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AbsTrACT
background We examined the association of housing 
affordability with physical and mental health in Hong 
Kong, where there is a lack of related research despite 
having the worst housing affordability problem in 
the world, considering potential mediating effect of 
deprivation.
Methods A stratified random sample of 1978 Hong 
Kong adults were surveyed. Housing affordability was 
defined using the residual- income (after housing costs) 
approach. Health- related quality of life was assessed 
by the Short- Form Health Survey version 2 (SF- 12v2), 
from which the physical component summary (PCS) 
and mental component summary (MCS) measures were 
derived. Multivariable linear regressions were performed 
to assess associations of housing affordability with 
PCS and MCS scores, adjusting for sociodemographic, 
socioeconomic and lifestyle factors. Mediation analyses 
were also conducted to assess the mediating role of 
deprivation on the effect of housing affordability on PCS 
or MCS.
results Dose–response relationships were observed 
between housing affordability and mean PCS score (β 
(95% CI) compared with the highest affordable fourth 
quartile: −2.53 (−4.05 to −1.01), −2.23 (−3.54 to 
−0.92), −0.64 (−1.80 to 0.51) for the first, second and 
third quartiles, respectively) and mean MCS score (β 
(95% CI): −3.87 (−5.30 to –2.45), −2.35 (−3.59 to 
−1.11), −1.28 (−2.40 to –0.17) for the first, second 
and third quartiles, respectively). Deprivation mediated 
34.3% of the impact of housing unaffordability on PCS 
and 15.8% of that on MCS.
Conclusions Housing affordability affects physical and 
mental health, partially through deprivation, suggesting 
that housing policies targeting deprived individuals may 
help reduce health inequality in addition to targeting the 
housing affordability problem.

InTroduCTIon
Housing affordability, defined as the social and 
material experiences of people in relation to their 
housing situation,1 has become an emerging social 
issue across the globe. Existing literature gener-
ally supports its associations with poorer self- rated 
health,2–4 physical conditions (eg, diminished 
walking ability, hypertension and arthritis)4 5 and 
mental health.6–8 Specifically, the tradeoff between 
housing expenses and non- shelter necessities has 

been recognised as a plausible pathway that links 
housing unaffordability to poorer health,1 9 where 
less resources could be allocated to health- promoting 
necessities such as a balanced diet, healthcare access 
and maintenance of social networks.5 10 11 Despite 
the apparent tension between housing costs and 
basic needs, no previous studies have specifically 
examined the potential mediating role of depriva-
tion of necessities of life on the association between 
housing affordability and health.

Concerning the methodology to assess housing 
affordability, the ratio- income approach (ie, 
housing cost as a proportion of household income 
with a threshold value specified to indicate unaf-
fordability) is most commonly used.12 However, 
this method fails to measure households’ ability to 
pay for non- shelter necessities, which is likely to 
differ across income levels given the same propor-
tion of income spent on housing.12 The residual- 
income (after housing costs) approach may be a 
better indicator of housing affordability1 13 as this 
measures the absolute amount of income left after 
housing payments, with a sliding scale in relation to 
household composition and income levels.12 More-
over, it reflects more accurately whether a house-
hold could meet its non- housing needs within its 
income constraint.12

Hong Kong serves as an ideal setting to study 
the association between housing affordability and 
health as it suffers from severe housing affordability 
problems despite being one of the most developed 
places in the world.14 In 2018, the affordability 
ratio of Hong Kong was the highest in the world 
at 20.9, meaning that the median cost of a dwelling 
in Hong Kong is 20.9 times the annual median 
pretax household income, by contrast the ratios 
were 8.3 in London, 5.5 in New York and 4.6 in 
Singapore.14 This severe housing affordability stress 
may have been partially caused by restrictive land 
use regulations and population growth resulting in 
a house price bubble since the turn of the millen-
nium.15 Despite the population growth from 6.5 
to 7.4 million since the early 2000s,16 the area 
of built- up land increased only by 400 hectares 
between 2005 and 2015, which was one- fifteenth 
the increase between 1995 and 2005,17 whereas 
the average annual number of housing completions 
decreased from 59 800 between 1997 and 2006 to 
25 700 between 2007 and 2016.18 On the contrary, 
the actual income of the general public has only 
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increased by around 0.28% per year after accounting for infla-
tion rate from 2004 to 2016,19 which could not keep up with 
the rising housing price. The house price to median monthly 
household income ratio has increased from 6.0 in 2004 to 14.0 
in 2019.20 Although Hong Kong is the jurisdiction with the least 
affordable housing in the world, no studies have examined the 
association between housing affordability and health in Hong 
Kong.

