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Abstract

Objectives
We aimed to investigate whether socioeconomic position (SEP) in childhood has an effect on
the level of cognitive performance and the rate of cognitive decline in older adults.

Methods

We performed a prospective cohort study of individuals enrolled in a multicenter population-
based study, SHARE (Survey of Health, Ageing and Retirement in Europe). Interviews were
conducted in 6 waves at approximately 2-year intervals and included examinations of cognitive
performance (memory, verbal fluency, delayed recall) and measurements of childhood SEP
(participants’ household characteristics at the age of 10 years). We estimated the associations of
SEP with the level of cognitive performance using linear regression and the relation to the rate
of cognitive decline with mixed-effects models.

Results

This study included 20,244 participants from 16 European countries (median age at baseline 71
years, 54% women). Adverse childhood SEP was associated with a lower level of baseline
cognitive performance. This association was attenuated after adjustment for clinical and social
risk factors but remained statistically significant. Childhood SEP was not related to the rate of
cognitive decline.

Conclusions

Variation in childhood SEP helps to explain differences in cognitive performance between older
people, but not the rate of decline from their previous level of cognition. Strategies to protect
cognitive aging should be applied early in life.
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Glossary

BRC = brain reserve capacity; CI = confidence interval; HICs = high-income countries; LMICs = low- and middle-income
countries; SEP = socioeconomic position; SHARE = Survey of Health, Ageing and Retirement in Europe.

The prevalence of cognitive impairment is increasing in
Europe as a result of demographic aging." A growing body of
evidence suggests that cognitive aging is a life-long process
that may have its roots in a disadvantaged childhood socio-
economic position (SEP).>™® Three conceptual frameworks
may explain this relationship. First, childhood SEP may de-
termine cognitive abilities in late life by shaping the de-
velopment of the brain so it tolerates more pathology before it
reaches the threshold for manifestation of cognitive decline.”
Conceptualized as passive cognitive reserve, this suggests that
individuals with socioeconomic hardship in childhood will
have a lower level of cognitive performance in old age.

Second, childhood SEP may form a foundation for an active
cognitive reserve of the brain, which would enable the use of
preexisting processes or compensatory mechanisms in coping
with brain pathology.9 The second mechanism thus suggests
that socioeconomic hardship in childhood would be associ-
ated with a higher rate of cognitive decline. Third, dis-
advantages in childhood might set an individual on a pathway
toward clinical and social risk factors, such as risky behaviors,
cardiovascular risks, depression, and social isolation, which are
all associated with an increased risk of cognitive impairment."
The third mechanism proposes that childhood SEP would not
be independently associated with cognition, after adjustment
for these clinical and social risk factors.

Our objective was to explore the relationship between child-
hood SEP, and both the level of cognitive performance as well
as the rate of cognitive decline, in a diverse population from 16
European countries.

Methods

We performed a prospective cohort study based on data from
the Survey of Health, Ageing and Retirement in Europe
(SHARE). SHARE is a study of community-dwelling indi-
viduals that collects information about health, social networks,
and economic conditions, and has been previously described
in detail."® Briefly, eligible study participants are persons aged
50 years and older and their partners, irrespective of age. The
participants are followed over time and refreshment samples
of new individuals are enrolled in new waves to compensate
for dropout. The first wave of data collection, which was based
on computer-assisted personal interviewing, was conducted in
2004, followed by wave 2 in 2006,/2007, wave 3 in 2008/2009,
wave 4 in 2011/2012, wave S in 2013, and wave 6 in 2015.

