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Memory function and early exit from paid employment through different pathways 
among ageing European workers
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Ciliacus R, Hijdra RW, Robroek SJW, Leist AK, Burdorf A, Schuring M. Memory function and early exit from paid employment 
through different pathways among ageing European workers. Scand J Work Environ Health – online first.

Objectives   Understanding memory function’s role in early workforce exit is key in supporting sustainable 
employment among ageing workers. This study examined the impact of memory function on early exit from 
paid employment, analyzed changes in memory function before, during and after such transitions, and assessed 
memory function trajectories in relation to the presence or absence of effort-reward imbalance at work.
Methods   This study included 16 339 respondents from the Survey of Health, Ageing, and Retirement in Europe 
(SHARE) between age 50 and the country-specific retirement age. The effects of objective and subjective 
memory functioning on early exit were assessed using Cox proportional hazards with Fine-Gray sub distribu-
tion models. Changes in memory function before and after a transition to non-employment were assessed using 
generalized linear mixed-effects models. These changes were described and compared based on exposure to job 
effort–reward imbalance.
Results   Workers with poor subjective memory were 2.3 times more likely to exit employment prematurely due 
to disability ([sub-distribution hazard ratio (SHR) 2.30, 95% confidence interval (CI) 1.77–3.00] and 1.3 times 
more likely to exit through unemployment (SHR 1.29, 95% CI 1.06–1.55). Workers with low objective memory 
were 1.6 times more likely to exit through unemployment (SHR 1.56, 95% CI 1.30–1.87). Subjective memory 
generally declined prior to, and during early exit from paid employment. While subjective memory generally 
improved post-exit, objective memory function declined after exiting. An accelerated decline in objective 
memory functioning was noted among early retirees who had been exposed to effort–reward imbalance at work 
(β -0.45, standard error 0.16).
Conclusion   Workers with poor memory function are at higher risk of early involuntary exit from paid employ-
ment. Promoting memory function and balancing job efforts and rewards may help mitigate the risk of a pre-
mature exit.

Key terms   cognition; disability pension; early retirement; effort–reward imbalance; ERI; psychosocial work 
characteristic; unemployment; workforce participation.
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Europe is facing challenges inherent to an ageing popu-
lation and the subsequent shrinkage of its workforce. 
In response, many European countries are proactively 
raising their statutory retirement age and implement-
ing measures to extend working lives (1). The success 
of such measures depends on a comprehensive under-
standing of the complexities of ageing in the workforce, 
particularly regarding specific age-related health issues 
that may impede ageing workers’ ability to maintain 
paid employment. As the workforce ages, there is a 

corresponding increase in the prevalence of age-related 
health issues, including memory impairment (2). With 
growing expectations for individuals to work until later 
stages of life, it is imperative to examine the role of 
memory function in the ability of ageing workers to 
maintain paid employment.

While certain cognitive aspects, such as verbal abil-
ity and cumulative knowledge, tend to improve with age, 
declines are generally observed in domains requiring 
intensive processing, including memory function (3). 

This work is licensed under a Creative Commons Attribution 
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As a result of normal cognitive ageing, modest declines 
in memory are generally observed up to the age of 65, 
after which the decline accelerates (4). Older adults 
with better memory function generally tend to report 
better self-perceived health outcomes (5). In contrast, 
memory impairment can disrupt individuals’ sense of 
well-being, reduce functional and occupational capacity, 
and contribute to other adverse health outcomes (6–9). 
Consequently, older individuals with memory impair-
ment may become vulnerable to exiting the workforce 
prematurely due to poor health (10, 11). A departure 
from the workforce at a later age is often final, as re-
entering the workforce has proven rare, particularly for 
those who exited due to disability or opted for early 
retirement (12).

This raises concerns, as exiting paid employment 
may additionally adversely affect subsequent memory 
function (13–15), particularly among individuals who 
exit prematurely (16, 17). Conversely, prolonged partici-
pation in paid employment appears to serve a protective 
role in preserving memory function (18, 19). Promoting 
continued participation in paid employment at an older 
age could therefore serve as a reasonable strategy to 
protect the memory function of ageing workers, while 
simultaneously ensuring sustainability of the workforce. 
However, poor memory function may result in a mis-
alignment between an individual’s capabilities and job 
requirements, potentially prompting an early exit from 
paid employment. Such misalignment may be further 
exacerbated by unfavorable working conditions.

