model for these two causes, the
modeled etiological proportions of LC were used as
covariates for the cirrhosis etiological model. A com-
plete list of predictive covariates used in the models
can be found in Supporting Table S3.

Relevant metadata can be retrieved through the
publicly available Data Input Sources Tool.®

For administrative and data analysis purposes, the
world was split into 21 GBD regions and seven GBD
super regions according to epidemiologic similarities
and geographic proximity™ (Supporting Table S3).
Flow charts for the COD database, input data and
methodological summary for the models, and statis-
tical codes are publicly available in compliance with
the Guidelines for Accurate and Transparent Health
Estimates Reporting developed by the World Health
Organization (WHO).

DATA ANALYSIS

GBD estimates for a disease burden are reported
with 95% Uls, including the true value of a param-
eter with 95% probability. Uls account for not only
variance in parameter estimation but also uncer-
tainty from data collection, model selection, and other
sources of uncertainty under the parameter estimation
process. Age-standardized rates were computed by the
direct method to the GBD population standard by
5-year age groups.'” All rates reported here were age-
standardized rates per 100,000 population. Percentage
change was based on the difference between the value
in 2017 and in 2007 divided by the value in 2007; this
was considered to be significant when the 95% Uls
did not include zero.

The association of age-standardized DALY rates
for LC and cirrhosis combined due to NAFLD/
NASH with age-standardized DALY rates for type 2
diabetes mellitus (T2DM), CVD, and all-cause death
due to metabolic risks were determined using socio-
demographic index-adjusted partial Spearman cor-
relation coefficients (p) with 95% confidence intervals

(ClIs).

Results

Results and findings of GBD 2017 can be explored
interactively through the GBD Visualization Hub.%0
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Global estimates of YLL, YLD, and DALYs, respec-
tively, are reported in Supporting Tables S4-S9, with
age-standardized rates for LC and cirrhosis as reported
tor 21 GBD regions and 195 countries and territories
as well as the percentage change in age-standardized
rates that occurred between 2007 and 2017.

In 2017, there was a global total of 2.50 billion
DALYs, with 35.8% from YLD and 64.2% from YLL.
There were 6.1 million worldwide incident cases of
complications of CLD (referred to as liver related). Of
these, 15.6% were from LC and 84.4% from cirrho-
sis. Additionally, there were 2.14 million liver-related
deaths (38.3% LC and 61.6% cirrhosis). Globally, LC
was responsible for 20.54 million (95% UI, 19.68-
21.55) YLL, 0.23 million (95% UI, 0.16-0.30) YLD,
and 20.77 million (95% UI, 19.91-21.81) DALYS5,
reflecting an age-standardized rate of 250.73 (95%
UI, 240.40-262.99) YLL per 100,000 person-years,
2.83 (95% UI, 2.02-3.72) YLD, and 253.56 (95%
UI, 243.16-266.22) DALYs. The age-standardized
YLL and DALY rates for LC declined by -4.65%
(95% UI, -7.96% to 0.06%) and -4.52% (95% UI,
-7.80% to 0.17%), whereas the age-standardized YLD
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rate inclined by 8.11% (95% UI, 3.87%-13.71%),
between 2007 and 2017 (Figs. 1 and 2; Supporting
Figs. S1-S3).

CLD BURDEN ACCORDING TO
GEOGRAPHIC DISTRIBUTION

In 2017, the highest liver-related DALY's among 21
GBD regions were observed in Asia regions, account-
ing for 66% of global liver-related DALYsS, followed
by western sub-Saharan Africa (3.3 million), Eastern
Europe (3.0 million), Western Europe (2.7 mil-
lion), and high-income North America (2.5 million).
However, Central Asia, Africa regions, Southeast
Asia, and Eastern Europe had the highest age-
standardized liver-related DALY rates (1,064-1,420
per 100,000) (Fig. 1). ALD was the dominant cause of
liver-related burden among Central Asia and Eastern
Europe (234%), HBV in western sub-Saharan Africa
(48%), and hepatitis B and C among central sub-Sa-
haran Africa and Southeast Asia (230%) (Supporting
Fig. S4). By contrast, high-income regions, including
Asia Pacific, North America, Western Europe, and
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FIG. 2. Percentage change in age-standardized DALY rates for LC and cirrhosis from 2007 through 2017.

