
Validation of a social deprivation index and association with
cognitive function and decline in older adults

........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Lena M. Hofbauer and Francisca S. Rodriguez
German Center for Neurodegenerative Diseases (DZNE), Ellernholzstr 1-2, 17489 Greifswald, Germany

ABSTRACT

Objectives: Previous work using a US sample has shown that an index of social deprivation (SoDep Index) is
associated with cognitive functioning and decline in older adults. This study aimed to replicate these findings
using a European sample (Survey of Health, Ageing and Retirement in Europe, SHARE).

Design: We analyzed data of 51,630 respondents aged 50 years and older (M: 63.5 years, standard deviation
[SD]: 9.1) with at least two cognitive assessments (follow-up M: 6.06 years, SD: 3.86). Cognitive scores were
transformed to Z-scores. Multiple growth curve modeling was used to model cognitive status and decline as
predicted by the SoDep Index. In a sensitivity analysis, we constructed a new SoDep Index (SoDep Indexnew)
including further social deprivation domains.

Results: Adjusting for covariates, a unit increase in SoDep Index was associated with a cognitive score of 0.037
SDs smaller (p < .001) and a decline 0.003 SDs per year faster (p < .001). Of the covariates, depressive
symptoms, chronic disease burden, male gender, and widowhood were also associated with poorer cognition.
Being divorced was associated with better cognition. Sensitivity analysis confirmed findings. Compared to the
SoDep Index, the SoDep Indexnew showed a more pronounced association with both cognition and cognitive
decline.

Conclusions: We were able to replicate results showing an association between SoDep Index and cognitive
function and decline. The sensitivity analysis further emphasizes the relevance of financial security. This
strengthens the implication that preventing social deprivation can contribute to reducing the dementia burden
by raising cognitive functioning in the older population. The findings are relevant to policy-makers and health
care practitioners.
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Introduction

Social deprivation has been defined as a deprivation
in socioeconomic resources relative to what is con-
sidered standard in a given society (Townsend et al.,
1988). While socioeconomic status is rather nar-
rowly operationalized in terms of education, occu-
pation, and income (Galobardes et al., 2006), the
social deprivation construct includes any socioeco-
nomic domain relevant to a given societal context,
for example, adequate housing or food security
(Townsend et al., 1988). Central to the definition
is that social deprivation excludes individuals from
society. To combat this, the European Commission

aimed to reduce the number of socioeconomically
excluded people in the Union by 20 million in the
decade from 2010 to 2020 (European Commission,
2010). By 2018, data suggested that this goal had not
yet been met and members of the Commission
noted that the COVID-19 pandemic spreading
across Europe in 2020 made this increasingly
unlikely (Becker et al., 2020).

Diminishing social deprivation would unburden
health care systems, as the relationship between
indicators of social deprivation and a range of health
outcomes, such as cardiovascular disease and can-
cer, is well established (Mackenbach et al., 2008).
Furthermore, reducing social deprivation would
also help reduce the European dementia burden.
Social deprivation has the potential to lower demen-
tia incidence via two pathways. On the one hand, a
reduction in social deprivation can be expected to
reduce the cumulative deprivation-associated health
risk. Given a lower overall disease burden, dementia
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risk would be reduced (Ward et al., 2021). On the
other hand, reducing social deprivation could
increase brain maintenance. The experience of
chronic stressors is considered particularly damag-
ing (Lupien et al., 2005). Reducing social depriva-
tion should reduce the chronic stressors experienced
by individuals and thus improve cognitive reserve.

Studies have shown an association between mar-
kers of socioeconomic status and cognitive function-
ing (Chiao et al., 2014; Lövdén et al., 2020; Lyu and
Burr, 2016; Marden et al., 2017) and cognitive
decline (Lyu and Burr, 2016; Marden et al.,
2017). However, the use of standard socioeconomic
status indicators with older populations has been
challenged (Grundy and Holt, 2001; O’Reilly,
2002). On the one hand, indicators relevant to
younger populations may show less of an association
to health outcomes in older age. For instance,
income becomes less relevant toward retirement,
when accumulated wealth is increasingly relied on
(Galobardes et al., 2006). On the other hand, stan-
dard measures only assess a subset of deprivation
domains. As such, they do not capture the accumu-
lative effect of overlapping deprivation in multiple
domains (Bradshaw and Finch, 2003). Multidimen-
sional social deprivation measures have, therefore,
recently gained attention in predicting health out-
comes in older adults (Chung et al., 2018; Pförtner
and Elgar, 2016; Saito et al., 2014).