The sampling frames were allowed to vary between countries
according to their particular resources (national or municipal
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population registers, listings of dwellings, etc.). The sampling
designs were based on probability selection methods. To
minimize the imprecisions in estimates caused by use of dif-
ferent sampling designs, a number of general advisements on
stratification, clustering, variation in selection probabilities,
and sample size were provided in each wave to all participating
countries."" The response and retention rates are presented
for each country and each wave in detail elsewhere.''™"* For
example, the average response rate in wave 1 was 62% and the
reported average retention rates in every wave ranged be-
tween 60% and 90%."' "

Standard protocol approvals, registrations,
and patient consents

This report uses data from SHARE waves 1, 2, 3, 4, 5, and
6; see elsewhere for details'® (DOIs: 10.6103/SHARE.w1.
600, 10.6103/SHARE.w2.600, 10.6103/SHARE.w3.600,
10.6103/SHARE.w4.600, 10.6103/SHARE.w5.600, 10.
6103/SHARE.w6.600). SHARE has been repeatedly
reviewed and approved by the ethics committee of the
University of Mannheim. All participants provided a writ-
ten consent. Their data were pseudo-anonymized and
participants have been informed about the storage and use
of the data and their right to withdraw consent. The
present analysis was approved by the ethics committee of
the National Institute of Mental Health, Czech Republic.

Childhood SEP

Information about childhood SEP is from wave 3 when data
about individuals’ life histories were collected (SHARELIFE).
A reduced version of SHARELIFE was used in wave S for
those who did not participate in wave 3. A Life History Cal-
endar'® was applied during computer-assisted personal
interviewing to obtain information in order to improve the
recollection process. Childhood SEP was operationalized
according to 3 items concerning participants’ household
characteristics at the age of 10 years. Housing conditions have
frequently been used as indicators of material circumstances
related to SEP, with overcrowding indicating hardship.17 We
additionally included the number of books in the household in
the composite score capturing SEP to improve validity of the
metric, a measure that has been used in previous studies to
represent SEP.'®" Validity of the recalled data in SHARE-
LIEE has been previously examined.”

Specifically, participants were asked about the number of
rooms (how many rooms their household occupied in their
accommodation, including bedrooms but excluding kitchen,
bathrooms, and hallways) and household members (how
many people, including themselves, lived in their household at
their accommodation) and were supposed to give a number.

Neurology.org/N
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Furthermore, they were asked about the number of books:
approximately how many books there were in the place they
lived in (excluding magazines, newspapers, or their school
books), with S possible answers: none or very few (0-10
books)/enough to fill one shelf (11-25 books)/enough to fill
one bookcase (26-100 books)/enough to fill 2 bookcases
(101-200 books)/enough to fill 2 or more bookcases (more
than 200 books).

Using these 3 items, we constructed the variable “childhood
socioeconomic hardship” as follows: first, we calculated a ratio
“number of household members”/“number of rooms,” as-
suming that a higher ratio represents a worse SEP in child-
hood. We created a binary variable specific for each country,
where the upper 5% of the distribution of the ratio from each
country represents a more adverse SEP (coded as 1), relative
to the other 95% of the distribution (coded as 0). Further, the
variable “number of books” was transformed into a binary
variable where “none or very few books” represented a worse
SEP (coded as 1), relative to the rest (coded as 0). Finally, we
summed both variables and constructed a binary variable, in
which the value 2 stands for “childhood socioeconomic
hardship” (coded as 1), in comparison to the rest (coded
as 0).

In addition, because overcrowding in the home during
childhood has been in particular used as an indicator of ad-
verse childhood SEP,*! we used the ratio “number of house-
hold members”/“number of rooms” for a separate set of
secondary analyses.

Cognitive functions

Cognitive functions were tested in all waves except for wave 3;
thus, the present study uses data from waves 1, 2, 4, 5, and 6.
Two brief tests were administered, providing 3 measures of
cognitive functions: verbal learning and delayed recall (gained
from an adapted 10-word delay recall test**) and verbal flu-
ency (from an animal word fluency test*). Furthermore, we
created a composite score of global cognition by converting
each of the 3 measures into a z score, using the baseline mean
and SD, and averaging them.

