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ABSTRACT

Objectives This study examined the interaction effects of
individual and neighbourhood socioeconomic status (SES)
in older adults in Hong Kong, considering all-cause and
cause-specific mortality from respiratory disease, cancer,
cardiovascular diseases, ischaemic heart disease, stroke,
nonmedical disease and suicide.

Design A retrospective follow-up study.

Setting Hong Kong Special Administrative Region, a
rapidly ageing society with 16.1% residents aged 65 years
or older in 2020.

Participants 43910 people aged 65 years or older

were enrolled at baseline. They had participated in health
check-ups during 2000-2003 in one of the Elderly Health
Centres. Observation periods started on the date of the
participant’s first health check-up, and ended at death, or
31 December 2011, whichever occurred first.

Outcome measures All-cause and cause-specific
mortality over the study timeframe.

Analysis Cox’s proportional hazards regression models
were applied to estimate the adjusted HRs of mortality,
by including covariates at neighbourhood (deprivation)
and individual levels (poverty, education and type of
housing).

Results The ‘double tragedy theory’ (ie, lower SES
persons living in lower SES neighbourhoods have worst
health outcomes) was more related to cancer, while the
‘psychosocial comparison theory’ (ie, lower SES persons
living in higher SES neighbourhoods have poorer health
outcomes) was more related to cardiovascular, ischaemic
heart disease, and stroke.

Conclusion There were important interaction effects

between neighbourhood and individual factors on mortality.

Policies based on the interaction between individual and
neighbourhood SES should be considered. For instance,
for cancer, targeted services (ie, free consultation, relevant
treatment information, health check-up, etc) could be
allocated in socioeconomically deprived areas to support
individuals with low SES. On the other hand, more free
public services to reduce psychological stresses (ie,
psychological support services, recreational services,
health knowledge information, etc) could be provided for
those individuals with low SES living in higher SES areas
to reduce stroke, cardiovascular and ischaemic heart
diseases.
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Strengths and limitations of this study

» This study tests a large data set captured from
comprehensive medical records combined with
comprehensive follow-up. This provided exten-
sive information on all-cause and cause-specific
mortality.

» An appropriate statistical analysis approach (Cox’s
survival model) was applied to calculate interaction
effects of individual and neighbourhood socioeco-
nomic status (SES).

» There was no information in the mortality data set on
physical and social activities and, thus, the effects of
these variables on mortality could not be explored,

» At the neighbourhood level, only SES was explored.
Other aspects of neighbourhood (such as social and
physical (built) characteristics) should be explored.

» This data set is now a decade old, and analysis
should be undertaken of health check data collect-
ed since 2011 to determine whether neighbourhood
and individual SES effects have changed over time.

INTRODUCTION

Individual socioeconomic inequality has long
been linked to health outcomes."™ Individ-
uals with lower socioeconomic status (SES)
are more likely to suffer from poorer health
status than people with higher SES.*° More-
over, SES inequality at neighbourhood level
can also influence health outcomes.’ Those
who live in socioeconomically deprived
(low SES) areas have a higher probability of
suffering poorer health outcomes than those
living in higher SES areas.” However, few
studies have explored the combined effects of
individual and neighbourhood SES on health
outcomes, particularly in the elderly.7_9
Some studies suggest that poorer persons
living in poorer neighbourhoods suffer the
worst consequences (the ‘absolute poverty’
phenomenon)."” This is explained by the
‘double tragedy’ theory, where neighbour-
hood disadvantage amplifies the burdens on
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individuals living within it. Moreover, poorer neighbour-
hoods tend to be more disorderly, deprived of resources
and have weaker bonds among individuals living within
them, which in turn prevents already disadvantaged
people to access the resources they need."" However,
other studies describe a different phenomenon, where
poorer persons living in deprived areas experience better
health outcomes than poorer persons living in nonde-
prived areas.'” This is the ‘relative poverty’ phenomenon,
explained by the ‘psychosocial comparison’ theory."
These theoretical inconsistencies highlight the need
to test combined individual and neighbourhood SES
effects, on mortality. Moreover, most studies to date have
considered either overall mortality only or have explored
mortality in only one disease.® "*'® A more detailed
study is indicated to investigate mortality patterns across
different SES groups for common diseases.