Yet, these investigations do not include cognitive
outcomes. Thus, there is a dearth of direct evidence
of an association between social deprivation and
cognition. A survey of French older adults (>60 years
old) addressed this by assessing social deprivation by
a questionnaire on a greater range of deprivation
domains (e.g. lack of supplementary health insurance
coverage, lack of social support, not having been on a
holiday). The findings showed an association
between social deprivation and self-reported cogni-
tive decline (Bongue et al., 2016). In an effort to
establish a possible association between social depri-
vation as a multidimensional construct and cognitive
decline, we recently analyzed data of a sample of over
11,000 respondents over the age of 50 years in the
longitudinal, nationally representativeUSHealth and
Retirement Study (HRS) using objective cognitive
outcome measures. We constructed a social depriva-
tion index (SoDep Index) covering the domains’
education, income, wealth, health insurance status,
job stability, and neighborhood safety. We found that
this SoDep Index predicted cognitive function and,
to a lesser degree, cognitive decline (Hofbauer and
Rodriguez, 2021), indicating that preventing social
deprivation might indeed contribute to raising cog-
nitive functioning in the older population.

Given that the resources most relevant to depri-
vation will vary across societies, these findings

based on a US sample may not generalize to other
populations. For instance, the US health care sys-
tem is more heterogeneous than European health
care systems (Garber and Skinner, 2008), possibly
creating a greater relevance of health insurance
status to health outcomes in the US than would
be seen in Europe. Conversely, the relevance of job
stability may be higher in Europe than in the US.
The US job market is characterized by greater
dynamism, leading to an overall higher job mobility
than in Europe. Therefore, short job tenures are
more common and temporary job loss is less likely
to result in stable unemployment (Storm andNaas-
tepad, 2009).

In this paper, we therefore aimed to validate the
SoDep Index that we derived from theUSAmerican
sample in a European sample, the Survey of Health,
Ageing and Retirement in Europe (SHARE). We
replicated the SoDep Index for Europe and ex-
pected the findings to confirm that greater scores
on this SoDep Index are indeed associated with
poorer cognitive function and faster cognitive
decline. In addition, we conducted a sensitivity
analysis, in which we constructed a new, more
comprehensive SoDep Index (SoDep Indexnew),
based on additional social deprivation domains
available in the SHARE, and repeated the main
analyses.

Methods

Sample
The SHARE cross-country study is based on a
sample of Europeans (and Israelis) over the age of
50 years and their partners. It started in 2004 (wave
1), and interviews have been taking place approxi-
mately every 2 years. At the time of writing, the most
recent data available were collected in 2017 (wave
7). The Ethics Committee of the University of
Mannheim approved SHARE waves 1–4. The
Ethics Council of the Max Planck Society approved
waves 4–7. All participants provided written
informed consent. For each respondent, baseline
data on social deprivation domains and covariates
from the year of their initial cognitive assessment
were used. As no cognitive testing was completed in
the third wave, this includes all waves except wave 3.
In addition, we extracted employment history data
from the retrospective life course (SHARELIFE)
interviews conducted in the third and the seventh
wave. We included respondents for whom social
deprivation and covariate information were available
and who, in the year of their first cognitive testing,
were at least 50 years old. We further excluded
individuals who, at the baseline assessment, were
institutionalized. Finally, respondents were only
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included if they had at least two cognitive test scores.
The final sample contained 51,630 respondents (see
Figure 1).

Social deprivation index (SoDep Index)
We calculated SoDep Index scores by summing the
previously established domains weighted by stan-
dardized structural equation modeling (SEM) coeffi-
cients for each (see Table S1 published as
supplementary material online attached to the elec-
tronic version of this paper). The SoDep Index was
constructed using data from theUSHRS, as reported
previously (Hofbauer and Rodriguez, 2021). It con-
tains information on education, job stability, income,
wealth, health insurance status, and neighborhood
safety. Due to lacking information in the SHARE
data, we had to omit neighborhood safety as a SoDep
Index domain. The included domains are the
following:

YEARS OF EDUCATION

The years of education completed (range: 0–25)
reverse-coded so that a higher score indicates higher
deprivation.