Enhancing sustainable employment among ageing 
workers facing health issues, such as memory impair-
ment, involves optimization of the psychosocial work 
environment (20). While certain psychosocial work 
conditions, such as high job control and complexity, are 
known to protect against cognitive decline, other condi-
tions may, in turn, increase the risk of cognitive decline 
in the long term (21). Specifically, working conditions 
that evoke chronic stress are likely to affect different 
aspects of cognitive processing, including memory 
function (21, 22). Stress may arise from work char-
acterized by high effort, combined with low rewards. 
The effort–reward imbalance (ERI) model provides a 
theoretical and analytical framework for estimating such 
experienced work-related stress (23, 24). Job ERI may 
shape ageing workers’ memory trajectories both before 
and after exit from paid employment. Still, the extent 
to which job ERI influences memory function over 
time remains uncertain. A better understanding of these 
dynamics is essential in order to support the develop-
ment of effective interventions and policies supporting 
the continued work participation of ageing workers.

The influence of memory function on ageing work-
ers’ ability to maintain employment remains poorly 
understood. Research shows that subjective memory 

complaints do not significantly correlate with objective 
memory measures (25). Therefore, in order to gain a 
comprehensive insight into the interplay between mem-
ory function and early exit from paid employment, it is 
key to consider both objective and subjective memory 
function separately. While objective assessments of 
memory function help evaluate actual cognitive perfor-
mance, they may not fully capture the everyday chal-
lenges individuals face due to memory limitations. In 
contrast, self-reported memory offers valuable insights 
into how individuals perceive their cognitive abilities, 
though these perceptions are likely influenced by their 
day-to-day memory demands.

This study therefore aims to provide insight into 
(i) the influence of objective and subjective memory 
function on early exit from paid employment through 
different pathways among ageing workers in Europe, 
(ii) changes in objective and subjective memory function 
before, during, and after early exit from paid employ-
ment. It also aims to (iii) describe and compare objec-
tive and subjective memory function trajectories before, 
during and after early exit from paid employment in the 
presence or absence of exposure to job ERI pre-exit.

Methods

Study design and population

This longitudinal study investigated the interplay 
between memory function and early workforce departure 
among ageing workers in European countries. The study 
utilized data from the Survey of Health, Ageing, and 
Retirement in Europe (SHARE), a research infrastruc-
ture designed to study the effects of health, social, eco-
nomic and environmental policies over the life course 
of European citizens (26). SHARE targets individuals 
aged ≥50 years and their respective partners regardless 
of age. Its coverage has expanded over time, currently 
including data from 27 European countries, plus Israel. 
Data is collected biannually through computer-assisted 
personal interviews. Sampling designs varied from ran-
dom sampling utilizing national population registries 
to multi-stage sampling employing regional or local 
population registers (27). For detailed information con-
cerning data collection, data comparability, and response 
rates, please refer to the official SHARE documentation 
available at share-eric.eu/data/data-documentation.

The Ethics Committee of the University of Mannheim 
(waves 1 – 4) and the Ethics Council of the Max Planck 
Society (waves 4 – 7) reviewed and approved SHARE. 
The Medical Ethical Committee of Erasmus MC, Rot-
terdam approved the current study (MEC-2023-0568).

The current study utilized data from SHARE 

https://share-eric.eu/data/data-documentation


	 Scand J Work Environ Health – online first	 3

Ciliacus et al

waves 4 (2011/12), 5 (2013), 6 (2015), 7 (2017), and 
8 (2019/2020). Waves 1–3 were omitted as subjective 
memory was assessed only from wave 4 onwards. In the 
supplementary material (www.sjweh.fi/article/4211), 
figure S1 illustrates the participant flow, starting with 118 
851 individuals who reported their current employment 
status. Individuals were excluded if at baseline they: 
(i) were not employed (N=83 469), (ii) were not aged 
between 50 and the country-specific statutory retirement 
age (N=5131), (iii) did not take part in the cognitive func-
tion test module (N=5867), or (iv) did not participate in 
two consecutive waves (N=8045). As a result, the final 
sample for the survival analyses consisted of 16 339 
workers, aged between 50 and the statutory retirement 
age, who provided data on memory function for at least 
two consecutive waves. Subsequently, respondents who 
exited paid employment early due to early retirement, dis-
ability or unemployment (N=3816) were included in the 
generalized linear mixed-effects model for further analy-
sis (subpopulation I). Additionally, 2406 respondents 
who exited paid employment through early retirement, 
disability, or unemployment and provided information 
on their perceived psychosocial work environment were 
included in subpopulation II. 