Most of what is known about the relationship between
SES, and health in older adults has come from Western
societies, which are more economically developed than
many Asian societies, and where social welfare systems
are more established and comprehensive. Hong Kong
is an Asian nation currently experiencing significant
SES inequality, where the population is ageing quickly
in terms of longer lifespans and increasing percentage
of older people in the population. Furthermore, the
majority of older adults in Hong Kong live without family
support and increasingly need to rely on neighbour-
hood resources. It is, thus, important to understand the
combined effects of individual and neighbourhood SES
on their health as they age.

Compared with Western countries, Hong Kong pres-
ents a unique situation where public services are well
provided in SES deprived areas (characterised by higher
percentages of poor people).19 Therefore, we posit that
the ‘double tragedy’ phenomenon reported in Western
studies may not be found in Hong Kong, but rather the
‘psychological comparison’ theory might be more rele-
vant to Hong Kong contexts. Rapid ageing with widening
inequality is nonetheless not unique to Hong Kong, as it
is common across many high-income East Asian countries
and China. Therefore, a study conducted in Hong Kong
might provide important evidence on which to frame
policies to support healthy ageing in other Asia countries.

The aims of this study are to: (1) explore the combined
effects of individual and neighbourhood SES on mortality
and (2) compare patterns of disease-specific mortality
across combined individual and neighbourhood SES
subgroups. We tested the hypotheses that interaction
between individual and neighbourhood SES can affect
mortality, and that interaction patterns on mortality differ
for different diseases.

METHODS
Study design
A retrospective follow-up study.

Patient and public involvement:
This study reports secondary analysis of a routinely
collected deidentified data set.

Data

Baseline data came from health check-up information
collected between 2000 and 2003 from 44607 older
adults at their first enrolment in the Hong Kong elderly
check-up system. Participants were aged 65 years at first
assessment. Yearly assessments were conducted at one of
the 18 elderly health centres in Hong Kong. Each assess-
ment captured information on demographic and SES
(age, gender, marital status, education, housing), life-
style habits (history of smoking, alcohol consumption,
physical activity), chronic diseases (self-reported chronic
diseases which were then verified and supplemented by
clinical diagnoses), functional status and mental health
and survival.?’ The observation period started on the
date of the first health check-up and ended at death,
or 31 December 2011, whichever occurred first. Partic-
ipants with missing residential neighbourhood informa-
tion were excluded from our data set, leaving a sample
of 43910 older adults (reflecting 5.9% of the total Hong
Kong elderly population). Logistic regression models
were constructed to test differences in age, gender, educa-
tion and marital status between those who reported and
did not report residential neighbourhood information,
finding no significant differences. As the health check-up
was funded by the Government and participation was
voluntary, participants differed significantly in terms of
age and gender from the overall elderly population living
in the community in Hong Kong (online supplemental
appendix table 1).

Dependent variables

The outcomes of interest were all-cause, and cause-
specific, mortality over the study period. Cause of death
was coded using the International Classification of
Diseases (ICD) V.9 or V.10. Cause of death included respi-
ratory disease (ICD-9 460-519 or ICD-10 J00-98), cancer
(ICD-9 140-208 or ICD-10 C00-D48), cardiovascular
diseases (ICD-9 390-459 or ICD-10 100-99), ischaemic
heart disease (ICD-9 410-414 or ICD-10 120-25), stroke
(ICD-9 430-439 or ICD-10 160-69), nonmedical (ICD-9
E800-990 or ICD-10 S00-Y98) and suicide (ICD-9 E950-
959 or ICD-10 X60-84).

Individual SES

Individual SES was measured by three variables,
comprising poverty status (receiving Comprehensive
Social Security Assistance (‘CSSA’)), education attain-
ment level (illiterate, uneducated but can read and
write a few words, primary, secondary or postsecondary)
and type of housing (public and aided housing, rented
private housing, self-owned private housing, others such
as institutions, temporary housing, etc). In Hong Kong,
the C2818A is a means-tested subsidy for those in financial
need.
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Neighbourhood SES

Fiveitems characterised neighbourhood SES: (1) the propor-
tion of people in the neighbourhood with nonprofessional
jobs, (2) the proportion of people in the neighbourhood
with secondary education or below, (3) unemployment
rate, (4) the proportion of overcrowded households and
(5) poverty rate, calculated using the neighbourhood depri-
vation index in Hong Kong (Hsu, 2015). The neighbour-
hood deprivation index was calculated at both the smaller
geographical scale (ie, Large Street Blocks (‘LSB’s)) and
the larger geographical scale (ie, Small Tertiary Planning
Units (‘STPU’s)) level by merging these five basic indicators.
The LSBs and the STPUs are geographical units covering
all small areas in Hong Kong. Z-scores at the LSB and the
STPU levels were calculated using the mean and SD of the
five indicators. The z-score was calculated by subtracting
the mean from the observed value for each indicator and
dividing this by the SD. The five standardised z-scores
were then summed. The ‘deprived neighbourhoods’ and
‘nondeprived neighbourhoods’ were distinguished using
the median neighbourhood deprivation index.