JOB STABILITY

We used the SHARELIFE job episodes panel data,
which gives information on respondents’ employ-
ment year by year to determine whether or not a

respondent reported ever having held a job for 5 or
more years (coding Yes= 1, No= 2).

INCOME

We used the SHARE-provided generated value of
total household income (thinc), which sums all
reported household incomes. We adjusted this
value for the household size by dividing it by the
square root of household size. This is a common
adjustment accounting for the nonlinear growth
in financial needs with growing household size
(Chanfreau and Burchardt, 2008). The values
were transformed using the inverse hyperbolic
sinus (IHS) transformation. Values were then
reverse-scored for the purpose of generating the
SoDep Index, so that greater values indicate
increased deprivation.

WEALTH

SHARE provides a generated variable (hnfass) that
expresses a household’s net financial assets less the
household’s financial liabilities. We adjusted for
household size by dividing it by the square root of
the number of household members, IHS-
transformed the values, and reverse-scored them.

HEALTH INSURANCE STATUS

We recorded whether a respondent reported having
any supplementary health insurance with increased

Figure 1. Flow chart representing the selection of the final analysis sample. After exclusion of those under 50 years of age, living in nursing

homes, or for whom social deprivation information was missing, we further excluded those without cognitive follow-up. The final sample

size is N= 51,630. Abbreviations: So. Dep., social deprivation.
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access to health care services (coding Yes= 1,
No= 2), as opposed to only having general public
health insurance. Since respondents were only asked
about supplementary health insurance in waves 1, 5,
6, and 7, we transferred the answer from wave 1 to
waves 2 and 4 (no data from wave 3 is used).

SoDep Indexnew variables for the sensitivity
analysis
The SoDep Index domains (see Table S1) used in
the main analysis were limited by the availability of
relevant domains in the HRS data set used for the
original index construction. They are not consid-
ered to be exhaustive. For this reason, we conducted
a sensitivity analysis. In this analysis, we added
further candidate domains in a SEM to construct
a more comprehensive index (SoDep Indexnew). As
additional candidates, we considered 27 items that
were designed by SHARE specifically to describe
deprivation (Stuck et al., 2020). Some of these items
could not be used because the majority of respon-
dents had missing data (e.g. questions regarding
ability to afford fruit/vegetables, weekly social activ-
ities). The 24 items remaining were included in the
SEM modeling of the sensitivity analysis (details in
File S1).

Covariates
Covariates recorded in the year of the respondents
first available cognitive function score were gender,
the number of chronic health conditions respon-
dents had ever been diagnosed with, their marital
status, and the harmonized depression scale
(EURO-D) score (for details see Table 1). It has
been established that beingmarried or partnered has
beneficial effects on cognition (Sommerlad et al.,
2018). Depressive symptoms, on the other hand, are
a well-established risk factor in cognitive decline
(Cherbuin et al., 2015). Evidence on gender effects
in cognitive aging is inconsistent. While early evi-
dence showed a higher incidence of dementia in
women (Gao et al., 1998), a recent meta-analysis
found no difference in incidence or prevalence
(Fiest et al., 2016). Others report superior cognitive
function in older women compared to men (Bloom-
berg et al., 2021). This may be partially due to
women in more recently born cohorts having had
greater educational and occupational opportunities,
reducing socioeconomic disparity and increasing
their ability to build and/or maintain cognitive
reserve (Nebel et al., 2018).

Outcome measure
Cognitive testing in the SHARE assessed word
recall, orientation, numeracy, and verbal fluency.

The format of the word recall was adapted from the
modified Telephone Interview of Cognitive Status
(Brandt et al., 1988). Respondents were asked to
reproduce a list of 10 words, both immediately and
after a delay (approx. 5 minutes). Each correctly
recalled word was worth one point at each instance
(range: 0–20). For a measure of their orientation,
respondents were asked about the current date
(scored 0–4, one point each for correct day of the
month, month, year, and day of the week). Numer-
acy was assessed using four questions on percen-
tages (scored 0–4, one point for each correct
answer). For the verbal fluency test, respondents

Table 1. Sample demographics. Descriptive statistics
of baseline covariates, cognitive testing results, and
social deprivation variables

Total N= 51,630
...........................................................................................................................................................

