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Background: Suicide is a global challenge. Although it is clear that socioeconomic and demographic factors influ-
ence suicide rates, we know little about the impacts of the built environment on suicide rates.
Methods: We investigated the relationship between characteristics of the built environment and suicide death
rates over a 13-year period in 151 rent-only public housing communities in Hong Kong. The regulations of the
public housing authority in Hong Kong constituted a natural experiment with minimal self-selection bias. We
conducted hierarchical regression analyses and found that characteristics of the built environment were signifi-
cantly associated with suicide rates after controlling for SES and demographic factors at the community level.
Results: Three significant environmental factors were identified distance to the nearest urban center, distance to
the nearest Mass Transit Railway station, and gross flat area per person.
Conclusion: These findings demonstrate a significant association between features of the built environment and
suicide rates. They also suggest possible interventions that might reduce suicide through design, or redesign, of
the built environment. Lastly, we propose an environmental theory of suicide based on the Interpersonal Theory
of Suicide.

© 2021 Elsevier B.V. All rights reserved.
The University of Hong Kong,

ityu.edu.hk (Y. Lu).
1. Introduction

1.1. Background

Suicide is a global challenge of public health andwell-being. Accord-
ing to the World Health Organization (WHO), there are approximately
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800,000 suicides annually worldwide. This accounts for 1.4% of all
deaths and makes suicide the 18th leading cause of death (World
Health Organization, 2019). Meanwhile, the percentage of people living
in cities has risen rapidly from 33.6% to 55.3% in the last 60 years. Grow-
ing evidence suggests that people living in high-density cities are more
vulnerable to suicide than those living in lower-density environments
(Hsu et al., 2015; Murali and Oyebode, 2004; Ni et al., 2020).

It was well established that people with low socioeconomic status
(SES) are more vulnerable to attempt suicide than individuals with
higher SES (e.g., Phillips et al., 2002; Rehkopf and Buka, 2006; Zhang
et al., 2010). In addition, suicide risk is associatedwith demographic fac-
tors, such as age, sex, marital status, and education attainment
(e.g., Nock et al., 2008; Qin et al., 2003; Wong et al., 2008; Yip et al.,
2005). It is surprising, however, that so little attention has been paid
to the role of the built environment in suicide, as there is considerable
evidence that built-environment conditions affect a wide range of pre-
cursors to suicide, such as depression, anxiety, and sense of helplessness
(e.g., Bratman et al., 2019; Bratman et al., 2015; Hsu et al., 2015; Jiang
et al., 2019). This gap in our understanding about the extent to which
the built environment is associated with suicide prevents health care
and public health officials, designers, planners, and municipal leaders
from reducing suicide deaths by providing healthier living environment
for citizens.

We explored this gap via a natural experiment conducted in 151
rent-only public housing communities in Hong Kong over a period of
2005 to 2017. There were 5841 suicides in these communities over
these 13 years. Our overall research question was, ‘After controlling
for SES factors, demographic factors, and self-selection bias, to what ex-
tent are built environment factors in a high-density city associated with
residents' suicide rates?’

1.2. A synthesis of theories of suicide: Interpersonal Theory of Suicide

The Interpersonal Theory of Suicide (IPTS) has been widely recog-
nized as a comprehensive synthesis of previous theories of suicide
(Van Orden et al., 2010). We employed IPTS as a theoretical foundation
for this study rather than relying on various other theories of suicide for
following reasons: IPTS is not “another” unilateral theory but grows
froma synthesis of previous influential theories of suicide; Previous the-
ories emphasized the importance of single constructs of suicide but IPTS
proposed three distinct and interactive causes and pathways of suicide;
Previous theories mixed suicidal ideations, suicidal attempts, and sui-
cidal deaths as a unitary concept but IPTS clearly states the difference
between suicide deaths fromother concepts, which are lethal or near le-
thal suicide behaviors: This separation makes the analysis of suicide
death much clearer than before; Many previous theories emphasized
SES and demographic factors at the individual level while IPTS hints
that environmental factors may contribute to deaths from suicide.

IPTS proposes three independent constructs that can interact to
cause suicide: Belongingness (I am alone), perceived burdensomeness
(I am a burden), and acquired capability for suicides (Van Orden et al.,
2010). The first two constructs are related to a desire to commit suicidal
while the third construct refers to an individual's capacity to commit
suicide (VanOrden et al., 2010). IPTS summarizes the critical risk factors
that could contribute to each of the three constructs, including social
isolation, mental disorders, unemployment, previous suicide attempts,
family conflicts, physical illness, and other factors.

1.3. Potential connections between built environments and risk factors for
suicide

There is emerging evidence suggesting built environment may also
contribute to suicide through influencing four factors of suicide summa-
rized by IPTS. The four risk factors are social isolation, mental disorders,
physical illness, and unemployment.
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Social isolation is “arguably the strongest andmost reliable predictor
of suicidal ideation, attempts, and lethal suicidal behavior among sam-
ples varying in age, nationality, and clinical severity” (Van Orden et al.,
2010). Social isolation has multiple facets, including loneliness, social
withdrawal, having few social supports, living in non-intact families,
losing a spouse through death or divorce, and living in an isolated prison
cell (Van Orden et al., 2010). Impacts of built environment on social iso-
lation have been demonstrated and summarized (Mazumdar et al.,
2017). Among many influential environmental factors contributing to
social isolation are proximity to urban centers with multiple social ser-
vices (Chadwick and Collins, 2015), proximity to subway stations (Li
et al., 2018) or general accessibility to public transport (Melis et al.,
2015), walking friendly neighborhoods with mixed urban functions
(Leyden, 2003), and density of neighborhood tree canopy (Holtan
et al., 2014).

Mental disorder is another major risk factor that can lead to suicide
(VanOrden et al., 2010).Manymental disorders can contribute to the de-
velopment of suicide, the most important of which include depressive
disorder, anxiety/agitation disorder, and impulse control deficit. In gen-
eral, sustaining long-term positivemental states throughmaintaining so-
cial and family connections, having a decent job, and having physical
health are critical to prevent suicide (Van Orden et al., 2010). Numerous
environmental studies have found that vegetatively barren, crowded,
geographically isolated, monotonous, and/or noisy built environments
are associated with mental disorders, such as mental fatigue (Hartig
and Staats, 2006), stress and anxiety (Jiang et al., 2019), aggression and
impulsivity (Kuo and Sullivan, 2001; Poon et al., 2016), depression
(Min et al., 2017; Sarkar et al., 2018), and a reduced sense of safety
(Jiang et al., 2018). In contrast, green, spacious, and tranquil built environ-
ments can contribute to mental restoration and decrease risk of mental
disorders (Jackson, 2003; Sullivan and Chang, 2011; Sullivan et al., 2014).

