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Introduction

The majority of the global population currently l ive in urban areas (1), resulting in chronic exposure to characteristics of the urban environment.

The urban environment contains numerous pollutants such as air and noise pollution which can have negative implications on human health including brain health 
and increase the risk of mild cognitive impairment (2). 

Issues can therefore arise in urban areas when populations are exposed to pollutants combined with a lack of access to or development of urban green and blue 
spaces (UGBS).

UGBS enhance both the environment and our health in numerous ways outlined in Figure 1 and have been evidenced to enhanced cognitive function (3).

In SPACE, we have written numerous  review articles concerning UGBS impacts on cognitive function including systematically reviewing the literature for mechanistic 
pathways and highlighting the potential for UGBS to be epigenetically influential.

We now aim to perform analysis in the NICOLA cohort to identify if and how UGBS is impacting the older adult population in Northern Ireland.

Fig 1. Urban green and blue spaces (UGBS):
• reduce the levels of pollution in the urban area, namely air and 

noise pollution
• decrease the temperature of urban areas via the heat 

island effect
• reduce levels of stress and overall improve mental 

health and well-being.
• are places which encourage both physical and social activity

Proposed methodology 

Discussion

In SPACE we are interested in assessing the impact of urban environmental characteristics including UGBS on underlying biology.

UGBS have been evidenced to impact the epigenome, for example through differential methylation profiles (4). 

We aim to conduct an epigenome-wide association study on participants from the NICOLA cohort (n = ~2000) to assess the impact of UGBS exposure on their 
methylation profiles. 

We hypothesise we will  locate differentially expressed markers based on UGBS exposure which wil l  be resilience markers.

Following the initial analysis, we will  stratify participants based on their cognitive outcome (normal cognition vs any cognitive impairment) or perform a separate 
epigenome-wide association analysis based on mild cognitive impairment outcomes and compare hits.

Covariates of interest for this analysis include age, sex, deprivation status, air pollution (PM2.5), noise pollution, l ight pollution, mobility status, physical activity.

DNA methylation: DNA was extracted and quantified from peripheral blood samples before being stored in multiple aliquots. Samples were 

bisulfite treated using the EZDNAm Kit and Illumina’s Infinium MethylationEPIC v1.0 BeadChip used to generate methylation values.

UGBS exposure: Land Cover Data from 2021 and Normalised Difference Vegetation Index estimates of differing buffer zones. Current 
l iterature has used zones of 50-3000m

Cognitive assessment: cognitive test data available for NICOLA participants includes the Mini Mental State Examination, Montreal Cognitive 
Assessment, Verbal fluence – Animal recall test and Colour Trails 2

Mendelian Randomisation will be employed to further the understanding of the causal relationship between UGBS exposure and mild 

cognitive impairment (Figure 2).

It is hoped that this research will  broaden the understanding of urban environmental impacts on the underlying biology behind mild 
cognitive impairment.

Fig 2. Mendelian Randomisation allows us to  estimate the causal effect of an 

environmental exposure on mild cognitive impairment by using an instrumental variable 
associated with an epigenetic modification we identify within the epigenome-wide 
association analysis.

Key:

Z - Instrumental variable/Genetic variant (SNP)

X – Exposure (DNA methylation siteas a consequence of air pollution exposure)

Y – Outcome (cognitive impairment or dementia)

U/C - Unmeasured and measured confounders (sex, age, weight, physical activity)
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Ensuring UGBS in cities are accessible, safe and of a high quality will enable both environmental 

health and human cognitive health to thrive. 

The next steps in research are to further our understanding of how UGBS impacts our underlying 
biology and neural function to enable a protective cognitive effect.
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