Age
Mean (SD) 63.5 (9.1)
Range 50–101

Baseline covariates
Gender
Male: Female 24,130: 27,500 (46.74 % male)

Marriage status
Married/partnered 38,474 (75.52 %)
Widowed 5,808 (11.25 %)
Divorced 4,469 (8.66 %)
Never married 2,879 (5.58 %)

Chronic conditions (n)
Mean (SD) 1.65 (1.51)
Range 0–13

EURO-D score
Mean (SD) 2.31 (2.16)
Range 0–12

Cognitive follow-up (years)
Mean (SD) 6.06 (3.86)
Range 1–13

SoDep Index variables
Education (years)
Mean (SD) 10.91 (4.37)

Incomea

Median (IQR) 23,335 (36,681)
Range 0–5,477,950

Wealtha

Median (IQR) 6,615 (41,811)
Range − 4,225,787 to 9,510,352

Health insurance
National insurance only 45,273 (87.69 %)
Supplementary insurance 6,357 (12.31 %)

Ever held a job for 5+ years
Yes 50,060 (96.96 %)
No 1,570 (3.04 %)

Note. Descriptive statistics are presented as means with standard
deviations (SD) or medians with interquartile ranges (IQR), as
appropriate. Ranges (minimum-maximum) or percentages of the
final sample (N= 51,630) are also presented.
aValues in Euros, rounded.
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list the names of as many animals as they can think of
in 1 minute (range: 0–100). Across all waves of
testing, we converted the raw scores for each domain
to Z-scores and averaged them to yield a global
cognitive Z-score – a common approach to derive
a measure on cognitive functioning, see for example
Bennett et al. (2006).

Statistical analyses

DESCRIPTIVE ANALYSES

We calculated the mean and standard deviation
(SD) or the median (interquartile range) of partici-
pant demographics. Further, we calculated the
countrywise percentages of individuals reporting
deprivation on the SoDep Index domains. For the
continuous variables (income, wealth, and educa-
tion), we describe the lowest 20% as deprived.

MODELING OF COGNITIVE STATUS AND DECLINE

We conducted growth curve modeling using the
nlme package in R. All models include a random
intercept and a random slope allowing for the initial
cognitive status and the association between time
and cognitive score to vary randomly. Age was used
as the time variable and re-centered at 50. We used
the modeled coefficients of an unconditional means
model (Model 1) to calculate the intraclass correla-
tion coefficient (ICC). An ICC >0.25 indicates high
between-person variability, and thus implies that
multilevel modeling is indeed appropriate. The
unconditional growth model (Model 2) was fit to
assess whether there is sufficient variation in cogni-
tion across ages. Amodel containing a quadratic age
term (Model 3) was employed to assess whether the
relationship can indeed be assumed to be linear.
Model fit was judged by Akaike information criteria
(AIC) and the Bayesian information criteria (BIC).
Since we saw only a marginal improvement, we
decided on the most parsimonious approach: we
included the squared age term but only investigated
the linear interaction with SoDep Index in an unad-
justed conditional model (Model 4). We then added
in all covariates into the second conditional model
(Model 5) to determine whether any association
between SoDep Index and cognitive scores would
survive adjustment for these.

EFFECT ESTIMATION

We used the parameters of the adjusted conditional
model to calculate the predicted cognitive scores at
ages 60 and 80 years for individuals with a score
marking the bottom or top 20% of SoDep Index
values, respectively. In this, we kept categorical
variables at the reference level (gender: female;
marriage status: married/partnered) and used the

average values for the number of chronic conditions
and EURO-D score (see Table 1).

SENSITIVITY ANALYSIS

The majority of SHARE deprivation domains (see
File S1) were only introduced in wave 5. We thus
used a subset of participants who completed cogni-
tive baseline measures in wave 5 (n= 23,099) in our
sensitivity analysis. Among these, we excluded in-
dividuals younger than 50 years of age (n= 599) and
those who were institutionalized (n= 215). More-
over, respondents with missing SHARE deprivation
variables were excluded (n= 15,710). Finally, we
excluded those who did not have a follow-up cogni-
tive assessment in the following waves (n= 497). As
a result, 6,078 respondents were included in the
sensitivity analysis.