Covariates

A number of covariates were added to models testing
all-cause and cause-specific mortality risk and SES status.
These comprised age in years (65—69, 70-74, 75+), sex
(male, female), marital status (never married, married,
widowed, separated/divorced), smoking status (current-
smoker, ex-smoker, never-smoker), alcohol consumption
status (never drink, drank before but quit already, social
drinker/seasonal drinker, regular drinker), depressive
symptoms and functional capacity.” ** Depressive symp-
toms were measured by the Chinese V.15-item Geriatric
Depression Scale, and depression was distinguished using
a cut-off score of eight following previous studies.”* Func-
tional capacity was measured by activities of daily living as
continuous variable.”

Statistical analysis

Survival analysis was used to estimate the associations
between mortality outcomes and SES status (combining
individual and neighbourhood levels) over the obser-
vation period. Cox’s proportional hazards regression
models with covariate adjustment were applied. This
is a regression model commonly used for investigating
the association between survival time and one or more
predictors.”® Three sets of regression models, each with
one type of individual SES indictor as mentioned above
(ie, poverty, education, types of housing), were included
in this study. The proportional hazard assumptions were
tested by using Schoenfeld residuals and Kaplan-Meier
plots, and no violations were found. The analyses were
repeated with all-cause mortality and cause-specific
mortality to explore potential variations.

RESULTS

Descriptive statistics

There were between 8 and 11 years from initial assess-
ment to final date of follow-up, averaging approximately

10 years. Of the total sample, 9754 (22.2%) died during
the observation period (34169 (77.8%) survived until 31
December 2011). Of the deaths, there were 1841 (18.9%)
from respiratory diseases, 3423 (35.1%) from cancer,
2675 (27.4%) from cardiovascular diseases, 1045 (10.7%)
from ischaemic heart disease, 904 (9.3%) from stroke,
258 (2.6%) from nonmedical mortality and 108 (1.1%)
from suicide. Considering all deaths, only 10% had only
one disease. There were significantly higher all-cause
mortality rates for men; participants older than 75 years;
those who were alone (never married, or were widowed,
separated or divorced); those with low income; those with
lower educational attainment; those living in institutions
and public housing and those living in deprived areas
(see table 1).

Predictors of all-cause mortality

Figure 1 reports the separate individual and neighbour-
hood SES risks for all-cause mortality after controlling for
all covariates. For individual SES, those who were poor,
with lower education attainment, who lived in public
housing, or rented in private housing, or lived in institu-
tions, had significantly higher mortality risk than the rest
of the sample. Considering neighbourhood SES, those
who lived in deprived areas had significantly higher risk of
dying. The results were consistent at the smaller geograph-
ical scale (ie, LSB) as well as the larger geographical scale
(ie, STPU). Figure 2 reports the combined results of the
individual and neighbourhood SES after controlling for
all covariates. Poor participants living in nondeprived
areas had an elevated risk of dying compared with poor
persons living in deprived areas, however, those who were
not poor and lived in nondeprived areas had the lowest
risk. Compared with other education neighbourhood
deprivation groups, those who had postsecondary educa-
tion but lived in deprived areas had similar poor mortality
risk to those with primary or below education, who lived
in deprived neighbourhoods. Those who lived in institu-
tions in deprived areas had the poorest rate of survival
compared with other groups.

Predictors of cause-specific mortality

The findings from the smaller and larger geographical
scales were consistent (ie, in terms of positive or nega-
tive effects) with generally stronger effects at smaller
geographical scale (ie, in terms of HRs). Therefore,
only the results from the smaller geographical scale are
reported here. Five disease-specific causes of mortality
(respiratory disease, cancer, cardiovascular disease,
ischaemic heart disease and stroke) showed significant
differences across the combined individual and neigh-
bourhood SES groups after adjusting for all covari-
ates. The remaining disease-specific mortality causes
(nonmedical, suicide) had similar risks in all combined
individual and neighbourhood SES groups. Therefore,
only the results from these two diseases are reported in
the table (online supplemental appendix table 2), rather
than as visuals (online supplemental appendix figure 1).
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Respiratory Cardiovascular Ischaemic heart
All cause diseases Cancer diseases disease mortality  Stroke
Characteristics N % N % N % N % N % N %

