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ABSTRACT ARTICLE HISTORY
The Covid-19 pandemic and subsequently increased time spent Received 14 January
at home signified the importance of understanding on the link 2021

between housing and mental health. This paper examines how  Accepted 15 March 2022
housing qualities affect depression and suicide ideation for each KEYWORDS

age group (i.e. young adults, middle-aged and older adults) and Housing;

gender. With South Korea population-based panel data, fixed-effect depression;

models and a partial least squares structural equation model were suicide ideation;
used. A functional problem was a major risk factor for depression mental health;

in women, whereas a structural problem was a key risk factor for ~ housing quality
men’s depression. For older adults, living in basement and vulner-

ability to natural disaster were detrimental to mental health.

Functional problems increased the likelihood of suicide ideation

in the middle-aged. The mechanisms of the housing qualities-mental

health nexus were varied by age and gender. This paper proposed

policy suggestions including a tailored housing policy and provi-

sion, a housing rating system for health and a support system for

noise control.

Introduction

It is evidenced that the Covid-19 pandemic has influenced mental health for people
around the globe — health practitioners the foremost affected, patients, their families
and most of us who became homebound by the pandemic (Amerio et al., 2020;
Choi, 2020; Sediri et al., 2020). According to a recent survey of US adult population,
depressive symptoms have tripled during the lockdown period (Ettman et al., 2020).
Under this circumstance with significantly increased time spent at home, housing
environment has become more important than ever to our mental wellbeing. The
present trend of work-from-home or remote-working has been accelerated by the
pandemic and is expected to continue even after the pandemic ends (Felstead &
Henseke, 2017).

Housing and mental health nexus has been one of the continuing pursuits in
planning, public health and social work for a few decades. In studies examining the
relationship between housing and mental health, the constructs of mental health
are observed in varied forms such as depression, self-esteem and stress. Depression
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has been the most studied construct on the topic. On the other hand, an extreme
side of mental distress, i.e. suicide ideation, has been rarely studied in its relation
to housing qualities. In previous literature, the dimension of housing concerning its
effect on mental health mainly focussed on housing tenure, financial instability and
public housing (Ellaway & Macintyre, 1998; Gibson et al., 2011; Han & Jeon, 2018;
Kim et al., 2013; Law et al., 2016; Lee et al., 2016; Lorant et al., 2005; Park & Lee,
2016). There is a lack of empirical evidence on what aspects of housing quality are
related to or may cause depression and suicide ideation. Furthermore, who are the
most vulnerable to the housing-mental health nexus is yet unknown.

Home environment and housing quality generate everyday sensory experiences.
It should be noted that men and women are different in their sensory processing
pattern (i.e. how they take, interpret and respond to sensory stimuli of environment)
(Nam & Lee, 2010; Olofsson & Nordin, 2004). Women have higher sensitivity than
men and young adults are more sensory sensitive than older adults; however, gender
difference does not appear among older adults (Machingura et al., 2019). In under-
standing the relationship between housing quality and mental health, gender and
age have been neglected and rarely studied.

The significant rise of one-person households has been observed in many coun-
tries due to increasing ageing population, delayed marriage and increasing geographic
mobility (Ronald, 2017; Snell, 2017; Yeung & Cheung, 2015). In South Korea,
one-person households have continually increased and currently take up 31.7% of
total households as of 2021; of the total one-person households, people aged 60 and
above accounted for 36%, middle-aged 31% and young adults 32% (Statistics Korea,
2021). It is foreseeable that this trend would generate new needs and demands for
a tailored housing policy and provision for one-person households in both public
and private sectors. For evidence-based housing policy, it is essential to understand
the housing-mental health nexus by taking age and gender into consideration.

To fill these gaps and needs, this study examined how housing qualities affect
depression and suicide ideation for each age group (i.e. young adults, middle-aged
and older adults) and gender.

Literature review
Housing and depression

Among various theories on the causes of depression, the Seligman’s Learned
Helplessness theory so far seems to best explain the effect of living environment
on depression. When being exposed to repeated, uncontrollable environment causing
discomfort and suffering without a way to escape, people begin to feel, think and
act as if they are helpless, which eventually leads to depression (Seligman, 1972).
Since housing is an expensive commodity based on households” economic condition,
it is usually perceived and considered as a given condition that a person should
live with rather than a condition that can be easily changed or escaped. In this
regard, poor housing conditions set a precondition for learned helplessness.
Empirical studies also provide evidence for the relationship between housing and
depression. In existing literature, housing correlates of depression are housing tenure,
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housing-related financial burden, spatial context of housing and quality of housing.
Particularly, housing tenure and housing-related financial burden were consistently
found to be associated with depression (Han & Jeon, 2018; Kim et al., 2013). People
with homeownership showed better health outcomes than those having no home-
ownership; homeownership with high percentages of house-related mortgage interests
predicted higher levels of depressive symptoms (Ellaway & Macintyre, 1998; Gibson
et al., 2011; Lee et al., 2016). It is notable that these effects may vary by age groups.
A study (Howden-Chapman et al., 2011) showed that the effect of housing tenure
(i.e. owned vs rental) on mental health diminished as people aged. However, heavy
housing financial burden still predicted high depressive symptoms among the elderly
(Park & Lee, 2016).

