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ABSTRACT

Objective To estimate the impacts of demographic factors
and income disparities on the case fatality rate (CFR) of
COVID-19 in Hong Kong, taking into account the influence
of reporting delays (ie, the duration between symptom
onset and case confirmation).

Design Retrospective observational longitudinal study.
Participants A total of 7406 symptomatic patients with
residence information reported between 23 January 2020
and 2 October 2021.

Main outcome measures The study examined the
disparity in COVID-19 deaths associated with the factors
such as age (=65 vs 0-64 years old groups), gender

and the income level of districts (low income vs non-low
income). The severe reporting delay (>10 days) was
considered as the mediator for mediation analysis. A Cox
proportional hazards regression model was constructed.
Results We found that CFR was 3.07% in the low-income
region, twofold higher than 1.34% in the other regions.
Although the severe reporting delay was associated with
a hazard ratio (HR) of about 1.9, its mediation effect was
only weakly present for age, but not for gender or income
level. Hence, high CFR in Hong Kong was largely attributed
to the direct effects of the elderly (HR 25.967; 95% Cl
14.254 to 47.306) and low income (HR 1.558; 95% Cl
1.122 10 2.164).

Conclusion The disparity in COVID-19 deaths between
income regions is not due to reporting delays, but rather
to health inequities in Hong Kong. These risks may persist
after the discontinuation of test-and-trace measures and
extend to other high-threat respiratory pathogens. Urgent
actions are required to identify vulnerable groups in low-
income regions and understand the underlying causes of
health inequities.

INTRODUCTION

COVID-19-related health inequities, such
as differences in the risk of being infected,
the risk of developing severe illness, the
access to health resources or services, are of
great concern.! ? During the early spread,
when COVID-19 tests were scarce, individ-
uals in more socioeconomically disadvan-
taged neighbourhoods had higher risks of
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study used a comprehensive data set of
COVID-19 patients in Hong Kong including demo-
graphic, socioeconomic and location-based aspects.

= The mediation impact of severe reporting delay (in-
dicating the low efficiency of testing and tracing) on
the death risk was assessed in one of the regions
with the highest per capita testing capacity in the
world.

= Individual-level data were collected from COVID-19
patients who were reported between January 2020
and October 2021, encompassing an extended
study duration.

= Limitations of the data include the absence of indi-
vidual socioeconomic and household-related data,
as well as details on other comorbidities related to
COVID-19 deaths.

= The disparities among the case fatality rate in differ-
ent groups of people could be confounded by other
factors that were not covered in this study.

morbidity and mortality.3_7 For example,
many of the people in lower-income regions
were associated with longer delays in testing
and treatment, resulting in higher mortality
rates in Chile and Brazil.” ° Deprivation
was found to be positively associated both
with test positivity and with prevalence in
England.” On the other hand, health inequi-
ties can also stem from disparities in health
beliefs and behaviours across various socio-
demographic groups. For example, age and
gender may influence people’s willingness to
seek medical services, thereby affecting delays
in the diagnosis of both short-term infectivity
and long-term underlying health conditions
in Hong Kong, China.® Especially age can
play a vital role in cases of health inequalities
as the case fatality rate (CFR) and suscepti-
bility for COVID-19 symptomatic cases were
much higher among the elderly population
compared with the other age groups.
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While the public health emergency is over, the virus still
circulates. It remains unclear whether the inequity will
disappear after compulsory testing and tracing measures
are discontinued. If severe disparities in COVID-19
mortality resulted from unequal access to testing services,
they should be less likely to persist after discontinuing
these services. Conversely, if these disparities were not
caused by unequal access to testing services, they are
more likely to persist.

