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Summary

Background Hong Kong has one of the longest life expectancies in the world but was heavily impacted by COVID-19
in 2022. We aimed to estimate patterns in mortality rates and changes in life expectancy in Hong Kong during the
COVID-19 pandemic.

Methods We constructed sex-specific life tables from 1998 to 2023 using parametric bootstrapping to account for
statistical uncertainty in mortality rates. We used Arriaga’s decomposition method to estimate age- and cause-
specific contributions to overall changes in life expectancy for 2020-2023, with 2019 as the reference year. We
also estimated cause-specific mortality rates.

Findings Hong Kong reported 50,666 deaths in 2020, 51,354 in 2021, 63,692 in 2022, and 54,731 in 2023. Estimates of
life expectancy in males and females in 2020 and 2021 were similar to the pre-pandemic trend from 1998 to 2019 but
declined significantly in 2022. Compared to the pre-pandemic trend, the 2022 values of 80.4 years for males and 86.4
years for females corresponded to reductions by 2.22 (95% CI: 2.08, 2.36) years in males and 2.30 (95% CI: 2.17, 2.43)
years in females. The loss in life expectancy in 2022 was mainly attributed to increased respiratory mortality rates,
with a negative contribution to life expectancy of 1.47 and 1.26 years for males and females respectively. In 2023
life expectancy increased by 0.60 (95% CI: 0.46, 0.75) years in males and by 1.10 (95% CI: 0.95, 1.26) years in females.

Interpretation In 2022 a very high respiratory mortality rate in older adults in Hong Kong during the COVID-19
pandemic was associated with a reduction in life expectancy by more than 2 years. In 2023 life expectancy
increased towards the pre-pandemic trend.
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Introduction

Life expectancy from birth is a common measure used for
international comparisons of population health." The in-
fant mortality rate, prevalence of chronic diseases, and
economic growth, have a significant impact on life expec-
tancy. In Hong Kong, advances in healthcare, driven by
successful economic development, have resulted in a
remarkable increase in life expectancy in recent decades,
making it one of the longest globally.” This achievement is
attributed to a low infant mortality rate of 1.7 per 1000 live

births in 2021, potentially healthy migrant effects,” low
smoking rates particularly among women,” few deaths
from transport accidents,” significant investments in pub-
lic healthcare,” and possibly overstatement of age in older
people due to use of Chinese age (one year old at birth and
two years old at first Chinese New Year) coupled with lack
of birth certificates. However, the rising prevalence of
chronic diseases and multimorbidity among older adults
complicates health outcomes and life expectancy trends. A
decrease in life expectancy was observed in several Asian
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Research in context

Evidence before this study

The Coronavirus disease (COVID-19) pandemic has resulted in
more than 7 million deaths globally since 2020, with an
estimated decrease in global life expectancy of 1.6 years from
2019 to 2021. A drop in life expectancy has been reported in
many places during the pandemic, including locations in Asia
such as Japan and South Korea. The Hong Kong Special
Administrative Region of the People’s Republic of China had
one of the highest life expectancies in men and women
before the pandemic, but official statistics indicated a
substantial drop in life expectancy in 2022. To understand the
change in life expectancy associated with COVID-19 different
populations in Asia, we searched PubMed to 24 July 2024
using the following search terms: “(“SARS-CoV-2" OR “COVID-
19") AND (“life expectancy”)”. We identified one study
investigating the impacts on life expectancy in Asia during
2019-2021 which suggested increased mortality in older
adults aged 60 years or above contributed most to the
reduction of life expectancy. Another research studying the
rural-urban gap in life expectancy in China in 2020-2021
suggested a wider gap in life expectancy during the pandemic
with a shifting trend towards older ages and the population
having circulatory diseases. A study in South Korea found that
life expectancy was reduced in 2020 and 2021 with increased
mortality rates in older adults. Another study reported that
life expectancy in Japan was slightly shortened by 0.15 years
in 2020-2021, and females (0.15 years) experienced slightly
larger losses than males (0.12 years). The losses in life
expectancy were mainly attributable to increased mortality in
older adults aged 70 years or above. However, mortality
associated with neoplastic tumors and cardiovascular diseases
contributed to life expectancy loss, whereas respiratory

countries with high life expectancies in 2022 after the
spread of Omicron, including China,’ Japan,”* Singapore,’
and South Korea.""!