Physical illness is thirdmajor risk factor for suicide (VanOrden et al.,
2010). Severe illness, especially an incurable or terminal illness
(e.g., HIV/AIDS, certain types of cancer), increase the risk for suicide.
The enormous cost of treating severe illness can induce in some individ-
uals to feel a strong sense of self-blame (I am a burden). Moreover, indi-
vidualswhohave severe illnesses often suffer fromdistress and lowered
self-esteem due to their reduced capacity to contribute at work and at
home (I am useless). Finally, individuals who experience constant, sig-
nificant pain caused by severe illness may develop an elevated physical
pain tolerance, which is a significant component of acquired capability
of committing suicide (Van Orden et al., 2010). The built environment
can trigger or cause severe physical illness (Jackson, 2003). Exposure
to environments that lack vegetation can degrade a person's immune
functions while having contact with nature can promote immune func-
tions (Kuo, 2015). Living in communities with low income and limited
access to social resources are associated with higher rates of HIV/AIDS
(Talman et al., 2013). Many studies have reported significant relation-
ships between characteristics of the built environment and the most
life-threatening illnesses in developed and developing countries.
These illnesses include cardiovascular diseases (Koohsari et al., 2020;
Seo et al., 2019), specific types of cancer (Gomez et al., 2015), and stroke
(Xie et al., 2019).

Employment status is the fourth risk factor for suicide (Van Orden
et al., 2010). The unemployment rate is the most widely used measure
of employment status and it is an important indicator of SES (O'Farrell
et al., 2016). Although the association between employment and suicide
rates at the population level reported by studies are not fully consistent,
a higher suicide rate is often associated with unemployment rate of vul-
nerable individuals. Another relevant line of evidence is that economic re-
cessions with widespread unemployment and house foreclosures are
often associated with increased suicide rate (Van Orden et al., 2010).
Being unemployed may contribute to suicide because unemployed peo-
ple have a higher vulnerability to psychological distress, self-blame and
shame, low self-esteem, and drug addiction (Blakely et al., 2003). Being
unemployed may also contribute to suicide because it can trigger
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domestic violence, which is significant threat to the sense of reciprocal
care (Anderberg et al., 2016). The relationship between characteristics
of the built environment and unemployment has been largely neglected
by previous studies. Nevertheless, some studies have found several char-
acteristics of neighborhoods that have significant associationswith higher
unemployment rates. These characteristics include residential concentra-
tions of low-skilled and/or low-educated adult population (Alves, 2012),
areas dominated by a single landuse (such as residential) that have a con-
siderable mismatch between low supply of employment opportunities
and a high demand for jobs (Alves, 2012), and residential areas with little
or no connection to the public transportation services (Bastiaanssen et al.,
2020; Thakuriah and Metaxatos, 2000). Although most studies focusing
examining the unemployment rate as a convenient measure of unem-
ployment, the relationship between employment status and suicide rate
shall not only be influenced by the single factor but also many other fac-
tors, such as stability of employment, working condition, salary and em-
ployee benefits, and perceived respect and value in the workplace
(Hussmanns, 2007).

It is important to note that the relationships among social isolation,
mental disorders, physical illness, and unemployment are interactive
and complex (Van Orden et al., 2010). Further, characteristics of the
built environment might influence these risk factors simultaneously
and interactively (Jiang et al., 2015; Ustun, 1999). The development of
suicidal ideation and the decision to act on these ideas have complex
andmultifaceted antecedents includingpersonality traits, family history
and generics, life experiences, and so on. In this paper, we explore the
possibility that specific environmental factors are related to suicide
rates at the community scale. In this study, we do not aim to prove en-
vironmental factors are determinative but seek to explore the extent to
which such factors are related to elevated probabilities of death by
suicide.

1.4. Association between built environments and suicide

The few studies that have examined direct associations between
characteristics of the built environment and suicide rates, have produced
largely consistentfindings. A nationwide study in Netherlands found the
proportion of green space at themunicipality level has a significant neg-
ative association with the suicide rates while measures of contact with
landscapes that contained water were not related to suicide (Helbich
et al., 2018). Similar suicide-risk buffering associations with green land-
scapes were reported by studies in Taiwan (Shen and Lung, 2018) and
Korea (Min et al., 2017). A recent nationwide study in the Netherlands
found that residents' exposure to green landscapes had a significant neg-
ative association with the suicide rate for models controlling for age,
gender, and date of suicide but the association became non-significant
after adding a control of individual and area factors (Helbich et al.,
2020). Helbich and his co-authors suggest the environment-suicide rela-
tionship should be understood to operate through multiple social and
psychological mechanisms besides the direct mental benefits of contact
with nature. Similarly, a recent study conducted in Hong Kong found the
association between greenery and suicide rate was non-significant but
reported that measures of population density in the city had a positive
association with suicide (Wang et al., 2020).

1.5. Residential self-selection bias: a significant challenge of environment-
health research

Residential self-selection bias is a threat to the validity of research
that examines the relationships among the built environment and pub-
lic health, including suicide. Residential self-selection refers to when
people choose their residential locations and environments because of
their specific travel preference, neighborhood preference, attitudes, or
other needs and capabilities in daily life (Boone-Heinonen et al., 2011;
Boone-Heinonen et al., 2010; Zang et al., 2019). Self-selection bias can
explain 30% to 50% of the association between the residential
3

environment and residents' behavioral tendencies, even after control-
ling for the residents' SES and demographic conditions (Zang et al.,
2019). To the best of our knowledge, most of environmental studies
on residents' health and well-being examined hybrid residential envi-
ronments (mixture of private and public housing estates). Thus, it is
highly possible that their results were impacted by residential self-
selection bias. Nevertheless, some studies have overcome this form of
bias. A team of researchers adopted public housing environments in
Chicago as research sites where low-income individuals and families
on the waiting list were assigned to an available apartment, met the re-
quirements of random assignment of individuals to the variations in the
independent variable of interest (Kuo and Sullivan, 2001; Sullivan et al.,
2004). This series of studies influenced themethodological and research
design employed in this study.

1.6. Critical knowledge gaps

Based on the review of theories and empirical evidence, we argue
there are three critical gaps in our knowledge regarding the extent to
which features of the built environment might be associated with
suicide.

First, although there are scattered hints of relationships between
physical settings and suicide, few empirical studies have examined di-
rect relationships between built environment factors and suicide. In ad-
dition, the theoretical connection between various features of the built
environment and causes of suicide has not been clearly presented in
theories of suicide.

Second, most studies that have reported associations between the
built environment and various health precursors to suicide are subject
to residential self-selection bias, because they typically studied commu-
nities that permit self-selection of residential units (Zang et al., 2019).
Hence, the validity of the reported associations is open to question.

Last, to the best of our knowledge, few studies have examined the
relationship between built environment factors and suicide rates in
public housing communities. It is possible that the characteristics of
the built environment in public housing developments have significant
effects on public housing residents' suicide rates. If this is the case, envi-
ronmental interventionsmight reduce the suicide rate in public housing
neighborhoods.

1.7. Research questions

To address those critical gaps, we explored the extent to which built
environment factors were associated with suicide death rates in 151
rent-only public housing communities in HongKong, over a 13-year pe-
riod. We chose to investigate public housing communities with the aim
of reducing self-selection bias. The allocation of public housing units to
individuals and families in Hong Kong constituted a natural experiment
with random assignment of people to characteristics of the built
environment.

We examined two key questions:

(1) After controlling for SES and demographic factors, to what extent
are built environmental factors in and near public housing com-
munities associated with suicide rates?

(2) Which specific built environmental factors have significant asso-
ciations with suicide rates in public housing communities?

