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Abstract

Background: Knowledge on factors affecting the rate of cognitive decline and how to maintain cognitive functioning
in old age becomes increasingly relevant. The purpose of the current study was to systematically review the evidence
for the impact of retirement on cognitive functioning and on age related cognitive decline.

Method: We conducted a systematic literature review, following the principles of the PRISMA statement, of longitudinal
studies on the association between retirement and cognition.

Results: Only seven studies fulfilled the inclusion criteria. We found weak evidence that retirement accelerates the rate
of cognitive decline in crystallised abilities, but only for individuals retiring from jobs high in complexity with people.
The evidence of the impact of retirement on the rate of decline in fluid cognitive abilities is conflicting.

Conclusion: The review revealed a major knowledge gap in regards to the impact of retirement on cognitive decline.
More knowledge on the association between retirement and age related cognitive decline as well as knowledge on

the mechanisms behind these associations is needed.
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Background

With the digitalisation of the society, cognitive function-
ing becomes more and more important for independent
living in old age. The proportion of older adults in most
Western countries is increasing [1, 2] and at the same
time, ageing is generally associated with a decline in cog-
nitive functioning [3, 4]. Therefore, knowledge on factors
affecting the rate of cognitive decline and how to main-
tain cognitive functioning in old age becomes increas-
ingly relevant.

The use it or lose it hypothesis proposes that our cog-
nitive functioning deteriorates when we are not chal-
lenged or stimulated mentally. Accordingly, retirement
can be expected to present a risk of accelerated cognitive
decline due to a decrease in mentally challenging tasks
following the exit from the labour market. However, the
negative effect of retirement may differ between occupa-
tional groups. Individuals in occupations with high men-
tal demands would be expected to show less age related
cognitive decline while still in the workforce than
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individuals in occupations with low mental demands.
According to the use it or lose it hypothesis, one would
expect that the difference in rate of decline between
these occupational groups would diminish after retire-
ment, because their level of mental stimulation would
become more similar. In other words, the negative effect
of retirement can be expected to be greater for individ-
uals retiring from jobs with high mental demands.

On the other hand, the theory of cognitive reserve See
[5, 6] proposes that some individuals have a larger cog-
nitive reserve than others. Two mechanisms behind this
reserve are prosed: 1) Brain reserve which is a product
of the brain anatomy so the larger brain and higher
number of neurons and synapses an individual has, the
larger the reserve. 2) Cognitive reserve reflects the extent
to which an individual uses neural networks or cognitive
paradigms efficiently and flexibly rather than anatomic
differences [5, 6]. Cognitive reserve can be regarded as
“the sum of its lifetime input” [7] (pp.617) and epi-
demiological studies suggest that educational level and
occupational attainment can increase cognitive reserve
[6, 8]. From this theoretical perspective, there are no dif-
ferences in the rate of decline between individuals in
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occupations with high and low mental demands, only in
the level of cognitive functioning. In other words, they
show parallel trajectories of cognitive decline, also re-
ferred to as preserved differentiation. Accordingly, re-
tirement would not affect the rate of cognitive decline in
either of the two groups. However, individuals with a lar-
ger reserve would reach the level of clinical impairment
at a later stage because of their generally higher level of
cognitive functioning.

The trajectories of the cognitive decline depend on
whether it is fluid or crystallised cognitive abilities. Fluid
cognitive abilities include cognitive domains such as
processing speed, working memory and spatial ability,
while crystallised cognitive abilities include verbal ability
and accumulated knowledge. Singer et al. [9] found fluid
ability to decline with age while crystallised ability
remained stable until the age of 90 after which they
found evidence of decline. In addition, individual vari-
ance appears to increase with age for fluid but not crys-
tallised cognitive ability [10, 11]. Based on this, it could
be speculated that the potential detrimental effect of re-
tirement will differ depending on whether it is fluid or
crystallised abilities that are being measured.

