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ABSTRACT
Objective  There is a need for public health strategies 
to address the negative psychological consequences 
of the COVID-19 pandemic, and the role of residential 
green exposure has gained prominence, particularly 
in the context of the ‘new normal’ and the prevailing 
‘stay-at-home’ policies. This study aimed to evaluate 
the association between residential greenness and 
severe psychological distress during the COVID-19 
pandemic in Japan. We also investigated the 
association stratified by ‘stay-at-home’ status, a proxy 
for exposure to residential greenness.
Methods and analysis  We used data from a 
population-based cohort study conducted in 
Utsunomiya City, Japan. Residential greenness was 
measured by the normalised difference vegetation 
index (NDVI) averaged over circular buffers around 
residence. Severe psychological distress was defined 
as a Kessler Psychological Distress Scale (K6) score 
≥13. ‘Stay-at-home’ status was categorised as either 
‘not stay-at-home’ (individuals working outside the 
home or self-employed) or ‘stay-at-home’ (working 
from home or not working), based on the working 
status. Logistic regression analysis was performed 
to examine the association between residential 
greenness and severe psychological distress.
Results  A total of 615 participants were analysed. 
Among the ‘stay-at-home’ group, an IQR increase 
in NDVI was inversely associated with severe 
psychological distress (100 m buffer: OR=0.27, 95% 
CI 0.10 to 0.77; 250 m buffer: OR=0.26, 95% CI 0.10 
to 0.69; 500 m buffer: OR=0.33, 95% CI 0.11 to 0.95). 
However, no significant association was observed for 
the ‘not stay-at-home’ group.
Conclusion  Residential greenness was a protective 
factor for severe psychological distress among the 
‘stay-at-home’ group, who were assumed to have 
spent more time in their residence.

INTRODUCTION
The COVID-19 pandemic has witnessed a 
surge in mental health issues,1–3 with social 
isolation being one of the contributing 
factors. Measures such as social distancing, 
home confinement, quarantine or isolation3 
have been implemented to curb the spread 
of COVID-19, leading to increased social 
isolation and subsequent mental health chal-
lenges. Moreover, economic burden is known 
to be a trigger for deterioration of mental 
health,1 and the impact of the COVID-19 
pandemic on individuals’ financial well-
being, including income loss and financial 
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	⇒ Previous evidence suggests that higher residential 
greenness is associated with better mental health; 
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tal health problems during the COVID-19 pandemic.
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strain, has been linked to the manifestation of depres-
sive symptoms.4 Conflicting messages from authorities 
and overabundance of information about COVID-19 
may have also contributed to an increased risk of mental 
illness.1 5 Against this backdrop, researchers1 2 and health 
officials6 have underscored the critical importance of 
promptly developing and implementing public health 
interventions to address mental health issues during the 
COVID-19 pandemic.

Existing evidence suggests that higher residential 
greenness is associated with better mental health7–9 and 
that greenspaces could be a potential protective factor 
for mental health problems induced by home confine-
ment.10 Online surveys conducted in Japan,11 Italy12 and 
Bulgaria13 have indicated that both subjective indoor and 
outdoor greenness were positively associated with better 
mental health during the COVID-19 pandemic. However, 
it is important to note that these studies have faced a 
significant limitation in the form of common source bias, 
primarily stemming from self-reported questionnaires.14 
Only a limited number of studies have examined the rela-
tionship between objectively measured residential green-
ness in proximity to homes and the mental health status 
during the COVID-19 pandemic.15

Notably, individual factors can potentially modify 
these associations. Roberts et al16 discovered that the 
link between neighbourhood social characteristics and 
depressive symptoms was more pronounced among indi-
viduals who were non-working or working from home 
compared with those who worked outside the home. 
They speculated that individuals who spent more time in 
their residences would be more influenced by the resi-
dential environment.16 During the COVID-19 pandemic, 
due to social distancing policies like the ‘stay-at-home’ 
policy, people have been encouraged to work remotely 
and minimise outdoor activities, except for essential 
purposes.17 In this context, increased exposure to resi-
dential greenness may serve as a protective factor for 
mental health problems, particularly for individuals 
working from home.

This study aimed to examine the association between 
objectively measured residential greenness around 
the home and severe psychological distress during the 
COVID-19 pandemic in Japan. In particular, we used 
‘stay-at-home’ status as a proxy for intensity of exposure 
to residential greenness and examined whether working 
status moderated the association.

METHODS
Participants
This study used data from the Utsunomiya COVID-19 
seROprevalence Neighbourhood Association (U-CO-
RONA) study, a population-based cohort study conducted 
in Utsunomiya City, Japan.18 The objective of U-CORONA 
study was to estimate the seroprevalence of SARS-CoV-2 
and other physical and mental health conditions among 
the general population during the COVID-19 pandemic 

in Japan. Utsunomiya City, as of 2020, is home to an esti-
mated population of around 510 000 individuals residing 
in approximately 220 000 households.19 The city encom-
passes a diverse landscape, encompassing both urban and 
rural areas, and accommodates a wide range of house-
holds, including those with children as well as elderly resi-
dents. We considered Utsunomiya City to be a represent-
ative area of a typical Japanese city and hence making it a 
suitable location for conducting this study. The flow chart 
of sampling is presented in figure 1. Briefly, invitations 
containing self-administered questionnaires were distrib-
uted to a total of 2290 citizens, including 1973 adults 
aged 18 years or older and 317 children below the age 
of 18 years. These invitations were sent to 1000 randomly 
selected households from the basic resident registry of 
Utsunomiya City. Of the recipients, 753 individuals from 
333 households (649 adults and 104 children) responded 
to the invitations and actively participated in this face-to-
face study, resulting in a participation rate of 32.9%. The 
participants visited the study site, Kuramochi Clinic Inter-
park, a general practitioner clinic in Utsunomiya City, 
between June 14 and July 5, 2020, following the conclu-
sion of the first wave of the pandemic. They completed 
the questionnaires and submitted them during their visit. 
It is noteworthy that Utsunomiya City was under a state of 
emergency, declared by the Japanese government, from 
April 16 to May 14, 2020.20 People were urged to stay at 
home, except for essential activities, although it was not 
mandatory.

