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ARTICLE INFO ABSTRACT
Keywords: Objective: Recent epidemiological studies have investigated a variety of environmental risk factors for dementia.
Dementia However, most existing studies have focused on single environmental factors and reported mixed results. The aim

Older people
Environmental determinants
Risk factor

Cohort study

of this study is to examine the interrelationships between multiple environment factors and their joint associ-
ations with cognitive health in later life.

Methods: This study was based on the Cognitive Function and Ageing Study II and Wales, two population-based
cohort studies of 11,055 people aged >65 across five urban and rural areas in the UK. Using geospatial data, a
wide range of environmental variables were generated for the participants and integrated into five domains
through a latent approach, including the built environment, natural environment, noise, air pollution and
deprivation. Multistate modelling was used to investigate their longitudinal associations with dementia and
death adjusting for individual sociodemographic factors.

Results: The effect sizes of joint associations between the built environment (HR: 1.00; 95 %CI: 0.66, 1.52),
natural environment (HR: 0.95; 95 %CIL: 0.66, 1.36), air pollution (HR: 0.91; 95 %CI: 0.78, 1.07), deprivation
(HR: 1.02; 95 %CI: 0.96, 1.09) and incident dementia were generally small. The strongest association was found
in noise, where a high level of exposure was associated with an increased risk of incident dementia (HR: 1.22; 95
%CI: 0.97, 1.54). However, the confidence intervals were wide.

Conclusions: The joint associations between multiple environmental factors and incident dementia were found to
be modest. Given mixed results in this field, future research should address methodological challenges and
enhance evidence for population-level interventions on dementia risk factors.

1. Introduction Institute on Aging (NIA). Cognitive Health and Older Adults, 2024). A large
body of research has identified risk and protective factors related to

Cognitive health, the ability to think, learn and remember clearly, cognitive decline and dementia, including environmental determinants
has been recognised as an important topic in older age (NIH National beyond the individual level (Leshner et al., 2017; Livingston et al.,
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2020). Several environmental factors, such as characteristics of the built
environment, air pollution exposure, have been linked to individual
lifestyle (e.g., physical inactivity) (Karmeniemi et al., 2018) and chronic
conditions (e.g., cardiovascular diseases) (Cerin et al., 2024) and can
have subsequent impacts on cognitive health in later life.

Several cohort studies have investigated the associations between
different environmental factors, cognitive and brain health (Song et al.,
2024; Besser et al., 2017; Cerin et al., 2017; Michael et al., 2024). A
recent systematic review identified 40 longitudinal studies focusing on
the relationships between neighbourhood characteristics and brain
health, including outcome measures for cognitive function, dementia,
Alzheimer’s disease and cortical thickness (Michael et al., 2024). The
review summarised 15 types of exposure measures for environmental
hazards (e.g., noise), physical (e.g., green spaces, retail food environ-
ment, public transport) and social environment (e.g., neighbourhood
cohesion) and neighbourhood socioeconomic status. Evidence on most
environmental factors was mixed and dependent on assessment methods
for exposure and outcome measures. For example, exposure to green
spaces has been investigated in 10 studies but only three (30 %) sug-
gested an association (Michael et al., 2024). Another example is air
pollution, which has been suggested as a key modifiable risk factor for
dementia, accounting for 2.3 % of worldwide cases (Livingston et al.,
2020). However, mixed evidence has been reported in recent systematic
reviews and longitudinal studies (Wilker et al., 2023; Abolhasani et al.,
2023; Wu et al., 2024; Wood et al., 2022).

One possible explanation for the inconsistent findings might be
related to variation in exposure measures and the interrelationships
between different environmental factors. Most existing studies focused
on a single aspect of the environment but these measures might include
unknown measurement errors and the complex relationships with
multiple environmental factors (Cerin, 2019). For example, areas with
high levels of air pollution are likely to have lower availability of green
spaces, higher density, and more issues related to poverty and social
deprivation (Pearce et al., 2011). While all of these factors could have
negative impacts on cognitive and brain health in older age, it is not
possible to investigate which factors are more important and/or have
stronger effect when including only one aspect of environmental mea-
sures in the analyses. To enhance research evidence in this field, it is
essential to incorporate multiple domains of environmental measures
and investigate their complicated relationships with cognitive health in
later life.