Covariates

Information on clinical and social risk factors, as potential
mediators in the association of SEP with cognition, was
initially identified based on the literature>*>° and avail-
ability in the SHARE dataset. From those, we chose varia-
bles that were associated with the composite cognitive score
at the level of p < 0.0S in at least 4 waves, after adjustment
for age, sex, and years of education. The selected factors
were body mass index (calculated from the height and
weight), depressive symptoms (assessed using the EURO-D
scale®"), and the following binary variables: cardiovascular
disease (obtained from combining information about the
history of hypertension, diabetes mellitus, stroke, hyper-
cholesterolemia and coronary disease, and the use of car-
diovascular drugs), smoking (yes = ever smoked daily),

Neurology.org/N

alcohol use (yes = drinking more than 2 glasses of alcohol
almost every day), physical inactivity (yes = hardly ever or
never perform activities that are vigorous or require
a moderate level of energy), having a partner in the
household, and current employment.

Analytical sample

We restricted the analysis to persons who participated in
SHARELIFE either in wave 3 or S, were at least 65 years old at
baseline, and gave an interview in at least 2 waves (flowchart
presented in the figure). From 29,958 participants who ful-
filled these criteria, we excluded persons with missing data on
childhood SEP (n = 1,412), those who did not have complete
data on cognition in at least 2 waves (n = 1,081), citizens of
Israel (n = 656), individuals who were not born/did not have
citizenship in the country of interview (n = 2,481), were ever
diagnosed with Parkinson disease/Alzheimer disease/
dementia/senility (n = 1,677), and did not have data on
covariates in at least 2 waves (n = 2,407).

The final analytical sample consisted of 20,244 persons from 4
European regions (Western Europe: n = 8,170; Southern
Europe: n = 4,193; Scandinavia: n = 2,842; and Central and
Eastern Europe: n = 5,039). The average follow-up time of the
participants was 4.8 years with an SD of 3.1 years. In 58% of
participants, the measures of cognition were available at 3 and
more time points (38% of participants 3 times, 11% 4 times,
and 9% S times), while 42% of individuals had cognition
measured twice.

Statistical analysis

We present descriptive data at baseline (the year when in-
formation on cognitive tests was first available) as frequency
(n [%]), mean + SD, or median and interquartile range. To
compare characteristics of the participants with and without
childhood socioeconomic hardship, we used an independent
sample t test for continuous variables with normal distribu-
tion, Mann-Whitney test for continuous variables with
skewed distribution, and x” test for binary variables.

We applied linear regression to estimate p with 95% confi-
dence intervals (CIs) for the associations of childhood so-
cioeconomic hardship with the scores in verbal learning,
verbal fluency, delayed recall, and global cognition. We fit 2
sets of models. Model 1 was first adjusted for baseline age and
sex, and dummy-coded for country of origin. Model 2 was
adjusted also for clinical and social risk factors in a way that the
variables were kept in the model if they were significantly
associated with the dependent variable or improved R” of the
model. To study the strength of individual predictors, we
calculated their R* contribution averaged over orderings
among regressors.32 Furthermore, we used linear mixed
models to study the relation of socioeconomic hardship to the
rate of cognitive decline.*® The models included time (in
years since baseline), childhood socioeconomic hardship, and
their interaction term (childhood socioeconomic hardship x
time), adjusting for covariates as described above.
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Figure Selection of the study population