Hong Kong, located on China’s southern coast near
Southeast Asian and East Asian countries, was highly
susceptible to COVID-19 due to its dense population, large
elderly population and the risk of importation. In Hong
Kong, numerous measures were implemented to address
the COVID-19 pandemic, including compulsory testing,
app-based contact tracing and immediate hospitalisation
or isolation regardless of symptoms. There were about 5.2
hospital beds per 1000 people in 2015, which was the top
3 in Asia.'” Persons subject to compulsory testing could
find free testing sites in all 18 districts.'’ Until the massive
outbreak during the Omicron wave, all COVID-19 cases
were admitted to public hospitals without charges, imme-
diately after their confirmation. By implementing these
mitigation strategies, Hong Kong was capable of having
rapid and successful control or delay of the pandemic
wave during the first COVID-19 emergence.'*

Hong Kong consistently had the highest ratio of tests
performed to cases globally (eg, more than 5000 tests per
case).” Unexpectedly, Hong Kong experienced about
twofold higher CFR than many neighbouring countries
(such as Singapore, Japan, South Korea and Thailand)
even though the percentage of the elderly population

(ie, people aged 65 or above) was almost 10% lower than
that of Japan."” On the other hand, the city faced signifi-
cant income inequality (with the highest Gini coefficient,
a measure of income inequality, in Asia).'* According to
the 2021 Population Census,”” the variation of median
household incomes across the total districts was notably
high. Whether the risks of deaths were associated with
income levels through the efficiency of testing and
tracing remains unknown. This efficiency can be assessed
by the proportion of cases with reporting delays, under
zero-COVID strategies.'®

This study aimed to quantify the impacts of income
disparities and demographic factors on COVID-19-related
deaths taking into account their influence through delays
in case reporting during the provision of enhanced and
equitable testing and hospital services. A better under-
standing of these health inequities helps to inform poli-
cies to mitigate the impacts of high-threat respiratory
pathogens on these vulnerable groups in the future.

METHODS

Data processing

Individual-level data of a total of 12 232 COVID-19 patients
reported between 23 January 2020 and 2 October 2021
were collected from the Centre for Health Protection.'”
The deaths mainly happened during the two significant
epidemic waves (figure 1A). Individual symptom-onset
date, reporting date and the date of discharge or death
were extracted. The reporting date was assumed to be the
start of being isolated at hospitals (including temporary
isolation centres). Among all, 41 patients who were not
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Figure 1 The map of Hong Kong and data processing. (A) Distributions of daily reported cases and deaths. (B) The flow chart
of data processing. (C) Relational schema of data sources. (D) Districts in Hong Kong with household income levels.
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admitted to the hospital were excluded; and 58 patients
whose statuses were hospitalised at the end of the study
period were also removed because we did not know their
disease outcomes. The place of residence (at district
level) of each confirmed individual was extracted from
the archives of list of buildings with confirmed/prob-
able cases of COVID-19."® Before the rise of the Omicron
strain, residence information of most reported cases was
available to the public in order to improve the perfor-
mance of test and trace. Among these patients, 2040
cases whose residence information was unknown were
excluded, leaving 9993 observations. Among them, 2587
were such cases which were reported without symptoms.
Hence, excluding the asymptotic cases, the rest of the
7406 patients who were reported as symptomatic were
used for further observational analyses (figure 1B).

The district-level socioeconomic data (eg, median
monthly household income and population density in
each district) were obtained from the Census and Statistics
Department, Hong Kong'” (online supplemental table
S1). The confirmed patients were linked to district-level
information, such as median monthly income and popu-
lation density (figure 1C). All the 18 districts have been
classified into 3 categories (6 districts for each group)
according to their median monthly household income
namely low, middle and high income (ie, low-income
region with <HKD$26 000, middle-income region with
HEKD$26 000-HKD$31 999 and high-income region with
>HKD$32 000). The reporting delay was calculated as the
duration between symptom onset and reporting date. We
assumed all patients were immediately admitted to hospi-
tals or isolation facilities. The duration of survival for
each patient was determined using the interval between
the time of hospital admission and the date of discharge
or death. Patients discharged alive or still admitted at the
end of the study period were treated as censored observa-
tions. Because we are interested in the survival within the
first 100 days, the Kaplan-Meier curves for the first 100
days were shown. Only 0.47% of patients were discharged
or died after 100 days.

