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Abstract

Aims. Knowledge on the link of individual social deprivation with dementia is incomplete.
We thus aimed to see whether an association with dementia risk can be observed using a
recently developed Social Deprivation Index (SoDep Index). Further, as deprivation is related
to depression, we investigated the role of depression in the association.

Methods. We analysed data of 11 623 Survey of Health, Ageing and Retirement in Europe
(SHARE) respondents. Social deprivation status was determined by SoDep Index score.
Dementia was determined by self-reported diagnosis. Dementia risk by social deprivation sta-
tus was estimated using Cox proportional hazard models, including relevant covariates (gen-
der, marriage status, chronic conditions). Depressive symptom status was added in a second
step. Further, we completed subgroup analyses by social deprivation status and analysed the
relevance of depressive symptoms in dementia risk in each deprivation group. In an additional
sensitivity analyses we corrected for mortality and used impaired cognitive testing perform-
ance as an alternative outcome.

Results. High (v. low) social deprivation status was associated with an increased dementia risk
(hazard ratio (HR) = 1.79 [95% CI 1.31-2.45]) in the Cox analysis adjusted for covariates only.
Further adjustment for depressive symptom status indicated a largely direct association
between social deprivation status and dementia risk. Moreover, compared to not having
experienced depressive symptoms in the past or at baseline, those with past (HR=1.67
[95% CI 1.23-2.25]), baseline (HR = 1.48 [95% CI 1.04-2.10]) or stable depressive symptoms
(HR=2.96 [95% CI 2.12-4.14]) had an increased dementia risk. The association between
stable depressive symptom status and dementia risk was in the high social deprivation sub-
group particularly pronounced. Sensitivity analyses replicated results.

Conclusions. Results add to a growing body of evidence indicating that a public health
approach to dementia prevention must address socioeconomic inequity. Results suggest a
largely direct association between social deprivation and dementia risk. Adults who experience
high social deprivation appear particularly affected by detrimental effects of depressive symp-
tomatology on dementia risk and need intervention.

Introduction

As much as one-third of premature deaths seem to be attributable to socioeconomic disadvan-
tage, as data from England show (Lewer et al., 2020). Indeed, the role of lacking socioeconomic
resources in ill health is widely acknowledged. The construct of socioeconomic status (SES),
defined by education, income and/or occupation, has been commonly used to this end. SES
has shown a robust association with mental (e.g. Reiss et al., 2019), physical (e.g. Kivimaki
et al., 2020) and cognitive health (e.g. Lyu and Burr, 2016; Marden et al., 2017).

The construct of SES has been criticised as too restrictive to reflect the complex reality of
deprivation (Salmond et al., 2006; Czajka and Denmead, 2008). As a result, studies using
multi-domain individual social deprivation indicators have emerged (e.g. Chung et al,
2018; Dunlop et al, 2022). Multi-domain assessments on the area level - such as the
Townsend Deprivation Index (Townsend et al., 1988) or the Area Deprivation Index (Kind
et al., 2014) - reflect the degree to which an individual possesses inadequate resources relative
to the societal standard. This is particularly relevant to studying older adults, who rely increas-
ingly on resources other than income, such as wealth and health care (O'Reilly, 2002;
Galobardes et al., 2006; Steptoe and Zaninotto, 2020).

Multi-domain individual social deprivation indicators have demonstrated an association of
deprivation with mental and physical health (e.g. Saito et al., 2014; Pfortner and Elgar, 2016;
Chung et al., 2018). However, cognitive outcomes have received less attention. Therefore, our
group has recently investigated the association between social deprivation and cognitive
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function in dementia-free older adults. To this end, we con-
structed a measure of social deprivation, the Social Deprivation
Index (SoDep Index), a brief yet comprehensive index measure
of five domains (years of education, income, wealth, health insur-
ance status, lifetime job stability). SoDep Index scores have been
found to be related to standardised measurements of cognitive
status and decline in 11 101 respondents in the US Health and
Retirement Study (HRS; Hofbauer and Rodriguez, 2021a) as
well as 51630 respondents of the Survey of Health and
Retirement in Europe (SHARE; Hofbauer and Rodriguez, 2021b).