SEM was conducted using lavaan in R to build
the new SoDep Index (SoDep Indexnew). To assess
the fit, we considered three separate fit measures: the
comparative fit index (CFI), the root mean square
error of approximation (RMSEA), and the stan-
dardized root mean square residual (SRMR).
Thresholds commonly used to determine acceptable
fit are CFI >0.95, RMSEA <0.06, and SRMR <0.8
(Hooper et al., 2007). We initially built a model that
included all of the social deprivation dimensions
loading onto a single social deprivation construct
(SEM1, see Table S2). However, the fit was poor.
Inspecting the residual correlations revealed two
major sources of fit issues. First, the model consis-
tently and notably overestimated the correlation
between some candidate variables with the other
candidates (residual correlations <− 0.2 with five
or more other candidates). This suggests that the
variables are not, after all, good candidates. They
were removed (see Table S2). In addition, the
model notably underestimated the correlation
between some candidate variables. We inspected
modification indices to see which correlations, if
added, would make a notable change to the overall
model fit (Mueller and Hancock, 2008). Correla-
tions which made theoretical sense were added:
between (1) no helpful people in the local area
and not feeling part of the local area, (2) vandal-
ism/crime in the local area and the local area being
not clean, (3) low income and low health insurance
status, (4) low income and inability to afford a
holiday, and (5) the inability to replace worn-out
clothes and the inability to replace worn-out shoes.
The resulting second model (SEM2) had a reason-
ably good fit, yet some variables had loadings <.4
onto the social deprivation construct (see Table S2).
Removing these variables resulted in further
improved fit (CFI= 1.00, RMSEA= 0.02, and
SRMR= 0.03) and significant loadings >.4 in all
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cases. Domains included in this final SEM were
income, wealth, inability to afford groceries, inabil-
ity to afford a holiday, inability to afford an unex-
pected expense, inability to replace worn-out
clothing, inability to replace worn-out shoes, and
missing a necessary doctor appointment to save
costs (see Table S2). The latent SoDep Indexnew
score for each respondent was predicted using this
final SEM and appended to the data set. The main
analyses were repeated using SoDep Indexnew.

Results

Descriptive analyses
At baseline, respondents had an average age of 63.5
years (SD: 9.1). The cognitive follow-up lasted on
average 6.06 (SD: 3.86) years. For more descriptive
statistics, see Table 1. There exists great variation in
terms of the deprivation domains between countries
(see Table 2). A relatively high rate of low education
is notable in Greece, Italy, Poland, Spain, and
Switzerland. Income deprivation is most common
in the Czech Republic, Greece, Estonia, Poland,
and Portugal. Greece, Israel, Poland, and Slovenia

show the most notable rates of low wealth in their
populations. The rate of individuals who did not
possess supplementary health insurance was highest
in the Czech Republic, Estonia, Italy, Poland, and
Portugal. There was only minimal variation in the
percentage of respondents who never held a job for
5+ years, speaking to generally high levels of 5-year
job stability across Europe.

Cognitive functioning and decline
Table 3 presents the results of growth curve models
investigating the association between the social
deprivation index (SoDep Index) and cognitive
scores. Model 1 presents the unconditional means
model, and it shows that there is significant varia-
tion in cognitive scores (ICC = 0.64). The uncon-
ditional growth model (Model 2) showed that
cognitive scores changed significantly over time.
Model 3 showed a significant quadratic association
between age and cognitive score and AIC and BIC
indicate an improved fit. The conditional model
with the SoDep Index as a predictor (Model 4)
shows that the greater SoDep Index values were
associated with poorer cognition as well as a faster
cognitive decline.

Table 2. Countrywise percentages of respondents reporting relative deprivation in the SoDep Index domains

COUNTRY N
% LOW

EDUCATION

% LOW

INCOME

%LOW

WEALTH

% NO SUPPLEMENTARY

HEALTH INSURANCE

% NEVER HELD A JOB FOR

5+ YEARS
...................................................................................................................................................................................................................................................................................................................................