Australasia, had the lowest age-standardized DALY
rates in 2017 (250-480 per 100,000). The proportion
of the liver-related burden caused by NAFLD/NASH
ranged from 5% in high-income Asia to between 15%
and 20% in the Andean region, tropical and cen-
tral Latin America, and the Caribbean region. In all
regions except East Asia, the age-standardized DALY's
due to cirrhosis were higher than LC (Fig. 1). In
China in East Asia, LC DALYs were 2.4 times higher
than cirrhosis DALYSs. Similar findings were observed
for liver-related YLL. The highest age-standardized

liver-related YLD (240 per 100,000) rates in 2017
were in high-income Asia Pacific, Central Europe, and
central and eastern Asia, whereas the lowest rates were
in South and Southeast Asia, Oceania, and Australasia

(=15 per 100,000) (Supporting Fig. S1).

CHANGES IN BURDEN OF CLD
FROM 2007 TO 2017

The percentage change in age-standardized LC
DALYs from 2007 to 2017 differed substantially
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among GBD regions, with the highest increase in
Australasia (20.98%; 95% U, 8.64%-34.58%), tropical
Latin America (20.18%; 95% UI, 16.05%-23.98%),
South Asia (18.65%; 95% UI, 9.38%-29.11%), and
high-income North America (16.78%; 95% UI,
12.73%-21.05%) where the fastest incline in NAFLD
among liver diseases was observed. LC DALY's caused
by viral hepatitis and ALD improved in most regions.
In contrast, the age-standardized LC DALYs due to
NAFLD/NASH increased globally (6.40%; 95% U,
2.99%-10.57%) (Fig. 2).

In contrast to LC, most regions experienced improv-
ing trends in age-standardized cirrhosis DALYsS,
with the largest improvements in Africa regions and
Central Europe (-20% to -38%), mostly driven by a
decreasing trend in HBV. In contrast, only Australasia
and high-income North America experienced signifi-
cant worsening trends (7.60%; 95% UI, -3.06 to 19.76
and 4.83%; 95% UI, 1.20-8.54, respectively), and par-
ticularly Australia and United States in these regions
had the largest increase in cirrhosis burden due to
NAFLD/NASH. Compared to a decreasing trend
for the other liver diseases, NAFLD/NASH-cirrhosis
showed increases in age-standardized DALYs for 10
of 21 regions (Fig. 2).
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The largest increases in YLD rates for LC were seen
in East Asia (13.43%; 95% UI, 5.99%-22.86%), tropi-
cal Latin America (11.59%; 95% UI, 8.53%-15.37%),
Australasia (19.96%; 95% UI, 5.27%-34.76%), South
Asia (12.95%; 95% UI, 4.39%-23.59%), and high-
income North America (15.40%; 95% UI, 10.71%-
20.11%), whereas the largest decreases were found
in Africa regions (-25% to -10%). Among liver dis-
eases, the highest increases in the age-standardized
liver-related YLD rates were due to NAFLD globally
(Supporting Fig. S3).

BURDEN OF LC BY ETIOLOGIC
GROUPS

In 2017, the leading global etiologies for LC DALY's
were HBV (45.7%), HCV (24.1%), ALD (14.8%),
and NAFLD/NASH (7.1%). HBV accounted for the
largest proportion of LC DALYs in nine out of 21
GBD regions, ranging from 27.7% in the Caribbean
to 58.7% in East Asia, whereas HCV was the leading
cause of LC DALY in nine out of 21 GBD regions
(Fig. 3; Supporting Figs. S5 and S6).

From 2007 to 2017, the total number of YLL,
YLD, and DALY caused by NAFLD/NASH-related
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LC increased by 37.28% (95% UI, 32.67%-42.82%),
52.53% (95% UI, 47.45%-58.88%), and 37.45%
(95% UI, 32.83%-42.95%), respectively. During the
same period, age-standardized NAFLD/NASH-
related LC YLL, YLD, and DALYs per 100,000
increased by 6.29% (95% UI, 2.88%-10.47%), 16.14%
(95% UI, 12.36%-20.87%), and 6.40% (95% UI,
2.99%-10.57%), respectively.