We expect that this association of individual social deprivation
with cognitive function in dementia-free older adults may extend
to an association with dementia risk. While this has not been
investigated directly, indication is given by previous research link-
ing aspects of social deprivation, such as low wealth (Cadar et al.,
2018) and low education (Xu et al., 2016), to dementia risk. Such
an association may be explained by the social causation hypoth-
esis. It postulates that individuals with high social deprivation
are more likely to experience chronic stressors, such as financial
worry and social defeat (Almeida et al., 2005; Hudson, 2005).
Evidence from rodent models suggests that chronic stressors
induce harmful physiological processes, such as chronic inflam-
mation, including neuroinflammation (Calcia et al, 2016).
Observational studies in humans appear to support this, with
chronic stress showing an association with neuropathology and
-degeneration (Pefia-Bautista et al., 2020).

If chronic stressors are involved in a pathway linking social
deprivation and dementia risk, this is likely to be reflected in an
indirect effect of social deprivation on dementia risk via depres-
sion. This is because social deprivation has repeatedly been
shown to be associated with depression (e.g. Fernandez-Niio
et al., 2014; Wickham et al., 2014; Cohen-Cline et al., 2018; Ye
et al., 2021), and the association is mediated by chronic stressors
(Wickham et al., 2014). Depression, in turn, is related to poor
cognition (Shaw et al,, 2022). It is associated with pathological
brain changes (Geerlings et al., 2013; Belzung et al., 2015) and
with dementia risk (Livingston et al, 2020). Indeed, recently it
has been found that depression partially mediates the relationship
between area social deprivation and cognition (Shaw et al., 2022).
However, whether this extends to dementia risk remains to be
shown. Further, as the previous finding was made on an
area level, it would be informative to see whether this can be repli-
cated using a comprehensive individual-level social deprivation
indicator.

Depression might be particularly detrimental in high social
deprivation which could account for a higher dementia risk.
Depression has been found to be more persistent in those experi-
encing socioeconomic disadvantage (Finegan et al., 2018) and
those living in deprived areas (Finegan et al, 2020), compared
to those who experience less disadvantage. Factors such as the
demoralising effect of living a deprived environment, lack of self-
esteem due to upward social comparison, and poor access to
health-enhancing goods may be creating a downward spiral
(Finegan et al., 2020). This downward spiral may further exacer-
bate depression-related brain changes and ultimately result in less
available resources when it comes to resisting dementia.

Aim
We aim to establish whether social deprivation is a risk factor for

dementia, expecting higher social deprivation to be associated
with a higher risk of (self-reported) dementia. Further, we
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inspected the role of depression in the association between social
deprivation and dementia risk. We hypothesise that the associ-
ation between depression and dementia risk will vary with social
deprivation status, with a stronger negative effect in those more
deprived.

Method
Sample

The SHARE is a longitudinal cross-country study of Europeans
and Israelis 50 years and older. Ethic committees at the
University of Mannheim and the Max Planck society have
approved this study. All participants provided written informed
consent. The first wave of data collection took place in 2004;
since then, data collection has been taking place approximately
every 2 years. Due to the Covid-19 pandemic, data collection
has been limited for wave 8, so that, at the time of writing, the
most recent complete data collection was that for wave 7 in
2017. In the present analysis, we included data from waves 2-7,
as dementia status was not assessed in wave 1. In wave 3, data col-
lection was restricted to retrospective life history data
(SHARELIFE). We include respondents who at baseline (wave
2) reported being dementia-free and having neither a past nor
current stroke/cerebral cardiovascular disease nor Parkinson’s dis-
ease. We further limited inclusion to participants for whom infor-
mation on covariates, depression symptomatology and social
deprivation was available and who were at least 50 years of age
and not in institutional care at baseline. Further, we excluded
respondents who were never re-interviewed after baseline. The
final sample contained 11 623 respondents (see Fig. 1).

