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in middle-aged and older adults: findings 
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Abstract 

Background There is increasing evidence for the role of environmental factors and exposure to the natural environ‑
ment on a wide range of health outcomes. Whether exposure to green space, blue space, and the natural environ‑
ment (GBN) is associated with risk of psychiatric disorders in middle‑aged and older adults has not been prospectively 
examined.

Methods Longitudinal data from the UK biobank was used. At the study baseline (2006–2010), 363,047 participants 
(women: 53.4%; mean age 56.7 ± 8.1 years) who had not been previously diagnosed with any psychiatric disorder 
were included. Follow‑up was achieved by collecting records from hospitals and death registers. Measurements 
of green and blue space modeled from land use data and natural environment from Land Cover Map were assigned 
to the residential address for each participant. Cox proportional hazard models with adjustment for potential con‑
founders were used to explore the longitudinal associations between GBN and any psychiatric disorder and then 
by specific psychiatric disorders (dementia, substance abuse, psychotic disorder, depression, and anxiety) in middle‑
aged and older adults.

Results During an average follow‑up of 11.5 ± 2.8 years, 49,865 individuals were diagnosed with psychiatric disor‑
ders. Compared with the first tertile (lowest) of exposure, blue space at 300 m buffer [hazard ratio (HR): 0.973, 95% 
confidence interval (CI): 0.952–0.994] and natural environment at 300 m buffer (HR: 0.970, 95% CI: 0.948–0.992) 
and at 1000 m buffer (HR: 0.975, 95% CI: 0.952–0.999) in the third tertile (highest) were significantly associated 
with lower risk of incident psychiatric disorders, respectively. The risk of incident dementia was statistically decreased 
when exposed to the third tertile (highest) of green space and natural environment at 1000 m buffer. The third tertile 
(highest) of green space at 300 m and 1000 m buffer and natural environment at 300 m and 1000 m buffer was asso‑
ciated with a reduction of 30.0%, 31.8%, 21.7%, and 30.3% in the risk of developing a psychotic disorder, respectively. 
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Background
Psychiatric disorders comprise a wide number of condi-
tions and rank among the most important contributors 
to the global burden of disease. Depressive disorder, anxi-
ety disorder, and schizophrenia are the top three specific 
psychiatric disorders in terms of disability-adjusted life-
years (DALYs) [1]. In 2019, the estimated age-standard-
ized prevalence for any psychiatric disorder in men was 
11.7 cases per 100 individuals and 12.8 in women [1]. 
Women also have a higher age-standardized  DALY  rate 
of psychiatric disorders compared with men (1.4 vs. 
1.7 per 100 individuals). The ranked leading cause of 
DALYs associated with psychiatric disorders has steadily 
increased from 13 in 1900 to 7 in 2019 [1]. Receiving a 
diagnosis of having a psychiatric condition is associated 
with a greater propensity towards suicide and self-harm 
[2].

In recent years, there has been increasing awareness of 
the impact of the environment on an individuals’ health. 
Green space, blue space, and the natural environment 
typically refer to open space for greening or leisure, riv-
ers, lakes, or seas, and the residential non-building space, 
respectively. There is accumulating evidence from cross-
sectional and prospective studies that exposure to green 
space, blue space, and the natural environment (GBN) 
has beneficial effects on health, especially for individu-
als living with certain chronic diseases such as cardiores-
piratory diseases [3], type 2 diabetes [4], chronic kidney 
diseases [5], and inflammatory bowel diseases [6]. By 
contrast, the association between GBN and psychiat-
ric disorders remains less well defined. Previous studies 
have reported a protective effect of green space on risk of 
dementia [7, 8], depression [9–13], anxiety [11, 14], and 
other mental issues [15], while other studies reported null 
associations [16–18]. Inconsistent results have also been 
shown for the associations of blue space with depres-
sion [12, 13, 18] and anxiety [12, 14, 19], respectively. In 
addition, a series of meta-analyses suggested that expo-
sure to the natural environment could decrease the risk 
of depression [20] and anxiety [21]. However, few studies 
have examined the effect of GBN on specific psychiatric 
disorders, especially psychotic disorders. Moreover, most 
aforementioned studies have been cross-sectional and 
have only been able to explore the association between 

a single GBN component and risk of certain psychiatric 
disorders. To date, there is limited prospective evidence 
to examine the relationship between exposure to GBN 
with incident psychiatric events.

In the current study, we aimed to explore the asso-
ciation between exposure to residential GBN with any 
or specific psychiatric disorders among middle-aged 
and older adults in the UK Biobank (UKB), a prospec-
tive cohort study of more than half a million adults. We 
also sought to examine whether there are subgroups of 
the population who might derive particular benefit from 
exposure to GBN.

Methods
Study design and participants
Data was derived from UKB, which is an ongoing pro-
spective cohort study [22]. Initially, more than 500,000 
participants (aged 37–73  years) were recruited during 
baseline (2006–2010) from 22 research centers across the 
UK (England, Wales and Scotland). More details about 
the locations are available at https:// bioba nk. ndph. ox. 
ac. uk/ showc ase/ exinfo. cgi? src= UKB_ centr es_ map. After 
obtaining electronic consent for the use of de-identi-
fied data, every participant completed a self-completed 
touch-screen questionnaire, a computer-assisted inter-
view. Participants also consented to a range of physical 
measures as well as sampling assays and genotyping [22]. 
For this study, we excluded participants with a recorded 
history at baseline (based on the date of diagnosis) of 
any psychiatric disorder as well as those individuals with 
missing data for GBN at study baseline. Follow-up of 
health-related outcomes was achieved by matching any 
record from the national health-related hospitals, pri-
mary care, death registers, and other systems. A total of 
363,047 participants were included in the analysis (Addi-
tional file 1: Fig. S1).

Measures
Exposures
With consideration of existing evidence of the asso-
ciations between GBN density and health outcomes 
and relevant public policy [23–25], the percentage of 
GBN assigned to the 300  m and 1000  m buffers for 
each residential location [6, 26] was used to estimate an 

Subgroup analysis suggested that the elderly, men, and those living with some comorbid conditions may derive 
greater benefits associated with exposure to GBN.

Conclusions This study suggests that GBN has significant benefits for lowering the risk of psychiatric disorders 
in middle‑aged and older adults. Future studies are warranted to validate these findings and to understand the poten‑
tial mechanistic pathways underpinning these novel findings.