This study aims to (1) examine the dose–response relation-
ship of housing affordability, measured by the residual- income 
approach, with physical and mental health; and (2) assess the 
potential mediating role of deprivation of necessities on the asso-
ciation between housing affordability and health in Hong Kong.

MeThods
study design and participants
Data were collected from a random sample of the addresses 
provided by the Census and Statistics Department (C&SD) of 
the Hong Kong Government. A sample of 25 000 addresses in 
200 areas was obtained, based on the C&SD sampling frame 
of living quarters (ie, residential dwellings). Using a two- stage 
stratified sample design, living quarters were first stratified by 
geographical area and then by type of living quarters. A domestic 
household is defined as a group of people who live together and 
make common provision for the essentials for living. A single 
adult respondent (aged 18 years or above) whose birthday was 
coming up next within each household was recruited. Face- to- 
face survey interviews were conducted by trained interviewers 
using structured questionnaires from June 2014 to August 2015. 
With a response rate of 60.2%, 2282 household respondents 
were successfully enumerated. Those who lacked information 
on age or sex (n=3), and those who were randomly selected for 
the construction of the Deprivation Index (DI) (n=301) were 
excluded, with 1978 respondents included in the multivariable 
analyses (figure 1).

Measurements
Sociodemographic and socioeconomic factors
Information on age, sex, marital status, education level, house-
hold size and housing type were collected. Marital status was 
categorised into ‘married’ (including cohabitation) or ‘non- 
married’ (including never married, divorced, separated or 
widowed), while education level was classified into ‘primary or 
below’, ‘secondary’ and ‘tertiary or above’. We also collected 
self- reported flat size, which was taken as the midpoint of each 
of the 11 ordinal size bands, and household composition in terms 
of continuous numbers of adults and children within a house-
hold. Living space per capita, as a continuous variable, was then 
derived by dividing flat size by household size. Housing type 
included two dimensions—being in public or private housing, 
and the housing tenure (rental or ownership). It was categorised 
into ‘public rental housing’, ‘public ownership housing’, ‘private 
rental housing’ and ‘private ownership housing’.

Lifestyle behaviours
Smoking status was categorised as ‘non- smoker’ and ‘past/current 
smoker’. Alcohol drinking was categorised as ‘non- risky’ or 
‘risky’. Respondents scoring 5 or more out of 12 in the Alcohol 
Use Disorders Identification Test- Consumption were regarded as 
potentially risky drinkers.21 Physical activity was assessed by the 
International Physical Activity Questionnaire short- form,22 with 
three levels being classified, namely ‘active’, ‘minimally active’ 
and ‘inactive’.

Housing affordability as primary predictor
To assess housing affordability, the residual- income approach was 
adopted.1 Data on monthly household income, in Hong Kong 
dollars (US$1≈HK$7.8), were collected using self- reported 
questions with 36 income groups ranging from ‘no income’ 
to ‘HK$100 000 or above’. The income level was taken as the 
midpoints of the 36 income bands. Continuous data on monthly 
mortgage repayments or rents were also reported by owner 
occupiers or renters. Based on the residual- income approach,1 
housing affordability was derived by subtracting the monthly 
mortgage repayments or rents, if any, from monthly household 
income, which were then regrouped into four quartiles based on 
the posthousing residual income level.

