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The incidence of mental health disorders in urban areas is increasing and there is a growing interest

in using urban blue spaces (urban waterways, canals, lakes, ponds, coasts, etc.) as a tool to manage
and mitigate mental health inequalities in the population. However, there is a dearth of longitudinal
evidence of the mechanisms and impact of blue spaces on clinical markers of mental health to support
and inform such interventions. We conducted a 10-year retrospective study, following STROBE
guidelines, using routinely collected population primary care health data within the National Health
Service (NHS) administrative area of Greater Glasgow and Clyde for the North of Glasgow city area. We
explored whether living near blue space modifies the negative effect of socio-economic deprivation

on mental health during the regeneration of an urban blue space (canal) from complete dereliction

and closure. A total of 132,788 people (65,351 female) fulfilling the inclusion criteria were entered in
the analysis. We established a base model estimating the effect of deprivation on the risk of mental
health disorders using a Cox proportional hazards model, adjusted for age, sex and pre-existing
comorbidities. We then investigated the modifying effect of living near blue space by computing a
second model which included distance to blue space as an additional predicting variable and compared
the results to the base model. Living near blue space modified the risk of mental health disorders
deriving from socio-economic deprivation by 6% (hazard ratio 2.48, 95% confidence interval 2.39-
2.57) for those living in the most deprived tertile (T1) and by 4% (hazard ratio 1.66, 95% confidence
interval 1.60-1.72) for those in the medium deprivation tertile (T2). Our findings support the notion
that living near blue space could play an important role in reducing the burden of mental health
inequalities in urban populations.

The global burden of diseases due to mental health disorders is increasing'. The World Health Organisation
forecasts that mental health disorders will be the leading cause of Disability Adjusted Life Years in middle to
high-income countries by 20302 It is estimated that 11-18% of the world’s population is affected by mental
health issues®. However, the incidence of mental health disorders is not evenly distributed in the population,
and evidence shows a strong socio-economic gradient in mental health*-. The risk of mental health disorders is
substantially higher for people living in economically disadvantaged areas and areas with chronic low employ-
ment rates”'°.

The situation is compounded by a widening “mental health treatment gap” where, worldwide, more than
two-thirds of people with mental health disorders cannot access mental health services'!. Therefore, preventive
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Figure 1. Schematic diagram showing the timeline of the canal regeneration programme in the North of
Glasgow City from complete closure and dereliction to re-opening in North Glasgow in Scotland™.

measures should be prioritised to close this gap and decrease the incidence of mental health disorders'?. In par-
ticular, there is growing advocacy for tackling upstream determinants, the “causes of causes” of mental health
disorders and health inequalities'®, based on mounting evidence of efficacy’®, and added social and economic
societal benefits'>!6.

Urbanisation, considered one of the “causes of causes’, is an important risk factor for mental health and health
inequalities'”. As the world is becoming increasingly urban, there is growing interest in using the built environ-
ment to mitigate some of the adverse effects of urbanisation on mental health and positively promote good mental
health and prevent disease'®. Urban green spaces have long been seen as important assets for health promotion'?s
they are a common setting for social prescription®’. More recently, it has emerged that water environments within
an urban setting also have promising mental health enhancing capacities. Some epidemiological studies have
shown that living near urban coastline, rivers, canals and lakes, collectively defined as “blue spaces”, is associated
with lower psychological distress and better self-reported mental health?*2. Moreover, recent cross-sectional
evidence suggests that this effect is only seen amongst populations in the lowest socio-economic stratum, indi-
cating that living near a blue space may mitigate inequality in mental health?.

This study aimed to investigate whether living near blue space longitudinally modifies the effect of socio-eco-
nomic deprivation on mental health. Hence, we studied, longitudinally, the impact of a large-scale regeneration of
the Glasgow Branch of the Forth and Clyde Canal, an urban blue space, on mental health using routinely collected
clinical data. The study took place during a period of significant regeneration, during which the derelict canal
was transformed into an accessible waterway with a usable towpath. The area surrounding the canal experiences
high levels of socio-economic deprivation, as defined by the Scottish Index of Multiple Deprivation (SIMD)?.

Methods

Ethical considerations. The study obtained approval from Safe Haven review and Local Privacy Advisory
Committee (reference: GSH/19/S5/002); the NHS Greater Glasgow and Clyde Safe Haven operates under del-
egated ethical approving powers from the West of Scotland Research Ethics Committee. Caldicott approval for
re-use of data was in place. The study adhered to strict information governance and security protocols. Data-
bases were de-identified within the Safe Haven before being securely transferred to a secure workspace in the
Aridhia digital research platform (AnalytiXagility). Data access was restricted to three named researchers (ZT,
MG and SC).