Keywords Green space, Blue space, Natural environment, Psychiatric disorder, UK Biobank
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individual’s combined GBN exposure (which took into 
account their residential location as well as the GBN in 
the wider-area relative to the residential location) [27, 
28]. The percentage of residential green space and blue 
space, which were classed as “greenspace” and “water,” 
were proportions of the total percentage of all land-use 
types. In line with previous UKB studies exploring the 
health effect of GBN [29, 30], data on green and blue 
space were collected from the 2005 Generalized Land 
Use Database (GLUD) for England [26]. GLUD, which 
was obtained from Neighborhood Statistics (http:// www. 
neigh bourh ood. stati stics. gov. uk/), provided data on land 
use distribution for 2001 Census Output Areas in Eng-
land. The data on the distribution of natural environ-
ment were collected from Land Cover Map (LCM) 2007 
(25 m*25 m) [31]. The LCM 2007 product was from Cen-
tre for Ecology and Hydrology (CEH) [32] and included 
23 land cover classes with Class 1–21 reclassified as natu-
ral environment. Notedly, Class 22–23 included buildings 
and gardens, which were different from the definition of 
GLUD measure. The definition of natural environment 
was partially overlapped with green and blue space in 
this study. Participants out of England were excluded due 
to the restricted availability of GLUD data. More details 
could be seen at the website of UKB: https:// bioba nk. 
ndph. ox. ac. uk/ showc ase/ field. cgi? id= 24507.

Outcomes
The diagnoses of any or specific psychiatric disorder were 
obtained from the “first occurrence fields” provided by 
UKB (data category: 2409), which included data from 
primary care, hospital inpatient record, self-reported 
medical conditions, and death registers [22, 33]. Any psy-
chiatric disorder (F00-F99) was coded using the Inter-
national Classification of Disease, 10th version (ICD-10) 
[34]. Considering the higher prevalence rate in the gen-
eral population, this study also examined certain specific 
psychiatric disorders, including dementia (F00-F03), sub-
stance abuse (F10-F19), psychotic disorder (F20-F29), 
depression (F32-F33), and anxiety (F40-F41) [1, 34, 35]. 
More details about the outcomes are provided in Addi-
tional file  1: Table  S1. Participants entered the cohort 
from the date of being recruited and exited at the date of 
death, occurrence of outcomes, or censorship, whichever 
came first. The date of censorship was derived from the 
date of diagnosis of a psychiatric disorder, obtained from 
the section of first occurrence field.

Covariates
The covariates in this study were selected by reviewing 
previous studies related to psychiatric disorders [36, 37], 
including age, sex, ethnicity, socioeconomic status (SES), 
body mass index (BMI), household income before tax per 

year, education group, smoking status, alcohol drinker 
status, physical activity, history of hypertension, and 
type 2 diabetes (T2D). The category of physical activity 
(data field of UKB: 22,032) was derived from the Meta-
bolic Equivalent Task (MET) score that was based on the 
International Physical Activity Questionnaire (IPAQ) 
guidelines [38]. SES was measured by Townsend area 
deprivation index [39]. A higher score indicated greater 
socioeconomic deprivation and poor SES and quartiles of 
the score for SES were included in the analyses. The diag-
noses of hypertension and T2D were also obtained from 
first occurrence fields. The data field and definition of 
other covariates are shown in Additional file 1: Table S2.

Statistical analysis
Multivariate imputations by chained equations (MICE) 
[40] were used to impute missing values with a pro-
portion lower than 5%. The missing values for income 
(15.8%) and physical activity (19.7%) were regarded as 
a classification in the models, respectively. Initially, two 
series of Cox proportional hazard models were per-
formed to explore the associations of GBN and all or 
specific psychiatric disorders, respectively. Model 1 was 
adjusted for age and sex, and model 2 was addition-
ally adjusted for ethnicity, SES, BMI, household income 
before tax per year, education group, smoking status, 
alcohol drinker status, physical activity, hypertension, 
and T2D. To take into account the potential for col-
linearity, measures of GBN were included in separately 
adjusted models. Tertiles of exposures were used as cut-
offs, with the first tertile (the lowest) set as the reference 
group. An ordinal scale based on the tertiles was also 
used to explore the continuous trend of the exposure to 
psychiatric disorders. There were no obvious violations 
to the proportional hazards assumption for interested 
exposures.

Stratified analyses by age (less than 65 years vs. 65 years 
or above), sex (female vs. male), ethnicity (white vs. non-
white), SES (good, the first two quantiles vs. poor, the 
second two quantiles), BMI (normal or underweight vs. 
overweight), income (low,  < £52,000 vs high, ≥ £52,000), 
education (college or university vs. others), smoking sta-
tus (never vs. previous/current), alcohol drinking (less 
than once per week vs. once per week or above), physical 
activity (high vs. low or moderate), history of hyperten-
sion, and T2D at baseline were performed to observe the 
different effects of the exposures of interest on incident 
psychiatric disorders. Z test was used to compare the 
estimates of different subgroups as recommended by Alt-
man et al. [41].

We performed several sensitivity analyses to verify 
the robustness of the main findings. First, we omitted 
the participants with any psychiatric disorder during 

http://www.neighbourhood.statistics.gov.uk/
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the first 2 years of follow-up to account for reverse cau-
sality. Second, the participants with missing values of 
the covariates were excluded from the analyses (< 5% of 
participants). Third, considering the interactive effect of 
the exposure and air or noise pollution on psychiatric 
disorders, we separately added air pollution [particular 
matter 10  (PM10)] and noise pollution (annual average of 
24 h noise) to the models.  PM10 and noise pollution were 
estimated by LUR model developed as part of the Euro-
pean Study of Cohorts for Air Pollution Effects (ESCAPE, 
http:// www. escap eproj ect. eu/). Fourth, outdoor time in 
winter and autumn and a history of consultation with a 
psychiatrist or general practitioner (GP) were further 
adjusted for in the models to explore the relative effects 
on the associations, respectively. Finally, a range of per-
centile classifications for GBN exposure were performed 
to test for the robustness of the findings: ( ≤ 50 and > 50 
percentile); ( ≤ 20, > 20 to 80, and > 80 percentile), and four 
groups ( ≤ 25,  > 25 to 50, > 50 to 75, and > 75 percentile).

All the statistical analyses were performed by R v4.1.2 
software, with package “mice” used for imputation.

Results
At baseline, 53.4% of participants identified as 
women and the mean age of all participants was 56.7 
(± 8.1  years; Table  1). During the average follow-up of 
11.5 (± 2.8)  years, the incidence rate for any psychiatric 
disorder was 11.48 per 1000 person-years in women and 
12.45 in men. Individuals diagnosed with any psychiatric 
disorder were more likely to be men, have chronic health 
conditions and exhibit suboptimal lifestyle behaviors, 
and have a lower SES compared with other groups in the 
cohort.

