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Higher socioeconomic deprivation
In areas predicts cognitive decline
in New Zealanders without
cognitive impairment

Susanne R6hr?%3"?, Rosemary H. Gibson® & Fiona M. Alpass*

Previous studies identified individual-level socioeconomic factors as key determinants of cognitive
health. This study investigated the effect of area-based socioeconomic deprivation on cognitive
outcomes in midlife to early late-life New Zealanders without cognitive impairment at baseline. Data
stemmed from a subsample of the New Zealand Health, Work and Retirement Study, a cohort study
on ageing, who completed face-to-face interviews and were reassessed two years later. Cognitive
functioning was measured using Addenbrooke’s Cognitive Examination—-Revised, adapted for culturally
acceptable use in Aotearoa New Zealand. Area-based socioeconomic deprivation was assessed

using the New Zealand Deprivation Index (NZDep2006). Linear mixed-effects models analysed the
association between area-based socioeconomic deprivation and cognitive outcomes. The analysis
included 783 participants without cognitive impairment at baseline (54.7% female, mean age 62.7
years, 25.0% Maori, the Indigenous people of Aotearoa New Zealand). There was an association
between higher area-based socioeconomic deprivation and lower cognitive functioning (B = -0.08,
95%Cl: -0.15;-0.01; p=.050) and cognitive decline (B = -0.12, 95%ClI: -0.20;-0.04, p=.013) over

two years, while controlling for covariates. The findings emphasise the importance of considering
neighbourhood characteristics and broader socioeconomic factors in strategies aimed at mitigating
cognitive health disparities and reducing the impact of dementia in disadvantaged communities.

Keywords Socioeconomic deprivation, Cognitive function, Lifestyle, Brain health, Prevention, Risk
reduction

Cognitive functioning is a fundamental aspect of human health and well-being, integral to daily functioning,
decision-making, and overall quality of life across the lifespan’. It encompasses a range of cognitive abilities,
including memory, attention, language, and executive function. As individuals age, cognitive functioning
changes and decline often occurs. Neuropathological processes such as neurodegeneration, neuroinflammation
or ischemia can lead to cognitive impairment and dementia®*. For many forms of dementia, the decline in
cognitive functioning is a defining feature of the condition, progressively impairing an individual’s ability to
carry out even basic activities of daily living. Thus, understanding the intricate relationship between cognitive
functioning, ageing, and dementia is imperative for the development of effective strategies to mitigate cognitive
decline, enhance brain health, and ultimately reduce the risk of or prevent dementia.

The role of individual-level socioeconomic factors in shaping cognitive health is well recognised in
research®”. From a person-centred perspective, socioeconomic status (SES) is an established multifaceted
construct comprising information of an individual's economic resources, educational attainment, and
occupational status®. Studies have consistently demonstrated a strong association between individual-level SES
and cognitive functioning: Lower SES has been linked to lower cognitive performance across the lifespan, with
disparities emerging as early as in childhood and persisting into older age, when it becomes linked to accelerated
cognitive decline and higher risk for dementia®!°. The link between SES and cognitive functioning is attributed
to a combination of environmental, psychosocial, and biological mechanisms: Lower SES often results in limited
access to quality education and health care, leading to less cognitive stimulation and poorer overall brain health®.
Chronic stress, more prevalent in lower SES groups, can elevate cortisol levels, negatively impacting brain
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regions such as the hippocampus, which is critical for memory'!. Additionally, lower SES is associated with
poorer lifestyle and limited healthy lifestyle choices'2.

More recently, studies have extended the focus, highlighting the critical role of the neighbourhood or area-
based socioeconomic factors in influencing cognitive functioning and its implications for dementia above and
beyond individual-level SES'. Conceptually, this is rooted in the framework on the social determinants of health
(SDOH), proclaiming that the conditions in which people are born, grow, play, work, live, worship, and age
have a profound impact on health across the life course!'4, including on cognition and risk for dementia in
later life'>. SDOH are non-medical factors that comprise the economic, social and community context, cultural
norms, healthcare access and quality, and housing, neighbourhoods and the built environment'®. To assess
neighbourhood or area-based socioeconomic factors and their relationship with health outcomes, area-based
socioeconomic deprivation is an established multidimensional concept to capture the relative disadvantage
of a geographic area or community in terms of income, employment, educational opportunities, and housing
conditions — among other factors!”. It is useful for research and public health to study and address health
inequities across different populations.