Deprivation as mediator
While income- related measures are the most widely used indica-
tors of poverty, they omit important aspects of it, such as non- 
monetary resources or social barriers that hinder people from 
achieving the standard of living that is customary in a given 
society.23 Therefore, a 21- item DI was adopted to assess whether 
respondents could afford a range of items considered to be 
necessities by the majority of the adults in Hong Kong. For the 
construction of the DI, we first randomly selected 301 respon-
dents and asked if they considered a range of items as necessi-
ties. Twenty- one items of which at least half of the respondents 
perceived as necessities were selected. Four items were measures 
of social deprivation, while 17 items were measures of mate-
rial deprivation including ‘food deprivation’ (3 items), ‘clothing 
deprivation’ (3 items), ‘medical care deprivation’ (3 items), 
‘household facilities and equipment’ (5 items), ‘repair and main-
tenance’ (2 items) and ‘finance’ (1 item).24 Then, we compared 
the mean DI scores among individuals in the ten deciles of equiv-
alised household income. Weighting factors based on the distri-
butions of age and sex of the mid-2014 Hong Kong population 
(online supplementary table 1) were applied to ensure the repre-
sentativeness of our defined cut- off score of the DI. We found 
a much higher deprivation level in the lowest income decile 
(2.66) than that in the second and third deciles (1.55 and 1.32, 
respectively); hence, a DI score of 2 or above was considered 
‘deprived’.24 Details on the development, validity and reliability 
of the DI have been described previously.24

Health-related quality of life as outcome
Health- related quality of life was assessed using the 12- item 
Short- Form Health Survey version 2 (SF- 12v2) validated for 
the Hong Kong Chinese population.25 Two distinct continuous 
summary scores were derived, including physical component 
summary (PCS) for physical health and mental component 
summary (MCS) for mental health. We applied a norm- based 
scoring algorithm with reference to data from a Hong Kong 
general population survey.26

statistical analysis
Descriptive characteristics of respondents are presented as means 
with SD for continuous variables and as count data with percent-
ages for categorical variables, with the numbers of missing values 
for each variable.

To account for the potential bias due to missing data, multiple 
imputation by chained equations were employed to generate the 
multiply imputed dataset by estimating plausible values for the 
missing data based on the distribution of the observed values.27 
All missing values were filled in by simple random sampling with 
replacement from the observed values. The first variable with 

P
rotected by copyright.

 on June 27, 2022 at P
akistan:B

M
J-P

G
 S

ponsored.
http://jech.bm

j.com
/

J E
pidem

iol C
om

m
unity H

ealth: first published as 10.1136/jech-2019-212286 on 5 N
ovem

ber 2019. D
ow

nloaded from
 

https://dx.doi.org/10.1136/jech-2019-212286
http://jech.bmj.com/


166 Chung RY- N, et al. J Epidemiol Community Health 2020;74:164–172. doi:10.1136/jech-2019-212286

original research

Figure 1 Flow chart on study design and sample selection. C&SD, Census and Statistics Department.

missing values (x1) was regressed on all other variables restricted 
to individuals with the observed x1. Missing values in x1 were then 
replaced by simulated draws from the posterior predictive distri-
bution of x1. Next, the second variable with missing values (x2) 
was regressed on all other variables restricted to individuals with 
the observed x2, using the imputed values of x1. Likewise, missing 
values in x2 were replaced by draws from the posterior predictive 

distribution of x2. The process was repeated for all other variables 
with missing values. Depending on the variable types (ie, contin-
uous, binary, ordinal and nominal), each variable was imputed 
using its own imputation model. In order to stabilise the results, 
the whole procedure was repeated for 20 times to give 20 imputed 
datasets. Missing value patterns analysis showed no particular 
obstacles to multiple imputation, and the descriptive characteristics 
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Figure 2 Simplified directed acyclic graph for the association between housing affordability and physical and mental health status, with the 
potential mediator and confounders. Path C illustrates the direct effect of housing affordability on health, while paths A and B describe the indirect 
effect of housing affordability on health through deprivation of necessities.

of the sample with missing data (n=291) were similar to those 
without missing data (n=1687) despite being slightly more likely 
to be female, less educated, deprived and living in public housing 
(online supplementary table 2). We found no indications of our 
data being ‘missing not at random’.

