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Abstract

Although residential crowding has many well-being implications, its connection to mental health is
yet to be widely examined. Using survey data from 1613 residents in Beijing, China, we find that
living in a crowded place — measured by both square metres per person and persons per bed-
room — is significantly associated with a higher risk of depression. We test for the mechanisms of
such associations and find that the residential crowding—depression link arises through increased
living space-specific stress rather than increased life stress. We also identify the following sub-
groups that have relatively stronger residential crowding—depression associations: females, those
living with children, those not living with parents, and those living in non-market housing units.
Our findings show that inequality in living space among urban residents not only is an important
social justice issue but also has health implications.
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Introduction

Mental health issues have become an
increasing global concern. For instance, one
in every five adults in the United States has
experienced mental illness at least once a
year (Substance Abuse and Mental Health
Services Administration, 2012), and one in
every seven Singaporeans has experienced a
mental disorder throughout their life
(Institute of Mental Health, 2018). The preva-
lence of mental health problems has negative
consequences for both individuals and societ-
ies. On the one hand, as identified in the
United Nations Sustainable Development
Goals (United Nations, 2015), mental health
is an important aspect of people’s well-being,
and those with mental health issues normally
have a lower health-related quality of life
(Yang et al., 2018). On the other hand, men-
tal health problems impose a high financial
burden on society. Studies in China show that
medical costs due to mental health issues are
an estimated 1.1% of the national GDP, and
the additional indirect cost (for example, pro-
ductivity loss) may be four times the direct
cost (Xu et al., 2016). Hence, improving the
mental health status of urban dwellers would
improve both their individual well-being and
the fiscal sustainability of the public sector.
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Urban living can negatively impact peo-
ple’s mental health status (Lederbogen et al.,
2011). Among the myriad components of
urban life, the urban physical environment
has been shown to be a contributing factor
in urban dwellers’ mental health problems
(Evans, 2003; Marmot, 2005). Specifically,
the physical environment can increase indi-
viduals® stress levels, and those constantly
exposed to stressors are more likely to have
depression and other mental health issues
(Turner et al., 1995). Thus, policy makers and
urban planners can help to promote urban
dwellers” mental health status by providing an
enjoyable urban physical environment.

Housing, especially the provision of living
spaces, is an important physical environ-
ment factor that policy makers can utilise to
promote people’s mental health. Existing
empirical evidence has shown that living in a
crowded place — whether measured by
square metres or by number of rooms per
person — is associated with poorer mental
health (Foye, 2017, Hu and Coulter, 2017,
Li and Liu, 2018). In Chinese cities, the mar-
ketisation of housing has substantially
increased the supply of living space to urban
dwellers (Deng and Chen, 2019). However,
although the average living space has greatly
improved, the distribution of living space has
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become more skewed, as many urban dwell-
ers, especially in big cities, have been left
behind (Huang and Jiang, 2009). Studies
have found that migrants are more likely to
suffer from residential crowding and hence
are more likely to experience mental health
problems (Li and Liu, 2018; Xie, 2019).
Likewise, local urban residents who were
‘relatively deprived’ in China’s real estate
boom also merit attention (Zhang and
Chen, 2014).

The present article aims to fill this gap by
focusing on the residential crowding problem
for long-term residents in China’s big cities.
Taking Beijing as a case study, we examine
the relationship between residential crowding
and depression in Beijing’s hukou holders."
We also explore the varying effect levels for
different genders, household structures and
neighbourhood types, aiming to identify sub-
groups that have higher ‘policy sensitivity’
with respect to residential crowding. In addi-
tion, this study intends to contribute to the
literature theoretically by testing whether
residential crowding is associated with
depression via increased life stress or
increased living space-specific stress.

The reminder of the article is organised as
follows. The next section reviews the litera-
ture. We then introduce the data source and
analytical methods. The following two sec-
tions present and discuss the empirical find-
ings, and the final section concludes.

Literature review

The theoretical foundation of the relation-
ship between residential crowding and men-
tal health mainly lies in studies of the stress
process (Pearlin and Bierman, 2013; Pearlin
et al., 1981). Residential crowding, which
normally involves either insufficient living
space or a lack of private space at home,
lowers a person’s sense of control over their
surroundings (Evans et al.,, 2003; Rodin,
1976). The reduced sense of control is