Male 4686  29.1 1052 6.5 1672 104 1163 7.2 482 3.0 374 2.3

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

65-69 2112 11.2 234 1.2 1027 5.5 503 2.7 181 1.0 189 1.0

=75 4896  41.8 1156 9.9 1327 113 1453 12.4 582 5.0 468 4.0
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Individual SES

CSSA recipients 2299  36.6 577 9.2 651 10.3 2052 32.6 243 3.9 226 3.6

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Post-secondary 403 19.0 66

Types of housing

Private housing (rental) 528  26.0 108 5.3 179 8.8 146 7.2 64 3.2 46 2.3

Others 855  40.1 221 104 201 9.4 251 11.8 95 4.5 92 4.3

Neighbourhood SES

Deprived 5224 244 1050 4.8 1788 8.2 1440 6.6 559 2.6 520 2.4
neighbourhoods
(ie,>median)

CSSA, Comprehensive Social Security Assistance; SES, socioeconomic status.

Regarding individual poverty and neighbourhood depri-  lower mortality risk than poor persons who lived in
vation status, all disease types showed similar risk patterns ~ nondeprived areas. Regarding individual education and
except for cancer, where poor people living in deprived  neighbourhood deprivation, unique patterns were found
areas had the highest mortality risk. For the other four  for cardiovascular diseases, ischaemic heart disease and
disease types, poor persons living in deprived areas had  stroke, where people in nondeprived areas who had
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Figure 1 Survival probability for individual SES (ie, poverty, education, types of housing) and neighbourhood (ie, LSB) SES (ie,
neighbourhood deprivation). LSB,Large Street Block; SES, socioeconomic status.

higher education levels also had higher mortality risks.
However, postsecondary education was protective of
high mortality risk for those who lived in deprived areas.
Regarding individual housing type and neighbourhood
deprivation, cancer showed a distinctly different patterns
compared with the other five disease types (which were all
similar). For cancer deaths, those who lived in institutions
and in deprived areas had significantly higher mortality
risk, however, for the other five types of diseases, those
who lived in institutions and in nondeprived areas, had
highest mortality risk.

DISCUSSION

This paper provides important and new information on
the impact of individual and neighbourhood SES on
mortality risk in Hong Kong between 2000 and 2011.
The findings were generated from a very large, compre-
hensive data set and will assist healthcare providers to
develop health promotion interventions for healthy
ageing, specific to local contexts. The Hong Kong popu-
lation is not only rapidly ageing, but more people are
living for longer. Hong Kong is a very large, busy city with
high density housing in a range of SES locations.?” With
more people living in such densely populated neighbour-
hoods, individual and neighbourhood SES is bound to
significantly impact health. This study found evidence for
application of both theories relevant to specific diseases,
thus we rejected our hypothesis that the double tragedy

theory would not be found in this HK dataset. The abso-
lute poverty theory (double tragedy) appears to be more
related to cancer than other diseases. This study suggests
that cancer mortality can be explained by it, where
vulnerable persons (poor and living in institutions) who
reside in deprived neighbourhoods are in the worst situ-
ation for mortality risk. However, the other disease types
generally tended to fall within the ‘psychosocial compar-
ison’ pattern because poor persons who lived in deprived
neighbourhoods were in a better situation than poor
persons who lived in nondeprived areas. This may be
explained that poor persons who lived in nondeprived
neighbourhoods may put themselves under increased
stress by comparing themselves with their richer neigh-
bours. Moreover, Hong Kong has the unique phenom-
enon that poorer neighbourhoods are better provided
for, than richer neighbourhoods, with public services.*®
The lack of public resources in the nondeprived areas
may further hinder those poor persons in these areas
from accessing public medical services. However, in this
situation, the ‘double tragedy phenomenon (individual
poor and nondeprived neighbourhood lack of services)’
theory may also explain this finding.