Multivariable linear regressions were performed to assess the 
associations of housing affordability with PCS and MCS scores 
separately, controlling for all the sociodemographic, socioeconomic 
and lifestyle factors listed above. Figure 2 illustrates the simplified 
directed acyclic graph that represents the causal pathway between 
housing affordability and physical and mental health status, with 
the potential mediator and confounders. Model parameters 
were estimated in each of the 20 imputed datasets to obtain 20 
completed- data estimates of coefficients and their variance–covari-
ance matrix. The final estimates of coefficients and standard errors 
were then computed by applying combination rules by Little and 
Rubin28 to the 20 completed- data estimates. No apparent violation 
of the normality and homoscedasticity assumptions was observed 
in the linear regression models. To ensure the representativeness of 
our results for the Hong Kong household population, a sensitivity 
analysis that applied weighting factors based on the distributions 
of age and sex of the mid-2014 population in Hong Kong was 
conducted (online supplementary table 1).

Mediation analyses were also conducted to assess the mediating 
role of deprivation on the effect of housing affordability on PCS or 
MCS. Specifically, we adopted the seemingly unrelated regression 
(SUR) model,29 which uses the asymptotically efficient, feasible, 
generalised least- squares algorithm for parameter estimation,30 
to delineate the total effect of housing affordability on PCS or 
MCS by unpicking the direct effect (path c in figure 2) and indi-
rect effect through deprivation (paths a and b in figure 2).31 32 The 
SUR model was employed because it assumes contemporaneous 

cross- equation error correlation,29 which is common among the 
set of linear regression equations used for mediation analyses. 
Previous epidemiological research has also adopted the SUR model 
for mediation analyses.33 The SUR model is also well suited for 
estimating and comparing indirect effects in independent variables 
with multiple categories (ie, housing affordability in quartiles). 
In our SUR model, two sets of linear regression equations were 
simultaneously estimated: (1) the effect of the independent vari-
able (ie, housing affordability) and potential confounders on the 
potential mediator (ie, deprivation); and (2) the effect of housing 
affordability, deprivation and potential confounders on the depen-
dent variable (ie, PCS or MCS scores). All potential confounders 
used in the multivariable linear regression models were included in 
both sets of equations for the mediation analyses. The total indirect 
effect of housing affordability through deprivation was computed 
by first multiplying the β coefficients of paths a and b for each of 
the three lower affordability quartiles and then adding up the three 
product terms (ie, the sum of aq1*b, aq2*b and aq3*b, where aq1, 
aq2 and aq3 represent the β coefficients of the first quartile, second 
quartile and third quartile, respectively, with reference to the 
highest affordability quartile, against deprivation).31 We used the 
statistical approach according to the Rubin’s rules to compute the 
total indirect effect for each imputed dataset and pool them.28 The 
total effect represents the sum of β coefficients of each of the three 
lower housing affordability quartiles with reference to the highest 
affordability quartile (ie, the sum of β coefficient between first and 
fourth quartiles, β coefficient between second and fourth quartiles 
and β coefficient between third and fourth quartiles), which is also 
equivalent to the sum of total direct effect and total indirect effect. 
The standard errors of the total effect and total indirect effect 
were computed using the delta method.32 The ratio of total indi-
rect effect to total effect was used to assess the relative importance 
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Table 1 Characteristics of subjects (n=1978)

Characteristic Total

Posthousing residual income by quartilesa

First quartile
(<$11 000)

second quartile
($11 000–$18 999)

Third quartile
($19 000–$28 999)