Statistical analysis

To evaluate the differences among epidemiological and
sociodemographic variables between the discharged
and deceased cases of symptomatic patients, the Mann-
Whitney-Wilcoxon test and y” test have been used. The
p values of these test statistics show the significance of
the difference between several groups of subjects. The
correlation matrices were generated to analyse the rela-
tionship between the epidemiological, demographical
and income variables of symptomatic patients based on
the district level as well as individual patient data. A Cox
proportional hazards regression was used to estimate the
effect of several variables (ie, age group, gender, reporting
delay, income level of districts where patients lived) on
the time discharge from the hospital or death happened.
Meanwhile, Kaplan-Meier curves were used to observe
the survival probability of different variables. Before

the regression was performed, the proportional hazard
assumption was tested by using the scaled Schoenfeld
residuals to check the independence between residuals
and time." This is a prediagnostic test to check whether
the relative hazard of covariate remains constant over
time. We found that using a threshold of 10-day delay as a
risk factor can satisfy this test. In addition, we found that
an increasing trend of CFR reached a plateau when delays
were larger than this threshold (see Results). Hence, in
the study, we defined >10 days as a severe delay. Then, the
Cox model was built and used as follows for mediation
analysis following the traditional approaches™:

log (hr) = ¢y Age+ co Gender+ cgIncomeRegion + bReportingDelay (1)

P (RepoﬂingDelay) = a1 Age + ag Gender + agIncomeRegion (2)

(3)
where the logarithm of the hazard ratio (HR), Az, is the
dependent variable. ¢, is the coefficient that measures
the effect on hr of each independent binary variable,
including Age: the elderly group =265 years old (compared
with non-elderly group), Gender male (compared with
female) and IncomeRegion: low-income region (compared
with high-income and middle- income regions). b is the
coefficient for the mediator, ReportingDelay: the severe
reporting delay. a, is the coefficient that measures the
effect of each independent binary variable on the severe
reporting day. Equation 1 is the mediation model and
equation 3 is the total effect model. The difference
between ¢, and c'l. is the mediation effect, whereas equa-
tion 2 is the logistic regression against the mediator. Here,
we have used age as a confounder category specifying 65
years and older as the ‘elderly group’ since this age group
had experienced significantly higher COVID-19 mortality
compared with the other age groups across many coun-
tries during 2020.

In addition to the mediation analysis based on Cox
model, an alternative method was used to validate the
above approaches. Survival regression based on a para-
metric accelerated failure time model was adopted to
validate the effects of the same predictors in equation 1
on survival time. By adding the results from the survival
regression and equation 2, causal mediation analysis
proposed by Tingley et al’' was performed to test the
statistical significance of the total effect and direct effects
of age and income regions, as well as their separate indi-
rect effects via reporting delay (see mediation analysis in
online supplemental material).

We used individual age, gender and regional income
groups as the primary independent variables to esti-
mate their individual effects and mediating pathways
via reporting delay. All the analyses were performed in
R (V.4.2.1). The source code and data for the work are
publicly available.**

log (hr' ) = 0,1 Age+ ciz Gender + 6;5 IncomeRegion

Patient and public Involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.
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Table 1 Demographic distribution, income region, delays in reporting and case fatality rate of symptomatic patients
Total Discharged Deceased
Variable (N=7406) (N=7256) (N=150) P value CFR (%)
Age (years) <0.0001*
0-44 3374 (45.56%) 3373 (46.49%) 1 (0.67%) 0.03
45-64 2672 (36.08%) 2661 (36.67%) 11 (7.33%) 0.41
>65 1360 (18.36%) 1222 (16.84%) 138 (92%) 10.15
Gender 0.018*
Female 3842 (51.88%) 3779 (52.08%) 63 (42%) 1.64
Male 3564 (48.12%) 3477 (47.92%) 87 (58%) 2.44
Income region <0.0001~
High (>HKD$32K) 1798 (24.28%) 1777 (24.49%) 21 (14%) 1.17
Middle (HKD$26K-HKD$32K) 2673 (36.09%) 2634 (36.30%) 39 (26%) 1.46
Low (<HKD$26K) 2935 (39.63%) 2845 (39.21%) 90 (60%) 3.07
Delayed reporting time (days)
0-10 6934 (93.63%) 6801 (93.73%) 133 (88.67%) 1.92
>10 472 (6.37%) 455 (6.27%) 17 (11.33%) 3.60
Mean (SD) 4.83 (3.52) 4.82 (3.49) 5.33 (4.39) -
Median (IQR) 4 (2-6) 4 (2-6) 4 (2-7) 0.795t -
Hospitalisation time (days)
Mean (SD) 16.53 (17.60) 16.29 (16.57) 28.35 (43.47) -
Median (IQR) 13 (10-18) 13 (10-18) 17 (10-33) <0.0011 -