Participants in SHARE
(N =120,568)
Excluded (n = 41,224):
« Did not participate in wave 3
or 5 (41,224)
Included
(n=79,344)
Excluded (n = 8,293):
* Only participated in 1 wave
(8,293)
Included
(n=71,051)
Excluded (n = 41,093):
* Younger than 65 years at
their first interview (41,093)
Included
(n=29,958)
Excluded (n = 1,412):
» Missing complete data on
childhood socioeconomic
conditions (1,412)
Included
(n = 28,546)
Excluded (n=1,081):
Western Europe (n = 8,170): » Missing complete data on
* Austria (1,512) cognition in at least 2 waves
* Germany (1,413) (1,081)
* Netherlands (768) e Included
« Switzerland (1,020) (n=27,465)
* Belgium (1,659)
* Luxembourg (260) Excluded (n = 656):
« France (1,538) « Participants from Israel (656)
Included
Southern Europe (n = 4,193): (n = 26,809) Excluded (n = 2,481):
: ftgf'r(‘1(1£z)5) le—] « Not born/did not have
. Grei:ce' (786) citizenship in the country of
interview (2,481)
Included
(n=24,328) Excluded (n = 1,677):
Scandinavia (n = 2,842): « Patients with Parkinson
« Sweden (1,672) [—] disease/Alzheimer
* Denmark (1,170) disease/dementia/senility
(1,677)
Included
(n=22,651) Excluded (n = 2,407):
« Did not have data on covariates
Central and Eastern Europe (n = 5,039): in at least 2 waves (2,407):
* Czech Republic (1,929) o BMI (1,808)
* Poland (409) N o Depression (247)
« Slovenia (938) Total included o Physical inactivity (43)
« Estonia (1,763) o (n=20,244) o CVD (5)
o Current job situation (303)
o Alcohol (1)

BMI = body mass index; CVD = cardiovascular disease; SHARE = Survey of Health, Ageing and Retirement in Europe.

We performed 3 sets of sensitivity analysis. First, because
Europeans lived in profoundly different socioeconomic con-
ditions in the first half of the 20th century® and great geo-
graphical differences in cognitive aging exist in Europe,** we
examined the relation between childhood socioeconomic
hardship and cognition separately for European regions.
Second, we reran the analysis with imputed values on missing
data on cognitive tests. Third, we repeated the analysis when
individuals diagnosed with Parkinson disease, Alzheimer
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disease, dementia, or senility were kept in the analytical
sample.

In addition, we performed a set of secondary analyses using
a measure of childhood overcrowding (defined as the ratio
between household members and rooms, with a higher value
indicating more overcrowding). First, we applied linear re-
gression to investigate the association of overcrowding with the
baseline level of global cognition as well as linear mixed models

Neurology.org/N
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to study the relation of overcrowding to the rate of cognitive
decline. Second, to detect a potential gradient effect, we divided
the variable overcrowding into quartiles and repeated the
aforementioned analyses using an ordinal variable. We adjusted
for covariates as described above. All tests were 2-sided, and p
value <0.05 was taken to indicate statistical significance. Data
were analyzed with IBM SPSS Statistics for Windows, version
23.0 (IBM Corp., Armonk, NY) and R (version 3.4.0).

Data availability

Access to the SHARE data is provided free of charge on the
basis of a release policy that gives quick and convenient access
to all scientific users worldwide after individual registration.
All details about the application and registration process can
be found on this website: share-project.org. The study pro-
tocol and syntax of the statistical analysis will be shared upon
request from the corresponding author of this study.

Results

The sample consisted of 20,244 individuals (median age at
baseline 71 years, interquartile range 8; 54% women; table 1).
At baseline, scores for global cognition ranged from —2.39 to

3.45. From the whole sample, 844 individuals (4%) were
characterized as having had socioeconomic hardship in
childhood. Compared to the remainder of the cohort, indi-
viduals with childhood socioeconomic hardship were less
educated, to a lower extent employed, and less frequently had
a partner in the household. Furthermore, they scored higher
in depressive symptomatology, had more often cardiovascular
disease, were less physically active, and had higher body mass
index, but did not differ in alcohol use and smoking. Partic-
ipants with childhood socioeconomic hardship reached lower
scores in all cognitive tests (mean —0.35 + SD 0.76 vs 0.02 +
SD 0.82 for global cognition; p < 0.001).

