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Abstract

In an observational longitudinal study of a sub-sample of the Aberdeen 1936 birth cohort, from age 62 to 77 years, we investi-
gated childhood intelligence, social class, education, life-course social mobility, memory test performance and memory decline
in late life. We examined 388 local residents who had attended school in Aberdeen in 1947 and measured Auditory-Verbal
Learning Test (AVLT) at recruitment age about 64 years and up to five times until age about 77 years. Better performance at
age about 64 on AVLT was predicted by early socioeconomic status (SES), social mobility and childhood intelligence. The tra-
jectory of AVLT decline was steeper in those who had received less education. This relationship was independent of childhood
ability, sex, SES in childhood and social mobility. The protection of memory by education suggests that education supports
resilience to age-related cognitive impairment. Upward social mobility does not enhance this effect, suggesting that resilience to

age-related decline may be established in early life.
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Introduction

The maintenance of cognitive function in late life is desir-
able for individuals and society. Factors known to influence
cognitive performance in late life include education, child-
hood mental ability, material wealth, job complexity and
social mobility [1]. These and other factors may interact in
complex ways throughout the life course, and a greater
understanding of these interactions influence on cognitive
ageing is needed. Suo ¢f @/ [2] have shown that managerial
experience, high socioeconomic status, is associated with
the structure and function of the hippocampus. Similatly,
Bennett ¢7 al. [3] have suggested that higher levels of mental
activity associated with higher occupational achievement
has a beneficial effect on life-course cognitive outcomes.
Research has highlighted benefits of social mobility, and
its associated mental endeavours, on life-course cognitive
functioning [4]. However, a limitation of these studies is the
frequent absence of eatly life cognitive ability measutes, a key
driver for social mobility. This limitation opens the possibility

that differences observed in late life could be brought about
by social selection with superior eatly cognition driving
upward social mobility via education and occupational attain-
ment. In addition, these studies also focus on cross-sectional
estimates of cognition in late life and implied protection
from the individual differences in social status and mobility.
What remains unanswered is if these differences in cognition
and cognitive decline are a result of life-course gains, differ-
ential development or the accumulation of resilience over the
adult life course resulting in differential decline.

Focusing broadly on population well-being and develop-
mental dynamics, research highlights that both social
inequality and lower social status are associated with nega-
tive effects on health and other outcomes [5]. Social mobil-
ity is defined as ‘the movement of an individual between
social classes’ [6]. Although it is unclear if upward social
mobility can improve well-being and support positive out-
comes, there is optimism that it might [7]. This optimism
should be set against an understanding of the effects of
carly life on late life diseases [8] and related effects on
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neurodevelopment [9, 10], and the accumulation of ageing
neuropathology. In this study, we extend understanding of
these dynamics by examining both early life influences and
upward social mobility on trajectories of cognitive ageing,
Specifically, in a well-characterised birth cohort [11], we
investigate how social mobility, eatly life circumstances, edu-
cation and childhood intelligence are related to memory
performance and its trajectory in late life. In 1997, the
Scottish Council for Research in Education allowed us
access to their archives of intelligence tests obtained in the
Scottish Mental Survey of 1947 when Scottish Children
born in 1936 sat a group administered test. We recruited
volunteers from among local residents who had participated
in this survey. From 1998, we obtained volunteers accounts
of their childhood and current social circumstances and
repeated scotes on cognitive tests from 1999 to 2014.
Drawing upon this data, we pose two research questions:

[1] Do eatly life social class, education and social mobility
influence memory function in late life and is this influ-
ence independent of childhood ability and sex?

[2] Do eatly life social class, education and social mobility
influence the rate of decline in memory function in late
life and is this influence independent of childhood ability

and sex?

Methods

Study population

All data were provided by the Aberdeen Birth Cohort of
1936. This is a sub-sample of the 1947 Scottish Mental
Survey (IN = 75,211) which was a national survey of child-
hood general mental ability (intellicence). An extended
description of recruitment and data acquisition is available
[11]. Following guidance by the Local Ethics of Research
Committee (University of Aberdeen and NHS Grampian)
who approved study procedures of the study, volunteers
gave written informed consent to a longitudinal observa-
tional study of brain ageing and health. We invited indivi-
duals who were matched exactly with the Scottish Mental
Survey (1947) archive; 506 (75%) of 676 invited to volun-
teer agreed to participate in some form. An audit trail of
the dropout at each stage of the data acquisition is detailed in
the cohort description publication [11] and in Supplementary
text (ST1 available in Age and Ageing online). Three hundred
and cighty-cight gave data required for this analysis at base-
line. In general, those who were approached and did not take
part had lower childhood intelligence scores. Similatly, those
who continued in the study across multiple waves of longitu-
dinal assessment displayed higher intelligence test scores at
the first occasion of testing and in childhood [12].