The p values of the difference between discharged and deceased cases were calculated. SD represents the standard deviation and IQR

represents the interquartile range.

*P values were obtained using y? test.

TP values were obtained using Mann-Whitney-Wilcoxon test.
CFR, case fatality rate.

RESULTS

Demographic distribution in deceased groups

Among 7406 hospitalised symptomatic patients admitted
to the hospital, 2.03% (150 individuals) were deceased
(table 1). Most deceased patients were >65 years old or
above (92%). The gender proportion in the symptomatic
patients was nearly equal (48.12% in males vs 51.88% in
females), but deceased patients were more likely to be
males (58%). The CFRs were 2.44% for men and 1.64%
for women, and 10.15% for the elderly.

Among 18 districts, which were classified into low-
income, middle-income and high-income levels (see the
Methods section and figure 1D), many of the deceased
patients lived in the region with low income. The CFRs
were 1.17% for symptomatic cases in the high-income
region and 1.46% in the middle-income region. The
value increased to 3.07% in the low-income region,
twofold higher than 1.34% in the non-low-income region.
If reported asymptomatic cases were included, the CFRs
were 0.95%, 1.47% and 2.89% in the high-income,
middle-income and low-income regions, respectively
(online supplemental table S2).

The reporting delay of the deceased group was slightly
higher than discharged groups but the difference was
not significant (Mann-Whitney-Wilcoxon test was used

because the data was skewed). Compared with patients
without the severe delay (>10 days), CFR increased from
1.92% to 3.60% for patients with the severe delay. The
median hospitalisation time (ie, the length of stay in
the hospital) of the symptomatic patients was 13 (IQR
10-18) days, significantly lower than the deceased group
at 17 (IQR 10-33) days. Overall, the elderly and male
patients residing in the low-income region, or the patients
with the severe reporting delay might have contributed to
their higher risks of death.

District-level analysis

To further understand whether income and population
density were associated with disease transmission and
severity, we examined the cumulative incidence (CI) and
the CFR during the study period across 18 districts.

No correlation was found between income level and CI
(figure 2A and online supplemental figure S1). On the
other hand, a higher income level was clearly associated
with a lower CFR (figure 2B). The highest three CFR
districts (ie, Tun Mun, Sham Shui Po and Wong Tai Sin)
all belonged to low-income group. Vice versa, the lowest
three CFR districts (ie, Sai Kung, Tai Po and Southern),
all belonged to high-income or middle-income group
(see online supplemental table S1).
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Figure 2 Cl and CFR for districts using symptomatic patients. (A) Cl of symptomatic patients across district by median
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A greater population density was generally associated
with a higher CI (figure 2C). The highest three CI districts
(Yau Tsim Mong, Wong Tai Sin and Kowloon City) all
had population density greater than the average value.
Conversely, the lowest nine CI districts all had population
density lower than the average (see online supplemental
table S1). However, the relationship between population
density and CFR appeared to be positive within a narrower
range and with a larger confidence interval (figure 2D).
The correlation of CFR with income level was found to
be more significant than with population density (online
supplemental figure S1).

