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Abstract

Background and Aims: Acute hepatitis E (AHE) in the el-
derly can lead to severe complications including liver failure
and mortality, yet the epidemiological landscape remains
poorly characterized. This study aimed to assess the burden,
trends, and health inequalities of AHE among the elderly over
the past three decades, and to further predict its changes by
2030. Methods: Data on AHE in the elderly were obtained
from the Global Burden of Disease 2021. The burden of AHE
was analyzed by trends, decomposition, cross-country in-
equalities, and predictive analysis. Results: In 2021, the
global incidence and Disability-Adjusted Life Years (DALYs)
for AHE among the elderly were recorded as 1,130,013.35
and 20,084.77, respectively. Although there were significant
differences in the incidence and DALYs across countries, the
number of incident cases increased from 1990 to 2021, with
a slight rise in age-standardized rates, while the number and
age-standardized rate of DALYs showed a declining trend.
Decomposition analysis revealed that population growth and
aging are the drivers of changes in incidence, while epide-
miological changes somewhat offset the increases in DALYs
driven by population growth. Low socio-demographic index
countries bear a disproportionate burden of elderly AHE,
although inequality gaps have narrowed over time. Nota-
bly, up to 2030, the number of incident cases and DALYs
will continue increasing. The burden in elderly women was
more pronounced than in men. Conclusions: The burden
of elderly AHE, as a major public health issue, remains sub-
stantial. While cross-country inequities have been alleviated
over time, the pressure on lower socio-demographic index
countries to control the disease remains high. AHE in elderly
women requires further attention. This emphasizes the sig-
nificant challenges faced in controlling and managing elderly
AHE.
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Introduction

Hepatitis E virus (HEV) is a hepatotropic pathogen that can
cause acute hepatitis E (AHE), posing a significant threat
to global public health.1-4 Although AHE is typically a self-
limiting disease with mild symptoms and a low mortality
risk, recent studies have highlighted that in certain high-
risk groups, HEV infection can lead to acute fulminant liver
failure, which carries a high fatality rate.!->¢ Moreover, re-
search indicates that AHE can evolve into a chronic condi-
tion, imposing an additional burden on health and medical
systems.”:8 Data from the 2019 Global Burden of Disease
(GBD) report indicate a 19% increase in AHE cases world-
wide—from 16,279,700 in 1990 to 19,469,888 in 2019. The
age-standardized rate (ASR) of incidence for AHE decreased
from 278.14 per 100,000 people in 1990 to 267.44 in 2019.°
Despite this overall decrease in incidence ASR, the absolute
number of cases continues to rise, making prevention and
control of AHE a challenging endeavor.

The elderly represent a high-incidence demographic and
are at increased risk for severe and chronic AHE.10-15 Re-
search has shown that the elderly experience the highest
incidence of AHE among all age groups, with the risk of HEV
infection increasing with age.19:11 In geriatric patients, AHE
frequently manifests as hyperbilirubinemia and cholestasis,
potentially progressing to acute, sub-acute, or acute-on-
chronic liver failure.!> This progression presents a variety of
novel challenges for clinical diagnosis and treatment. Geriat-
ric patients with pre-existing conditions are at higher risk of
progressing to chronic hepatitis, cirrhosis, and liver failure,
with mortality rates ranging from 25% to 75%.14:16-19 The
precise mechanisms underlying progression to severe AHE in
the elderly remain incompletely understood. However, recent
advances using animal models—particularly studies involving
gerbils and rabbits infected with HEV—have provided valu-
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able insights into the pathogenesis of liver injury.20.21 Fur-
thermore, research has identified that HEV genotypes 3 and
4 are more likely to infect older individuals, often resulting in
severe liver damage.22:23