Hong Kong used public health and social measures
to minimize COVID-19 transmission for the first two
years of the pandemic,’” but experienced a major
epidemic of Omicron BA.2 in early 2022 resulting in
around half of the population being infected and more
than 10,000 confirmed COVID-19 deaths among Hong
Kong’s 7.3 million population.’*** The majority of the
deaths were observed in older adults >65 years of age.”
The reported number of COVID-19 deaths might not
reveal the full picture of the impact of the pandemic
because some confirmed deaths might have occurred
with COVID-19 rather than because of COVID-19, while
the control measures used to reduce transmission also
had a substantial indirect impact which may have
affected mortality.” Distinguishing whether adverse
health impacts stem from the pandemic itself or the
control measures is important for understanding the

diseases did not appear to contribute to the change in Japan,
in 2020-2021.

Added value of this study

This is the first study to analyze the change in life expectancy
at different stages of the pandemic compared to the pre-
pandemic trend and to discuss the contributors to this change
in Hong Kong. We estimated that life expectancy for males
was 82.3 years in 2021 and 80.4 years in 2022, and for
females, it was 87.9 in 2021 and 86.4 years in 2022.
Reductions of 2.22 (95% Cl: 2.08, 2.36) years in males and
2.30 (95% Cl: 2.17, 2.43) years in females were observed
compared to the pre-pandemic trend. The drop in life
expectancy in 2022 was mainly associated with increased
respiratory mortality in the population aged 65 or above.
There were increases in life expectancy of 0.60 (95% Cl: 0.46,
0.75) years in males and of 1.10 (95% Cl: 0.95, 1.26) years in
females, in 2023, which were still below the extrapolated pre-
pandemic trend due to the increased mortality rates from
respiratory and cardiovascular diseases. There was no evidence
of substantial mortality displacement from other causes.

Implications of all the available evidence

The substantial decrease in life expectancy in Hong Kong in
2022 was associated with increased respiratory mortality
among older adults during a large epidemic of SARS-CoV-2
Omicron BA.2, emphasizing the importance of achieving a
high vaccination rate and implementation of protective
measures targeting vulnerable older adults. The significant
impact of COVID-19 on population health, as indicated by life
expectancy, underscored the significance of resource
allocation in policymaking.

sources of mortality impacts and analyzing the rela-
tionship between public health policies and changes in
life expectancy. The World Health Organization esti-
mated that 14.83 million excess deaths occurred in the
first two years of the pandemic.”” The Institute for
Health Metrics and Evaluation estimated that global life
expectancy decreased by 1.6 years from 2019 to 2021,
which was a dramatic reversal from the slowly
increasing trend before 2019.

To explore how the COVID-19 pandemic affected
mortality in Hong Kong, a city with a high proportion of
older adults, in this study we estimated patterns in
mortality rates and the consequent life expectancy
changes in Hong Kong during the COVID-19 pandemic.