Childhood socioeconomic status and education

Demographic and social conditions data were obtained at a
structured interview at age 64 (£1) years by a research
nurse. These data were previously used by ourselves when
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examining the influence of personality on social mobility
[13]. Participants were asked to recall home conditions and
paternal occupation at age 11 years. Questions included the
number of rooms in the family home, the number of occu-
pants (giving the number of residents/room to quantify
overcrowding (OCR)); how many shared their sanitation
facility (SAN). Participants’ best-ever occupation provided
their Occupational Social Class in adulthood (OSC,). Similarly,
paternal occupation was used to categorise Occupational Social
Class (OSCp). For both paternal and participant’s own occupa-
tion, OSC was coded using the UK Office of Population
Statistics Classification of Occupations HMSO, 1971. We coded
occupations so that high values represented occupations of
higher status. The participants current UK post-code was
recorded and then used to estimate the relative level of depriv-
ation at that address using the Scottish Index of Multiple
Deptivation (SIMD) (http://simd.scotland.govuk).

Childhood socioeconomic status (SES¢) is derived as a
latent, unobserved variable, composed of OCD, sanitation
share (SAN) and paternal occupational social class (OSCp).
Adult socioeconomic status (SES,) is derived from partici-
pants’ OSC, and residential deprivation (SIMD). We
recorded the number of year’s education an individual had
before the age of 25 (EDU). Female homemakers were
placed in their husbands SES category. Social mobility
(SESy;) was calculated as the relative standardized difference
between childhood and late life social position (SES—SES,).

Cognitive tests

Childhood intelligence data were provided from the
Scottish Mental Survey (1947) archive. All children born in
1936 and at school in Scotland on the 4 June 1947 sat a
group administered intelligence test (The Moray House
Test (MHT)) [14].

Psychological tests were administered by a psychologist
following standard procedures. The Rey Auditory-Verbal
Learning Test (AVLT) was used to measure age-related
memory decline [15]. Cognitive longitudinal modelling can
be confounded by practice effects [16]. The pattern of
improvement presented by our data suggests that AVLT
practice improvement is largest between the first and
second occasion and there is little improvement after that.
Such practice effects were accounted for using an initial
practice model [17]. AVLT petrformance is also affected by
age, education, childhood intelligence and sex [18]. Declines
in performance with age are well-documented [19]. Reports
of the effects of education, ability and sex on AVLT per-
formance are mixed, but it is generally accepted that educa-
tion and sex affects performance [18]. In the current study,
the AVLT was administered on the first occasion and
repeated on up to five occasions over the next 14 years.

Statistical analysis

We used MLwin software from the University of Bristol
[20] and SPSSv24 (www.ibm.com) for all statistical analyses.
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To create a summary variable for socioeconomic status in
both childhood and later life, we used a principal compo-
nent analysis technique using father’s occupation (OSCp),
SAN and OCR to calculate the childhood estimate; and we
used participants occupation and SIMD decile to calculate
the adult estimate. Raw AVLT scores and MHT scores
were standardized to a mean of 100 and a standard devi-
ation of 15. Age at testing was measured as time since their
60th birthday. Practice was modelled using an initial practice
model approach [17].

To examine the association between late life memory
and its trajectory with age, we used multilevel linear model-
ling which included age, sex, practice, education, SESc,
mobility and childhood ability (MHT). In Model 1, we
examined the main effects (fixed) of each variable on late
life memory (AVLT): age, sex, practice, childhood ability
(MHT), SESc and social mobility (SESm). This is described
by equation (1): here, we also modelled the intercept §,
and slope with age §, ,; s both a fixed and random effect.
In equation (1), 7 represents the occasion of testing and /
the individual being tested; 3, represents the fixed part of
the intercept and #y the random departure from 8; #y is
constructed so that it has a mean of zero and a variation of
cﬁ; similarly, B, represents the fixed part of the slope and
ny; the random departure form {;; #; is constructed so
that it has a2 mean of zero and a vatiation o%; the covariance
between the intercept is also modelled @ ;; ande;; provides
an estimate of the residual.

AVLT,; = By, + BjAge + B, Prac + 85 Sex

+B,MHT + 8, EDU + B SESc (1)
+8,SESm + ¢;,

where ﬁ()/’ = B, + #y; and {31]- =By +

Social status, education and memory decline

In Model 2, we hypothesised that there would be add-
itional contributions to memory from a variety of interaction
cffects: Age X Sex (8, Age X SESc (85)) and Age X
SESm (B, 7/»). As such, these interactions were added to
the components of Model 1. Finally in Model 3, we
removed childhood ability from Model 2 to examine if the
association remain if this rarely available variable is not
present.