The elimination of viral hepatitis and addressing the health
issues of an aging population are key objectives of the World
Health Organization’s 2030 sustainable development plan.24
As populations age, the health concerns of the elderly have
become a significant public health priority. The impact and
importance of the health and disease burden among the el-
derly are multifaceted, extending beyond quality of life to
encompass social structure, economic factors, and the al-
location of healthcare resources. The impact of AHE on the
health of geriatric populations is substantial; however, the
global epidemiological patterns of AHE in this group remain
unclear, making a comprehensive global overview and bur-
den analysis urgently needed. To advance epidemiological
understanding, this study utilizes data from the GBD 2021 to
conduct a comprehensive assessment of AHE burden, trends,
and health inequalities. The study primarily includes: (1) an
epidemiological descriptive analysis of AHE in the elderly
at global, regional, and national levels; (2) dynamic trend
analysis of AHE using estimated annual percentage change
(EAPC) and Joinpoint regression models; (3) a decomposi-
tion analysis based on demographic changes, age structure,
and epidemiological factors; (4) an analysis of cross-national
inequalities related to the socio-demographic index (SDI)
using standard health equity methods; and (5) a predictive
analysis of the global burden through 2030 using Bayesian
models.

Methods

Data source

The incidence and disability-adjusted life-years (DALYs) data
for AHE among individuals aged 60 years and older from
1990 to 2021 were obtained from GBD 2021. The GBD data,
provided by the Institute for Health Metrics and Evaluation,
encompass the latest epidemiological studies on the burden
of 371 diseases and injuries across 204 countries and ter-
ritories.?> The GBD integrates an extensive array of health
data sources, including censuses, household surveys, vital
records, disease registries, health service utilization, ambient
air quality data, satellite imagery, and disease reports. Each
data source is assigned a unique identification code within the
Global Health Data Exchange.2> Epidemiological estimates of
HEV infection incidence were derived from population-based
seroprevalence studies using anti-HEV IgG as a biomarker.
This analytical process incorporated bias adjustment for non-
reference data through log-transformed Bayesian priors with
regularization and trimming (MR-BRT). The epidemiological
model for AHE was developed using DisMod-MR 2.1, a Bayes-
ian meta-regression tool.2> The anti-HEV IgG seroconversion
incidence derived from DisMod-MR served as a proxy for AHE
infection incidence.

Definitions

The GBD categorizes diseases into four levels based on dif-
ferent etiologies, with AHE classified as a fourth-level cause
under the broad category of infectious diseases. In the GBD
2021 framework, AHE is defined as an infection caused by
HEV that results in the seroconversion of anti-HEV IgG. Ac-
cording to the 10th revision of the International Classification
of Diseases, HEV is coded as B17.2.

The SDI is a composite metric that evaluates the devel-
opmental status of a country or region by integrating key
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indicators including fertility rates, educational attainment,
and per capita income. The SDI scale ranges from 0 to 1,
with higher values indicating more advanced socioeconomic
development. Based on SDI values from GBD 2021, the 204
countries and territories are stratified into five quintiles:
low, lower-middle, middle, upper-middle, and high SDI re-
gions.26

Ethics

For the use of identified data in the GBD study, the Institu-
tional Review Board of the University of Washington has ap-
proved a waiver of informed consent.

Descriptive and trend analysis

Descriptive analyses of the disease burden of AHE in the
elderly at global, regional, and national levels were con-
ducted using the ASR and the numbers of incidence and
DALYs from 1990 to 2021. To explore the dynamic trends
of AHE from holistic, regional, and multidimensional per-
spectives, we employed two methods: the EAPC and join-
point regression analysis.27:28 Initially, we utilized EAPC to
quantify ASR trends, assessing the overall pattern of AHE.
Previous studies have indicated that EAPC is a reliable
metric for monitoring changes in epidemiological disease
patterns.2’ Furthermore, we applied the joinpoint regres-
sion analysis model to analyze overall and regional trends
in the AHE burden. Joinpoint regression (using NCI join-
point regression software) segments the overall trend into
multiple sub-trends based on inflection points and calcu-
lates the annual percentage change (APC) with its 95%
confidence interval (CI) for each segment, assessing the
magnitude of epidemiological changes in each phase.28:2°
Joinpoint regression estimates both APC and average APC,
determining the direction and magnitude of changes and
statistically verifying the significance of inflection points
identified in the trend lines.2°

Decomposition analysis

To gain a deeper understanding of the factors contributing
to changes in AHE incidence and DALYs from 1990 to 2021,
we conducted a decomposition analysis using three factors:
population size, age structure, and epidemiological chang-
es.29:30 The study was stratified by gender to decompose the
contributions of population growth, aging, and epidemiologi-
cal changes on the epidemiology of AHE over the past three
decades. The contribution of each factor to the change in
AHE burden is defined as the impact of that factor’s change
while all other factors remain constant.

