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Abstract

Background: Work has been associated with cognitive health. We examined whether re-
tirement from work is associated with a decrease in episodic memory and whether this
effect differs when considering workers’ occupational class.

Methods: In this prospective study using the English Longitudinal Study of Ageing
(ELSA), we examined 1629 persons aged 50-75 years who were in paid work at baseline.
A two-slope random effects linear regression centred at retirement was used to study the
effect of retirement on episodic memory. The potential effect modification by occupa-
tional class was examined.

Results: While memory trajectories show slightly decreasing memory scores before and
afterretirement, the decreasing rates for both periods were similar [episodic memory
Pap—P2a= —0.03, 95% confidence interval (Cl) —0.08, 0.02]. When stratifying by occupa-
tional class, there was also no substantial difference in episodic memory trajectories
before and after retirement. However, the lower occupational class showed a clear de-
cline in episodic memory with time (pre-retirement f,, = —0.11, 95% CI —0.19, —0.03;
post-retirement f,, = —0.13, 95% CI —0.19, —0.07) which was not evident for the higher
occupational classes.

Conclusions: Our results show no observable difference in trajectories of change in epi-
sodic memory before and after retirement. However, the steeper memory decline in
workers belonging to the lower occupational class may limit their prospect of prolonging
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their working lives. Hence enrichment programmes for the prevention of memory de-

cline for these workers should be considered.
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Key Messages

analysis stratified by occupational class.

* In this prospective, population-based study we investigated the association of working status and memory scores in
participants who were interviewed and tested every 2 years.
* No difference in the rate of memory decline was seen before and after retirement for the whole population, nor in an

¢ Stratification into occupational classes revealed different trajectories for each class: mostly stable memory scores be-
fore and after retirement for the professional and intermediate classes, and an indication that the lower occupational
class had a steeper rate of memory decline than the higher occupational classes.

Introduction

Cognitive ageing is the decline in cognitive processing that
occurs as people get older. Whereas some cognitive aspects
such as verbal ability or cumulative knowledge increase with
age, a decline occurs for processing-intensive tasks, such as
speed of processing, working and long-term memory."

Three different but correlated theories have steered
investigations of work and cognition. The ‘use it or lose it’
hypothesis posits that the individual’s level of cognitive
functioning depends on their current mental ability, and
that those with higher levels of cognitive functioning
throughout their lives maintain their cognition as they age.
According to the cognitive reserve theory, stimulating
experiences throughout the lifetime, such as educational or
occupational attainment, can prevent or decelerate age-
related cognitive decline by ‘optimizing performance
through differential recruitment of brain networks, which
reflect the use of alternate cognitive strategies’.” Schooler’s
theory of environmental influences on cognitive function-
ing suggests that complex environments have a positive ef-
fect, whereas simple environments have a negative effect
on cognitive functioning.’

The work environment exposes individuals to social
interactions, mental and physical demands and stress.
Several studies have found that people with high mental
demands at work or high job complexity have less cognitive
impairment.* The transition from work into retirement,
when people are no longer exposed to the ‘work experi-
ence’, may thus affect cognition. A recent review stressed
the need for further research on the impact of retirement on
cognitive function, citing lack of prospective studies.'® Our
study aimed to examine the role of retirement on episodic

memory decline. Individual trajectories of memory test
scores were analyzed over an 8-year period to examine the
effect of retirement on episodic memory and the modifying
effect of occupational class.

Methods
Study design

Our study examined data extracted from the English
Longitudinal Study of Ageing (ELSA). ELSA is a prospec-
tive, population-based cohort study on people aged 50 and
over living in private households in England and their part-
ners. The aim of ELSA is to study health, economic status
and quality of life among the elderly. The initial sample
was drawn from households that responded to the Health
Survey for England in 1998, 1999 or 2001. Core sample
members were born on or before February 29, 1952, to en-
sure that they would be 50 or over at the beginning of
ELSA wave 1, and were interviewed every 2years.'' The
individual response at wave 1 was 66%, and more infor-
mation is available elsewhere.'” This study investigated
participants from wave 1 to wave 5, spanning a time of
8§ years (2002-10).

Standard protocol approvals, registrations and
patient consent

Ethical approval for ELSA was obtained by the South
Central- Berkshire Research Ethics Committee (reference #
12344) and for this study by the London School of
Hygiene and Tropical Medicine Ethics Committee (ap-
proval# 09/H0505/124). Written consent was obtained for
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all study participants, either from the participants or from
next of kin, relative, close friend or caregiver per the
Mental Capacity Act (2005).

