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Abstract
Background: Exposure to natural outdoor environments (NOE) has been shown to be beneficial to older adults’
health and functioning, yet this assertion has rarely been tested in China. We investigated the relationships
between exposure to NOE and older adults’ self-rated health in Shanghai, China and examined whether these
relationships varied by sex, age, education and hukou status.
Method: This cross-sectional study used micro-data sample of the 2010 Shanghai population census, including
7962 older adults nested within 3345 neighbourhoods. Self-rated health was the outcome variable. Four NOE
exposure indicators were calculated for each neighbourhood: the amount of surrounding greenness/blueness and
proximity to large green/blue spaces. Multilevel logistic regression was employed to explore the association
between natural outdoor environment exposure and self-rated health, adjusting for individual-level and
neighbourhood-level covariates. Stratified analyses were used to examine variations by sex, age, education and
hukou status.
Results: Older adults living in neighbourhoods with higher surrounding greenness and higher proximity to both
green spaces and blue spaces were more likely to report good health. Residential surrounding blueness was not
significantly related to self-rated health. Females, those aged 60–69 years, those who had elementary school or
junior high school education and those with non-local hukou benefit more from residential surrounding greenness,
and those aged 70–79 years and who had elementary school or junior high school education benefit more from
residential proximity to blue spaces.
Conclusions: Higher residential greenness and proximity to both green spaces and blue spaces were associated
with better self-rated health, particularly for females, younger older adults, the low educated and non-local hukou
holders. Our findings suggest that urban green spaces and urban blue spaces have different effects on health
among Chinese older adults and that the assessment of exposure matters to the investigation of NOE-health
relationships.
Keywords: Green spaces, Blue spaces, Natural outdoor environment, Self-rated health, Older adults, Population
census
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Introduction
China has the largest number of older people in the
world and is currently experiencing rapid population
aging. In 2010, China’s population over 60 years reached
approximately 177.6 million, which accounted for
13.26% of the total population and is expected to reach
25% by 2030 [1]. Older people tend to be more
dependent on the immediate residential neighbourhood
environment due to declines in physical and cognitive
functioning, reduction in social networks and increased
fragility, and therefore their health is more closely
entwined with their immediate residential environment
[2]. Further, with rapid urbanization in China, urban
dwellers have faced increased exposure to environmental
hazards (e.g. air pollution, noise, extreme temperatures)
and place-based factors (e.g. cigarette retailers) that
undermine healthy lifestyles [3–6]. Identifying environmental attributes that support health and wellbeing
amongst older populations in China is therefore a critical priority for policymakers.
A growing body of epidemiological evidence has
shown that exposure to natural outdoor environments
(NOE) is beneficial to older adults’ health and functioning [2]. NOE is associated with better self-reported mental health [7], reduced level of stress and mental
disorders [8, 9] and reduction in all-cause mortality [10].
It is also positively associated with longevity [11], improved cardiovascular health [12] and increased levels of
walking activity [13] among older adults. Some scholars
have suggested that NOE in the vicinity of people’s
homes (e.g. green spaces and blue spaces) provide a protective effect on health and wellbeing through multiple
pathways including reducing exposure to environmental
stressors, restoring attention, encouraging physical activity and facilitating neighbourhood social cohesion [10,
14–18].
A small but growing body of research has explored the
salutogenic effects of residential surrounding greenness
in China [10, 19–25], but relatively little attention has
been paid to the salutogenic effects of blue spaces [26,
27]. Studies from developed countries have shown that
large blue spaces provide accessible and attractive places
for people to socialize with neighbours and conduct
physical activity, with benefits for local health [28, 29].
However, empirical studies in Chinese rapidly urbanizing
and densely populated cities are scant, and it is unclear
whether experiences drawn from low-density cities in
Western countries can be applied to Asian high-density
settings. Although two studies have investigated the association between exposure to blue spaces and health
among Chinese urban residents [26, 27], these studies
are based on small-scale survey data collected in some
places in a Chinese city (48 neighbourhoods in Beijing
and one community-based health centre Hong Kong),
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which suffers from the problem of limited statistical
power and poor generalizability. Furthermore, some
earlier studies have suggested that NOE-health relationships varied by individual demographic and socioeconomic characteristics (e.g. age, sex, education and
cultural background) [29–31] and that older people tend
to benefit more from residential proximity to NOE than
the younger [16]. But no research has examined the variation of NOE-health relationships by demographic and
socioeconomic characteristics in China.
Therefore, this study investigated the relationships
between exposure to NOE in the vicinity of homes
(measured by the amount of surrounding greenness /
blueness and the residential proximity to large green /
blue spaces) and self-rated health (SRH) among older
adults in Shanghai, a Chinese high-density megacity.
We further examined whether these relationships differed by demographic and socioeconomic attributes
such as sex, age, education and hukou status. This
study is among the first to use large-scale representative data across an entire city to explore the relationships between NOE exposure and SRH among older
people in Chinese cities. It uses multiple indicators
(surrounding greenness/blueness and proximity to
green spaces/blue spaces) to assess residents’ exposure
to NOE, thus being able to capture the complexity of
the salutogenic effects of NOE.

Methods
Study population

The focus for this study is Shanghai, which covers an
area of 6340.5 km2 and has a total population of 23 million (the largest city in China by population). It accommodated 3.5 million population aged 60 or above, which
accounted for 15.07% of the total population in 2010.
The data used in our analysis were taken from the
micro-data sample of the 2010 Shanghai population census together with high-resolution land cover datasets.
The micro-data sample was randomly extracted from
the 2010 Shanghai population census database using a
systematic sampling technology, and the demographics
of micro-data sample were representative of the Shanghai population. The micro-data sample contains 55,169
individuals living in 4895 neighbourhoods. The mean
population of Shanghai’s neighbourhoods is 6465, and
the mean size is 1.2 km2. We selected people aged 60 or
above only for this study, because those aged under 60
years did not provide health information in the census.
Among those aged 60 or above, 461 (5.4% of the total)
individuals were omitted due to missing values for key
variables. The neighbourhood in this study is defined as
an area administered by neighbourhood committee
(Juweihui), which is the smallest administrative division
in urban China. The final dataset comprised 7962 older
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adults from 3354 neighbourhoods. Additional file 1:
Figure S1 illustrates the process of selecting study samples. For authors from the Chinese institutions, the
population census is exempt from ethical approval, since
data used for the present study were anonymized and
without any sensitive information. For authors from the
United Kingdom institution, ethical approval for the
study was obtained from the Edinburgh University
School of Geosciences Research Ethics Committee.
Outcome