Health inequality analysis

Analyses of health inequalities provide an evidence base
for health planning, helping improve prevention and control
policies and programs to reduce disparities in health distri-
bution.31:32 This study employed two standard metrics, the
slope index of inequality and the CI, representing absolute
and relative inequality gradients, respectively, to assess
and quantify the distributional inequality of the AHE burden
across countries.31:32 The slope index of inequality was de-
rived from regression of the country’s index rate for all age
groups on a scale of relative position associated with the SDI,
defined by the midpoint of the population’s cumulative range
sorted by SDI. The concentration index was determined by
numerically integrating the area under the Lorenz concentra-
tion curve, which was fitted using the cumulative proportion
of the index and the cumulative relative distribution of the
population sorted by SDI.
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Predictive analysis

To better inform public health policies and healthcare resource
allocation, we predicted the future burden of AHE. The study
utilized the integrated nested Laplace approximation with the
Bayesian age-period-cohort model to forecast the global bur-
den of AHE through 2030. The use of the integrated nested
Laplace approximation with the Bayesian age-period-cohort
model allows approximation of the marginal posterior distri-
bution, avoiding some mixing and convergence issues asso-
ciated with traditional Bayesian methods relying on Markov
chain Monte Carlo sampling techniques.3:33

Statistics

ASRs of incidence and DALYs were expressed as estimates
per 100,000 population with their 95% uncertainty intervals
(UIs). All statistical analyses and graphs were conducted us-
ing R Studio software (version 4.2.1). A two-tailed p-value
of less than 0.05 was considered statistically significant for
all analyses.

Results

Descriptive analysis of AHE burden in older adults at
global, regional, and national levels

Data on the incidence and DALYs of AHE among the elderly
for the years 1990 and 2021 are summarized in Table 1.
From 1990 to 2021, a notable upward trend was observed
in the number of AHE incidence cases worldwide among
the elderly, while the ASR remained relatively stable with
a slight increase. Conversely, both the number and ASR of
DALYs exhibited a downward trend (Fig. 1). When examining
gender subgroups, an increasing trend in incidence numbers
and ASRs was observed for both males and females, with
females consistently having higher rates than males. In con-
trast, males demonstrated higher DALYs numbers and ASRs
compared to females. However, females showed an increas-
ing trend in DALYs numbers, whereas males experienced a
decline (Fig. 1).

Across the five SDI regions, the middle SDI region had
the highest number of AHE incident cases in 2021. An up-
ward trend in incidence numbers was noted across all SDI
regions, with the middle SDI experiencing the most rapid
growth. The low SDI region had the highest incidence ASR,
which decreased as SDI increased. Compared to 1990, inci-
dence ASRs across the five SDI regions remained relatively
stable in 2021. The low-middle SDI region had the highest
number of DALYs in 2021. From 1990 to 2021, DALYs cases
increased in the high SDI and low-middle SDI regions, while
they decreased in the other SDI regions. The low SDI region
had the highest DALYs ASR, with ASRs decreasing as SDI
increased. All five SDI regions experienced a decline in DALYs
ASR from 1990 to 2021.

At the GBD regional level, the highest incidence and DALYs
of AHE among the elderly were found in Asia, with the lowest
rates in Oceania. The highest ASRs were observed in Sub-
Saharan Africa and Asia, while Southern Latin America had
the lowest rates (Supplementary Tables 1 and 2). Significant
variations in AHE incidence and DALYs among the elderly
were noted at national and regional levels. In 2021, China
and India, the two most populous countries, had the highest
number of incident cases, while Tokelau reported the few-
est. Poland had the highest incidence ASR, and Argentina the
lowest. India had the highest number of DALYs cases, and
Tokelau the lowest. Zimbabwe reported the highest DALYs
ASR, and Uruguay the lowest.