While there is good international evidence on links of area-based socioeconomic deprivation with adverse
cognitive health outcomes, similar research is scarce in the context of Aotearoa New Zealand. Correspondingly
to global trends, the number of people with dementia in Aotearoa New Zealand is expected to more than double,
if not triple, in the coming decades. In the Oceanic nation home to 5 million people, the count is projected to
climb from 70,000 individuals with dementia in 2020 to at least 170,000 by 2050, coupled with an escalation
in total economic costs from NZ$1.9 billion to NZ$4.5 billion'8. However, a recent study suggested a high
dementia prevention potential in Aotearoa New Zealand!®. Mau et al. found that 47.7% of all dementia could
be attributed to modifiable risk factors highlighted in the Lancet 12 risk factor life-course model of dementia
prevention®’. Notably, the study revealed a marked difference in the prevention estimates regarding Aotearoa
New Zealand’s main ethnic populations, ranging from 40.8% for New Zealanders of Asian (mainly Chinese
and Indian) descent, 47.6% for European New Zealanders, 50.8% for Pacific Peoples, to 51.4% for Maori, the
Indigenous population. The high proportion in Pacific Peoples and Maori is associated with profound structural
socioeconomic disadvantages stemming from systemic discrimination and racism historically rooted in
colonialism!® - stretching the importance of studying links between socioeconomic conditions and cognitive
outcomes. Understanding such links is crucial for developing targeted interventions and policies aimed at
reducing cognitive health and dementia disparities.

Against this background, the study aimed to investigate the relationship of area-based socioeconomic
deprivation and cognitive functioning in a midlife to early late-life sample of New Zealanders without cognitive
impairment at baseline.

Methods

Study population

The study is part of the New Zealand Health, Work and Retirement Study (NZHWR), a longitudinal cohort
study of ageing?!. Biennial nationwide surveys have been conducted since 2006 with New Zealanders from
mid-adulthood. Participants were recruited through the national electoral role using random sampling and
over-sampling of individuals of Maori descent for adequate representation?’. The sample for this study was
drawn from the population-based sample of the 2010 NZHWR study wave who volunteered to participate in
face-to-face cognitive assessments in addition to the postal surveys. A total of 1,001 participants completed the
baseline face-to-face interviews. They were 48-84 years old, 55.8% were female and 25.8% of Maori descent.
The face-to-face subsample was higher educated, under-sampled in the 45-54 age group and 75+ age group,
and oversampled Maori in comparison to the general population as of the 2006 census. Two years later, follow-
up assessments were completed by 873 of the baseline participants, using identical measures. Participants were
visited in their homes by trained research assistants who conducted the cognitive testing. For the purpose of
this study, participants were included if aged up to 75 years (as per objective to study a midlife and early late
life population and the validity of the Lifestyle for Brain Health index up to 75 years) and if they were without
cognitive impairment at baseline. Thus, of the 1,001 participants of the subsample study, 783 were included in
this study. As per sample definition, 69 participants with cognitive impairment and 79 aged above 75 years were
excluded. Among the remaining participants, further attrition was due to missing data for sociodemographic
factors (n=22), LIBRA (n=18), net income (n=17), social loneliness (n=11), cognitive functioning (n=1),
and NZDep2006 (n=1). Of the 783 baseline participants in the study sample, 699 completed the follow-
up assessments two years later. Individuals who dropped out (n=284, 10.7%) did not differ from completers
regarding age (drop: M=63.1, SD=6.8 vs. completer: M=62.7, SD=6.4; p=.561), sex (women: drop: 56.0% vs.
completer: 54.5%; p=.801), education (high qualification: drop: 60.8% vs. completer: 63.8%; p =.107), ethnicity
(Maori: drop: 32.1% vs. completer: 24.2%, p=.111), and cognitive functioning (drop: M=93.9, SD=3.5 vs.
completer: M =94.6, SD=3.3; p=.074).