Adjusting for age, sex, and country of origin, the childhood
socioeconomic hardship was associated with lower cognitive
scores (B —0.274; 95% CI —0.323 to —0.225 for global cog-
nition; model 1, table 2). After adjusting for all clinical and
social risk factors, the association between socioeconomic
hardship and global cognition score attenuated by approxi-
mately 45% (calculated as a difference between the un-
standardized B of model 1 and model 2, multiplied by 100)
but remained statistically significant (f -0.150; 95% CI
—0.196 to —0.103 for global cognition; model 2, table 2). This
trend was similar across all cognitive tests. Overall, model 2

Table 1 Baseline characteristics of participants

Childhood socioeconomic hardship

Yes (n = 844) No (n = 19,400) p Value
Demographic characteristics
Age, y, median (IQR) 72(8) 71(8) <0.001
Women, n (%) 452 (53.6) 10,510 (54.2) 0.72
Cognitive functions, mean + SD
Verbal learning 42+1.7 48+1.7 <0.001
Verbal fluency 16.6 + 6.0 19.2+7.1 <0.001
Delayed recall 26+19 33+20 <0.001
Global cognition -0.35+0.76 0.02 £0.82 <0.001
Covariates
Education, mean + SD 7.8+3.9 10.1+4.3 <0.001
Cardiovascular disease, n (%) 629 (74.5) 13,670 (70.5) 0.01
Physical inactivity, n (%) 111 (13.2) 1,942 (10.0) 0.003
Body mass index, mean + SD 27.4+4.4 26.8+4.3 <0.001
Smoking, n (%) 498 (58.9) 11,100 (57.1) 0.31
Alcohol, n (%) 104 (12.3) 2,757 (14.2) 0.122
Depression, median (IQR) 2(3) 2(2) <0.001
Partner in household, n (%) 559 (66.2) 13,693 (70.6) 0.007
Working at present, n (%) 12 (1.4) 598 (3.1) 0.006

Abbreviation: IQR = interquartile range.
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Table 2 Associations of childhood socioeconomic
hardship with the baseline level of cognitive

Table 3 Mixed-effects models of the association of
childhood socioeconomic hardship with rate of

performance cognitive decline
B (95% CI) Childhood socioeconomic
Time hardship x time
Model 1 Model 2
Verbal -0.04 (-0.04 to -0.03) 0.01 (-0.01 to 0.03)
Verbal learning -0.29 (-0.36; -0.23)% -0.16 (-0.22; -0.10)* learning
Delayed recall -0.27(-0.33; -0.21)° -0.14(-0.20;-0.08)°  pelayed -0.03 (~0.04 to ~0.03) -0.00 (~0.03 to 0.02)
recall
Verbal fluency -0.26 (-0.32; -0.20)° -0.15(-0.21; -0.09)?
Verbal -0.21 (-0.22 to -0.19)® 0.02 (~0.05 to 0.08)
Global cognition -0.27 (-0.32; -0.23)? -0.15 (-0.20; -0.10)* fluency
Abbreviation: Cl = confidence interval. Global -0.02 (-0.02 to 0.02)* 0.00 (-0.01 to 0.01)
Results are unstandardized B coefficients with 95% Cls, derived from linear cognition

regression that was used to estimate the association of childhood socio-
economic hardship with the scores of verbal learning, delayed recall, verbal
fluency, and global cognition. The results of cognitive tests were used as z
scores. Model 1 was adjusted for age, sex, and country of origin. Model 2 was
also adjusted for education, cardiovascular disease, body mass index,
physical inactivity, depression, alcohol, smoking, partner in household,
working at present (covariates were kept in model 2 if they were significantly
associated with the dependent variable or improved R? of the model). The
resulting final 2 models were as follows: verbal learning: all covariates ex-
cept for body mass index and alcohol; delayed recall: all covariates; verbal
fluency: all covariates except for body mass index, alcohol, and smoking;
global cognition: all covariates.

ap <0.001.

explained 33% of variance in global cognitive score (as com-
pared to 25.1% with model 1; Akaike information criterion:
40,316 for model 2 vs 42,483 for model 1). When considering
the individual strength of each covariate in model 2, the most
variance was explained by the country of origin (11.7%) and
education (8.8%). When each covariate was added into the
model separately, the association was reduced the most by
education and depression, while other risk factors tended to
have only small effects (results not presented in tables).
Specifically, the association weakened by 35% due to educa-
tion and by 12% due to depression.