Overall trends in AHE among older adults using the
broad estimation method

Globally, from 1990 to 2021, the ASR of incidence for AHE
among the elderly increased by 0.04%, while the ASR of
DALYs decreased by 3.3%. The incidence ASR rose more
rapidly in females than in males, whereas the DALYs ASR
declined more slowly in females compared to males. Among
SDI quintiles, only the high-middle SDI region showed a de-
creasing trend in incidence ASR; other SDI regions remained
relatively stable (Table 1). The DALYs ASR showed a down-
ward trend across five SDI regions, with the high-middle SDI
experiencing the largest decrease.

Among the 21 GBD regions, East Asia had the fastest-
growing incidence ASR, while Western Europe showed the
steepest decline. The largest decrease in DALYs ASR was ob-
served in East Asia, whereas Western Europe experienced
the fastest increase (Supplementary Tables 1 and 2). Across
the 204 countries and territories, substantial variation exist-
ed in the overall trend of AHE burden among the elderly (Fig.
2). Incidence ASR increased in 59 countries and territories,
with Greece experiencing the fastest growth and Italy the
steepest decline. DALYs ASR decreased in 154 countries and
territories, with the largest decline in Nigeria and the fastest
increase in Germany (Fig. 2).

Trends of AHE burden in older adults using joinpoint
regression analysis

The results of joinpoint regression analysis for AHE burden
among the elderly are illustrated in Figure 3. From 1990
to 2021, the incidence ASR generally trended upward with
fluctuations, characterized by periods of increase followed
by declines and then a rapid rise. Specifically, increases oc-
curred during 1990-1991, 1994-2001, 2010-2015, and
2015-2021, with the most significant rise between 2010 and
2015. Conversely, declines were observed between 2001-
2004 and 2004-2010. The DALYs ASR showed a consistent
decline, with the largest drop between 2001 and 2004, and
a slower decrease during 2013-2021. Joinpoint regression
analyses stratified by gender for incidence and DALYs trends
are shown in Supplementary Figure 1.

Decomposition analysis

Over the past 30 years, global incidence has substantially in-
creased, with the middle SDI quintile experiencing the high-
est surge (Fig. 4A). Aging, population growth, and epide-
miological changes contributed 4.33%, 93.92%, and 1.74%
respectively to the global incidence increase. The largest
contributions of aging, population growth, and epidemiologi-
cal changes were observed in the high SDI (7.82%), low-
middle SDI (97.57%), and middle SDI (2.36%) regions,
respectively. Gender subgroup analysis revealed that older
females bear a higher burden of AHE incidence than males
globally and five SDI regions, with population growth having
the most notable impact.

Conversely, global DALYs have significantly declined
over the past 30 years (Fig. 4B). However, at the five SDI
levels, the burden increased in the high and low-middle
SDI regions, with the low-middle SDI showing the largest
increase and the high-middle SDI experiencing the fast-
est decrease. Aging, population growth, and epidemio-
logical changes accounted for 17.49%, —1,368.79%, and
1,451.30% of the global DALYs burden change, respec-
tively. Population growth was the main contributing factor
to the burden, while epidemiological changes contributed
to its reduction. When stratified by gender, females bore
a higher DALYs burden than males globally and five SDI
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Fig. 1. The numbers and ASIR of Acute Hepatitis E (A) incidence and (B) DALYs globally among the elderly from 1990 to 2021. ASIR, age-standardized

incidence rate; DALYs, disability-adjusted life-years.

regions, with the burden declining for males overall but
increasing for females.