We excluded children (n=104) from the analysis since 
severe psychological distress was only assessed for adults. 
Additionally, we excluded adults with missing values for 
either severe psychological distress or ‘stay-at-home’ 
status (n=34), resulting in an analytical sample of 615 
participants from 314 households.

We calculated the required sample size as follows: we 
assumed that the prevalence of severe psychological 
distress was 0.07–0.121 22 and that the OR of depression 
for an IQR increase in residential greenness measured by 
the normalised difference vegetation index (NDVI) was 
0.4–0.6.23 Using a two-tailed test with a significance level 
of 0.05 and a statistical power of 80%, a sample size of 534 
was obtained. Expecting a dropout rate of 10%, a sample 
size of 588 or larger was estimated to be sufficient. Back-
ground characteristics of the study participants differed 
from those of the adult non-participants in age (51.3 vs 
53.7 years old, respectively, p=0.012), presence of cohab-
itants (88.1% vs 81.0%, respectively, p<0.001) and resi-
dential district (centre, east and south: 38.2%, 40.2% and 
21.6% vs 32.1%, 39.7% and 28.3%, respectively, p=0.003) 
(online supplemental table 1). This study conforms to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology statement.24

Residential greenness
Residential greenness was characterised by the NDVI, 
which was calculated according to land surface reflec-
tance of near-infrared (NIR) and visible red (RED) 
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radiation obtained from satellite data.25 Healthy green 
vegetation reflects more near-infrared radiation and 
absorbs more visible red radiation when compared with 
unhealthy vegetation or non-vegetated land. NDVI is 
calculated based on the following formula: NDVI = (NIR 
– RED) / (NIR+RED). NDVI ranges from −1 to 1, with 
higher values indicating more greenness. Spectral data 
captured from Landsat 8 Operational Land Imager at 30 
m × 30 m resolutions on 1 August 2019 were downloaded 
from the website of National Institute of Advanced Indus-
trial Science and Technology.26 We selected cloud-free 
summertime images because NDVI exhibits its maximum 
and highest level of geographical variance in summer.27 
NDVI was averaged over circular buffers of 100 m, 250 
m, 500 m and 1000 m around each residential loca-
tion because these distances have been frequently used 
in previous studies.27 28 Home address of each partici-
pant was extracted from the basic resident registry of 
Utsunomiya City and geocoded based on ArcGIS Online 
World Geocoding Service (ESRI, Redlands, California, 
USA), Google Earth (Google, Mountain View, California, 
USA), Itsumo Navi Labo (ZENRIN DataCom, Tokyo, 
Japan) and Blue Map (ZENRIN, Fukuoka, Japan).

Severe psychological distress
Severe psychological distress was assessed through self-
reporting by using the validated Kessler Psychological 
Distress Scale (K6).29 Respondents were asked how often 
they had felt (1) nervous, (2) hopeless, (3) restless or 
fidgety, (4) so depressed that nothing could cheer you 
up, (5) that everything was an effort and (6) worthless 
during the past 30 days. Responses were provided on a 

5-point Likert scale (0=none of the time; 1=a little of the 
time; 2=some of the time; 3=most of the time; 4=all of the 
time), which resulted in total scores ranging from 0 to 
24. We used the Japanese version of K6, which had been 
validated and is considered reliable for the Japanese 
population.30 Severe psychological distress was defined as 
a total score of 13 or higher, following the original work 
by Kessler et al29 and a randomised controlled trial that 
investigated the impact of greening intervention on self-
reported mental health.31

Covariates
Individuals who were working from home or not working 
were categorised as the ‘stay-at-home’ group, based on a 
previous study conducted by Roberts et al.16 Conversely, 
individuals who were working outside the home or were 
self-employed were classified as the ‘not stay-at-home’ 
group. Covariates including age, sex, presence or absence 
of cohabitants, residential district, presence or absence 
of comorbidities, education (junior/senior high school, 
vocational school and university/higher), working status 
and household income (Japanese yen (JPY) 0–<4 million, 
JPY 4–<8 million and JPY +8 million) were assessed. Infor-
mation on age, sex, presence or absence of cohabitants 
and residential district were based on the basic resident 
registry of Utsunomiya City. Residential district was cate-
gorised into centre, east and south areas, based on the 
police jurisdiction of Utsunomiya City.32 Other varia-
bles were assessed via a self-rated questionnaire. Comor-
bidities include seasonal allergy, asthma, cardiological 
disease, renal disease, immune disease, diabetes, cancer, 
arthritis, epilepsy/convulsion, gastroenteric disease, 

Figure 1  Flow chart of sampling.
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dermatological disease, mental disease, alcohol/drug 
abuse, intellectual disabilities, autism spectrum disorder, 
learning disabilities and tuberculosis.

Statistical analysis
Logistic regression analysis was performed to examine 
the association between residential greenness and severe 
psychological distress. The model was adjusted for age, 
sex, presence or absence of cohabitants, residential 
district, presence or absence of comorbidities, educa-
tion, working status and household income. The vari-
ance inflation factors were found to be low, indicating 
the absence of multicollinearity concerns even when 
residential districts and greenness were included simul-
taneously in the model (online supplemental table 2). 
Furthermore, we tested whether ‘stay-at-home’ status 
moderated the association between residential greenness 
and severe psychological distress using interaction terms 
between residential greenness and ‘stay-at-home’ status. 
Stratified analysis according to the ‘stay-at-home’ status 
was further conducted.

Unit non-response was accounted for by non-response 
weighting.33 Probability of response was predicted by 
logistic regression based on individual data from the 
basic resident registry, including age, sex, distance to the 
clinic where the survey was conducted, residential district 
and number of cohabitants.32 Non-response weights were 
subsequently obtained as the inverse of the predicted 
probabilities of response and applied to logistic regres-
sion analysis.