associated with high stress levels and a
higher risk of depression (Pearlin et al.,
1981; Steptoe et al., 2007). In addition to
such residence-specific stress, residential
crowding can also be associated with worse
mental health status through increased life
stress. Prior research has shown that people
with limited living space have higher life
stress for reasons such as lower levels of
social interaction (Evans et al., 2003; Foye,
2017). Residential crowding also can make
people less ‘mentally resilient’ against life
stress. In other words, those living in a more
crowded home will have a stronger associa-
tion between life stress and depression,
because they are less likely to heal from the
cognitive fatigue brought about by life stress
(Evans et al., 2003; Pearlin and Bierman,
2013). Figure 1 illustrates these three possi-
ble mechanisms whereby residential crowd-
ing may be connected to depression: (a) the
‘crowding-related stress’ hypothesis, (b) the
‘mediation through life stress’ hypothesis,

and (c¢) the ‘moderating life stress’
hypothesis.
Alongside theoretical discussions, the

nexus between residential crowding and
mental well-being is also supported by
empirical evidence. According to a report by
the US Department of Housing and
Development (HUD), residential crowding
is usually measured by both average residen-
tial area per person and persons per room/
bedroom (Blake et al., 2007). With respect
to average residential area per person, using
data from 13,367 participants in the 2010
wave of the China Family Panel Studies
(CFPS) — a nationwide-representative survey
— Hu and Coulter (2017) find that urban res-
idents with higher living space per capita
have better mental health. Focusing on
China’s migrants, Xie (2019) uses a 2008—
2009 nationwide survey to find that, on
average, 10 more square metres of living
space are associated with a 1.6 increase in
the score on the 12-item General Health



Urban Studies 00(0)

(a) The “crowding-related stress” hypothesis
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Figure 1. Hypothesised mechanisms for the links between residential crowding, life stress and depression.

Questionnaire (GHQ-12).> Also looking at
migrants, Li and Liu (2018) find that. when
controlling for perceived stress levels, the
association between per capita living space
and mental well-being becomes statistically
insignificant, implying that stress might be
the mediator in the crowding-mental health
association.

With respect to persons per room, Foye
(2017) analyses the British Household Panel
Survey data and finds that individuals in cir-
cumstances with fewer persons per room
(that is, less crowding) tend to have better
mental health and life satisfaction. In a city-
level study in Lahore, Pakistan, Khan et al.
(2012) find that people living with more per-
sons per room have higher risks of depres-
sion and a lower sense of control. Using a
nationwide representative sample in New
Zealand, Pierse et al. (2016) find that those
with higher ‘bedroom deficits’ are more
likely to experience psychological distress.

However, if they focus on movers and con-
trol for household fixed effects, the associa-
tion between residential crowding and
mental health is significant only for those
experiencing substantial crowding (that is, a
two-bedroom deficit) (Pierse et al., 2016).
The residential crowding—mental health
association can differ between sociodemo-
graphic groups. For instance, Foye (2017)
uses data from the UK to find that the resi-
dential crowding—mental health association
is stronger for females than for males,
whereas the life satisfaction—mental health
association is stronger for males than for
females. Although studies in China have not
examined gender differences in the connec-
tions between residential crowding and men-
tal health, they do find that, when
controlling for residential crowding levels,
females tend to have worse mental health
than males (Hu and Coulter, 2017; Xie,
2019). Other than gender differences,
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empirical evidence in China also shows that
the association between living space and
mental health is stronger for those with rela-
tively higher socioeconomic status (Hu and
Coulter, 2017). With respect to neighbour-
hood context and housing type, Xie’s (2019)
study on China’s migrants shows that the
link between living space and mental health
is stronger for those living in workers’ dor-
mitories than for those occupying private
rental housing units.

Although existing theoretical reasoning
and empirical evidence support the connec-
tion between residential crowding and
mental health, there are still gaps in the liter-
ature. First, although studies quantitatively
examining the residential crowding-mental
health relationship have been emerging,
research on the mechanisms of this relation-
ship — especially the role stress plays — is still
relatively rare. This study adopts the ‘stress
process theory’ originated in psychology
(Pearlin and Bierman, 2013; Pearlin et al.,
1981) and proposes a comprehensive frame-
work to incorporate residential crowding,
life stress and depression. Second, although
residential crowding can be measured by
both residential area per person and number
of persons per room, most studies focus on
only one of the two. Focusing on both mea-
sures could help policy makers to better
identify appropriate housing policy targets:
whether to improve floor area or to reduce
room deficits (Blake et al., 2007). Third,
most studies covering Chinese cities focus on
migrants, who certainly have been deprived
through China’s urbanisation process.
However, another group that has been ‘rela-
tively deprived’ — those with the urban hukou
but still suffering residential crowding — also
deserves attention because of their increasing
contribution to wurban inequality (Wang,
2004; Wu et al., 2010). This study aims to fill
these gaps by examining the relationships
among residential crowding, depression and
stress for Beijing’s hukou holders, measuring

residential crowding by both per capita liv-
ing space and persons per bedroom, and
conducting various subsample analyses to
identify subgroups that have higher ‘policy
sensitivity’ levels.