Cross-country inequality analysis

In the burden of AHE among the elderly, both absolute and
relative SDI-related inequalities were observed, although
these disparities gradually narrowed over time (Fig. 5). The
DALYs burden was disproportionately concentrated in regions
with lower SDI. The slope index of inequality indicated that
in 1990, the difference in DALYs per 100,000 people between
the highest and lowest SDI countries was 11 [—-10.65 (95%
CI: —12.27 to —9.03)], which reduced to 3 [-3.11 (95%
Cl: —3.72 to —2.51)] by 2019. The concentration index,
measuring relative inequality, was —0.56 (95% CI: —0.68
to —0.44) in 1990 and —0.51 (95% CI: —0.66 to —0.37)
in 2019, indicating that while the AHE burden became less
concentrated among countries with different SDI levels, it
remained focused in lower SDI countries. Cross-country in-
equality analyses of AHE incidence and DALYs by gender are
shown in Supplementary Figure 2.

Predictive analysis of AHE burden among the elderly
to 2030

Based on the predictive model, Figure 6 illustrates that from
2022 to 2030, the projected incidence and DALYs numbers
for AHE among the global elderly population are expected to
continue increasing. The incidence ASR is predicted to re-

main relatively stable with a slight upward trend. By gender,
incidence numbers for both males and females are rising,
with females exceeding males. However, the incidence ASR
is projected to increase in females while decreasing in males.
Globally, the DALYs ASR is projected to rise slightly by 2030
for both males and females, with a greater increase antici-
pated in females.

Discussion

This study provides the most recent global, regional, and na-
tional estimates of the incidence and DALYs of AHE among
the elderly from 1990 to 2021. Our analysis encompassed
temporal trends, decomposition of contributing factors, as-
sessment of international inequalities, and future projections.
Despite substantial heterogeneity in the AHE burden across
countries and regions, the overall incidence has gradually in-
creased, while DALYs have exhibited a declining trend in both
absolute numbers and age-standardized rates. Decomposi-
tion analysis revealed that population growth and aging were
the primary drivers of increased incidence, whereas epide-
miological changes contributed to the reduction in DALYs.
Notably, countries with low SDI bore a disproportionately
high burden of AHE, though SDI-related disparities have di-
minished over time. Projections indicate that while ASRs for
incidence and DALYs will remain stable through 2030, abso-
lute case numbers will continue to rise, underscoring persis-
tent challenges in AHE management. Furthermore, gender
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disparities were evident, with elderly women facing a higher reached 1,130,013.35 (95% UI: 613,176.99-1,882,306.83)
burden than men, necessitating targeted interventions. and 20,084.77 (95% UI: 12,325.55-38,537.13), respec-
In 2021, global AHE incidence and DALYs among the elderly tively. The Asian region reported the highest numbers, with
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Sub-Saharan Africa and Asia having the highest ASRs, re-
flecting a sustained burden over the past three decades.
East Asia demonstrated the most rapid increase in incidence
(EAPC: 0.14%), yet DALYs declined significantly—a contrast
to Western Europe, where incidence decreased but DALYs
rose (EAPC: 2.74). These findings highlight the need for
region-specific surveillance, particularly in areas with esca-
lating burdens.

Nationally, China and India accounted for the highest
incidence numbers in 2021, driven by their large popula-
tions and middle SDI status. China’s steadily increasing
incidence signals the necessity for improved healthcare
resource distribution and economic development to bol-
ster AHE control. India’s elevated burden, compounded
by challenges such as poor hand hygiene, contaminated
water, and uneven healthcare access, demands urgent
public health attention. Conversely, Poland, a high-income
nation, recorded the highest incidence ASR, with minimal
change over 30 years—a trend also observed in other de-
veloped regions. This may be attributed to distinct trans-
mission pathways, particularly foodborne exposure (e.g.,
contaminated meat and seafood),34:35 suggesting the need
for tailored prevention strategies beyond conventional wa-
ter and hygiene measures.?