Fourth quartile
(≥$29 000)

health- related quality of life

  Physical component summaryb 51.5±9.0 49.5±10.4 51.0±9.0 52.8±7.9 53.1±8.0

  Mental component summaryc 54.9±8.5 52.1±8.1 54.3±8.6 55.6±8.5 57.0±8.0

sociodemographic characteristics

  Age (years) 51.6±17.7 60.7±17.1 51.0±15.9 47.7±15.9 46.2±16.7

  Sex

  Male 814 (41.2) 189 (41.9) 162 (37.5) 186 (41.4) 203 (46.1)

  Female 1164 (58.8) 262 (58.1) 270 (62.5) 263 (58.6) 237 (53.9)

  Marital statusd

  Married/cohabit 1257 (63.7) 209 (46.7) 308 (71.3) 320 (71.3) 299 (68.0)

  Single/divorced/separated/widowed 717 (36.3) 239 (53.3) 124 (28.7) 129 (28.7) 141 (32.0)

  Number of childrene 0.6±0.9 0.4±0.7 0.9±1.0 0.8±0.9 0.6±0.8

  Number of adultsf 2.7±1.2 1.7±0.8 2.4±0.8 2.9±1.0 3.5±1.2

socioeconomic factors           

  Educational levelg

  Primary or below 630 (32.0) 224 (49.8) 144 (33.6) 101 (22.6) 76 (17.4)

  Secondary 1046 (53.2) 197 (43.8) 253 (59.1) 279 (62.4) 236 (54.1)

  Tertiary or above 290 (14.8) 29 (6.4) 31 (7.2) 67 (15.0) 124 (28.4)

  Deprivationh

  Non- deprived 1596 (80.7) 281 (62.3) 334 (77.3) 406 (90.4) 423 (96.4)

  Deprived 381 (19.3) 170 (37.7) 98 (22.7) 43 (9.6) 16 (3.6)

  Housing typei

  Public rental housing 1026 (52.3) 255 (57.3) 281 (65.5) 259 (57.9) 124 (28.3)

  Public ownership housing 344 (17.5) 49 (11.0) 40 (9.3) 69 (15.4) 119 (27.2)

  Private rental housing 181 (9.2) 59 (13.3) 46 (10.7) 33 (7.4) 35 (8.0)

  Private ownership housing 411 (20.9) 82 (18.4) 62 (14.5) 86 (19.2) 160 (36.5)

  Living space per capita j 15.4±9.5 19.1±12.8 13.9±8.1 13.5±7.3 15.5±8.4

Lifestyle behaviours           

  Smoking statusk           

  Non- smoker 1615 (81.8) 360 (79.8) 342 (79.4) 367 (82.1) 368 (83.6)

  Past smoker/current smoker 360 (18.2) 91 (20.2) 89 (20.6) 80 (17.9) 72 (16.4)

  Alcohol drinkingl           

  Non- risky drinker 1892 (96.6) 440 (98.0) 409 (95.8) 424 (95.3) 420 (96.8)

  Risky drinker 67 (3.4) 9 (2.0) 18 (4.2) 21 (4.7) 14 (3.2)

  Physical activities           

  Active 217 (11.0) 51 (11.3) 45 (10.4) 51 (11.4) 49 (11.1)

  Minimally active 279 (14.1) 85 (18.8) 64 (14.8) 49 (10.9) 49 (11.1)

  Inactive 1482 (74.9) 315 (69.8) 323 (74.8) 349 (77.7) 342 (77.7)

Data are presented as n (%) or mean±SD.
Missing data: a206; b45; c45; d4; e1; f1; g12; h1; i16; j2; k3; l19.
US$1≈HK$7.8.

of the mediating role of deprivation on the association between 
housing affordability and PSC or MCS.