Using mixed models adjusted for baseline age, sex, and
country of origin, global cognition decreased yearly by 0.02
points, as shown by the term for time (table 3). Childhood
socioeconomic hardship was not related to a rate of decline in
any of the cognitive measures, as seen by the interaction term
time x childhood socioeconomic hardship (B = 0.00; 95% CI
-0.01 to 0.01; p = 0.9 for global cognition).

In sensitivity analysis, when modeled separately for European
regions (table 4), the association of childhood socioeconomic
hardship with the level of global cognitive performance
ranged from B = -0.31 (95% CI —-0.42 to —0.19) for partic-
ipants in Central and Eastern Europe to f = -0.25 (95% CI
-0.38 to —0.12) for individuals in Scandinavia. The negative
result indicating no association between childhood socio-
economic hardships with the rate of cognitive decline was
consistent across European regions. Similar results were
obtained when imputed data were used for individuals with
missing information on cognitive tests and when individuals
diagnosed with Parkinson disease, Alzheimer disease,

Neurology | Volume ®, Number @ | Month 0, 2018

Results are B (95% confidence interval) derived from linear mixed-effects
models. All models were adjusted for age, sex, time (since baseline), child-
hood socioeconomic hardship, interaction of time and childhood socio-
economic hardship, and dummy-coded country of origin.

2p <0.001.

dementia, or senility were kept in the analytical sample (data
not presented in tables).

In secondary analyses, overcrowding in childhood was associ-
ated with a lower level of baseline global cognition, adjusting for
age, sex, and country of origin (f = -0.04; 95% CI -0.05 to
—0.04). After dividing the participants into quartiles and using
the first quartile as a reference category, we observed a gradient
within the association of overcrowding with baseline global
cognition: second quartile § = —0.10 (95% CI —-0.13 to —0.08);
third quartile p = —0.17 (95% CI -0.20 to —0.14); fourth
quartile p = -0.25 (95% CI -0.29 to —0.22), adjusting for age,
sex, and country of origin. Overcrowding was not related to the
rate of cognitive decline in global cognition, irrespective of the
variable being analyzed as a continuous or as an ordinal variable
(results not presented in tables).

Table 4 Sensitivity analysis: Association of childhood
socioeconomic hardship with global cognitive
performance at baseline and rate of global
cognitive decline separately by European regions

B (95% ClI)

Cognitive

performance Cognitive decline

Western Europe -0.28 (-0.36; -0.19)* 0.00 (-0.00 to 0.02)

Southern Europe -0.29 (-0.38; -0.21)? 0.00 (-0.01 to 0.02)

Scandinavia -0.25 (-0.38; -0.12)* -0.01 (-0.03 to 0.01)

Central and Eastern
Europe

-0.31(-0.42; -0.19)* 0.01 (-0.02 to 0.03)

Results in the left column are derived from linear regression that was used
to estimate the association of childhood socioeconomic hardship with the
score of global cognition, adjusting for age and sex. Results in the right
column are derived from linear mixed-effects models and represent the
coefficient for the interaction term time x socioeconomic hardship. Other
terms included in the model are baseline age, sex, time (since baseline), and
childhood socioeconomic hardship.

?p <0.001.
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Discussion

In this population-based, prospective cohort study based on
a well-characterized nationally representative sample of more
than 20,000 individuals residing in 16 European countries, we
found that adverse childhood SEP operationalized by partic-
ipants” household characteristics was associated with a lower
level of cognitive performance. We observed a graded re-
lationship between the degree of SEP and cognitive perfor-
mance. Social and clinical risk factors significantly attenuated
the association but did not account for all the varjation in
cognition. Over the average follow-up of almost S years, ad-
verse childhood SEP was not related to the rate of cognitive
decline.