The highest number of DALYs due to NAFLD/
NASH-related LC was in most of the Asia regions,
followed by high-income North America, North
Africa, and the Middle East. The highest age-
standardized NAFLD/NASH-related LC DALYs
were founded in East Asia, western sub-Saharan
Africa, and Southeast Asia (224 per 100,000); the
lowest rates were seen in South Asia, Central Europe,
southern Latin America, Eastern Europe, and Western

Europe (<10 per 100,000).

BURDEN OF CIRRHOSIS BY
ETIOLOGIC GROUPS

In 2017, HBV,HCV, and ALD were responsible for
29.4%, 24.9%, and 24.3% of global cirrhosis DALYs,
respectively. ALD was the largest proportion of cir-
rhosis DALY in eight of 21 regions, HCV in eight
regions, and HBV in five regions (Fig. 3; Supporting
Figs. S5 and S6).

From 2007 to 2017, the total number of YLL,
YLD, and DALY caused by NAFLD/NASH-related
cirrhosis increased by 22.23% (95% UI, 16.56%-
27.24%), 54.61% (95% UI, 51.04%-58.33%), and
23.35% (95% UI, 17.78%-28.27%), respectively. Age-
standardized NAFLD/NASH-related cirrhosis YLL
and DALY rates decreased by -2.95% (-7.39% to
0.95%) and -2.04% (95% UI, -6.44% to 1.87), respec-
tively, whereas age-standardized YLD rates increased
by 23.48% (95% U, 20.75%-26.38%).

In 2017, the highest number of NAFLD/NASH-
related cirrhosis DALYs was in most of the Asia
regions, followed by Eastern Europe and cen-
tral Latin America. In contrast, the highest age-
standardized NAFLD/NASH-related cirrhosis DALY
rates were found in the Andean region, central and
tropical Latin America, Eastern Europe, and Central
Asia (290 per 100,000), whereas the lowest rates were
seen in Australasia, East Asia, and high-income Asia

Pacific (<18 per 100,000).
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ASSOCIATION OF NAFLD WITH
DIABETES, CVD, AND METABOLIC
RISKS IN 195 COUNTRIES AND
TERRITORIES

The pattern of age-standardized DALY rates for
LC and cirrhosis combined due to NAFLD/NASH
versus 12DM, CVD, and all-cause death due to met-
abolic risks for 2017 are shown in Fig. 4A-C.

Globally, LC and cirrhosis combined due to
NAFLD/NASH correlated with metabolic risks on
the age-standardized DALYs (p = 0.520; 95% CI,
0.410-0.616), T2DM (p = 0.452; 95% CI, 0.333-
0.557),and CVD (p = 0.443; 95% CI, 0.322-0.549).

Across seven GBD super regions, the highest
correlation rate between NAFLD/NASH and met-
abolic risks was observed in Latin America and the
Caribbean (p = 0.701; 95% CI, 0.466-0.843), followed
by sub-Saharan Africa (p = 0.599; 95% CI, 0.373-
0.757), and high-income (p = 0.498; 95% CI, 0.192-
0.716), and Central Europe, Eastern Europe, and
Central Asia (p = 0.484; 95% CI, 0.143-0.723) but
not in South Asia (p = 0.80; 95% CI, -0.280 to 0.986),
Southeast Asia, East Asia, and Oceania (p = 0.614;
95% CI, -0.284 to 0.456), and North Africa and the
Middle East (p = 0.312; 95% CI, -0.139 to 0.655).

The highest correlation between NAFLD/NASH
and T2DM was observed in sub-Saharan Africa
(p = 0.577; 95% CI, 0.344-0.743), followed by Latin
America and the Caribbean (p = 0.563; 95% CI,
0.267-0.762), high-income (p = 0.553; 95% CI, 0.264-
0.751), and Central Europe, Eastern Europe, and
Central Asia (p = 0.460; 95% CI, 0.112-0.707) but
not in South Asia (p = 0.70; 95% CI, -0.477 to 0.978),
Southeast Asia, East Asia, and Oceania (p = 0.132;
95% CI, -0.254 to 0.481), and North Africa and the
Middle East (p = 0.04; 95% CI, -0.398 to 0.464).