The statistical packages SPSS V.21 and Stata V.14 were used 
for the analyses.

resuLTs
Characteristics of respondents are illustrated in table 1. Respon-
dents with poorer housing affordability were more likely to be 
older, non- married, less educated, less physically active, smokers 
and renters especially of public housing. They also tended to 
have worse physical and mental health. Almost two out of every 
five (37.7%) respondents in the poorest housing affordability 
quartile were deprived, which was about 10 times higher than 

the 3.6% who were deprived in the greatest housing afford-
ability quartile.

The associations of housing affordability with both PCS and 
MCS scores are presented in table 2. In general, dose–response 
relationships are observed. After adjusting for sociodemo-
graphic, socioeconomic and lifestyle factors, respondents in 
the lower housing affordability quartiles tended to have poorer 
mean PCS scores (β (95% CI): −2.53 (−4.05 to –1.01), −2.23 
(−3.54 to –0.92), −0.64 (−1.80 to 0.51) for the first, second 
and third quartiles, respectively) and poorer mean MCS scores 
(β (95% CI): −3.87 (−5.30 to –2.45), −2.35 (−3.59 to –1.11), 
−1.28 (−2.40 to –0.17) for the first, second and third quartiles, 
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Table 2 The associations of housing affordability with physical component summary and mental component summary

Characteristics

Physical component summary Mental component summary

β coefficient (95% CI)* P value β coefficient (95% CI)* P value

housing affordability

  Posthousing residual income

  Fourth quartile (highest housing affordability) Ref. Ref.

  Third quartile −0.64 (−1.80 to 0.51) 0.275 −1.28 (−2.40 to −0.17) 0.024

  Second quartile −2.23 (−3.54 to −0.92) 0.001 −2.35 (−3.59 to −1.11) <0.001

  First quartile (lowest housing affordability) −2.53 (−4.05 to −1.01) 0.001 −3.87 (−5.30 to −2.45) <0.001

sociodemographic characteristics

  Age (per year increase) −0.13 (−0.17 to −0.10) <0.001 −0.10 (−0.13 to −0.07) <0.001

  Sex

  Male Ref. Ref.

  Female 1.55 (0.67 to 2.44) 0.001 −0.69 (−1.53 to 0.15) 0.108

  Marital status

  Married/cohabit Ref. Ref.

  Single/divorced/separated/widowed −1.24 (−2.13 to −0.34) 0.007 −1.53 (−2.39 to −0.67) <0.001

socioeconomic factors     

  Educational level

  Tertiary or above Ref. Ref.

  Secondary 1.18 (−0.08 to 2.44) 0.066 0.41 (−0.79 to 1.61) 0.506

  Primary or below 0.84 (−0.74 to 2.42) 0.299 −0.11 (−1.62 to 1.40) 0.887

  Housing type

  Public rental housing Ref. Ref.

  Public ownership housing −0.55 (−1.70 to 0.60) 0.346 0.02 (−1.08 to 1.12) 0.974

  Private rental housing 0.19 (−1.20 to 1.58) 0.788 1.21 (−0.11 to 2.53) 0.072

  Private ownership housing −0.56 (−1.76 to 0.64) 0.359 0.33 (−0.79 to 1.45) 0.564

  Living space per capita (per 10 m2 increase) −0.18 (−0.73 to 0.37) 0.522 −0.05 (−0.57 to 0.48) 0.864

  Number of children (per one child increase) −0.41 (−0.94 to 0.11) 0.121 −0.93 (−1.43 to −0.44) <0.001

  Number of adults (per one adult increase) −0.24 (−0.69 to 0.21) 0.290 −0.39 (−0.82 to 0.04) 0.078

Lifestyle factors

  Smoking status

  Non- smoker Ref. Ref.

  Past smoker/current smoker −0.05 (−1.18 to 1.08) 0.933 −0.81 (−1.88 to 0.26) 0.139

  Alcohol drinking

  Non- risky drinker Ref. Ref.

  Risky drinker −0.16 (−2.36 to 2.05) 0.889 −2.87 (−4.96 to −0.77) 0.007

  Physical activities

  Active Ref. Ref.