Methods

Sources of data

Age-specific weekly deaths from 1998 to 2023 were ob-
tained from the Census and Statistics Department of the
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Government of the Hong Kong Special Administrative
Region. For analysis of cause-specific death rates, we
selected 9 major primary causes of death for both sexes
in Hong Kong since 2001, including malignant neo-
plasms, cardiovascular, respiratory, kidney diseases,
diabetes mellitus, chronic liver disease, dementia,
septicemia, and external causes, which has observed a
higher extent of increase among other leading causes in
2022. A final category, “other causes”, included all other
deaths. These ten cause of death groupings were coded
according to the International Classification of Diseases,
Ninth Revision (ICD-9) from 1998 to 2000 and Tenth
Revision (ICD-10) from 2001 onwards (Appendix).
Almost all deaths in Hong Kong occur in hospital,
which facilitates accurate coding. The age-specific mid-
year population sizes from 1998 to 2023 were obtained
from the Census and Statistics Department and were
used as the denominators for the estimation of mortality
rates.”” The population sizes for ages 85 to >100 years in
1996, 2001, 2006, 2011, 2016, and 2021 were obtained
from the censuses and by-censuses conducted by the
Census and Statistics Department.”” These data were
used to estimate the population size from age 85 to
>100 years from 1998 to 2023 (Appendix). Our study
received ethical approval from the Institutional Review
Board of the University of Hong Kong (UW 21-393).
Participant consent was not required for this longitudi-
nal ecological study which used aggregated and dei-
dentified mortality data and census data on population
sizes.

Statistical analysis

We constructed life tables for each year from 1998 to
2023 based on local mortality rates by age and sex
(Appendix). We used a parametric bootstrap approach to
estimate uncertainty in the mortality rates by repeatedly
sampling from fitted negative binomial distributions for
observed death counts. We estimated the value of the
overdispersion parameter alpha by fitting the negative
binomial regression model to the mortality data. We
estimated standardized mortality rates for males and
females from 1998 to 2023 using the respective popu-
lation structures in 2019 as the reference populations.
We identified the best-fitting and most parsimonious
regression models for the change in life expectancy
between 1998 and 2019 and extrapolated this linear fit to
the pandemic years.

Arriaga’s decomposition method was used to inves-
tigate the contribution of different age groups and cau-
ses of death to changes in life expectancy in 2020, 2021,
2022, and 2023, compared to the reference year of
2019.”" The age-specific contribution consists of both
direct and indirect effects. However, the last age group
only gives a direct contribution, as there is no older age
constituting an indirect effect. The sum of effects from
all ages and the total change in life expectancy in years
should be equal. The change in life expectancy by age
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was estimated for six age groups: 0-4, 5-14, 15-44,
45-64, 65-79, and >80 years. We used 2019 as the
reference year for this decomposition analysis rather
than from one year to the next during the COVID-19
pandemic because the increased mortality rates in the
pandemic would affect the comparisons in later years.
Using 2019 as a baseline to compare this with COVID-
19 years is intended to reflect the changes in mortality
patterns in the pandemic versus in the pre-pandemic
periods. More computational details of Arriaga’s
decomposition are provided in the Appendix. All sta-
tistical analyses were conducted in R version 4.3.3 (R
Foundation for Statistical Computing, Vienna, Austria).

Role of the funding source
The funding bodies had no role in the design of the
study, the collection, analysis, and interpretation of data,
or writing of the manuscript.

Results
Fig. 1 shows the all-cause mortality rates from 1998 to
2023 for males and females in six age groups. From
1998 through to 2021 the age-specific mortality rates
generally declined over time for both males and females.
The mortality rates increased substantially in 2022 in all
age groups except in 5-14 years. In particular, the esti-
mated mortality rates among males and females >80
years increased dramatically from 2021 to 2022. For
males, mortality rates increased from 8120 per 100,000
in 2021-10,800 per 100,000 in 2022, and for females it
increased from 6590 per 100,000 in 2021-8330 per
100,000 in 2022. The standard mortality rates for males
and females gradually declined over time but increased
drastically in 2022, from 100 (reference) in 2019, to 121
and 124 for males and females respectively (Fig. 2A).
The long-term decreases in mortality rates over the
study period resulted in a steady increase in life expec-
tancy for both sexes, from 77.3 in 1998 to 82.3 in 2021
for males, and from 83.1 in 1998 to 87.9 in 2021 for
females (Fig. 2B). In 2022, life expectancy declined to
80.4 years in males and 86.4 years in females. Using
linear regression models, we projected the trend in life
expectancy from 1998 through 2019 into the three
pandemic years, shown as dotted lines in Fig. 2B. The
autocorrelation with the Durbin-Watson Test for the
male and female models was 1.60 and 2.04 respectively,
indicating that there is little to no autocorrelation in the
residuals of both models, and more complex models did
not provide improved fit for the trends in the data from
1998 to 2019. Compared to the pre-pandemic secular
trends in life expectancy for males and females, life
expectancy decreased slightly in 2020 and 2021 in fe-
males while it remained similar to the projected trend in
males in those two years. Life expectancy then declined
very substantially in 2022 by 2.22 (95% confidence in-
terval, CI: 2.08, 2.36) years in males and by 2.30 (95%
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Fig. 1: All-cause mortality rates in Hong Kong by age and sex, from 1998 to 2023. Panel A: age 0-4 years. Panel B: age 5-14 years. Panel C: age
15-44 years. Panel D: 45-64 years. Panel E: 65-79 years. Panel F: 80+ years.