Data and methods

Data source and study sample

The study sample comes from a survey con-
ducted between November 2018 and April
2019 that covered 7 of Beijing’s 16 districts
(Figure 2(a)). Among these 7 districts, 4 are
within the central city area defined by the
most recent master plan (in 2016): Xicheng
is an Old City district hosting various central
government agencies; Chaoyang has many
financial and legal firms; Haidian is home to
many universities and IT firms; and Fengtai
is the wholesale and light industry centre.
The other three districts are suburban ones
sitting outside the central city area:
Tongzhou was originally a suburban indus-
trial hub and is being planned as the new
headquarters of the municipal government;
Changping is home to many large edge-city
communities; and Fangshan is mostly an ex-
urban district with many recreational resorts
(Feng et al., 2007; Sun, 2020).

The survey followed a multi-step strati-
fied probability proportional to size sam-
pling scheme. In each household, one main
respondent was selected if the person (i)
lived in Beijing, (ii) was 18-59 years old, and
(iii) had formal Beijing residency (that is, is a
hukou holder). Participants responded to
questions on residential crowding, life stress,
property ownership, income and other socio-
economic variables. The survey covered 7
districts, 36 subdistricts, 168 communities
and 4061 main respondents. The socioeco-
nomic characteristics of these respondents
are comparable to those of the 2015 1%
Population Census — the most recent pre-
Covid nationwide survey (National Bureau
of Statistics of China, 2016).>
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(a) Beijing’s 16 districts and the 7 districts
covered in the survey
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Figure 2. Districts and communities covered in the study sample.
Note: for (b), point sizes reflect the number of individuals in the community.

The final study sample comprises 1613
main respondents who provided complete
information on depression, residential crowd-
ing, life stress and socioeconomic control vari-
ables. These 1613 individuals were located in
all 7 districts, all 36 subdistricts and 162 of
the 168 communities in the survey, showing
good spatial representativeness. The individu-
als excluded from the survey did not provide
full information on one or more topics: 120
on depression; 1618 on stress; 692 on residen-
tial crowding; and 18 on control variables.
Figure 2(b) shows the spatial distribution of
the 162 communities of the study sample.

Depression, life stress and residential
crowding variables
The outcome variable is depressive symp-

toms, measured by the Center for
Epidemiological Studies’ 10-item depression

scale (CESD-10) (Andresen et al., 1994).
This scale is frequently used in psychother-
apy practice to screen for depression symp-
toms, and has been confirmed as a reliable
screening scale across various cultural and
geographical contexts (Bradley et al., 2010;
Chen and Mui, 2014). The scale comprises a
list of 10 feelings,* and surveys the respon-
dent on the frequency in the past week with
which they had each of the feelings. The
response is then converted to a score ranging
from 0 to 30, with higher values implying
more depressed. We follow Andresen et al.
(1994) and apply a cutoff score of 10. That
is to say, a person is screened positive for
depressive symptoms if their score is 10 or
higher. Hence, we create a binary outcome
variable that equals 1 if a respondent is
screened positive for depression and 0 if neg-
ative. We include only individuals who
responded to all 10 items.
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Life stress is a continuous variable rang-
ing from 0 to 15, with a higher value indicat-
ing a higher level of life stress. This variable
is transformed from the survey questions on
recent stress levels with respect to living
costs, housing costs, child-rearing, work and
supporting parents. For each of these five
stress types, the respondents choose from
four categories: no stress, little stress, large
stress and very large stress, assigned values
of 0, 1, 2 and 3, respectively. Hence, the final
life stress variable is the aggregate of the five
stress-type-specific values and ranges from 0
(least stress) to 15 (highest stress).
Individuals missing any of the responses
were dropped.

Residential crowding is the study’s key
exposure variable. As noted above, we mea-
sure residential crowding by both square
metres per person and persons per bedroom.
Both measures are used extensively in aca-
demic research and policy discussions (UN-
Habitat, 2010; United Nations Development
Programme, 2010), although square metres
per person is more commonly used in
Chinese cities (Hu and Coulter, 2017; Li and
Liu, 2018), and persons per room measures
are more common in the Western
context (Foye, 2017; Pierse et al., 2016).
Nevertheless, here we use both measures to
capture different aspects of residential
crowding: square metres per person focuses
on living space, and persons per bedroom
emphasises privacy. We decided to use per-
sons per bedroom rather than persons per
room, because a HUD report shows that the
former has more reliable links with health
outcomes (Blake et al., 2007). In the context
of Chinese cities, ‘bedrooms’ are normally
referred to as ‘rooms’, because real estate
developers typically do not differentiate bed-
rooms from study rooms; it is up to resi-
dents to decide how they use their rooms.
Hence, the ‘bedrooms’ referred to in this
study may also include study rooms or read-
ing rooms. Finally, since there are no widely

accepted cutoff points for persons per bed-
room in the Chinese context, we use both 1
and 1.5 as cutoff points and propose a
three-level categorical variable: up to 1 person
per bedroom, 1.01-1.50 persons per bedroom,
and 1.51 or more persons per bedroom.