Results from cross sectional studies suggest that there
is a negative association between retirement and cog-
nitive functioning [8, 12]. A limitation of cross sectional
designs is that they are not able to provide evidence for
a causal relationship. To overcome this problem,
Rohwedder and Willis [13] used cross sectional data
from various countries with different retirement ages.
These aggregated data showed that drop in memory
functioning matched the age of retirement in the re-
spective countries. This pattern of results, they argue,
provide evidence for a causal relationship between re-
tirement and drop in memory functioning. However, the
results from cross sectional designs only informs about
differences in cognitive functioning, not changes in cog-
nitive functioning over time because they only measure
cognitive functioning at one point in time. It is therefore
not possible to draw any conclusions on whether retire-
ment affects the rate of cognitive decline based on re-
sults from studies using a cross sectional design. To
answer this question, it is necessary to gather evidence
from studies using a longitudinal design examining
changes in cognitive functioning over time.

A review of longitudinal studies examining whether
psychosocial work conditions can protect against cogni-
tive decline did not find clear evidence that mental de-
mands at work protect against cognitive decline (in
neither crystallised nor fluid abilities) while still in the
workforce [14], however, this study did not examine the
impact of retirement on cognitive decline.

To the authors’ knowledge, no study so far has gath-
ered the evidence from longitudinal studies on the
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impact of retirement on cognitive decline. Thus, a sys-
tematic overview of the knowledge on the impact of re-
tirement on cognitive decline is still lacking.

Therefore, in the current article, we set out to answer
the following research question: Does retirement affect
age related cognitive decline? To answer this question
we carried out a systematic literature review of longitu-
dinal studies on the impact of retirement on cognition,
gathering the evidence for the impact of retirement on
cognitive functioning and/or the rate of change in cogni-
tive functioning, assessing the evidence separately for
fluid and crystallised cognitive abilities. In addition, we
investigated if the association between retirement and
cognitive functioning and/or rate of cognitive decline
differed between occupations with different levels of
cognitive demands.

Methods
The systematic literature review followed the principles
of the PRISMA statement [15].

Search strategy
The literature search was carried out in four databases for
articles in English published until the 1st of August, 2014:

1) Medline via the PubMed interface: http://www.ncbi.
nlm.nih.gov/pubmed

2) PsycNET via the APA host interface: http://psycnet.
apa.org/

3) Web of Science includes the three databases, Science
Citation Index Expanded (SCI-EXPANDED), Social
Sciences Citation Index (SSCI) & Arts & Humanities
Citation Index (A&HCI) and was searched via the
host interface: http://apps.webofknowledge.com/

4) OSH UPDATE includes the databases, CISDOC,
HSELINE, NIOSHTIC, RILOSH, and was searched
via the host interface: http://www.oshupdate.com/

The search string was defined by our inclusion/exclu-
sion criteria and adapted to the interfaces of each data-
base (the search string is available from the authors on
request). Our inclusion and exclusion criteria are shown
in Table 1.

Study evaluation

We evaluated the search results through three phases
in the time period of August 2014 to June 2015. In the
first phase titles and abstracts were screened according
to the inclusion and exclusion criteria. In the second
phase, the full texts of the potentially relevant studies
were assessed according to the inclusion and exclusion
criteria (See Table 1), and finally, we assessed the qual-
ity of the studies included. A flow chart of the review
process is shown in Fig. 1.
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Table 1 The inclusion and exclusion criteria
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Inclusion criteria

Exclusion criteria

Population Employed or retired peopled aged 40+
Design Longitudinal studies: Observational cohort studies, case-control,
or randomized controlled trials (at least 1 follow-up wave)
Exposures Retirement
Psychosocial working conditions e.g. mental job demands
Outcomes Age related cognitive decline and/or cognitive function

Diseases, disorders, or medical conditions
(e.g., brain diseases, dementia)

Cross-sectional studies, case studies, discussion papers, reviews,
meta-analyses.

Chemicals (e.g, solvents, manganese) physical demands,
psychological distress

Outcomes that do not include a defined measurement of
cognitive function (e.g., psychological health, psychological
stress, depressive symptoms)

Updated literature search

In December 2016 we completed an updated literature
search following the procedure described above. We found
756 references out of which 754 were excluded by title and
abstract and one was excluded after full text review. Thus,
one additional study was included in the assessment.