Participants

Participants were included in the study if they were between
the ages of 50-75 and participated in paid work at the start
of the study. Those who reported having dementia or
Alzheimer’s disease diagnosis in the study period, and those
who were unemployed, permanently sick or at home taking
care of family at the start of the study, were excluded.
Participants were also excluded if they were already retired
at wave 1. At each wave, participants were asked if they had
been involved in paid work. We included only participants
who had retired at some point during the 8-year follow-up;
506 (13%) of the initially eligible participants were
completely lost to follow-up after wave 1. Hence, their work
status was not known after wave 1. They were more likely
to be men (P =0.02), to be younger (56.8 vs 58.6, P <0.001)
and to be less educated (P=0.003) than the participants
who stayed in the study. Their baseline delayed word recall
scores at baseline were also lower (5.86 vs 6.01, P=0.06),
but the other memory scores at baseline were equivalent.

In total 1629 participants who had retired during the
8-year follow-up period remained in the study. They aver-
aged 4.4 interviews [standard deviation (SD) = 1.0,
median = 5], of which 3.3 (SD = 1.3, median = 3) were done
before retirement, and 1.7 (SD = 0.7, median = 1) occurred af-
ter retirement. Figure 1 shows a schematic of the process flow.

Retirement age and ‘time until/since retirement’

We defined being retired as being ‘not in paid work’, as
has been used in similar studies.'*™'® Participants were
coded as being ‘in paid work’ or ‘retired’ at each wave.
The age of retirement was set as the participant’s age in the
last wave in which they were still at work. The mean retire-
ment age was 61.4 years (SD = 5.1, range 50-81).

Outcome measures

Our study focused on episodic memory, assessed through
a test of verbal learning and recall. Several studies
have found that episodic memory is among the first
cognitive functions to decline with ageing.'*'* It has been
argued that it is a more sensitive measure than other meas-
ures of cognitive function with a limited variability in
scores.'®> Three tests were used: immediate word recall,
delayed word recall and total episodic memory scores,
based on the Rey Auditory-Verbal Learning Test.'® In
face-to-face interviews, participants were given a list of 10
common words and were asked to recall as many words as

Initial ELSA sample

N=12,099 <50 years old = 577
>75 years old=2115
Total=2692
I

Alzheimer’s disease or
» other dementia= 142
Refused=3

Don’t know=17
Total=162

Unemployed= 116

Permanently sick/disabled = 649
Taking care of family/home= 866
Other = 38

Refusal=1

Don’t know=2

Total=1672

X

44 Not in paid work= 3616

Lost to follow-up after wave 1= 506
(no information on working status)

A4

Remained at work for follow-up

period= 1823
Final sample:
Retired during 8-year follow-up
N= 1629

Figure 1. Process flow of study participants.

possible in any order (immediate word recall, range 0-10).
After a period of about 5 min, the participants were
asked to recall as many words as they could remember
0-10). The
memory score was the sum of both test results. Points were

(delayed word recall, range episodic
only given to the correct number of words recalled. There
were four alternative word lists, so that different lists could
be given at different waves. For example for wave 1, the
first member of the household to be tested was assigned a
list at random and, where there was more than one mem-
ber of the household in the ELSA sample, the remaining
lists were also selected at random. For the next wave, the
procedure was similar, but it excluded the list that the re-
spondent had in wave 1."” A more detailed description of

the word recall available

18,19

test and its validity is
elsewhere.
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Covariates

All covariate information was taken at each wave through
face-to-face interviews and self-completed questionnaires.
Baseline age and sex were defined as a priori confounders.
Occupational class was categorized into professional, inter-
mediate and lower occupations, according to the National
Statistics Socio-Economic Classification. Examples of occu-
pations in the professional category are doctors, scientists/
engineers and teachers. Policemen, administrative workers
and clerks belong to the intermediate class and construction
and maintenance workers, couriers and cooks are examples
of those in the lower occupational class.

Self-reported health was obtained based on the questions
from the Health and Retirement Study (waves 1, 2, 4 and 5)
and from the Health Survey for England (wave 3). A higher
score indicates poorer self-reported health. Depression was
measured using the Center for Epidemiological Studies-
Depression (CES-D) scale.?”

Taking test practice effects into account is necessary for lon-
gitudinal cognitive studies,”! and we included a re-test effects
term in the regression models following the recommendation
by Vivot et al.** We used the square root of the number of pre-
vious visits (e.g. 0, 1, 1.4, 1.7...) for re-test effects, considering
the methods proposed by Vivot et al. and findings regarding re-
test effects for a similar cohort using the same tests as ELSA.*?