Control variables

The control variables include 11 sociodemo-
graphic characteristics, as well as district
fixed effects. The sociodemographic vari-
ables aim to control for potential confound-
ing factors, including gender (male or
female), age (in 2018), living with a spouse
or partner, living with parents or grandpar-
ents, living with children or grandchildren,
employment status, annual household
income (in 10,000 Chinese yuan or 1546 US
dollars), owning residential property in
Beijing (disregarding ownership status of the
current residence; a household wealth indi-
cator’), living in a condominium (with ‘no’
indicating living in non-market housing,
such as hutong, danwei, resettled housing or
villages), level of education (a categorical
variable of lower than high school,
high school/some college, and college degree
or higher), job type (a categorical variable of
government, managerial positions, profes-
sionals such as engineering or law, service,
agriculture, manufacturing/construction,
and others). District fixed effects is a catego-
rical variable for the districts in which the
respondents reside (Xicheng, Chaoyang,
Fengtai, Haidian, Fangshan, Tongzhou and
Changping). District fixed effects can con-
trol for district-specific factors associated
with both living space and mental health,
such as the socioeconomic stereotypes.

Model specifications

To examine the relationships among residen-
tial crowding, life stress and depression, we
propose the models following equation (1):
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Depress; = By + B,Crowding; + [B,LifeStress;
+ BiSocioDem; + B,DistrictFE;,

(1)

where Depress; is a dummy variable that
equals 1 if individual i is screened positive
for depression, Crowding; measures levels of
residential crowding, and can be either
square metres per person or persons per bed-
room, LifeStress; measures life stress levels,
and SocioDem; and District FE; refer to a set
of sociodemographic and district fixed
effects control variables.

To further test for the potential mechan-
isms of the relationships among residential
crowding, life stress and depression, we pro-
pose two additional models:

Depress; = By + B,Crowding; + [,SocioDem;
+ B;DistrictFE;,

(2)

Depress; = By + B,Crowding; + B,LifeStress;

+ B;Crowding; x LifeStress;
+ BySocioDem; + BsDistrictF’E;.

3)

If residential crowding is associated with
depression through increased life stress (that
is, life stress is the mediator; see hypothesis
(b) in Figure 1), LifeStress; would have a sta-
tistically significant mediation effect, which
can be identified using the Sobel test; other-
wise, residential crowding is associated with
depression through increased residential-
specific stress (hypothesis (a) in Figure 1)
(Baron and Kenny, 1986; Sobel, 1982).
Intuitively, if a mediation effect exists, the
coefficients of Crowding; in equations (1)
and (2) would also differ substantially. If the
coefficient of Crowding;x LifeStress; in equa-
tion (3) is statistically significant, then it
shows that levels of residential crowding can
make people more prone to depression from
life stress (that is, life stress is the moderator;

see hypothesis (c) in Figure 1) (Baron and
Kenny, 1986).

All models are logit regressions, because they
all have binary dependent variables. Since the
value of the dependent variable is imbalanced
(5.5% wvs. 94.5%), estimations using regular
logit models may be biased. Hence, we follow
the literature and apply Firth’s corrections for
rare events in the regressions (King and Zeng,
2001; Leitgob, 2013).

Results

Descriptive statistics

Table 1 presents the descriptive statistics for
the study sample, showing that 5.5%
screened positive for depressive symptoms.
To our knowledge, there have been no other
citywide surveys in Beijing covering depres-
sive symptoms or using CESD-10. We com-
pared our study sample with the 2018 wave of
the China Family Panel Studies (CFPS), which
surveyed 8 of the 10 CESD items (Peking
University Institute of Social Science Survey,
2020). Based on the CFPS, the average eight-
item CESD score for the Beijing hukou holders
is 3.76, while the same metric for our study
sample is 4.21. For residential crowding, the
average per capita living space is 36.8 square
metres, which is slightly higher than the city-
level statistics in 2015 (31.7 square metres), the
most recent publicly available statistics (Beijing
Municipal Bureau of Statistics, 2016). The dif-
ference might be due to the fact that the 2015
city-level statistic includes both locals and
migrants, whereas our sample includes only
hukou holders. Regarding persons per
bedroom, 37.0% of the study sample lives in a
household with one or fewer persons per
bedroom, and 13.4% of them live in a house-
hold with more than 1.5 persons per bedroom.
The average stress score of the study sample is
5.8 out of 15. In addition, 66% of the study
sample live in condominiums, which means
that 34% live in non-market properties, such
as hutong (Old City heritage blocks), danwei
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Table |. Descriptive statistics for the study sample (N = 1613).