Study design and setting. We conducted a population-based retrospective cohort study, following the
STROBE guidelines®, of the impact of the regeneration of the North Glasgow branch of the Forth and Clyde
Canal on the mental health of the population of North Glasgow, Scotland, UK. Rather than a “before-after”
regeneration design, this study entailed a survival analysis during a period of ongoing regeneration events. This
is thought to be a powerful approach in public health research for identification of risk and prognostic factors?.
A schematic diagram showing the canal’s regeneration is displayed in Fig. 1. The canal restoration project in
this area is a unique natural experiment to investigate the impact of urban blue spaces on mental health for two
reasons: it is a notable example of climate change mitigation and is significant due to the surrounding socio-
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(a) Incidence rate of drug prescriptions for treatment of a (b) SIMD deciles per datazone (1=most deprived, 10= least
mental health disorder deprived)

Figure 2. (a) Map of the incidence of drug prescriptions for treatment of a mental health disorder (number of
people prescribed a drug for treatment of a mental health disorder/datazone population) for Glasgow in 2009
(starting date of analysis); (b) Map of Scottish Index of Multiple Deprivation (SIMD) 2004 deciles (1 =most
deprived, 10 =least deprived) for each datazone in Glasgow. Blue line represents the canal in both maps. Study
area within rectangle shape. *Maps were generated using R software version 3.6.1.> URL: https://cran.r-project.
org/bin/windows/base/o0ld/3.6.1/.

economic deprivation. The canal was closed entirely and left to dereliction for over 40 years before 2000 and has
since undergone the most extensive canal regeneration programme in the UK, with the primary aim of increas-
ing the communities’ resilience to climate change. The first canal lock was re-opened as a space for recreation
in the area of interest in 2006. Glasgow’s ‘Smart Canal’ project describes the regeneration of the city’s canal net-
work for flood prevention through rainfall absorbance, offering a successful example of a Nature-Based Solution
towards climate adaptation and resilience”. The neighbourhoods surrounding the North Glasgow branch of
the canal are characterised by clustering of environmental and socio-economic deprivation, physical and men-
tal health challenges, significant health disparities and climate change vulnerabilities?. Figure 2 shows (a) the
geographical distribution of mental health drug prescriptions at the beginning of our study period and (b) the
geographical distribution of social deprivation near the start of the canal regeneration.

Glasgow is the most populous city in Scotland, with a population of 593,245 according to the 2011 UK
Census®. The study setting and area are described in detail elsewhere®'. In brief, the study area encompassed
the canal network that runs through the North of Glasgow (area 33 km?), including the Glasgow Branch of the
Forth and Clyde Canal, where most of the regeneration took place. Within the study, we used the Glasgow City
boundary as the upper boundary (North) and the M8 motorway, which separates North Glasgow from the City
Centre, as the lower boundary (South).

Data sources. We linked data from the National Records of Scotland (NRS) to routinely collected popu-
lation health data within the NHS administrative area of Greater Glasgow and Clyde, held within the NHS
Scotland Information Services Division Safe Haven. Specifically, we used the Local Enhanced Service database
from General Practice (GP) surgeries and the pharmacy prescription database. The GP Local Enhanced Services
database captures patient information recorded from the Scottish Primary Care Information Resource, which
provides primary care data for Scotland®. This database covers a range of chronic health conditions managed
in primary care. In the UK, most people are registered with an NHS GP surgery'’. The pharmacy prescription
database contains prescription and dispensation details. This includes all prescribed and dispensed medications
within the Greater Glasgow and Clyde area from 2008 to 2019.

NHS Greater Glasgow and Clyde Safe Haven conducted the data linkage based on the Community Health
Index (CHI) number, a single patient identifier throughout NHS Scotland. We subsequently linked the data-
zones where a person resided to socio-economic deprivation status according to the Scottish Index of Multiple
Deprivation (SIMD)*.

Independent variable: prescription of psychotropic medications. We estimated the diagnosis of
mental health disorders through clinical records of mental health drug prescriptions. We used GP and pharmacy
prescription databases to establish the date an individual was prescribed a drug for the treatment of a mental
health disorder between 2009 and 2018. We considered psychotropic drugs for the treatment of mental health
disorders. The full list is provided in Supplementary Table S1 in the supplementary material.
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The GP Local Enhanced Services database provides data on clinical events, which refer to any form of diag-
nosis, measurement, reading, prescription, medication or other clinical finding recorded in the patient’s medical
history. These data include dates of clinical events, Read Codes, descriptions for each event, and the postcode
sector for GP practices.

Read Codes are a national standard coded thesaurus of clinical terms for coding and recording all relevant
information from a patient encounter*. Read Codes were developed and maintained by the Health and Social
Care Information Centre based in Leeds, UK. They are used by GPs throughout the UK NHS. GP practices in
Scotland use 5-byte Version 2 Read Codes which are based on International Classification of Diseases (ICD-
9-CM) diagnosis and procedure codes from the World Health Organization®.

The pharmacy database provides data on mental health drug prescription events and dates as part of the rou-
tine GP population health data within the NHS administrative area of Greater Glasgow and Clyde, held within
the NHS Scotland Information Services Division Safe Haven. The starting date of the prescriptions dataset was
01 January 2008.

Distance to blue space. We calculated how far people live from a blue space as the Euclidean distance (i.e.
straight-line) between population-weighted centroids of individuals’ 2011 data zones and the nearest portion of
the canal using the R package ’sf™.

Mental health determinants/confounders. Socio-economic deprivation. We estimated the level of
socio-economic deprivation using the 2016 SIMD*. SIMD identifies concentrations of multiple deprivation
at the small area (datazone) level across seven domains: income, employment, housing, health, education, and
geographic access. The SIMD is the recommended measure for monitoring health inequalities in Scotland®”. We
ranked SIMD scores from highest to lowest for the 746 Glasgow datazones based on the 2011 Census and calcu-
lated three SIMD tertiles; tertile 1 being the most deprived and tertile 3 being the least deprived.