2. Methods

2.1. Introduction of site city

Hong Kong is one of most densely populated cities in the world and
it is also a global hub for international business, transportation, and cul-
ture communication, all of whichmakes it representative of many large
high-density cities around the world.
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Approximately half of Hong Kong residents live in public housing
communities and most of these people have a lower SES and worse liv-
ing conditions than the average Hong Kong resident (Hong Kong
Housing Authority, 2019a). Suicide in public housing communities in
Hong Kong has been a serious public health and social justice problem
for decades in Hong Kong (Chan, 1993). According to the 2005–2017
suicide data collected by the Coroner's Court of Hong Kong, the suicide
rate among Hong Kong's public-housing residents over this period
was much higher than the suicide rate of the overall population of
Hong Kong and that of China over similar periods (24.8 vs 12.0 vs 9.7,
crude rate: number of suicide deaths/100,000 persons) (Centre for
Suicide Research and Prevention, 2018) (Fig. 1). In addition, the suicide
rate of Hong Kong's public housing residents during this timewasmuch
higher than that of the global rate (10.6), and that for Europe (15.4),
Southeast Asia (13.2), the Americas (9.8), the Western Pacific region
(10.2), Africa (7.4), and the Eastern Mediterranean region (3.9)
(World Health Organization, 2018).

2.2. A natural experiment

Hong Kong has awell-established public housing system,whichwas
initiated in the 1950s by the British colonial administration (Fig. 2). The
system was designed and managed in a similar manner to public hous-
ing systems in other major cities in the West (Hong Kong Housing
Authority, 2019b).

This study investigated 151 rent-only public housing communities
in Hong Kong. There were a total of 243 public housing communities
in Hong Kong in 2018 (Hong Kong Housing Authority, 2019a). Because
the suicide data were collected from 2005 onward, we excluded any
public housing communities built after 2005. We also excluded
Fig. 1. The location and suicide rates of 151 rent-only public housing communities in Hong Ko
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communities that offered full or partial homepurchase (i.e. that allowed
people from low-income households to buy public housing flats at a
discounted price). Data from the remaining 151 rent-only public hous-
ing communities were employed in this study. The rent-only public
housing residents' SES is remarkably homogenous, especially the in-
come level, because only low-income individuals and families are eligi-
ble to apply for this type of housing. The SES homogeneity of the
population under study increases the internal validity of the study de-
sign and increases the probability that any associations we uncover is
due to build environment factors rather than differences endemic to
the residents of any particular public housing development.

The rent-only public housing communities have three qualities of a
naturally occurring experiment (Hong Kong Housing Authority,
2019b). First, governmental regulations randomly allocated public-
housing flats to applicants, which substantially reduced the self-
selection bias of this study. The rent-only applicants were assigned to
flats according to availability and family size, not personal preference.
Second, although applicants for public housing had three chances to
be assigned, most of applicants accepted the first assigned apartment
because they had to wait years to have the second and the third chance
of being assigned. Third, urban environments in and nearby public
housing communities are mostly administered by the government:
public housing residents had little or no role in decision to shape the en-
vironments inside and outside the communities.

2.3. Dependent variable

The suicide ratewas used as the dependent variable, and the individ-
ual public housing community was used as the unit of analysis. The sui-
cide data during the period of January 2005 to December 2017 were
ng. The pink circles represent different levels of suicide rate (per 100,000 persons/year).



Fig. 2. Public housing residents inHong Kong are living in highly dense environmentswhilemany communitieswere located in remote areas. The average s. Here are four sets of images of
four public housing communities with high suicide rates. a Tin Shui Estate with an average suicide rate at 69 (per 100,000 persons/year, same hereafter); b Lei Muk Shue Estate with an
average suicide rate at 62. c Wah Fu Estate with an average suicide rate at 59. d Kai Tin Estate with an average annual suicide rate at 40.
Image Source: Google Earth Pro.
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collected from the Coroner's Court of Hong Kong, which conducts offi-
cial inquiries into the causes and circumstances of all reportable deaths
inHongKong, including suicide deaths. Therewere 5841 suicidal deaths
recorded by the Court among residents of the 151 communities during
the study period. The data comprised the dwelling locations of all per-
sons who committed suicide, and these locations were geocoded into
a map in ArcGIS 10.5. The suicide rate for each public housing commu-
nity was calculated as the number of suicides per 100,000 residents
per year.
5

2.4. Independent variables

A variety of built environment factors associated with each public
housing community were measured using ArcGIS 10.5. Five spatial-
buffer zones were defined for each public housing community and its
surrounding neighborhood: the housing community site, and street-
network buffers of 100 m, 200 m, 400 m, and 800 m away from the
boundary of housing community site (Zang et al., 2019). The use ofmul-
tiple buffer zones canmitigate themodifiable areal unit problem,which
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is a statistical bias that causes the results of analyses to be influenced by
the aggregation of geographic data (Tuson et al., 2018).

Based on our literature review, we examined the following three
groups of built environment factors that may potentially influence sui-
cide rates: 1) urbanplanning and architectural factors, 2) urban facilities
factors, and 3) landscape factors. All built environment data between
2011 and 2015 were collected from the Planning Department of
Hong Kong.

Urban planning and architectural factors included distance to the
nearest urban center, distance to the nearest MTR station (MTR stands for
Mass Transit Railway, which is a citywide rapid transit railway network
in Hong Kong), distance to the nearest coastline, land-use mix, population
density, street-intersection density, number of street intersections, gross
flat area per person, and floor-area ratio (FAR). Distance to the nearest
urban centerwas defined as the street network distance from a housing
community to the nearest urban center, which are densely developed
urban cores supported by essential infrastructure, commercial, and
community facilities (Chadwick and Collins, 2015). This factor was
log-transformed, as it was not normally distributed and was heavily
skewed to the left. Distance to the nearest MTR station was defined as
the street-network distance from a housing community to the closest
MTR station, which revealed whether it is convenient for housing resi-
dents to use the MTR. Distance to the nearest coastline was defined as
the distance from a housing community to the nearest coastline,
which indicates the degree of accessibility to the coastline. Land-use
mix was calculated using Eq. (1) to obtain the entropy score, as a mea-
sure of the level of diversity of land use, as follows:

Land use mix ¼ −1ð Þ∑i pi ln pið Þð Þ= ln nð Þ ð1Þ

where pi is the share of specific land-use type in total land area; and n is
the number of land-use types. Three land-use types were considered:
residential, retail, and office.

Population densitywas defined as the residential population per unit
of land area. Street intersection density was measured as the number of
street intersections (with three or more directions) per unit of land
area. Gross flat area per person was defined as the ratio of total gross
floor-area (residential and all community facilities) and the number of
residents for each housing community. FAR was defined as the ratio of
total floor area (gross floor area) to the site area in a public housing
community.

Urban facilities in and around a public housing community were de-
termined by a consensus of experts in urban planning and public health
fields using the Delphimethod. These facilities comprised hospitals, bus
stops, cinemas, street markets and supermarkets, shopping malls, com-
munity centers, indoor stadiums, libraries, art venues, public swimming
pools, sports grounds, playgrounds, public beaches, rest gardens, parks,
and county parks. We calculated the number of community facilities
within the community site and four buffer zones (100 m, 200 m,
400 m, and 800 m).