Our outcome variable was SRH, which is a commonly
used indicator to assess individual’s current health status
[32, 33]. Respondents of the 2010 Shanghai population
census were asked “In general, how would you rate your
health over the past month?” They could respond with
one of the following four categories: ‘good health’, ‘fair
health’, ‘poor health’ and ‘not able to take care of myself’.
We removed respondents who answered ‘not able to
take care of myself’ (n = 305), because they were mostly
advanced aging people above 80 years old (n = 180) who
had a higher risk of mortality. We then dichotomized
other categories into ‘good health’ and ‘fair or poor
health’ (as the referenced category).
Exposure to natural outdoor environments

Exposure to NOE were derived from GlobeLand30–
2010 with 30 m × 30 m spatial resolution. The GlobeLand30–2010 were extracted from Landsat and Chinese
HJ-1 satellite images around 2010. Land cover was classified into ten types, including cultivated land, forest,
grassland, shrubland, wetland, water bodies, tundra, artificial surfaces, bareland, permanent snow and ice [34].
We grouped cultivated land, forest, grassland, shrubland
and wetland into green spaces and defined blue spaces
as water bodies. Following previous studies, we used two
sets of indicators to assess individuals’ exposure to NOE
[15]: the amount of surrounding greenness/blueness and
proximity to green space/blue space. “Surrounding area”
is defined as a circular buffer with a specific radius
around the centroid of participants’ residential neighbourhood in the sense of an administrative division, and
“proximity” is defined as the straight-line distance between neighbourhood centroid to the boundary of the
nearest major NOE. Specifically, we developed the following four NOE exposure indicators: 1) the amount of
surrounding greenness, which was measured by the total
percentage of green spaces within a circular buffer with
a radius of 1 km around the centroid of participant’s
residential neighbourhood, 2) the amount of surrounding blueness, which was assessed by the proportion of
blue spaces within the same circular buffer, 3) proximity
to large green spaces, measured as the straight line distance between the centroid of respondent’s residential
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neighbourhood to the boundary of the nearest green
spaces larger than 1 ha, 4) proximity to large blue spaces,
assessed using the straight line distance between the
centroid of respondent’s neighbourhood and the boundary of the nearest blue spaces larger than 1 ha. We
treated the amount of surrounding greenness / blueness
and proximity to large green / blue spaces as continuous
variables. A larger value of surrounding greenness /
blueness represented a greater amount of surrounding
greenness / blueness, and a smaller value of proximity to
major green / blue spaces represented closer proximity
to major green / blue spaces.
Covariates

We used neighbourhood social deprivation index to capture neighbourhood socioeconomic status [35]. Following Townsend [36] and Carstairs et al. [37], we created
neighbourhood social deprivation index based on four
neighbourhood-level indicators from the 2010 Shanghai
population census: unemployment rates, the proportion
of residents with junior high school education or below,
the proportion of residents working in the low-end occupations (including employees in commerce and service
sectors, employees in farming, forestry, animal husbandry and fishery sectors, and people operating the
manufacturing and transportation equipment and related personnel) and the proportion of residents who are
tenants. A higher index indicates greater levels of
neighbourhood-level social deprivation.
Air pollution, especially fine particulate matter, has
been regarded as a potential confounder in NOE-health
relationships [8, 17, 38]. This study includes annual average PM2.5 concentrations as a covariate, assuming that
salutogenic impacts of green spaces might be overestimated due to lower levels of air pollution. PM2.5
data (provided at a spatial resolution of 0.01 degree ×
0.01 degree in 2010) were obtained from Socioeconomic
Data and Applications Centre website (http://sedac.ciesin.columbia.edu/data/set/sdei-global-annual-gwrpm2-5-modis-misr-seawifs-aod/data-download) [39] and
were used to generate neighbourhood-level index of
PM2.5 concentrations using QGIS 3.6 software.
Additional individual-level confounding covariates
were adjusted for: age (60–69 vs 70–79 vs > =80), sex
(male vs female), marital status (single, divorced, or
widowed vs married), hukou status (governmental
household registration system, a marker of socioeconomic status and cultural background, local hukou vs
non-local hukou), education (no schooling vs elementary
school or junior high school vs senior high school vs
college or above), living alone (yes vs no), housing area
per capita (continuous variable), housing construction
time (before 1980 vs after 1980, a proxy of household
economic status), and housing facilities (including
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water supply, kitchen, toilet and bathroom) (none, one,
two or three types of facilities vs four types of facilities)
[10, 18, 27]. All individual-level covariates were obtained from the micro-data sample of the 2010 Shanghai population census.
Statistical analysis

The relationships between SRH and NOE exposure were
examined using multilevel logistic regressions. The
baseline model (Model 1) included neighbourhood-level
and individual-level covariates only, namely, social
deprivation index, annual average PM2.5 concentration,
age, sex, marital status, hukou status, education, living
alone, housing area per capita, housing construction
time and housing facilities. We then added predictors of
the amount of surrounding greenness/blueness (Model
2) and access to green space/blue space (Model 3) separately to the baseline model. We further investigated potential variation in NOE-health relationships across
strata of sex, age, education and hukou status using
stratified analyses. Sex and age are basic demographic attributes, and education and hukou status are commonly
used to measure socioeconomic status in China. Finally,
we conducted several sensitivity analyses: 1) we changed
the radius of buffer areas from 1 km to 2 or 3 km and
then reran the regressions, 2) we changed the minimum
size of green space/blue space from 1 ha to 0.5 ha and
then reran the regressions, 3) we categorised continuous
variables of exposure to NOE into tertiles. We found no
evidence of multicollinearity among the variables by performing a variance inflation factor test. Analyses were
conducted using Stata 14.0.