The highest correlation between NAFLD/NASH
and CVD was observed in Latin America and the
Caribbean (p = 0.656; 95% CI, 0.399-0.818), sub-
Saharan Africa (p = 0.530; 95% CI, 0.283-0.711),
high-income (p = 0.452; 95% CI, 0.134-0.685),
Central Europe, Eastern Europe, and Central Asia
(p = 0.368; 95% CI, 0.002-0.678) but not in South
Asia (p = 0.40; 95% CI, -0.745 to 0.948), North Africa
and the Middle East (p = 0.111; 95% CI, -0.232 to
0.511), and Southeast Asia, East Asia, and Oceania
(p = 0.053; 95% CI, -0.327 to 0.417).
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FIG. 4. The pattern of age-standardized DALY rates for LC and cirrhosis combined due to NAFLD/NASH versus (A) CVDs,
(B) T2DM, and (C) metabolic risks for 195 countries and territories, according to GBD 2017.”) Abbreviation: ASDALYR,

age-standardized disability-adjusted life-year rate.

Discussion

CLD is a growing cause of morbidity and mor-
tality worldwide and currently is ranked among the
top 10 causes of mortality in both the United States
and the rest of the world." Cirrhosis and LC are two
important complications of CLD and represent the
drivers of liver-related mortality and morbidity.?" In
this context, in order to better comprehend the real
burden of CLD, an assessment of CLD-related YLL,
YLD, and DALY will be important.

Our data show there was a significant number
of liver-related deaths from cirrhosis and LC in
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2017, which is in agreement with previous studies.
In the United States, the incidence of LC has been
increasing for the past 35 years and is expected to
continue.??"?* Furthermore, the mortality rate of
cirrhosis increased from 9.4 per 100,000 in 1999
to 11.5 per 100,000 in 2013.%?*) Expectedly, the
uptrending incidence and prevalence rates of cir-
rhosis and LC are causing substantial mortality and
morbidity, as reflected in YLL, YLD, and DALY
rates.

Our study demonstrated that cirrhosis caused
almost 41.4 million DALYs in 2017, corresponding
to 510.65 per 100,000 population and that LC was
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responsible for 20.77 million DALYs, with a rate of
253.56 per 100,000 population. In 2017, Asia regions
accounted for two thirds of all DALY globally. The
highest DALY rates were seen in Central Asia, Africa
regions, Southeast Asia, and Eastern Europe, whereas
the lowest DALY rates were observed in high-income
regions, such as Asia Pacific, North America, Western
Europe, and Australasia. As expected, the underlying
etiology differed based on region. For example, ALD
was the leading cause of DALYs (34%) in Central
Asia and Eastern Europe, while the leading cause in
western sub-Saharan Africa was HBV (48%). These
findings are in agreement with reports demonstrating
increased age-standardized death rates in Asia and
Eastern Europe, mainly driven by high ALD rates
in those regions.(%’27
Saharan Africa, previous studies reported doubling of
cirrhosis-related deaths between 1980 and 2010,
driven mainly by HBV and HCV and the struggles
with access to treatment options for these condi-
tions.?® On the contrary, high-income regions had
lower DALY rates, likely due to preventive measures
and ease of access to health care when needed.

Our study showed that at the global level between
2007 and 2017 there was an 11.32% decrease in YLL
and a 10.39% increase in YLD but overall a 10.58%
decrease in DALYs due to cirrhosis. Per geographic
distribution, the highest improvements were seen in
Africa regions and Central Europe, with a 20% to
38% decrease in cirrhosis DALYs. This trend was
driven by the decreasing effect of HBV in those areas.
On the other hand, Australasia and high-income
North America demonstrated a worsening trend,
with a 4.8% to 7.6% increase in cirrhosis DALY
that was driven by an increasing effect of NAFLD/
NASH. Looking at the cirrhosis DALY burden in
2017, HBV was the leading etiology (29.4%), fol-
lowed by HCV (24.9%) and ALD (24.3%). ALD
burden was highest in Western Europe (45% of all
DALYs), HCV was highest in high-income North
America (37% of all DALYs), and HBV was highest
in western sub-Saharan Africa (49% of all DALY5).
Udompap et al.? reported that ALD was respon-
sible for almost 500,000 cirrhosis deaths worldwide
in 2010, with a total of almost 15 million cirrhosis
DALYs. These numbers represented 48% of cirrhosis
deaths and 47% of cirrhosis DALY at the global level
in 2010. A report from the WHO in 2011 showed
that Central Europe had the highest percentages of