As shown in Table  2, there were positive effects for 
the associations of blue space (the third tertile) [300  m 
buffer, HR:0.973, 95% CI: 0.952–0.994)] and natural 
environment (the third tertile) [300  m buffer, HR:0.970, 
95% CI: 0.948–0.992); 1000 m buffer, HR:0.975, 95% CI: 
0.952–0.999)] with any psychiatric disorder. Similar asso-
ciations were also found when including an ordinal scale 
in the respective models. However, no statistically signifi-
cant associations were observed between green space at 
300 m or 1000 m buffer and blue space at 1000 m buffer 
(the third tertile) with any psychiatric disorder.

The strength of the associations varied across psychi-
atric disorders (Fig.  1 and Additional file  1: Table  S3) 
with the strongest association for a protective effect of 
GBN exposure observed for psychotic disorders: the 
third tertile of both green space at 300 m (HR:0.700, 95% 
CI: 0.555–0.884) and 1000  m buffer (HR:0.682, 95% CI: 
0.532–0.874) was associated with an approximate 30% 
risk of psychotic disorders and approximately 20% and 
30% for the natural environment at 300 m (HR:0.783, 95% 

CI: 0.620–0.988) and 1000  m buffer (HR:0.697, 95% CI: 
0.542–0.896), respectively. Compared with the first ter-
tile of exposure, the risk of incident dementia decreased 
with exposure to the third tertile of greenspace at 300 m 
(HR:0.905, 95% CI: 0.840–0.976) and 1000  m buffer 
(HR:0.901, 95% CI: 0.834–0.973) and with the natural 
environment at 1000 m buffer (HR:0.922, 95% CI: 0.853–
0.997). The natural environment at 300  m (HR:0.939, 
95% CI: 0.906–0.974) and 1000 m buffer (HR:0.952, 95% 
CI: 0.917–0.989) were statistically associated with an 
increased risk of substance abuse. There was a reduction 
in the risk of incident anxiety among those exposed to 
the third tertile of greenspace (HR:0.951, 95% CI: 0.910–
0.994) and the natural environment (HR:0.955, 95% CI: 
0.913–0.999) at 1000 m buffer and with the second and 
third tertile of blue space at 1000  m buffer. We did not 
observe a significant effect of GBN on incident depres-
sion. Using an ordinal rather than a categorical scale of 
GBN by tertiles did not materially influence the results.

Stratified analyses indicated that the protective asso-
ciations of green space at 300 m and 1000 m buffer, blue 
space at 300  m buffer, and the natural environment at 
300  m and at 1000  m buffer with psychiatric disorders 
were stronger among those aged ≥ 65  years compared 
with younger individuals (Figs. 2 and 3). There was also 
some evidence to indicate that the effects of green space 
and the natural environment were stronger in men than 
in women. Similarly, stronger effects of GBN on inci-
dent psychiatric disorders were observed among those 
individuals with a history of cigarette smoking and those 
with hypertension and type 2 diabetes.

Results of the sensitivity analyses indicated that the 
associations between GBN and any psychiatric disor-
der did not materially change after adjusting for  PM10, 
noise pollution, time spent outdoors, and other variables 
(Additional file  1: Table  S4-S6) and using different cut-
offs of GBN (Additional file 1: Table S7).

Discussion
This is the largest longitudinal study to explore the pro-
spective associations of GBN with any or specific psychi-
atric disorders in middle-aged and older adults. Overall, 
there was evidence of a weak protective and independ-
ent effect of exposure to GBN on risk of psychiatric dis-
orders, with the strongest association observed with 
psychotic disorders. The relationship was robust after 
adjusting for the potential confounding effect of, among 
other factors, noise and air pollution. In contrast, there 
was no evidence that exposure to GBN was associated 
with incident depression. The protective effect of GBN 
on the independent risk of incident psychiatric disorders 
was stronger for specific population subgroups, namely 

http://www.escapeproject.eu/
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Table 1 The descriptive statistics by any psychiatric disorder

Characteristics* Overall (n = 363,047) Any psychiatric disorder P for differences

No (n = 313,182) Yes (n = 49,865)

Sex, n (%)  < 0.001

 Female 193,854 (53.4) 168,043 (53.7) 25,811 (51.8)

 Male 169,193 (46.6) 145,139 (46.3) 24,054 (48.2)

Age, mean (SD) 56.70 (8.12) 56.55 (8.08) 57.64 (8.29)  < 0.001

Ethnicity, n (%)  < 0.001

 White 338,938 (93.4) 292,197 (93.3) 46,741 (93.7)

 Others 22,056 (6.1) 19,305 (6.2) 2751 (5.5)

 Unknown 2053 (0.6) 1680 (0.5) 373 (0.7)

Socioeconomic status, n (%) #  < 0.001

 First quartile 90,706 (25.0) 80,549 (25.7) 10,157 (20.4)

 Second quartile 90,645 (25.0) 79,724 (25.5) 10,921 (21.9)

 Third quartile 90,671 (25.0) 78,468 (25.1) 12,203 (24.5)

 Fourth quartile 90,674 (25.0) 74,139 (23.7) 16,535 (33.2)

 Unknown 351 (0.1) 302 (0.1) 49 (0.1)

BMI, n (%)  < 0.001

 Underweight or normal weight (< 24.9 kg/m2) 121,840 (33.6) 107,052 (34.2) 14,788 (29.7)

 Overweight (25.0–29.9 kg/m2) 154,670 (42.6) 134,072 (42.8) 20,598 (41.3)

 Obese ( ≥ 30 kg/m2) 84,384 (23.2) 70,414 (22.5) 13,970 (28.0)

 Unknown 2153 (0.6) 1644 (0.5) 509 (1.0)

Household income before tax per year (£), n (%)  < 0.001

 Less than 18,000 63,916 (17.6) 51,157 (16.3) 12,759 (25.6)

 18,000–30,999 77,560 (21.4) 66,461 (21.2) 11,099 (22.3)

 31,000–51,999 80,871 (22.3) 71,472 (22.8) 9399 (18.8)

 52,000–100,000 65,326 (18.0) 59,235 (18.9) 6091 (12.2)

 Greater than 100,000 18,140 (5.0) 16,930 (5.4) 1210 (2.4)

 Unknown 57,234 (15.8) 47,927 (15.3) 9307 (18.7)