Ethics

The study has been approved by the Human Ethics Committee (HEC Southern B; 09/70, 10/43) of Massey
University. It adheres to ethical standards of the 1964 Declaration of Helsinki and its later amendments. All
participants provided written informed consent.

Cognitive functioning
Cognitive functioning was assessed with the adapted version of the Addenbrooke’s Cognitive Examination -
Revised? for culturally appropriate use with New Zealanders (the ‘Kiwi’ ACE-R) and normative data available
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regarding age groups, sex, education, and ethnicity?*?*. The neuropsychological test battery comprises 26 items
that encompass five cognitive domains: attention and orientation (e.g., asking for location and date), memory
(tasks related to short-term, long-term, anterograde, and retrograde memory), verbal fluency (naming words
beginning with a specific alphabetic letter), language (e.g., writing sentences, repeating words), and visuospatial
(e.g., drawing a clock and copying a pentagon). The score of each domain is summed up to form a score of global
cognitive functioning ranging from 0 to 100, with higher scores indicating higher cognitive functioning. The
ACE-R has been shown to be a valid and sensitive screening tool for cognitive impairment and possible dementia
(cut-off 82: sensitivity=0.84, specificity=1.00; cut-off 88: sensitivity=0.94, specificity=0.98), including in
older New Zealanders?. Details of the New Zealand ACE-R version have been published elsewhere?®. Cognitive
impairment was assigned to participants who scored 1.5 standard deviations (SD) or more below the mean total
ACE-R score of the sample.

Area-based socioeconomic deprivation

The New Zealand Deprivation Index (NZDep) is a census-based index of relative socioeconomic deprivation for
small areas in Aotearoa New Zealand”’. The NZHWR substudy data collection in 2010 and 2012 is connected
to the 2006 version of the NZDep, also referred to as NZDep20062%. The index provides a deprivation score for
each meshblock or a small number of agglomerated meshblocks in Aotearoa New Zealand. Meshblocks are the
smallest geographical units defined by Statistics New Zealand®. In 2006, each meshblock contained a median
of 87 people. NZDep2006 refers to the proportion of people in each small area regarding nine weighted aspects
of deprivation calculated using principal components analysis. These are, with decreasing weight in the index:
proportion of people aged 18-64 receiving a means-tested benefit, people living in equivalised households (i.e.,
controlled for household composition) with income below an income threshold (60% of the median equivalised
disposable household income, i.e., an annual income under NZ$23,805), people not living in own home, people
aged < 65 living in a single parent family, people aged 18-64 being unemployed, people aged 18-64 without any
qualifications, people living in equivalised households below a bedroom occupancy threshold, people with no
access to a telephone, and people with no access to a car. Details of the index development and composition
have been published elsewhere?®, The NZDep2006 index represents a decile scale from 1 to 10, where 1 indicates
a small area in the 10% least-deprived small areas in the country and 10 indicates a small area in the 10%
most-deprived small areas at the time of the 2006 census. For the purpose of descriptive analysis, area-based
socioeconomic deprivation was collapsed to represent three levels: low deprivation (decile 1-3), moderate
deprivation (4-7), and high deprivation (8-10). The validity of the evolving versions of the NZDep has been

consistently demonstrated, particularly with regards to health measures™®.

Covariates

We included covariates that are known to be associated with cognitive functioning, and thus need to be
accounted for. Sociodemographic and individual-level socioeconomic information was assessed based on a
standardised self-report questionnaire and included age (years), gender (men, women), education (reflecting
levels of the New Zealand educational system, ranging from no qualifications, secondary school qualification,
post-secondary certificate or diploma to university degree), ethnicity (self-identified; Maori and Non-Maori),
employment (employed, retired, unemployed/other), net personal annual income, and marital status (single,
married/in a partnership)?..