We measured a variety of landscape factors including urban green-
ness, park area, and sea area. Urban greenness within the community
site and buffer zones was measured in two ways: overall greenery by
NDVI and street greenery by Google Street View (GSV) images. The
NDVI is derived from a 10-m resolution multispectral remote sense im-
agery dataset, by calculating the contrast between two bands
(Matsushita et al., 2007): the chlorophyll pigment absorptions in the
red band (red) and the high reflectivity of plant materials in the near-
infrared (NIR) band. It formulated as Eq. (2), as follows:

NDVI ¼ NIR−Redð Þ= NIRþ Redð Þ ð2Þ

Street greenery was derived with GSV images, which were collected
along all streets in a buffer with a spacing of 50 m, following previous
studies (Lu, 2019; Lu et al., 2019). The level of greenery in GSV images,
which is the ratio of greenery pixels to total pixels in a GSV image, were
6

assessed via a deep learning technique with high accuracy (r = 0.91,
p < 0.01 compared with manual extraction) (Zhao et al., 2017). Park
area and sea area were calculated as the sum of the area of all parks
and sea areas within the buffer zones.

The sociodemographic factors for each public housing community
were extracted from the 2011 census data (Census and Statistics
Department of Hong Kong, 2011). SES and demographic factors at the
public housing community and district level were included. Hong
Kong consists of 18 districts (large-scale administrative units). The de-
mographic factors comprised the percentage of males/females in the
population, the median age, the percentage of residents of different
marital status, the percentage of residents in different age groups
(<15 years, 15–24 years, 25–44 years, 45–64 years, ≥65 years), and
the percentage of residents with different education levels (≤primary
school, primary school to middle school, ≥secondary). SES factors were
the median household income and the percentage of residents
employed.

2.5. Statistical analysis

We used hierarchal linear regression models to examine the rela-
tionship between built environment factors and resident suicide rates,
controlling for sociodemographic factors. All analyses were performed
with the statistical software R v3.6.0.

A three-step analysis strategy was implemented. First, we examined
the possibility that there was multi-collinearity between independent
variables with Variance Inflation Factors (VIFs) using the usdm package
in R (Naimi et al., 2014). To prevent multi-collinearity, all factors with
VIF ≥4 were removed. Second, a basic model (Model 1) was developed
that included only SES and demographic factors. Third, built environ-
ment factors were added to Model 2.a–2.e, at five spatial buffer zones:
the housing community site, and 100 m, 200 m, 400 m, and 800 m
from this site. All models were single-level linear regression models
without any random slope or random intercepts. We tested whether
the correspondingmodels improved after adding built environment in-
dicators (i.e. by comparing Model 2.a–2.e to Model 1) using one-way
analyses of variance and by comparing model-adjusted values of R2.

3. Results

3.1. Descriptive statistics

Table 1 provides descriptive statistics of the suicide rates, built envi-
ronment factors and SES and demographic factors of 151 public housing
communities. In creating this table, we removed those variables that
had high levels of multi-collinearity (i.e. if they had a Variance Inflation
Factor (VIF) ≥4). The descriptive statistics of the excluded factors are
shown in Table A in the Appendix.

During the 13-year period we examined, these 151 public housing
communities had high suicide rates. Their average suicide rate was
24.8 per 100,000 people/year (standard deviation (SD) = 9.0). They
were also, on average, far from urban centers (mean (M) = 4.1 km,
SD= 3.8) or MTR stations (M= 1.2 km, SD = 1.9). The average popu-
lation density in the surrounding areas of these communities was
33,357–42,925 persons/km2 in various buffers (see Table 1), which
was considerably greater than the overall population density in Hong
Kong (6690 persons/km2) (Census and Statistics Department of Hong
Kong, 2015).

Public housing communities in Hong Kong also have older, poorer,
and less educated residents compared to the overall Hong Kong popula-
tion (Census and Statistics Department of Hong Kong, 2011). The aver-
age median age of residents in public housing communities was
45.3 years in 2011, compared to 41.7 years in the overall population.
The average median household income of public housing estates was
HK$13,383/month, approximately half the average household income
of the overall population of Hong Kong (HK$23,500/month). Finally,



Table 1
Descriptive statistics of suicide rates, built environment factors, demographic and SES factors by five spatial zones for 151 public housing communities.

Variables (unit) Community site 100 m buffer 200 m buffer 400 m buffer 800 m buffer

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Outcome
Suicide rate (per 100,000 persons/year) 24.8 (9.0) 24.8 (9.0) 24.8 (9.0) 24.8 (9.0) 24.8 (9.0)

SES and demographic factors
Community median age (year) 45.3 (7.5) 45.3 (7.5) 45.3 (7.5) 45.3 (7.5) 45.3 (7.5)
Community low education level (% ≤ primary school) 37.9 (6.2) 37.9 (6.2) 37.9 (6.2) 37.9 (6.2) 37.9 (6.2)
Community median household income (HK$/month) 13,383 (2907) 13,383 (2907) 13,383 (2907) 13,383 (2907) 13,383 (2907)
Community residents aged 45–64 (%) 31.3 (3.7) 31.3 (3.7) 31.3 (3.7) 31.3 (3.7) 31.3 (3.7)
Community residents aged ≥ 65 (%) 17.4 (7.2) 17.4 (7.2) 17.4 (7.2) 17.4 (7.2) 17.4 (7.2)
District median age (year) 42.0 (1.7) 42 (1.7) 42 (1.7) 42 (1.7) 42 (1.7)
District low education level (% ≤ primary school) 30.6 (3.2) 30.6 (3.2) 30.6 (3.2) 30.6 (3.2) 30.6 (3.2)
District median household income (HK$/month) 19,892 (4182) 19,892 (4182) 19,892 (4182) 19,892 (4182) 19,892 (4182)

Built environment factors
Gross flat area/person (m2/person) 21.5 (7.7) 21.5 (7.7) 21.5 (7.7) 21.5 (7.7) 21.5 (7.7)
Distance to the nearest urban center (m) 4129 (3799) 4129 (3799) 4129 (3799) 4129 (3799) 4129 (3799)
Distance to the nearest MTR station (m) 1196 (1877) 1196 (1877) 1196 (1877) 1196 (1877) 1196 (1877)
Land-use mix N.A. 0.48 (0.21) 0.48 (0.20) 0.46 (0.18) 0.47 (0.16)
Population density (persons/km2) N.A. 42,925 (21764) 39,472 (19982) 36,220 (17354) 33,357 (15179)
Street intersection density (#/km2) N.A. 113.1 (44) 101.6 (37.1) 89.7 (31.2) 75.4 (28.1)
Number of parks N.A. 0.2 (0.4) 0.4 (0.9) 1.0 (1.4) 2.7 (2.6)
Number of community centers 1.2 (1.2) 1.9 (1.5) 2.7 (1.9) 4.6 (2.6) 9.6 (5.0)
Number of sportsgrounds 1.2 (1.8) 3.6 (3.6) 7.1 (5.6) 15.3 (9.9) 34.5 (20.4)
Number of playgrounds 0.4 (0.9) 1.2 (1.4) 2.0 (1.9) 4.0 (3.0) 8.6 (5.1)
Number of markets 1.3 (1.1) 2.3 (1.3) 3.5 (1.9) 6.8 (3.5) 15.1 (7.2)
Number of malls 0.7 (0.7) 1.3 (1.2) 2.3 (1.8) 4.6 (3.1) 10.2 (5.7)
Urban greenness (NDVI) 0.14 (0.07) 0.19 (0.09) 0.21 (0.10) 0.22 (0.10) 0.23 (0.11)

Note: 100 HK dollars = 12.86 US dollars; 100 HK dollars = 11.51 Euro dollars in January 7th 2020 (The Hong Kong Association of Bank, 2020).
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approximately 37.9% of public housing residents had completed only
primary school education or less, higher than the rate for the overall
population (26.3%).