Comorbidities variable: chronic health indices. We estimated individuals’ burden of physical health comorbid-
ity using Read Codes based on an algorithm developed by Metcalfe et al.*®. Details of the Elixhauser Method
are described elsewhere!'®*%. The authors generated code lists for both the Charlson Comorbidity Index (CCI)
(17 categories) and the Elixhauser Method (31 categories), and showed that the Elixhauser codes outperformed
the CCI codes in predicting hip fracture mortality®®. Hence, we used the Elixhauser code lists in our study. We
included the following health conditions in the index: Chronic pulmonary disease, renal disease, obesity, other
neurological disorders, peripheral vascular disorder, diabetes, cardiovascular disease and hypertension.

Demographics. We obtained information on sex, date of birth and date of death (if appropriate) from the NRS
records, on 01 January 2000.We calculated the age of each person on the first day of our study period (01 January
2009) from their date of birth.

Statistical analysis. The directed acyclic graph (DAG), presented in Fig. 3, guided our analysis. We first
established a base model estimating the effect of deprivation on the risk of developing a mental health disorder
using a Cox proportional hazards model®, with ‘time to event’ as the dependent variable taking into account the
effect of common confounders; age, sex and pre-existing comorbidities®’. We defined ‘time to event’ as the time
in months to the first record of mental health drug prescription for an individual. We left-censored entry time
on 1 January 2009 and right-censored follow-up time on 31 December 2018. To investigate the modifying effect
of living near blue space, we computed a second model, which included distance to blue space as an additional
predicting variable and compared the results to the base model. We reported Hazard Ratios (HR) and 95% Con-
fidence Intervals (ClIs) for risk and beta coefficients for effects for each model. The modifying effect of living near
blue space was calculated from the difference in both effects and risks between models. We used the concordance
index (C-index) to evaluate the accuracy of the prognostic ability and reliability of our models; C-index>0.70
indicates good prognostic ability of a model*'. We performed log-rank tests and Akaike information criterion
(AIC) comparisons to test for improvement of goodness-of-fit between models. Statistical significance was tested
at the 95% confidence level.

We conducted a sensitivity analysis to ascertain the robustness of the results and investigate potential reverse
causation effects. We adapted our final model (with distance to blue space variable) to 14 scenarios of differ-
ent cut-off ages and time periods. Specifically, we restructured our model with the distance variable (>9 Ages,
2009-2018) for cut-off ages of 0, 8, 9, 10 and 18 years old for the 2009-2018, 2011-2018 and 2014-2018 time
periods.

All analyses were conducted on R Version 3.6.1.%.

Patient and public involvement. No patients or any members of the public were involved in the design,
data analysis or conduct of this study. The study was based on deidentified historical data from Greater Glasgow
and Clyde NHS Safe Haven.

Results

Data flow and sample characteristics. From the 1,949,017 IDs held in the database, we excluded IDs of
people who died or moved out of the area before 2009 because they were outside our study period (2009-2018).
We only included IDs of people over the age of 9 in 2009 so that all individuals included would be at least
18 years old at the end of our study period (2018). This resulted in 1,143,793 IDs remaining in our dataset. Of
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Figure 3. Conceptual directed acyclic graph of the associations between mental health, distance to blue space
and mental health determinants/confounders; SIMD T1 (most socio-economically deprived tertile); SIMD T2
(medium socio-economic deprivation tertile).

those, 132,788 people lived within 1000 m of the canal during the study period (2009-2018). Details of the data
flow and distribution of people and events are presented in Fig. 4 and Table 1, respectively.

Base model. Results of the base model are presented as forest plots in Fig. 5 below and Supplementary
Table S2 in the supplementary material. The base model had a good prognostic ability of the risk of mental
health disorder (C-index=0.725, 95% confidence interval 0.721-0.728). As expected, the base model indicated
a strong effect of deprivation on the risk of mental health disorders. In detail, people living in the most socio-
economically deprived tertile (T1) had a 154% higher risk of mental health disorders than those living in the
least deprived tertile (T3) (p=0.931, p <0.05; hazard ratio 2.54, 95% confidence interval 2.45-2.63) and those
living in the medium deprivation tertile (T2) had a 70% higher risk than those in the least deprived tertile (T3)
(B=0.528, p<0.05; hazard ratio 1.70, 95% confidence interval 1.63-1.76). We also observed the effects of age, sex
and pre-existing comorbidities. Specifically, males had a 31% lower risk of mental health disorders than females
(B=-0.376, p<0.05; hazard ratio 0.69, 95% confidence interval 0.67-0.71), people with pre-existing comorbidi-
ties had a 71% higher risk than those without any pre-existing comorbidity (f =0.534, p <0.05; hazard ratio 1.71,
95% confidence interval 1.64-1.77), and older people had a 2% higher risk than those of younger age (f=0.021,
P <0.05; hazard ratio 1.02, 95% confidence interval 1.02-1.02).

Modifying effect of living near blue space. The Cox proportional hazards model taking into account
distance to blue space, indicated that living closer to blue space did not have a direct effect on the risk of mental
health disorders (B =0.000, p <0.05; hazard ratio 1.00, 95% confidence interval 1.00 to 1.00) (Fig. 5 above and
Supplementary Table S2 in the supplementary material). However, adding the distance to blue space variable in
the model modified the negative effect of socio-economic deprivation on mental health disorders. Specifically,
for people living in the most socio-economically deprived tertile (T1), the effect was attenuated by 6% (p=0.909,
P <0.05; hazard ratio 2.48, 95% confidence interval 2.39-2.57). Similarly, for those living in the medium dep-
rivation tertile (T2), the effect of deprivation was attenuated by 4% (p=0.505, p <0.05; hazard ratio 1.66, 95%
confidence interval 1.60-1.72). In terms of effect size, when adding the distance to blue space variable in the
model, the effect of socio-economic deprivation on mental health disorders appeared to be reduced by 2.42%
for those living in the most deprived tertile (T1) and by 4.30% for those in the medium deprivation tertile (T2).
As shown in Fig. 5, distance to blue space did not change the effect of age, sex or pre-existing comorbidities.
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Figure 4. Data flow diagram.