Building on our previous work (Wu et al., 2024), the aim of this study
is to investigate the longitudinal associations between multiple envi-
ronmental factors and dementia in older people across five areas in the
UK. Environmental data on deprivation, characteristics of the built
environment, availability of the natural environment, air pollution and
noise exposure were integrated into two population-based cohort
studies. Their joint associations with incident dementia were examined
incorporating the competing risk outcome of death.

2. Methods
2.1. Study population

This study was based on the Cognitive Function and Ageing Study
(CFAS) II and Wales, two multicentre cohort studies of people aged >65
in England and Wales, UK (Matthews et al., 2016; Macleod, 2011). CFAS
Il included two urban (Newcastle upon Tyne, Nottingham) and one rural
areas (Cambridgeshire) in England. CFAS Wales (cfaswales.bangor.ac.
uk) had one rural (Gwynedd/Ynys Mon) and one urban (Neath Port
Talbot) area in Wales. Informed consent was obtained from all the
participants. CFAS Il was approved by Cambridgeshire 4 Research Ethics
Committee (reference 07/MRE05/48). CFAS Wales was approved by the
North Wales Research Ethics Committee (West) (reference (Wilker et al.,
2023)/WNo01/37).

The same study design was used in the two studies. The study
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populations were sampled from primary care registrations with equal
numbers of people aged 65-74 and > 75 years for each centre. An
introductory letter was sent by general practitioners. The participants
were visited by trained interviewers, who used standardised compu-
terised questionnaires to collect data on sociodemographic factors,
lifestyle, health and in-depth assessments of cognitive function and
psychiatric symptoms. More detailed information is provided in Sup-
plement S1. The baseline study population included 7762 people in
CFASII (2008-2011) and 3593 in CFAS Wales (2011—-2013). A two-year
follow-up was carried out for CFAS II (2011-2013) and Wales
(2013-2016). This study excluded 285 participants in care homes at
baseline and 15 participants who had unknown dementia diagnosis at
the baseline. This left 11,055 (7562 in CFAS II and 3493 in CFAS Wales)
for analysis.

2.2. Dementia and death

Dementia cases were identified using the Geriatric Mental State ex-
amination (GMS), which was embedded in the CFAS standardised
questionnaires and informant interviews, and its algorithmic diagnosis
programme, Automated Geriatric Examination for Computer Assisted
Taxonomy (AGECAT) (Copeland et al., 1986). The GMS-AGECAT diag-
nosis is validated against the clinical criteria, the Diagnostic and Sta-
tistical Manual of Mental Disorders, revised third edition (DSM-III-R)
(Copeland et al., 1986; American Psychiatric Association, 1987). Death
information (months and years) was obtained through data linkage to
national death certification until the end of 2015 for CFAS II and
February 2019 for CFAS Wales. A censored date was set at 31st
December 2015 for CFAS II and 1st March 2019 for CFAS Wales.

2.3. Environmental factors

Several environmental measures were integrated into CFAS II and
Wales (Table S1, Supplement S2). Geographic information system (GIS)
datasets were used to generate measures related to the built and natural
environment. For each participant, their residential postcode at baseline
was geocoded and a 300-m street network buffer (Frank et al., 2017) was
created to indicate an accessible area by 5-min walk. Ten variables
related to the built environment were generated including four distance
measures to local services and amenities (the nearest general practi-
tioner surgery, food shop, social facility and bus station); four types of
density: population, point of interest (commercial services, education
and health, sport and entertainment, accommodation, eating and
drinking, and attractions), bus stops and street intersections within the
buffers; two measures for street network accessibility: choice
(betweenness centrality) and integration (closeness centrality) (van Nes
and Yamu, 2021). These measures focused on how likely a street
segment can be passed (i.e., choice) and reached (i.e., integration) in the
network and their mean values were calculated within the buffers. Three
variables related to the natural environment were generated to indicate
the proportion of green spaces within the buffers, distance to centroids
of green spaces and blue spaces (i.e., water bodies). More detailed in-
formation is provided in the figshare depository (doi.org/10.25405/d
ata.ncl.26927530.v1).