Social Deprivation Index (SoDep Index) Status

The SoDep Index was originally conceptualised in the US HRS
sample (Hofbauer and Rodriguez, 2021a) and has since been
validated in the SHARE sample (Hofbauer and Rodriguez,
2021b). Domains included are education, income, wealth, job
stability and health insurance status. Education is measured in
years. Income sums all reported household incomes. Wealth
expresses a household’s net financial assets less the household’s
financial liabilities. Income and wealth were adjusted for the
household size by dividing by the square root of household
size. To determine job stability (i.e. having held a job for 5+
years) we extracted employment history from the retrospective
SHARELIFE data. For health insurance status, we recorded
whether respondents had any supplementary health insurance
beyond basic national insurance.

All domains were reverse coded, so that a greater value indi-
cated greater deprivation. We then multiplied the domains with
weights determined by structural equation modelling coefficients
during index construction (see Hofbauer and Rodriguez, 2021a).
The coefficients are shown in Table 1. Finally, we sub-divided
the sample according to SoDep Index Status. Respondents with
high SoDep Index scores (=80% percentile) were considered to
have high SoDep Index Status, low SoDep Index scorers (<£20%
percentile) were considered to have low SoDep Index Status.
These percentiles are commonly operationalised as indicating
‘high’ and ‘low’ socioeconomic position (e.g. Krieger et al.,
2014; Stenberg et al., 2019). Accordingly, remaining respondents
(21-79% percentile) were identified as having moderate SoDep
Index Status.
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BASELINE SAMPLE
i.e. respondents in wave 2

N =37, 152 Excluded
n=3, 179
Age <50 n=898
Living in nursing home n=273
Stroke n=1, 282
Parkinson's n=234
INITIAL SUBSAMPLE Dementia at baseline n=363
No dementia info n=165
N =33, 973
Excluded
n=22, 350
No follow-up dementia info n=10, 470
Missing SDI info n=11, 858
Missing depression history n=22
INCLUDED
i.e. included respondents in wave 2 Reason missing in follow-up 1
n=11,623 NA =908
Missing by design (skipped) n=1, 768
Follow up 1
i.e. wave 4
n=8,947 Reason missing in follow-up 2
New diagnoses
n=118 NA n=1,419
Missing by design (skipped) n=1, 062
Follow up 2 Died n=329
i.e. wave 5
n =8, 699
New diagnoses Reason missing in follow-up 3
n=129
NA n=2, 660
Follow up 3 Dled e
i.e. wave 6
n =8, 071
New diagnoses Reason missing in follow-up 4
n=142
MNA n=2, 715
Died n= 452
Follow up 4
i.e. wave 7
n=7422 New diagnoses
L n=120 J

No Dementia Dementia
n=11, 114 n=509

Fig. 1. Flow chart showing respondent selection.

Age at self-reported dementia diagnosis . . . . , .
g P g senility or any other serious memory impairment’ as having

We considered participants who responded in the affirmative to  dementia. While this is neither specific, nor a confirmed clinical
‘Has a doctor ever told you that you had/Do you currently  diagnoses, it is established practice in the handling of SHARE
have: Alzheimer’s disease, dementia, organic brain syndrome, data (e.g. Ferreira et al,, 2020). Thus, throughout this manuscript,
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Table 1. SoDep Index domains with corresponding weights based on Hofbauer
and Rodriguez 2021a

Index domainl SEM coefficient

Years of education 0.59
Income 0.80
Wealth 0.52
Health insurance status 0.42
Job stability 0.47

SEM, structural equation modelling.
lindex domains were reverse scored so that a higher value on the index reflects greater
deprivation experience.

we use ‘dementia’ when referring to self-reported diagnosis. We
took the halfway point between the last wave at which respon-
dents reported being dementia-free and the first wave they
reported a diagnosis as the time of self-reported diagnosis (see
also e.g. Wang et al., 2012; Wu et al,, 2020). We used baseline
age and the time to diagnosis to determine age at self-reported
diagnosis.

Age at death

SHARE interviewers record at each wave whether a respondent is
alive or has died, confirming this vital status wherever possible
with someone in the respondents close social network
(Bergmann et al., 2019). We took the halfway point between
last wave alive and first wave respondents were recorded dead
as the time of death to calculate the age at death.