There were missing values in education (2.3%) and 
household income (11.7%). These variables were 
handled with multiple imputation. Fifty imputed data-
sets were created, and estimates obtained from each 
imputed dataset were combined using Rubin’s rules.34 
For sensitivity analysis, complete case analysis excluding 
data with missing values was performed. Further-
more, we further refined the sample by including 
only employed individuals and stratifying the analysis 
based on whether they worked outside the home or 
from home. In the imputed dataset analysis, models 
were adjusted for age, sex and presence or absence of 
cohabitants: to avoid violation of positivity, residential 
district, presence or absence of comorbidities, educa-
tion and household income were not included. Finally, 
to examine a wider range of psychological distress, we 
defined moderate psychological distress as the total K6 
scores of 9 or higher30 and conducted the same anal-
ysis as a sensitivity analysis. All analyses were conducted 
using STATA 15 (Stata Corp, College Station, Texas, 
USA). Two-sided p values less than 0.05 were regarded 
as statistically significant.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
The characteristics of study participants in the complete 
dataset are presented in table 1. We identified 14 (2.6%) 
participants with severe psychological distress. Partici-
pants with severe psychological distress were younger 
than those without (38.6 vs 51.4 years old, p=0.005). 
Furthermore, the proportion of participants living with 
cohabitants was lower among those with severe psycho-
logical distress compared with those without distress 
(64.3% vs 87.8%, p=0.024).

The associations between residential greenness and 
severe psychological distress in imputed dataset are 
displayed in table 2. In the crude models, the associations 
between NDVI and severe psychological distress were 
not significant for any of the NDVI values averaged over 
circular buffers of 100 m, 250 m, 500 m or 1000 m. In the 
models adjusted for age, sex, comorbidities, cohabitants, 
residential district, education, ‘stay-at-home’ status and 
household income, the associations between NDVI and 
severe psychological distress were also non-significant 
for NDVI values within 100 m, 250 m, 500 m or 1000 m 
buffers.

The association between residential greenness and 
severe psychological distress in imputed dataset, stratified 
by ‘stay-at-home’ status, is shown in table 3 and illustrated 
in figure 2. For the ‘stay-at-home’ group, an IQR increase 
in NDVI was inversely associated with severe psycho-
logical distress (NDVI 100 m buffer: OR=0.27, 95% CI 
0.10 to 0.77; NDVI 250 m buffer: OR=0.26, 95% CI 0.10 
to 0.69; NDVI 500 m buffer: OR=0.33, 95% CI 0.11 to 
0.95). For NDVI 1000 m buffer, an IQR increase in NDVI 
was also inversely associated with severe psychological 
distress, although the associations were not statistically 
significant (OR=0.43, 95% CI 0.14 to 1.31). In contrast, 
no significant association was observed for the ‘not stay-
at-home’ group (p value for the interaction: 0.006, 0.011, 
0.042 and 0.212 for NDVI 100 m, 250 m, 500 m and 1000 
m, respectively).

For sensitivity analysis, complete case analysis (n=546) 
was also performed. The results were almost identical to 
those obtained from the imputed dataset. The associations 
between NDVI and severe psychological distress were not 
significant for NDVI averaged over 100 m, 250 m, 500 m 
and 1000 m buffers in both crude and adjusted models 
(online supplemental table 3). The associations between 
NDVI and severe psychological distress stratified by ‘stay-
at-home’ status are shown in online supplemental table 4. 
For the ‘stay-at-home’ group, higher NDVI values showed 
protective effect on severe psychological distress: an IQR 
increase in NDVI was inversely associated with severe 
psychological distress (NDVI 100 m buffer: OR=0.24, 
95% CI 0.07 to 0.86; NDVI 250 m buffer: OR=0.21, 95% 
CI 0.07 to 0.61; NDVI 500 m buffer: OR=0.30, 95% CI 
0.09 to 0.95). For NDVI 1000 m buffer, an IQR increase 
in NDVI was also inversely associated with severe psycho-
logical distress, although the association was not statisti-
cally significant (OR=0.40, 95% CI 0.11 to 1.41).

https://dx.doi.org/10.1136/bmjph-2023-000093
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Similar associations were observed when we refined 
the sample by including only employed individuals 
(n=366) (online supplemental table 5). For the ‘working 
from home’ group, higher NDVI values were inversely 

associated with severe psychological distress (NDVI 100 
m buffer: OR=0.11, 95% CI 0.03 to 0.43; NDVI 250 m 
buffer: OR=0.38, 95% CI 0.15 to 0.94). For NDVI 500 m 
and 1000 m buffers, an increase in NDVI was also inversely 

Table 1  Characteristics of study participants in the complete dataset (N=546)*

K6 score ≤12 (n=532) K6 score ≥13 (n=14)

P value†N (%) or mean±SD N (%) or mean±SD

Age (years) 51.4±16.8 38.6±16.8 0.005

Sex 0.058

 � Female 274 (51.5) 11 (78.6)

 � Male 258 (48.5) 3 (21.4)

Comorbidities‡ 0.251

 � Absent 159 (29.9) 2 (14.3)

 � Present 373 (70.1) 12 (85.7)

Cohabitants 0.024

 � Absent 65 (12.2) 5 (35.7)

 � Present 467 (87.8) 9 (64.3)

Residential district 0.690

 � Centre 197 (37.0) 4 (28.6)

 � East 219 (41.2) 6 (42.9)

 � South 116 (21.8) 4 (28.6)

Education > 0.999

 � Junior/senior high 206 (38.7) 6 (42.9)

 � Vocational 131 (24.6) 3 (21.4)

 � University or higher 195 (36.7) 5 (35.7)

‘Stay-at-home’ status 0.854

 � Not ‘stay-at-home’ 298 (56.0) 9 (64.3)

  �  Working outside the home§ 254 (47.7) 8 (57.1)

  �  Self-employed§ 44 (8.3) 1 (7.1)

 � ‘Stay-at-home’ 234 (44.0) 5 (35.7)

  �  Working from home¶ 64 (12.0) 2 (14.3)

  �  Not working¶ 170 (32.0) 3 (21.4)

Household income 0.087

 � JPY 0–<4 million 154 (28.9) 8 (57.1)

 � JPY 4–<8 million 230 (43.2) 3 (21.4)

 � JPY +8 million 148 (27.8) 3 (21.4)