The spatial context of housing has been known as a risk factor of depression.
Neighbourhood socioeconomic status is associated with depression (Kim, 2008);
however, the evidence for causality is inconsistent when reviewing the longitudinal
studies (Richardson et al.,, 2015). The neighbourhood social environment such as
crime and safety has been identified to correlate with depression, whereas the
neighbourhood physical environment such as access to amenities and walkability
has shown no association with depression (Barnett et al., 2018; Beck et al. 2017;
Domenech-Abella et al., 2020; Ivey et al., 2015). Overall, characteristics of neigh-
bourhood environment look less explanatory of one’s depression than individual
sociodemographic factors (Beck et al., 2017).

Third, housing quality is closely associated with depression and mental distress
(Choi & Park, 2012; Kim et al., 2013; Mora et al., 2016). Particularly, functional
and structural problems of housing have been evidenced to induce psychological
distress and depression. Such factors include uncontrollable noise (Evans et al.,
2001), insufficient exposure to daylight, chronic exposure to air pollution (Evans,
1994), overcrowding (Evans et al., 2003; Kim et al., 2013; Mora et al., 2016) and
structural defects (Kim et al., 2013). Despite a strong association between housing
quality and mental distress, the effect size seems relatively small; a study (Choi &
Park, 2012) showed that only 4.3% of depression was explained by housing factors.

Most studies on the effect of housing quality on depression were conducted
predominantly in the context of high-rise flats or public housing (Garnham &
Rolfe, 2019; Platt et al., 2017). Evidence from a study setting which includes all
types of housing and neighbourhoods would contribute to more accurate, com-
prehensive understanding. In addition, the data used in previous studies are
mostly cross-sectional, which limits the interpretation of causal linkage between
housing quality and depression. There is a need to conduct research with longi-
tudinal data.

Housing and suicide

The most known risk factors for suicidal behaviours are depression, health condition,
chronic disease, relative deprivation and unemployment (Kang, 2005; Lin, 2006; Pak
& Choung, 2020). However, environmental factors of suicidal behaviours are relatively
understudied. Recently, residential environments have been recognized as a potential
risk factor for suicidal behaviours.
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Neighbourhood socioeconomic status and social ties are consistently found to
have association with suicide. A review study on suicidal behaviours in Europe
showed that neighbourhood disadvantages were linked to suicidal behaviours (Cairns
et al., 2017). Similarly, a study conducted in South Korea also revealed that a suicide
mortality rate was correlated with neighbourhood socio-economic status, the number
of social assistance recipients and social ties with neighbours (Huh & Choi, 2013;
Yoon et al., 2015). It is also supported by another evidence from the US (Marco
et al., 2018) that the locations of suicide-related emergency calls were associated
with the residents’ education level, the population density, the percentage of
one-person households and the number of older adults.

In addition, housing tenure and housing instability seem to predict suicidal
behaviours. Suicide ideation and suicide rate were observed more frequent and
higher in tenants than homeowners (Law et al., 2016; Lorant et al., 2005). Fear
before eviction and the loss of a home also explained suicidal behaviours (Stack &
Wasserman, 2007). However, a study with the large sample of 142 US metropolitan
areas showed a different result that housing-mortgage stress and suicide rates were
not related (Jones & Pridemore, 2016).

Housing qualities have been rarely studied in relation to suicidal behaviours. Even
among a paucity of research on this topic, most of the studies mainly focussed on
suicidal behaviours in the context of public rental housing. What has been known
so far is that housing attributes correlated with suicidal behaviour are noise, venti-
lation, air pollution and overcrowding (Choi, 2007). Hence, it is needed to conduct
a population-based, longitudinal study to examine the causal link between housing
qualities and suicidal behaviour and the underlying mechanism in order to address
our current limited knowledge in the housing quality-suicide nexus.

The mechanism of housing quality-mental health

The mechanism on how housing condition affects depression and suicide has been
little known. Phillips et al. (2005) evidenced with the sample of older adults that
housing condition did not have any direct effect on mental wellbeing and proposed
that residential satisfaction could play as a mediator in explaining the relationship
between housing and mental wellbeing. For a mediation effect to exist among three
constructs A, B and C (i.e. A—B—C), the effect of A on B and the effect of B
on C should be statistically significant (i.e. A— B and B—C) (Zhao et al., 2010).
For residential satisfaction to mediate the housing quality-mental health nexus,
housing quality should affect residential satisfaction and residential satisfaction
should affect mental health.