These findings are of interest in the context of the life-course
study of cognitive impairment. The current analysis differs
from previous studies in 3 ways: (1) it includes by far the
largest sample; (2) participants represent a wide range of
European regions including countries in Central and Eastern
Europe, which have been underrepresented in previous
studies on cognitive aging"; and (3) it has a longitudinal
design, which only a few previous studies have utilized.*®

Although causality cannot be established based on obser-
vational studies, this research builds on previous experi-
ments with animal models that demonstrated lower
cognitive functions in subjects that were exposed to less
resourceful environments early in life.>***” In line with
previous epidemiologic studies,”® the present study sug-
gests that the roots of cognitive ability in old age originate in
childhood SEP. Advantaged childhood SEP contributes to
better cognitive skills throughout the lifespan and could
possibly delay the onset of cognitive deterioration com-
pared with individuals who experienced childhood socio-
economic hardship. This supports the hypothesis of passive
cognitive reserve and its role in maintaining cognitive per-
formance in older age and suggests that interventions aimed
to improve cognitive aging should include decreasing so-
cioeconomic hardship in childhood.

Past research examining the relationship between childhood
SEP and the rate of change in cognition is rare®® and has
yielded inconsistent findings. The Chicago Health and Aging
Project observed that childhood SEP was associated with
differences in cognitive performance of older people, but not
with the rate of decline.® Of note, Barnes et al.* found that
adverse socioeconomic conditions in childhood were related
to a slower rate of cognitive decline in African Americans,
while no effect was observed for white individuals. In the
broader context of childhood adversity and cognitive aging,
a study on parental separation during the war from the Hel-
sinki Birth Cohort yielded similar results.* Individuals ex-
posed to this adverse event during childhood had weaker
cognitive skills at the age of 20 and 70 years; however, this
event was not associated with their cognitive decline over the
50 years.” Expanding on this literature, the current study

Neurology.org/N

provides the largest investigation into the association of
childhood SEP and the rate of cognitive decline.

Considering the robustness of the sample, we can conclude
that SEP is an unlikely factor contributing to the rate of
cognitive decline in older age and advantages from childhood
SEP do not have effects on counteracting age-related pa-
thology. This particular finding could be interpreted as evi-
dence that SEP does not influence active cognitive reserve of
the brain that may have a role in slowing the rate of cognitive
decline. It could be hypothesized that where passive cognitive
reserve of individuals is mirrored in the level of cognitive per-
formance, mechanisms underlying the active cognitive reserve
drive the rate of cognitive decline in older age once a threshold
for impairment is reached. Further studies exploring the rate of
cognitive decline in old age in relation to the active models of
reserve will lead to improved understanding of the mechanisms
surrounding cognitive decline in old age, in turn, uncovering
interventions to diminish the rate and severity of impairment

and disability in old age.

Modifiable clinical and social risk factors did not fully explain
the relationship between childhood SEP and cognitive per-
formance in old age, but largely mediated it, in particular
education. The protective effect of education on cognitive
aging is consistent with past literature,*® and adds to the ro-
bust foundation supporting education as an intervention to
diminish the adverse effects of childhood socioeconomic
hardship on cognitive aging. Considering the present findings,
adverse household conditions could be an appropriate in-
dicator for identifying at-risk children who would benefit in
the long term from targeted educational interventions.