Statistical analysis

To explore the association between memory scores and covari-
ates, we used mixed effects linear regression. Our regression
analysis used all available scores, if they were available in more
than one wave. We assessed the possibility of selective attrition
bias by correlating the number of waves completed with cova-
riates. We then applied a multivariate mixed effects two-slope
linear model with the individual ID as a cluster. The individu-
al’s retirement age was used as the centring point, similar to

>3 with one linear slope

what has been done in similar studies,
before retirement age and a separate linear slope after retire-
ment. The change in the slope from time before retirement and
time after retirement was then estimated. The equation is
shown below and a schematic is portrayed in Figure 2.

Where ¢ =0 is the time at retirement:

Yij = 801 + 824 (time until retirementi)(t <0)
+ By (time since retirement;) o,

+ B3 (practice effects;;) + £34(baseline age;)
+ 8, (covariatesy;) + &j

To build the final model we used a forward elimination
scheme, in which the model was built in a stepwise fashion
with covariates which confounded the association between
time to retirement and memory scores, whereas baseline

retirement at t=0

Time until retirement

memo
v slope= Bz

post and pre-retirement=
score

Baa-Pas

'
i change in value of slope
i
i

Time since retirement
slope= Bay

1
|

;

t=0

time until/since retirement

Figure 2. Schematic of statistical model.

age, sex and re-test effects were always kept in the model.
The analysis was based on all available data, but the small
proportion of missing data is unlikely to affect results.

Sensitivity analysis

All participants who were at work at baseline, including those
who remained at work for the follow-up period, were included
in a sensitivity analysis (N = 3445). The process flow is shown
in Supplementary Figure 1, available as Supplementary data at
IJE online. We used a multivariate mixed effects linear regres-
sion model with the individual ID as a cluster to model the as-
sociation between working status (retired at some point within
the follow-up period vs remaining at work) and memory
scores. The model was adjusted for age, sex, re-test effects and
for factors associated with working status and memory scores.
All data analyses were performed with the statistical software
STATA v.14.2 (StataCorp., College Station, TX).

Results

Participant characteristics

The participant characteristics at each wave are summa-
rized in Table 1. About 35% of the participants retired at
wave 2, 52% by wave 3, 73% by wave 4, and by the end
of wave 5, all participants had retired. The proportion of
participants suffering from diabetes or hypertension, who
had a previous stroke or myocardial infarction, increased
with increasing wave. Memory tests scores increased from
wave 1 to wave 3, and decreased thereafter.

Most participants participated in testing at all waves
(68.5%) (Table 2). Participation tended to be lower for
less educated participants and for those in the lowest occu-
pational class.

Univariate analysis

Results from univariate linear regressions for the memory
test scores are presented in Table 3. Delayed memory recall
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Table 1. Distribution of time-varying covariates and memory scores

Covariate Wave 1 (0 years) Wave 2 (2 years) Wave 3 (4 years) Wave 4 (6 years) Wave § (8 years)
N=1629 N=1505 N=1411 N=1365 N=1370

Mean age (SD) 58.6(5.3) 60.9 (5.3) 62.7 (5.3) 64.7 (5.3) 66.6 (5.1)
Sex

Female 847 (52.0%) 788 (52.4%) 746 (52.9%) 715 (52.4%) 719 (52.5%)

Male 782 (48.9%) 717 (47.6%) 665 (47.1%) 649 (47.6%) 651 (47.5%)

Total 1629 (100%) 1505 (100%) 1411 (100%) 1364 (100%) 1370 (100%)
Retired

Yes 0(0%) 533 (35.4%) 729 (51.7%) 994 (72.8%) 1370 (100%)

No 1629 (100%) 972 (64.6%) 682 (48.3%) 371 (27.2%) 0(0%)

Total 1629 (100%) 1505 (100%) 1411 (100%) 1365 (100%) 1370 (100%)
Diabetes

Yes 67 (4.1%) 83 (5.5%) 102 (7.2%) 110 (8.1%) 131 (9.6%)

No 1562 (95.9%) 1422 (94.5%) 1309 (92.8%) 1253 (91.9%) 1239 (9.6%)

Total 1629 (100%) 1505 (100%) 1411 (100%) 1363 (100%) 1370 (100%)
Hypertension

Yes 509 (31.3%) 555(36.9%) 571 (40.5%) 589 (43.2%) 619 (45.2%)