Results
Table 1 shows the descriptive statistics of the sample.
Among 7962 older adults, 3585 (45.0%) participants reported good health, 4377 (55.0%) reported fair or poor
health. Respondents were more likely to be female,
younger, married, holding local hukou, junior high
school education or below, not living alone, individuals
who lived in houses constructed after 1980 and in
houses equipped with four types of facilities. The average housing area per capita was 29.2 square meters. Participants who reported good health tended to reside in
neighbourhoods with higher surrounding greenness/
blueness and closer proximity to green space/blue space.
There were significant differences in demographic and
socioeconomic characteristics between those who reported good health and those who reported fair or poor
health.
Table 2 shows results from the multilevel logistic regression. The between-neighbourhood variance and
neighbourhood-level intra-class correlation of the null
model were 3.53 and 0.52, respectively, which indicates
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the validity of the multilevel model. Model 1 includes
covariates only. Individuals who were males and held
non-local hukou were more likely than females and local
hukou holders to report good health. As anticipated, individuals who were older, who were not married and
who lived in more recently constructed houses were less
likely than their younger, married and older-house counterparts to report good health. However, no significant
relationship was found between SRH and social
deprivation and between SRH and annual average PM2.5
concentrations.
The results of Model 2 show that the percentage of
surrounding green spaces within 1 km buffer was positively associated with the likelihood of reporting good
health (OR = 1.75, 95%CI 1.15 to 2.65), while the percentage of surrounding blue spaces within 1 km buffer
was not significantly associated with the odds of reporting good health (OR = 2.54, 95%CI 0.49 to 13.12). This
suggested that older people who lived in neighbourhoods with higher surrounding greenness (but not blueness) had a better SRH. Model 3 shows that proximity
to both the nearest green spaces and the nearest blue
spaces with a minimum size of 1 ha were negatively related to the odds of reporting good health (OR = 0.93,
95%CI 0.89 to 0.97 and 0.90, 95%CI 0.84 to 0.98, respectively). This indicated that older adults who lived in
neighbourhoods with better access to green space/blue
space were more likely to report good health. Results
from sensitively analyses confirm the robustness of results (Additional file 1: Tables S1-S3).
Table 3 shows the results of stratified analyses. For
sex-stratified analyses, the percentage of and accessibility
to green spaces were associated with SRH among females (OR = 1.64, 95%CI 1.14 to 2.37 and OR = 0.94,
95%CI 0.91 to 0.98, respectively), while the association
between proximity to the nearest blue spaces and SRH
were similar for females and males (OR = 0.94, 95%CI
0.88 to 0.99 and OR = 0.94, 95%CI 0.89 to 0.99, respectively). For age-stratified analyses, the amount of surrounding greenness and proximity to green space were
more strongly linked to SRH among older adults aged
60–69 years (OR = 2.39, 95%CI 1.27 to 4.49 and OR =
0.91, 95%CI 0.85 to 0.97, respectively). However, for
proximity to blue space, its association with SRH was
stronger and attained statistical significance only for
those aged 70–79 years (OR = 0.84, 95%CI 0.72 to 0.97).
For education-stratified analyses, the amount of surrounding greenness, proximity to both green spaces and
blue spaces were associated with SRH among those who
had elementary school or junior high school education
(OR = 2.09, 95%CI 1.22 to 3.59, OR = 0.92, 95%CI 0.87
to 0.98 and OR = 0.85, 95%CI 0.77 to 0.94, respectively).
For hukou status stratified analyses, we observed stronger protective effects of the amount of surrounding
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Table 1 Summary statistics of variables
Reported good health (n =
3585)

Reported fair or poor health
(n = 4377)

pvalue

Percentage of surrounding green spaces within 1 km 16.41 (27.67)
buffer (%)

18.27 (28.38)

14.88 (26.98)

0.000a

Percentage of surrounding blue spaces within 1 km
buffer (%)

1.76 (5.61)

1.84 (5.75)

1.69 (5.50)

0.227a

Proximity to the nearest green spaces (metre)

775.98 (702.45)

715.42 (698.82)

825.59 (701.60)

0.000a

Proximity to the nearest blue spaces (metre)

2108.24 (1512.03)

2081.94 (1498.20)

2129.79 (1523.09)

0.160a

−0.31 (1.91)

−0.27 (2.02)

−0.34 (1.80)

0.146a

51.81 (2.59)

51.83 (3.17)

51.80 (1.98)

0.596a

Male

48.47

53.22

44.57

0.000b

Female

51.53

46.78

55.43

60–69

53.49

70.88

39.25

70–79

30.75

22.51

37.49

> =80

15.76

6.61

23.26

Single, divorced, or widowed

22.70

14.64

29.29

Married

77.30

85.36

70.71

Local hukou

68.12

63.57

71.85

Non-local hukou

31.88

36.43

28.15

No schooling

14.46

10.38

17.80

Elementary school or junior high school

55.15

58.02

52.80

Variables

Whole sample (n =
7962)

Outcome
Self-reported health (%)
Good

45.03

Fair or poor

54.97

Predictors (neighbourhood-level variables)

Covariates
Social deprivation index
3

Annual average PM2.5 concentrations (μg/m )
Sex (%)

Age (years) (%)
0.000b

Marital status (%)
0.000b

Hukou status (%)
0.000b

Education (%)
0.000b

Senior high school

16.68

17.10

16.34

College or above

13.71

14.50

13.06

Yes

6.66

5.38

7.70

No

93.34

94.62

92.30

29.17 (22.83)

30.82 (24.03)

27.84 (21.70)

0.000a

Before 1980

15.02

11.58

17.84

0.000b

After 1980

84.98

88.42

82.16

None, one, two or three types of facilities

13.26

11.83

85.56

Four types of facilities

86.74

88.17

14.44

Living alone (%)

Housing area per capita (m2)

0.000b

Housing construction time (%)

Housing facilities (%)

Note: results are presented as proportion for categorical variables and as mean (standard errors) for continuous variables
a
t-Test statistics. bPearson’s chi-squares statistics

0.001b
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Table 2 Multilevel logistic regression estimates of reporting good health
Effects and variables

Model 1a

Model 2b

Model 3c

OR (95% CI)

OR (95% CI)

OR (95% CI)

Fixed variables
The percentage of surrounding green spaces within 1 km buffer

1.75 (1.15–2.65) **

The percentage of surrounding blue spaces within 1 km buffer

2.54 (0.49–13.12)