Overall
No. of people | No. of events | Ratio (events/people)
Male 67,437 8,712 12.91%
Female 65,351 11,766 18.00%
Summary 132,788 20,478 15.42%

Table 1. Distribution of people within analysed sample.

Modifying effects of distance to blue space were also confirmed by statistically significant (p <0.05) interaction
terms between distance and deprivation variables. Moreover, the addition of the distance to blue space variable
significantly improved our model, as indicated by a statistically significant log-rank test (p <0.05) and lower
AIC values. The good prognostic ability of the model was not affected (C-index=0.725, 95% confidence interval
0.721-0.728).

Sensitivity analysis. Our sensitivity analysis showed that the results were not significantly affected by
changing the inclusion age or the length of the follow-up period. We present hazard ratios for our model with
the distance to blue space variable in Supplementary Fig. S1, in forest plots, and Supplementary Table S3, in the
supplementary material.

Discussion

In this large longitudinal analysis of routinely collected NHS data, we investigated whether living near blue space
modifies the effect of socio-economic deprivation on mental health disorders. We identified a protective modi-
fying effect for living near blue space on the deleterious association between socio-economic deprivation and
mental health disorders. Living closer to blue space attenuated the negative effect of socio-economic deprivation
on mental health disorders through a 6% and 4% risk reduction both for those in the most deprived tertile (T1)
and those in the medium deprivation tertile (T2), respectively (T1 vs T3: Risk from 154 to 148% higher, T2 vs
T3: Risk from 70 to 66% higher). We did not find a direct effect of living near blue space on the risk of mental
health disorders. Nor did we find a similar modifying effect of living near blue space on the associations between
pre-existing comorbidities, sex, age and mental health disorders.
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Figure 5. Forest plot of modifying effect of living near blue space on predictors of the risk of mental health
issues.

In their recent cross-sectional study, Garrett et al.> reported a differential association between living near
blue space and mental health. Using 12-item General Health Questionnaire (GHQ-12) scores as a mental health
indicator and equivalised household income as a socio-economic status index, they found that the beneficial
effect of blue space on mental health existed only for those living in the most deprived areas®. These findings
suggest that the effect of blue space on mental health is moderated by socio-economic deprivation?. Our study
confirms longitudinally that the beneficial effects of blue spaces are greater amongst more vulnerable and socio-
economically deprived communities. Contrary to previous research, our results suggest that it is the proximity
to blue space that moderates the impact of deprivation. We suggest that living near blue space may not eradicate
the negative effects of socio-economic deprivation on mental health for all socio-ecomic levels, but it creates a
“protective moat” effect which attenuates the increased mental health risks deriving from socio-economic dep-
rivation. With regard to the mechanisms of these effects, a recent systematic review and meta-analysis looking
at the impact of blue space on health, found that the potential mechanisms explaining the observed moderat-
ing effects may be: increased opportunities for physical activity and restoration, more social interaction and
improvement of the environmental factors near blue space??. However, further research should be conducted
to understand the actual physiological effects and how exposure to blue space may change brain physiology. In
that sense, recent research looking at the effect of green spaces on brain activity has found that visual exposure to
green spaces may be a health-promoting and stress-relieving experience, through adjustment of oxyhemoglobin
levels***. Yet, it is still unknown whether a similar physiological mechanism applies to blue space.

Given the large size of the negative effect of socio-economic deprivation on mental health disorders (T1 vs
T3: Risk from 154 to 148% higher, T2 vs T3: Risk from 70 to 66% higher), the risk attenuation by 6% and 4%
for those in the most deprived (T1) and medium deprivation tertile (T2), respectively, may appear numerically
small. However, we suggest that this may have an important effect at a population level in an urban environment,
if blue space interventions can be developed at scale®.

Interestingly, the moderating effect of socio-economic deprivation has been recently also reported in a study
investigating the association between blue space exposure and physical health'’. In detail, using SIMD index as
a measure of socio-economic deprivation over an 18-year period, higher exposure to blue space was found to
significantly reduce the risk of physical health-related diseases, such as incident cardiovascular disease, hyperten-
sion, stroke and obesity, but only for those living in the most socio-economically deprived areas'’. This, implies
that living near blue space also moderates the risk of having pre-existing comorbidities which in turn lowers
the risk of mental health disorders. We therefore suggest that, taken together, there are two main pathways of
the effect of blue space on mental health; (a) through the attenuation of the negative effect of socio-economic
deprivation and (b) through the direct effect of blue space on the risk of developing comorbidities, leading to
lower risk of having pre-existing comorbidities and in turn mental health disorders.

With respect to the direct effect of blue space on mental health disorders, previous studies have reported a
beneficial effect of closer proximity to blue space on mental health. In more detail, a recent systematic review
and meta-analysis of 25 studies on the impact of urban blue spaces on human health found that people living
closer to blue space had better self-reported mental health and wellbeing (Cohen’s d — 0.25, 95% confidence
interval — 0.44 to — 0.07)*¢. However, the evidence base solely consisted of cross-sectional studies using mainly
self-reported measures of mental health and wellbeing*. The lack of evidence of a direct effect of blue space on
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mental health disorders in our large longitudinal study of routine NHS data suggests that more longitudinal
research should be conducted on the matter, using clinical markers of mental health, for conclusive evidence.