No 1120 (68.8%) 950 (36.9%) 840 (59.5%) 775 (56.8%) 751 (54.8%)

Total 1629 (100%) 1505 (100%) 1411 (100%) 1364 (100%) 1370 (100%)
Stroke

Yes 15(0.9%) 24 (1.6%) 28 (2.0%) 33(2.4%) 40 (2.9%)

No 1614 (99.1%) 1481 (98.4%) 1383 (98.0%) 1330 (97.6%) 1330 (97.1%)

Total 1629 (100%) 1505 (100%) 1411 (100%) 1363 (100%) 1370 (100%)

Myocardial infarction
Yes
No
Total

Depression score
Total

Self-reported health score
Total

Alcohol
Abstainer
Light
Moderate
Total

Education
Low
Medium
High
Total

Occupational class
Professional/Managerial
Intermediate
Lower
Total

Memory tests
Immediate recall
Delayed recall
Episodic memory
Total

44 (2.7%)
1585 (97.3%)
1629 (100%)
1.16 (1.67)
1592
1.64 (0.73)
1621

538(33.2%)
586 (36.1%)
498 (30.7%)
1622 (100%)

671
438
518
1627

41.2%)
26.9%)
31.8%)
100%)

608 (38.6%)
372(23.6%)
595 (37.8%)
1575 (100%)

6.01(1.61)

4.64 (1.92)

10.66 (3.20)
1602

55(3.7%)
1450 (96.4%)
1505 (100%)
1.28 (1.76)
1484
1.72 (0.77)

1499

466 (33.6%)
372 (26.8%)
549 (39.6%)
1387 (100%)

603 (40.1%)
415 (27.6%)
486 (32.3%)

1504 (100%)

522 (34.7%)
396 (26.4%)
585 (38.9%)
1503 (100%)

6.15 (1.59)

4.86 (1.90)

11.02 (3.18)
1498

68 (4.8%)
1343 (95.2%)
1411 (100%)
1.15 (1.69)
1395
1.96 (0.73)
1404

436 (34.9%)
342 (27.4%)
472 (37.8%)
1250 (100%)

478 (33.9%)
399 (28.3%)
534 (37.9%)

1411 (100%)

479 (34.0%)
386 (27.4%)
544 (38.6%)
1409 (100%)

6.15 (1.65)

4.96 (1.91)

11.10 (3.25)
1401

68 (5.0%)
1295 (95.0%)
1363 (100%)
1.12 (1.73)
1327
1.76 (0.77)
1340

410 (33.9%)
330 (27.3%)
470 (38.8%)
1210 (100%)

502 (36.9%)
368 (27.0%)
492 (36.1%)

1362 (100%)

453 (33.2%)
376 (27.6%)
534 (39.1%)
1363 (100%)

6.13 (1.60)

4.87 (1.90)

11.00 (3.25)
1339

67 (4.9%)
1303 (95.1%)
1370 (100%)
1.23 (1.81)
1330
1.77 (0.76)
1337

503 (39.3%)
305 (23.8%)
471 (36.8%)
1279 (100%)

532 (39.0%)
351 (25.8%)
480 (35.2%)

1363 (100%)

464 (33.9%)
369 (27.0%)
535(39.1%)
1368 (100%)

6.11 (1.67)

4.85 (2.00)

10.96 (3.41)
1333
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Table 2. Characteristics of participants at baseline and their participation in interviews?

Covariate at baseline

Number of total interviews completed

1 2 3 4 5 P-value®

Number of participants 20 (1.2%) 115 (7.1%) 172 (10.6%) 205 (12.6%) 1116 (68.5%)
(Total = 1629)
Mean age (SD) 58.7 (4.0) 60.2 (5.3) 59.1(5.5) 59.0 (5.5) 58.3(5.2) 0.40°
Female 9 (45.0%) 55 (47.8%) 81 (47.1%) 103 (50.2%) 599 (53.7%) 0.36
Diabetes

Yes 0(0%) 6(5.2%) 7 (4.1%) 9 (4.4%) 45 (4.0%) 0.87
Hypertension

Yes 7 (35%) 41 (35.7%) 58 (33.7%) 70 (34.2%) 332 (29.8%) 0.46
Stroke

Yes 0(0%) 2(1.7%) 2(1.2%) 4(2.0%) 7(0.6%) 0.33
Myocardial infarction

Yes 3(5.7%) 12 (5.0%) 24 (4.4%) 41 (4.8%) 222 (4.0%) 0.72
Depression score 0.87(1.25) 1.32 (1.83) 1.51(2.01) 1.24 (1.75) 1.09 (1.57) <0.001°¢
Self-reported health score 2.05(0.78) 1.62 (0.73) 1.70 (0.77) 1.70 (0.74) 1.61(0.72) <0.001°¢
Alcohol