Education group, n (%)  < 0.001

 College or university degree 117,426 (32.3) 105,511 (33.7) 11,915 (23.9)

 Any school degree (A‑level, AS‑level, O‑level, GCSE, CSE) 137,056 (37.8) 118,757 (37.9) 18,299 (36.7)

 Vocational qualification (NVQ, HND, or HNC) or other 
professional qualifications

42,031 (11.6) 35,715 (11.4) 6316 (12.7)

 None of the above 58,382 (16.1) 46,696 (14.9) 11,686 (23.4)

 Unknown 8152 (2.2) 6503 (2.1) 1649 (3.3)

Smoking status, n (%)  < 0.001

 Never 207,476 (57.1) 187,640 (59.9) 19,836 (39.8)

 Previous 124,768 (34.4) 107,671 (34.4) 17,097 (34.3)

 Current 28,623 (7.9) 16,137 (5.2) 12,486 (25.0)

 Unknown 2180 (0.6) 1734 (0.6) 446 (0.9)

Alcohol drinker status, n (%)  < 0.001

 Daily or almost daily 74,429 (20.5) 63,106 (20.1) 11,323 (22.7)

 Above one time per week 180,021 (49.6) 158,186 (50.5) 21,835 (43.8)

 One to three times a month 39,780 (11.0) 34,344 (11.0) 5436 (10.9)

 Special occasions only 40,442 (11.1) 33,982 (10.9) 6460 (13.0)

 Never 27,334 (7.5) 22,760 (7.3) 4574 (9.2)

 Unknown 1041 (0.3) 804 (0.3) 237 (0.5)

Total physical activity, n (%)  < 0.001

 Low 52,863 (14.6) 44,917 (14.3) 7946 (15.9)

 Moderate 118,932 (32.8) 103,994 (33.2) 14,938 (30.0)
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those aged ≥ 65  years, men, and those with pre-existing 
comorbidities.

A previous cross-sectional study from China had indi-
cated that living near greenspace was negatively associ-
ated with psychiatric symptoms [42], whereas studies 
from Europe and the USA reported no significant asso-
ciation for questionnaire-based psychiatric symptoms 
[43–45] or diagnoses of psychiatric disorders [16, 46]. 
Similar with certain studies, our analysis also showed no 
beneficial effect of higher greenspace coverage on risk of 
any psychiatric disorder consistent with previous studies. 
Specifically, previous observational studies reported that 
greenspace was associated with a lower risk of depression 
or depressive symptoms [9–13, 47]. However, the find-
ings from our current study, as well as others [17, 18], did 
not support a relationship between greenspace and risk 
of depression. These disparities in findings may be due 
to differences in study design and how a diagnosis of a 
psychiatric condition was made [10–13]. Between study 
differences in buffer size or index related to greenspace 
may also have contributed to the lack of consistency in 
study findings [9, 11, 47]. In line with most previous stud-
ies, this study showed a beneficial effect of green space 
on incident anxiety [11, 14] and dementia [7, 8]. To our 
knowledge, this is the first study to report on a possi-
ble protective effect of greater exposure to greenspace 
coverage on subsequent risk of psychotic disorders, for 
example, schizophrenia, schizotypal disorders, or schiz-
oaffective disorders. Further studies are warranted to 
validate these findings in different populations and to 
understand the potential mechanistic pathways that may 
underpin the association.

In line with previous evidence from observational stud-
ies [16, 19, 48, 49], this study also showed that blue space 
coverage was statistically associated with decreased risk 
of any psychiatric disorder consistent with findings from 

a systematic review [50]. Although a few studies have 
reported the benefits of blue space coverage with specific 
psychiatric disorders, for example depression [12, 13, 18] 
and anxiety [12, 14, 19], the findings were controversial 
and had visible heterogeneity. We examined the associa-
tions of blue space with five specific psychiatric disorders 
and only detected significant associations of blue space 
at 1000  m buffer with incident anxiety. Nonetheless, 
more experimental studies are needed to confirm these 
associations.

Evidence from longitudinal studies with long-term fol-
low-up regarding the potential relationship that the total 
natural environment may have with psychiatric disorders 
is limited. Findings from our study suggested that the 
natural environment within a 1000-m buffer could lower 
an individuals’ susceptibility to developing a psychiatric 
disorder. A recent meta-analysis and systematic review 
involving 33 studies reported that short-term exposure to 
the natural environment was associated with a small pro-
tective effect on depressive mood [20]. Findings from our 
study were in agreement with this review such that expo-
sure to the natural environment at 1000  m buffer was 
mildly protective against incident depression (HR = 0.955 
for the third tertile). Furthermore, Zhang et al. performed 
a systematic review and found that exposure to the natu-
ral environment could alleviate anxiety [21], which is in 
agreement with results from our study.

Epidemiological data have consistently demonstrated 
that GBN is related to decreased risk of chronic disease 
[3–6, 51]. The physiological and behavioral mechanisms 
underpinning this relationship may also have a mediating 
role in the association between GBN and risk of psychiat-
ric disorders: greater exposure to GBN might be promote 
less sedentary behavior and more physical activity, which 
could subsequently improve mental health [52]. Addi-
tionally, a study from China reported that lower green 

SD Standard deviation, BMI Body mass index
* Unknown included prefer not to answer, do not know, and missing value in the database of UK biobank
# Socioeconomic status was measured by Townsend area deprivation index

Table 1 (continued)

Characteristics* Overall (n = 363,047) Any psychiatric disorder P for differences

No (n = 313,182) Yes (n = 49,865)

 High 119,726 (33.0) 104,452 (33.4) 15,274 (30.6)

 Unknown 71,526 (19.7) 59,819 (19.1) 11,707 (23.5)

Hypertension  < 0.001

 No 268,766 (74.0) 235,153 (75.1) 33,613 (67.4)

 Yes 94,281 (26.0) 78,029 (24.9) 16,252 (32.6)

Type 2 diabetes  < 0.001

 No 345,223 (95.1) 299,239 (95.5) 45,984 (92.2)

 Yes 17,824 (4.9) 13,943 (4.5) 3881 (7.8)
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space was associated with lower sleep quality, which is 
itself a risk factor for psychiatric disorders [53].