3.2. Predicting suicide rates

The three key questions posed above were answered by performing
multiple regression analysis, as presented in Table 2. First, we found that
SES and demographic factors did explain the suicide rates. The adjusted
coefficient of determination (R2) of the basic model (model 1) was
0.094 (p < 0.01), indicating that 9.4% of the variation in the suicide
rate of public housing communities was collectively due to SES and de-
mographic factors. The proportion of residents with a lower education
level (≤primary school) and of late middle-aged residents were also
positively associated with the suicide rate.

Second, after controlling for the SES and demographic factors, we
found that our measures of the built environment explained additional
variance. That is, after adding built environment factors to the basic
model, the adjusted R2 of the full model (Model 2.a–2.e) increased to
0.266–0.280, indicating that 17.2–18.6% of the variation in suicide rate
was explained by these built environment factors (Fig. 3). The built en-
vironment factors thus had greater explanatory power than the SES and
demographic factors. The improvements from Model 1 to all sub-
models of Model 2 were significant (p < 0.001).

Third, Model 2 revealed that distance to the nearest urban center
(Fig. 4b; d), distance to the nearest MTR station (Fig. 4a; d), and gross
flat area per person (Fig. 4c) were factors that were significantly associ-
ated with suicide rates. Distance to the nearest urban center was posi-
tively associated with the suicide rate at four of five spatial scales, and
on the edge of statistical significance at the 400-m buffer spatial scale.
Distance to the nearestMTR stationwaspositively associatedwith suicide
rate at all five scales. Furthermore, gross flat area per person was nega-
tively associated with the suicide rate at all the five scales. None of the
other built environment factors were significantly associated with the
suicide rate.
7

4. Discussion

This study produced several significant findings. First, we found that
SES and demographic factors collectively have a significant association
with suicide rates. Thisfinding is consistentwith and reinforces findings
from a variety of studies (Wong et al., 2008; Yip et al., 2005; Zhang et al.,
2010). Further, we found that the percentage of lower educated resi-
dents and percentage of late middle-aged residents had a significant
positive association with the suicide rate, which is also consistent with
many previous studies (e.g., Case and Deaton, 2015; Chen et al., 2012;
Hsu et al., 2015; Lin et al., 2019; Van Orden et al., 2010; Yip et al.,
2005; Zhang et al., 2010).

More importantly, we found that built environment factors collec-
tively were significantly associated with the suicide rate. Further, we
identified specific built-environment factors that were significantly as-
sociated with the suicide rate, including distance to the nearest urban
center, distance to the nearest MTR (subway) station, and gross flat
area per person.

Below, we interpret these findings through the lens of the environ-
mental theory of suicide, which is based on understanding of the Inter-
personal Theory of Suicide (IPTS), identify the contributions of the
findings to the literature, and discuss limitations and promising areas
for future research before concluding.

4.1. Interpretation of significant built environmental factors

4.1.1. Distance to the nearest urban center and/or MTR station
This study revealed that the distance from a public housing commu-

nity to the nearest urban center/MTR station had a positive association
with the suicide rate: the greater the distance to the nearest urban cen-
ter/MTR station, the higher the suicide rate. The urban center is an area
that contains a diversity of public goods and services, social opportuni-
ties for individuals and groups, and employment opportunities. Simi-
larly, easy access to an MTR station allows public housing residents
access to a wide variety of activities that require citywide transport,



Ta
bl
e
2

Re
su

lt
s
of

m
ul
ti
pl
e
re
gr
es
si
on

an
al
ys
is
on

th
e
re
la
ti
on

sh
ip

am
on

g
su

ic
id
e
ra
te

an
d
SE

S
an

d
de

m
og

ra
ph

ic
fa
ct
or
s
an

d
bu

ilt
en

vi
ro
nm

en
t
fa
ct
or
s,
by

fiv
e
sp
at
ia
lz

on
es

fo
r
15

1
pu

bl
ic

ho
us

in
g
co
m
m
un

it
ie
s.

M
od

el
pr
ed

ic
to
rs

M
od

el
1

M
od

el
2.
a
(c
om

m
un

it
y
si
te
)

M
od

el
2.
b
(1

00
-m

bu
ff
er
)

M
od

el
2.
c
(2

00
-m

bu
ff
er
)

M
od

el
2.
d
(4

00
-m

bu
ff
er
)

M
od

el
2.
e
(8

00
-m

bu
ff
er
)

β
(S
E)
,p

-v
al
ue

β
(S
E)
,p

-v
al
ue

β
(S
E)
,p

-v
al
ue

β
(S
E)
,p

-v
al
ue

β
(S
E)
,p

-v
al
ue

β
(S
E)
,p

-v
al
ue

So
ci
o-
de

m
og

ra
ph

ic
Co

m
m
un

it
y
m
ed

ia
n
ag

e
−
0.
06

8
(0

.1
07

),
0.
52

3
0.
15

2
(0

.1
17

),
0.
19

7
0.
16

8
(0

.1
19

),
0.
16

0
0.
18

1
(0

.1
18

),
0.
12

9
0.
17

7
(0

.1
18

),
0.
13

6
0.
19

9
(0

.1
20

),
0.
09

9
Co

m
m
un

it
y
lo
w

ed
uc

at
io
n
le
ve

l(
%
≤
pr
im

ar
y
sc
ho

ol
)

0.
38

4
(0

.1
01

),
<
0.
00

1⁎
⁎⁎

0.
30

8
(0

.1
03

),
0.
00

3⁎
⁎

0.
32

4
(0

.1
03

),
0.
00

2⁎
⁎

0.
34

5
(0

.1
07

),
0.
00

2⁎
⁎

0.
39

5
(0
.1
06

),
<
0.
00

1⁎
⁎⁎

0.
38

8
(0
.1
01

),
<
0.
00

1⁎
⁎⁎

Co
m
m
un

it
y
m
ed

ia
n
ho

us
eh

ol
d
in
co

m
e

0.
05

1
(0

.0
94

),
0.
58

6
0.
01

2
(0

.0
87

),
0.
89

1
0.
04

3
(0

.0
89

),
0.
63

0
0.
06

0
(0

.0
90

),
0.
50

8
0.
07

7
(0

.0
89

),
0.
39

0
0.
07

4
(0

.0
89

),
0.
40

7
Co

m
m
un

it
y
re
si
de

nt
s
ag

ed
(4

5–
64

)
0.
17

9
(0

.0
84

),
0.
03

4⁎
0.
22

9
(0

.0
79

),
0.
00

4⁎
⁎

0.
23

5
(0

.0
79

),
0.
00

4⁎
⁎

0.
22

0
(0

.0
80

),
0.
00

7⁎
⁎

0.
22

5
(0

.0
82

),
0.
00

7⁎
⁎

0.
24

3
(0

.0
82

),
0.
00

4⁎
⁎

Co
m
m
un

it
y
re
si
de

nt
s
ag

ed
(≥

65
)