Abstainer 8 (42.1%) 38 (33.0%) 63 (36.8%) 67 (33.3%) 362 (32.4%) 0.48

Light drinker 9 (43.4%) 38 (33.0%) 56 (32.8%) 66 (32.8%) 417 (37.4%)

Moderate 2 (10.5%) 39 (33.9%) 52(30.4%) 68 (33.8%) 337 (30.3%)

Drinker
Education

Low 15 (79.0%) 65 (56.5%) 88 (51.2%) 97 (47.6%) 405 (36.3%) <0.001

Medium 1(5.3%) 23 (20.0%) 40 (23.3%) 50 (24.5%) 324 (29.0%)

High 3(15.8%) 27 (23.5%) 44 (25.6%) 57 (28.0%) 387 (34.7%)
Occupational class

Professional/ 5(31.3%) 34 (31.2%) 54 (34.2%) 63 (32.1%) 452 (41.2%) 0.003

Managerial

Intermediate 4(25.0%) 24 (22.0%) 30 (19.0%) 42 (21.4%) 272 (24.8%)

Lower 7 (43.8%) 51 (46.8%) 74 (46.8%) 91 (46.4%) 372 (33.9%)

?Five interviews completed means full participation, including testing, at waves 1-5; 1 interview completed means tests completed for only one wave.

PChi square.
“One-way analysis of variance (ANOVA).

scores slightly increased before retirement and remained
stable after retirement, but no effect was observed for im-
mediate memory recall scores. All covariates were associ-
ated either to immediate or to delayed recall scores, and
therefore they were all included when building the model.

Multivariate analysis

After adjusting for baseline age, sex, depression, alcohol, edu-
cation and occupational class, there was a slight indication
that memory scores decreased slightly with time preceding re-
tirement (episodic memory f,, = —0.05, 95% CI —0.10,
0.01) (Table 4). After retirement, memory scores continued
to decrease with time (episodic memory f,, = —0.08, 95%
CI —0.12, —0.04). There was an indication of a slightly
steeper negative slope for the time before retirement com-
pared with the time after retirement for the delayed word re-
call scores (delayed word recall 5, —f, = —0.03, 95% CI

—0.06, 0.00), but overall no difference observed for the epi-
sodic memory scores (episodic memory fp, —f, = —0.03,
95% CI —0.08, 0.02). Figure 3 shows the trajectory for the
episodic memory scores before and after retirement. Results
were alike when stratifying by gender (not shown).

Results were similar when restricting only those who re-
tired at or before 65 years of age in the analysis (Table 5).
Here, pre- and post-retirement slopes were comparable for
all memory measures.