) In terms of regions in sub-
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cirrhosis deaths and DALYs due to ALD, which is
different from our results.?” However, it must be
noted that after this finding the WHO set a goal
to reduce ALD mortality to below 3.2 per 100,000
by 2020; our findings that Central Europe had the
highest improvement in cirrhosis DALYs due to
ALD (38% decrease between 2007 and 2017) sug-
gest that this initiative by the WHO may be effective.
On a cautionary note for Europe, it is worth recalling
that the European region still has the highest levels
of alcohol consumption globally and that there has
been a change in consumption pattern, with drinking
among the younger population and female individuals
increasing and the average age of taking up drinking
decreasing.®” On the other hand, similar to our find-
ings, an excellent study by the GBD 2017 Cirrhosis
Collaborators®? demonstrated that Western Europe
and high-income North America had low rates of cir-
rhosis mortality and DALYs, although the underly-
ing etiologies were different. In Western Europe, the
driver for cirrhosis DALYs was ALD whereas it was
HCV in high-income North America, and this find-
ing was consistent with previous knowledge.®? Tt is
well known that HCV has been the leading cause of
cirrhosis, LC, and liver transplantation in the United
States for decades.® However, the contribution
of HCV to CLD burden is anticipated to decrease
in the United States not only because of the highly
successful cure options we have now but also due to
another growing problem, NAFLD/NASH, which is
discussed in detail below.

In addition to cirrhosis, we covered the LC burden
separately between 2007 and 2017. At the global level,
YLL decreased by 4.65%, YLD increased by 8.11%,
and DALY decreased by 4.52%. The largest decreases
in LC DALYSs were seen in high-income Asia Pacific
(28.7%) and southern sub-Saharan Africa (28%). On
the contrary, the highest increases in LC DALY's were
detected in Australasia (21%), tropical Latin America
(20.2%), and South Asia (18.6%), all of which also
represented the fastest growth rates of NAFLD
among CLD. Globally in 2017, the leading causes of
LC DALYs were HBV (45.7%), HCV (24.1%), ALD
(14.8%), and NAFLD (7.1%). However, between
2007 and 2017, LC DALYs due to HBV, HCV, and
ALD either were stable or improved whereas LC
DALYs due to NAFLD/NASH increased globally.
Previous reports demonstrated that in 2015, for both
sexes, age-standardized incidence and death rates for
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LC were the highest in the Asia Pacific region, fol-
lowed by East Asia and sub-Saharan Africa.®¥ At
this point, our findings should be interpreted carefully
because we report that the same regions had the high-
est improvement in LC DALYs between our study
years. As one would expect, a possible explanation for
this finding is that the main drivers of LC DALYs
in those regions have been HBV and HCV, both of
which are manageable. In Africa, for example, where
NAFLD/NASH does not yet pose a significant threat,
chronic viral hepatitis is the leading cause of HCC,
and programs, such as improving HBV vaccination
and national efforts to reduce HCV with direct-
acting antivirals, as in Egypt, play an important role
in reducing LC DALYs.®> We point out that, similar
to ALD, the WHO has adopted a global strategy to
decrease the burden of viral hepatitis, with a target of
65% reduction in mortality related to HBV and HCV
by 2030.%9 In addition to WHO strategies, there
have also been national efforts to decrease LC mortal-
ity in some Asian countries. For example, in an effort
to reduce LC burden, China strictly reduced afla-
toxin exposure and increased HBV vaccination rates,
thus enjoying a 33% decrease in age-standardized
mortality rate for LC between 1990 and 2015.°573%
However, another Asian country, Mongolia, did not
implement any prevention programs and suffered
an incredible 171% increase in LC mortality in
the same time period.®” On the other hand, high-
income regions, such as Australasia and North
America, suffered a worsening trend in LC DALYs,
mainly driven by the increased burden of NAFLD/
NASH. It has been shown that high-income countries,
such as the United States, Canada, and Australia, suf-
tered a greater than 20% increase in LC rates between
1990 and 2015.4%#) I addition to worsening trends
in NAFLD/NASH, this increase was also attributed
to increased ALD, the cohort effect of HCV by aging
baby boomers, and for Australia, for example, mass
migration from the Asia Pacific region.*”