Mean or % SD Min Max

Depression (y/n) 0.055 0.227 0 I
Square metres per person 36.792 27.929 5 200
Persons per bedroom (%)

| or fewer persons per bedroom 36.9%

1.01-1.50 persons per bedroom 49.7%

1.51 or more persons per bedroom 13.4%
Stress score (0—15) 5817 3.738 0 I5
Female 0.509 0.500 0 I
Age in 2018 (years) 41.484 11.395 18 59
Living with spouse/partner 0.761 0.427 0 I
Living with parents/grandparents 0.403 0.491 0 I
Living with children/grandchildren 0.570 0.495 0 I
Currently employed 0.631 0.483 0 I
Household income in 2017 (in 10k) 20.067 39.555 0 1000
Owning residential property in Beijing 0.660 0.474 0 I
Condominium 0.536 0.499 0 I
Job type

Government 14.0%

Manager 6.7%

Professional 15.5%

Service 14.3%

Agriculture 2.7%

Manufacturing/construction 8.8%

Other 38.0%
District

Xicheng 13.0%

Chaoyang 18.3%

Fengtai 12.4%

Haidian 30.1%

Fangshan 8.4%

Tongzhou 8.3%

Changping 9.5%

(state-owned

employer-provided  housing),

resettled housing (after land acquisitions) or
villages. Subsample statistics show that the
residential crowding situation is relatively
worse among males, those living with parents,
those living with children, and condominium
residents.

Residential crowding, life stress and
depression
The regression models in Table 2 show that

a higher level of residential crowding is asso-
ciated with a higher risk of depression.

Drawing upon the baseline models in
Columns 2 and 5, when holding continuous
variables at their means and categorical vari-
ables at their modes, every 10 additional
square metres per person is associated with a
27.7% lower probability of depression, and
individuals with more than 1.5 persons per
bedroom are 1.2 times more likely to have
depressive symptoms than those with one or
fewer persons per bedroom. To test for the
mechanisms of the relationships between
residential crowding, life stress and mental
health, we first conduct the Sobel test for
mediation effects and find that the
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Wang and Liu

Table 3. Depression and residential crowding: By gender.

(h 2 3) *) ©) (6)
All Female Male All Female  Male
Square metres per person —0.028"" —0.029"" —o0.021"
[0.008] [0.010] [0.011]
Persons per bedroom
| or fewer persons per bedroom (ref.) (ref.) (ref.)
1.01-1.50 persons per bedroom 0686 0799 0413
[0.285] ~ [0431] [0.391]
1.51 or more persons per bedroom 1.198 1.391 0.934
- - [0.376] [0.516] [0.573]
Stress score (0—15) 0.113 0.165 0.077 0.118  0.167 0.086
[0.040] [0.056] [0.057] [0.040] [0.056] [0.057]
Controls Yes Yes Yes Yes Yes Yes
District fixed effects Yes Yes Yes Yes Yes Yes
Observations 1613 821 792 1613 821 792

Notes: Logit regressions with Firth’s penalised maximum likelihood methods, following equation (1) in the ‘Model
specifications’ section. The dependent variable is screening positive for depression. Control variables include age, living
with spouse, living with parents, living with children, employed, natural log of household income, owning residential
property in Beijing, living in condominium, education and job type. *,** *** indicate significance at the .10, .05 and .01

levels. Standard errors are in brackets.

residential crowding—depression association
is not mediated by life stress (results not
shown). Intuitively, when comparing the
coefficients of the residential crowding vari-
ables in Columns 1 vs. 2 and Columns 4 vs.
5 in Table 2, the coefficients of area per per-
son and persons per bedroom have very
small differences with and without control-
ling for life stress. Secondly, we examine the
coefficients of the residential crowding-life
stress interaction variables in Columns 3 and
6 and find that neither is statistically signifi-
cant. Such findings indicate that residential
crowding does not moderate the association
between life stress and depression. In sum,
among the different hypotheses posited in
Figure 1, it is most likely that residential
crowding is associated with mental health
through residential space-specific stress.