Our current study found that the protective effect of 
GBN on psychiatric disorders was stronger among those 
aged ≥ 65 years compared with younger individuals. This 
effect from age may reflect the retirement status of older 
individuals (especially men) who as a result would be 
spending more time at home than those still in the paid 
workforce. Alternatively, older individuals are likely to 
have more complex comorbid conditions (e.g., hyperten-
sion and diabetes) which may mediate the link between 
exposure to GBN and risk of psychiatric disorders. Our 

findings that men, in particular, may benefit more from 
exposure to GBN compared with women are congruent 
with previous studies from the UKB. In those studies, the 
beneficial effect of exposure to green or/and blue space 
on inflammatory bowel diseases [6] and cardiovascular 
disease and respiratory disease mortality rates [54] was 
stronger in men than in women. These sex differences 
may reflect the higher prevalence of more suboptimal 
lifestyle behaviors in men compared with women, e.g., 
current smoking, alcohol consumption, poor diet, and 
low levels of physical activity [55]. Although we adjusted 
for these and other potential confounders, residual 

Table 2 The independent associations of green, blue space and natural environment with any psychiatric disorder (n = 363,047)

HR Hazard ratio, CI Confidence interval
* P < 0.05, **P < 0.01, ***P < 0.001

Model 1 was adjusted for age and sex. Model 2 was further adjusted for ethnicity, socioeconomic status, BMI, household income, education group, smoking status, 
alcohol drinker status, and physical activity

Exposure Person-years (PYs) Psychiatric 
disorder (n)

Incidence rate, 
(n/1000 PYs, 95% CI)

Model 1, HR (95% CI) Model 2, HR (95% CI)

Overall 4,180,295.3 49,865 11.93 (11.82–12.03)

Green space, 300 m buffer
 First tertile (the lowest) 1,378,805.6 17,062 12.37 (12.19–12.56) Reference Reference

 Second tertile 1,391,679.4 17,568 12.62 (12.44–12.81) 1.009 (0.988–1.031) 1.010 (0.988–1.031)

 Third tertile (the highest) 1,409,810.3 15,235 10.81 (10.64–10.98) 0.856 (0.837–0.875) *** 0.984 (0.961–1.006)

 Ordinal scale 0.927 (0.917–0.937) *** 0.992 (0.981–1.004)

Blue space, 300 m buffer
 First tertile (the lowest) 1,379,691.0 17,326 12.56 (12.37–12.75) Reference Reference

 Second tertile 1,397,693.1 16,310 11.67 (11.49–11.85) 0.920 (0.901–0.940) *** 0.983 (0.961–1.004)

 Third tertile (the highest) 1,402,911.2 16,229 11.57 (11.39–11.75) 0.913 (0.893–0.932) *** 0.973 (0.952–0.994) *

 Ordinal scale 0.955 (0.945–0.965) *** 0.986 (0.976–0.997) *

Natural environment, 300 m buffer
 First tertile (the lowest) 1,375,925.1 17,640 12.82 (12.63–13.01) Reference Reference

 Second tertile 1,402,678.0 17,160 12.23 (12.05–12.42) 0.941 (0.921–0.961) *** 1.003 (0.982–1.025)

 Third tertile (the highest) 1,401,692.2 15,065 10.75 (10.58–10.92) 0.818 (0.801–0.836) *** 0.970 (0.948–0.992) **

 Ordinal scale 0.905 (0.896–0.915) *** 0.985 (0.974–0.997) **

Green space, 1000 m buffer
 First tertile (the lowest) 1,371,142.3 17,556 12.80 (12.62–12.99) Reference Reference

 Second tertile 1,396,052.3 17,368 12.44 (12.26–12.63) 0.951 (0.932–0.972) *** 1.013 (0.991–1.035)

 Third tertile (the highest) 1,413,100.7 14,941 10.57 (10.41–10.74) 0.802 (0.785–0.820) *** 0.983 (0.960–1.007)

 Ordinal scale 0.897 (0.888–0.907) *** 0.992 (0.980–1.004)

Blue space, 1000 m buffer
 First tertile (the lowest) 1,387,287.6 16,938 12.21 (12.03–12.39) Reference Reference

 Second tertile 1,394,469.2 16,183 11.61 (11.43–11.79) 0.947 (0.927–0.968) *** 0.974 (0.953–0.995) *

 Third tertile (the highest) 1,398,538.5 16,744 11.97 (11.79–12.16) 0.977 (0.957–0.998) * 0.981 (0.960–1.002)

 Ordinal scale 0.988 (0.978–0.999) * 0.990 (0.980–1.001)

Natural environment, 1000 m buffer
 First tertile (the lowest) 1,370,786.7 18,053 13.17 (12.98–13.36) Reference Reference

 Second tertile 1,397,814.0 17,070 12.21 (12.03–12.40) 0.906 (0.887–0.925) *** 1.014 (0.992–1.036)

 Third tertile (the highest) 1,411,694.5 14,742 10.44 (10.28–10.61) 0.769 (0.752–0.786) *** 0.975 (0.952–0.999) *

 Ordinal scale 0.878 (0.868–0.887) *** 0.988 (0.976–1.000) *
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Fig. 1 The independent associations of green and blue space and natural environment with specific psychiatric disorders (HR, hazard ratio; CI, 
confidence interval; the estimates were adjusted for age, sex, ethnicity, socioeconomic status; BMI, household income, education group, smoking 
status, alcohol drinker status, and physical activity, and the references were the first tertile of green and blue space and nature environment, 
respectively)

Fig. 2 The associations of green and blue space and natural environment at 300 m buffer with any psychiatric disorder by stratified factors (HR, 
hazard ratio; CI, confidence interval; SES, socioeconomic status; BMI: body mass index, the estimates were adjusted for ethnicity, SES, BMI, household 
income, education group, smoking status, alcohol drinker status, and physical activity, and relative factors were not included in the models 
when performing corresponding subgroup analysis)
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confounding is likely to have remained. It should be noted 
however that when we stratified by level of physical activ-
ity, the results were not materially different. Rather than 
relying on self-report measures of physical activity, future 
studies that include device-measured physical activity are 
likely to be more informative. In particular, using wear-
able devices to track activity levels would enable adjust-
ment for the amount and intensity of physical activity 
while exposed to GBN, something which we were unable 
to address in the current study.

Strengths and limitations
Several strengths of this study should be mentioned. 
First, the UKB is a large-scale well-characterized, popula-
tion-based cohort study with information on many vari-
ables. This enables us to adjust for potential confounders 
of the relationship between exposure to GBN with psy-
chiatric disorders. We were also able to undertake sensi-
tivity analyses, for example, those involving noise and air 
pollution data. Although the effect is relatively small, the 
findings in the current study are robust and reliable. Sec-
ond, the long duration of follow-up in UKB is unique and 
enabled us to look at the long-term effects of GBN on 
psychiatric disorders. Finally, the current study not only 
reported on the prospective associations with any psychi-
atric disorder but examined important specific psychiat-
ric disorders.