NDVI 100 m 0.186±0.073 0.166±0.051 0.309

NDVI 250 m 0.199±0.078 0.185±0.057 0.526

NDVI 500 m 0.209±0.084 0.195±0.065 0.516

NDVI 1000 m 0.218±0.082 0.206±0.068 0.589

*Logistic regression analysis was performed based on the imputed dataset (n=615).
†Statistical tests performed: Fisher’s exact test for sex, comorbidities, cohabitants, residential district, education, working 
status and household income; t-test for age and NDVI.
‡Comorbidities assessed: seasonal allergy, asthma, cardiovascular disease, renal disease, immune disease, diabetes, 
cancer, arthritis, epilepsy/convulsion, gastroenteric disease, dermatological disease, mental disease, alcohol/ drug abuse, 
intellectual disabilities, autism spectrum disorder, learning disabilities and tuberculosis.
§Those working outside the home or those self-employed were categorised into the ‘not stay-at-home’ group.
¶Those working from home or those not working were categorised into the ‘stay-at-home’ group.
JPY, Japanese yen; K6, Kessler Psychological Distress Scale; NDVI, normalised difference vegetation index.

https://dx.doi.org/10.1136/bmjph-2023-000093
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associated with severe psychological distress, although 
the associations were not statistically significant (NDVI 
500 m buffer: OR=0.41, 95% CI 0.15 to 1.08; NDVI 1000 
m buffer: OR=0.45, 95% CI 0.17 to 1.16).

The same trend was observed when we reset the cut-off 
value for total K6 scores to 8/9. An increase in NDVI was 
inversely associated with moderate psychological distress, 
although the associations were not statistically signifi-
cant (NDVI 250 m buffer: OR=0.88, 95% CI 0.44 to 1.78; 
NDVI 500 m buffer: OR=0.84, 95% CI 0.40 to 1.74; NDVI 
1000 m buffer: OR=0.93, 95% CI 0.48 to 1.79) (online 
supplemental table 6).

DISCUSSION
This study was one of the pioneering efforts to investigate 
the association between objectively measured residential 
greenness and severe psychological distress during the 
COVID-19 pandemic. Our findings reveal an inverse 
association between residential greenness and severe 
psychological distress among individuals who likely spent 
more time at home. Importantly, by employing objective 
measurements of residential greenness, this study avoids 
the common source bias that affected previous research 
relying on self-reported questionnaires to assess mental 
health in relation to subjective greenness.14

Several mechanisms have been suggested to explain 
the positive impact of residential greenness on mental 

health,9 35 including: (a) stress recovery and attention 
restoration through exposure to green spaces; (b) a 
healthier environment with reduced air pollution and 
noise levels; and (c) increased opportunities for physical 
activity and social interaction. It is worth noting that social 
isolation and loneliness have been linked to heightened 
inflammation36 37 which, in turn, is associated with poorer 
mental health outcomes.38 Mental health has emerged 
as a crucial concern during the COVID-19 pandemic, 
primarily due to the impact of social distancing measures 
that have limited opportunities for physical activity and 
social interaction.2 However, our findings indicate that 
even amidst ‘stay-at-home’ policies, residential green 
spaces have demonstrated positive effects on mental well-
being when viewed from home.

The conventional assessment of the residential environ-
ment has faced considerable criticism.39 One aspect that 
has often been overlooked is exposure misclassification, as 
many studies have failed to consider the variability in indi-
vidual exposure to residential greenness. Furthermore, 
studies examining the link between residential greenness 
and mental health have predominantly assumed that indi-
viduals remain fixed at specific locations, such as their 
residence.40 41 In reality, however, individuals are exposed 
to a variety of environments beyond their residential 
areas, including their work and leisure environments.40 42 
Individual factors, such as employment status, can result 

Table 2  Association between residential greenness (NDVI) and severe psychological distress (K6 score ≥13) in the imputed 
dataset (n=615)

Crude model Adjusted model*

OR (95% CI)† P value OR (95% CI)† P value

NDVI 100 m‡ 0.71 (0.38 to 1.31) 0.267 0.77 (0.44 to 1.34) 0.352

NDVI 250 m‡ 0.82 (0.43 to 1.58) 0.560 0.86 (0.46 to 1.60) 0.627

NDVI 500 m‡ 0.82 (0.41 to 1.66) 0.582 0.83 (0.42 to 1.66) 0.597

NDVI 1000 m‡ 0.85 (0.41 to 1.75) 0.657 0.85 (0.41 to 1.75) 0.655

*Adjusted for age, sex, comorbidities, cohabitants, residential district, education, ‘stay-at-home’ status and household 
income.
†OR and 95% CI were estimated for an IQR increment in NDVI.
‡Average NDVI values within circular buffers of 100 m, 250 m, 500 m and 1000 m of each residential location were used.
K6, Kessler Psychological Distress Scale; NDVI, normalised difference vegetation index.

Table 3  Association between residential greenness (NDVI) and severe psychological distress (K6 score ≥13) in the imputed 
dataset (n=615), stratified by the ‘stay-at-home’ status

Buffer size
for NDVI

OR (95% CI)

P for interactionNot stay-at-home Stay-at-home

100 m 0.91 (0.47 to 1.79) 0.27 (0.10 to 0.77) 0.006

250 m 0.98 (0.44 to 2.19) 0.26 (0.10 to 0.69) 0.011

500 m 0.94 (0.37 to 2.37) 0.33 (0.11 to 0.95) 0.042

1000 m 0.92 (0.33 to 2.59) 0.43 (0.14 to 1.31) 0.212

All models adjusted for age, sex, comorbidities, cohabitants, residential district, education, and household income.
OR and 95% CI were estimated for an IQR increment in NDVI.
K6, Kessler Psychological Distress Scale; NDVI, normalised difference vegetation index.
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in varying levels of exposure to the neighbourhood. For 
instance, a study by Perchoux et al39 revealed that unem-
ployed individuals had smaller activity spaces compared 
with those who were employed. The authors speculated 
that the observed trend among unemployed residents 
indicated greater confinement to their residences and 
limited opportunities to travel beyond their immediate 
neighbourhoods.39 Individuals who had higher levels of 
exposure to residential greenness were more likely to be 
influenced by the surrounding environment near their 
homes. As a result, the ‘stay-at-home’ group, who experi-
enced greater confinement to their residences, may have 
experienced an amplified exposure to residential green-
ness. In contrast, the ‘not stay-at-home’ group would 
have maintained a similar level of exposure to residential 
greenness.