Results

The sample is described in Table 1. The principal compo-
nent analysis of the eatly life data reveals a single compo-
nent that explains 52.9% of the variance (Component
loadings Table 1). Similarly, the later life data using the pat-
ticipant’s occupation and SIMD reveals a single component
that explained 69.1% of the variance (Component loadings
Table 1). Table 1 also shows correlations between each vari-
able and memory performance on recruitment. With the
exception of age at entry, all variables were associated with
memory. Change in social status is plotted against child-
hood SES (Figure 1). The figure indicates relative social
mobility in both directions, both upward and downward. A
Spaghetti plot for the standardized AVLT score over time is
shown in Supplementary Figure S1 available in Age and
Ageing online.

The results of the multilevel modelling are shown in
Table 2. The results show a significant decline in memory
performance with age. In addition, significant practice, sex,
childhood ability and SESc effects on memory performance
are observed (Model 1). The influence of SESm on mem-
oty performance is not significant (Model 1).

In Model 2, the effects of education (EDU), SESc and
SESm, and the interaction terms Age x SESc and Age x

Table I. Sociodemogtaphic, educational, childhood intelligence scores for 388 participants recruited in 1998-2000 from
local survivors of the 1947 Scottish Mental Survey. Auditory-Verbal Learning Test (AVLT); Moray House Test (MHT);
socioeconomic status (SES); socioeconomic status adult (SESa); socioeconomic status childhood (SESc) and socioeconomic
status mobility (SESm). Pearson correlation with AVLT at entry and comparison between genders for each measure.

*P < 0.001.

N = 388 Male 192 (49.5%) Mean (standard deviation)

Min—Max

Age when first tested as an adult 64.8 (1.40) 62.6-77.3

Father occupational status 6.22 (2.33) 1.00-9.00 0.50
Overcrowding 1.75 (0.75) 0.43-5.00 0.83
Sanitation share 7.88 (4.87) 2.00-18.00 0.80

SESc

Education year 11.11 (1.99) 9.00-20.00

Participants occupation status 4.47 (2.19) 1.00-9.00 0.83
SIMD 6.66 (3.03) 1.00-10.00 0.83
SESa

SESm

MHT 42.61 (12.52) 1.00-72.00

AVLT Score at entry 44.97 (7.80) 12.00-72.0

Component
loading on SES

Correlation with Male Female
AVLT score at entry (standard deviation) (standard
deviation)
0.04 64.7 (1.2) 64.9 (1.5)
0.11* 6.33 (2.36) 6.13 (2.31)
-0.17* 1.78 (0.78) 1.72 (0.07)
-0.16* 8.37 (5.69) 7.40 (3.54)
0.21* —0.09 (1.13) 0.09 (0.84)
0.28* 11.0 (2.1) 11.2 (1.9)
0.25* 4.79 (2.35) 4.66 (2.03)
0.22% 6.73 (3.05) 6.60 (3.01)
0.28* —0.01 (1.04) 0.01 (0.96)
0.28* 0.09 (1.21) —0.08 (1.04)
0.38* 41.8 (12.7) 43.4 (12.3)
41.8 (9.7)* 48.1 (8.9)
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between age 11 years and late life (SESa—SESc).

SESc

Figure 1. A scatter plot showing the relationship between childhood socioeconomic status SESc and socioeconomic change

Table 2. Three longitudinal linear mixed models (see equation (1)) of data from 388 participants in the Aberdeen 1936
Birth Cohort Study. Socioeconomic status childhood (SESc) and socioeconomic status mobility (SESm). All associations ate

significant unless indicated (ns).

Model 1
Effect (standard error)

Model 2
Effect (standard error)

Model 3
Effect (standard error)

By Intercept 63.4 (5.6) 70.7 (6.3) 89.7 (5.0)
By Age —-0.54 (0.11) —1.73 (0.54) —1.74 (0.54)
8, Practice 433 (0.66) 442 (0.66) 451 (0.66)
8, Sex 8.56 (1.27) 8.57 (1.12) 8.94 (1.15)
by Childhood ability 0.24 (0.05) 0.24 (0.05)
Bs Education 0.84 (0.33) 0.20 (0.44) ns 0.60 (0.44) ns
B, SESc 1.84 (0.84) 247 (1.16) 4.00 (1.14)
A, SESm 1.17 (0.70) ns 1.88 (0.96) 3.00 (0.95)
B Age X education 0.11 (0.05) 0.11 (0.05)
P Age X SESc —0.10 (0.13) ns —0.10 (0.13) ns
Bc Age X SESm ~0.12 (0.11) ns ~0.12 (0.11) ns
oy Intercept variance 86.5 (16.3) 87.1 (16.3) 95.2 (16.9)
uy; Age variance 0.62 (0.17) 0.61 (0.16) 0.61 (0.16)
001 Intercept/age covariance —1.56 (1.44) ns —1.56 (1.43) ns —1.63 (1.45) ns
oy Residual 59.6 (3.49) 59.3 (3.5) 59.3 (3.5)
—2Loglikihood 8841.5 8836.2 8859.5
SESm ate not significant. However, Model 2 reveals a signifi- Discussion

cant Age x EDU interaction effect. Since childhood ability is
rarely available, Model 2 was repeated without childhood abil-
ity to examine the predictive value of the other variables in its
absence (Model 3). All models indicate a difference between
the sexes with women performing better than men.
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Main findings