For ambient air pollution, exposure to nitrogen dioxide (NO3), and
particulate matter with a diameter < 10 pm (PMjp) and < 2.5 pm
(PM, 5), were modelled for the study areas. The Community Multiscale
Air Quality Urban model was used to estimate concentration levels for
the year 2012 at a resolution of 20 x 20m (Beevers et al., 2012). The
measures were linked to the participants’ postcode centroids. More
detailed information is reported in the previous study (Wu et al., 2024).
The noise data were obtained from the strategic noise mapping 2012
(UK government. Department for Environment, Food, and Rural Affairs,
2015) for CFAS II and Environmental Noise Mapping 2012 (Welsh
government, 2015) for CFAS Wales. The ‘Lden’ datasets for road and rail
noise were used to indicate a 24-h annual average noise level with
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separate weightings for the evening and night periods. Exposure to road
and rail noise was linked to the participants’ residential locations and
categorised into six ordinal levels (<55.0 (dB), 55.0-59.9, 60.0-64.9,
65.0-69.9, 70.0-74.9, >75.0).

The English Index of Multiple Deprivation 2010 (UK government,
2010) and Welsh Index of Multiple Deprivation 2011 (Welsh govern-
ment, 2011) at the Lower Layer Super Output Area level was linked to
participants using postcode information. The measure summarises
different domains of area characteristics related to poverty and socio-
economic disadvantage. The deciles were used to indicate relative
deprivation within England or Wales.

2.4. Analytical strategy

Descriptive analyses were carried out to investigate the distributions
of individual and environmental factors in the two cohort studies. To
include multiple environmental factors and estimate their associations
with incident dementia, a process of variable selection and/or dimen-
sion reduction was needed to account for interrelationships between the
environmental variables. While these variables could be included in the
models individually to select variables (often based on statistical sig-
nificance) and estimate their joint associations, multiple testing could be
a concern for a large number of models with individual environmental
factors. Unknown measurement errors could vary across environmental
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factors and influence the observed associations (regression dilution
bias). Although estimating the association of a specific environment
factor with incident dementia might be considered to be etiologically
relevant, the estimates could be prone to measurement and analytical
issues. Instead of focusing on specific variables, this study considered
domains of the environment. A latent approach was employed to
incorporate multiple aspects of environmental factors and reduce
dimensionality of the data. Based on the recent systematic review
(Michael et al., 2024) and available environmental data in CFAS II and
Wales, structural equation modelling (SEM) was used to create five
latent factors: built environment (BEN), natural environment (NEN), air
pollution (APO), noise (NOS) and deprivation (IMD). To generate the
same exposure measures, the measurement models were built based on
all the participants so therefore the latent scores and their associations
with health outcomes were comparable across the two cohort studies.
The measurement models were generated for individual latent fac-
tors before incorporating all five latent factors. The environmental
variables were rescaled (e.g., metre to kilometre) so the ranges were
similar across different measures. This allowed improved convergence
of complex modelling while retaining meaningful units in real life, so the
latent factors and changes in the predicted scores could be more easily
interpreted. More detailed information is provided in Supplement S3. A
joint model was fitted to incorporate all the five latent factors with
variance fixed at 1 (Fig. 1) and estimate the latent scores simultaneously

IMD decile

Grn *m || Blue “‘m’l

|Grn ‘“/“’|

|GP “™|[ Shop || Social |[Bus ] [Bus ] [Pol “[Pop ] St |[st1 *0|[st2
?
@ OFO
-0.02 0.03

[BEN]: Built environment; [GPkm]: Distance to general practitioner surgery; [Shopkm]: Distance to shop;
[Socialkm]: Distance to social facility; [Buskm]: Distance to bus station; [Busds]: Density of bus stops; [Polds]:

Density of point of interest; [Popds]: Density of population; [Stds]: Density of street intersection;

[St1]: Street

network: choice; [St2]: Street network: integration; [NEN]: Natural environment; [Grm%]: Proportion of green
space; [Grnkm]: Distance to green space; [Bluekm]: Distance to blue space; [NOS]: Noise; [Road + Rail]: road
and rail noise; [APO]: Air pollution; [NO2]: nitrogen dioxide [PM10]: particulate matter with a diameter <10
microns; [PM2.5]: particulate matter with a diameter <2.5 microns; [[IMD]: Deprivation.

Fig. 1. The loading and covariance coefficients of measurement model incorporating all the five latent factors among the Cognitive Function and Ageing Study II and
Wales participants aged 65 or above in England (2008-2011) and Wales (2011-2013), UK.
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for all the participants. A higher score of BEN indicated an environment
with higher density of population, public transport, and points of in-
terest and shorter distance to local facilities and amenities. A higher
score of NEN indicated a higher availability of local green and blue
spaces. Higher latent scores of APO and NOS indicated higher levels of
air pollution and noise exposure. A higher IMD score indicated a higher
level of area deprivation. The latent scores were exported to investigate
the longitudinal associations between environmental factors, dementia
and death.

Based on the analytical framework developed in our previous work
on air pollution and dementia (Wu et al., 2024), multistate hidden
Markov modelling with continuous time (Jackson, 2011) was used to
examine the longitudinal associations between the five environmental
latent factors and risk of three transition states: from no dementia to
dementia, from no dementia to death and from dementia to death
(Fig. 2). The five latent factors were fitted in the models to examine their
individual and joint associations with incident dementia and death. The
hazard ratios (HRs) were calculated as the exponential of the estimated
coefficients on the log-transition intensities. The models were adjusted
for two basic demographic factors of age and sex, and cohort study
(CFAS II or Wales) to account for any differences between these two
studies (e.g., years of investigation). Further adjustment included edu-
cation, a key indicator of individual socioeconomic status.

Inverse probability weighting was applied in the multistate model-
ling to account for sampling design and longitudinal attrition (Bennett
et al., 2022). To examine the issue of overadjustment of deprivation/
neighbourhood socioeconomic status (Chaix et al., 2010), sensitivity
analyses were carried out to estimate a four-latent model excluding
deprivation. To fully account for baseline variation in environmental
variables across study centres (e.g., proportion of local green spaces in
urban and rural sites), multigroup SEM was estimated to allow variation
in constants across the five study centres but invariant loadings, errors
and covariances. The latent scores from this model were calibrated
within each centre (i.e., the mean score was 0 for each centre). In this
case, per unit increase in latent scores (and their associations with
incident dementia and death) was based on comparison of participants
in the same centres. All the analyses were carried out in Stata 18.0 (SEM)
and R 4.0.4 (multistate modelling).

3. Results

Table 1 shows descriptive information on the 11,055 participants.
Both cohort studies had higher proportions of the 65-69 age group (>25
%), women (54 %) and people with 10-11 years of education (>50 %).
For environmental factors, the CFAS II participants generally had better
access to local services and amenities (e.g., shorter distance and higher
density of point of interests), lower availability of natural environment
(e.g., lower percentage of local green spaces) and higher levels of
ambient air pollution than those in CFAS Wales. Yet the road noise level
was higher in CFAS Wales.

Fig. 1 shows the structure of the five latent factors, estimated load-
ings and covariances of latent factors and errors. The full results of
measurement models for individual and joint latent factors are reported
in Table S7, Supplement S3.

There were 464 (4.2 %) participants with dementia at baseline. At
the two-year follow-up wave (67.5 % interviewed), 220 developed de-
mentia and 2228 died over the follow-up period (mean = 61 months, SD
= 17). More detailed information on transition states and descriptive
analysis is reported in the data.ncl depository (https://figshare.com/s/5
f009729f1860e13e952).