There is established evidence that housing quality influences residential satisfaction
(Ren & Folmer, 2017). Particularly, the objective attributes of housing are key deter-
minants of residential satisfaction (Amérigo & Aragones, 1997; Kroesen et al., 2010).
However, the relationship between residential satisfaction and depression has been
rarely investigated. A recent study (Liu et al., 2018) found in the context of senior
care homes that residential satisfaction and depression were negatively associated;
residential satisfaction mediated the relationship between residential environment
and depression. Moving forward, empirical studies with other age groups in
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non-facility settings would help to validate the relationship. To further elucidate the
underlying relationships among housing quality, residential satisfaction and mental
health, these constructs need to be analyzed together in the integrated conceptual
framework.

Gender difference in the housing-mental health nexus

Despite a growing recognition on the potential housing-mental health link, few studies
have investigated whether the effect of housing on mental health would be same for
men and women. However, there are a few important pieces of literature paying attention
to gender in the housing-health nexus. Regoeczi (2008) revealed that overcrowding
increased the level of depression in women, while increasing the level of aggression in
men. The potential reason for this difference could be explained by recent empirical
findings. Perreault et al. (2020) evidenced that overcrowding diminished the sense of
home for women. Meth & Charlton (2017) showed that improved housing quality and
homeownership enhanced men’s sense of masculinity, self-worth and sociability, which
consequently improved the relationship with family members. In studies on mental
health, it is widely accepted that the occurrence of depression is higher in women (Maji,
2018). Psychology studies acknowledge that gender differences exist in human senses
(e.g. smell, noise and visual system) and the perception of sensory pain (Keogh &
Herdenfeldt, 2002; Sorokowski et al., 2019). It means that how men and women perceive
and respond to the sensory stimuli of environment could be different. Housing qualities
are closely related to senses; they generate sensory experiences. The accumulation of
this evidence on gendered perceptions and responses to sensory environment tells us
that the impact of housing quality on mental health may differ by gender.

Research questions and hypotheses

To fill these gaps in existing literature, this paper aims to examine how housing
quality influences depression and suicide ideation for each gender and age group,
i.e. young adults (aged 19-39), middle-aged (aged 40-59) and older adults (aged 60
and above). Does housing quality have any effect on depression and suicide ideation?
Who would be the most vulnerable to poor housing quality? What is the mechanism
of explaining the housing quality and mental health relation? The research hypoth-
eses are constructed as follows (Figure 1):

Hypothesis 1. Housing qualities affect depression, of which effect may vary by age
and gender.

Hypothesis 2. Housing qualities affect suicide ideation, of which effect may vary by
age and gender.

Hypothesis 3. Housing qualities have indirect effect on depression through residential
satisfaction, which may vary by age and gender.

Hypothesis 4. Housing qualities have indirect effect on suicide ideation through resi-
dential satisfaction or/and depression, which may vary by age and gender.
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Residential
Satisfaction

Housing Qualities Depression Suicide Ideation

Figure 1. Research conceptual framework.

Method
Data and sample

This study used the panel data of the Korean Welfare Panel Study (KOWEPS) which
are twelve-wave, population-based surveys from 2005 to 2016. With the main pur-
pose of investigating the quality of life among low-income households, the KOWEPS
allocated about 50% of the samples to low-income households (i.e. below 60% of
the Korean national median income) and surveyed across the nation which covered
209 out of the total 228 municipalities nationwide (Kim et al, 2016). Table 1
describes the sample size for each panel wave and the percentage of the original
sample maintained.

Variables and measures

Table 2 summarizes variables, survey questions, scales and coding schemes. This
study has two outcome variables: depression and suicide ideation. Depression is a
construct commonly used in measuring mental health. On the other hand, suicide
ideation (i.e. suicidal thought) measures the extreme side of mental distress.

In measuring depression, the KOWEPS used the 11-item version of the Center
for Epidemiologic Studies Depression Scale (CES-D) (Kohout et al., 1993). Its
original version consists of 20 items which measure depression symptoms, capturing

Table 1. Description of panel data.

Percentage of the
original household

sample
Wave Year Household sample size maintained*
1 2005 14,613 100%
2 2006 13,671 92.07%
3 2007 13,082 86.65%
4 2008 12,821 83.92%
5 2009 12,401 80.25%
6 2010 11,749 75.45%
7 2011 15,130 74.53%
8 2012 14,705 72.17%
9 2013 14,108 69.23%
10 2014 13,801 67.31%
1 2015 13,319 64.48%
12 2016 12,938 62.19%

* Source of data (Kim et al., 2016, p. 8).
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Table 2. Variables, survey items and coding scheme.

Variable Survey items Coding scheme
Mental health
Depression (CES-D 11) How often have you Rarely or none of the time = 0,

felt this way during the past
week? 1) | did not feel like
eating. 2) | was happy. 3) | felt
very depressed. 4) | felt
everything | did was an effort.
5) My sleep was restless. 6) |
felt lonely. 7) | enjoyed life. 8)
People were unfriendly. 9) | felt
sad. 10) | felt that people
dislike me. 11) I could not get

going.