Depressive symptom status

We used a composite measure reflecting whether respondents had
in the past experienced symptoms indicative of depression and/or
whether they were experiencing them at baseline. A distinction
between past and baseline depression was made given differential
effects of early- and late-onset depression on cognitive decline
(Jamieson et al., 2019; Manning et al., 2022). To determine past
depressive symptoms, respondents were asked whether there had
been a time or times in their life, when they suffered from symp-
toms of depression which lasted at least 2 weeks. Baseline depres-
sive symptoms were recorded using the EURO-D scale, with
scores >6 being deemed indicative of depression at baseline
(Tomas et al, 2022). Respondents were grouped according to
their report of depressive symptoms (1) neither in the past nor at
baseline, (2) in the past but not a baseline (‘past depressive symp-
toms’) (3) at baseline but not in the past (‘baseline depressive symp-
toms’), (4) both in the past and at baseline (‘stable depressive
symptoms’).

Baseline covariates

Covariates recorded at wave 2 (baseline in this study) were
respondents’ gender, whether respondents were married/part-
nered or not (i.e. widowed/divorced/never married) and the num-
ber of chronic health conditions respondents reported having
been diagnosed with (for the list of conditions considered see
online Supplementary Table S1). Covariates were chosen based
on evidence showing an association with dementia risk and
depressive symptomatology. Being married or partnered has
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beneficial effects on cognition (Sommerlad et al., 2018) and miti-
gates negative effects of deprivation on mental health (Bierman,
2009). Both risk of dementia (Nebel et al., 2018) and depression
(Girgus et al., 2017) are generally higher in women. Poor overall
health is also associated with greater dementia risk (Stephan et al.,
2021) as well as depression (Chang-Quan et al., 2009). Baseline
covariates are chosen to minimise the risk of reverse causality
(see e.g. VanderWeele et al., 2016).

Analyses

All analyses were conducted using R (Version 4.2.2.) in RStudio
(RStudio Team, 2020). We set the significance level a < 0.05.

We calculated the mean and standard deviation (s.p.), or the
median and interquartile range, of participant demographics.
We assessed group differences at baseline between respondents
with and without dementia. For continuous variables we
employed Mann-Whitney U tests based on violations of the
homogeneity of variance assumption. Age was the exception to
this and compared using a t test. For categorical variables, we
used y? tests. In addition, we completed a y* tests to determine
whether there was a significant association between SoDep
Index Status and dementia as well as between SoDep Index
Status and Depressive Symptoms Status.

For all survival analyses, time to event was defined as lifetime
to event (i.e. age). Given the close link between dementia and age,
age has been identified as the appropriate timescale to use in
dementia-related analyses (Thiébaut and Bénichou, 2004;
Weuve et al., 2015). The time at risk was defined as the lifetime
between birth and either dementia or censure (death/last contact).
For each SoDep Index Status, we calculated the total time at risk
and the incidence per 1000 person-years. In addition, we com-
pleted Kaplan-Maier analyses to estimate the median age of
dementia-free survival by SoDep Index Status, i.e. the age at
which the probability of dementia-free survival reached 50%.
Further, we estimated the probability of being dementia-free at
70 and 90 years of age.

In a multivariate Cox proportional hazards model (R package:
‘survival’; Therneau, 2021), we included, dementia status (demen-
tia or censored) and age at last follow-up (age at self-reported
diagnosis, death, end of participation or end of study) as out-
comes. Predictors, entered simultaneously, were SoDep Index
Status and baseline covariates. In a second step, we extended
this model by adding Depressive Symptom Status as a predictor.
This step-wise approach allowed us to first estimate the total vari-
ance in dementia risk explained by SoDep Index Status before
identifying the variance explained by SoDep Index Status directly.
Further, we intended to investigate an interaction between SoDep
Index Status with Depressive Symptoms Status. Yet, this would
have resulted in a multitude of crossing hazard curves, indicating
that this was not appropriate (see online Supplementary Fig. S1).
Thus, we repeated the hazard analyses separately for each SoDep
Index Status (low, moderate, high) to determine whether the asso-
ciation between depression history and dementia risk would vary
depending on SoDep Index status.