0.
06

1
(0

.1
19

),
0.
60

7
0.
03

3
(0

.1
16

),
0.
77

4
0.
06

9
(0

.1
24

),
0.
57

9
0.
05

7
(0

.1
24

),
0.
64

3
0.
07

7
(0

.1
23

),
0.
53

0
0.
09

4
(0

.1
25

),
0.
45

3
D
is
tr
ic
t
m
ed

ia
n
ag

e
−
0.
10

6
(0

.1
09

),
0.
33

0
0.
08

5
(0

.1
17

),
0.
46

9
0.
08

9
(0

.1
20

),
0.
45

7
0.
09

4
(0

.1
23

),
0.
44

2
0.
02

4
(0

.1
20

),
0.
84

2
0.
01

5
(0

.1
28

),
0.
90

5
D
is
tr
ic
t
lo
w

ed
uc

at
io
n
le
ve

l(
%
≤
pr
im

ar
y
sc
ho

ol
)

0.
06

3
(0

.2
26

),
0.
78

1
−
0.
21

7
(0

.2
10

),
0.
30

2
−
0.
27

3
(0

.2
20

),
0.
21

6
−
0.
24

1
(0

.2
24

),
0.
28

4
−
0.
30

0
(0

.2
35

),
0.
20

3
−
0.
31

6
(0

.2
54

),
0.
21

6
D
is
tr
ic
t
m
ed

ia
n
ho

us
eh

ol
d
in
co

m
e

0.
11

2
(0

.2
19

),
0.
61

1
−
0.
26

1
(0

.2
07

),
0.
20

9
−
0.
33

6
(0

.2
21

),
0.
13

1
−
0.
32

9
(0

.2
25

),
0.
14

7
−
0.
39

4
(0

.2
34

),
0.
09

4
−
0.
38

3
(0

.2
53

),
0.
13

2

Bu
ilt

en
vi
ro
nm

en
t

D
is
ta
nc

e
to

th
e
ne

ar
es
t
ur
ba

n
ce
nt
er

0.
23

4
(0

.0
93

),
0.
01

3⁎
0.
26

6
(0

.0
96

),
0.
00

7⁎
⁎

0.
21

2
(0

.0
98

),
0.
03

3⁎
0.
20

0
(0

.1
03

),
0.
05

4
0.
24

0
(0

.1
01

),
0.
02

0⁎

D
is
ta
nc

e
to

th
e
ne

ar
es
t
M
TR

st
at
io
n

0.
27

3
(0

.1
06

),
0.
01

1⁎
0.
24

4
(0

.1
02

),
0.
01

8⁎
0.
20

6
(0

.1
02

),
0.
04

6⁎
0.
22

8
(0

.1
08

),
0.
03

6⁎
0.
28

1
(0

.1
17

),
0.
01

8⁎

G
ro
ss

fla
t
ar
ea

/p
er
so
n

0.
38

6
(0
.0
76

),
<
0.
00

1⁎
⁎⁎

0.
40

4
(0
.0
78

),
<
0.
00

1⁎
⁎⁎

0.
39

9
(0
.0
80

),
<
0.
00

1⁎
⁎⁎

0.
40

5
(0
.0
79

),
<
0.
00

1⁎
⁎⁎

0.
36

4
(0
.0
78

),
<
0.
00

1⁎
⁎⁎

La
nd

-u
se

m
ix

N
.A
.

−
0.
07

1
(0

.0
83

),
0.
39

2
−
0.
04

7
(0

.0
85

),
0.
57

7
0.
06

2
(0

.0
88

),
0.
48

0
0.
05

7
(0

.0
90

),
0.
52

7
Po

pu
la
ti
on

de
ns

it
y

N
.A
.

−
0.
09

9
(0

.0
92

),
0.
28

1
−
0.
18

3
(0

.1
00

),
0.
06

8
−
0.
11

0
(0

.1
11

),
0.
32

4
0.
07

5
(0

.1
15

),
0.
51

8
St
re
et

in
te
rs
ec
ti
on

de
ns

it
y

N
.A
.

0.
06

1
(0

.0
83

),
0.
46

6
−
0.
01

7
(0

.0
84

),
0.
84

5
−
0.
06

7
(0

.0
99

),
0.
50

0
−
0.
12

4
(0

.1
28

),
0.
33

6
N
um

be
r
of

pa
rk
s

N
.A
.

−
0.
09

7
(0

.0
75

),
0.
20

0
−
0.
05

2
(0

.0
82

),
0.
52

8
−
0.
09

3
(0

.0
90

),
0.
30

2
−
0.
07

8
(0

.1
00

),
0.
43

9
N
um

be
r
of

co
m
m
un

it
y
ce
nt
er
s

0.
06

0
(0

.0
89

),
0.
50

0
0.
11

0
(0

.0
95

),
0.
24

6
0.
08

5
(0

.0
97

),
0.
38

0
0.
06

5
(0

.0
95

),
0.
49

7
0.
13

9
(0

.1
25

),
0.
26

9
N
um

be
r
of

sp
or
ts
gr
ou

nd
s

0.
02

4
(0

.0
86

),
0.
78

2
0.
07

4
(0

.0
82

),
0.
36

7
−
0.
00

4
(0

.0
88

),
0.
96

7
0.
01

2
(0

.0
99

),
0.
90

2
0.
05

1
(0

.1
22

),
0.
67

6
N
um

be
r
of

pl
ay

gr
ou

nd
s

0.
02

3
(0

.0
77

),
0.
77

0
0.
01

0
(0

.0
85

),
0.
90

6
0.
02

5
(0

.0
86

),
0.
77

1
−
0.
08

4
(0

.0
89

),
0.
34

9
−
0.
00

3
(0

.1
06

),
0.
97

7
N
um

be
r
of

m
ar
ke

ts
0.
15

8
(0

.1
11

),
0.
15

7
0.
02

9
(0

.1
04

),
0.
78

0
0.
09

7
(0

.1
14

),
0.
39

7
0.
22

8
(0

.1
34

),
0.
09

2
−
0.
02

5
(0

.1
92

),
0.
89

5
N
um

be
r
of

m
al
ls

−
0.
04

4
(0

.0
99

),
0.
65

5
0.
00

7
(0

.0
92

),
0.
93

6
−
0.
11

6
(0

.1
02

),
0.
25

7
−
0.
14

7
(0

.1
02

),
0.
15

3
−
0.
02

7
(0

.1
23

),
0.
82

5
N
D
V
I

−
0.
01

0
(0

.0
84

),
0.
90

8
0.
01

4
(0

.1
03

),
0.
89

4
0.
00

3
(0

.1
08

),
0.
98

1
0.
11

9
(0

.1
14

),
0.
29

7
0.
15

2
(0

.1
05

),
0.
15

1
M
od

el
ad

ju
st
ed

R2
0.
09

4⁎
⁎

0.
28

0⁎
⁎⁎

0.
27

0⁎
⁎⁎

0.
26

6⁎
⁎⁎

0.
27

6⁎
⁎⁎

0.
26

7⁎
⁎⁎

M
od

el
R2

im
pr
ov

em
en

t
(v
s.
m
od

el
1)

N
.A
.

0.
18

6⁎
⁎⁎

0.
17

6⁎
⁎⁎

0.
17

2⁎
⁎⁎

0.
18

2⁎
⁎⁎

0.
17

3⁎
⁎⁎

⁎
p
<

0.
05

.
⁎⁎

p
<

0.
01

.
⁎⁎
⁎

p
<

0.
00

1.