Sometimes (1-2days per week) = 1,
Often (3-4days per week) = 2, Most
of the time (5-7 days per week) = 3.
Scores range from 0 to 33.

Suicide ideation In the past year, have you ever Yes =1, No =0
seriously considered a suicide?

Housing

Housing quality

a. Functional problem The house is equipped with proper  Yes =0, No =1
noise proof, ventilation, lighting,
and heating system.

b. Structural problem As a permanent building, the Yes =0, No =1
quality of the materials of the
main structure is proof from
heat, fire, and moisture.

c. Disaster vulnerability The house is safe from natural Yes =0, No =1

d. Bathroom

e. Living in basement
f. Overcrowding

Residential environment
Residential satisfaction

Housing tenure
Owned home vs rental

disasters such as flooding,
storm, and landslide.

Independent bathroom (with hot water) = 0; shared bathroom with other
households/ no hot water for bathroom/ or no bathroom at all = 1
Living in a basement or half-basement = 1; ground and above level = 0
Living under the minimum housing size per person (floor area 12m? and

below) = 1, above 12m? =0

Very satisfied = 5, somewhat satisfied = 4, neither satisfied nor dissatisfied = 3,
somewhat dissatisfied = 2, very dissatisfied = 1

Owned = 1, Rented = 0

Housing-related financial burden

Housing debt
Overdue housing debt
Location

City vs rural

The amount of housing-related debt (unit: KRW10,000,000)
None = 0, once = 1, two or three times = 2, four times and more = 3

City =1, rural = 0

Income

Household income per

Annual disposable household income/ the number of household members

person (unit: KRW10,000,000)

Satisfaction with household Very satisfied = 5; somewhat satisfied = 4; neither satisfied nor dissatisfied = 3;
income somewhat dissatisfied = 2; very dissatisfied = 1

Job

Jobless Unemployed (actively have been seeking for employment in the past four

Satisfaction with job

weeks) = 1, wage worker, self-employed or employer, unpaid family
employee, unemployed (with no work capability due to disability, injury,
disease and ageing), unemployed due to study or housework and
unemployed with no motivation to work = 0

Very satisfied = 5; somewhat satisfied = 4; neither satisfied nor dissatisfied = 3;
somewhat dissatisfied = 2; very dissatisfied = 1

(Continued)
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Table 2. (Continued)

Variable

Survey items

Coding scheme

Relationship

Single household
Family conflict

Satisfaction with social
relationship (other than
family relationship)

Single household = 1, other types of households = 0

1. Conflicts of opinion are
frequent.

2. Family members sometimes
throw stuff in anger.

3. Family members always discuss
any issues in a calm manner.

4. Family members often criticise
each other.

5. Family members sometimes hit
physically.

Strongly agree = 5, Somewhat agree =
4, Neither agree nor disagree = 3,
Somewhat disagree = 2, Strongly
disagree = 1
Reverse coding was applied to item
3). Aggregated score was divided by
5, and final scores range from 1 to 5.

Very satisfied = 5; somewhat satisfied = 4; neither satisfied nor dissatisfied = 3;
somewhat dissatisfied = 2; very dissatisfied = 1

Wellbeing & lifestyle

Health
Self-esteem (se)

Alcoholism

Very healthy = 5; healthy = 4; average = 3; not healthy = 2; very bad =1

Rosenberg Self-Esteem Scale

(Rosenberg, 1965):

As of today, how do you feel

about yourself?

1. | feel that | am a person of

worth, at least on an equal plane

with others.

2. | feel that | have a number of

good qualities.

3. All in all, I am inclined to feel

that | am a failure.

4. | am able to do things as well

as most other people.

5. | feel | do not have much to be

proud of.

6. | take a positive attitude

towards myself.

7. On the whole, | am satisfied

with myself.

8. | wish | could have more

respect for myself.

9. | certainly feel useless at times.

10. At times | think | am no good

at all.

How often did you drink alcohol in
the past one year?

Strongly agree = 4, Somewhat agree =
3, Neither agree nor disagree = 2,
Disagree = 1
Reverse coding was applied to items
3), 5), 8), & 9). Scores range from 10
to 40.

None = 0, Once a month or below = 1,
2-4 times a month = 2, 2-3 times a
week = 3, 4+ times a week = 4

the four aspects of depressive symptoms (i.e. depressed affect, positive affect,
somatic problems and interpersonal problems) (Radloff, 1977). The abbreviated
11-item version is particularly useful when survey participants include the elderly
or the frail who cannot spend much time on a survey (Yin et al., 2013). Both
versions are known to have good internal consistency. The internal consistency
value Cronbach’s a of the 20-item CES-D was 0.90 in the US adult sample (Cosco
et al., 2017). The Cronbach’s a of the 11-item version was 0.84 among the Taiwanese
sample (Cosco et al.,, 2017; Yin et al.,, 2013) and 0.87 among the Korean sample

of this study.