The associations individual latent factors between incident dementia
and death are provided in Fig. 2 and their joint associations are reported
in Table 2. In the unadjusted model, higher scores of NOS (HR: 1.21; 95
% CI: 0.98, 1.50) and IMD (HR: 1.05; 95 % CI: 1.00, 1.11) was associated
with higher risk of dementia but the associations did not achieve sta-
tistical significance. A higher score of APO was associated with lower
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Fig. 2. The individual associations between five environmental latent factors
(per 1 unit increase) and transition states of dementia and death among the
Cognitive Function and Ageing Study II and Wales participants aged 65 or
above in England (2008-2015) and Wales (2011-2019), UK (adjusted for age,
sex and cohort study; hazard ratios (95 % confidence intervals)).

(A) Built environment: the higher latent score indicated an environment with
higher density of population, public transport, and points of interest and shorter
distance to local facilities and amenities; (B) Natural environment: the higher
latent score indicated a higher availability of local green and blue spaces; (C)
Noise: the higher latent scores higher levels of noise exposure; (D) Air pollution:
the higher latent scores higher levels of air pollution exposure; (E) Deprivation:
the higher score indicated a higher level of poverty and socioeconomic disad-
vantage in local areas. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

risk of dementia (0.80; 95 % CI: 0.70, 0.93). In the fully adjusted model,
the effect size of noise remained similar (HR: 1.22; 95 % CI: 0.97, 1.54)
but the other associations were attenuated. For transitioning from no
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Table 1
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Descriptive statistics of the study population and environmental factors among people aged 65 or above in England (CFAS II; 2008-2011) and Wales (CFAS Wales;

2011-2013), UK.

CFAS II CFAS Wales Total
(N = 7562) (N = 3493) (N =11,055)
N (%) N (%) N (%)
Age 65-69 1928 (25.5) 1038 (29.7) 2966 (26.8)
70-74 1866 (24.7) 909 (26.0) 2775 (25.1)
75-79 1596 (21.1) 656 (18.8) 2252 (20.4)
80-84 1240 (16.4) 485 (13.9) 1725 (15.6)
85+ 932 (12.3) 405 (11.8) 1337 (12.1)
Sex Men 3477 (46.0) 1590 (45.5) 5067 (45.8)
Women 4085 (54.0) 1903 (54.5) 5988 (54.2)
Education <9 years 1956 (26.2) 409 (11.9) 2365 (21.6)
10-11 years 3876 (51.8) 1763 (50.9) 5639 (51.6)
>12 years 1641 (22.0) 1289 (37.2) 2930 (26.8)
Missing 89 32 121
Mean (SD) Mean (SD) Mean (SD)
Built Distance to general practitioner surgery (km) 1.2(1.2) 2.2(2.1) 1.5 (1.6)
Environment Distance to shops (km) 0.6 (0.7) 1.1 (1.3) 0.8 (1.0)
Distance to social facility (km) 0.5 (0.3) 0.5 (0.4) 0.5 (0.4)
Distance to bus station (km) 0.3(0.2) 0.3 (0.4) 0.3 (0.3)
Density of bus stops (per 100 stops/km?) 0.2 (0.2) 0.2 (0.2) 0.2 (0.2)
Density of point of interest (per 100 points/kmz) 0.7 (0.8) 0.3(0.3) 0.6 (0.7)
Density of population (per 10,000 people/km?) 0.3 (0.3) 0.1 (0.1) 0.3 (0.3)
Density of street intersection (per 10,000 intersections/km?) 0.7 (0.4) 0.5 (0.3) 0.6 (0.4)
Street network: Choice 0.9 (0.1) 0.9 (0.1) 0.9 (0.1)
Street network: Integration 1.5 (0.6) 1.2 (0.4) 1.4 (0.6)
Natural Proportion of green spaces 0.2 (0.2) 0.4 (0.3) 0.3 (0.3)
Environment Distance to green space (km) 0.2 (0.2) 0.2 (0.1) 0.2 (0.2)
Distance to blue space (km) 1.7 (1.0) 1.2 (0.8) 1.5 (1.0)
Air NO, (1 pg/m®) 23.0 (7.2) 11.0 (5.3) 19.2 (8.7)
Pollution PM;o (1 pg/m®) 16.5 (2.0) 15.3(1.8) 16.1 (2.0)
PM, 5 (1 pg/m®) 11.7 (1.6) 7.4 (2.3) 10.3 (2.7)
Noise Road 0.1 (0.4) 0.2 (0.6) 0.1 (0.5)
Rail 0.0 (0.1) 0.0 (0.1) 0.0 (0.1)
Deprivation Indices of multiple deprivation 5.1 (2.9) 5.5(2.4) 5.3(2.8)