In that sense, a recent longitudinal study investigating the direct effect of growing up in areas with blue space
on any subsequent psychiatric disorder in Denmark, by comparing 3000 m x 3000 m areas mainly covered by
blue space to a mainly urban 3000 m x 3000 m space, found a direct protective effect for greater exposure to
blue space (18% lower risk)*’. Although these results may appear somewhat incompatible with our findings, the
discrepancy could be attributed to the difference in the exposure and reference in the two studies. In our study,
we used Euclidean distances from population-weighted centroids of individuals’ 2011 data zones to measure
distance to blue space, while Engemann et al. used the difference in amount of blue space within a large area®’. We
would argue that our study better reflects blue space exposure at a more close-up scale relevant to nature-based
therapy, but the study by Engemann et al. may better reflect the impact of the living environment*. As blue spaces
are often narrow linear features by nature, distance metrics are generally preferred to spatial coverage metrics
in research*®. Additionally, we adjusted our models for pre-existing comorbidities, which may play a significant
role in the development of mental health disorders®. Taken together, the absence of a pre-existing comorbidities
covariate and the nature of the measures of exposure to blue space in the study by Engemann et al.¥’, may have
led to overestimation of the direct rather than indirect effects of blue space on mental health.

The results of our study have several important implications. Firstly, findings confirm the modifying role of
blue space on the association between socio-economic deprivation and mental health. Combined with the fact
that this study focussed on one of Europe’s most deprived areas®’, our findings establish the foundation of the
crucial role blue spaces could play in levelling inequalities in mental health. In addition, this raises the question
of equity of access to natural environments in urban settings. For instance, while green spaces appear to have
similar salutogenic effects on mental health®, access and geographical distribution of green spaces are strongly
determined by area deprivation status®>->. In contrast, blue spaces are thought to be more evenly distributed
socio-economically®’. However, recent evidence has indicated that those better off are more likely to visit blue
spaces than people with lower incomes®. Therefore, equitable use and access to blue space should be actively
encouraged. Such outcomes can be achieved through the development and promotion of nature-based solutions
that encourage opportunities to be physically active and provide restorative and therapeutic spaces for mental
health®.

Secondly, this study illustrates the importance for health professionals to work closely with urban planners
and engage in urban regeneration programmes to address mental health disorders in urban populations. Indeed,
as per the Town and Country Planning Association®®, inland waterways are recognised as catalysts for urban
regeneration, which promote health and wellbeing. This policy also presents underperforming waterways as the
result of the economic and social failure of adjacent neighbourhoods®. Building on current policy, this study
provides evidence for the link between socio-economic deprivation and blue space benefits, and suggests that
waterway regeneration efforts should primarily focus on the most deprived areas.

Thirdly, another important aspect of this study is that the driving force and incentive of the Glasgow Branch of
the Forth and Clyde Canal regeneration effort was the creation of a Nature-Based Solution for climate adaptation.
Although the impact on health was hypothesised, it was not taken into account directly. Therefore, it is evident
that urban climate adaptation efforts can have significant mental health co-benefits. This is an important finding
because health and climate change vulnerability tend to cluster®. Waterway regeneration efforts could therefore
not only help towards climate adaptation but also lead to significant co-benefits by alleviating the consequences
of socio-economic deprivation and, in turn, improving mental health.

To our knowledge, this is the first longitudinal study looking at the modifying role of blue space on the asso-
ciation between socio-economic deprivation and mental health, using objective clinical mental health measures.
The uniqueness of this study also lies in the fact that the North Glasgow branch of the Forth and Clyde canal
offers the opportunity to understand the impact of blue spaces in disadvantaged communities®.

A possible limitation of our study is that NHS records of GP visits and drug prescription records may not
capture all diagnoses of mental health disorders. Studies have shown that people with mental health disorders
and/or low socio-economic status often experience social discrimination and stigmatisation®"®2. In healthcare,
stigma raises a significant barrier for the most vulnerable and reduces access to diagnosis, treatment and suc-
cessful health outcomes, while cost may also be a factor®. Therefore, the trend of blue space benefits for those
living closer to the canal may reflect the consequences of stigmatisation towards people with mental disorders.
However, the levels of usage of NHS services in our dataset were found to be stable across all distances and time
periods. Even so, we did not have access to psychotherapy NHS data. It is therefore still possible that a number
of people with mental health disorders may have not sought treatment and therefore effects may have been
underestimated. Lastly, a certain limitation is that living within closer proximity to blue space does not fully
reflect use of blue spaces®.

In conclusion, our findings indicate that living near urban blue space can alleviate the adverse impacts of
socio-economic deprivation on mental health and in turn potentially reduce medication intake, especially for
those most deprived. Our study suggests that increasing exposure to blue spaces through the development or
regeneration of blue spaces could potentially be a powerful tool to reduce mental health inequalities in urban
populations.

Data availability
Data for this study are available through the Greater Glasgow and Clyde NHS Safe Haven secure environment
and access is codified by NHS ethics.
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Codes can be provided by the corresponding author (MG) upon reasonable request.

Scientific Reports |

(2022) 12:13040 | https://doi.org/10.1038/s41598-022-17089-z nature portfolio



www.nature.com/scientificreports/

Received: 16 May 2022; Accepted: 20 July 2022
Published online: 29 July 2022

References

1.