CI: 2.17, 2.43) years in females, compared to the
extrapolated value from the slowly increasing trend from
1998 to 2019.

In 2023, life expectancy rose in males and females
back towards the pre-pandemic trend, increasing by 0.60
(95% CI: 0.46, 0.75) years in males and by 1.10 (95% CI:
0.95, 1.26) years in females. The life expectancy
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estimates of 82.2 (95% CI: 82.1, 82.3 years in males and
87.8 (95% CI: 87.6, 87.9) years in females were still
lower than the pre-pandemic trend which under our
simple linear extrapolation would have corresponded to
life expectancies of 82.8 years in males and 88.9 years in
females in 2023 (Fig. 2B). In our decomposition analysis
by age group, the statistically significant reduction in
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Fig. 2: Panel A: Standardized mortality ratios for males and females in Hong Kong compared to the reference year of 2019. Panel B: Life
Expectancy for males and females in Hong Kong from 1998 to 2023 with 95% confidence intervals. The dashed lines show the fitted linear

trends from 1998 to 2019 extrapolated to 2020-2023.
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female life expectancy from 2019 to 2022 was largely
attributed to the increase in mortality rate among fe-
males aged 80 years or above, followed by those aged
65-79 years (Fig. 3). Similarly, the decrease in male life
expectancy from 2019 to 2022 was also attributed to
increased mortality rates in males aged >80 years, fol-
lowed by those 65-79 years.

Fig. 4 shows the mortality rates by cause and by sex
from 1998 to 2023. The largest increase in 2022 was
observed in mortality from respiratory causes, and
smaller increases in mortality rates were observed in
2022 in several other cause of death categories, except
cancer for males, in 2022. From 1998 to 2023, most of
the cause-specific mortality rate of males were higher
than that of females, apart from diabetes, kidney dis-
eases, and septicemia. In 2023, cause-specific mortality
rates returned to levels that were comparable to those
prior to the COVID-19 pandemic for some causes
although respiratory and cardiovascular mortality
remained elevated.

Substantial increases in mortality rates from respi-
ratory causes was the main driver of the decrease in life
expectancy in 2022 for both sexes in 2022, contributing
to reductions of —1.47 years for males and —1.26 years
for females (Fig. 5). Cancer was the only cause of death
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in which changes were associated with an increase in
life expectancy in 2022 rather than a decrease. Increased
mortality from respiratory causes was still a major
contributor to reduced life expectancy in 2023 compared
to 2019, but with smaller extent compared to the pre-
ceding year (Fig. 5).