CFAS II: Cognitive Function and Ageing Study II; CFAS Wales: Cognitive Function and Ageing Study Wales; SD: standard deviation; NO: nitrogen dioxide; PM;g:
particulate matter with a diameter < 10 pm; PM, s: particulate matter with a diameter < 2.5 pm; km: kilometre; km?: square kilometre; pg/m3: micrograms per cubic
metre; Density of point of interest: numbers of commercial services, education and health, sport and entertainment, accommodation, eating and drinking, and at-
tractions within 300 m areas of the participants’ residences; Street network: measures indicating how likely a street segment can be passed (Street network: choice) and
reached (Street network: integration) in the network and higher values indicated better accessibility of street network; Distance to blue space: the nearest distance (km)
to water bodies from the participants’ residences; Indices of Multiple Deprivation: the deciles of the English Index of Multiple Deprivation 2010 and Welsh Index of
Multiple Deprivation 2011, which summarise multiple domains of area characteristics related to poverty and socioeconomic disadvantage.

dementia to death, only the association with deprivation remained
similar after adjustment (HR: 1.03; 95 % CI: 1.00, 1.07). For tran-
sitioning from dementia to death, BEN (HR: 1.30; 95 % CI: 0.99, 1.69)
had positive associations while IMD had a negative association (HR:
0.94; 95 % CI: 0.90, 0.98). However, these associations became closer to
null in the fully adjusted model.

The associations between the four latent factors (BEN, NEN, NOS,
APOQ) and incident dementia were not altered when excluding depriva-
tion. The results of the multigroup measurement model remained
similar to the main results. The full results of sensitivity analyses are
reported in the data.ncl depository (https://figshare.com/s/5f0097a
9f1860e13e952).

4. Discussion

Using two population-based cohort studies and integrated environ-
mental data, this study incorporated multiple variables into five do-
mains of environmental latent factors, including the built environment,
natural environment, noise, air pollution and deprivation, and investi-
gated their longitudinal associations with dementia and death in older
people across England and Wales. Among the five environmental fac-
tors, the strongest association was found for noise. A high level of noise
exposure was associated with a 20 % increased risk of dementia after
accounting for sociodemographic and other environmental factors.
However, the confidence interval was wide, indicating a high level of

uncertainty. The effect sizes of the other four environmental factors
were generally small (<10 % increase or decrease in risk).

4.1. Strengths and limitations

This study included over 11,000 older people with diverse socio-
economic backgrounds across urban and rural areas in the UK and in-
tegrated a variety of environment data to characterise the participants’
residential environments. The algorithmic diagnosis of dementia was
applied to the participants across regions. Multistate modelling was used
to examine the joint associations between different environmental fac-
tors and transition states of dementia and death, a competing risk
outcome in older age.

There are some limitations. The follow-up period of CFAS II and
Wales were two years and a relatively small number of participants (N =
220) developed dementia over the short time period. This leads to wide
confidence intervals and limited statistical power to detect modest as-
sociations. The environmental variables were generated based on
certain assumptions. Some of the built and natural environmental var-
iables focused on areas within 300 m of the participants’ postcode
centroids, which was assumed to be relevant to the daily life of older
people. Exposure to environmental hazards was estimated based on
geolocations and did not consider potential differences between indoor
and housing conditions (e.g., soundproofing). The environmental vari-
ables were created for years of the baseline interview and assumed to
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Table 2
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The joint associations between five environmental latent factors (per 1 unit increase) and transition states of dementia and death among people aged 65 or above in

England (CFAS II; 2008-2015) and Wales (CFAS Wales; 2011-2019), UK.