Whiteford, H., Ferrari, A. & Degenhardt, L. Global burden of disease studies: Implications for mental and substance use disorders.
Health Aff. 35, 1114-1120 (2016).

2. World Health Organization. World Health Organization. The Global Burden of Disease: 2004 update. Update 2010 (2008).

3. Ritchie, H. & Roser, M. Mental health. Our World in Data (2018).

4. World Health Organization & Calouste Gulbenkian Foundation. Social Determinants of Mental Health. Geneva, World Health
Organization, 2014 (World Health Organization, 2014).

5. Allen, J., Balfour, R., Bell, R. & Marmot, M. Social determinants of mental health. Int. Rev. Psychiatry 26, 392-407 (2014).

6. Macintyre, A., Ferris, D., Gongalves, B. & Quinn, N. What has economics got to do with it? The impact of socioeconomic factors
on mental health and the case for collective action. Palgrave Commun. 4, 1-5. https://doi.org/10.1057/s41599-018-0063-2 (2018).

7. Curtis, S. et al. Changing labour market conditions during the ‘great recession’ and mental health in Scotland 2007-2011: An
example using the Scottish Longitudinal Study and data for local areas in Scotland. Soc. Sci. Med. 227, 1-9 (2019).

8. Curtis, S. et al. Trajectories in mental health and socio-spatial conditions in a time of economic recovery and austerity: A longi-
tudinal study in England 2011-17. Soc. Sci. Med. 270, 113654 (2021).

9. Hong, J., Knapp, M. & Mcguire, A. Income-related inequalities in the prevalence of depression and suicidal behaviour: A 10-year
trend following economic crisis. World Psychiatry 10, 40-44 (2011).

10. Tieges, Z., Georgiou, M., Smith, N., Morison, G. & Chastin, S. Investigating the association between regeneration of urban blue
spaces and risk of incident chronic health conditions stratified by neighbourhood deprivation: A population-based retrospective
study, 2000-2018. Int. J. Hyg. Environ. Health 240, 113923 (2022).

11. Kohn, R, Saxena, S., Levay, I. & Saraceno, B. The treatment gap in mental health care. Bull. World Health Organ. 82, 858-866
(2004).

12. Wainberg, M. L. et al. Challenges and opportunities in global mental health: A research-to-practice perspective. Curr. Psychiatry
Rep. 19, 28. https://doi.org/10.1007/s11920-017-0780-z (2017).

13. Williams, D. R., Costa, M. V., Odunlami, A. O. & Mohammed, S. A. Moving upstream: How interventions that address the social
determinants of health can improve health and reduce disparities. J. Public Health Manag. Pract. 14(Suppl), S8 (2008).

14. Shim, R. S. & Compton, M. T. Addressing the social determinants of mental health: If not now, when? If not us, who?. Psychiatr.
Serv. 69, 844-846 (2018).

15. Knapp, M., Mcdaid, D. & Parsonage, M. Mental Health Promotion and Mental Illness Prevention: The Economic Case (2011).

16. Friedli, L. & Parsonage, M. Building an economic case for mental health promotion: Part I. J. Public Ment. Health 6, 14-23. https://
doi.org/10.1108/17465729200700017 (2007).

17. Goryakin, Y., Rocco, L. & Suhrcke, M. The contribution of urbanization to non-communicable diseases: Evidence from 173
countries from 1980 to 2008. Econ. Hum. Biol. 26, 151-163 (2017).

18. Pinter-Wollman, N., Jelic, A. & Wells, N. M. The impact of the built environment on health behaviours and disease transmission
in social systems. Philos. Trans. R. Soc. B Biol. Sci. 373, 20170245 (2018).

19. Hartig, T. & Kahn, P. H. Living in cities, naturally. Science 352, 938-940. https://doi.org/10.1126/science.aaf3759 (2016).

20. van den Berg, A. E. From green space to green prescriptions: Challenges and opportunities for research and practice. Front. Psychol.
8, 268. https://doi.org/10.3389/fpsyg.2017.00268 (2017).

21. Dzhambov, A. M. Residential green and blue space associated with better mental health: A pilot follow-up study in university
students. Arh. Hig. Rada Toksikol. 69, 340-349 (2018).

22. Nutsford, D., Pearson, A. L., Kingham, S. & Reitsma, E Residential exposure to visible blue space (but not green space) associated
with lower psychological distress in a capital city. Health Place 39, 70-78 (2016).

23. Garrett, J. K, Clitherow, T. J., White, M. P., Wheeler, B. W. & Fleming, L. E. Coastal proximity and mental health among urban
adults in England: The moderating effect of household income. Health Place 59, 102200 (2019).

24. Scottish Government. SIMD (Scottish Index of Multiple Deprivation). https://simd.scot/#/simd2020/BTTTFTT/9/-4.0000/55.
9000/ (2020).

25. von Elm, E. et al. Strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for
reporting observational studies. BMJ 335, 806-808 (2007).

26. Lee, E. T. & Go, O. T. Survival analysis in public health research. Annu. Rev. Public Health. 18, 105-134. https://doi.org/10.1146/
annurev.publhealth.18.1.105 (2003).

27. Muscatelli, A., McKee, E. & McGivern, S. Scotland: A world-leading Hydro Nation. Int. . Water Resour. Dev. 36, 239-244 (2020).

28. Maantay, J. & Maroko, A. ‘At-risk’ places: Inequities in the distribution of environmental stressors and prescription rates of mental
health medications in Glasgow, Scotland. Environ. Res. Lett. 10, 115003 (2015).