Procedure for exclusion by tittle and abstract screening and
by full text

Two researchers independently screened and categorised
the titles and abstracts and later full text of the
remaining articles based on the inclusion/exclusion cri-
teria (See Table 1). The articles that were categorized

Medline Web of PsychNet OSH
(n=617) Science (n=231) database
(n=1180) (n=29)
: | R !
=
=]
;_‘3 Records identified through database Additional records identified
5‘5 searching (August 2014) through other sources (n =7)
5 (n =2057)
=
=1
l Y
Records after duplicates removed
(n = 1845)
o0
=
=
3
5 Records screened Records excluded by title and
©n (n=1845) abstract (n =1799)
z Full-text articles assessed Full-text articles excluded
= for eligibility > due to design or outcome
‘.'ED (n =46) measure (n = 21)
=
N Studies included in other
research questions in the
project (n=23)*
Studies included for
quality assessment (current
= research question)
< (n=7)*
=
S . U
£ 1 study included 1 study elxcluded1 .Itaecause of
updated database search OW quality
(December 2016)
Studies included in
synthesis
(n=7)
Fig. 1 Flowchart illustrating the review process. *The total number of articles exceeds 25 because several of them relate to more than one of the
research questions in the project
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differently by the two researchers were discussed at
meetings with the senior researcher until a consensus
was reached.

Quality assessment

The quality of all of the seven articles included was sys-
tematically assessed. All of the included studies were co-
hort studies with a longitudinal design. We therefore
developed a quality assessment checklist based on exist-
ing guidelines for these types of studies based on
strength and weaknesses of observational study designs
[15-20]. We applied a scoring system of 0—10 points (0
indicating the poorest quality and 10 the highest qual-
ity). For each item on the checklist, the researcher
assessed whether the study fulfilled the requirements
and gave points accordingly (1 = yes, 0.5 = partially,
0 = no/information not available). We evaluated the
transparency of the applied theory, aims, methods, re-
sults, and interpretation of the results, the quality of the
available data sources and materials. We also evaluated
whether the study design could overcome potential
biases and confounders known to reduce the quality of
cohort studies e.g., whether or not the study attended to
drop-out and controlled for specific confounders rele-
vant to the research hypothesis (See Additional file 1 for
the quality assessment checklist).

The procedure for the consensus meetings regarding
the quality assessment was the same as the procedure
for the exclusion by full text described above.

Based on the score, each of the studies was categorised
as high (8-10 points), moderate (6—7.5 points), low (4—
5.5 points) or very low quality (0-3.5 points).

Synthesis of strength of evidence

The quality of the studies was included in the evaluation
of the strength of the evidence for each of the associa-
tions we examined:

1) Strong evidence: Consistent findings of minimum
two studies of high quality.

2) Moderate evidence: Consistent findings from minimum
two studies of minimum moderate quality or one
study of high quality.

3) Weak evidence: Minimum one study of minimum
moderate quality.

4) Conflicting evidence: Findings from at least one study
of moderate or high quality that pointed in one
direction and findings from a minimum of 33% of all
studies of moderate or high quality that pointed in
another direction.

Results
A total of seven articles were included in the quality as-
sessment. See Table 2 for an overview of the seven
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studies (an overview of the points given for each item on
the quality checklist for each study is available from the
authors on request).

All seven of the studies included measures of fluid
cognitive abilities, two of the studies also included mea-
sures of crystallised cognitive abilities.

Review of the seven studies that included measures of
fluid cognitive abilities

Andel et al. [21] compared the trajectories of cognitive
change of participants with high and low job strain re-
spectively. They found that rate of cognitive decline
before retirement was significant while the rate of cogni-
tive decline after retirement was not, indicating a posi-
tive effect of retirement. In addition, they found that job
strain was not associated with the rate of cognitive
change before retirement, but after retirement, job strain
was associated with greater decline in episodic memory,
indicating that retirement has a less positive effect on
participants who experience greater job strain. However,
they did not directly assess the impact of retirement, so
the results should be interpreted with caution. They
control for socioeconomic, demographic, and health var-
iables, but not for practice effect. We categorised the
study as of high quality.

Bonsang et al. [22] compared the scores from the re-
tired individuals with the average score of the sample
and found that retirement was associated with an ap-
proximately 10% decrease in memory scores. However,
they do not provide information on the impact of retire-
ment on the rate of cognitive decline. We interpreted
the effect size to be small. The study lacks information
on drop out and it is therefore difficult to assess the risk
of selection bias due to drop out. We categorised the
study as moderate quality.