Austria 3,259 24.21 7.43 14.73 91.72 4.11
Belgium 4,587 14.21 6.19 11.66 47.61 4.53
Czech Re-

public
4,226 2.96 53.17 22.5 99.24 0.4

Denmark 3,395 11.1 1.41 14.29 70.87 3.3
Estonia 4,236 12.13 67.23 20.8 99.95 0.54
France 3,692 20.69 6.18 15.17 61 4.2
Germany 4,248 3.51 6.31 12.48 75.28 3.58
Greece 1,831 42.55 31.68 44.57 94.76 1.47
Israel 1,427 18.57 19.76 38.33 53.96 2.24
Italy 3,377 41.78 14.42 27.27 95.62 2.87
Luxembourg 723 10.24 2.35 12.72 21.85 5.26
The Nether-

lands
1,880 10.69 4.2 11.28 47.23 7.23

Poland 1,556 35.09 85.67 55.85 100 1.99
Portugal 882 72 49.55 22.79 100 1.59
Slovenia 1,976 11.08 26.27 34.06 77.63 2.18
Spain 4,064 45.99 25.76 23.01 91.31 2.83
Sweden 3,665 21.8 1.99 17.6 86.52 1.06
Switzerland 2,606 40.02 5.33 8.9 89.72 7.56

Note. The number of respondents included from each country are shown. Based on these, percentages of respondents meeting deprivation
criteria were calculated for each country. To calculate the percentage of low education respondents, all respondents who received 7 years or
less of education (i.e. the cross-country 20% quantile) were identified. Low-income respondents were those that had an income of up to
8,468.674 Euros (i.e. cross-country 20% quantile) and those who had income of up to 0.00001 Euros of wealth (i.e. cross-country 20%
quantile) were classed as low wealth.
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Table 3. Results from linear growth models of the associations between SoDep Index and cognitive scores

M1 M2 M3 M4 M5
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Intercept 0.08(0.00)*** 0.35(0.00)*** 0.20(0.00)*** 0.89(0.01)*** 0.99(0.01)***

Age − 0.02(0.00)*** 0.01(0.00)*** 0.02(0.00)*** 0.02(0.00)***

Age2 − 0.00(0.00)*** − 0.00(0.00)*** − 0.00(0.00)***

Score Cog. Dec. Cog. Score Cog. Dec.
SoDep Index − 0.04(0.00)*** − 0.00(0.00)*** − 0.03(0.00)*** − 0.00(0.00)***

Gender: malea − 0.11(0.00)***

Marriage status: widowedb − 0.08(0.01)***

Marriage status: divorced/separatedb 0.12(0.01)***

Marriage status: never marriedb − 0.01(0.00)
No. of chronic conditions − 0.02(0.00)***

EURO-D score − 0.04(0.00)***

Goodness of fit
AIC 203119 194462 192321 182232 179625
BIC 203159 194532 192431 182332 179785

Abbreviations: Cog. = cognitive; Dec = decline.
Note.Values shown are the beta coefficients followed by the standard errors (SE) in brackets. All models shown include random intercepts and slopes for respondents.M1,Model 1: unconditional means
model;M2,Model 2: unconditional growthmodel;Model 3, unconditional growthmodel with age2;M4,Model 4: conditional model with SoDep Index as predictor;M5,Model 5: adjusted conditional
model with covariates.
aGender: female is the reference level.
bMarriage status: married/partnered is the reference level.
***p < .001.
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These associations survived adjustment for cov-
ariates. In Model 5, a unit increase in SoDep Index
was associated with a cognitive score 0.037 SDs
smaller (β = − 0.037, p < .001) and a cognitive
decline 0.003 SDs per year faster (β = − 0.003,
p < .001). Further, men had lower cognitive scores
than women. Compared to being married or living
with a partner, being widowed was associated with
poorer cognition, being divorced with better cogni-
tion. The number of chronic conditions and the
EURO-D score were negatively associated with
cognitive score.

Effect estimation
We found that, at the age of 60 years, the predicted
cognitive score for someone in the least deprived
group (SoDep Index score at the lower 20% mark)
was 0.42 SDs above the average. At 80 years old,
such an individual is expected to score 0.12 SDs
above the average. Conversely, for someone in the
most deprived group (SoDep Index score at the
higher 20% mark), the predicted score was 0.09
SDs above the average at 60 years old and 0.29
SDs below the average at 80 years old. Figure 2
illustrates the cognitive decline in those extreme
SoDep Index groups compared to respondents
with moderate SoDep Index across the ages from
50 to 90 years.