29. Team, R. C. R: A Language and Environment for Statistical Computing (R Foundation for Statistical Computing, 2014).

30. Office for National Statistics. 2011 Census: Aggregate Data (Edition: June 2016). UK Data Service SN: 7427. https://doi.org/10.
5257/census/aggregate-2011-2 (2020).

31. Tieges, Z. et al. The impact of regeneration and climate adaptations of urban green-blue assets on all-cause mortality: A 17-year
longitudinal study. Int. J. Environ. Res. Public Health 17, 1-12 (2020).

32. Scottish Government. A Health and Biomedical Informatics Research Strategy for Scotland. https://www.gov.scot/publications/
health-biomedical-informatics-research-strategy-scotland/pages/4/.

33. Scottish Government. Scottish Index of Multiple Deprivation (SIMD) 2016. The Scottish Government https://data.gov.uk/dataset/
a448dd2a-9197-4ea0-8357-c2c9b3c29591/scottish-index-of-multiple-deprivation-simd-2016 (2016).

34. Information Services Division Scotland NS. Coding and terminology systems. https://www.isdscotland.org/products-and-servi
ces/terminology-services/coding-and-terminology-systems/.

35. World Health Organization. The International Classification of Diseases: Ninth revision (ICD-9). Ann. Intern. Med. 88, 424-426.
https://doi.org/10.7326/0003-4819-88-3-424 (1978).

36. Pebesma, E. Simple features for R: Standardized support for spatial vector data. R J. 10, 439-446 (2018).

37. Scottish Government. Long-term monitoring of health inequalities: December 2018 report. https://www.gov.scot/publications/
long-term-monitoring-health-inequalities-december-2018-report/.

38. Metcalfe, D. et al. Coding algorithms for defining Charlson and Elixhauser co-morbidities in Read-coded databases. BMC Med.
Res. Methodol. 19, 115 (2019).

39. Cox, D. R. Regression models and life-tables. J. R. Stat. Soc. Ser. B (Methodol.) 34, 187-202 (1972).

40. Hopman, W. M. et al. Associations between chronic disease, age and physical and mental health status. Chronic Dis. Can. 29,
108116 (2009).

41. Zhang, L. Y. et al. High neutrophil-to-lymphocyte ratio predicts short survival in multiple system atrophy. NPJ Parkinson’s Dis. 8,
1-7 (2022).

42. Georgiou, M., Morison, G., Smith, N., Tieges, Z. & Chastin, S. Mechanisms of impact of blue spaces on human health: A systematic
literature review and meta-analysis. Int. J. Environ. Res. Public Health https://doi.org/10.3390/ijerph18052486 (2021).

Scientific Reports|  (2022) 12:13040 | https://doi.org/10.1038/s41598-022-17089-z nature portfolio


https://doi.org/10.1057/s41599-018-0063-2
https://doi.org/10.1007/s11920-017-0780-z
https://doi.org/10.1108/17465729200700017
https://doi.org/10.1108/17465729200700017
https://doi.org/10.1126/science.aaf3759
https://doi.org/10.3389/fpsyg.2017.00268
https://simd.scot/#/simd2020/BTTTFTT/9/-4.0000/55.9000/
https://simd.scot/#/simd2020/BTTTFTT/9/-4.0000/55.9000/
https://doi.org/10.1146/annurev.publhealth.18.1.105
https://doi.org/10.1146/annurev.publhealth.18.1.105
https://doi.org/10.5257/census/aggregate-2011-2
https://doi.org/10.5257/census/aggregate-2011-2
https://www.gov.scot/publications/health-biomedical-informatics-research-strategy-scotland/pages/4/
https://www.gov.scot/publications/health-biomedical-informatics-research-strategy-scotland/pages/4/
https://data.gov.uk/dataset/a448dd2a-9197-4ea0-8357-c2c9b3c29591/scottish-index-of-multiple-deprivation-simd-2016
https://data.gov.uk/dataset/a448dd2a-9197-4ea0-8357-c2c9b3c29591/scottish-index-of-multiple-deprivation-simd-2016
https://www.isdscotland.org/products-and-services/terminology-services/coding-and-terminology-systems/
https://www.isdscotland.org/products-and-services/terminology-services/coding-and-terminology-systems/
https://doi.org/10.7326/0003-4819-88-3-424
https://www.gov.scot/publications/long-term-monitoring-health-inequalities-december-2018-report/
https://www.gov.scot/publications/long-term-monitoring-health-inequalities-december-2018-report/
https://doi.org/10.3390/ijerph18052486

www.nature.com/scientificreports/

43. Yu, ], Ang, K. K., Ho, S. H,, Sia, A. & Ho, R. Prefrontal cortical activation while viewing urban and garden scenes: A pilot fNIRS
study. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. 2017, 2546-2549 (2017).

44. Olszewska-Guizzo, A. et al. Therapeutic garden with contemplative features induces desirable changes in mood and brain activity
in depressed adults. Front Psychiatry. 13 (2022).

45. Matthay, E. C. et al. Powering population health research: Considerations for plausible and actionable effect sizes. SSM Popul.
Health 14, 100789 (2021).

46. Smith, N. et al. A systematic literature review and meta-analysis of quantitative studies on the impact of urban blue space on human
health. Cities. (2020) (in review).

47. Engemann, K. et al. Associations between growing up in natural environments and subsequent psychiatric disorders in Denmark.
Environ. Res. 188, 109788 (2020).