To account for relevant health and lifestyle factors know to be associated with cognitive functioning and
dementia risk, we drew on the “Lifestyle for Brain Health” (LIBRA) index®!*2. LIBRA is a composite score, which
was developed based on a systematic literature review and a Delphi expert panel consensus on modifiable risk
and protective factors for dementia®2. The LIBRA index quantifies modifiable dementia risk, or room for brain
health improvement. Numerous studies have shown the utility of the score in demonstrating associations with
cognitive functioning and prevalent and incident cognitive impairment, cognitive decline and incident dementia
in diverse midlife and early late-life (up to 75 years of age) populations**-*%, including for midlife and early late-
life New Zealanders¥. It contains up to 12 modifiable health and lifestyle factors®?, and 8 of them were available
in the NZHWR study in the 2010 wave: heart disease, kidney disease, diabetes, hypertension, moderate alcohol
consumption, smoking, physical inactivity, depression; with information on obesity, hypercholesterolemia,
healthy diet, and high cognitive activity not being available. A standardised weight was assigned to each factor,
reflecting its relative risk for dementia retrieved from systematic literature reviews and meta-analyses*>*. Then,
the natural logarithm of the relative risk for each factor was calculated. These were then standardised by taking
the lowest natural logarithm as a reference value and dividing all other values by this value, thus creating the
weights. The weights were summed to yield the LIBRA score. The 8-factor modified score ranged from — 1.0 to
+9.7. Higher scores indicate poorer lifestyle for brain health tied to dementia risk.

Additionally, we included a measure on social loneliness as a covariate, based on a subscale of the De Jong
Gierveld Loneliness Scale (DJGLS)*. The social loneliness scale comprises five items, each scored on a 5-point
Likert scale. A total score was calculated by summing the neutral and negative answers of the items, ranging
from 0 to 5 with higher scores indicating higher social loneliness.

Statistical analysis

Sample characteristics were investigated by calculating means and SDs or proportions for the total sample
and regarding level of area-based socioeconomic deprivation. Group differences according to level of area-
based socioeconomic deprivation were assessed using Chi-squared tests and one-way analysis of variance
(ANOVA), as appropriate. Bonferroni correction was applied to account for multiple comparisons. Effect sizes
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were calculated for significant group differences, i.e., Cramer’s V for categorical variables and Eta squared for
continuous variables.

Linear mixed effects models with maximum likelihood were used to assess the longitudinal association of
area-based socioeconomic deprivation with cognitive functioning and cognitive decline over the two years
of observation. The association between area-based socioeconomic deprivation and cognitive decline was
estimated by including a two-way interaction term of time and area-based socioeconomic deprivation, which
represents the rate of change in cognitive functioning as a function of area-based socioeconomic deprivation.
Three models were inspected: unadjusted, base-adjusted for age, sex, education and ethnicity, and adjusted for
all above named covariates, i.e., sociodemographic factors (age, sex, education, ethnicity, marital status), lifestyle
and health factors (LIBRA index, social loneliness), and individual-level socioeconomic factors (employment
status, net personal annual income). No centering was applied on covariates. Following likelihood ratio tests
and inspection of fit criteria (Akaike Information Criterion [AIC], Bayesian Information Criteria [BIC], the
models included an unstructured covariance matrix, a random intercept, but not a random slope. The adjusted
models included a quadratic term for age to account for the non-linear relationship with cognitive functioning.
Predictive margins were calculated to visualize associations for the adjusted analysis. To inspect model fit, AIC,
BIC, and Intraclass Correlation Coefficient (ICC) were calculated. A level of statistical significance of p <.05 was
assumed. Analyses were performed with STATA/SE 17.0 (StataCorp, Texas).

Results

Sample characteristics

The analytical sample had a mean age of 62.7 (SD=6.4, range =48-75) years, 54.7% were female, and 25.0%
identified as Maori. Almost two thirds (63.4%) of the sample reported a high level of education, having obtained
either a post-secondary or university degree.

Regarding area-based socioeconomic deprivation, 311 (39.7%) of the participants lived in low deprivation,
305 (39.0%) in moderate deprivation, and 167 (21.3%) in high deprivation. The age and gender distribution did
not differ between levels of area-based socioeconomic deprivation. Lower levels of education, being of Maori
descent, being single, and being unemployed were more frequent among high levels of deprivation. Detailed
results are presented in Table 1. Bonferroni tests for multiple comparisons showed that group differences for
LIBRA scores and cognitive functioning were between the low and high level of deprivation, but not between
low and moderate, and moderate and high, except for net personal annual income, which was also different
between low and moderate level of deprivation (results not further shown). There were no group differences
regarding social loneliness.