Discussion

COVID-19 was successfully contained in Hong Kong in
2020 and 2021, with fewer than 1% of the population
infected,” but the uncontrolled spread of Omicron BA.2
in early 2022 had a very substantial impact."** The loss
in life expectancy in 2022 compared to an extrapolated
prediction based on the pre-pandemic trend, by 2.22
years in males and by 2.30 years in females, was mainly
attributed to a large increase in mortality rates in per-
sons aged >65 years (Fig. 3). In cause-specific analysis
we identified increases in mortality from respiratory
causes and cardiovascular causes (Fig. 4). There was no
evidence of substantial displacement of mortality from
other causes. In 2023, life expectancy in Hong Kong
increased towards the pre-pandemic trend (Fig. 2), but
mortality rates remained elevated for respiratory dis-
eases and cardiovascular diseases (Figs. 4 and 5) and
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Fig. 3: Arriaga decomposition of age-specific contributions (with 95% confidence intervals) to changes in life expectancy in 2020 (light-shaded
squares), 2021 (diamonds), 2022 (dark-shaded squares), and 2023 (triangle) for males (Panel A) and females (Panel B), compared to the
reference year 2019. Each estimate shows the positive or negative change in life expectancy in the corresponding age group versus the pattern
observed in 2019. Values of zero would correspond to no net change in life expectancy attributable to that age group during the specified

period compared to the reference year of 2019.
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male and female life expectancy remained somewhat

below the extrapolated pre-pandemic trend.

The high mortality impact of SARS-CoV-2 Omicron
BA.2 in Hong Kong in early 2022 has been discussed at
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rate among individuals aged 80 years or above was the
lowest among all adult age groups in Hong Kong, with
20.5% of males and 17.1% of females in this age group
receiving at least two doses of SARS-CoV-2 vaccination
at the beginning of 2022, compared to over 80% for
adults >18 years overall.'”>**?” The SARS-CoV-2 mortality
rate was particularly high among older adults in resi-
dential care. The explosive spread of infections in early
2022 caused severe strain on healthcare resources
leading to a three-fold increase in case fatality rates at
the peak of the epidemic in March compared to earlier
or later in that epidemic wave.” In addition, the strain
on healthcare resources resulting from the large num-
ber of SARS-CoV-2 cases and respiratory hospitaliza-
tions likely had negative consequences for
cardiovascular services and disrupted referrals, di-
agnoses, and timely interventions.” Banerjee at el. Re-
ported that substantial excess mortality burden in
cardiovascular causes was discovered in China, Italy,
and the United Kingdom during the COVID-19
pandemic due to disruptions in medical services for
patients with cardiovascular diseases.” The Hong Kong
government implemented stringent containment pol-
icies to slow down the spread of the Omicron virus in
the community in January-April 2022, but a large peak
of infections and deaths was still recorded in March
2022, highlighting the challenges of controlling this
highly transmissible variant.”” Daily COVID-19 case
numbers dropped temporarily in late-May 2022, but
resurged again in June with a wave of BA.4/5 infections.

The mortality rate for diabetes mellitus increased
significantly in 2022 and dropped back to the baseline
level in 2023. Wan et al. reported that COVID-19 has
been associated with an increase in deaths related to
diabetes complications, possibly because of delays or
disruptions in routine care.”” In addition, the gap be-
tween the sexes in cardiovascular deaths was more
pronounced in 2022 with more cardiovascular deaths in
males. This difference may be attributed to a higher
prevalence of cardiovascular diseases in males.”

In contrast to previous findings on excess mortality
which reflect immediate burden of disease,”” our
analysis of life expectancy captures the broader shifts in
mortality in a population in a similar way to a “years of
life lost” assessment in a cohort. Life expectancy is
calculated from a life table where the observed
age-specific mortality rates are applied to a standard
population of one million births, as if the age-specific
mortality rates would apply to that cohort as they prog-
ress through life. The construction of the life table
enables the modeling of mortality rates as if they apply
uniformly to all populations in that cohort as they age,
regardless of the actual age distribution of the popula-
tion being studied. We also estimated the standardized
mortality ratio to compare the mortality rate of a year-
specific population to a standard population. This al-
lows a standardized comparison of age-specific mortality
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rates among populations with different age structures.
In Hong Kong’s ageing population the COVID-19
pandemic caused a very substantial number of deaths
in older adults, and the COVID-19 mortality rate in
Hong Kong in 2022 was one of the highest per capita
rates in the world. The loss of slightly more than two
years of life expectancy in both males and females
during the COVID-19 pandemic in Hong Kong implies
that there were a substantial number of years of life lost.
Notably, higher COVID-19 mortality rates in the United
Kingdom in 2020 and 2021 (than in Hong Kong in
2022) did not translate to such substantial changes in
life expectancy.”!