48. Elliott, L. R. et al. Research Note: Residential distance and recreational visits to coastal and inland blue spaces in eighteen countries.
Landsc. Urban Plan. 198, 103800 (2020).

49. Brailean, A., Curtis, J., Davis, K., Dregan, A. & Hotopf, M. Characteristics, comorbidities, and correlates of atypical depression:
Evidence from the UK Biobank Mental Health Survey. Psychol. Med. 50, 1129-1138 (2020).

50. Walsh, D., McCartney, G., Collins, C., Taulbut, M. & Batty, D. History, Politics and Vulnerability: Explaining Excess Mortality in
Scotland and Glasgow (2016).

51. Beyer, K. M. M. et al. Exposure to neighborhood green space and mental health: Evidence from the survey of the health of wis-
consin. Int. J. Environ. Res. Public Health 11, 3453-3472 (2014).

52. Astell-Burt, T, Feng, X., Mavoa, S., Badland, H. M. & Giles-Corti, B. Do low-income neighbourhoods have the least green space?
A cross-sectional study of Australia’s most populous cities. BMC Public Health 14, 1-11 (2014).

53. Hoffimann, E., Barros, H. & Ribeiro, A. I. Socioeconomic inequalities in green space quality and Accessibility—Evidence from a
Southern European city. Int. J. Environ. Res. Public Health 14, 916 (2017).

54. de Vries, S., Buijs, A. E. & Snep, R. P. H. Environmental justice in The Netherlands: Presence and quality of greenspace differ by
socioeconomic status of neighbourhoods. Sustainability (Switzerland) 12, 5889 (2020).

55. Jones, A., Hillsdon, M. & Coombes, E. Greenspace access, use, and physical activity: Understanding the effects of area deprivation.
Prev. Med. 49, 500-505 (2009).

56. Elliott, L. R. et al. Recreational visits to marine and coastal environments in England: Where, what, who, why, and when?. Mar.
Policy 97, 305-314 (2018).

57. Smith, N., Georgiou, M., King, A. C., Tieges, Z. & Chastin, S. Factors influencing usage of urban blue spaces: A systems-based
approach to identify leverage points. Health Place 73, 102735 (2022).

58. Town and Country Planning Association. Policy advice note: Unlocking the Potential and Securing the Future of Inland Waterways
through the Planning System inland waterways Policy Advice Note: Inland Waterways Unlocking the Potential and Securing the Future
of Inland Waterways through the Plann. www.tcpa.org.uk (2009).

59. Prudent, N., Houghton, A. & Luber, G. Assessing climate change and health vulnerability at the local level: Travis County, Texas.
Disasters 40, 740-752 (2016).

60. Cooper, C. et al. Observational cohort study: Deprivation and access to anti-dementia drugs in the UK. Age Ageing 45, 148-154
(2016).

61. Lasalvia, A. et al. Global pattern of experienced and anticipated discrimination reported by people with major depressive disorder:
A cross-sectional survey. Lancet 381, 55-62 (2013).

62. Simons, A. M. W,, Houkes, 1., Koster, A., Groffen, D. A. I. & Bosma, H. The silent burden of stigmatisation: A qualitative study
among Dutch people with a low socioeconomic position. BMC Public Health 18, 443 (2018).

63. Nyblade, L. et al. Stigma in health facilities: Why it matters and how we can change it. BMC Med. 17, 25 (2019).

64. Chaix, B. et al. GPS tracking in neighborhood and health studies: A step forward for environmental exposure assessment, A step
backward for causal inference?. Health Place 21, 46-51 (2013).

Acknowledgements
The authors would like to thank Aridhia, the Greater Glasgow and Clyde NHS Safe Haven and in particular Dr
Charlie Mayor for their help and assistance.

Author contributions

Contributions to this manuscript are as follows: conceptualisation (M.G., S.C., Z.T.); design (M.G., S.C., Z.T.);
data analysis (M.G., S.C., Z.T.); manuscript writing-draft preparation (M.G., S.C., Z.T., N.S.); manuscript revision
(M.G,, S.C., Z.T,,N.S., G.M.); all authors approved the final version of the manuscript. The corresponding author
attests that all listed authors meet authorship criteria and that no others meeting the criteria have been omitted.

Funding
This research was funded by The Data Lab (Principal Investigator: SC). The funder had no role in study design,
data analysis, decision to publish, or preparation of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-17089-z.

Correspondence and requests for materials should be addressed to M.G.
Reprints and permissions information is available at www.nature.com/reprints.

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

Scientific Reports |

(2022) 12:13040 | https://doi.org/10.1038/s41598-022-17089-z nature portfolio


http://www.tcpa.org.uk
https://doi.org/10.1038/s41598-022-17089-z
https://doi.org/10.1038/s41598-022-17089-z
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022) 12:13040 | https://doi.org/10.1038/s41598-022-17089-z nature portfolio


http://creativecommons.org/licenses/by/4.0/

	A population-based retrospective study of the modifying effect of urban blue space on the impact of socioeconomic deprivation on mental health, 2009–2018
	Methods
	Ethical considerations. 
	Study design and setting. 
	Data sources. 
	Independent variable: prescription of psychotropic medications. 
	Distance to blue space. 
	Mental health determinantsconfounders. 
	Socio-economic deprivation. 
	Comorbidities variable: chronic health indices. 
	Demographics. 

	Statistical analysis. 
	Patient and public involvement. 

	Results
	Data flow and sample characteristics. 
	Base model. 
	Modifying effect of living near blue space. 
	Sensitivity analysis. 

	Discussion
	References
	Acknowledgements