At follow-up after two years, 57 (8.2%) obtained an ACE-R score that indicated incident cognitive impairment.

Term Total sample Low deprivation Moderate deprivation | High deprivation Group difference
Sample size 783 311 (39.72) 305 (38.95) 167 (21.33)
Age, mean (SD) 62.74 (6.44) 63.01 (6.29) 62.54 (6.48) 62.47 (6.62) If (3’1?7) =076,
Gender, 1 (%)
> 428 (54.66) 162 (37.85) 167 (39.02) 99 (21.13) , B _
IVVIV;T"“ 355 (45.34) 149 (41.97) 138 (38.87) 68 (19.15 XA(2,782)=227, p=.322
Education, n (%) 104 (13.28) 27 (25.96) 41 (39.42) 36 (34.62)
No qualifications 182 (23.24) 67 (36.81) 71 (39.01) 44 (24.18) , _ _
Secondary school certificate 312 (39.85) 120 (38.46) 129 (41.35) 63 (20.19) XX(6,778)=29.91,p<.001, V=0.14
Post-secondary certificate University degree | 185 (23.63) 97 (52.43) 64 (34.59) 24 (12.97)
Ethnicity, n (%)

JnK 196 (25.03) 43 (21.94) 83 (42.35) 70 (35.71) , B _
Maori 587 (74.97) 268 (45.66) 222 (37.82) 97 (16.52) X2(2,782)=46.95, p<.001, V=0.24
Non-Maori
Marital status, #n (%)

! 214 (27.33) 58 (27.10) 91 (42.52) 65 (30.37) , _ _
Single 569 (72.67) 253 (44.46) 214 (37.61) 102 (17.93) X7(2,782)=24.06,p <001, V=0.18
Married / partner

0y
svrglr’ll(‘i’r’l’men" (%) 486 (62.07) 197 (40.53) 190 (39.09) 99 (59.28)
Retire dg 221 (28.22) 92 (29.58) 89 (29.18) 40 (23.95) X?(4,780)=12.91, p=.012, V=0.09
Unemployed, other 76 (9.71) 22 (7.07) 26 (8.52) 28 (16.77)
Net personal annual income,
mean 42,672.40 (36,929.80) | 51,510.88 (43,595.04) | 38,287.94 (25,650.17) | 34,220.22 (37,644.20), _ .
(SD) 34.703,79 41,765.22 34,060.00 23.604,00 F(2,782)=16.70, p<.001, 5° = 0.04
median
LIBRA score, mean (SD) 1.70 (1.57) 1.53 (1.50) 1.70 (1.56) 2.00 (1.66) F(2,782) =5.02, p=.007, > = 0.01
Social loneliness, mean (SD) 1.93 (1.80) 2.00 (1.74) 1.95 (1.86) 1.77 (1.80) F(2,782)=0.97, p=.379
Cognitive functioning, mean (SD) 94.53 (3.34) 95.00 (3.11) 94.45 (3.29) 93.81 (3.72) F(2,782)=7.15, p<.001, > = 0.002

Table 1. Characteristics of the study population for the total sample and according to level of area-based

socioeconomic deprivation.
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Term Coefficient | 95%CI SE |z P-value
Fixed Effects

NZDep -0.16 -0.24;-0.08 | 0.04 | -3.88 <0.001
Time -0.53 -1.08;0.02 |0.28 | -1.90 | 0.057
NZDep x Time* -0.12 -0.22;-0.02 | 0.05 | -2.43 | 0.015
Intercept 95.31 94.85;95.77 | 0.23 | 410.67 | <0.001
Random Effects

Intercept 1.62 1.51;1.74 0.06

Residuals 2.42 2.29;2.57 0.07

Model Fit

Number of obs 1,482

Number of groups | 783

AIC 7,922.56

BIC 7,954.37

ICC 0.31

Table 2. Results of the unadjusted mixed-effects model for the effect of area-based socioeconomic deprivation

(NZDep) on cognitive functioning (ACE-R). *indicating cognitive decline. Significant values are in bold.