Significant associations were observed between NDVI 
and severe psychological distress for the ‘stay-at-home’ 
group within the 100 m, 250 m and 500 m buffers, while 
no significant associations were found for the 1000 m 
buffers. Previous studies have indicated that areas beyond 
300–400 m buffers around the home are less frequently 
visited compared with those within this range.43 44 Addi-
tionally, another study highlighted that the distance of 250 
m approximately represents the extent of people’s visual 
surroundings from their homes.45 Moreover, Gascon 
et al9 highlighted that if the relationship between resi-
dential greenness and mental health operates through 
attention restoration achieved by simply viewing green 
spaces, individuals residing in proximity to green spaces 

are likely to experience more beneficial effects. The find-
ings from these studies suggest that smaller buffer sizes 
may better capture the restorative influences of residen-
tial greenness. Consistent with these previous studies, our 
results also suggest that smaller buffer distances around 
the home may better represent the restorative influences, 
as individuals can still benefit from the view of residential 
greenness even when staying at home.

Nonetheless, several limitations to this study should be 
noted. First, although NDVI is widely used as a measure 
of residential greenness in epidemiological studies, it 
does not take into account the specific types of vegetation 
present.28 The effects of residential greenness on mental 
health may differ depending on the types of vegetation. 
For example, Astell-Burt and Feng46 found that expo-
sure to tree canopy was associated with better mental 
health, while exposure to grass was linked to poorer 
mental health outcomes. Our study did not consider 
the geographic variation in vegetation, which may have 
resulted in non-differential misclassification of exposure 
and potentially underestimated the associations between 
residential greenness and mental health.

Second, there is a possibility of misclassification in 
determining ‘stay-at-home’ status. We used ‘stay-at-home’ 
status as a proxy for the intensity of exposure to residential 
greenness, as suggested by previous studies.16 39 Neverthe-
less, we acknowledge that our measure of exposure may 
not have captured all the locations where participants 
had been, which could have led to underestimating the 
association between residential greenness and mental 

Figure 2  Diagram for the association between residential greenness (NDVI) and severe psychological distress (K6 score ≥13) 
in the imputed dataset (n=615), stratified by the ‘stay-at-home’ status. All models were adjusted for age, sex, comorbidities, 
cohabitants, residential district, education and household income. OR and 95% CI were estimated for an IQR increment in 
NDVI and illustrated on a log scale. Solid squares and solid circles refer to the ‘not stay-at-home’ group (those working outside 
the home or those self-employed) and the ‘stay-at-home’ group (those working from home or those not working), respectively. 
Solid lines indicate 95% CI. Average NDVI values within circular buffers of 100 m, 250 m, 500 m and 1000 m of each residential 
location were used. K6, Kessler Psychological Distress Scale; NDVI, normalised difference vegetation index.
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health. To address this limitation, the utilisation of more 
advanced technologies such as the global positioning 
system could offer a means to capture the detailed daily 
activities of study participants.47

Third, when comparing the study participants to the 
non-participating adults, we observed that the non-
participants tended to be older, residing in peripheral 
areas and living alone. These groups may have experi-
enced less peer pressure, resulting in lower motivation 
to participate in the study. Furthermore, individuals who 
chose not to participate may have had poorer mental 
health and resided in areas with less residential greenness. 
As a result, there is a possibility that this could have led to 
an underestimation of the association between residen-
tial greenness and mental health status. To address this 
issue, non-response weights were applied to the logistic 
regression models, aiming to account for potential biases 
caused by non-participation.

Fourth, the observed association between residential 
greenness and severe psychological distress does not 
necessarily represent a causal relationship due to the 
cross-sectional nature of the study design. To overcome 
this limitation, a longitudinal study is warranted.

Fifth, severe psychological distress was assessed by a 
self-administered questionnaire. The presence of stigma 
surrounding mental illness may have influenced partici-
pants to report lower scores on the mental health ques-
tionnaire due to social-desirability bias. However, since 
this bias represents non-differential misclassification of 
the outcome, it would lead to an underestimation of the 
associations (towards the null).

Sixth, there is a possibility of some unmeasured 
confounding factors remaining in the analysis. We lack 
information regarding the participants’ mental health 
status prior to the COVID-19 pandemic, which could 
potentially affect both their mental health status and 
their living environment during the pandemic, serving 
as a potential confounder. Additionally, another study 
indicated that parents with young children may have 
faced specific challenges during the pandemic, such as 
increased stress levels or concerns for the future.15 These 
parents may have sought out environments more suitable 
for childcare, potentially leading to a relocation to areas 
with greater green space. However, we did not account 
for the presence or absence of young children in our 
analysis.

Finally, the vegetation composition and characteris-
tics can vary across different regions, which means the 
protective effect of residential greenness measured by 
NDVI may differ from one region to another. Therefore, 
it is important to validate our results through studies 
conducted in diverse geographic locations to establish 
generalisability and ensure the broader applicability of 
our findings.

Notwithstanding these limitations, the findings from 
this study hold policy implications. Amidst the COVID-19 
pandemic, nature-based social prescribing has been 
proposed as an approach to foster social connectedness 

and promote mental well-being.7 However, the imple-
mentation of such strategies has been challenging due to 
restrictions on outdoor activities and social interactions. 
Despite these circumstances, our study revealed that resi-
dential greenness around the home served as a protec-
tive factor for poor mental health status, particularly for 
individuals who were more confined to their residences 
as a result of social distancing policies. These findings 
highlight the potential significance of residential green 
spaces in supporting mental well-being even in situations 
where social interactions are limited.

There is an urgent need to establish preparation and 
response plans for public health interventions targeting 
mental health issues during the COVID-19 pandemic.1 2 6 
Furthermore, the development of improved residential 
green spaces around homes can potentially serve as a 
protective factor for the deterioration of mental health 
not only during the current pandemic but also in future 
pandemics. It is worth noting that a heightened burden 
of mental health problems is expected even in the post-
pandemic era.48 The question of whether residential 
greenness will continue to function as a protective factor 
for mental health in the post-COVID era remains unan-
swered, presenting a research opportunity for future 
longitudinal studies.