When restricting the analysis to those in the profes-
sional occupational class (Table 6, Figure 4), immediate
word recall and episodic memory scores were stable before
retirement. The delayed word recall scores might have
been already decreasing before retirement (f,, = —0.04,
95% CI —0.09, 0.01), but after retirement there is evidence
that they were decreasing f,, = —0.05, 95% CI —0.09,
—0.01).No association was seen for immediate word recall
scores after retirement, which were reflected in the results
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Table 3. Crude regression coefficients (3) for association of participant characteristics with memory test outcomes
Characteristic Immediate word recall Delayed word recall Episodic memory
£5(95% CI) P-value® £(95% CI) P-value® (95% CI) P-value®
Baseline age —0.06 <0.001 -0.09 <0.001 -0.15 <0.001
(—0.07, -0.05) (—=0.10, —0.07) (-0.17,-0.13)
Sex 0.49 <0.001 0.67 <0.001 1.16 <0.001
(ref. = male) (0.37,0.61) (0.52, 0.82) (0.90, 1.40)
Education (ref. =.less than O-level or equivalent)
O-level or equivalent 0.47 <0.001 0.52 <0.001 0.93 <0.001
(0.35, 0.60) (0.37, 0.67) (0.68,1.19)
Higher than A-level 0.75 <0.001 0.86 <0.001 1.53 <0.001
(0.63, 0.87) (0.72,1.01) (1.29,1.78)
Alcohol (ref. = abstainer)
Light drinker 0.13 0.02 0.11 0.06 0.22 0.03
(0.02,0.23) (—0.01, 0.23) (0.02,0.42)
Moderate drinker 0.31 <0.001 0.37 <0.001 0.65 <0.001
(0.20, 0.42) (0.24,0.51) (0.42,0.87)
Diabetes (ref. =.no) —0.47 <0.001 -0.50 <0.001 -0.92 <0.001
(—0.66, —0.29) (—0.72, —0.29) (—1.28, —0.56)
Stroke (ref. = no) -0.71 <0.001 -0.56 0.003 -1.26 <0.001
(=1.03, —0.39) (—0.93, —0.19) (—1.77, —0.64)
Hypertension (ref. = no) —-0.12 0.01 —0.08 0.09 -0.20 0.04
(—0.22, —0.03) (—0.21,0.02) (—0.40, —0.01)
Cardiac infarct (ref. =.no) —0.05 <0.001 -0.18 0.21 -0.39 0.12
(—0.07,-0.03) (—0.47,0.10) (—0.87,0.10)
Self-reported health —0.15 <0.001 —-0.16 <0.001 -0.27 <0.001
(—=0.20, —0.10) (—0.21, —0.10) (-0.37,-0.17)
CES-D Depression —0.05 <0.001 —-0.05 <0.001 -0.10 <0.001
(—0.08, —0.03) (—0.07, —0.02) (—0.14, —0.05)
Occupational class (ref. = professional)
Intermediate —0.31 <0.001 -0.32 <0.001 -0.61 <0.001
(—0.44, —0.18) (—0.49, —0.19) (—0.87, —0.36)
Lower —0.61 <0.001 —0.68 <0.001 -1.19 <0.001
(—0.72, —0.49) (—0.82, —0.54) (—1.44, -0.95)
Time until retirement (years) 0.01 0.58 0.04 0.02 0.05 0.08
(—0.02, 0.04) (0.01, 0.08) (—0.01,0.12)
Time since retirement (years) —0.01 0.21 —0.01 0.09 —0.02 0.12
(—0.02, 0.01) (—0.03, 0.00) (—0.05,0.01)
Square root of previous tests taken 0.05 0.04 0.11 <0.001 0.15 <0.001
(0.00, 0.09) (0.07,0.16) (0.07,0.23)

?P-value partial F test.

for episodic memory (f,, = —0.04, 95% CI —0.10, 0.03).
There were no observed differences in the slopes before
and after retirement for any of the memory scores.

Those in the intermediate occupational class had stable
memory scores before retirement (episodic memory f,, =
0.03, 95% CI —0.08, 0.13). After retirement, delayed word re-
call scores may have been slightly decreasing, but overall, the
decreasing trend in episodic memory scores after retirement
was not significant (f8,, = —0.06, 95% CI —0.14, 0.01). There
was only a weak indication, if at all, that the post-retirement
slope was negative compared with the pre-retirement slope (ep-
isodic memory B, —f2. = —0.09, 95% CI —0.19, 0.02).

Those in the lower occupational class had clearly decreas-
ing pre-retirement and post-retirement scores in all memory
tests (episodic memory fi>, = —0.11, 95% CI —0.19, —0.03;
Bar = —0.13, 95% CI —0.19, —0.07). However, there was
no difference in the slopes before and after retirement (epi-
sodic memory S5, —f2, = —0.02, 95% CI —0.10, 0.07).

Sensitivity analysis

In the sensitivity analysis, there was no association be-
tween the effect of retirement or of remaining in work on
episodic memory (8= —0.01, 95% CI —0.14, 0.12).
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Figure 3. Trajectories of episodic memory estimated by the two-slope mixed effects multivariate model.

Table 4. Regression coefficients () for a two-slope multivariate linear regression with spline at retirement