At this point, given how fast it has been grow-
ing, NAFLD/NASH merits special consideration.
During the study years, cirrhosis DALYs due to
NAFLD/NASH increased by 23.4%, from 2.78
million to 3.43 million, with the highest cirrhosis
DALY rates due to NAFLD/NASH in Asia regions
and Eastern Europe. More strikingly, LC DALYSs
due to NAFLD/NASH increased from 1.06 million

to 1.46 million, representing a 37.5% increase. The
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highest LC DALY rates due to NAFLD/NASH
were seen in Asia regions and high-income North
America. In the current study, we also analyzed the
association between NAFLD/NASH, T2DM, CVD,
and metabolic risk factors. Among various super
regions, the highest correlations between NAFLD/
NASH and metabolic risk factors were observed in
Latin America, Caribbean, and sub-Saharan Africa
regions. This finding is expected as multiple stud-
ies have reported the changes in the most common
causes of CLD and the growing impact of NAFLD/
NASH in CLD burden.®* For Asia regions,
for instance, due to the increase in metabolic dis-
eases and NAFLD in the last decades, Vongsuvanh
et al.®® used the term “sleeping tiger” to draw
attention to dramatically increasing HCC inci-
dence in this area. Recent studies using Markov
modeling for future projections of NAFLD burden
unfortunately report gloomy news. A study by Estes
et al.*® focusing on data for the United States
showed that the total NAFLD population by the year
2030 will increase by 21%, the number of NASH
cases will increase by 63%, NAFLD/NASH-related
decompensated cirrhosis will increase by 180%, and
NAFLD/NASH-related HCC cases will increase by
146%. The anticipation in other parts of the world
where the NAFLD/NASH burden has reached crit-
ical levels is not different. In a multinational study
providing future projections by Markov modeling, it
is expected that the NASH population by 2030 will
increase by 48% in China and 43% to 49% in most
parts of Europe, which will lead to an 86% increase
in NASH-related HCC in China, 93% increase in
the United Kingdom, 107% increase in Germany,
and 125% increase in France.*” We suggest that
our findings of worsening DALYs due to NAFLD/
NASH-related cirrhosis and LC are the early signs
of those projections and that NAFLD/NASH will
increasingly contribute to the CLD burden globally,
with an urgent need for effective interventions for
the management of NAFLD/NASH.

The most important strength of the current study
is that we used the data from GBD estimates. GBD
estimates provide the only peer-reviewed estimates
of cause-specific mortality available for each age, sex,
year, and location throughout the world. However,
these data also have a few limitations. Our analysis
relied heavily on GBD estimates, so we share the lim-
itations of those estimates. The accuracy of the GBD
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estimates was limited by the quality and availability
of each country’s vital registration system and a large
number of undefined cancer cases in their cancer
registry data. For some locations without these data
sources, such as the countries in sub-Saharan Africa,
GBD estimates heavily relied on the modeling pro-
cess, predictive covariates, and trends from past time
or trends from neighboring countries, resulting in
some uncertainty. Additionally, the GBD framework
of estimation tended to underestimate LC mortality
in low-income countries due to the lack of advanced
diagnostic techniques. Also, estimates for LC and cir-
rhosis due to NAFLD/NASH must be interpreted
with caution in that the age-standardized prevalence
of NAFLD and NASH that leads to LC or cirrhosis
was 10.9%, which was lower than the global preva-
lence of 24%, most likely due to different adjustments
for alcohol use.

In conclusion, CLD continues to be a grow-
ing health problem globally. Cirrhosis and LC have
been causing significant morbidity and mortality, as
reflected in disease-specific DALY rates. Asia regions
represent the majority of DALYs globally, whereas
high-income regions, such as Asia Pacific, North
America, and Australasia, have relatively lower but
worsening, trends. Based on etiology, DALY’ second-
ary to HBV, HCV, and ALD have been improving
and NAFLD/NASH is contributing more to the
growing CLD burden worldwide, urgently neces-
sitating the development of effective management
options.
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