To control the effect of age, we checked the distribu-
tion of CFR by districts in elderly patients only (online
supplemental figure S2A,B). The results were consis-
tent with the total symptomatic cases. The patterns were
similar if imported cases were excluded (online supple-
mental figure S3).

Associations of reporting delays with demographic factors
and income regions

Among all groups (age, gender and income region) in
our study, the elderly males in the low-income region
had the highest CFR, 15.98%. The CFR reduced as the
income level increased in the elderly males (ie, 8.65% in
the middle-income region and 6.52% in the high-income
region) (figure 3A). Severe reporting delay was very high
among the middle-income and low-income elderly male
populations (figure 3B). The CFR increased as the value
of the minimal reporting delay became longer among
the symptomatic patients after analysing individual data
(figure 3C). An increasing trend of CFR starting from
about 1.8% to a plateau of about 4% was found between
delays >2and >10days. When this rate was plotted versus
the corresponding delayed time periods, we found two
optimal values occurred when the delay was less than
4days and greater than 9days (figure 3D). It was likely
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(3-day window, centred on the second day). (E) Percentage of symptomatic patients with delays in reporting in different income
groups. (F) Percentage of symptomatic elderly patients (> 65 years old) with delays in reporting in different income groups. CFR,
case fatality rate.
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that some of the death cases quickly developed severe
outcomes, resulting in early identification after their
symptom onsets.

Further analysis was performed in order to understand
which groups of elderly experienced severe reporting
delays. Among total symptomatic patients, the propor-
tions of the patients in the low-income, middle-income
and high-income regions that were reported with delays
greater than 10 days were of no clear difference (6.13%,
6.47% and 6.62%, respectively; figure 3E). Age and
reporting delay appeared to be positively correlated
(online supplemental figure S4A). Moreover, the propor-
tion of the older patients with such severe delays in the
low-income region was 8.81%, clearly higher than the
high-income region (6.43%; figure 3F) or the average
level in the elderly (6.37%; table 1).

We found a slightly negative correlation between hospi-
talisation time and reporting delay (online supplemental
figure S4A). This can be explained by that in mild cases
who were detected late, viral load had already begun
to decrease. Many of them were recovered and soon
eligible for discharge criteria, shortening the length of
stay. However, no correlation between them was found
in deceased patients (online supplemental figure S4B).
In addition, between different income regions, there
were no apparent differences in hospitalisation time of

A Gender = Female = Male
100%
. 90%\%-{‘?-._“-:1
=
8 8%
[
S
o
— 70%
©
2
S
5 60%
» p=064
"
50%g 10 20 30 40 50
Time since reporting (day)
Number at risk
Female{3842 2890 623 226 109 59
Male {3564 2855 891 348 181 112
C Income region — High/middle — Low
100%
> 90%
£
| o
8 0%
[
Y
S
= 0%
2
2
5 60%
@A
p <0.0001
9
0% 10 20 30 40 50
Time since reporting (day)
Number at risk
High/middle 4471 3496 939 344 164 87
Low1{2935 2249 575 230 126 84

symptomatic patients who were later discharged (online
supplemental figure S5A) or deceased (online supple-
mental figure S5B).

Survival analysis

No significant difference was observed between genders
(figure 4A). However, up to 50 days of hospitalisation,
when about 98% of the patients were either discharged
or died), the elderly (=65 years old) and the low-income
region had clearly lower survival probabilities than
their reference groups (figure 4B,C). Patients who were
reported with severe delays had a slightly lower survival
probability than those without severe delays, especially
during the first 30 days since reporting (figure 4D).

We built a Cox proportional hazards regression model
to assess the impacts of demographic factors and level of
income in each region, after the proportional hazards
assumption was validated (online supplemental table S3).
In the total effect model, elderly group and low-income
region were significantly associated with higher HR
(table 2). After severe reporting delay was incorporated
as a mediator for causal mediation analysis, we found the
severe delay was associated with higher death risk (HR
1.859; 95% CI1.109 to 3.115) (table 2).