Effects by gender

Table 3 shows that the association between
residential crowding and depression is

stronger for females than for males. As
Columns 2 and 4 indicate, the coefficients of
residential crowding variables — measured
by both square metres per person and per-
sons per bedroom - are significant for
females; in contrast, Columns 3 and 6 show
that neither residential crowding variable is
significantly associated with depression for
males. Additionally, the magnitude of the
residential crowding coefficients is larger for
females than for males.

Effects by household structure

Table 4 includes the subsample analysis
based on house structure, and show that the
association between residential crowding
and depression is stronger for those living
with children/grandchildren as well as those
not living with parents/grandparents. Table
4(A) shows that the association is statisti-
cally significant for those living with children
(Columns 2 and 5) and not significant for
those not living with children (Columns 3
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Table 5. Depression and residential crowding: By neighbourhood type.

(M 2 ©) 4) ©) (6)
All Condo Non-condo All Condo Non-condo
Square metres per person -0.028"" —0.023 -0.026""
[0.008] [0.020] [0.008]
Persons per bedroom
| or fewer persons per bedroom (ref) . (ref.) (ref.) s
1.01-1.50 persons per bedroom 0.686 —0.293 0978
[0.285] [0.506] [0.349]
1.51 or more persons per bedroom 1.198™" 0205  1.368""
[0.376] [0.629] [0.505]
Stress score (0—15) 0.113"  0.08 0.101° 0.118"" 0.099  0.105"
[0.040] [0.061] [0.058] [0.040] [0.060] [0.058]
Controls Yes Yes Yes Yes Yes Yes
District fixed effects Yes Yes Yes Yes Yes Yes
Number of observations 1613 864 749 1613 864 749

Notes: Logit regressions with Firth’s penalised maximum likelihood methods, following equation (1) in the ‘Model
specifications’ section. The dependent variable is screening positive for depression. Control variables include gender, age,
living with spouse, living with parents, living with children, employed, natural log of household income, owning residential
property in Beijing, education and job type. *,**, *** indicate significance at the .10, .05 and .0| levels. Standard errors

are in brackets.

and 6). Table 4(A) also shows that the mag-
nitudes of the coefficients of the two residen-
tial crowding variables are larger for those
living with children than for those not living
with children. With respect to living with
parents, Table 4(B) shows that both residen-
tial crowding variables are significantly asso-
ciated with depression for those not living
with parents (Columns 9 and 12), and nei-
ther variable is significantly associated with
depression for those living with parents
(Columns 8 and 11). Similarly, Table 4(B)
shows that the magnitudes of the coefficients
of the residential crowding variables are
larger for those not living with parents than
for those living with parents.

Effects by housing and neighbourhood
types

Table 5 examines the residential crowding—
depression association by different housing
and neighbourhood types. Here, we divide

the study sample into two housing types:
condominium (condo) and non-
condominium (non-condo). Condominium
refers to housing developed and sold by pri-
vate developers, and mnon-condominium
refers to housing obtained through non-
market channels, including hutong (Old City
heritage  blocks), danwei (state-owned
employer-provided housing), resettled hous-
ing (after land acquisitions), and villages. In
China’s context, condo residents are more
likely to obtain their housing voluntarily
through the open market, and non-condo
residents are more likely to obtain their
housing involuntarily through inheritance,
employment or resettlement. Columns 3 and
6 in Table 5 show that residential crowding
is significantly associated with depression
for non-condo dwellers, whereas Columns 2
and 5 show that the residential crowding—
depression association is not significant for
condo dwellers. Besides, the coefficients for
the non-condo subsample are greater in
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magnitude than those for the condo subsam-
ple. In sum, the association between residen-
tial crowding and depression is stronger
for non-condo residents than for condo
residents.

Robustness checks

We conducted a few sensitivity analyses to
assess the robustness of the findings. First,
we followed Andresen et al. (1994) and
expanded the study sample by including indi-
viduals with one missing CESD-10 item.
Models with this expanded sample yielded
similar results. Second, to test for the sensi-
tivity of the 10-score cutoff point, we ran our
full-sample models again with cutoff scores
of 9 and 11. The signs and significance of
both residential crowding and life stress vari-
ables remain unchanged. Third, we replaced
the binary outcome variable with the raw
CESD-10 score (0-30) and ran negative
binomial models. Regression models using
the raw score still support our main conclu-
sions. Fourth, to evaluate the sensitivity of
the life stress measurements, we changed the
continuous (0-15) life stress scores into a
dummy stress variable, with 1 indicating the
stress level is above the median (6 out of 15)
and 0 otherwise. The full-sample models
using this dummy life stress variable yield
similar results to those with continuous life
stress scales. Fifth, we reran the main models
with three additional control variables:
door-to-door commute time, population
density (800 metre radius), and greenspace
accessibility within 800 metres; adding these
variables does not impact the main findings.
Finally, we estimated the variance inflation
factors (VIF) of the full models and did not
find evidence of multicollinearity.