The mechanisms through which education affects cognitive
aging are not fully understood, but education could be hy-
pothesized to mitigate cognitive aging by building and con-
serving brain reserve capacity (BRC).*" This would in turn
widen the gap between individuals’ standing BRC and the
critical threshold of BRC at which point cognitive deficits
emerge in old age. Previous literature suggests an association
of education with the level of cognitive performance42;
however, studies on the relation of education to the rate of
cognitive decline yielded mixed results.*>**

In a recent review, research on the influence of education on
cognitive decline ranged from showing no effect to a pro-
tective effect of education on the rate of cognitive decline, to
the effect of education being dependent on subgroups of
populations studied, to studies reporting that education
mediated some, but not all, cognitive functions measured in
the rate of cognitive decline.** In the present study, we
observed an association of more years of education with
a higher level of baseline cognitive performance, but not
with a rate of cognitive decline (results not presented in
tables), which is in line with the passive reserve hypothesis.
Of note, the evidence base surrounding the role of educa-
tion in cognitive aging is substantially limited by the absence
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of studies examining the relationship between education
and the rate of cognitive decline in adults with low levels of
education.**

This study is unique in its generalizability to a wide range of
European countries. However, there are notable complexities
influencing contextualization of the findings of this study
within the broader global literature. These include substantial
variations in the operationalization and assessment of child-
hood SEP, ranging from parental occupation, to household
and broader community socioeconomic levels.*> Few studies
have operationalized SEP using household conditions while
examining later-life cognitive aging. In an American pop-
ulation, overcrowding was associated with lower cognitive
performance in adulthood, and when exploring variables re-
lated to childhood SEP, the father’s occupation, parental
home status, and overcrowding were all highly correlated.*® In
a study from the United Kingdom, which operationalized
childhood SEP as the father’s occupation, SEP was also found
to have a graded association with cognitive aging.47

As a result of social stratification processes, appropriate
measures of SEP can differ in low- and middle-income
countries (LMICs) than those in high-income countries
(HICs),* and epidemiologic research examining life-course
SEP and aging in LMICs is a complex field, which at present is
far less researched than in HICs.* SEP operationalized
through household living conditions can be problematic when
comparing globally; therefore, weighted analysis of compo-
sites or consumption expenditures have been proposed to
more accurately reflect SEP in a way that is suitable to com-
parisons across both LMICs and HICs.*®

This study is limited by the retrospective nature of the in-
formation on childhood conditions, which is susceptible to
recall bias. However, when comparing this recalled in-
formation with historical data at a country and cohort level,
Havari and Mazzonna® suggested a good level of internal
and external consistency. Another limitation of this study is
residual confounding; information about other potentially
modifiable social and clinical risk factors, such as levels of
blood pressure, cholesterol, social and material deprivation,
or loneliness, is not available in the dataset. This could lead
to overestimation of the association of childhood SEP on
cognitive aging. Simultaneously, this could have under-
estimated the effect of potentially modifiable risk factors on
mitigating the adverse effects of childhood SEP on cognitive

aging.

Another limitation of this study is a possible survivor bias.
Because individuals who have experienced socioeconomic
hardship in childhood face higher risk of death, in particular
from cardiovascular causes,”® healthier individuals may be
overrepresented in the present study sample. If the study
participants had a better cognitive status than individuals not
included in this study due to death, inherent selection bias
could contribute to underestimation of the effect of childhood
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SEP on cognitive aging. In addition, the study is limited by
different sampling methods, which have not been accounted
for by using sampling weights. Our findings should be repli-
cated in future studies with a longer follow-up that could
potentially reveal more trends of cognitive decline based on
differences in SEP.

Given the aging population and the increasing burden of
age-related cognitive decline in Europe and thus far in-
conclusive evidence that cognitive impairment can be pre-
vented by interventions in late life," this study has important
implications. The focus of strategies to protect cognitive
health should be shifted into early life and take into account
the graded influence of SEP, aiming to provide children with
proportionally appropriate resources to their disadvantage
so they can fully develop their potential. Furthermore, the
effects of adverse socioeconomic conditions in childhood
may be mitigated by modification of several psychosocial
and clinical risk factors, especially by providing opportuni-
ties of education. Further research identifying risk and
protective factors influencing the rate of cognitive decline,
including study populations with low education levels, and
replications of similar studies in LMICs will lead to more
effective interventions throughout the life course and in
older age to decrease the burden of cognitive aging on
individuals and carers.
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