However, further analyses showed that mediating effect
of severe reporting delay was weak. First, severe reporting
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Figure 4 Kaplan-Meier plot of symptomatic patients. The plots are stratified by gender (A), age (B), monthly median income

(C) and severe reporting delay (D).
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Table 2 Parameter estimates of the Cox regression model for symptomatic patients

Mediation effect model

Total effect model

Parameter HR (95% CI) P value HR (95% ClI) P value
Age group

>65 25.967 (14.254 to 47.306) <0.0001 26.116 (14.333 to 47.586) <0.0001
Gender

Male 1.022 (0.736 to 1.419) 0.898 1.040 (0.750 to 1.444) 0.814
Income region

Low (<HKD$26K) 1.558 (1.122 to 2.164) 0.008 1.589 (1.145 to 2.205) 0.006
Reporting delay

>10 days 1.859 (1.109 to 3.115) 0.019 - -

delay had minimal mediating role for income region
or gender due to the absence of significant associations
between severe reporting delay and income or gender
(online supplemental table S4). Next, although old age
was associated with a higher risk of severe reporting delay
(OR 1.373; 95% CI 1.094 to 1.712; online supplemental
table S4), the little difference between the total effect
of being >65 years vs <65 (HR 26.116; 95% CI 14.333 to
47.586) and the direct effect (HR 25.967; 95% CI 14.254
to 47.306) indicated that the high CFR in elderly was only
marginally attributed to the reporting delay.

We replicated the analyses based on the parametric
accelerated failure time model for survival time analysis
and found consistent results. The survival time ratios were
significantly lower in old age at 0.054 (95% CI 0.028 to
0.105), low income at 0.677 (95% CI 0.503 to 0.911) and
severe reporting delay at 0.621 (95% CI 0.392 to 0.983)
(online supplemental table S5). As previous results, causal
mediation analysis showed a statistically significant but
weak indirect effect through severe reporting delay for
old age (proportion mediated=0.44%; 95% CI 0.01% to
1.07%), but the effect was not significant for low-income
(online supplemental table $6).2!

Sensitivity analysis

To evaluate whether the findings were the same if asymp-
tomatic cases were included, we performed the same
approach using total patients, including asymptomatic
cases. The CI and CFR using total patients among indi-
vidual districts showed a similar pattern as the symptom-
atic patients (online supplemental figure S6). Using the
Cox regression model, we found that the HRs were consis-
tent with the results using symptomatic patients (table 2
and online supplemental table S7). We also changed the
levels of various income regions (eg, low income with
<HKD$28K, moderate income with HKD$28K-HKD$36K
and high income with >HKD$36K) to evaluate the consis-
tency of the estimated results of the Cox regression
analysis for the symptomatic patients. The HRs for the
mediation effect and total effect models yielded the same
results (table 2 and online supplemental table S8), even
when the income variable was reformulated. Further-
more, the OR obtained from the logistic regression

analysis remained consistent before and after changing
the categories of different income levels (online supple-
mental tables S4 and S9).

DISCUSSION

Concerns of health inequity in Hong Kong have been
raised, especially after the pandemic began.” ** ** Our
results found that despite of intensive testing and isola-
tion services under zero-COVID period, CFR of symp-
tomatic cases in low-income neighbourhoods was nearly
threefold higher than high-income neighbourhoods
(table 1). Furthermore, this disparity was not associ-
ated with unequal delays in reporting time, an indicator
of testing and tracing efficiency,'® across regions with
different income levels (online supplemental table S4).
This can explain the absence of correlation between CI
and income levels across different districts. Otherwise,
if longer delays happened in certain districts with low-
income level, their incidence could be higher.