  Minimally active −0.29 (−1.85 to 1.26) 0.711 0.70 (−0.78 to 2.19) 0.353

  Inactive −2.14 (−3.38 to −0.89) 0.001 −0.25 (−1.44 to 0.94) 0.680

*β coefficients of all listed variables were mutually adjusted in the corresponding models.
CI, Confidence interval .

respectively), when compared with those in the greatest housing 
affordability (fourth) quartile. Being older, female, neither 
married nor cohabitating and physically inactive were asso-
ciated with poorer PCS, whereas being older, neither married 
nor cohabitating, a risky drinker and having more children in 
the household were associated with poorer MCS. Consistent 
patterns were observed after weighting factors by age and sex 
were applied (online supplementary table 3).

Regarding the mediating role of deprivation of necessities 
on the association of housing affordability with health, results 
showed that about a third (34.3%) of the impact of housing 
affordability on PCS (p<0.001) and almost one- sixth (15.8%) of 
that on MCS (p<0.001) were mediated by deprivation (table 3).

dIsCussIon
To our knowledge, this is the first study in Hong Kong or any 
Asian population that examines the association of housing afford-
ability with general physical and mental health. In general, there 
were dose–response associations of housing affordability with 
both physical and mental health—that is, the lower the housing 
affordability, the worse the physical and mental health. Despite 
taking into account the effects of other sociodemographic, socio-
economic and lifestyle factors, housing affordability stress still 
independently poses threat to both physical and mental health, 
and the association with mental health was particularly strong. 
We also found significant indirect effects of deprivation on the 
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Table 3 Mediation analyses of deprivation on the effect of housing affordability on physical component summary and mental component summary

Physical component summary Mental component summary

β coefficient (95% CI) P value β coefficient (95% CI) P value

Indirect effect through deprivation −1.85 (−2.58 to −1.12) <0.001 −1.18 (−1.79 to −0.57) <0.001

Total effect −5.41 (−8.77 to −2.04) 0.002 −7.51 (−10.70 to −4.31) <0.001

Proportion mediated through deprivation (%)* 34.3 – 15.8 –

*Calculated by β coefficient of indirect effect divided by β coefficient of total effect.
CI, Confidence interval 
.

association of housing affordability with both physical and 
mental health in the mediation models, in which proportion 
of effect mediated through deprivation was larger for physical 
health (34.3%) than for mental health (15.8%).

housing affordability, deprivation and health
There may be several explanations for our main findings. As 
our measurement of housing affordability being a posthousing 
residual income implies, high housing cost could induce stress 
by reducing available income for posthousing expenditures.1 9 
Nevertheless, on top of income, liquid assets are also often 
used by people for their daily expenses, but such information 
is difficult to obtain in survey interviews. Therefore, depri-
vation, which measures the lack of command over sufficient 
resources over time to afford the social and material necessi-
ties of life,34 was conceived to give a more comprehensive and 
multidimensional picture of the social and material circum-
stances of the individuals beyond the conventional income 
measure of poverty. In fact, it has been shown that there was 
only low overlap between income and deprivation in measuring 
poverty.35 36 By making use of deprivation in our mediation 
analysis, we were also able to show that at least partially the 
effect of housing affordability on health was mediated through 
a lack of command over resources, even after paying off the 
housing expenses. This is also consistent with a previous study 
that deprivation is found to be associated with physical and 
mental health beyond income poverty.24

However, the above- mentioned explanations may still be 
only part of a bigger story since the mediation effects of depri-
vation were partial. In fact, high housing cost itself can be a 
major source of stress beyond the effects brought by depletion 
of available resources for posthousing expenditures (whether 
income or deprivation), especially in Hong Kong where the 
housing affordability stress is the greatest in the world. For 
instance, poor housing affordability may be reflective of the 
total amount spent on housing (ie, mortgages and/or rents) 
over one’s lifetime, the duration of making housing expenses 
over a prolonged period in one’s lifetime, the stress associated 
with long- term mortgage debt as well as the stress of securing 
employments and/or income sources (eg, salary, business or 
investment) that can sustain the kind of lifestyle, quality of 
life and housing standard that one leads over one’s lifetime. 
Consistently, studies have shown that long- term debt and 
mortgage debt are associated with poorer health, particularly 
mental health, outcomes.37–39 Moreover, housing affordability 
may negatively affect the physical health through psychosocial 
stress responses which in turn could lead to worse physical 
health through allostatic load.40