To account for the fact that respondents who die may in the
future have reported a dementia diagnosis (i.e. the competing risk
of death), we completed an additional analysis using a Fine-Gray
subdistribution hazard model (R package: ‘cmprsk’; Gray, 2020).
The Fine-Gray model included event status (dementia, death or
censored) and age at last follow-up as outcomes and SoDep Index
Status, baseline covariates and Depressive Symptom Status as
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predictors. In addition, we completed a sensitivity analysis using
cognitive performance scores (see online Supplementary Text S1).

Results
Descriptive characteristics

At baseline, respondents in the survey were on average 64.86 (s.D.:
8.63) years old, and 52.16% were female. They were followed for
an average 8.70 (s.p.: 2.17) years. A total of 509 respondents
(4.38%) reported dementia over the follow-up period. At baseline,
those who went on to develop dementia were, on average, older,
had undergone fewer years of education, were less likely to be
married/partnered, had more chronic conditions, more frequently
had experienced past, present or stable depressive symptoms and
had lower median incomes and wealth (see online Supplementary
Table S2).

SoDep Index Status was significantly associated with dementia
(x* (2) = 34.66, P <0.001). The association between SoDep Index
Status and Depressive Symptoms was also significant (y* (6) =
163, p <0.001). For percentages see Table 2.

Dementia-free survival by SoDep index status

The total person-years at risk and incidence rates per 1000
person-years were the following: 166 997 person-years (incidence:
0.34) for low SoDep Index Status, 517 446 person-years (inci-
dence: 0.61) for moderate SoDep Index Status and 170614
person-years (incidence: 0.80) for high SoDep Index Status.
Results from the Kaplan-Mayer estimation showed that the
median dementia-free age reached was 102 in the moderate
SoDep Index Status group and 99 in the high SoDep Index
Status group. For those with low SoDep Index Status, the median
was not yet reached, i.e. the probability of dementia-free survival
did not drop to 50% in the observed data for this group. The
probability of being dementia-free at age 70 was 99.41% (95%
CI 99.04-99.78) for low, 99.40% (95% CI 99.20-99.61) for mod-
erate and 98.69% (95% CI 98.16-99.22) for high SoDep Index
Status. At age 90, the probabilities were 82.86% (95% CI 77.25-
88.86), 80.85% (95% CI 78.42-83.36) and 72.73% (95% CI
67.31-78.58), respectively.

SoDep index status, depressive symptom status and dementia

Cox regression results showed high SoDep Index Status to be
associated with increased dementia risk (HR=1.79, [95% CI
1.31-2.45], p<0.001), compared to low SoDep Index Status
(see Fig. 2). After adding Depressive Symptom Status as a pre-
dictor, the HR for high SoDep Index Status changed to 1.63
([95% CI 1.19-2.24], p =0.002). In conjunction, these findings
indicate that high (v. low) SoDep status was associated with a
79% increase in dementia risk and that Depressive Symptom
Status accounted for 16% of this difference in risk. In addition,
compared to not having past or baseline depressive symptoms,
each Depressive Symptom Status was associated with an
increased dementia risk (past depressive symptoms: HR = 1.66,
[95% CI 1.23-2.24], p<0.001; baseline depressive symptoms:
HR=148, [95% CI 1.04-2.10], p=0.030; stable depressive
symptoms: 2.96, [95% CI 2.12-4.14], p <0.001). For full model
output see Table 3. These findings held up to adjustment for
mortality (see online Supplementary Table S3) and were repli-
cated for cognitive performance (see online Supplementary
Text S1).