Ahigher death risk in lower-income neighbourhoods in
Hong Kong can likely be attributed to health conditions
related to other chronic diseases. Certain places with high
CFR have previously been reported to have major chronic
diseases.” As pre-existing but poorly managed chronic
condition is one of the major risk factors for COVID-19
severity, the observed health inequities in elderly and
low-income region may be linked in part to the unequal
access to primary care in Hong Kong during normal time
(ie, before the pandemic).26

Our results showed that although the severe delay
was associated with higher death risk, the mediation
effect of which was weak (table 2). On the other hand,
the delays reflect a lower willingness to comply with
mandatory testing during the infectious disease control
period.”” Similar attitudes or behaviours may occur while
seeking healthcare during normal time, leading to poorly
managed chronic conditions.® According to a previous
study, poor adoption of certain preventive measures was
found in some older people.” Furthermore, patients with
low income were associated with being worried about job
lost,”**’ which can delay seeking healthcare services. This
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is particularly likely to happen in elderly men, who may
need to contribute income resources in families but are
approaching or at retirement age. These may explain why
the older male patients in the low-income region gener-
ally had both a higher CFR and a larger proportion of
serious delays.

How to improve the use of primary care services by
the elderly becomes critical in an ageing society. As the
primary care and outpatient services are largely driven by
the private sector with relatively high out-of-pocket fees,
older patients with lower socioeconomic status could
hardly enjoy the fast-track private services but tend to rely
on the almost free public outpatient services with long
waiting time. Such situation became even worse under
the COVID-19 pandemic as most non-emergency and
non-essential services in public outpatient clinics were
suspended, which inevitably exacerbated the inequities
in service access and hence their chronic disease manage-
ment.®*°

Hence, our findings lead to an expectation that there
might be a certain number of elderly males living in poor
neighbourhoods who have underlying health conditions
but are less willing to seek medical services in Hong Kong.
A recent study found that the mortalities for certain
chronic diseases, such as cardiovascular diseases and
cancer, were lower in Hong Kong than in many other
high-income countries.”” However, poor health-seeking
behaviour among elderly people in deprived communi-
ties can potentially lead to both health issues and inac-
curate documentation of causes of death in the future. If
this happens, the prevalence of chronic conditions might
be underestimated in certain vulnerable groups.

Identifying vulnerable people, especially those who are
not aware of their health risks, is essential for reducing
future burdens of infectious disease outbreaks and
has impacts on non-pharmaceutical interventions and
vaccine prioritisation. During the pandemic, the app-
based contact tracing intervention strategy along with
compulsory testing appeared to be useful in reducing
the inequality in the transmission but not in the disease
severity in Hong Kong. To live more peacefully with
viruses, testing strategy shall not need to be completely
discontinued. Instead, it can be implemented with a focus
on early detection and early treatment mainly for specific
vulnerable groups. To know who should be prioritised
for testing or vaccination, a better understanding of how
some health conditions interact with COVID-19 in certain
socioeconomic contexts is needed.” !

There are some limitations of this study. First is the
lack of data on the other indicators of socioeconomic
inequalities such as individual income, educational and
occupational class, and household sizes since it was a
population-based study and the information was collected
through the established government website. Also, indi-
vidual vaccination statuses are unknown. However, most
of the infections in our study occurred before April 2021,
when the vaccine roll-out just began, with less than 1%
of vaccine coverage for the second dose.® Furthermore,

crowded housing or poor housing conditions may impact
health,”® but housing conditions are not available. In
addition, the effects of income and age can be substitu-
tional because of the absence of other unobserved comor-
bidities in the analysis to affect the COVID-19 CFR, such
as drinking, smoking, obesity, diabetes, cardiovascular
diseases, psychological stress and other chronic illness
histories are not available. Apart from the reporting
delay, there might be other strong mediators affecting the
inequalities in CFR. In addition, sampling biases due to
the exclusion of a significant number of sample observa-
tions can influence the overall predictions.

CONCLUSION

We found a significantly higher CFR in low-income neigh-
bourhoods compared with other regions. Our causal
mediation analysis indicated that income and age had a
strong direct effect on COVID-19 death but with minimal
influence through delays in reporting. These findings
highlighted the existence of underlying health inequities
during the pandemic, which may persist and extend to
other high-threat respiratory pathogens in the postpan-
demic period. Addressing these disparities is crucial for
improving overall public health, especially in a rapidly
ageing society.
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