Limitations
Novel to this study was the adoption of the residual- income 
approach, instead of the conventional ratio- income approach 

to define housing affordability, which is more reflective of 
the actual financial burden to meet other expenditure needs 
after paying for housing. However, there are caveats to our 
study. First, the analyses were cross- sectional and thus we 
have not established any temporal relationship between 
housing affordability and health, and meaningful changes in 
outcomes of clinical importance cannot be derived. Second, 
survey questions were all self- reported, which may result in 
some recall bias. Third, there may be selection bias since the 
sampled participants tended to be female, less skilled, aged 
and stayed at home during office hours. As 1509 invited 
adults (39.8%) refused to participate in our study, we could 
not rule out the possibility of volunteer bias that these people 
may differ substantially from those who agreed to participate. 
Nonetheless, our results remained consistent after applying 
weighting factors based on the age and sex distribution of the 
general Hong Kong population in mid-2014, showing that our 
findings are unbiased and generalisable to the population of 
Hong Kong (online supplementary table 3). Moreover, over- 
representation or under- representation of certain sampling 
areas might potentially exist since the single- age population 
data by district was not available for geographical weighting. 
Fourth, a subset of the sample was enumerated with missing 
data; however, multiple imputation was applied and we found 
similar results. Lastly, since we focused on housing affordability 
in this study, we did not focus on other factors associated with 
health. Also, in spite of the effect of unaffordable housing on 
health, previous studies have shown that the association may 
not be universal across all social groups,5 8 41 and that there 
may be interactions between housing affordability and housing 
types.42 For example, given that almost half of the population 
are low- income households eligible for public rental housing 
and subsidised home ownership housing in Hong Kong,43 low- 
income households may not have a relatively higher housing 
cost burden per se. Nevertheless, we may not have enough 
power to conduct this analysis in this current study. All these 
warrant further investigations in future studies.

ConCLusIon
To improve the health of the Hong Kong population, the 
problem of housing affordability should be targeted. Addi-
tionally, deprived individuals should also be targeted for any 
intervention or policy to tackle health inequality as depri-
vation of necessities helps exacerbate the problems of unaf-
fordable housing costs. Since housing affordability tends to 
be a more upstream factor than deprivation in the pathway 
to health status, strategies and policies to tackle the housing 
issue are important. Jurisdictions around the world should 
take the example of Hong Kong as a major lesson if they 
aim to eliminate health inequalities—even in a rich society 
with publicly available healthcare services and high levels of 
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public housing provision like Hong Kong, allowing housing 
costs to rise too high has negative health consequences for 
the population.

What is already known on this subject

 ► Poor housing affordability has been suggested to affect 
physical and mental health, but most previous studies used 
the ratio- income approach in defining housing affordability, 
while a residual- income approach may be more reflective of 
the actual financial burden to meet other expenditure needs 
after paying for housing.

 ► Asian populations are facing increasingly severe housing 
affordability stress, but few studies have investigated its 
association with health.

 ► Hong Kong has the world’s worst housing affordability 
problem, but no studies have investigated its association 
with health.

What this study adds

 ► Using the residual- income approach, we found dose–
response relationships of housing affordability with physical 
and mental health in Hong Kong.

 ► We found evidence of partial mediation by deprivation of 
necessities on the relationship between housing affordability 
and health.

 ► Targeting deprived individuals to reduce their housing 
affordability stress may have great potential in improving 
population health and reducing health inequality.
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