Some limitations should also be mentioned when 
explaining the results of this study. First, we only cap-
tured the data of GBN at 300 m and 1000 m buffer; more 
detailed data at a buffer of 100  m were not available. 

Moreover, urbanicity, which is a potential confounder 
for the association between GBN and psychiatric disor-
ders, was lacked update to the study period in UKB and 
hence could not be adjusted for in the analysis. Further-
more, although sensitivity analyses that had adjusted for 
outdoor time showed no material impact on the main 
findings, it is important to mention that there may have 
been information bias, namely misclassification bias, 
when dividing the participants into different groups of 
exposure to GBN, especially for the uncertain physical 
or/and visual accessibility of GBN and how much expo-
sure to GBN spaces individuals received. Additionally, 
exposures were only collected at baseline (2010), which 
may have led to misclassification if an individual changed 
residential location or factors relating to socioeconomic 
status or lifestyle behaviors (e.g., changing physical activ-
ity levels). Although we included a wide range of poten-
tial confounders, residual confounding by unmeasured 
factors such as social support, job-related stress, or other 
neighborhood-level variables is likely to have remained. 
Finally, UKB had a low rate (5%) of recruitment and a 
limited age group from 37 to 73  years [22], which may 
have introduced some selection bias and therefore limits 
the generalizability of the conclusions to the general UK 
population.

Conclusions
In summary, greater exposure to GBN was associated 
with decreased risk for any or specific psychiatric dis-
orders in middle-aged and older adults. There was 
evidence that the effects may be greater among older 

Fig. 3 The associations of green and blue space and natural environment at 1000 m buffer with any psychiatric disorder by stratified factors (HR, 
hazard ratio; CI, confidence interval; SES, socioeconomic status; BMI: body mass index, the estimates were adjusted for ethnicity, SES, BMI, household 
income, education group, smoking status, alcohol drinker status, and physical activity, and relative factors were not included in the models 
when performing corresponding subgroup analysis)
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individuals, men, and those with pre-existing condi-
tions. Further studies are warranted to investigate the 
social, biological, and physiological interplay more fully 
between the environment and an individuals’ mental 
health.

Abbreviations
GBN  Green space, blue space, and the natural environment
HR  Hazard ratio
CI  Confidence interval
DALYs  Disability‑adjusted life‑years
UKB  UK Biobank
GLUD  Generalized Land Use Database
CEH  Ecology and Hydrology
LCM  Land Cover Map
ICD  International Classification of Disease
SES  Socioeconomic status
BMI  Body mass index
T2D  Type 2 diabetes
MET  Metabolic Equivalent Task
IPAQ  International Physical Activity Questionnaire
MICE  Multivariate imputations by chained equations
PM  Particular matter
ESCAPE  European Study of Cohorts for Air Pollution Effects
GP  General practitioner

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916‑ 023‑ 03239‑1.

Additional file 1: Fig. S1. Study flow diagram. Table S1. The definition 
of psychiatric disorders in this study. Table S2. Data field and definition of 
the included covariates. Table S3. The independent associations of green 
and blue space with specific psychiatric disorders. Table S4. Sensitivity 
analysis for the associations of green, blue space and natural environ‑
ment with any psychiatric disorder by adjusting air and noise pollution. 
Table S5. Sensitivity analysis for the associations of green, blue space and 
natural environment with any psychiatric disorder by adjusting additional 
factors. Table S6. Sensitivity analysis for the associations of green, blue 
space and natural environment with any psychiatric disorder by omitting 
the participants with missing values and any psychiatric disorder for the 
first two years. Table S7. Sensitivity analysis for the associations of green, 
blue space and natural environment with any psychiatric disorder by 
using different cut‑offs.

Acknowledgements
The authors would like to thank the participants of the UK Biobank. This 
research has been conducted using the UK Biobank Resource under Applica‑
tion Number 91536.

Authors’ contributions
BPL, QZ, and CXJ conceptualized the idea for the manuscript. BPL and QZ 
contributed to the method for the paper. BPL, RH, TS, and KJH drafted the 
manuscript under the supervision of QZ and CXJ. All authors read and 
approved the final manuscript. BPL, QZ, and CXJ are guarantors for this study. 
The corresponding authors attests that all listed authors meet authorship 
criteria and that no others meeting the criteria have been omitted.

Funding
Dr. Liu was supported by National Natural Science Foundation of China 
(NSFC) [No: 82103954] and Shandong Provincial Natural Science Founda‑
tion in China [No: ZR2021QH310]. Dr. Zhao receives grant funding from the 
Shandong Provincial Natural Science Foundation in China (No: ZR2021QH318) 
and the Shandong Excellent Young Scientists Fund Program (Overseas) (No: 
2022HWYQ‑055). Dr. Jia was supported by National Natural Science Founda‑
tion of China (NSFC) (No: 81761128033).

Availability of data and materials
UK Biobank data could be obtained on application from https:// www. ukbio 
bank. ac. uk/ enable‑ your‑ resea rch/ apply‑ for‑ access.

Declarations

Ethics approval and consent to participate
UK Biobank received ethical approval from the Northwest Multi‑center 
Research Ethics Committee (MREC reference:21/NW/0157). All participants 
gave written informed consent before enrolment in the study, which was 
conducted following the principles of the Declaration of Helsinki. More details 
about ethical approval could be seen at the website of UKB: https:// www. 
ukbio bank. ac. uk/ learn‑ more‑ about‑ uk‑ bioba nk/ about‑ us/ ethics

Consent for publication
Not required.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Epidemiology, School of Public Health, Cheeloo College 
of Medicine, Shandong University, Jinan 250012, Shandong, China. 2 Faculty 
of Health, Deakin University, Melbourne, VIC 3000, Australia. 3 Department 
of Epidemiology, IUF‑Leibniz Research Institute for Environmental Medicine, 
Düsseldorf, Germany. 4 Department of Big Data in Health Science, School 
of Public Health, Zhejiang University, Zijingang Campus, Hangzhou 310058, 
China. 5 Shandong University Climate Change and Health Center, Shandong 
University, Jinan 250012, Shandong, China. 

Received: 1 July 2023   Accepted: 19 December 2023

References
 1. GBD 2019 Mental Disorders Collaborators. Global, regional, and 

national burden of 12 mental disorders in 204 countries and territories, 
1990–2019: a systematic analysis for the Global Burden of Disease Study 
2019. Lancet Psychiatry. 2022;9(2):137–50.