Logarithm of proximity to the nearest green spaces

0.93 (0.89–0.97) **

Logarithm of proximity to the nearest blue spaces

0.90 (0.84–0.98) *

Social deprivation index

1.05 (0.99–1.10)

1.01 (0.95–1.07)

1.00 (0.94–1.06)

Annual average PM2.5 concentrations

1.00 (0.97–1.04)

1.00 (0.97–1.04)

1.00 (0.97–1.03)

Males (ref: females)

1.50 (1.31–1.71) ***

1.48 (1.30–1.70) ***

1.48 (1.30–1.70) ***

Age (ref: 60–69)
70–79

0.21 (0.17–0.25) ***

0.21 (0.18–0.25) ***

0.21 (0.18–0.25) ***

> =80

0.08 (0.06–0.11) ***

0.08 (0.06–0.11) ***

0.08 (0.06–0.11) ***

Single, divorced, or widowed (ref: married)

0.65 (0.53–0.80) ***

0.65 (0.53–0.80) ***

0.65 (0.53–0.80) ***

Living alone (ref: no)

0.88 (0.63–1.23)

0.91 (0.65–1.28)

0.91 (0.65–1.28)

1.04 (0.83–1.31)

1.10 (0.87–1.39)

1.11 (0.88–1.40)

Education (ref: no schooling)
Elementary school or junior high school
Senior high school

0.91 (0.68–1.22)

0.99 (0.74–1.33)

1.00 (0.75–1.34)

College or above

1.01 (0.74–1.39)

1.10 (0.80–1.52)

1.12 (0.82–1.54)

Non-local hukou (ref: local hukou)

1.41 (1.20–1.67) ***

1.44 (1.22–1.71) ***

1.44 (1.22–1.70) ***

Housing area per capita

1.00 (0.99–1.01)

1.00 (0.99–1.01)

1.00 (1.00–1.01)

Housing construction time after 1980 (ref: before 1980)

0.69 (0.53–0.90) **

0.72 (0.55–0.94) *

0.73 (0.56–0.95) *

Housing facilities (ref: none, one, two and three)

1.09 (0.84–1.43)

1.04 (0.79–1.36)

1.03 (0.78–1.35)

3.82 (3.23–4.52) ***

3.81 (3.22–4.50) ***

3.80 (3.22–4.49) ***

Random variables
Var (neighbourhood-level constant)
ICC

0.54

0.54

0.54

Number of neighbourhoods

3354

3354

3354

Number of individuals

7962

7962

7962

AIC

9273.95

9269.76

9260.74

Note: aModel 1 included social deprivation index, annual average PM2.5 concentration, age, sex, marital status, hukou status, education, living alone, housing area
per capita, housing construction time and housing facilities
b
Model 2 included variables in Model 1, the percentage of surrounding green spaces within 1 km buffer and the percentage of surrounding blue spaces within 1
km buffer to Model 1
c
Model 3 included variables in Model 1 and the logarithm of proximity to the nearest green spaces and the logarithm of proximity to the nearest blue spaces to
Model 1
OR odds ratio; 95% confidence intervals in brackets; * p < 0.05, ** p < 0.01, *** p < 0.001

greenness and residential proximity to green space on
older adults’ SRH among respondents who did not have
local hukou (OR = 4.26, 95%CI 1.51 to 12.01 and OR =
0.85, 95%CI 0.78 to 0.94, respectively).

Discussion
This study examined the relationships between NOE exposure and SRH among older adults in Shanghai, China,
and explored whether these relationships varied by sex,
age, education and hukou status. We found that older
adults living in neighbourhoods with higher surrounding
greenness were more likely to report good health, and
their proximity to both green spaces and blue spaces

was associated with better SRH. However, no significant
association between residential surrounding blueness
and SRH was observed. Stratified analyses suggested
more beneficial effects of residential surrounding greenness for females, those aged 60–69 years, those who had
elementary school or junior high school education and
non-local hukou holders and more beneficial effect of
access to blue spaces for those aged 70–79 years and
those who had elementary school or junior high school
education.
Our findings of a positive association between residential greenness exposure and SRH are consistent with
findings from previous studies conducted in developed
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Table 3 Association between natural outdoor environments and the odds of reporting good health
Sex

Females

Males

OR (95% CI)

OR (95% CI)

The percentage of surrounding green spaces within 1
km buffer

1.64 (1.14–2.37) ** 1.32 (0.94–1.86)

The percentage of surrounding blue spaces within 1
km buffer

3.10 (0.75–12.88)

1.14 (0.31–4.19)

Logarithm of proximity to the nearest green spaces

0.94 (0.91–0.98) ** 0.97 (0.94–1.00)

Logarithm of proximity to the nearest blue spaces

0.94 (0.88–0.99) *

0.94 (0.89–0.99) *

60–69

70–79

> = 80

OR (95% CI)

OR (95% CI)

OR (95% CI)

Age (years)

The percentage of surrounding green spaces within 1
km buffer

2.39 (1.27–4.49) ** 1.48 (0.66–3.30)

1.01 (0.23–4.35)

The percentage of surrounding blue spaces within 1
km buffer

2.80 (0.24–32.39)

1.91 (0.01–
269.42)

Logarithm of proximity to the nearest green spaces

0.91 (0.85–0.97) ** 0.95 (0.87–1.03)

0.94 (0.81–1.09)

Logarithm of proximity to the nearest blue spaces

0.92 (0.82–1.03)

0.84 (0.72–0.97) *

1.00 (0.78–1.28)

No schooling

Elementary school or junior high
school

Senior high
school

College or
above

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

The percentage of surrounding green spaces within 1
km buffer

1.66 (0.70–3.92)

2.09 (1.22–3.59) **

3.44 (0.71–
16.60)

2.18 (0.14–
33.14)

The percentage of surrounding blue spaces within 1
km buffer

8.31 (0.35–198.67) 7.17 (0.81–63.61)

0.03 (0.00–2.28)

0.03 (0.00–
143.17)

Logarithm of proximity to the nearest green spaces

0.96 (0.87–1.05)

0.92 (0.87–0.98) **

0.89 (0.79–1.00)

0.86 (0.70–1.06)

Logarithm of proximity to the nearest blue spaces

0.90 (0.77–1.06)

0.85 (0.77–0.94) **

0.99 (0.83–1.17)