In conclusion, we found that objectively measured resi-
dential greenness around the home can be a protective 
factor for severe psychological distress among individuals 
who likely spent more time at home during the COVID-19 
pandemic. Further research is warranted to investigate 
the quality of residential greenness, along with more 
comprehensive information on individuals’ activities.

Author affiliations
1Department of Global Health Promotion, Tokyo Medical and Dental University, 
Bunkyo-ku, Tokyo, Japan
2Department of Medical Education Research and Development, Tokyo Medical and 
Dental University, Bunkyo-ku, Tokyo, Japan
3Kuramochi Clinic Interpark, Utsunomiya, Tochigi, Japan

Acknowledgements  We thank Euma Ishii, Yoshifumi Fukuya, Keitaro Miyamura, 
Yu Funakoshi, and medical students at TMDU, who participated in the data 
collection, medical staffs in Kuramochi Clinic Interpark, and all the participants in 
this study.

Contributors  HN and TF conceived the idea for the study. HN, NN, YY, YK, JK, 
and TF contributed in data curation. HN conducted the formal analysis. HN wrote 
the initial draft of the manuscript. NN, YY, YK, JK, and TF critically revised the 
manuscript. TF supervised this study and is the guarantor. All authors approved the 
final version of the manuscript.

Funding  This research was supported by the Japan Agency for Medical Research 
and Development (AMED) under Grant Number 20he0722006. The funder had no 
role in study design, collection, analysis, and interpretation of data, writing of the 
report, or the decision to submit the article for publication.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved by This 
study protocol was approved by the Institutional Review Board of Tokyo Medical and 
Dental University (M2019-357) Participants gave informed consent to participate in 
the study before taking part.



Nishimura H, et al. BMJ Public Health 2023;1:e000093. doi:10.1136/bmjph-2023-000093 9

BMJ Public Health

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. 
Data relevant to this study are not publicly available but are available from the 
corresponding author upon reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Hisaaki Nishimura http://orcid.org/0000-0002-1439-8369
Yui Yamaoka http://orcid.org/0000-0002-4682-4262
Yuna Koyama http://orcid.org/0000-0001-9091-7477
Takeo Fujiwara http://orcid.org/0000-0002-1074-3954

REFERENCES
	 1	 Dong L, Bouey J. Public mental health crisis during COVID-19 

pandemic, China. Emerg Infect Dis 2020;26:1616–8. 
	 2	 Brooks SK, Webster RK, Smith LE, et al. The psychological impact 

of quarantine and how to reduce it: rapid review of the evidence. 
Lancet 2020;395:912–20. 

	 3	 Marroquín B, Vine V, Morgan R. Mental health during the COVID-19 
pandemic: effects of stay-at-home policies, social distancing 
behavior, and social resources. Psychiatry Res 2020;293:113419. 

	 4	 Hertz-Palmor N, Moore TM, Gothelf D, et al. Association among 
income loss, financial strain and depressive symptoms during 
COVID-19: evidence from two longitudinal studies. J Affect Disord 
2021;291:1–8. 

	 5	 Pfefferbaum B, North CS. Mental health and the COVID-19 
pandemic. N Engl J Med 2020;383:510–2. 

	 6	 World health organization. promoting mental health preparedness 
and response for public health emergencies. 2021. Available: https://​
apps.who.int/gb/ebwha/pdf_files/EB148/B148(3)-en.pdf [Accessed 8 
Jul 2021].

	 7	 Leavell MA, Leiferman JA, Gascon M, et al. Nature-based social 
prescribing in urban settings to improve social Connectedness and 
mental well-being: a review. Curr Envir Health Rpt 2019;6:297–308. 

	 8	 Bratman GN, Anderson CB, Berman MG, et al. Nature and mental 
health: an Ecosystem service perspective. Sci Adv 2019;5:eaax0903. 

	 9	 Gascon M, Triguero-Mas M, Martínez D, et al. Mental health benefits 
of long-term exposure to residential green and blue spaces: A 
systematic review. Int J Environ Res Public Health 2015;12:4354–79. 

	10	 Geary RS, Wheeler B, Lovell R, et al. A call to action: improving 
urban green spaces to reduce health inequalities exacerbated by 
COVID-19. Preventive Medicine 2021;145:106425. 

	11	 Soga M, Evans MJ, Tsuchiya K, et al. A room with a green view: the 
importance of nearby nature for mental health during the COVID-19 
pandemic. Ecol Appl 2021;31:e2248. 

	12	 Spano G, D’Este M, Giannico V, et al. Association between 
indoor-outdoor green features and psychological health during the 
COVID-19 Lockdown in Italy: A cross-sectional nationwide study. 
Urban For Urban Green 2021;62:127156. 

	13	 Dzhambov AM, Lercher P, Browning M, et al. Does Greenery 
experienced indoors and outdoors provide an escape and support 
mental health during the COVID-19 quarantine? Environ Res 
2021;196:110420. 

	14	 Chum A, O’Campo P, Lachaud J, et al. Evaluating same-source 
bias in the association between neighbourhood characteristics 
and depression in a community sample from Toronto, Canada. Soc 
Psychiatry Psychiatr Epidemiol 2019;54:1177–87. 

	15	 Vos S, Bijnens EM, Renaers E, et al. Residential green space is 
associated with a Buffering effect on stress responses during the 

COVID-19 pandemic in mothers of young children, a prospective 
study. Environ Res 2022;208:112603. 

	16	 Roberts H, van Lissa C, Helbich M. Perceived neighbourhood 
characteristics and depressive symptoms: potential mediators 
and the moderating role of employment status. Soc Sci Med 
2021;268:113533. 

	17	 Killgore WDS, Cloonan SA, Taylor EC, et al. Loneliness: A signature 
mental health concern in the era of COVID-19. Psychiatry Res 
2020;290:113117. 

	18	 Nawa N, Kuramochi J, Sonoda S, et al. Seroprevalence of SARS-
Cov-2 in Utsunomiya city, greater Tokyo, after the first pandemic in 
2020. J Gen Fam Med 2021;22:160–2. 

	19	 Utsunomiya city government office. The monthly population. 
The monthly population. Available: https://www15.j-server.com/​
LUCUTNMY/ns/tl.cgi/https%3A//www.city.utsunomiya.tochigi.jp/​
shisei/johokokai/gyoseisiryo/1020024/1020072/1020098.html?​
SLANG=ja&TLANG=en&XMODE=0&XPARAM=q,&XCHARSET=utf-​
8&XPORG=,&XJSID=0 [Accessed 5 Jul 2023].