B. Jiang, K. Shen, W.C. Sullivan et al. Science of the Total Environment 776 (2021) 145750

8



Fig. 3. Thevisualized effect offive significant predictors of suicide rate inModel 2.e. a. The effect of distance to thenearest urban center,while theotherpredictors are holdfixed. b. Distance to
nearestMTR station. c. Gross flat area per person. d. Community residents aged 45–64. e. Community low education level. The shaded area represents the pointwise 95% confidence interval.
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such as employment, recreation, entertainment, andmedical treatment
(Lu et al., 2018a). In so far as the distance to the nearest urban center is
an indicator of how many public goods, services, and other resources
Fig. 4. The statistics of three significant built environment factors in 151 sampled public housing
public housing community. b. The distribution and distance to the nearest urban center of eac
each sampled public housing community. d. Suicide rate of each sampled public community w

9

residents can access within an urban district, the distance to the nearest
MTR station is an indicator of how many public goods, services, and
other resources residents can easily access across the city. Given that
communities. a. The distribution and distance to the nearest MTR station of each sampled
h sampled public housing community. c. The distribution and grass flat area per person of
ith locations of MTR stations and urban centers.
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these benefits are similar, we present one interpretation of these two
factors to keep the discussion concise.

We argue that a greater distance to the urban center or MRT station
is related to suicide rate by influences resident's levels of social isolation,
mental health, and employment. We discuss each of these possibilities
in turn below.

4.1.1.1. Social isolation. Social isolation can occur when individuals have
limited opportunities for social engagement. A greater distance to the
urban center or MRT station may result in an increased sense of social
isolation through two pathways. The first pathway is by reducing access
to social support. A greater distance to the urban center or MRT station
may reduce the social support available to residents of public housing
communities because the greater distance reduces opportunities of reli-
gious activities, recreation and entertainment activities, group exercise,
group activities, and participation in social services or events (Chadwick
and Collins, 2015; Lucas, 2012). Reduced social support, in turn, may
contribute to a thwarted sense of belongingness or burdensomeness, in-
creased levels of helplessness (Jiang et al., 2019), sense of loneliness
(Joiner Jr. et al., 2002), and ultimately to higher suicide rates
(Chadwick and Collins, 2015; Cheung et al., 2012; Judd et al., 2006;
Lucas, 2012). Second, for public housing residents who have been
relocated to remote settings, it is easy to imagine that they would feel
unwelcomed or unneeded by society (I am unwanted), which might
lead to a low-level self-esteem (I am a burden rather than a benefit for
the society), self-blame or shame (I feel shame to be poor and incapa-
ble). These feelings surely do not prevent suicidal thoughts or actions.

4.1.1.2. Mental health. Keeping healthy reduces the likelihood of suicide
because distress that grows from physical or mental illness can lead to a
stronger sense of burdensomeness and thwarted belongingness (Van
Orden et al., 2010). Many studies provide evidence for this statement:
In general, living in remote or scattered communities can reduce resi-
dents' mental health (Chadwick and Collins, 2015; Frumkin, 2016;
O'Farrell et al., 2016). A recent study inHongKong found the close prox-
imity to the nearest urban center/MTR station might promote recrea-
tional walking thus promoting public health (Lu et al., 2018b). A study
in Shanghai found a short distance to the subway station and adjacent
central urban district was associated with residents' higher levels of
happiness (Li et al., 2018). Similarly, a study in Turin found that close
proximity to public transit stations and adjacent urban areas was bene-
ficial to the general public and especially beneficial to reduce risk of de-
pression for women and elderly by providing more opportunities to
casual walking and increased social engagement (Melis et al., 2015).

4.1.1.3. Employment status. Last, a shorter distance to the nearest urban
center/MTR station is likely beneficial for promoting residents' employ-
ment status by proving convenient access to a range of employment op-
portunities, such as jobswith better working conditions, a higher salary,
or higher social status. By contrast, a greater distance to theurban center
orMTR station suggests that public housing residents have less access to
these positive employment opportunities. Since employment status
was not a statistically significant factor in this study, we argue the qual-
ity of employment might have a greater effect on the suicide rate than
the simple fact that a person is employed or not.

4.1.2. Gross flat area per person
We found that gross flat area per person was positively associated

with the suicide rate – the greater the per person area, the greater the
suicide rate. This relationship appears counter-intuitive at first, but
upon further consideration a rationale becomes plausible. The Hong
Kong Housing Authority stipulates four types of public housing unit
sizes according to the number of residents per flat: 1 or 2 people (14.1
to 14.5 m2); 2 or 3 people (21.4 to 22 m2); 4 or more than 5 people
(35 to 36.1 m2) (Legislative Council of the Hong Kong, 2015). Therefore,
if one person lives in a public housing flat, the gross area is greater than
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the gross area per person of two or more people per flat (Hong Kong
Housing Authority, 2019c). This suggests that people with more per-
sonal living space are likely to be living alone. Previous research has
found that living alone is a high-risk factor for suicide because it corre-
sponds to social isolation (Schneider et al., 2014), and that those living
alone are more vulnerable to stressful life events such as unemploy-
ment, poverty, and illness (Orford, 2008). Strong associations have
also been found between the proportion of single-person households
and suicide rates, especially for single residents in late middle-age
(Wong et al., 2008). Nevertheless, more direct evidence needs to be
generated in the future to fully confirm this possible interpretation.

4.2. A new layer for the interpersonal theory of suicide: the built
environment

Findings of this study, combinedwithfindings fromprevious studies
suggest that theories of suicide, including IPTS, aremissing an important
factor that would lead to suicide: the conditions of the built environ-
ment (or physical environment). This study provides new empirical ev-
idence demonstrating associations between conditions of the built
environment and suicide. We propose that the conditions of the built
environment influence suicide through their influence on social isola-
tion, mental disorder, poor employment status, and physical illness.
Thus, we suggest a possible addition to IPTS that includes conditions
of the built environment. A new theoretical model of suicide including
the layer of built environment factors is proposed as Fig. 5.

4.3. Other contributions and implications

In addition to the contribution of this study to the theory of suicide,
we summarize four additional contributions and implications below.

First, for decades, investigations into suicide have been largely con-
ducted by scholars of sociology, public health, or economics, and have ex-
plored SES and demographic factors (Qin et al., 2003; Van Orden et al.,
2010; Zhang et al., 2010). Few studies, however, have examined potential
impacts of built environment on the suicide rate (Hsu et al., 2015). The
study reported here found the characteristics of the built environment
canhave significant associations to suicide rates.We call on governments,
societies, public health professionals, and community leaders to recog-
nize those significant associations and to do what they can to reduce
social isolation that can grow from the design of the built environment.

Second, this study calls attention to the suicide problem in public
housing communities in high-density cities, which has rarely been in-
vestigated.Worldwide, a high percentage of urban residents live in pub-
lic housing communities, and they often suffer from SES and
environmental disadvantages. The findings presented above provided
evidence that it is not just the characteristics of the individuals who
live in public housing communities that explains the higher than typical
suicide rates seen in public housing communities. By holding constant
the participants in this study – they were all residents of public housing
communities, this study demonstrates that the conditions of the physi-
cal environment can explain in suicide rates above and beyond the SES
and demographic characteristics of these communities.

Third, this study identified specific environmental factors that were
significantly associatedwith public housing residents' suicide rate. Thus,
it is not sufficient for policy makers, planners, and designers to under-
stand that there is a general association between environmental factors
and suicide rates: theymust knowwhich specific environmental factors
are significant, to enable them to make pertinent environmental inter-
ventions. This is particularly important for cities in developing countries
with limited human and monetary capital. Based on our interpretation
of the significant environmental factors,we propose a series of interven-
tions that might contribute to reduce suicide deaths (Table 3).