Term Coefficient | 95%CI SE z P-value
Fixed Effects

NZDep -0.10 -0.17;-0.02 0.04 |-2.37 |0.018
Time -0.54 -1.09; -0.01 0.28 |-1.91 | 0.056
NZDep x Time* -0.12 -0.22;-0.02 0.05 |-2.38 |0.017
Age 0.14 -0.42;0.72 029 |0.51 |0.609
Age? -0.001 -0.006; 0.003 | 0.002 | -0.82 | 0.414
g:r‘:l:leer (ref. male) 0.93 0521.34  |0.21 |442 |<0.001
Education (ref. university degree)

No qualiﬁcations -3.57 -4.30; -2.84 0.37 -9.62 | <0.001
Secondary school qualification -1.69 -2.29;-1.08 | 0.31 |-5.49 | <0.001
Post-secondary cert or diploma | -1.12 -1.66;-0.59 | 0.27 |-4.14 | <0.001
f&;‘)‘rj?ty (ref. Non-Maori) -0.34 -0.8%0.15 |025 |-137 |0.172
Intercept 94.09 76.42;111.76 | 9.02 | 10.44 | <0.001
Random Effects

Intercept 1.40 1.29;1.52 0.06

Residuals 2.45 2.32;2.59 0.07

Model Fit

Number of obs 1,482

Number of groups 783

AIC 7783.72

BIC 7863.24

ICC 0.72

Table 3. Results of the base-adjusted mixed-effects model for the effect of area-based socioeconomic
deprivation (NZDep) on cognitive functioning (ACE-R). *indicating cognitive decline. Significant values are in
bold.

Associations of area-based socioeconomic deprivation and cognition

In the unadjusted model, higher area-based socioeconomic deprivation was associated with lower cognitive
functioning (B = -0.16, 95%CI = -0.24; -0.08; p <.001) and cognitive decline (B = -0.12, 95%CI = -0.22; -0.02;
p=.015). Results are further detailed in Table 2.

Similar results were found in the base-adjusted model accounting for age, age?, sex, education, and ethnicity:
Higher area-based socioeconomic deprivation was associated with lower cognitive functioning (B = -0.10,
95%CI = -0.17; -0.02; p=.018) and cognitive decline (B = -0.12, 95%CI = -0.22; -0.02; p=.017). Further results
are presented in Table 3.
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Fig. 1. Adjusted average marginal effect per one-decile-change in area-based socioeconomic deprivation
(NZDep) on cognitive functioning (ACE-R scores) from baseline to follow-up after 2 years, indicating
cognitive decline.
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Fig. 2. Adjusted average predicted cognitive functioning (ACE-R scores) according to decile of are-based
socioeconomic deprivation (NZDep) at baseline and at 2-year follow-up. Higher scores on the Y-axis
indicate better cognitive functioning. Higher scores on the X-axis indicate higher area-based socioeconomic
deprivation.

Likewise, in the adjusted model, higher area-based socioeconomic deprivation was associated with lower
cognitive functioning (B = -0.08, 95%CI = -0.17; -0.01; p=.050) and cognitive decline (B = -0.12, 95%CI =
-0.22; -0.03; p=.013). In detail, a one-unit change in area-based socioeconomic deprivation, i.e. a difference of
one decile, had an adjusted average marginal effect on the ACE-R score of -0.08 (95%CI = -0.17; -0.01; p=.050)
at baseline and — 0.21 (95%CI = -0.32; -0.10; p <.001) at follow-up after two years (Figs. 1 and 2). Detailed results
are presented in Table 4.

Discussion

We investigated area-based socioeconomic deprivation in relation to cognitive functioning and cognitive decline
in midlife to early late-life New Zealanders without cognitive impairment at baseline. In the sample of 783
adults aged 48 to 75 years, higher area-based socioeconomic deprivation was associated with lower cognitive
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Term Coefficient | 95%CI SE z P-value
Fixed Effects