	20	 Ministry of Health, Labour and Welfare. Basic policies for novel 
Coronavirus disease control. 2021. Available: https://www.mhlw.go.​
jp/stf/covid-19/seifunotorikumi_00003.html#1-3 [Accessed 11 Aug 
2021].

	21	 Tanji F, Tomata Y, Zhang S, et al. Psychological distress and 
completed suicide in Japan: A comparison of the impact of 
moderate and severe psychological distress. Preventive Medicine 
2018;116:99–103. 

	22	 Kikuchi H, Machida M, Nakamura I, et al. Changes in psychological 
distress during the COVID-19 pandemic in Japan: A longitudinal 
study. J Epidemiol 2020;30:522–8. 

	23	 Gascon M, Sánchez-Benavides G, Dadvand P, et al. Long-term 
exposure to residential green and blue spaces and anxiety 
and depression in adults: A cross-sectional study. Environ Res 
2018;162:231–9. 

	24	 Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening 
the reporting of observational studies in epidemiology (STROBE): 
explanation and elaboration. PLoS Med 2007;4:e297. 

	25	 Rhew IC, Vander Stoep A, Kearney A, et al. Validation of 
the normalized difference vegetation index as a measure of 
neighborhood greenness. Ann Epidemiol 2011;21:946–52. 

	26	 National Institute of Advanced Industrial Science and Technology 
(AIST). Landbrowser. 2021. Available: https://landbrowser.airc.aist.​
go.jp/landbrowser/ [Accessed 15 Jul 2020].

	27	 Dzhambov AM, Markevych I, Lercher P. Associations of residential 
greenness, traffic noise, and air pollution with birth outcomes across 
Alpine areas. Sci Total Environ 2019;678:399–408. 

	28	 Sun Y, Sheridan P, Laurent O, et al. Associations between green 
space and Preterm birth: windows of susceptibility and interaction 
with air pollution. Environ Int 2020;142:105804. 

	29	 Kessler RC, Green JG, Gruber MJ, et al. Screening for serious 
mental illness in the general population with the K6 screening scale: 
results from the WHO world mental health (WMH) survey initiative. 
Int J Methods Psychiatr Res 2010;19:4–22. 10.1002/mpr.310 
Available: http://doi.wiley.com/10.1002/mpr.v19.1s

	30	 Furukawa TA, Kawakami N, Saitoh M, et al. The performance of 
the Japanese version of the K6 and K10 in the world mental health 
survey Japan. Int J Methods Psychiatr Res 2008;17:152–8. 

	31	 South EC, Hohl BC, Kondo MC, et al. Effect of greening vacant 
land on mental health of community-dwelling adults: A cluster 
randomized trial. JAMA Netw Open 2018;1:e180298. 

	32	 Nawa N, Yamaoka Y, Koyama Y, et al. Association between social 
integration and face mask use behavior during the Sars-Cov-2 
pandemic in Japan: results from U-Corona study. Int J Environ Res 
Public Health 2021;18:4717. 

	33	 Little RJ, Vartivarian S. On weighting the rates in non-response 
weights. Stat Med 2003;22:1589–99. 

	34	 White IR, Royston P, Wood AM. Multiple imputation using 
chained equations: issues and guidance for practice. Stat Med 
2011;30:377–99. 

	35	 Markevych I, Schoierer J, Hartig T, et al. Exploring pathways linking 
Greenspace to health: theoretical and methodological guidance. 
Environ Res 2017;158:301–17. 

	36	 Koyama Y, Nawa N, Yamaoka Y, et al. Interplay between social 
isolation and loneliness and chronic systemic inflammation during 
the COVID-19 pandemic in Japan: results from U-CORONA study. 
Brain Behav Immun 2021;94:51–9. 

	37	 Smith KJ, Gavey S, RIddell NE, et al. The association between 
loneliness, social isolation and inflammation: A systematic review 
and meta-analysis. Neurosci Biobehav Rev 2020;112:519–41. 