SoDep index status subgroup analyses

In subgroup analyses, stable depressive symptoms, compared to
no past or baseline depressive symptoms, were associated with
higher dementia risk in the moderate (HR=2.11, [95% CI
1.26-3.54], p=0.005) and high (HR =4.37, [95% CI 2.65-7.22],
P <0.001) SoDep Index Status group. That is, the dementia risk
was more than doubled in those with moderate SoDep Status
and stable depressive symptoms compared to those with moderate
SoDep Index Status and no past or baseline depressive symptoms.
For those with high SoDep Index Status and stable depressive
symptoms the dementia risk was more than quadrupled com-
pared to those with high SoDep Index Status and no past or base-
line depressive symptoms. In addition, for those with moderate
SoDep Index Status past depressive symptoms were associated
with increased risk (HR=1.70, [95% CI 1.16-2.49], p =0.007)
compared to no past or baseline depressive symptoms. For the
low SoDep Index Status group, none of the predictors were sig-
nificant (see Table 4).
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Table 2. Sample demographics

Total Low SoDep Index Status Moderate SoDep Index Status High SoDep Index Status

N= 11623 2325 6973 2325
Gender

Female 6062 (52.2%) 1082 (46.5%) 3800 (54.5%) 1180 (50.8%)

Male 5561 (47.8%) 1243 (53.5%) 3173 (45.5%) 1145 (49.2%)
Age mean (s..) 64.86 (8.63) 63.04 (7.80) 65.59 (8.73) 64.51 (8.81)
Age range 50-97 50-90 50-97 50-96
Yrs education mean (s.n.) 10.92 (4.45) 16.43 (2.60) 10.19 (3.16) 7.62 (4.40)
Yrs education range 0-25 10-25 0-25 0-20

Marriage status

Married/partnered

8779 (75.5%)

1877 (80.7%)

5162 (74%)

1740 (74.8%)

Widowed/divorced/never married

2844 (24.5%)

448 (19.3%)

1811 (26%)

585 (25.2%)

Chronic conditions mean (s.o.)

1.43 (1.36)

1.19 (1.18)

1.44 (1.35)

1.65 (1.51)

Chronic conditions range

0-9

0-7

0-9

0-9

Depressive symptom status

No past/baseline depressive symptoms

9847 (84.7%)

2044 (87.9%)

5993 (85.9%)

1810 (77.8%)

Past depressive symptoms

972 (8.4%)

192 (8.3%)

551 (7.9%)

229 (9.8%)

Baseline depressive symptoms

410 (3.5%)

50 (2.2%)

223 (3.2%)

137 (5.95%)

Stable depressive symptoms

394 (3.4%)

39 (1.7%)

206 (3%)

149 (6.4%)

Income median (IQR)

23064.11 (25728.62)

41275.20 (34 710.45)

21965.32 (20 226.10)

12 277.86 (16 852.60)

Income Range

0-1218168

868.621-1218 168

0-1021803.63

0-305751.91

Wealth Median (IQR)

15 333.49 (65 210.59)

100 671.14 (172 181.08)

17 836.92 (49 000)

0 (7000)

Wealth Range

—505 782.32-1 789 785.69

0-1789 785.69

—19054.77-1 019 355.83

—505 782.32-1 444 961.44

Health Insurance Status

Basic

5028 (43.3%)

838 (36%)

3910 (56.1%)

1847 (79.4%)

Supplementary

65995 (56.7%)

1487 (64%)

3063 (43.9%)

487 (20.6%)

Ever held a job for 5 +years

Yes

11215 (96.5%)

2288 (98.4%)

6705 (96.2%)

2222 (95.65)

No

408 (3.5%)

37 (1.6%)

268 (3.8%)

103 (4.4%)

Follow-up variables

Self-reported dementia diagnosis

No

11114 (95.6%)

2269 (97.6%)

6657 (95.5%)

2188 (94.1%)

Yes

509 (4.4%)

56 (2.4%)

316 (4.5%)

137 (5.9%)
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Discussion

In this paper, we aimed to investigate the association between
individual social deprivation status, as measured by the SoDep
Index, and dementia risk, as determined using self-reported
dementia diagnosis. Compared to low SoDep Index Status, high
SoDep Index Status was associated with a 79% increase in demen-
tia risk. We further investigate the role of depression in this asso-
ciation. Depressive Symptom Status accounted for 16% of the
above reported increase. The subgroup analyses revealed that
experiencing depressive symptoms both in the past and at base-
line, compared to not experiencing any, was associated with an
increased dementia risk in those with high or moderate SoDep
Index Status but not those with low SoDep Index Status. Past
depressive symptoms were associated with increased dementia
risk in those with moderate SoDep Index Status. Results held
up to mortality correction and were replicated in an analysis
impaired cognitive test performance as the outcome.