NZDep -0.08 -0.17;-0.01 0.04 |-1.96 | 0.050
Time -0.54 -1.08;-0.003 | 0.27 |-1.97 | 0.049
NZDep x Time* -0.12 -0.22;-0.03 | 0.05 |-2.47 |0.013
Age 0.10 -0.50; 0.71 0.31 |0.33 |0.742
Age? -0.001 -0.006; 0.003 | 0.002 | -0.58 | 0.563
S:I‘:Slf (ref. male) 0.96 050;1.41  [0.23 |4.16 |<0.001
Education (ref. university degree)

No qualiﬁcations -3.54 -4.30; -2.77 0.39 -9.10 | <0.001
Secondary school qualification -1.62 -2.25;-0.99 | 0.32 |-5.04 | <0.001
Post-secondary cert or diploma -1.04 -1.60;-0.49 | 0.28 | -3.68 | <0.001
f/?;(')‘rii“ity (ref. Non-Maori) -0.29 -0.80;021 | 026 |-1.13 | 0259
g/ilsgltea} f‘ltzt;Zr(tl:ef'rmarried ! partner) -0.07 -0.56; 0.43 0.25 |-0.27 |0.790
E’e‘;fr]e"gmem (ref. employed) -0.09 072,055 | 032 |-0.27 | 0.790
Unemployed, other 0.27 -0.51; 1.06 0.40 |0.68 |0.495
Net annual personal income (per 5 percentile increase) | 0.01 -0.03; 0.06 0.02 |0.58 |0.561
LIBRA -0.16 -0.30;-0.02 | 0.07 |-2.20 | 0.028
Social loneliness -0.03 -0.15; 0.09 0.06 |-0.52 |0.601
Intercept 95.31 76.81;113.82 | 9.4 10.10 | <0.001
Random Effects

Intercept 1.40 1.29;1.51 0.06

Residuals 2.44 2.31;2.58 0.07

Model Fit

Number of obs 1,482

Number of groups 783

AIC 7,778.22

BIC 7,878.91

ICC 0.25

Table 4. Results of the adjusted mixed-effects model for the effect of area-based socioeconomic deprivation
(NZDep) on cognitive functioning (ACE-R). *indicating cognitive decline. Significant values are in bold.

functioning and predicted cognitive decline over two years, accounting for sociodemographic, individual-level
socioeconomic as well as health and lifestyle factors.

Our results are in line with the growing body of literature that underlines the relevance of living conditions
for cognitive health and the importance to consider them in strategies targeted at improving brain health and
reducing the risk of cognitive decline and dementia*!~*°. A recent study from Aotearoa New Zealand, the first
of its kind, found that people residing in disadvantaged neighbourhoods were at greater risk for dementia and
showed deficits in brain structure as well as cognitive difficulties decades before dementia-related outcomes
may occur?’ - our study corroborates these findings. Notably, a study in various Latin American populations
suggested that social and environmental factors likely play a more crucial role than genetic ancestry in predicting
dementia, and individuals with higher proportions of Native American (>70%) and African American (>70%)
ancestry were more likely to exhibit factors contributing to worse SDOH*. Overall, results from diverse older
populations from varying geographical regions seem to rather consistently point towards an association of area-
based socioeconomic deprivation and poorer cognitive outcomes in later life, independent of individual-level
socioeconomic factors such as education and income. This is also despite notable variety in the characteristics of
indices quantifying area-based or neighbourhood socioeconomic deprivation!”. Thus, area-based socioeconomic
deprivation constitutes a risk factor for cognitive decline and dementia - but a modifiable one that can be
addressed in strategies aimed at risk reduction.