	38	 Kiecolt-Glaser JK, Derry HM, Fagundes CP. Inflammation: 
depression fans the flames and feasts on the heat. Am J Psychiatry 
2015;172:1075–91. 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1439-8369
http://orcid.org/0000-0002-4682-4262
http://orcid.org/0000-0001-9091-7477
http://orcid.org/0000-0002-1074-3954
http://dx.doi.org/10.3201/eid2607.200407
http://dx.doi.org/10.1016/S0140-6736(20)30460-8
http://dx.doi.org/10.1016/j.psychres.2020.113419
http://dx.doi.org/10.1016/j.jad.2021.04.054
http://dx.doi.org/10.1056/NEJMp2008017
https://apps.who.int/gb/ebwha/pdf_files/EB148/B148(3)-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/EB148/B148(3)-en.pdf
http://dx.doi.org/10.1007/s40572-019-00251-7
http://dx.doi.org/10.1126/sciadv.aax0903
http://dx.doi.org/10.3390/ijerph120404354
http://dx.doi.org/10.1016/j.ypmed.2021.106425
http://dx.doi.org/10.1002/eap.2248
http://dx.doi.org/10.1016/j.ufug.2021.127156
http://dx.doi.org/10.1016/j.envres.2020.110420
http://dx.doi.org/10.1007/s00127-019-01718-6
http://dx.doi.org/10.1007/s00127-019-01718-6
http://dx.doi.org/10.1016/j.envres.2021.112603
http://dx.doi.org/10.1016/j.socscimed.2020.113533
http://dx.doi.org/10.1016/j.psychres.2020.113117
http://dx.doi.org/10.1002/jgf2.408
https://www15.j-server.com/LUCUTNMY/ns/tl.cgi/https%3A//www.city.utsunomiya.tochigi.jp/shisei/johokokai/gyoseisiryo/1020024/1020072/1020098.html?SLANG=ja&TLANG=en&XMODE=0&XPARAM=q,&XCHARSET=utf-8&XPORG=,&XJSID=0
https://www15.j-server.com/LUCUTNMY/ns/tl.cgi/https%3A//www.city.utsunomiya.tochigi.jp/shisei/johokokai/gyoseisiryo/1020024/1020072/1020098.html?SLANG=ja&TLANG=en&XMODE=0&XPARAM=q,&XCHARSET=utf-8&XPORG=,&XJSID=0
https://www15.j-server.com/LUCUTNMY/ns/tl.cgi/https%3A//www.city.utsunomiya.tochigi.jp/shisei/johokokai/gyoseisiryo/1020024/1020072/1020098.html?SLANG=ja&TLANG=en&XMODE=0&XPARAM=q,&XCHARSET=utf-8&XPORG=,&XJSID=0
https://www15.j-server.com/LUCUTNMY/ns/tl.cgi/https%3A//www.city.utsunomiya.tochigi.jp/shisei/johokokai/gyoseisiryo/1020024/1020072/1020098.html?SLANG=ja&TLANG=en&XMODE=0&XPARAM=q,&XCHARSET=utf-8&XPORG=,&XJSID=0
https://www15.j-server.com/LUCUTNMY/ns/tl.cgi/https%3A//www.city.utsunomiya.tochigi.jp/shisei/johokokai/gyoseisiryo/1020024/1020072/1020098.html?SLANG=ja&TLANG=en&XMODE=0&XPARAM=q,&XCHARSET=utf-8&XPORG=,&XJSID=0
https://www.mhlw.go.jp/stf/covid-19/seifunotorikumi_00003.html#1-3
https://www.mhlw.go.jp/stf/covid-19/seifunotorikumi_00003.html#1-3
http://dx.doi.org/10.1016/j.ypmed.2018.09.007
http://dx.doi.org/10.2188/jea.JE20200271
http://dx.doi.org/10.1016/j.envres.2018.01.012
http://dx.doi.org/10.1371/journal.pmed.0040297
http://dx.doi.org/10.1016/j.annepidem.2011.09.001
https://landbrowser.airc.aist.go.jp/landbrowser/
https://landbrowser.airc.aist.go.jp/landbrowser/
http://dx.doi.org/10.1016/j.scitotenv.2019.05.019
http://dx.doi.org/10.1016/j.envint.2020.105804
http://dx.doi.org/10.1002/mpr.310
http://doi.wiley.com/10.1002/mpr.v19.1s
http://dx.doi.org/10.1002/mpr.257
http://dx.doi.org/10.1001/jamanetworkopen.2018.0298
http://dx.doi.org/10.3390/ijerph18094717
http://dx.doi.org/10.3390/ijerph18094717
http://dx.doi.org/10.1002/sim.1513
http://dx.doi.org/10.1002/sim.4067
http://dx.doi.org/10.1016/j.envres.2017.06.028
http://dx.doi.org/10.1016/j.bbi.2021.03.007
http://dx.doi.org/10.1016/j.neubiorev.2020.02.002
http://dx.doi.org/10.1176/appi.ajp.2015.15020152


10 Nishimura H, et al. BMJ Public Health 2023;1:e000093. doi:10.1136/bmjph-2023-000093

BMJ Public Health

	39	 Perchoux C, Kestens Y, Thomas F, et al. Assessing patterns 
of spatial behavior in health studies: their socio-demographic 
determinants and associations with transportation modes (the 
RECORD cohort study). Soc Sci Med 2014;119:64–73. 

	40	 Chaix B, Méline J, Duncan S, et al. GPS tracking in neighborhood 
and health studies: A step forward for environmental exposure 
assessment, A step backward for causal inference Health & Place 
2013;21:46–51. 

	41	 Rainham D, McDowell I, Krewski D, et al. Conceptualizing the 
Healthscape: contributions of time geography, location technologies 
and spatial Ecology to place and health research. Soc Sci Med 
2010;70:668–76. 

	42	 Hurvitz PM, Moudon AV. Home versus Nonhome neighborhood: 
Quantifying differences in exposure to the built environment. Am J 
Prev Med 2012;42:411–7. 

	43	 Grahn P, Stigsdotter UA. Landscape planning and stress. Urban 
Forestry & Urban Greening 2003;2:1–18. 

	44	 Nielsen TS, Hansen KB. Do green areas affect health? results from 
a Danish survey on the use of green areas and health indicators. 
Health & Place 2007;13:839–50. 

	45	 Cox DTC, Shanahan DF, Hudson HL, et al. Doses of neighborhood 
nature: the benefits for mental health of living with nature. 
BioScience 2017;67:biw173. 

	46	 Astell-Burt T, Feng X. Association of urban green space with mental 
health and general health among adults in Australia. JAMA Netw 
Open 2019;2:e198209. 

	47	 Yi L, Wilson JP, Mason TB, et al. Methodologies for assessing 
Contextual exposure to the built environment in physical activity 
studies: A systematic review. Health & Place 2019;60:102226. 

	48	 Vadivel R, Shoib S, El Halabi S, et al. Mental health in the post-
COVID-19 era: challenges and the way forward. Gen Psych 
2021;34:e100424. 

http://dx.doi.org/10.1016/j.socscimed.2014.07.026
http://dx.doi.org/10.1016/j.healthplace.2013.01.003
http://dx.doi.org/10.1016/j.socscimed.2009.10.035
http://dx.doi.org/10.1016/j.amepre.2011.11.015
http://dx.doi.org/10.1016/j.amepre.2011.11.015
http://dx.doi.org/10.1078/1618-8667-00019
http://dx.doi.org/10.1078/1618-8667-00019
http://dx.doi.org/10.1016/j.healthplace.2007.02.001
http://dx.doi.org/10.1093/biosci/biw173
http://dx.doi.org/10.1001/jamanetworkopen.2019.8209
http://dx.doi.org/10.1001/jamanetworkopen.2019.8209
http://dx.doi.org/10.1016/j.healthplace.2019.102226
http://dx.doi.org/10.1136/gpsych-2020-100424

	Association between residential greenness and severe psychological distress and the moderating role of ‘stay-­at-­home’ status: a population-­based cross-­sectional study during the COVID-­19 pandemic in Japan
	Abstract
	Introduction﻿﻿
	Methods
	Participants
	Residential greenness
	Severe psychological distress
	Covariates
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	References