Prior to the COVID-19 pandemic, global life expec-
tancy increased from 62 years in 1980 to 72 years in
2015." Hong Kong has also experienced steady in-
creases in life expectancy over the last 25 years, but the
COVID-19 pandemic had a drastic impact on life ex-
pectancy in 2022 (Fig. 2). COVID-19 likely impacted life
expectancy in almost every country, for example the life
expectancy of males (females) in the United States
decreased significantly by 2.1 (1.5) years in 2020, by a
further 0.7 (0.6) years in 2021, and then increased by 1.3
(0.9) years in 2022 to a level still 1.5 (1.2) years below
that in 2019.** The United Kingdom reported reductions
of life expectancy by 0.1-0.3 years each consecutive year
in 2020, 2021 and 2022.*' Locations with high COVID-
19 mortality rates in 2020 and 2021 would tend to
have reductions in estimated life expectancy in those
years. In contrast, Hong Kong along with several other
locations in the Asia—Pacific region was able to mini-
mize COVID-19 mortality until 2022,"” and did not have
substantial changes in life expectancy until 2022.
Similar to Hong Kong, South Korea had slight increases
in life expectancy in 2020 and 2021 but then had a
reduction in life expectancy by 0.7 years in males and
1.0 years in females in 2022.** Singapore reported
almost no change in life expectancy in 2020, reductions
by 0.4 and 0.5 years in males and females in 2021, and
by 0.3 and 0.1 years in 2022 respectively.” Australia and
New Zealand reported almost no change in life expec-
tancy over the period 2020-2022.**° Therefore, Hong
Kong appears to have recorded a particularly substantial
change in life expectancy compared to other locations.

The substantial reduction in life expectancy in Hong
Kong in 2022 could be explained by several factors.
Hong Kong’s ageing population means it is more
vulnerable to the impact of a respiratory virus pandemic
in which severity drastically increases with age. In Hong
Kong, the proportion of older adults aged 65 year or
above increased from 10.6% in 1998 to 21.8% in 2023.%
During the surge in Omicron infections in early 2022,
the healthcare system faced unprecedented pressure,
which may have affected the provision of care for both
COVID-19 and non-COVID-19 patients.** Furthermore,
public health policies may have inadvertently resulted in
social isolation and reduced access to medical care,
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impacting health outcomes more broadly in the
community.

There are several limitations to discuss. First, we
were not able to obtain mid-year population size for ages
85 to >100 years, and we made reasonable assumptions
about the distribution of population in this range
(Appendix). Second, Arriaga’s decomposition method is
a common approach to assess changes in life expectancy
but it is limited to decomposing the discrete changes
such as changes from one year to the next. In Arriaga’s
decomposition method, the timing of changes within
the time intervals is not captured, and the effects are
averaged over the discrete periods. Third, we were not
able to separate the direct impact, referring to deaths
from COVID-19, from the indirect impact, referring to
the consequences of intervention policies implemented
during the pandemic for example delays in ambulances
responding to heart attacks, or increases in underlying
medical conditions due to social isolation, change of
lifestyles and delay of healthcare seeking behaviors, etc.
We previously reported an increase in cardiovascular
mortality in 2020 likely attributable to changes in
healthcare seeking behaviors.” In a future study it
would be of interest to separate the direct and indirect
effects of the pandemic by including more covariates,
including the effectiveness of the intervention policies,
the long-term health impacts resulting from SARS-CoV-
2 infections, and changes in access to and utilization of
medical services.

In conclusion, we estimated a substantial decrease
in life expectancy in males and females in 2022,
associated with substantial increases in all-cause
mortality rates particularly in males and females
aged 80 years or above, followed by those aged 65-79
years, when a substantial drop in life expectancy
occurred compared to the gradually increasing trend
in the pre-pandemic years. Life expectancy increased
somewhat in 2023 although it did not return to the
pre-pandemic trend.
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