Measures

Subjective and objective memory. Two measures of memory 
function were used: subjective and objective. Subjec-
tive memory was assessed using a single-item question 
asking “How would you rate your memory at the pres-
ent time?” using a 5-point Likert scale, ranging from 
“excellent” to “poor”. For the survival and mixed-effects 
models, subjective memory was operationalized as a cat-
egorical variable and continuous variable respectively. 
Subjective memory was categorized into three catego-
ries: (i) very good or excellent, (ii) good, and (iii) fair or 
poor. The continuous variable was created by rescaling 
the 5-point Likert scale to a range of 1–100.

Objective memory was assessed using two single 
items derived from the larger Harmonized Cognitive 
Assessment Protocol (HCAP), a validated tool for cross-
national comparison of later-life cognitive function (28, 
29). The HCAP includes an evaluation of immediate 
recall function (promptly recalling words from a ten-
word list) and delayed recall function (recalling the ten-
word list after a short delay). Although these episodic 
memory tests have not been validated as a standalone 
measure, similar assessments have been extensively 
used in previous studies to evaluate both cognitive and 
memory function (14, 16, 17, 19, 30, 31).

A composite measure for objective memory was 
derived by averaging the total words recalled in both 
tests, resulting in a score within a 0–10 scale. Objective 
memory was categorized into three levels – low, inter-

mediate, or high – using tertiles to establish cut-offs. 
The continuous variable was created by rescaling into a 
0–100 scale to facilitate comparability between subjec-
tive and objective memory assessments.

Early exit from paid employment

Early exit from paid employment was defined as depart-
ing paid employment before reaching the country-specific 
statutory retirement age. Employment status was assessed 
at each observation using a single item question asking 
“In general, which of the following best describes your 
current employment situation?” The answer categories 
were: retired, employed or self-employed, unemployed 
and seeking work, permanently sick or disabled, home-
maker, or other. An early exit from paid employment 
was identified as the transition from ‘employed or self-
employed’ in wave x-1 to ‘retired’ (early retirement), 
‘permanently sick or disabled’ (disability), ‘unemployed’ 
(unemployment), or ‘homemaker’ (economic inactivity) 
in wave x before reaching the statutory retirement age. 
While early retirement was considered to be a voluntary 
exit pathway from paid employment, unemployment and 
disability were considered involuntary exit pathways. 
Country- and sex-specific statutory retirement ages during 
the selected waves were derived from the OECD’s “Pen-
sions at a Glance” reports (32–36). An overview of the 
country-, time- and sex-specific statutory retirement ages 
for each country is provided in supplementary table S2.

Effort–reward imbalance at work

ERI was measured at baseline, utilizing seven items 
from the ERI questionnaire (24). Job effort was opera-
tionalized through two items assessing perceived physi-
cal demand and time pressure. Job reward was assessed 
using five items encompassing perceived social support, 
recognition, earnings, advancement prospects, and job 
security (37). Participants were asked to indicate their 
level of agreement with statements (eg, “My job is phys-
ically demanding”) on a 4-point Likert scale, ranging 
from 1 (strongly disagree) to 4 (strongly agree). Effort 
and reward sum scores were determined by summing the 
corresponding items. A lower score is more favorable for 
job effort, whereas a higher score is more favorable for 
job reward. The ERI ratio was computed using the for-
mula effort/reward×c, where “c” is the correction factor 
(c=0.4) accommodating the different number of items 
used to calculate effort and rewards. Subsequently, the 
ratio was dichotomized, with values >1.0 signifying an 
imbalance between effort and reward (38).

Sociodemographic characteristics

Sociodemographic characteristics included sex, age, and 

https://www.sjweh.fi/article/4211
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education level. Age was categorized into three catego-
ries: 50–54, 55–59, and ≥60 years. The International 
Standard Classification of Education (ISCED-97) was 
utilized to classify education levels as low (pre-primary, 
primary, and lower-secondary), intermediate (upper-
secondary), or high (post-secondary and tertiary).

Statistical analysis

Cox proportional hazards analyses were conducted 
to analyze the influence of individual characteristics, 
memory function and ERI of workers on early exit 
from employment. Participants were censored from the 
analyses upon reaching the statutory retirement age, 
when lost to follow-up or at the end of the follow-up 
period (wave 8).