AHE, though typically self-limiting, poses significant risks
to the elderly, who are more susceptible to severe compli-
cations.10-15 The resultant economic burden—encompass-
ing direct medical costs, productivity losses, and intangible
personal tolls—underscores the urgency of optimized disease

management. Encouragingly, from 1990 to 2021, the ASR of
incidence for elderly AHE has shown a slight overall upward
trend, while the ASR for DALYs has consistently declined. This
suggests notable progress in global efforts to control and
prevent AHE, likely associated with improvements in hand
hygiene and water sanitation, coupled with partial protective
effects of worldwide HEV vaccination campaigns.
Decomposition analysis indicated that population growth
and aging remain key drivers of incidence, with regional
variations: aging predominates in high-SDI regions, where-
as population growth exerts greater influence in low-SDI
settings. While epidemiological improvements have offset
DALY increases globally, this effect is less pronounced in
high-SDI areas, possibly due to already low baseline DALYs.
Our study found an inverse relationship between the ASR
of incidence and DALYs for AHE and SDI. Previous research
similarly suggested that areas with lower SDI bear a rel-
atively higher burden of AHE, consistent with our find-
ings.%:36 Inequality analysis further quantified this dispar-
ity, linking it to inadequate sanitation, limited healthcare
infrastructure, and economic constraints. However, the
observed narrowing of SDI-related inequalities over time
highlights the positive impact of international initiatives,
such as World Health Organization-led hygiene campaigns
and targeted healthcare aid. The degree of inequality in
AHE burden is primarily concentrated in countries with
lower SDI, which can be attributed to two main factors.
Firstly, countries with low SDI often lack clean water sourc-
es and exhibit insufficient awareness of hand hygiene prac-
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tices. Secondly, due to their lower economic status, these
countries typically have substandard medical interventions
and limited capacity for medical rescue. To mitigate these
disparities, countries should develop tailored, individual-
ized policies and allocate medical resources appropriately
based on their specific circumstances. It is noteworthy that
over time, these inequality gaps have gradually narrowed,
indicating that, over the past decades, with focused efforts
by the World Health Organization and the United Nations,
implementation of effective prevention and control poli-
cies, such as improved hand hygiene, clean water access,
and medical aid in lower-income countries, has significant-
ly reduced the burden of AHE.

Projections suggest a continued rise in AHE cases through
2030, driven by demographic shifts including global popula-
tion growth and aging. By 2050, 80% of the elderly will re-
side in low- and middle-income countries, exacerbating AHE
challenges in these regions.37:38 Proactive measures, such
as healthcare system strengthening and equitable resource
allocation, are imperative to mitigate this impending burden.

Gender-specific analyses revealed a less favorable tra-
jectory for elderly women, who exhibited higher incidence
and DALYs than men. Overall, future prevention and con-
trol strategies for AHE must not overlook the management
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of elderly women. Additionally, it is important to recognize
that the elderly constitute a vulnerable group; as age in-
creases, immune function weakens and susceptibility to
chronic diseases such as hypertension, diabetes, liver dis-
ease, and malignancies rises.39-41 The risk of severe ill-
ness and death from AHE co-infections in this population
significantly increases, shortening lifespan and imposing
additional societal burdens. Therefore, countries world-
wide should enhance management of this group, including
considering early vaccination to reduce the risk of infection
and severe disease.42-44

Our study has several limitations. Firstly, misdiagnosis,
underdiagnosis, and documentation losses in less developed
countries may result in underestimation of AHE within the
GBD. Secondly, the primary data feeding into the GBD origi-
nate from various nations with inconsistent quality. However,
the application of data cleansing, correction techniques, and
sophisticated statistical modeling by GBD collaborators helps
mitigate these effects. Despite these limitations, our re-
search adopts a multifaceted and multidimensional analytical
approach, encompassing descriptive, trend, decomposition,
health inequality, and predictive analyses. This comprehen-
sive methodology advances understanding of AHE epidemi-
ology among the elderly and provides a foundation for in-
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forming public health policy and medical resource allocation
worldwide.

Conclusions

AHE remains a critical public health challenge for the el-
derly, with rising global incidence and persistent disparities.
Population growth and aging are key drivers of this trend,
necessitating enhanced prevention strategies to counterbal-
ance their impact. Although SDI-related inequalities have di-
minished, lower-SDI countries continue to bear a dispropor-
tionate burden. Moving forward, tailored interventions that
account for regional transmission dynamics, demographic
shifts, and gender disparities are essential to reduce the AHE
burden and safeguard elderly health worldwide. Policymak-
ers must prioritize adaptable, context-specific measures to
strengthen healthcare systems and ensure equitable re-
source distribution.
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