Thus, our results show that the previously documented associ-
ation found between individual social deprivation and cognition
(Bongue et al., 2016; Hofbauer and Rodriguez, 2021a, 2021b)
expands to dementia risk. This is in line with the conceptualisation
of cognitive ageing as a continuum that ranges from unimpaired to
pathologically impaired function, with a shared underlying process
(Brayne and Calloway, 1988). Only a relatively small fraction of the
variance in dementia risk was explained by depressive symptom-
atology. This is contrary to expectation that depression could be
the pathological manifestation of high social deprivation leading
to dementia (Calcia et al., 2016; Pefia-Bautista et al., 2020; Shaw
et al., 2022). Other pathways not considered in this work likely
play a larger role in the association. One prominent candidate is
lifestyle. Individuals with restricted access to resources may be
less able to conform to a lifestyle that supports healthy cognition.
Indeed, recent research has demonstrated that wealth is associated
with a less brain-healthy lifestyle, which in turn mediates around
half of the wealth-based dementia risk difference (Deckers et al.,
2019). Future research may clarify whether this can be replicated
using a more comprehensive deprivation assessment.

In the subgroup analyses, we found a particularly strong asso-
ciation between stable depressive symptoms and dementia risk in
the high SoDep Index group. Social deprivation may result in low
cognitive reserve and thus induce greater vulnerability to depres-
sion (Barnett et al., 2006), with stable depressive symptoms low-
ering resources to the degree that vulnerability to dementia is
exacerbated. However, subgroup analysis may have been under-
powered and confidence intervals suggest substantial uncertainty,
so that results need to be interpreted with caution. Moreover,
being collected in older adults, the data used in this analysis can-
not be used to make any causal claims. Reverse causality (i.e. that
depression leads to social deprivation) can be argued for, e.g.
because depression can lead to job-loss (Lerner et al., 2004).
Yet, this is unlikely to fully account for the effect, given that socio-
economic disadvantage in childhood is associated with later
depression (Angelini et al., 2018).

In conjunction with our previous findings, the present results
suggest a consistent association of SoDep Index scores with cog-
nitive health outcomes in older adults. It may be developed into a
brief assessment tool to identify individuals at high risk. Unlike
standard SES measures, the index was constructed and validated
in large, older adult samples, thus answering long-standing calls
for assessments specific to this group (e.g. Salmond et al., 2006;
Czajka and Denmead, 2008).
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Table 3. Cox regression results for the full sample

Model without Depressive Symptom Status

Model with Depressive Symptom Status

Variable HR (95% Cl) p Value S.E HR (95% CI) p Value S.E.
SDI

Low REF REF

Moderate 1.23 (0.92-1.64) 0.156 0.13 1.21 (0.91-1.61) 0.190 0.18

High 1.79 (1.31-2.45) <0.001 0.29 1.63 (1.19-2.24) 0.002 0.26
Depressive Symptom Status

No past/baseline depressive symptoms REF

Past depressive symptoms 1.66 (1.23-2.24) <0.001 0.26

Baseline depressive symptoms 1.48 (1.04-2.10) 0.030 0.26

Stable depressive symptoms 2.96 (2.12-4.14) <0.001 0.51
Gender

Female REF REF

Male 0.78 (0.64-0.94) 0.008 0.07 0.83 (0.69-1.01) 0.057 0.08
Marriage status

Married/partnered REF REF

Not married/partnered 0.66 (0.54-0.81) <0.001 0.07 0.66 (0.54-0.80) <0.001 0.07
Chronic conditions 1.00 (0.94-1.06) 0.965 0.03 0.96 (0.91-1.02) 0.226 0.03
Wald-test 36.95 88.02
p Value <0.001 <0.001
df 5 8
BIC 7879 7852