3% (95% CI) P-value 8> (95% CI) P-value 3°(95% CI) P-value
Immediate word recall
Time until retirement —0.06 <0.001 —0.04 0.006 —0.02 0.14
(Ba2a) (—0.09, —0.04) (—0.07, —0.01) (—0.05, 0.01)
Time since retirement —0.06 <0.001 —0.04 <0.001 —0.02 0.03
(Bab) (—0.08, —0.04) (—0.06, —0.02) (—0.04, 0.00)
Difference in slope 0.00 0.73 0.00 0.91 0.00 0.89
(Ban-P2a) (—0.02, 0.03) (—0.03, 0.03) (—0.03, 0.03)
Delayed word recall
Time until retirement —0.08 <0.001 -0.05 0.002 -0.03 0.08
(Baa) (=0.11, —0.05) (—0.08, —0.02) (—0.06, 0.00)
Time since retirement -0.10 <0.001 —0.07 <0.001 —0.06 <0.001
(Bab) (—0.12, —0.07) (—0.10, —0.05) (—0.08, —0.03)
Difference in slope —0.02 0.25 -0.03 0.09 —0.03 0.05
(Bab-PB2a) (—0.05,0.01) (—0.05, 0.00) (—0.06, 0.00)
Episodic memory
Time until retirement —-0.14 <0.001 —0.08 0.002 —-0.05 0.06
(Baa) (—0.19, —0.08) (—0.14, —0.03) (—0.10, 0.01)
Time since retirement -0.15 <0.001 —0.11 <0.001 —0.08 <0.001
(Ban) (=0.15, —0.07) (=0.15, —0.07) (—0.12, —0.04)
Difference in slope —0.01 0.57 —0.02 0.27 —0.03 0.21
(Ban-P2a) (—0.06, 0.04) (—0.08, 0.02) (—0.08, 0.02)

?Adjusted for re-test effects.
bAdjusted by baseline age, sex and re-test effects.

€Adjusted by baseline age, sex, re-test effects, depression, alcohol, education and occupational class.

be
(Supplementary Tables 1-3, available as Supplementary

data at IJE online).

Results can seen in Supplementary material

Discussion

Our study showed equally declining memory scores preced-
ing and following retirement. These memory score trajecto-
ries depended on occupational class: those in the professional
class had relatively stable episodic memory scores before and

after retirement. Those in the intermediate class had stable
pre-retirement scores and if at all, a slight decrease of scores
afterretirement. Those in the lower occupational class had
equally decreasing memory scores before retirement and after
retirement, but the rate of their memory decline was faster
than for the higher classes. Our sensitivity analysis investigat-
ing the association of retirement with episodic memory scores
in the larger cohort of worker,s in which some retired and
some remained at work, also corroborated the lack of an as-
sociation between retiring and memory decline.
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Olaya et al. 2017 mapped trajectories of episodic mem-
ory by age in the ELSA population, and found that among
other factors, wealth and education were associated with
more favourable trajectories.*® Similarly, our data indicate
that higher occupational status is associated with better
memory scores. The findings of this study are similar to
those of Coe and Zamarro,>” de Grip et al.>® and Roberts
et al.,’’ who did not find an association between retire-
ment and episodic memory. However, several studies

Table 5. Regression coefficients (B) for a two-slope multivari-

ate linear regression with spline at retirement (retirement age

<65years)
57 (95% CI) P-value
Immediate word recall
Time until retirement —0.03 0.05
(Ba2a) (-0.06, 0.00)
Time since retirement —-0.02 0.04
(Bav) (-0.04, 0.00)
Difference in slope 0.01 0.74
(Bav-PBaa) (-0.02, 0.03)
Delayed word recall
Time until retirement —0.04 0.03
(B2a) (-0.07, 0.00)
Time since retirement —0.06 <0.001
(Ban) (-0.08, -0.04)
Difference in slope —0.03 0.12
(Bav-Baa) (-0.06, 0.01)
Episodic memory
Time until retirement -0.06 0.02
(Ba2a) (-0.12, 0.01)
Time since retirement —0.08 <0.001
(B2b) (-0.12,-0.04)
Difference in slope —0.02 0.47
(Bav-B2a) (-0.07,0.03)

?Adjusted by baseline age, sex, re-test effects, depression, alcohol, educa-
tion and occupational class.

(Adam et al.,*® Wickrama et al.,>' Bonsang et al.'’ and
Mazzona and Perachi®?) found that retirees had lower epi-
sodic memory scores than those in work. Coe et al.>* stud-
ied the effect of occupation and found an increase in
memory scores after retirement for blue-collar workers but
not for white-collar workers. Differences in cohorts and in
the methodology used might explain the differences in our
results.

It has been reported that individuals with higher educa-
tion and socioeconomic status are more likely to develop
engaged lifestyles that help maintain intellectual function-
ing later in life.** Hultsch ez al. 1999 found that intellectu-
ally engaging activities buffer against decline in cognitive
function, and postulated that high-ability individuals lead
intellectually active lives until cognitive decline in old age
limits their activities.>> Furthermore, workers in the higher
occupational classes experience greater mental demands
and control than those in the lower ones.*®*” Then et al.
(2014) also found an association between high mental
demands at work and better cognitive functioning in retir-
ees of older age.>® Our findings suggest rather constant epi-
sodic memory trajectories independent of retirement for
the professional and intermediate occupational classes, and
seem to support the cognitive reserve theory.