Suicidal behaviours take a form of suicide ideation, suicide attempt and actual sui-
cide. The panel data contains information on suicidal behaviours; however, in the panel



HOUSING STUDIES 9

dataset, people who indicated that they had attempted suicide was few and the data
on actual suicide was not available. For this reason, this study only used suicide ide-
ation. For a measure of suicide ideation, a single item was selected from a set of survey
questions on suicidal behaviours from the KOWEPS (i.e. ‘In the past year, have you
ever seriously considered a suicide?’) with the answer choices of yes (=1) and no (=0).

The following six attributes of housing are the key independent variables of
this study:

o functional problems (i.e. noise, ventilation, lighting or heating problems)

o structural problems (i.e. non-permanent building or poor construction material)

o vulnerability to natural disasters (e.g. unsafe from flooding or earthquake)

o having no independent bathroom (e.g. sharing a bathroom with other
households)

o living in basement (including semi-basement)

» overcrowding (i.e. floor space 12 m? below per person)

Non-permanent buildings include greenhouses, container houses, garages, ware-
houses and other temporary dwellings. To operationalize overcrowding, the present
study adopted the minimum floor size 12m? below per person, following the
Minimum Housing Standard Rule of the South Korea Housing Act (2011). The
rule defines the minimum floor size of residence as follows: 14 m? per one-person
households, 26 m? for two-person households (i.e. 13m? per person), 36 m* for
three-person households (i.e. 12m? per person), 43 m? for four-person households
(i.e. 10.8 m? per person) and so on. During the period 2005-2016 of this dataset,
the average Korean household size was between 2.5 and 2.9 persons. Therefore,
this study applied the minimum standard for three-person household (i.e. 12m?
per person).

Control variables included housing tenure (i.e. owned vs rental), housing-related
financial burden (i.e. the amount of housing debt and overdue housing debt), loca-
tion (city vs rural), household income, satisfaction with household income, unem-
ployment, satisfaction with job, living alone, family conflict, satisfaction with social
relationship, health, self-esteem and alcoholism. These control variables were selected
from previous empirical studies on the correlates of mental distress.

Analytic strategy

To examine the effect of housing quality on depression and suicide ideation (Research
Hypotheses 1 and 2), a longitudinal data analysis was conducted. The key advantage
of longitudinal study is its capability to examine a cause-and-effect relationship by
measuring the same individuals over time and identifying changes over time, which
is not possible by cross-sectional research. Using panel data, this study constructed
two fixed effect models - a fixed effects logistic model for suicidal ideation and a
fixed effects regression model for depression. A fixed effects model aims to examine
the effect of the within-person variation, ignoring the between-person variation. In
other words, it focuses on the effect of time-variant factors and controls for
time-invariant factors, so it is powerful in minimizing the sampling variability. In
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contrast, a random effects model is used when focussing on the effect of time-invariant
factors (e.g. gender and ethnicity). The key independent variables of this study,
housing qualities, are time-variant variables meaning that a person’ housing qualities
can change over time either by moving or renovating. There are some people who
never move; however, it is a very rare case. According to a Korea Housing Survey
(Ministry of Land, Infrastructure and Transport 2017), an average Korean household
moves every 7.7 years; tenant households move every 3.6 years and household living
on their owned home moves every 10.6years. Hence, a fixed effects model was
deemed intrinsically appropriate for the purpose of the study and the nature of the
data. To further confirm the appropriateness of this model for the data, the Hausman
test was conducted after running fixed and random effect models, respectively; in
all cases, the fixed model was found more suitable to use.

To examine the mechanism on how housing quality affects depression and suicide
ideation (Research Hypotheses 3 and 4), mediation analysis was conducted, using a
partial least squares structural equation modelling (PLS-SEM) with pooled data. The
key advantage of PLS-SEM is that it has no requirement for normality assumptions
of data and no restriction of single-item measures (Hair et al., 2014, 2019; Reinartz
et al., 2009). It is also known suitable for predictive and causal-predictive modelling
due to its robustness and fewer restrictions of requirements than conventional
covariance-based structural equation model (Hair et al., 2014, 2019; Nitzl, 2016).
The PLS-SEM algorithm and consistent bootstrapping procedures (500 samples) were
conducted to obtain direct, indirect and total effects. The software Stata/SE 15 and
SmartPLS 3 were used for analysis.

Age groups were classified into three groups - young adults (aged 19 to 39),
middle-aged (aged 40 to 59) and older adults (aged 60 and above). Since age clas-
sifications vary by country, law and policy, the present study adopted the generally
accepted definition of ‘middle age’ (commonly referring to age between 40 and 60)
from the Encyclopedia Britannica (Encyclopadia Britannica, n.d.) and the Collins
English Dictionary (Sinclair, 1995).