 2. Liu BP, Jia CX, Qin P, Zhang YY, Yu YK, Luo X, et al. Associating factors of 
suicide and repetition following self‑harm: a systematic review and meta‑
analysis of longitudinal studies. EClinicalMedicine. 2022;49:101461.

 3. Roscoe C, Mackay C, Gulliver J, Hodgson S, Cai Y, Vineis P, et al. Associa‑
tions of private residential gardens versus other greenspace types with 
cardiovascular and respiratory disease mortality: observational evidence 
from UK Biobank. Environ Int. 2022;167:107427.

 4. Yang T, Gu T, Xu Z, He T, Li G, Huang J. Associations of residential green 
space with incident type 2 diabetes and the role of air pollution: a pro‑
spective analysis in UK Biobank. Sci Total Environ. 2023;866:161396.

 5. Liu M, Ye Z, He P, Yang S, Zhang Y, Zhou C, et al. Relations of residential 
green and blue spaces with new‑onset chronic kidney disease. Sci Total 
Environ. 2023;869:161788.

 6. Zhang Z, Chen L, Qian ZM, Li H, Cai M, Wang X, et al. Residential green 
and blue space associated with lower risk of adult‑onset inflammatory 
bowel disease: findings from a large prospective cohort study. Environ 
Int. 2022;160:107084.

 7. Astell‑Burt T, Navakatikyan MA, Feng X. Urban green space, tree canopy 
and 11‑year risk of dementia in a cohort of 109,688 Australians. Environ 
Int. 2020;145:106102.

 8. Paul LA, Hystad P, Burnett RT, Kwong JC, Crouse DL, van Donkelaar A, et al. 
Urban green space and the risks of dementia and stroke. Environ Res. 
2020;186:109520.

 9. Gonzales‑Inca C, Pentti J, Stenholm S, Suominen S, Vahtera J, Käyhkö N. 
Residential greenness and risks of depression: longitudinal associations 
with different greenness indicators and spatial scales in a Finnish popula‑
tion cohort. Health Place. 2022;74:102760.

 10. Min KB, Kim HJ, Kim HJ, Min JY. Parks and green areas and the risk for 
depression and suicidal indicators. Int J Public Health. 2017;62(6):647–56.

https://doi.org/10.1186/s12916-023-03239-1
https://doi.org/10.1186/s12916-023-03239-1
https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us/ethics
https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us/ethics


Page 11 of 12Liu et al. BMC Medicine           (2024) 22:15  

 11. Hystad P, Payette Y, Noisel N, Boileau C. Green space associations with 
mental health and cognitive function: results from the Quebec CARTa‑
GENE cohort. Environ Epidemiol. 2019;3(1):e040.

 12. Gascon M, Sánchez‑Benavides G, Dadvand P, Martínez D, Gramunt N, 
Gotsens X, 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.

 13. Roberts H, Helbich M. Multiple environmental exposures along daily 
mobility paths and depressive symptoms: a smartphone‑based tracking 
study. Environ Int. 2021;156:106635.

 14. Lan Y, Roberts H, Kwan MP, Helbich M. Daily space‑time activities, multi‑
ple environmental exposures, and anxiety symptoms: a cross‑sectional 
mobile phone‑based sensing study. Sci Total Environ. 2022;834:155276.

 15. Aerts R, Vanlessen N, Dujardin S, Nemery B, Van Nieuwenhuyse A, 
Bauwelinck M, et al. Residential green space and mental health‑related 
prescription medication sales: an ecological study in Belgium. Environ 
Res. 2022;211:113056.

 16. de Vries S, Ten Have M, van Dorsselaer S, van Wezep M, Hermans T, 
de Graaf R. Local availability of green and blue space and prevalence 
of common mental disorders in the Netherlands. BJPsych Open. 
2016;2(6):366–72.

 17. 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(7):e198209.

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

 19. Pearson AL, Shortridge A, Delamater PL, Horton TH, Dahlin K, Rzotkiewicz 
A, et al. Effects of freshwater blue spaces may be beneficial for mental 
health: a first, ecological study in the North American Great Lakes region. 
PLoS ONE. 2019;14(8):e0221977.

 20. Roberts H, van Lissa C, Hagedoorn P, Kellar I, Helbich M. The effect of 
short‑term exposure to the natural environment on depressive mood: a 
systematic review and meta‑analysis. Environ Res. 2019;177:108606.

 21. Zhang X, Zhang Y, Yun J, Yao W. A systematic review of the anxiety‑allevia‑
tion benefits of exposure to the natural environment. Rev Environ Health. 
2022;38(2):281–93.

 22. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK 
biobank: an open access resource for identifying the causes of a 
wide range of complex diseases of middle and old age. PLoS Med. 
2015;12(3):e1001779.

 23. Agay‑Shay K, Peled A, Crespo AV, Peretz C, Amitai Y, Linn S, et al. 
Green spaces and adverse pregnancy outcomes. Occup Environ Med. 
2014;71(8):562–9.

 24. Mass J, Verheij RA, de Vries S, Spreeuwenberg P, Schellevis FG, Groenewe‑
gen PP. Morbidity is related to a green living environment. J Epidemiol 
Community Health. 2009;63(12):967–73.

 25. Reklaitiene R, Grazuleviciene R, Dedele A, Virviciute D, Vensloviene J, 
Tamosiunas A, et al. The relationship of green space, depressive symp‑
toms and perceived general health in urban population. Scand J Public 
Health. 2014;42(7):669–76.

 26. Department for Communities and Local Government. Generalised Land 
Use Database Statistics for England 2005 (Enhanced Basemap) DCLG, 
London.: DCLG, London.; 2017 [Available from: https:// data. gov. uk/ datas 
et/ land_ use_ stati stics_ gener alised_ land_ use_ datab ase.

 27. Wang H, Tassinary LG. Effects of greenspace morphology on mortality 
at the neighbourhood level: a cross‑sectional ecological study. Lancet 
Planet Health. 2019;3(11):e460–8.

 28. Sallis JF, Cerin E, Conway TL, Adams MA, Frank LD, Pratt M, et al. Physical 
activity in relation to urban environments in 14 cities worldwide: a cross‑
sectional study. Lancet. 2016;387(10034):2207–17.

 29. White MP, Alcock I, Wheeler BW, Depledge MH. Would you be happier liv‑
ing in a greener urban area? A fixed‑effects analysis of panel data. Psychol 
Sci. 2013;24(6):920–8.