Finkel et al. [23] compared participants working in
jobs with high and low complexity with people on cogni-
tive performance and change in cognitive performance
before and after retirement. They found that retirement
was associated with an accelerated decline in processing
speed for both job categories and an accelerated decline
in spatial ability for participants retiring from high com-
plexity jobs but not those retiring from low complexity
jobs. They did not find any significant results for their
third measure of fluid ability. We interpreted all effect
sizes to be small. They also compared individuals retir-
ing from jobs with high/low complexity with data and
things, but did not find significant results. They control
for practice effect and dementia. We assessed the study
as being of moderate quality.

Fisher et al. [24] compared the results of participants
retiring from jobs with high mental demands with par-
ticipants retiring from jobs with lower mental demands
on the rate of cognitive change before and after
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retirement. They found a decrease in memory score in
the years leading up to retirement and a slightly less
steep decline in memory score after retirement, indicat-
ing a positive effect of retirement on the rate of cogni-
tive change. We interpreted the effect sizes to be small.
Participants retiring from jobs with higher mental de-
mands showed slightly higher performance and less
steep decline both before and after retirement. Sample
attrition may have affected the results. However, they
control for socioeconomic, demographic, and health var-
iables as well as practice effect. We categorised the study
as of high quality in the quality assessment.

Roberts et al. [25] compared retired and those still
working on the difference between the baseline score
and the follow-up score. They found a general trend of
improved cognitive functioning at follow-up. Partici-
pants who were retired generally showed less improve-
ment than those still working, indicating a negative
effect of retirement on the rate of cognitive change.
However, this trend was only statistically significant for
one out of their three measures of fluid ability and the
effect sizes are small. They control for adult IQ, age,
mental and physical health, self-rated health, social class,
education, psychosocial job characteristics, and leisure
activities. However, the results may have been biased
both due to practice effect and drop outs. We rated the
study as being of moderate quality.

Wickrama et al. [26] investigated the reciprocal associ-
ation between change in work status and cognitive
change. They found that work status predicted change
in performance on the immediate memory test at
follow-up sessions. Thus indicating that reduced work-
ing hours and retirement lead to decline in immediate
memory. Again we interpreted the effect sizes as being
small. They control for spurious findings due to com-
mon methods variance by including depressive symp-
toms and physical disability in their analyses. In
addition, they control for age, education, gender, and
race/ethnicity. However, they do not mention how they
deal with drop outs or practice effect on the tests. It is
therefore not possible to rule out that the results are
biased due to these two factors. We categorised the
study as of moderate quality.

Ryan [27] compared the cognitive scores of those
working all three waves with those retiring during the
study. She found a slight decline in performance for
every increased year of age in all three cognitive domains
she included. Retirement was associated with lower
performance on one of the two measures of fluid ability.
She did not directly assess the impact of retirement on
the rate of decline, but from the results it appears that
there is no difference in the rate of change between the
groups. We interpreted the effect sizes to be small. She
controls for gender, education, perceptual speed,
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subjective and objective health. The results can only be
generalised to upper and middle class white Americans.
T-tests show that drop outs had lower scores on verbal
ability and processing speed, but there was no statistical
significant difference on educational attainment, induct-
ive reasoning or verbal memory. We categorised the
study as of moderate quality.

Synthesis of the evidence for the effect of retirement on
the rate of change in fluid cognitive abilities

The evidence of the effect of retirement on rate of
change in fluid cognitive abilities is conflicting.

One study of moderate quality [26] provides weak evi-
dence of a negative effect of retirement on the rate of
decline in fluid cognitive abilities indicating that retire-
ment accelerates the rate of cognitive decline.

In addition, two studies of moderate quality have in-
ternally inconsistent results. They both get a mix of not
significant results on some measures of fluid cognitive
abilities and a negative effect of retirement on cognitive
decline [23, 25] on other of their measures of fluid cog-
nitive abilities.

Two studies of high quality [21, 24] provide strong evi-
dence of a positive effect of retirement on rate of cogni-
tive decline in fluid cognitive abilities indicating that
retirement slows down the rate of cognitive decline. In-
dividuals retiring from jobs with high mental demands
[24] and individuals who experienced low job strain [21]
in particular appear to experience a positive effect of
retirement.