1.09 (0.80–1.49)

Education

Hukou status

3.21 (0.13–82.10)

Local hukou

Non-local hukou

OR (95% CI)

OR (95% CI)

The percentage of surrounding green spaces within 1
km buffer

1.53 (0.91–2.57)

4.26 (1.51–12.01) **

The percentage of surrounding blue spaces within 1
km buffer

3.85 (0.54–27.67)

1.06 (0.18–61.40)

Logarithm of proximity to the nearest green spaces

0.95 (0.90–1.01)

0.85 (0.78–0.94) **

Logarithm of proximity to the nearest blue spaces

0.90 (0.82–0.99)

0.88 (0.75–1.04)

Note: OR odds ratio; 95% confidence intervals in brackets; * p < 0.05, ** p < 0.01, *** p < 0.001
All models have been adjusted for all covariates shown in Table 2

countries [14, 16, 29, 30, 35, 40]. However, insufficient
attention has been devoted to the association among
older adults living in China’s megacity. We found a
higher odds of reporting good health for those who lived
in neighbourhoods with higher surrounding greenness
and closer proximity to green spaces. This is in contrast
to some previous studies [12, 14, 29], which showed a
positive linkage between residential surrounding greenness and health but no correlation between the presence
of major green spaces within a buffer and health. This
discrepancy may be due to different study populations,
different measures of proximity to green spaces and different environmental context. Compared to working-age

population, older population are less mobile and are
more dependent on surrounding green spaces for social
life, recreation and leisure. This is particularly the case
for Shanghai’s older people, who tend to travel by public
transport with short distances owing to decreased mobility [41, 42]. A similar study carried out in Barcelona
found that subjective proximity to green spaces was associated with better general health but no association
between objective proximity to green spaces and health
[14]. Another reason for the discrepancy in results is
using different measures of proximity to green spaces.
The current study uses straight-line distance, instead of
the presence of major green spaces in the vicinity of
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respondents’ homes [9, 12, 14, 29] or road-network distance [43–45], as a proxy of proximity to green spaces.
When the presence of major green spaces around the
residential address was used as the proxy, no statistically
significant relationship was found with general health as
well as the prevalence of non-communicable diseases in
Spain and Lithuania [12, 14]. When different types of
buffers (e.g. circular buffer, network buffer, and nested
buffer) and different metrics of green spaces (e.g. vegetation cover, canopy cover, and park area) were used, the
association between self-reported mental health and exposure to urban green spaces turned out to vary in
Singapore [46].
Residential surrounding blueness was found to be not
related to older adults’ SRH, whereas residential proximity to major blue spaces was positively linked to better
SRH. These results hint at the importance of large blue
spaces (e.g. rivers and lakes) in providing accessible and
attractive settings for nearby older people to socialize
with their neighbours and engage in physical activity.
The insignificant association between the amount of surrounding blueness and SRH may be attributable to the
small between-neighbourhood variation of the percentage of surrounding blue spaces. For example, the descriptive statistics show that 90% neighbourhoods in
Shanghai have lower than 5% blue spaces as land cover
within a 1 km buffer around the neighbourhood centroid, and more than half neighbourhoods do not have
any water body within the buffer. By contrast, the variation of residential proximity to large blue spaces is
much larger, which is possible for researchers to detect
the salutogenic effects of blue spaces. The existing evidence on the beneficial effect of blue spaces on health is
still inconclusive. Although a few studies showed that
exposure to blue spaces was related to better health [26,
47], other studies did not lead to the same conclusion
[9, 27, 29]. Further empirical research is needed to offer
more conclusive evidence on the mechanisms underlying
the health benefit of blue spaces [15].
In line with previous studies [12, 18, 29], we observed
that beneficial effects of residential greenness exposure
were stronger for females compared with males. Possible
explanation for this variation is that older females are assumed to use green spaces more frequently and for a
longer time than older males, as in the Chinese context,
female retirees usually spend more time taking care of
their grandchildren and socialising with their neighbours
in neighbourhood open spaces than their male counterparts [12]. We also found that the linkages between
green spaces exposures and SRH were stronger for those
aged 60–69 years. This finding is in partial agreement
with findings from a Dutch study that the relationship
between green space and prevalence of physicianassessed morbidity was stronger for people aged between
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46 and 65 years than older people (65+ years) [48]. One
reason behind this relationship is that younger older
people are more willing to and are more able to use
green spaces in the vicinity of their homes for recreational and social activities than the advanced aged. Our
findings of stronger associations between green spaces
exposures and SRH for those with lower education attainment are consistent with previous studies [16–18,
31, 48]. Low-educated participants tend to spend more
time near their home and thus are more influenced by
their immediate neighbourhood environment and public
facilities [18, 231]. However, older adults aged 70–79
years and who had elementary school or junior high
school education appear to benefit more from residential
proximity to major blue spaces than other age groups.
The associations between exposures to green spaces and
SRH are stronger for non-local hukou holders. This reflects the fact that non-local hukou holders normally
travelled by public transport for a short distance rather
than by car for a long distance, as they had lower income and less wealth than local hukou holders, and their
social and leisure activity spaces were restricted to the
vicinity of their homes [49].
We did not find any relationship between social
deprivation index and older adults’ SRH and between
annual average PM2.5 concentrations and their SRH.
Previous studies reported a negative relationship between neighbourhood deprivation and health [50–52]
and between air pollution and health [9, 17]. However,
the inverse relationships were not observed in the
current study. This finding can be partially attributable
to differences in socio-cultural context, measurement
used and the characteristics of participants. Another
possible explanation is that there is a small variation in
the level of social deprivation index and the level of annual average PM2.5 concentrations across Shanghai,
which may lead to unexpected insignificant linkages.
This study has some limitations. First, the crosssectional design is not able to prove a causal inference in
relation to our explored significant associations. Second,
our outcome variable is based on self-rated measure,
which could lead to outcome misclassification. Further
research is needed to verify our results by employing objective measures of health using other datasets. Third,
our metric of neighbourhood NOE did not take into account respondents’ use of and satisfaction with NOE
and the type and quality of NOE due to data limitation.
Fourth, we used straight line distance to measure respondents’ proximity to green spaces/blue spaces, but it
would be more accurate to use other metrics such as
road network distance. Fifth, we were unable to adjust
for some individual socioeconomic variables (e.g. income
and employment) due to the unavailability of relevant
information in our dataset. This may cause omitted-
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variable bias in regression estimates. Sixth, there is a
possibility of bias in regression estimates due to neighbourhood selection. For example, older people who are
socially active, autonomous and physically active are
more likely to report better SRH than other older
people, and the former group is more willing to live in
neighbourhood with better access to green spaces than
the latter group. In this case, omitting variables regarding older adults’ characters and personalities may lead to
an overestimate in the relationship between residential
proximity to green spaces and SRH.