BIC, Bayesian information criterion; Cl, confidence interval; df, degrees of freedom; HR, hazard ratio; REF, indicates the reference level of a variable; s.e., standard error.
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Table 4. Cox regression results for SoDep Index Status subgroups

Social Deprivation Status

Low SoDep Index Status

Moderate SoDep Index Status

High SoDep Index Status

Variable HR (95% Cl) p Value S.E HR (95% Cl) p Value S.E. HR (95% Cl) p Value S.E.
Depressive Symptom Status

No past/baseline depressive symptoms REF REF REF

Past depressive symptoms 1.88 (0.80-4.41) 0.150 0.82 1.70 (1.16-2.49) 0.007 0.33 1.64 (0.91-2.96) 0.100 0.49

Baseline depressive symptoms 1.83 (0.42-7.93) 0.421 1.37 1.45 (0.88-2.40) 0.146 0.37 1.48 (0.86-2.53) 0.150 0.40

Stable depressive symptoms 1.79 (0.24-13.42) 0.572 1.84 2.11 (1.26-3.54) 0.005 0.56 4.37 (2.65-7.22) <0.001 1.12
Gender

Female REF REF REF

Male 0.60 (0.36-1.08) 0.064 0.17 0.84 (0.67-1.07) 0.164 0.10 0.99 (0.67, 1.45) 0.940 0.20
Marriage status

Married/partnered REF REF REF

Not married/partnered 0.64 (0.33-1.23) 0.182 0.22 0.59 (0.46-0.76) <0.001 0.08 0.88 (0.60, 1.30) 0.520 0.17
Chronic conditions 0.92 (0.73-1.11) 0.433 0.10 0.95 (0.88-1.03) 0.183 0.04 1.00 (0.89, 1.11) 0.960 0.06
Wald-test 6.82 30.9 41
p Value 0.30 <0.001 <0.001
df 6 6 6
BIC 683 4609 1681

BIC, Bayesian information criterion; Cl, confidence interval; df, degrees of freedom; EURO-D, European Depressive Symptoms Scale; HR, hazard ratio; REF, indicates the reference level of a variable; s.t., standard error.
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These findings have practical implications. Clinical practi-
tioners should be aware that the association between depressive
symptoms and dementia risk varies by social deprivation status,
with those with high social deprivation appearing particularly sus-
ceptible to detrimental effects. Interventions to individuals with
double risk-status should be prioritised. Ultimately, however,
individual-level intervention must be combined with population-
level prevention (Walsh et al., 2022). That is, policy makers must
realise the health-threat that social deprivation poses and address
inequality. Basic income appears one plausible way to do so, with
economic models confirming macroeconomic feasibility (Gibson
et al., 2020; Luduvice, 2021) and initial trials showing that such
an intervention can indeed be successful in boosting health of
recipients (Painter, 2016; Ruckert et al., 2017; Gibson et al., 2020).

Strengths of this study include that we were able to draw on the
large, representative sample of the SHARE. The rich data allowed
for comprehensive assessment of both social deprivation and
depression as risk factors for dementia. Nonetheless, there are
some limitations. First, neither dementia nor depressive symp-
tomatology was clinically confirmed. This limits the reliability
of results. Therefore, the findings may be biased by insight into
symptoms. In both cases, stigma may influence reporting.
Second, by excluding those who reported a dementia diagnosis
at baseline, we likely excluded those who were particularly
exposed to risk factors for dementia, including social deprivation
and depressive symptoms. Thus, our findings may somewhat
underestimate the associations. Third, covariates were assessed
at baseline. They thus cannot reflect any changes that might relate
to dementia risk. For instance, if overall health decreased rapidly
during follow-up this may account for some of the variance in
dementia risk.

In conclusion, social deprivation appears to be an important
risk factor for dementia, even after control for other known risk
factors and mortality. Depressive symptoms are a particular con-
cern in those who are experiencing moderate or high levels of
social deprivation. Thus, physicians should offer help to any
patients that present with depressive symptomatology and experi-
ence some degree of socioeconomic strain. Greater equity in soci-
ety is ultimately the only way to address these dementia risk
factors on the population level.
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be found at https://doi.org/10.1017/52045796023000033
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