Synthesis of the evidence for the effect of retirement on
fluid cognitive functioning

One study of moderate quality [22] provides weak evi-
dence of a negative effect of retirement on fluid cognitive
functioning indicating that retirement leads to a drop in
cognitive functioning.

In addition, one study of moderate quality has internally
inconsistent results. It has a mix of not significant results
on some measures of fluid cognitive abilities and a nega-
tive effect of retirement on cognitive functioning [27] on
other of their measures of fluid cognitive abilities.

Review of the two studies that included measures of
crystallised cognitive abilities

Finkel et al. [23] (moderate quality) included one mea-
sure of crystallised abilities, verbal ability, and found a
statistical significant difference in cognitive change be-
fore retirement where participants in high complexity
jobs show an increase in ability while participants in low
complexity jobs show a decrease. After retirement no
statistical significant difference in cognitive change be-
tween participants in high and low complexity jobs was
found, indicating that only participants in high
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complexity jobs experience a negative effect of retire-
ment. We interpreted the effect sizes to be small. (Please
find the more throughout description of the study under
the review of studies including fluid abilities).

Ryan [27] (moderate quality) includes one measures of
crystallised abilities, verbal ability, and found a slight de-
cline in cognitive performance for every increased year
of age. Retirement was associated with lower perform-
ance. She did not directly assess the impact of retire-
ment on the rate of decline, but from the results it
appears that there is no difference in the rate of change
between the groups. We interpreted the effect sizes to
be small. (Please find the more throughout description
of the study under the review of studies including fluid
abilities).

Synthesis of the evidence for the effect of retirement on
rate of change in crystallised cognitive abilities

One study of moderate quality [23] provides weak evi-
dence for a negative effect of retirement on rate of de-
cline in crystallised cognitive abilities indicating that
retirement accelerates the rate of cognitive decline, but
only for individuals retiring from jobs with high com-
plexity with people.

Synthesis of the evidence for the effect of retirement on
crystallised cognitive functioning

One study of moderate quality [27] provides weak evi-
dence of a negative effect of retirement on crystallised
cognitive functioning indicating that retirement is associ-
ated with a drop in cognitive functioning among high
SES individuals.

Discussion

Regarding fluid cognitive abilities, the evidence for the
impact of retirement was conflicting. We found strong
evidence that retirement slows down and weak evidence
that retirement accelerates rate of cognitive change as
well as studies getting mixed results where they find that
retirement has a negative impact on some measures and
no impact on other measures of fluid cognitive abilities.
In addition, we found weak evidence of a negative im-
pact of retirement on cognitive functioning as well as a
study getting mixed results of a negative impact of re-
tirement on one measure and no impact on another
measure of fluid cognitive abilities. Regarding crystallised
cognitive abilities, we found weak evidence of a negative
impact of retirement on both rate of change in cognitive
functioning and on cognitive functioning.

The trajectories of the cognitive ageing depend on
whether it is fluid or crystallised cognitive abilities [9].
However, as our results illustrate, there appears to be
differences between domains within each of these two
categories or at least fluid cognitive abilities. The match
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between job tasks and which cognitive measures to in-
clude in studies, may be of importance [28]. Following
the use it or lose it hypothesis, different job types are
likely to maintain different cognitive domains depending
on which cognitive skills are needed to perform the job.
Therefore retirement is likely to affect the various cogni-
tive domains differently depending on which job the
individual is retiring from. This could be one explan-
ation for the conflicting evidence for the effect of retire-
ment on age related decline in fluid cognitive abilities.
Thus, the division of cognitive abilities solely into crys-
tallised and fluid abilities may be too crude in this con-
text and further division into cognitive domains within
these two categories may be required. Given the small
numbers of studies available for this review, further
division into specific cognitive domains seemed inappro-
priate though. Nevertheless, in order to grasp the com-
plexity of this issue, it may be informative if future
studies take into account which cognitive domains are
salient in the various job types included in the study and
focus on these cognitive domains when measuring the
impact of retirement.