Conclusion
Residential surrounding greenness and residential proximity to green spaces were associated with better SRH
among older adults in Shanghai, China. The association
between proximity to blue spaces and better SRH was
relatively small, and the association regarding surrounding blueness was not conclusive. Results from stratified
analyses indicated that the relationships were stronger
for females, those aged 60–69 years, those with elementary school or junior high school education and nonlocal hukou holders. Our findings provide epidemiological evidence that urban green spaces and urban blue
spaces have different effects on health among Chinese
older adults and that the assessment of exposure matters
to the investigation of NOE-health relationships. Our
findings suggest that exposure to NOE, especially urban
green spaces, are associated with better SRH among
older adults living in a high-density setting. Therefore,
to achieve an age-friendly society and build a healthy
city, urban planners and landscape designers are advised
to develop innovative approaches (e.g. providing a small
patch of green space after demolishing several old buildings) to develop green/blue infrastructure at the neighbourhood level to increase residents’ opportunities of
contacting with NOE.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12939-019-1081-4.
Additional file 1: Figure S1. The process of selecting study samples.
Table S1. Multilevel logistic regression analysis for the association
between percentage of green / blue spaces within 2 km and 3 km buffer
and reporting good health. Table S2. Multilevel logistic regression
analysis for the association between distance to the nearest green / blue
spaces (larger than 0.5 ha and any size) and reporting good health. Table
S3. Multilevel logistic regression analysis for the association between
NOE exposure measured as tertiles and reporting good health.

Abbreviations
AIC: Akaike information criterion; CI: Confidence interval; NOE: Natural
outdoor environment; OR: Odds ratio; PM2.5: Fine particulate matter;
SRH: Self-rated health

Page 9 of 11

Acknowledgments
The authors would like to thank Shanghai Municipal Bureau of Statistics for
providing the micro-data sample of the 2010 Shanghai population census.
The views expressed herein are the authors.
Authors’ contributions
BH and YL conceived and designed the study. BH and RW performed
statistical analysis. BH and YL drafted the manuscript with contribution from
ZF and JP. All authors contributed to the subsequent revisions of the
manuscript and approved the final version of the submitted manuscript.
Funding
This research was funded by the National Natural Science Foundation of
China (No. 41871140, 71661137004, 71573166, 41971194) and the Program
for Guangdong Introducing Innovative and Enterpreneurial Teams awarded
to the corresponding author (Y Liu) (No.2017ZT07X355).
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Ethical approval for the study was obtained from the Edinburgh University
School of Geosciences Research Ethics Committee. All participants provided
informed signed consent to participate.
Consent for publication
Consent forms will be available upon reasonable request.
Competing interests
The authors declare that they have no competing interests.
Author details
School of Geography and Planning, Sun Yat-Sen University, Guangzhou
510275, China. 2Guangdong Key Laboratory for Urbanization and
Geo-simulation, Sun Yat-Sen University, Guangzhou, China. 3School of
GeoSciences, University of Edinburgh, Edinburgh, UK. 4School of Social
Development and Public Policy, Fudan University, Shanghai, China. 5School
of International and Public Affairs, Shanghai Jiao Tong University, Shanghai,
China.
1

Received: 17 July 2019 Accepted: 28 October 2019

References
1. The State Council of The People’s Republic of China. National population
development plan (2016-2030). Beijing; 2017. http://wwwgovcn/zhengce/
content/2017-01/25/content_5163309htm. Published January 25, 2017.
Accessed 5 May 2019
2. Yen IH, Michael YL, Perdue L. Neighborhood environment in studies of
health of older adults: a systematic review. Am J Prev Med. 2009;37(5):455–
63. https://doi.org/10.1016/j.amepre.2009.06.022.
3. Wang RY, Xue DS, Liu Y, Chen HS, Qiu YZ. The relationship between
urbanization and depression in China: the mediating role of neighborhood
social capital[J]. Int J Equity Health. 2018;17(1):105.
4. Miao J, Wu XG. Urbanization, socioeconomic status and heath disparity in
China. Health Place. 2016;42:87–95.
5. Gong P, Liang S, Carlton EJ, Carlton EJ, Jiang Q, Wu J, Wang L, Remais J.
Urbanisation and health in China. Lancet. 2012;379(9818):843–52. https://doi.
org/10.1016/s0140-6736(11)61878-3.
6. Liu Y, Huang BS, Wang RY, Feng ZX, Liu YQ, Li ZG. Exploring the association
between urbanization and self-rated health of the older adults in China:
Evidence from a national population sample survey. BMJ Open. 2019;9:
e029176.
7. Astell-Burt T, Feng X, Kolt GS. Mental health benefits of neighbourhood
green space are stronger among physically active adults in middle-to-older
age: evidence from 260,061 Australians. Prev Med. 2013;57(5):601–6. https://
doi.org/10.1016/j.ypmed.2013.08.017.
8. Pun VC, Manjourides J, Suh HH. Association of neighborhood greenness
with self-perceived stress, depression and anxiety symptoms in older U. S