Discussion

Using survey data from Beijing, China, we
find that residential crowding — measured by

both square metres per person and persons
per bedroom — is associated with a higher
probability of depression. We propose three
hypotheses for the potential mechanisms
that connect residential crowding with
depression, and find that residential crowd-
ing is associated with depression through
increased residential space-specific stress
rather than increased life stress; additionally,
we do not find evidence of residential crowd-
ing moderating the life stress—depression
association. Moreover, we find that the resi-
dential crowding—depression association is
relatively stronger for females, those living
with children/grandchildren, those not living
with parents/grandparents, and those not
living in condominiums.

The finding that square metres per person
and persons per bedroom are associated with
a higher propensity for depression is in con-
sonance with previous studies on residential
crowding and depression in Chinese and
Western cities (Foye, 2017; Hu and Coulter,
2017; Li and Liu, 2018; Pierse et al., 2016;
Xie, 2019). As noted earlier, to measure resi-
dential crowding levels, most studies on
Asian cities use square metres per person,
and most studies on North American and
European cities use persons per room mea-
sures. By using both measures, this study
shows the robustness of the residential
crowding—depression association. We also
find that residential crowding is associated
with depression through increased residential
space-specific stress rather than increased life
stress. This finding joins the work of Li and
Liu (2018) to extend the theoretical discus-
sions on this topic by exploring the role that
stress plays in the residential crowding—
depression relationship. Additionally, the coef-
ficients of district fixed effects show that resi-
dents in central-city districts are relatively less
depressed, which likely reflects the district-level
difference in commute time, built environment,
industrial specialisations and social stereotypes
(Feng et al., 2007; Sun, 2020).
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We find that females are relatively more
‘mentally sensitive’ to crowded living space
than males. This finding supports the theo-
retical discussion in psychology that females
are relatively more vulnerable to stress and
more likely to be depressed owing to their
affective, biological and cognitive vulnerabil-
ities (Hyde et al., 2008). Empirically, this
finding resonates with Foye’s (2017) on the
same question in the UK context and also
connects with the findings of Hu and
Coulter (2017) and Li and Liu (2018) that
females are more likely than males in
Chinese cities to be depressed. Admittedly,
the coefficient of the gender variable is not
statistically significant in the full-sample
baseline models; nevertheless, the female
respondents in our study sample do have a
higher rate of depression than the males
(5.6% vs. 5.3%), without controlling for
other covariates. The insignificance of the
gender variable in the full-sample models
might be due to confounding between the
gender variable and other control variables,
such as living with a partner, parents and
children.

Our findings that those not living with
parents and those living with children have a
relatively stronger association between resi-
dential crowding and depression imply that:
(1) living with parents can make people more
mentally robust against external stresses and
(i) living with children might make people
more mentally vulnerable owing to childcare
duties. These findings extend existing studies
on the impact of intergenerational co-living
on mental health (Brunello and Rocco,
2019; Courtin and Avendano, 2016), using
the lens of housing and residential crowding
to explore relative ‘mental vulnerability to
crowding’ for different household structures.

Finally, we find that the residential
crowding—depression association is stronger
in non-condo communities than in condo
communities. To our knowledge, no prior
studies have specifically focused on different

‘effect sizes’ across different neighbourhood
types in Chinese cities. Here, we hypothesise
two possible explanations. First, this associ-
ation may be due to the fact that condomi-
niums are obtained through the open
market. Hence, those living in condos are
more likely to have obtained their homes by
choice. In contrast, those living in non-
condo communities are more likely to have
obtained their residences through inheri-
tance, employment or resettlement rather
than by choice. Second, it is also possible
that condo communities have certain built
environment or social environment charac-
teristics that can help to buffer against the
negative mental health impacts of residential
crowding. We acknowledge that the non-
condo communities in this study include a
diverse set of non-market housing types that
range from OIld City traditional blocks
(hutong) to ex-urban villages, and we are
unable to further divide them into more
detailed housing types owing to sample size
limitations. Nevertheless, further discussion
of both hypotheses requires additional data
and is beyond the scope of this research.
Our findings highlight the importance of
living space equality for promoting mental
health and subjective well-being of residents
in big cities. Specifically, both rooms and
floor space matter. Although Beijing’s ‘regis-
tered residents’ (that is, hukou holders) enjoy
larger living spaces than migrants on aver-
age, the unequal distribution of living space
among these hukou holders has important
policy implications (Huang and Jiang, 2009).
Those who have been left behind in China’s
recent rapidly growing real estate develop-
ment process deserve attention from plan-
ners and policy makers. Public housing
programmes that aim to provide sufficient
floor area and an adequate number of rooms
for lower-income urban hukou holders would
not only ensure equality of living space
among urban residents but also improve
these residents’ mental health status. For
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example, the ‘joint-ownership housing pro-
gramme’ (gong you chan quan zhu fang) pro-
vides for-sale subsidised flats for non-condo
owners with limitations on resale in the open
real estate market, making it a good option
for lower-income households who need to
improve their living space but do not intend
to engage in real estate investments. In addi-
tion, the ‘public rental housing programme’
(gong zu fang) provides for-rent subsidised
flats for non-condo owners, making it a
good option for lower-income households
who wish to expand their living space but
have no intention/ability to own a flat. For
the households owning residential properties
but still suffering from residential crowding,
the government should work with the finan-
cial sector to provide them with adequate
support to upgrade their living conditions in
the open real estate market.