In addition, we investigated differences in the impact
of retirement on cognition between occupational groups
with varying degrees of cognitive demands. On the one
hand we found results indicating a less steep decline in
fluid cognitive abilities as well as higher cognitive func-
tioning post retirement in participants retiring from jobs
with high mental demands compared with participants
retiring from jobs with low mental demands [24] and
also, that participants retiring from jobs with lower
levels of job strain, mainly due to higher levels of con-
trol, experienced less cognitive decline post retirement
than participants retiring from jobs with high level of
job strain [21]. Andel et al, [21] point out that higher
level of control may provide better options to develop
and maintain behavioural strategies to cope with high
demands and, thus, facilitate the development of more
flexible neural networks. These findings suggest that
cognitive reserve [5, 6] may actually have a protective ef-
fect on cognitive decline post retirement. However, the
mechanism may not be the “exercising” of the brain per
se as proposed by the use it or lose it hypothesis, but ra-
ther that certain types of jobs may provide more job
control and thereby better conditions to develop neural
compensation strategies. In addition, individuals retiring
from jobs with high mental demands may largely consist
of individuals who score high on the motivational trait
“need for cognition”. The findings from Bear et al.[29]
suggest that the motivational trait “need for cognition”
has a protective effect on cognitive change post retire-
ment. These individuals may not only be more attracted
to jobs with high mental demands, but may also be more
motivated to continue to challenge themselves mentally
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post retirement and this way, slow down the age related
cognitive decline and reduce the negative impact of
retirement. The mechanisms behind this protective ef-
fect could be the mental exercise per se as proposed by
the use it or lose it hypothesis. However, again it could
also be speculated that individuals have more control
over how to perform cognitive tasks when retired and
therefore, greater opportunity to develop neural com-
pensation strategies and this way maintain a large cogni-
tive reserve.

On the other hand, we also found results indicating
that retirement accelerates cognitive decline to a larger
extent among participants retiring from jobs high in
complexity with people compared to participants retiring
from jobs low in complexity with people, on measures of
crystallised cognitive abilities and spatial ability (Fluid
ability) (but this trend was not evident for processing
speed or memory (both fluid abilities)) [23]. Finkel
et al.[23] point out that they cannot rule out that psy-
chological factors associated with retirement, such as
depressive mood, are the cause of the accelerated decline
in cognitive functioning found after retirement and that
the results therefore may not necessary provide support
for the use it or lose it hypothesis. They argue that re-
tiring from a high complexity with people job may lead
to greater negative psychological consequences because
these workers may be more socially and psychologically
attached to their job.

In short, the results indicate that the association be-
tween retirement and cognitive decline is affected by the
characteristics of the job the person is retiring from.
However, the mechanisms behind these associations are
not yet clear. More research is needed to illuminate
these associations and mechanisms, taking into account
factors affecting cognition after retirement.

Our review revealed a major research gap. Because of
the sparse number of studies and the heterogeneity of
these studies, it was not possible to draw any firm con-
clusions on the impact of retirement on age related cog-
nitive decline. In addition, data from four of these
studies came from the same cohort study (US Health
and Retirement Study). The PRISMA statement recom-
mends removing duplicate publications to avoid bias
[20]. However, three of the studies [21, 24, 26] used dif-
ferent predictor variables and we therefore regarded
their results as independent. The fourth study [22] used
a different outcome measure (cognitive functioning ra-
ther than rate of change in cognitive functioning) and
was therefore not included in the same synthesis of evi-
dence as the other three studies. We therefore included
all four studies in our synthesis.

A great strength of our study is that it is the first study
to complete a systematic review of longitudinal studies
investigating the evidence for an impact of retirement
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on cognition, and distinguishing between cognitive func-
tioning and cognitive decline as well as distinguishing
between fluid and crystallised cognitive abilities. This
stresses the salience of the knowledge gap revealed by
our study.

Conclusions

We only found weak and contradicting evidence for an
association between retirement and age related cognitive
decline. However, this systematic review revealed that
there is a major research gap in this field. More know-
ledge on the association between retirement and age re-
lated cognitive decline as well as knowledge on the
mechanisms behind these associations is needed. For ex-
ample, how occupational characteristics influence the as-
sociation between retirement and cognitive decline.
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