Built environment Natural environment

Noise Air pollution Deprivation

HR (95 % CI) HR (95 % CI)

Model 1

No to dementia 0.95 (0.68, 1.34) 0.84 (0.61, 1.15)
No to death 1.18 (0.97, 1.43) 1.12 (0.94, 1.34)
Dementia to death 1.30 (0.99, 1.69) 1.18 (0.92, 1.49)
Model 2

No to dementia 1.00 (0.66, 1.52) 0.95 (0.66, 1.36)
No to death 1.16 (0.95, 1.42) 1.12 (0.94, 1.33)

Dementia to death 1.07 (0.80, 1.41) 1.06 (0.83, 1.36)

HR (95 % CI) HR (95 % CI) HR (95 % CI)
1.21 (0.98, 1.50)
0.89 (0.98, 1.05)

1.04 (0.89, 1.21)

0.80 (0.70, 0.93)
1.08 (0.99, 1.18)
1.02 (0.92, 1.14)

1.05 (1.00, 1.11)
1.03 (1.00, 1.06)
0.94 (0.90, 0.98)

1.22 (0.97, 1.54)
0.88 (0.74, 1.04)
1.05 (0.90, 1.23)

0.91 (0.78, 1.07)
1.06 (0.98, 1.15)
1.00 (0.89, 1.11)

1.02 (0.96, 1.09)
1.03 (1.00, 1.07)
1.00 (0.96, 1.05)

Model 1: Unadjusted.
Model 2: Adjusted for age, sex, cohort study and education.

CFAS II: Cognitive Function and Ageing Study II; CFAS Wales: Cognitive Function and Ageing Study Wales; HR: hazard ratio; 95 % CI: 95 % confidence interval.

capture exposure in later life. Although these measurement methods
have been commonly used in the literature and the participants were
followed up only for two years, these measures might not fully reflect
individual differences in environmental exposure and the exposure
levels at different life stages. The quality of GIS data may vary across
time and areas with potential errors and missingness. This study did not
include measures related to the social environment (e.g., neighbourhood
cohesion, crime) but crime is one of the deprivation indicators. Over-
adjustment of deprivation might have masked the associations of other
environmental factors and/or caused spurious associations (Bennett
et al., 2022). Yet sensitivity analyses without deprivation showed
similar results. The analyses did not include individual lifestyle factors
as they might be mediators on the pathways between environmental
factors, dementia and death.

5. Interpretation of findings

Several longitudinal studies have investigated environmental factors
related to dementia and suggested some risk (air pollution (Chen et al.,
2017a; Carey et al., 2018), noise (Meng et al., 2022), neighbourhood
socioeconomic disadvantage (Mobley et al., 2023; Vassilaki et al.,
2022), low availability of food stores (Tani et al., 2019)) and protective
factors (exposure to greenness (Slawsky et al., 2022; Astell-Burt et al.,
2020)). This study covered most of these environmental factors and
investigated their individual and joint associations with risk of demen-
tia. However, the effect sizes were generally small. Although a wide
range of environmental factors have been identified to be associated
with cognitive health in cross-sectional studies (Song et al., 2024), our
study corresponds to evidence from longitudinal studies, which is mixed
and depends on research methods (Michael et al., 2024).