When a survey participant’ age category changed during the twelve-wave period,
the panel data were classified into the respective age group with the relevant panel
waves. For example, a survey participant was a young adult during the period of
wave 1 to 5 and entered the middle-aged in wave 6. In this case, the data of wave
1 to 5 were classified into young adults, the data of the remaining waves being
counted as the middle-aged.

Results
Descriptive statistics

Table 3 summarizes the characteristics of the sample (N=162,338). Depression
increased with age and was the highest in older adults; the mean of older adults’
depression was nearly twice as high as that of young adults’ depression. The mean
of depression was higher in women than men across all age groups.

A similar pattern was shown in suicide ideation. People who had thought of a
suicide during the past one year significantly increased as ageing. The proportion
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of women with suicide ideation was consistently higher than that of men across all
age groups.

Poor housing qualities were more frequently observed in older adults, particularly
among older women. Ten percent of the sample were suffering from noise, venti-
lation, lighting or heating problems; and 17% of the sample were living in a
non-permanent building or a building made of poor construction material (herein-
after referred to as non-permanent building). One out of five older adults were
living under a non-permanent building. Five percent of the sample did not have an
independent bathroom at home. The proportion of older adults living without an
independent bathroom (i.e. sharing a bathroom with other households) was signifi-
cantly high, when compared to other age groups. Three percent of the sample were
living in a place which was unsafe from natural disasters.

Results from longitudinal analysis

Hypothesis 1. Housing qualities affect depression, of which effect may vary by age
and gender [supported]

Table 4 summarizes the effects of housing qualities on depression. Functional prob-
lems of housing (i.e. noise, ventilation, lighting or heating problems) had a significant
effect on depression across all ages and gender. Particularly, young and older women
were the most vulnerable to this condition; when moving from a residence with
noise, ventilation, lighting or heating problems to a place without such issues, their
depression level decreased by 0.5 unit (p<0.001).

Structural problems of housing (i.e. non-permanent building or poor construction
materials) also affected depression for all men and middle-aged women. Particularly,
older men were the most vulnerable to this housing condition; when moving from
a non-permanent building to a permanent building, older men’ depression level
decreased by 0.355 unit (p<0.001).

The effect of basement and vulnerability to natural disasters on depression was
only observed among older adults. Living in basement had a significant influence
on depression in both older men and women; when moving from a basement to
ground or upper-level floors, older adults’ depression level decreased by 0.746
and 0.789 unit, respectively. Unsafety from natural disasters influences older
women’s depression; when an older adult woman moves from a place vulnerable
to natural disasters to a safe place, her depression level decreased by 0.355 unit
(p<0.001).

Several housing-related confounding variables in the model showed statistically
significant effects on depression. Satisfaction with residential environment predicted
depression across all ages and gender except for older men. Housing tenure (i.e.
owned vs rented) had no influence on depression. The amount of housing debt had
a significant effect on older women’s depression. Overdue housing debt affected
depression among women aged 40 and above. Location of living (i.e. city vs rural)
predicted older adults’ depression; when moving from cities to rural areas, older
men and women’ depression level decreased by 0.917 and 0.815 unit, respectively
(p<0.01).
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The analysis of other control variables also provides further information on the
determinants of depression. Household income itself did not affect depression;
however, satisfaction with household income influenced depression, except young
men. Unemployment was a strong predictor of depression among young and
middle-aged men. Satisfaction with job had a significant effect on depression across
all ages and gender. Being a single-person household affected depression among
men aged 19-39; in other age and gender groups, it had no influence on depression.
Family conflict and satisfaction with social relationship had significant influence on
depression in all age groups and gender. Alcoholism was an important determinant
of depression for young men and women of all ages.

Hypothesis 2. Housing qualities affect suicide ideation, of which effect may vary by
age and gender [supported]

As shown in Table 5, a functional problem of housing (i.e. noise, ventilation,
lighting or heating problems) was found as the only determinant of suicide ideation
among all housing quality variables; it only affected young and middle-aged men.
For middle-aged men living with functional problems of housing, the odds ratio of
suicide ideation was 2.21 times as great as the odds for those living without them.
For young men, living under such a condition rather had less likelihood of suicide
ideation.

Other housing-related determinants of suicide ideation were residential satisfaction
and housing tenure. Residential satisfaction had a significant effect on suicide ide-
ation among young and middle-aged men. The effect of housing tenure on suicide
ideation was only observed in young men; men aged 19-39 with homeownership
were less likely to think of suicide than those without homeownership.

The effect of satisfaction with household income on suicide ideation was
only observed in middle-aged women. For middle aged women, living alone
(i.e. being a single-person household) decreased the likelihood of having a
suicidal thought; on the contrary, for older women being a single-person house-
hold, the odds of suicide ideation increased by 85.1% (OR = 1.851, SE = 0.522,
p<0.05). Family conflict affected suicide ideation for middle-aged women and
older men and women. Satisfaction with social relationship influenced suicide
ideation among middle-aged men and older women. Alcoholism predicted sui-
cide ideation for young and middle-aged men. Expectedly, depression and
self-esteem were found as key determinants of suicide ideation in all age groups
and gender.