 30. Alcock I, White MP, Wheeler BW, Fleming LE, Depledge MH. Longitudinal 
effects on mental health of moving to greener and less green urban 
areas. Environ Sci Technol. 2014;48(2):1247–55.

 31. Wheeler BW, Lovell R, Higgins SL, White MP, Alcock I, Osborne NJ, et al. 
Beyond greenspace: an ecological study of population general health 
and indicators of natural environment type and quality. Int J Health 
Geogr. 2015;14:17.

 32. Morton D, Rowland, C., Wood, C., Meek, L., Marston, C., Smith, G., Simpson, 
I.C. Final report for LCM2007 – the new UK land cover map. NERC/Centre 
for Ecology & Hydrology. 2011.

 33. Liu BP, Jia CX. Shift work schedule and sleep patterns in relation to inci‑
dent depression: evidence from a prospective cohort study. Psychiatry 
Res. 2023;321:115076.

 34. Macpherson JM, Gray SR, Ip P, McCallum M, Hanlon P, Welsh P, et al. 
Child maltreatment and incident mental disorders in middle and older 
ages: a retrospective UK Biobank cohort study. Lancet Reg Health Eur. 
2021;11:100224.

 35. Liu WS, You J, Ge YJ, Wu BS, Zhang Y, Chen SD, et al. Association of biologi‑
cal age with health outcomes and its modifiable factors. Aging Cell. 
2023;22:e13995.

 36. Cabanas‑Sánchez V, Esteban‑Cornejo I, Parra‑Soto S, Petermann‑Rocha 
F, Gray SR, Rodríguez‑Artalejo F, et al. Muscle strength and incidence of 
depression and anxiety: findings from the UK Biobank prospective cohort 
study. J Cachexia Sarcopenia Muscle. 2022;13(4):1983–94.

 37. Chen W, Zeng Y, Suo C, Yang H, Chen Y, Hou C, et al. Genetic predis‑
positions to psychiatric disorders and the risk of COVID‑19. BMC Med. 
2022;20(1):314.

 38. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, 
et al. International physical activity questionnaire: 12‑country reliability 
and validity. Med Sci Sports Exerc. 2003;35(8):1381–95.

 39. Tyrrell J, Jones SE, Beaumont R, Astley CM, Lovell R, Yaghootkar H, et al. 
Height, body mass index, and socioeconomic status: Mendelian randomi‑
sation study in UK Biobank. BMJ. 2016;352: i582.

 40. van Buuren SGOK. mice: multivariate imputation by chained equations in 
R. J Stat Softw. 2011;45(3):1–67.

 41. Altman DG, Bland JM. Interaction revisited: the difference between two 
estimates. BMJ. 2003;326(7382):219.

 42. Qiao Y, Chen Z, Chen Y, Zheng T. Deciphering the link between mental 
health and green space in Shenzhen, China: the mediating impact of 
residents’ satisfaction. Front Public Health. 2021;9:561809.

 43. Astell‑Burt T, Mitchell R, Hartig T. The association between green space 
and mental health varies across the lifecourse. A longitudinal study. J 
Epidemiol Community Health. 2014;68(6):578–83.

 44. Ruijsbroek A, Mohnen SM, Droomers M, Kruize H, Gidlow C, 
Gražulevičiene R, et al. Neighbourhood green space, social environment 
and mental health: an examination in four European cities. Int J Public 
Health. 2017;62(6):657–67.

 45. Nieuwenhuijsen MJ, Dadvand P, Márquez S, Bartoll X, Barboza EP, Cirach 
M, et al. The evaluation of the 3–30‑300 green space rule and mental 
health. Environ Res. 2022;215(Pt 2):114387.

 46. Yoo EH, Roberts JE, Eum Y, Li X, Konty K. Exposure to urban green space 
may both promote and harm mental health in socially vulnerable neigh‑
borhoods: a neighborhood‑scale analysis in New York City. Environ Res. 
2022;204(Pt C):112292.

 47. Sarkar C, Webster C, Gallacher J. Residential greenness and prevalence of 
major depressive disorders: a cross‑sectional, observational, associational 
study of 94 879 adult UK Biobank participants. Lancet Planet Health. 
2018;2(4):e162–73.

 48. Pasanen TP, White MP, Wheeler BW, Garrett JK, Elliott LR. Neighbourhood 
blue space, health and wellbeing: the mediating role of different types of 
physical activity. Environ Int. 2019;131:105016.

 49. Georgiou M, Tieges Z, Morison G, Smith N, Chastin S. A population‑based 
retrospective study of the modifying effect of urban blue space on the 
impact of socioeconomic deprivation on mental health, 2009–2018. Sci 
Rep. 2022;12(1):13040.

 50. Gascon M, Zijlema W, Vert C, White MP, Nieuwenhuijsen MJ. Outdoor blue 
spaces, human health and well‑being: a systematic review of quantitative 
studies. Int J Hyg Environ Health. 2017;220(8):1207–21.

 51. de Keijzer C, Tonne C, Sabia S, Basagaña X, Valentín A, Singh‑Manoux A, 
et al. Green and blue spaces and physical functioning in older adults: lon‑
gitudinal analyses of the Whitehall II study. Environ Int. 2019;122:346–56.

 52. Hofman A, Voortman T, Ikram MA, Luik AI. Substitutions of physical 
activity, sedentary behaviour and sleep: associations with mental health 
in middle‑aged and elderly persons. J Epidemiol Community Health. 
2022;76(2):175–81.

 53. Xie Y, Xiang H, Di N, Mao Z, Hou J, Liu X, et al. Association between resi‑
dential greenness and sleep quality in Chinese rural population. Environ 
Int. 2020;145:106100.

https://data.gov.uk/dataset/land_use_statistics_generalised_land_use_database
https://data.gov.uk/dataset/land_use_statistics_generalised_land_use_database


Page 12 of 12Liu et al. BMC Medicine           (2024) 22:15 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 54. 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.

 55. Xie H, Li J, Zhu X, Li J, Yin J, Ma T, et al. Association between healthy 
lifestyle and the occurrence of cardiometabolic multimorbidity in hyper‑
tensive patients: a prospective cohort study of UK Biobank. Cardiovasc 
Diabetol. 2022;21(1):199.

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


	Exposure to residential green and blue space and the natural environment is associated with a lower incidence of psychiatric disorders in middle-aged and older adults: findings from the UK Biobank
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and participants

	Measures
	Exposures
	Outcomes
	Covariates
	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	Conclusions
	Anchor 19
	Acknowledgements
	References