Our findings should be considered in light of the study’s
limitations. Although cognition is a multifaceted construct,
this study only focused on episodic memory. Nonetheless,
episodic memory has been found to be a central factor in
cognitive ageing.’” Our model did not include measures of
social engagement or leisure activities, yet these may affect
episodic memory before or after retirement. Individuals
who were lost to follow-up had lower memory scores at
the start of the study. To consider the effect of attrition, a
subgroup of participants who did not participate in all
yielding
(Supplementary Table 4, available as Supplementary data

waves were analysed, similar  results

Memory trajectories pre and post retirement
by occupational class
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Figure 4. Trajectories of episodic memory preceding and following retirement, by occupational class.
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Table 6. Regression coefficients (B) for a two-slope multivariate linear regression with spline at retirement, by occupational

class
Immediate word recall Delayed word recall Episodic memory
£ (95% CI) P-value £ (95% CI) P-value £ (95% CI) P-value
Professional/managerial occupational class®
Time until retirement —0.02 0.30 —0.04 0.11 —-0.06 0.14
(B2a) (—0.06,0.02) (—0.09, 0.01) (—0.14,0.02)
Time since retirement 0.02 0.37 -0.05 0.007 —0.04 0.23
(Bab) (—0.02,0.05) (—0.09, —0.01) (—0.10, 0.03)
Difference in slope 0.04 0.14 —0.02 0.53 0.02 0.64
(Bab-Paa) (—0.01,0.08) (—0.07,0.03) (—0.06,0.11)
Intermediate occupational class
Time until retirement 0.02 0.43 0.01 0.68 0.03 0.64
(B2a) (—0.03,0.08) (—0.05,0.08) (—0.08,0.13)
Time since retirement —0.01 0.59 —0.04 0.07 —0.06 0.11
(Bab) (—0.05,0.03) (—=0.09, 0.00) (—0.14, 0.01)
Difference in slope —-0.03 0.27 —-0.06 0.07 —-0.09 0.10
(Bob—P2a) (—0.09, 0.03) (—0.12,0.01) (—0.19, 0.02)
Lower occupational class”
Time until retirement -0.05 0.02 —0.06 0.02 —0.11 0.01
(B2a) (—0.09, —0.01) (—0.11, —0.01) (—0.19, —0.03)
Time since retirement -0.05 <0.001 —0.07 <0.001 —0.13 <0.001
(Bab) (—0.08, —0.02) (—0.11, —0.04) (—0.19, —0.07)
Difference in slope 0.00 0.84 —0.01 0.57 —0.02 0.67
(B2b—P2a) (—0.05, 0.04) (—0.07,0.04) (—0.10, 0.07)

?Adjusted by baseline age, sex, re-test effects, depression, alcohol, education and occupational class.

"Model did not include jump in intercept (£o2).

at IJE online). Depression and alcohol consumption were
considered confounders and were included in the models,
although it is plausible that they could also be the reason
for or the consequence of retirement. We also estimated
models without these covariates, with similar results (data
not shown). There are other alternatives for adjusting for
practice effects, such as using the previous number of tests
or considering a boost in performance only after initial
testing.”> However, we believe that our method using the
square root of the previous test was appropriate, as this
would allow for the possibility for the participants to learn
more at each test but with reduced results over time. For a
similar cohort using the same tests as ELSA, there was evi-
dence that despite well-matched alternate tests, there were
still practice effects seen for subsequent waves, especially
for memory measures.”* Because individuals who were un-
employed, permanently ill or were taking care of family at
baseline were excluded, this study is not generalizable to
this population. Since only 4% of our population was
70years or older at baseline, our study may also not be
generalizable to this older segment of the population.
However, this study is generalizable to healthy working
populations between 50 and 70 years of age. In addition,
our results reflect the role of retirement in an English

setting, and thus may be generalizable only to countries
with a similar population and social structure.

The current trend is to delay retirement age, but these
results show that there is no cognitive benefit by remaining
at work as measured by episodic memory. However, peo-
ple working in occupations characterized by manual la-
bour appeared to experience a more rapid memory decline
with time than those in the higher occupational classes. As
a consequence, these workers may face cognitive and,
more specifically, memory limitations, as their working life
progresses. Governments, policy makers and employers
should hence consider providing cognitive enrichment pro-
grammes to potentially affected workers, to help prevent
or slow their episodic memory decline.

Supplementary Data

Supplementary data are available at IJE online.
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