Results from PLS-SEM mediation analysis

The PLS-SEM results have two components to be examined - the measurement model
and the structural model. The measurement model is usually evaluated for the internal
consistency, convergent validity, discriminant validity and multicollinearity. Since the
variables of this study are single-item variables, the measures of internal consistency
(i.e. factor loadings, Cronbach’s a and composite reliability) were scored 1, satisfying
the criterion (Chin 1998). The measure of convergent validity, average variance extracted
(AVE), was 1, which met the criteria (Bagozzi & Yi 1988). The discriminant validity
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was assessed with the Heterotrait-Monotrait Ratio of Correlations (HTMT) (as shown
in Table 8), of which value was lower than 0.90 and therefore met the criteria (Henseler
et al., 2015). A multicollinearity measure, the variance inflation factor (VIF) coefficient
was 1, which indicates that there is no collinearity issue (Hair et al., 2014). The
structural model was evaluated by path coefficients, their significance and variance
explained. The 24%-35% of variance in depression and 7%-14% of variance in suicide
ideation were explained by the variables in the model (see Tables 6 and 7).

Hypothesis 3. Housing qualities have indirect effect on depression through residential
satisfaction, which may vary by age and gender [partially supported]

The indirect effect of housing qualities on depression through residential satis-
faction was found in men aged 19-59 and women aged 40-59 (see Table 6). For
young men, basement, bathroom, non-permanent building and overcrowding had
indirect effect on depression through residential satisfaction. For the middle-aged
men and women, all housing qualities, except for unsafety from disaster, had indirect
effects on depression through residential satisfaction. For young women and the
elderly, residential satisfaction had no effect on depression, which means that there
was no indirect effect.

Hypothesis 4. Housing qualities have indirect effect on suicide ideation through res-
idential satisfaction or/and depression, which may vary by age and gender [partially

supported]

As seen in Table 7, many housing qualities showed statistically significant indirect
effects on suicide ideation in all ages and gender. However, the size of indirect
effects was very small in most cases. The mechanism of indirect effects of housing
qualities on suicide ideation varied by age and gender.

For young men, living in basement, having no independent bathroom, living
in non-permanent building and overcrowding indirectly affected suicide ideation
through residential satisfaction and depression. The effect of residential satisfaction
on suicide ideation was the largest in young men. For this reason, housing qual-
ities influenced suicide ideation mainly through residential satisfaction; only a
very small indirect effect was mediated through depression. On the other hand,
residential satisfaction had no effect on young women’s suicide ideation. For them,
functional issues such as noise indirectly influenced suicide ideation only through
depression.

For middle-aged men and women, all housing qualities except for vulnerability
to disaster indirectly affected suicide ideation through both residential satisfaction
and depression. The role of residential satisfaction as a mediator was far less import-
ant than that of depression in this age group. Functional issues and non-permanent
buildings had the largest indirect effects on suicide ideation through depression for
middle-aged men and women, respectively.

In older age, residential satisfaction had no influence on suicide ideation. For
both men and women, functional issues indirectly influenced suicide ideation through
depression. For older men, overcrowding indirectly affected suicide ideation through
depression. For older women, living in non-permanent building had indirect influ-
ence on suicide ideation through depression.
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Discussion

Gender has been paid little attention among scholars examining the housing-health
nexus. This study reveals that the effect of housing qualities on mental health and
the underlying mechanism are not the same by gender. For women, functional issues
of housing such as noise problems were key risk factors for depression. For men,
structural issues such as non-permanent building were more important. These results
could be supported by the evidence on sex-linked sensory difference showing that
women have higher sensitivity of sound and olfaction and lower tolerance of noise
than men (Velle, 1987). On the other hand, men’s mental health was more influenced
by the physical presence and symbolic status of housing (i.e. what non-permanent
building is and perhaps what it symbolizes). Based on these findings, the analysis
suggests that housing policy makers and public housing providers should prioritize
the improvement of these two housing qualities (i.e. structural and functional issues).

A few distinct differences between older age and other age groups were observed
regarding the relationship between housing quality and depression. First, living in
basement and vulnerability to disaster were detrimental to older adults’ depression,
whereas other age groups were not affected by them. Particularly, living in basement
had a detrimental effect on depression among older adults. Secondly, the study
revealed that older people were more vulnerable to poor housing conditions than
other age groups in most variables. The effect of housing quality on depression
became stronger in older age; particularly, older women’s depression was influenced
by more housing-quality factors. Thirdly, the present study with longitudinal analysis
provides stronger evidence and confirmation to the finding of a prior study
(Howden-Chapman et al., 2011) that the relationship between housing quality and
general health becomes stronger as people age. Lastly, it should be noted that
although housing quality affects depression substantially, it does not have any influ-
ence on suicide ideation in older age. The present study suggests that policies and
programmes for age-friendly and healthy communities should pay special attention
to urban older adults living in basement.