Huang et al. International Journal for Equity in Health

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(2019) 18:178

Adults Environ Health. 2018;17(1):39. https://doi.org/10.1186/s12940-0180381-2.
Gascon M, Sanchez-Benavides G, Dadvand P, Martínez D, Gramun N,
Gotsens X, Cirach M, Vert C, Molinuevo JL, Crous-Bou M, Nieuwenhuijsen M.
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.
https://doi.org/10.1016/j.envres.2018.01.012.
Ji JS, Zhu A, Bai C, Wu CD, Yan L, Tang S, Zeng Y, James P. Residential
greenness and mortality in oldest-old women and men in China: a
longitudinal cohort study. Lancet Planetary Health. 2019;3(1):e17–25. https://
doi.org/10.1016/s2542-5196(18)30264-x.
Takano T, Nakamura K, Watanabe M. Urban residential environments and
senior citizens’ longevity in megacity areas: the importance of walkable
green spaces. J Epidemiol Community Health. 2002;56:913–8.
Tamosiunas A, Grazuleviciene R, Luksiene D, Dedele A, Reklaitiene R,
Baceviciene M, Vencloviene J, Bernotiene G, Radisauskas R, Malinauskiene V,
Milinaviciene E, Bobak M, Peasey A, Nieuwenhuijsen MJ. Accessibility and
use of urban green spaces, and cardiovascular health: findings from a
Kaunas cohort study. Environ Health. 2014;13(1):20. https://doi.org/10.1186/
1476-069x-13-20.
Li FZ, Fisher KJ, Brownson RC, Bosworth M. Multilevel modelling of built
environment characteristics related to neighbourhood walking activity in
older adults. J Epidemiol Community Health. 2005;59:558–64. https://doi.
org/10.1136/jech.2004.028399.
Dadvand P, Bartoll X, Basagana X, Dalmau-Bueno A, Martinez D, Ambros A,
Cirach M, Triguero-Mas M, Gascon M, Borrell C, Nieuwenhuijsen MJ. Green
spaces and general health: roles of mental health status, social support, and
physical activity. Environ Int. 2016;91:161–7. https://doi.org/10.1016/j.envint.
2016.02.029.
Gascon M, Triguero-Mas M, Martinez D, Dadvand P, Forns J, Plasència A,
Nieuwenhuijsen MJ. Mental health benefits of long-term exposure to
residential green and blue spaces: a systematic review. Int J Environ Res
Public Health. 2015;12(4):4354–79. https://doi.org/10.3390/ijerph120404354.
Maas J, Verheij RA, Groenewegen PP, de Vries S, Spreeuwenberg P. Green space,
urbanity, and health: how strong is the relation? J Epidemiol Community Health.
2006;60(7):587–92. https://doi.org/10.1136/jech.2005.043125.
Markevych I, Schoierer J, Hartig T, Chudnovsky A, Hystad P, Dzhambov AM,
de Vries S, Triguero-Mas M, Brauer M, Nieuwenhuijsen MJ, Lupp G,
Richardson EA, Astell-Burt T, Dimitrova D, Feng X, Sadeh M, Standl M,
Heinrich J, Fuertes E. Exploring pathways linking greenspace to health:
theoretical and methodological guidance. Environ Res. 2017;158:301–17.
https://doi.org/10.1016/j.envres.2017.06.028.
McEachan RR, Prady SL, Smith G, Fairley L, Cabieses B, Gidlow C, Wright J,
Dadvand P, van Gent D, Nieuwenhuijsen MJ. The association between
green space and depressive symptoms in pregnant women: moderating
roles of socioeconomic status and physical activity. J Epidemiol Community
Health. 2016;70(3):253–9. https://doi.org/10.1136/jech-2015-205954.
Jia XJ, Yu Y, Xia W, Masri S, Sami M, Hu Z, Yu Z, Wu J. Cardiovascular
diseases in middle aged and older adults in China: the joint effects and
mediation of different types of physical exercise and neighborhood
greenness and walkability. Environ Res. 2018;167:175–83. https://doi.org/10.
1016/j.envres.2018.07.003.
Liao JQ, Zhang B, Xia W, Cao Z, Zhang Y, Liang S, Hu K, Xu S, Li Y.
Residential exposure to green space and early childhood
neurodevelopment. Environ Int. 2019;128:70–6. https://doi.org/10.1016/j.
envint.2019.03.070.
Liu Y, Wang RY, Grekousis G, Liu Y, Yuan Y, Li Z. Neighbourhood greenness
and mental wellbeing in Guangzhou, China: what are the pathways? Landsc
Urban Plan. 2019;190:103602.
Wang RY, Helbich M, Yao Y, Zhang J, Liu P, Yuan Y, Liu Y. Urban greenery
and mental wellbeing in adults: cross-sectional mediation analyses on
multiple pathways across different greenery measures. Environ Res. 2019;
176:108535.
Liu Y, Wang RY, Xiao Y, Huang B, Chen H, Li Z. Exploring the linkage
between greenness exposure and depression among Chinese people:
mediating roles of physical activity, stress and social cohesion and
moderating role of urbanicity. Health Place. 2019;58:102168. https://doi.org/
10.1016/j.healthplace.2019.102168.
Lu Y, Sarkar C, Xiao Y. The effect of street-level greenery on walking
behavior: evidence from Hong Kong. Soc Sci Med. 2018;208:41–9. https://
doi.org/10.1016/j.socscimed.2018.05.022.