Finally, we hope our findings lead to future reformation of urban de-
velopment and design that reduce environmental inequality in cities.
Environmental resources are often disproportionately allocated to



Fig. 5. A theoretical model of suicide including the layer of built environment factors based on IPTS. This study proposes that the conditions of the built environment influence suicide
through their influence on social isolation, mental disorder, poor employment status, and physical illness.
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Table 3
Suggestions of planning and design strategies for reducing suicide rates in public housing communities.

Type of factors Significant factors Planning and design strategies

Built environment factors Distance to the nearest urban center • Locate the community in proximity to an urban center so residents can have a better access to public
service, social engagement, job opportunities, and recreation/entertainment opportunities.
• Provide low-cost, safe, comfortable, and convenient walking, biking, or public transport connections
between the community and urban center.
• Provide special shuttle bus services for seniors, children, pregnant women, and disabled/injured/ill
residents upon appointment or emergency calls; Developing more urban centers across the city with a
decent level of spatial equality to provide residents more vital urban life and job opportunities in proximity.
• Give priority to applicants who have been diagnosed with severe mental disorders or physical illness or a
record of previous suicide attempts to live in communities near the urban center.

Distance to the nearest MTR station • Locate the community within a walkable distance to a subway station.
• Provide a weather-free, safe, comfortable, and convenient walking connection between the community
and the station.
• Provide low-cost, high-frequency, and comfortable shuttle bus service between the community and the
station if the distance is too long to walk. Provide shuttle bus service for seniors, children, pregnant
women, and disabled/injured/ill residents upon requests.
• Prioritize applicants who have been diagnosed with severe mental disorders or physical illness or who
have a record of previous suicide attempts to live in communities near the station.

Gross flat area per person • Provide inviting public spaces for single residents for diverse and benign social activities. Provide social
spaces for single residents to establish new marriages or partnerships. It is essential to avoid a large
cluster of single-resident apartments in a community.

Socio-economic &
demographic factors

Education (low educational level) • Provide spaces to support residents' formal and informal educational programs, especially for
middle-aged and senior residents who received limited education when they were young.

Age (late middle-aged) • Provide public spaces for late-middle-aged residents to have a decent social engagement level, family
cohesion, knowledge and skill learning and exchange, and employment opportunities.
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different income groups in cities and this inequality can lead to a dete-
rioration of public health and wellbeing (Orton et al., 2013). Allocating
critical environmental resources more equitably to communities may
lessen the negative effects of SES inequality (Mitchell and Popham,
2008; O'Farrell et al., 2016). The findings and recommendations of this
study could help to make public housing communities better living en-
vironments, encouraging more positive and healthy lifestyles among
their residents.

4.4. Limitations and future research opportunities

As an initial exploration of the relationship between built environ-
ment and suicide rates, this study has limitations, which suggest six
opportunities to expand our understanding of this important topic
through future research.

First, althoughwe argue that the allocation of public housing units to
applicants largely followed rules of randomassignment, the government
has some policies to take care people who need special cares. The gov-
ernment allows individuals who are mentally or physically disabled or
who need long-termmedical support or who are above 60 years to sub-
mit an application for choosing a special district and/or type of housing
unit. The application was reviewed by the government on a case-by-
case basis. The number of approved caseswasnot reported but it is a rea-
sonable estimate that number would not be large due to the significant
gap between the low number of available apartments and huge number
of applicants in the waiting list. Nevertheless, those special applications
would have certain interferences to the natural experiment and they
might need to be more restrictively controlled in statistical analysis in
future studies (Hong Kong Housing Authority, 2020a, 2020b, 2020c).

Second, we conducted this study in a high-density citywhere people
use the subway system as their mainmode of transportation. Therefore,
the effect of the subway system in this study is likely more profound
than that of other modes of transportation, such as private vehicle,
bus, and bicycle. It will be necessary to duplicate this study in other cit-
ies and societies to understand how different transportation modes af-
fect the association between transportation availability and suicide rate.

Third, in this study, we found that vegetation and water landscapes
did not significantly relate to suicide rates – afinding that is at oddswith
results from a few previous studies of built environment and suicide
(e.g., Helbich et al., 2020; Shen and Lung, 2018). We believe the reason
for this disparity in findings is due to the high level of exposure to both
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vegetation andwater in Hong Kong, a coastal city dominated by sea and
mountain landscapes. Future research should examine the association
between varying levels of exposure to green and blue landscapes in cit-
ies that provide such variation.

Fourth, four age-related variables were presented in the regression
model after the VIF test, which may have presented an over-
adjustment to the VIF problem. We included multiple measures of age
based on its importance from previous suicide research findings. In
these studies, age was a major factor associated with suicide
(Cukrowicz et al., 2011; Zhang et al., 2010). Previous studies across
the world show the late-middle age and older individuals are especially
vulnerable to suicide (e.g., Case and Deaton, 2015; Hsu et al., 2015).
Though some age variables were kept while many other SES and demo-
graphic factors were removed by the VIF test (Appendix Table), future
research should measure and categorize residents age in such a way
that it addresses this over-adjustment problem.

Fifth, due to protection of residents' privacy, the courts inHongKong
would not provide access to detailed SES data of individuals who died
by suicide or information about the specific causes of each death,
which presented us with a common obstacle for this type of research.
Lack of these details prevented us frommeasuring the effect of personal
factors on suicide rates and thus may cause an over-statement of envi-
ronmental factors' effects. If we had more information about variables
such as personality, childhood experience, financial condition, and fam-
ily relationship (Wang et al., 2020). We may have found that these var-
iables explained a large portion of the variance and that in doing so, the
characteristics of the physical environment may not have reached sig-
nificance. Research in the future should seek to remove this obstacle
by finding a way to aggregate individual-level data without sacrificing
residents' privacy.

Lastly, previous studies suggest that some other factors might have
impacts on the suicide rate, such as immigration and ethnic minority
(Forte et al., 2018) and high attitude of apartment (Reno et al., 2017).
We did not examine these factors in this article for three reasons: Public
housing communities in Hong Kong only provide service for permanent
citizens but not for new immigrants or non-permanent residents (Hong
KongHousing Authority, 2019b); Hong Kong society is an ethnically ho-
mogenous society, with approximately 92% of its residents being Han
Chinese (The Demographics: Ethnic Groups, 2018); All public housing
buildings examined by this study are high-rise buildingswith similar al-
titude. Nevertheless, researchers might need to measure their impacts
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for some studies with particular social, demographic, and environmen-
tal conditions of research site and population.

5. Conclusions

The study reported here was a 13-year natural experiment that ex-
amined the relationship between built environment factors and the sui-
cide rates of public housing communities in Hong Kong. After
controlling for SES and demographic factors, we found that built envi-
ronmental factors were significantly associated with public housing
community residents' suicide rates. These findings suggest that envi-
ronmental interventions might reduce suicide rates and promote the
health andwellbeing of urban dwellers across theworld. Lastly, we pro-
pose the Environmental Theory of Suicide based on the theory of Inter-
personal Theory of Suicide.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.145750.
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everyday contact with nature influences human functioning. His research work examines
the impacts of exposure to varying landscapes on people's hormones, heart rates, brain
waves, psychological states, and ability to pay attention.
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