A small number of studies have examined multiple domains of en-
vironments and their longitudinal associations with dementia using
health insurance databases (Liu et al., 2020; Yuchi et al., 2020). One
study was based on over 600,000 people aged 45-84 years old in Van-
couver, Canada, examining road proximity (proxy indicator for air
pollution) (Chen et al., 2017b), noise and green spaces and their joint
associations with Alzheimer’s disease and non-Alzheimer’s dementia
over four years (Yuchi et al., 2020). Proximity to major roads was
associated with higher odds of non-Alzheimer’s dementia accounting for
green spaces and individual level factors. However, these associations
were not found for Alzheimer’s disease. The other study, using over
52,000 people aged>65 from National Health Insurance Database in
Taiwan, carried out a nested case-control analysis to investigate physical
(availability of parks, greeneries, and square area; playgrounds and
sport venues; community centres) and social environments (median
annual family income; percentage of illiterate; living alone) in 2006 and
their associations with dementia in 2010 (Liu et al., 2020). When
including the six environmental variables in one model, high availability
of playgrounds and sport venues was associated with lower odds of

dementia. Although these two large studies accounted for multiple
environmental factors, the findings seem to be sparse with potential
methodological concerns (e.g., multiple testing, variation in diagnostic
methods).

The joint associations between air pollution, noise and dementia
have been investigated in longitudinal studies using health administra-
tive and cohort data (Carey et al., 2018; Andersson et al., 2018; Tuffier
et al., 2024; Yu et al., 2023). Most of these studies did not identify the
associations with noise (Andersson et al., 2018; Tuffier et al., 2024; Yu
et al.,, 2023) or the effect size of noise was largely attenuated after
including air pollutants (Carey et al., 2018; Tuffier et al., 2024). These
studies also reported mixed results of interactions between air pollution
and noise (Andersson et al., 2018; Yu et al., 2023). Compared to the
literature (Carey et al., 2018; Andersson et al., 2018; Tuffier et al., 2024;
Yu et al., 2023), this study did not find a clear association between air
pollution and dementia and the effect size of noise was the strongest
among the five environmental domains. Since air pollution and hearing
impairment are recognised as key modifiable risk factors for dementia
(Livingston et al., 2020), more evidence is needed to clarify the impacts
of these environmental hazards.

Compared to previous studies focusing on specific measures (Liu
et al., 2020; Yuchi et al., 2020; Chen et al., 2017b; Andersson et al.,
2018; Tuffier et al., 2024; Yu et al., 2023), this study used a latent
approach to summarise multiple environmental variables into domains.
Instead of applying a variable selection approach, factor analysis was
used to reduce dimensionality of complex data (Kline, 2015). Interpre-
tation of latent factors and their effect sizes can be a challenging issue as
units of latent factors are different from the original measures. The re-
sults of this study mainly suggested which domains of the environment
were important to cognitive health and did not specify the associations
of particular environmental factors. Although fitting specific environ-
mental factors provides effect sizes that can be explained in a straight-
forward way, care is needed for public health implications. Per unit
increase in a specific environmental factor and its association with
health outcomes was often based on the condition that other environ-
mental factors remain constant. This may be difficult to achieve in real
life as it is unlikely to address isolated environmental factors without
affecting other factors (Rehkopf et al., 2016).

6. Future research directions and implications

To identify environmental factors related to cognitive health, recent
studies have developed ecological models to illustrate linkages between
different domains of neighbourhood environments, health behaviours,
individual characteristics and health outcomes (Cerin, 2019; Finlay
et al., 2022). Yet more evidence from longitudinal studies is needed to
clarify source of mixed results in the existing studies and determine
underlying mechanisms. To enhance the quality of evidence in this field,
future epidemiological research should address methodological
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challenges in data (e.g., changes in health and environmental measures
over time), measurements (e.g., timing of environmental exposure
across different life stages) and longitudinal analysis (e.g., multiple
environmental factors and their interactions with individual character-
istics) (Besser et al., 2017; Michael et al., 2024). In addition to cohort
studies, qualitative research can provide insights into how people
interact with the environment, such as their perceptions of green space
quality, barriers to accessibility and wellbeing benefits (Reece et al.,
2024; Ward et al., 2023). Recent research has combined quantitative
and qualitative methods to involve the public and policymakers and
investigate behaviours, perceptions and awareness related to neigh-
bourhood and cognitive health (Stevens et al., 2023; Finlay et al., 2021).
This may provide a valuable approach to develop population-level in-
terventions tailored for older people living across diverse settings and
inform evidence-based policy and practice to support cognitive health
over the ageing process.
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