Page 10 of 11

25. Yang Y, He D, Wang R, Liu Y, Lu Y. Association between street greenery and
walking behavior in older adults in Hong Kong. Sustain Cities Soc. 2019;51:
101747.
26. Garrett JK, White MP, Huang JJ, Ng S, Hui Z, Leung C, Ah Tse L, Fung F,
Elliott LR, Depledge MH, Wong MCS. Urban blue space and health and
wellbeing in Hong Kong: results from a survey of older adults. Health Place.
2019;55:100–10. https://doi.org/10.1016/j.healthplace.2018.11.003.
27. Helbich M, Yao Y, Liu Y, Zhang J, Liu P, Wang R. Using deep learning to
examine street view green and blue spaces and their associations with
geriatric depression in Beijing, China. Environ Int. 2019;126:107–17. https://
doi.org/10.1016/j.envint.2019.02.013.
28. Nutsford D, Pearson AL, Kingham S, Reitsma F. Residential exposure to
visible blue space (but not green space) associated with lower
psychological distress in a capital city. Health Place. 2016;39:70–8. https://
doi.org/10.1016/j.healthplace.2016.03.002.
29. Triguero-Mas M, Dadvand P, Cirach M, Martínez D, Medina A, Mompart A,
Basagaña X, Gražulevičienė R, Nieuwenhuijsen MJ. Natural outdoor
environments and mental and physical health: relationships and
mechanisms. Environ Int. 2015;77:35–41. https://doi.org/10.1016/j.envint.
2015.01.012.
30. van den Berg M, Wendel-Vos W, van Poppel M, Kemper H, van Mechelen W,
Maas J. Health benefits of green spaces in the living environment: a
systematic review of epidemiological studies. Urban For Urban Gree. 2015;
14(4):806–16. https://doi.org/10.1016/j.ufug.2015.07.008.
31. Triguero-Mas M, Donaire-Gonzalez D, Seto E, Valentín A, Martínez D, Smith
G, Hurst G, Carrasco-Turigas G, Masterson D, van den Berg M, Ambròs A,
Martínez-Íñiguez T, Dedele A, Ellis N, Grazulevicius T, Voorsmit M, Cirach M,
Cirac-Claveras J, Swart W, Clasquin E, Ruijsbroek A, Maas J, Jerret M,
Gražulevičienė R, Kruize H, Gidlow CJ, Nieuwenhuijsen MJ. Natural outdoor
environments and mental health: stress as a possible mechanism. Environ
Res. 2017;159:629–38. https://doi.org/10.1016/j.envres.2017.08.048.
32. Idler EL, Benyamini Y. Self-rated health and mortality: a review of twentyseven community studies. J Health Soc Behav. 1997;38(1):21–37.
33. Lima-Costa MF, Cesar CC, Chor D, Proietti FA. Self-rated health compared
with objectively measured health status as a tool for mortality risk screening
in older adults: 10-year follow-up of the Bambuí cohort study of aging. Am
J Epidemiol. 2012;175(3):228–35. https://doi.org/10.1093/aje/kwr290.
34. Chen J, Ban YF, Li SN. China: open access to earth land-cover map. Nature.
2014;514(7523):434.
35. Mitchell R, Popham F. Greenspace, urbanity and health: relationships in
England. J Epidemiol Community Health. 2007;61(8):681–3. https://doi.org/
10.1136/jech.2006.053553.
36. Townsend P. Deprivation. J Soc Pol. 1987;16(2):125–46. https://doi.org/10.
1017/s0047279400020341.
37. Carstairs V, Morris R. Deprivation: explaining differences in mortality
between Scotland and England and Wales. BMJ. 1989;299(6704):886–9.
38. Richardson EA, Mitchell R. Gender differences in relationships between
urban green space and health in the United Kingdom. Soc Sci Med. 2010;
71(3):568–75. https://doi.org/10.1016/j.socscimed.2010.04.015.
39. van Donkelaar A, Martin RV, Brauer M, Christina Hsu N, Kahn RA, Levy RC,
Lyapustin A, Sayer AM, Winker DM. Global estimates of fine particulate
matter using a combined geophysical-statistical method with information
from satellites, models, and monitors. Environ Sci Technol. 2016;50(7):3762–
72. https://doi.org/10.1021/acs.est.5b05833.
40. Twohig-Bennett C, Jones A. The health benefits of the great outdoors: a
systematic review and meta-analysis of greenspace exposure and health
outcomes. Environ Res. 2018;166:628–37. https://doi.org/10.1016/j.envres.
2018.06.030.
41. Xiao Y, Wang D, Fang J. Exploring the disparities in park access through
mobile phone data: evidence from Shanghai, China. Landsc Urban Plan.
2019;181:80–91. https://doi.org/10.1016/j.landurbplan.2018.09.013.
42. Xiao Y, Wang Z, Li ZG, Tang Z. An assessment of urban park access in
Shanghai - implications for the social equity in urban China. Landsc Urban
Plan. 2017;157:383–93. https://doi.org/10.1016/j.landurbplan.2016.08.007.
43. Bliss RL, Katz JN, Wright EA, Losina E. Estimating oroximity to care: are
straight line and zipcode centroid distances acceptable proxy measures?
Med Care. 2012;50(1):99–106. https://doi.org/10.1097/MLR.
0b013e31822944d1.
44. Mears M, Brindley P, Maheswaran R, Jorgensen A. Understanding the
socioeconomic equity of publicly accessible greenspace distribution: the
example of Sheffield, UK. Geoforum. 2019;103:126–37.

Huang et al. International Journal for Equity in Health

(2019) 18:178

45. Mears M, Brindley P. Measuring urban greenspace distribution equity: the
importance of appropriate methodological approaches. ISPRS Int J Geo-Inf.
2019;8:286–306. https://doi.org/10.3390/ijgi8060286.
46. Zhang L, Tan PY. Associations between urban green spaces and health are
dependent on the analytical scale and how urban green spaces are
measured. Int J Environ Res Public Health. 2019;16:578–96. https://doi.org/
10.3390/ijerph16040578.
47. Burkart K, Meier F, Schneider A, Breitner S, Canário P, Alcoforado MJ, Scherer
D, Endlicher W. Modification of heat-related mortality in an elderly urban
population by vegetation (urban green) and proximity to water (urban
blue): evidence from Lisbon, Portugal. Environ Health Perspect. 2016;124(7):
927–34. https://doi.org/10.1289/ehp.1409529.
48. Maas J, Verheij RA, de Vries S, Spreeuwenberg P, Schellevis FG,
Groenewegen PP. Morbidity is related to a green living environment. J
Epidemiol Community Health. 2009;63(12):967–73. https://doi.org/10.1136/
jech.2008.0790389.
49. Liu L, Huang YQ, Zhang WH. Residential segregation and perceptions of
social integration in Shanghai, China. Urban Stud. 2018;55(7):1484–503.
50. Galea S, Ahern J, Nandi A, Tracy M, Beard J, Vlahov D. Urban neighborhood
poverty and the incidence of depression in a population-based cohort
study. Ann Epidemiol. 2007;17(3):171–9. https://doi.org/10.1016/j.annepidem.
2006.07.008.
51. Sundquist K, Malmstrom M, Johansson S-E. Neighbourhood deprivation and
incidence of coronary heart disease: a multilevel study of 2.6 million
women and men in Sweden. J Epidemiol Community Health. 2004;58:71–7.
52. Poortinga W, Dunstan FD, Fone DL. Neighbourhood deprivation and selfrated health: the role of perceptions of the neighbourhood and of housing
problems. Health Place. 2008;14:562–75. https://doi.org/10.1016/j.
healthplace.2007.10.003.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