Sensitivity analysis
Sensitivity analysis largely confirmed the results of
the main analysis (see Table S3). The effect of
SoDep Indexnew was more pronounced than that
of SoDep Index in the main analysis. A unit increase
in SoDep Indexnew was associated with a cognitive
score 0.241 SDs smaller (β= − 0.241, p< .001) and
a cognitive decline of 0.004 SDs per year faster
(β = − 0.004, p < .001). The negative associations
between male gender, being widowed, and the
EURO-D score with cognition remained compara-
ble. So did the positive association between being
divorced and cognition. However, the number of
chronic conditions, which showed a negative asso-
ciation in the main analysis, had no association with
cognition.

Discussion

In this paper, we aimed to validate the association
between an index of social deprivation (SoDep
Index), originally derived in the US American sam-
ple, and cognitive function and decline in a Euro-
pean sample (Hofbauer and Rodriguez, 2021). In an
additional sensitivity analysis, we aimed to construct
amore comprehensive index (SoDep Indexnew) with
additional deprivation domains. Findings indicated

Figure 2. Average cognitive scores across ages 50–90 years by SoDep Index group. The regression lines illustrate the overall lower level of

cognitive functioning in respondents categorized as experiencing high deprivation as compared to those moderate or low deprivation.
Furthermore, they show the negative association between age and cognitive score. The size of the dots represents the number (n) of

respondents whose scores counted toward the calculated average. Lines are the regression lines for respondents with high SoDep Index

(80% percentile of SoDep Index scores; red) and with low SoDep Index (20% percentile of SoDep Index scores; green). The gray color

represents moderate SoDep Index scorers. Light gray shading surrounding regression lines shows the 95% confidence interval.
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that the original SoDep Index score (summarizing
years of education, income, wealth, job stability, and
health insurance status) indeed also predicts cogni-
tive function and decline in the European sample.
This effect was evident even when adjusting for a
range of covariates relevant to cognitive function.
Effect estimation showed that the effect on cognitive
status is more pronounced than that on rate of
decline. Results of our previous analysis were there-
fore replicated in this separate sample. Moreover,
the sensitivity analysis showed that the SoDep In-
dexnew (summarizing income, wealth, inability to
afford groceries, inability to afford a holiday, inabil-
ity to afford an unexpected expense, inability to
replace worn-out clothing, inability to replace
worn-out shoes, and missing a necessary doctor
appointment to save cost) had even greater explan-
atory power than the SoDep Index in the present
sample. This underlines the importance of financial
security to cognitive function and decline.

These results also are in line with previous ob-
servations that showed that indicators of socioeco-
nomic status predict cognitive status (Chiao et al.,
2014; Lövdén et al., 2020; Lyu and Burr, 2016;
Marden et al., 2017) and with a previous investigation
linking social deprivation and subjective cognitive
decline (Bongue et al., 2016). The less pronounced
association with cognitive decline echoes the mixed
findings to date on the connection of indicators such
as education with cognitive decline (Lövdén et al.,
2020). This suggests that social deprivation mainly
affects later adult cognitive functioning through a
lowering of the cognitive peak that is achieved. The
speed of decline then appears to be comparable to
that found in less deprived individuals.

To understand how the link between SoDep
Index and cognition can be explained, we consider
the SoDep Index components. Education, for one,
is robustly linked to enhanced brain structure and
function (Arenaza-Urquijo et al., 2013) and, impor-
tantly, enhanced cognitive reserve resulting in better
cognitive functioning even in the presence of neu-
rodegeneration (Meng and D’arcy, 2012). Higher
education also positively affects health behaviors,
which will further promote good health (Feinstein
et al., 2006). The association between health insur-
ance status and cognitive function is also clear, as
increased access to health care will contribute to
improved health outcomes and thus an overall
reduced cumulative health risk (Sommers et al.,
2017). When health risk factors for cognitive decline
are monitored andmanaged by health professionals,
this can be assumed to be associated with improved
cognitive status (Hussenoeder and Riedel-Heller,
2018).