Focusing on memory performance the current study found
that SESc and social mobility predicted memory; however,
effects of SESc and social mobility on trajectories of change



over time were non-significant. The data also indicate the tra-
jectory of memory decline was steeper in those with less edu-
cation. This relationship was independent of other vatiables
modelled. Although we did not measure the accumulation of
age-related brain pathology, the apparent protection of mem-
ory by education suggests that education contributes to resili-
ence against the ageing processes as shown by higher
memory scores by those participants with more education.
This is indicated by the significant Age x EDU which shows
that on average those with more education had a less steep
rate of decline.

The correlation between SESa—SESc and SESc is —0.58
‘moderate’ and perhaps greater than expected. As demon-
strated by the scatter plot (Figure 1), those who were disad-
vantaged in childhood achieved greater upward social
mobility relative to those who were advantaged. When these
observations and their inter-relationships are placed in the
context of profound socioeconomic changes brought about
post war: the welfare state, improved housing, better health
care, and improved access to higher and further education,
these correlations appear understandable. In addition,
marked increased opportunities in Aberdeen were also

brought about by the North Sea oil boom.

Strengths and limitations

A particular study strength lies in the generalisability of our
results from a population-based volunteer sample with
good rates of recruitment (75%) [11]. Recruitment to cogni-
tive ageing studies is affected by self-selection to better edu-
cated, healthy volunteers. Our findings may be biased
towards those of higher cognitive performance.

We compared OSC between fathers and participants
and observed considerable occupational gains between gen-
erations (1.5 points, P < 0.001 paired ~test). This observa-
tion is typical of the extent of gains expected during the
twentieth century in the UK [21]. Although we evaluated
relative SES in father and participant, we are aware that
both classifications of socioeconomic status were not exactly
comparable. A simple approach would have been to use par-
ticipant occupation and father’s occupation as estimates of
SES. We have repeated our analysis replacing SES with occu-
pation finding similar results.

Conclusions

Social and neurobiological pathways undetlie the association
between life-course social mobility and cognition. Socioeconomic
status effects are likely exerted over the life course via complex
pathways of influence involving SESc, education and cognitive
ability, but their exact nature remains uncertain. Nevertheless, sev-
eral levels of explanation seem plausible. (1) Those from lower of
socioeconomic otigins may receive less education and enter the
labour market with higher tisks of being exposed to environmen-
tal hazards [22]. (2) Low social status is associated with less dis-
posable income and fewer opportunities for leisure pursuits
fostering greater social engagement, cognitively effortful activities

Social status, education and memory decline

and more physical exercise, each of which may support resilience
[23]. (3) Lower incomes and less education could influence diet
negatively [24]. The overall picture might be confounded by com-
plex associations between the demands of coping with the mater-
ial privations and paucity of opportunities to improve social
status, coupled with the consequences for neural health of poor
dietary habits and exposute to neurotoxins. Among the most
socially disadvantaged, exposure to hazards for brain health are
not only more frequent but the resources available to help cope
are also reduced [25].

Previous studies have highlighted that lower levels of
education and low status occupations are risk factors for
most common late-onset diseases. [26] and Alzheimer’s dis-
ease [27]. Investigations into the relationship between
demographic measures and cognitive function in later life
have highlighted similar effects [28]. Previous studies have
also suggested that education and occupational status con-
tribute independently to reserve [29]. Results here suggest
that education and SES are not independent. Childhood
ability measures are rarely available in studies of this type,
and removing childhood ability from the model used in the
current study revealed that both SESc and SESm contribute
to late life memory but not the trajectory of decline.

As the number of older people increases, these results suggest
that the increase in educational exposure that recent generations
have experienced may impact on their late life cognition in two
ways. First, by increasing the amount of life course gains and sec-
ondly by reducing the rate of decline in late life.

Supplementary data

Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
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Key points

* Better memory is predicted by Social Class and mobility
across the life course.

* Education predicts the trajectory of decline in late life.

* Resilience to age-related decline may be established in
early life through education.

* Early life social class provides no protection against the
trajectory of decline in old age

* Social mobility provides no protection against the trajec-
tory of decline in old age.
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