Research hasidentified a variety of mechanisms thatlikely underlie thelink between area-based socioeconomic
deprivation and poorer cognitive functioning. A well-established pathway is limited access to healthcare
services, often entangled with lower health literacy and financial barriers, which can lead to no or late diagnoses
and thus missed opportunities for intervention***°. Socioeconomic deprivation drives poor health behaviours
and lifestyles known to be associated with cognitive decline and dementia, such as more smoking and alcohol
consumption, unhealthy diets, less physical, social and cognitive stimulation'>>"2, In a previous study, we have
found that area-based socioeconomic deprivation was linked to such modifiable health and lifestyle factors in
Maori, but not in Non-Maori>. This is often coupled with restricted resources to make good lifestyle choices in
deprived areas, such as lack of availability of nutritious food and opportunities for physical activity, sometimes
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referred to as obesogenic environments® - an issue that is specifically prevalent in NZ*°. Living in deprived
areas can expose residents to chronic stress, known to affect cognitive functioning and brain structure®. Specific
environmental stressors may be more present in deprived urban areas, such as air and noise pollution®”*%, or
lack of access to green and blue space®®®® — both has been shown for the Auckland region in NZ°'%2. Poor
housing and low neighbourhood satisfaction as well as low neighbourhood social cohesion have been identified
as environmental stressors in NZ%. Moreover, unhealthy environments are linked to higher psychological
distress and a higher prevalence of mental health conditions, such as depression and anxiety®%, which in turn
are risk factors for cognitive decline and dementia®®. Studies that investigate mechanisms underlying the link
between NZDep and cognitive functioning, specifically, are needed for the development and implementation
of public health strategies that address the multifaceted modifiable risks for cognitive decline and dementia®’.
Current such strategies tend to focus on individual-level factors, aiming at improving lifestyle behaviours and
the management of health conditions®, often leaving the neighbourhood and the wider environmental context
out of the picture. A more comprehensive strategy that considers change at the structural level, and not only on
the individual level, can create better living conditions for better brain health outcomes for whole populations
over generations to come. Walsh et al. defined such a population-level approach to dementia risk reduction as
“measures applied to populations, groups, areas, jurisdictions, or institutions with the aim of changing the social,
physical, economic, or legislative environments to make them less conducive to the development or maintenance
of dementia and its modifiable life course risk factors”®. The core idea is to make healthy lifestyle choices the
default options. Policy examples include public smoking bans, bans of high-emission cars in city centres, or
legislations for healthy housing standards. In addition to area-based socioeconomic factors, it has been argued
that other environmental factors such as the natural environment (green and blue spaces) and the design of the
built environment can promote (brain) health and be utilised to reduce the risk and prevent cognitive ill-health
in later life”®. Working towards positive change in deprived neighbourhoods specifically might be more effective
than trying to change the health behaviours of people living in areas of limited resources and opportunities that
hinder unfolding their brain health potentials in the first place.

Strengths and limitations

The study drew on a large, well-phenotyped sample of midlife and early late-life New Zealanders. Strengths of the
study include the longitudinal design and the use of culturally acceptable measures that allowed for providing
insights into links of area-based socioeconomic deprivation and cognitive functioning in a geographical area
with little prior knowledge.

Regarding limitations, our findings may not be generalised to New Zealand’s midlife and early late-life
population as the volunteer sample deviated from sociodemographic distributions among the general population.
The sample was more highly educated, and thus may point towards better socioeconomic circumstances,
potentially leading to an underestimation of the association between area-based socioeconomic deprivation and
cognitive functioning.

Given the short observation period, we did not inspect changes in participants’ residence. However, it
needs to be noted that studies have shown that the dynamics of internal mobility and migration in Aotearoa
New Zealand tend to perpetuate rather than counter the pre-existing level of area-based deprivation’!. The
observation period of two years is also rather short in terms of observing cognitive changes and may explain
why effects found are rather small.

The LIBRA index computed for this study was based on information for 8 out of 12 modifiable health and
lifestyle factors for dementia due to limited data availability in the 2010 NZHWR wave. The subsequent narrower
range of the LIBRA scores may have led to an underestimation of covariate association with cognitive outcomes.
This assumption is supported by studies that suggested including more modifiable risk factors for dementia leads
to more informative results’2. Lastly, the operationalisation of area-based socioeconomic deprivation (NZDep)
and lifestyle for brain health (LIBRA index) differed from other studies, which compromises comparability.

Conclusions

Higher area-based socioeconomic deprivation was associated with lower cognitive functioning and predicted
cognitive decline independent of individual-level socioeconomic factors in midlife to early late-life New
Zealanders. Our results add to a growing body of literature that highlights the importance of addressing
neighbourhood contexts in public heath agendas targeting risk reduction and prevention of cognitive decline
and dementia in later life. Population-based approaches aimed at improving living conditions may be particularly
beneficial to address cognitive health disparities and reduce the impact and scale of dementia in disadvantaged
communities.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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