The role of income and wealth in cognitive func-
tion is maybe less obvious. At the same time, these

appear particularly robust indicator domains of
social deprivation, showing loadings on both the
SoDep Index and the SoDep Indexnew. Notably,
the SoDep Indexnew suggests that most relevant
aspects to deprivation are linked to financial secu-
rity. One possible explanation is that financial secu-
rity may affect cognitive function through the
reduction of chronic stress. Chronic stress leads
to systemic inflammation, harming the whole
body, including the brain, which results in poorer
cognition (Lupien et al., 2005). Financial security
also determines the extent to which an individual
will be able to afford a health-promoting lifestyle
(Feinstein et al., 2006).

Our findings reinforce the importance of reduc-
ing social deprivation, which is a declared political
aim of the European Union (European Commis-
sion, 2010). Comparing the incidence of high dep-
rivation markers across countries shows that some
countries are more notably affected, such as Greece
and Poland. While improving living standards
should remain a pan-European goal, these findings
suggest that certain countries would benefit espe-
cially from support. Greece, in particular, has been
affected by the financial crisis, and a direct link with
poorer population health has been observed (Van-
doros et al., 2013). In line with this, Greece is
currently second only to Italy in terms of dementia
prevalence (Alzheimer Europe, 2019), so that any
intervention resulting in a reduction of dementia
burden should be particularly relevant to national
policy-makers.

In its current form, the SoDep Indexnew has
broad applicability across European countries,
which could be useful for further pan-European
research into social deprivation and comparative
research across the globe. However, such investiga-
tions could be complemented by the work focused
on the development of country-specific social dep-
rivation indices. Such indices would be useful to
capture the deprivation domains particularly rele-
vant to each individual societal context. For
instance, while job stability did not emerge as a
domain of the SoDep Indexnew it may well be rele-
vant to the construction of a country-specific index
for some central European countries with compara-
tively rigid job markets. In these countries, for
example, the Netherlands and Spain, losing one’s
job is more likely to result in long-term unemploy-
ment (Hobijn and Şahin, 2009; Storm and Naaste-
pad, 2009). Similarly, the SoDep Indexnew does not
include the inability to afford heating, but this item
may show greater relevance in countries with high
rates of so called “energy poverty.” When adequate
heating of the living space cannot be achieved, this is
reflected in poorer physical and mental health of
residents and excess mortality (Liddell and Morris,
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2010). Particularly high rates of energy poverty are
observed in, for example, Bulgaria and Portugal
(Bouzarovski, 2014).

As the SoDep Indexnew comprises only eight
domains, the questions underlying these domains
could be administered in the form of a brief social
deprivation scale in clinical settings. By assessing an
individual’s level of social deprivation, a clinician
may be alerted to an increased risk of not only of
cognitive decline but also of poorer general mental
and physical health (Chung et al., 2018; Pförtner
and Elgar, 2016; Saito et al., 2014). Future research
may investigate the psychometric properties of such
a screening tool. However, the usefulness of a social
deprivation scale is restricted by the limited ability of
any one individual to intervene in the domains of
social deprivation. That is, deprivation in terms of
the scale would have to be addressed at the societal
level. As such, this research can be considered rele-
vant to broader debates regarding socioeconomic
security, for example, that surrounding the idea of
an unconditional basic income. Future analyses
could set out to estimate the economic cost of
addressing social deprivation as compared to the
cost of not addressing it.

Strengths of this study are the large, longitudinal
population-based sample, and the availability of
deprivation data that allowed for sensitivity analysis.
Yet, this study is not without limitations. Consider-
ing only a selection of social deprivation domains,
we cannot exclude the possibility that the observed
association is mediated by other factors pertinent to
cognitive function, such as innate ability. However,
our findings still open up the possibility of rapidly
assessing risk for low cognitive function without the
assessment of innate ability. Further, cognitive tests
tend to have a low sensitivity to subclinical intra-
individual decline, for example, the word fluency
task (Li et al., 2017). However, this suggests that our
findings may under- rather than overestimate an
association between social deprivation and cognitive
decline.

In sum, our analyses emphasize an important
association between social deprivation and cognitive
status and decline. That the association is stronger
with cognitive status than with cognitive decline
suggests that policy-makers might potentially
achieve greater effects by intervening early and
thus hopefully raising the cognitive peak achieved
by individuals.
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