Cancer-specific mortality

Compared with other diseases, cancer is more lethal
and requires greater accessibility to better-funded
resources.”’ Cancer patients with low individual SES tend
to seek medical advice or undergo treatment in public

Guo Y, et al. BMJ Open 2021;11:2043192. doi:10.1136/bmjopen-2020-043192
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hospitals, as the private hospitals are expensive. However, list might be disadvantaged because they are not offered
the waiting time in public hospitals is far longer than in  optimal treatment due to the delay.”” Moreover, the cost
private hospitals, therefore, poor persons on a waiting  of some services in the public system still needs to be
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borne by patients. Accessibility of private medical services
in deprived areas was generally poor, although these
areas were well provided for the public sector services.
Accessing care in private medical centres and hospitals
can reduce waiting times for surgery, reconstruction,
radiotherapy and chemotherapy, and these services are
mostly located in nondeprived areas.'” Therefore, even if
the individual SES is not low, difficulties accessing private
services may reduce their availability for timely predi-
agnosis and treatment. Moreover, cancer patients with
higher SES and those living in more advantaged neigh-
bourhoods may have more opportunity to improve their
health with better finances, power, social connections’!
and knowledge. In contrast, the greater isolation of indi-
viduals, with low SES who live in deprived areas with less
collective agency, efficacy and social support, may make it
more difficult for them to obtain community support and
useful advice.™

Cardiovascular-specific, ischaemic heart disease-specific,
stroke-specific mortality

For cancer and respiratory disease-specific mortality,
higher education attainment is a protective factor irre-
spective of individuals’ neighbourhood SES. However, for
cardiovascular, ischaemic heart disease and stroke, higher
education attainment is protective only for persons who
live in deprived areas. An explanation for this may be that
compared with those with lower education attainment,
higher levels of education attainment provides people
with access to more information, knowledge and aware-
ness of available resources to keep healthy and improve
health status. Moreover, the well-provided public services
in deprived areas may also improve people’s access to
the facilities for physical and social activities."’ For those
higher educated persons living in nondeprived areas, the
potential reason that education is not a protective factor
might be related to the so-called ‘disease of affluence’,
which has previously been called diseases of the rich, for
example, cardiovascular disease arising from fatty diets
and lack of exercise. These diseases are in contrast to the
so-called ‘diseases of poverty’, which largely result from,
and contribute to, human impoverishment. In this study,
the finding that educational attainment was not a protec-
tive factor in non-deprived areas may be explained by life-
style factors, such as using private cars rather than public
transportation and stressful lifestyles. Moreover, in Hong
Kong, in the nondeprived areas, the public recreational
services are not as good as those in deprived areas, there-
fore, less access to these services can also reduce older
adults’ chances of walking, and exercising regularly, irre-
spective of the fact that people with higher educational
attainment would be more aware that keeping active can
keep them healthy.

Strengths and limitations

This study tested a large data set of standard data items
collected from older individuals at their yearly health
checks in Hong Kong. It applied a robust statistical test

(Cox’s survival analysis), which can yield good statis-
tical power. Both all-cause mortality and cause-specific
mortality were explored, on both smaller and larger
geographical scales, all of which provide important infor-
mation for future planning for health ageing in Hong
Kong. However, there are limitations that constrain inter-
pretation of findings. First, there was no information on
physical and social activities in the health check, and these
are important factors for health status. Second, at neigh-
bourhood levels, only neighbourhood SES was explored,
and we recommend that other aspects of neighbourhood
(such as social and physical (built) characteristics) should
be explored in future studies. Third, the study is of older
adults who voluntarily participated in health examina-
tions a decade or more ago. These participants may
have a higher level of both physical and mental health
than those who did not receive the health examinations.
Fourth, the impact of SES status in the last decade may
have changed, and, therefore, update analysis of health
check data sets is required.

CONCLUSION

There were interaction effects between neighbourhood
and individual factors on all-cause and disease-specific
mortality, with different patterns across specific-cause
mortality. The findings of this study suggest that health
promotion policies should reflect health disparities
among the combined individual and neighbourhood
SES groups. Different mortality and risk patterns from
different disease causes suggest that public health policies
should be designed for specific diseases. For example,
more cancer-related services (ie, free consultation, rele-
vant treatment information, health check-up, etc) should
be allocated to deprived areas to support disadvantaged
persons. More publicfree services (ie, psychological
supporting services, recreational services, health knowl-
edge information, etc) should be provided for people
with lower SES who live in nondeprived areas. There are
still large gaps between the poor and nonpoor in Hong
Kong society, and Government should, therefore, pay
more attention to policies that can help to reduce health
inequalities and differences in mortality outcomes among
different SES groups. The study findings provide insights
that will assist other Asian countries undergoing similar
process as Hong Kong (Taiwan, Japan, South Korea,
Singapore).
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