The link between housing qualities and suicide ideation is an untapped area of
research. Prior to this study, there was a study with cross-sectional data which found
an association between actual suicide and housing condition (i.e. moist, noise, ven-
tilation and air quality) (Choi, 2007). Using longitudinal analysis, the present study
further investigated whether the relationship could be causal. This study found that
functional problems (i.e. noise, ventilation, lighting or heating problems) increased
the likelihood of suicide ideation; however, this was only observed among middle-aged
men. Other housing-quality factors had little influence on suicide ideation.

Another key contribution of this study was the investigation of the underlying
mechanism on how housing qualities affect suicide ideation for each age group and
gender. Particularly, little was known about the mechanism of housing quality and
suicide ideation. The present study investigated the role of residential satisfaction and
depression in mediating the relationship between housing quality and suicide ideation.
Except for young men, the effect of housing quality on suicide ideation was mostly
mediated through depression. For young women and older adults, residential satis-
faction had no influence on suicide ideation; therefore, all the indirect effects were
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mediated through depression only. In contrast, for young men, the effect of housing
qualities on suicide ideation was mostly mediated by residential satisfaction. This
finding highlights the importance of residential satisfaction for young men’s mental
health. In this study, key determinants of residential satisfaction among young men
were living in basement, having no independent bathroom, structural problems and
overcrowding. The improvement of these specific qualities should be given a key
consideration in making housing policies and provisions targeting young adults.

Functional issues such as noise problems were identified as major risk factors for
women’s depression and even trigger suicidal thought among men. During the forced
lockdown period of the Covid-19 pandemic, it was evidenced in many countries
that housing-related noise complaints and conflicts with neighbours in apartments
significantly increased (Baek, 2020; Sentop Diimen & S$aher, 2020; Sun, 2021; Tong
et al., 2021). In South Korea, the number of housing-related noise complaints reported
to Ministry of Environment had soared from 19,495 in year 2016 to 42,250 in 2020
(Sun, 2021). This issue could be possibly addressed by establishing higher acoustic
standards for building permits and completion approval and providing a support
system for residents to collect the noise, file noise complaints, resolve conflicts over
noise issues and obtain technical assistance to reduce or block out noise.

The findings of the present study also reveal that men who have lived in
non-permanent buildings for a long period of time are at high risk of depression.
From 2005 to 2015, the number of general households in South Korea had increased
by 20%. For the very same period, the number of households living in non-permanent
building increased by 590% from 57,066 to 393,792 (Choi & Jeong, 2018). It is
largely due to the soaring housing price and the shortage of affordable housing
provision. This calls for the urgency to provide more affordable housing options
and stabilize housing price. Otherwise, the population health would be also at risk.

Moving forward, this study proposes a housing rating system for healthy living
which includes the detailed information of each housing unit in terms of key func-
tional and structural aspects and resilience to disaster. It would not only benefit
housing consumers in making informed decisions on renting or buying a house,
but also encourage socially responsible construction and real estate practices. The
UK and the United States are currently in use of the Housing and Safety Rating
System and the Healthy Home Rating System, respectively.

A few study limitations of the study should be noted. First, a history of depres-
sion, suicide among family members, previous suicidal attempts, past experiences
of poor housing and landscape or greenery from the window which might affect
mental health were not controlled in this study. It is due to the use of secondary
dataset which did not contain such information. Second, when running the PLS-SEM
mediation model with pooled data to test hypotheses 3 and 4, this study did not
control for individuals’ unique sensory processing pattern (e.g. sensory sensitivity
and sensory avoiding) which has association with depression (Serafini et al., 2017).
Nevertheless, the fixed effect model for hypotheses 1 and 2 was not affected by it
because the fixed effect model only uses the within-person variation. Third, longi-
tudinal analysis and PLS-SEM mediation analysis showed similar results overall,
concerning the effects of housing qualities on depression and suicide ideation.
However, it should be noted that there were slight, minor differences in the results.
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This was inevitable since the former used panel approach focussing on the causal
relationship whereas the latter used pooled cross-sectional data focussing on the
mechanism of housing-mental health nexus.

Conclusion

Understanding the impact of housing qualities on mental health is essential at the
present time, as we face the Covid-19 pandemic and the accelerated working-from-
home trend. This study identified specific housing qualities leading to depression
and suicide ideation for each age group and gender. Also, the underlying mechanism
of housing quality-mental health nexus were different by age and gender. A few
policy recommendations were proposed for more tailored housing policy and pro-
vision, considering human life cycle and demographic characteristics. The study
asserts that improving certain housing qualities can prevent or reduce depression
and suicide ideation and should be viewed as an important strategy for public health
intervention.
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