Although lotteries should be the default
method of allocating subsidised housing
units, prioritising applicants who need living
space more urgently may be advisable. Our
findings highlight a few subgroups that are
relatively more ‘mentally sensitive’ to
cramped living space: females, young par-
ents with children, those living without par-
ents, and non-condo dwellers. Applicants
with these characteristics may deserve priori-
tisation on waiting lists or higher chances in
lotteries. One example of such a policy is
Singapore’s public housing system, which
has many schemes that prioritise housing
allocation for young parents, young families
living close to their parents, and first-time
applicants (Centre for Liveable Cities
Singapore and  Shanghai  Municipal
Commission of Housing, Urban-Rural
Development and Management, 2020).
Although China’s big cities differ from
Singapore in spatial, socioeconomic and
institutional contexts, some of these policy
practices may still be transferrable.

This study has the following limitations,
which should all motivate future research.

First, the study sample is a cross-sectional
dataset, and the relationships between resi-
dential crowding and depression can be
interpreted only as associations rather than
causations; future studies could utilise longi-
tudinal data and try to build causal relation-
ships. Second, because the study focuses on
hukou holders, policy implications drawn
from this article cannot be extended to
migrants. Third, this study is unable to
examine the residential crowding—depression
associations for each specific non-condo
neighbourhood type owing to the limited
sample size. Future studies specifically focus-
ing on OIld City traditional blocks (hutong)
or resettlement communities would greatly
extend the literature. Fourth, although the
survey respondents in and outside the study
sample have similar geographical distribu-
tions, they may differ in other non-spatial
characteristics. Although controlling for a
comprehensive list of control variables can
adjust for the bias created by these variables
(King et al., 1994), we are not able to rule
out the possibility that those in and outside
the sample differ in unobserved ways (for
example, personalities or beliefs).

Conclusions

Using survey data for 1613 residents in
Beijing, China, this study has found that
residential crowding — measured by both
square metres per person and persons per
bedroom — is associated with a higher risk of
depression. We also examined the mechan-
isms of the associations between residential
crowding and depression by testing the role
that stress plays in this relationship, and we
found that living in a crowded house is asso-
ciated with depression through increased
residential-specific ~ stress  rather than
increased life stress. The findings highlight
an important group of urban residents who
deserve attention from housing policy mak-
ers: long-term urban residents left behind by
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the rapid development of China’s real estate
markets who have limited living space.
Among these ‘left-behind residents’, females,
those living with children, those not living
with parents and those living in non-condo
communities are more ‘mentally vulnerable’
to crowded housing. Public housing pro-
grammes aiming to provide living space for
these left-behind residents — who normally
have low incomes and do not own condomi-
niums — not only would increase living space
equality but also could improve the mental
health status and subjective well-being levels
of urban dwellers.
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Notes

1. Hukou refers to the system of household reg-
istration used in mainland China.

2. GHQ-12 scores range from 0 to 36 and cover
social functioning, depression and confidence.
Higher scores indicate better mental health
status.

3. For the 4061 survey respondents, the average age
and share of females are 39.5 and 48.6%, respec-
tively; for the 2015 Population Census, these two
numbers are 39.9 and 50.0%, respectively.

4. The 10 feelings are: (1) I was bothered by
things that usually don’t bother me; (2) I had
trouble keeping my mind on what I was
doing; (3) I felt depressed; (4) I felt that every-
thing I did was an effort; (5) I felt hopeful
about the future; (6) I felt fearful; (7) My
sleep was restless; (8) I was happy; (9) I felt
lonely; (10) I could not ‘get going’.

5. This ‘residential property ownership’ variable
is mainly a wealth indicator. Residential
property is a major asset for China’s urban
residents and has been a major contributor to
wealth inequality (He et al.,, 2020; Zhang
et al., 2021).
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