Subsequently, the Fine-Gray model was employed 
to assess the impact of memory function early exit from 
the workforce through distinct (competing) pathways 
(39). Subjective and objective memory function were 
included in the model separately. Workers who exited 
(self-) employment through a specific pathway (e.g., 
unemployment) were compared with individuals who 
either maintained employment or exited through dif-
ferent pathways (e.g., disability and early retirement). 
Therefore, the calculated sub-distribution hazard ratio 
(SHR) for exiting through each specific pathway can be 
interpreted as the absolute risk, taking the possibility 
that competing events may precede the occurrence of the 
event of interest into account (40). The analyses were 
adjusted for age, sex and education level.

Furthermore, trajectories of both subjective and 
objective memory were examined among individuals 
who experienced an early departure from the workforce 
using generalized linear mixed-effects models. Changes 
in memory function before, during and after a transition 
from employment into early retirement, unemployment 
or disability were analyzed. Utilizing the regression 
model outlined below, the changes in memory over time 
were estimated before and after individuals exited the 
workforce prematurely:

Yit = β0 + β1(time_before) + β2(before_after) + β3(time_
after) + β4 (age) + β5 (sex) + β6 (edu) +et.

Yit represents the dependent variable, which can be 
either subjective or objective memory of individual ‘i’ 
at time ‘t’. β0 represents the intercept, estimating the 
expected value of both memory outcomes when all 
independent variables in the model are zero. β1 esti-
mates the annual change in memory before an early 
exit from the workforce has occurred. β2 represents the 
step-change in memory during the (two-year) transition 
from employment (before_after = 0) to non-employment 
(before_after = 1). β3 estimates the annual change in 

memory outcomes after an early exit from the workforce 
has occurred. The analyses were adjusted for age dur-
ing the transition, sex and education level. A random 
intercept was incorporated in the model to account for 
the variability in the outcome attributable to differences 
between individuals. Additionally, changes in memory 
outcomes before, during and after early exit from paid 
employment were analyzed among individuals with 
or without job ERI at work. Interaction terms were 
included to compare memory trajectories between the 
groups, assessing whether annual changes in memory 
function (before, during and after the transition) differed 
significantly between individuals with or without previ-
ous exposure to ERI at work.

All analyses were performed in Stata 18 (Stata Corp, 
College Station, TX, USA), using the “stcox” command 
for the survival analysis, the “stcrreg” command for the 
competing risk analyses, and the “xtmixed” command 
for the generalized linear mixed-effects models.

Results 

The survival analyses included 16 339 participants, with 
an average follow-up time of 4.2 [standard deviation (SD) 
2.3] years, and a maximum follow-up time of 9.3 years. 
At baseline, one in seven participants (13.7%) rated their 
memory as fair or poor, whereas one third of the partici-
pants (31.5%) obtained a low objective memory score. 
Subjective memory showed a weak positive correlation 
[r=0.16, 95% confidence interval (CI) 0.14–0.17] with 
objective memory at baseline. Among participants who 
provided information on work characteristics, 36.1% 
reported ERI at work. A quarter (N=4158; 25.4%) of all 
participants exited the workforce before reaching the 
statutory retirement age. The most common exit pathway 
out of paid employment was early retirement (59.2%), 
followed by unemployment (21.3%), disability (11.2%) 
and economic inactivity (8.2%). Due to its small sample 
size, results for the group categorized as economically 
inactive are not presented.

Table 1 shows that older individuals and individu-
als with lower levels of education were more likely to 
experience early exit from paid employment. Individu-
als with poor (HR 1.37, 95% CI 1.25–1.50) and good 
(HR 1.23, 95% CI 1.15–1.31) subjective memory were 
at increased risk of exiting the workforce prematurely 
compared to individuals who reported very good or 
excellent subjective memory. Similarly, individuals with 
low (HR 1.56, 95% CI 1.44–1.68) or intermediate (HR  
1.20, 95% CI 1.11–1.30) objective memory were more 
likely to exit paid employment early compared to those 
achieving high objective memory scores. Furthermore, 
ERI at work was associated with an increased likelihood 
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of early exit from paid employment (HR 1.29, 95% CI 
1.19–1.39).

Table 2 demonstrates that poor memory function 
increased the likelihood of exiting the workforce early 
through disability and unemployment. Individuals who 
reported poor or fair subjective memory were 2.3 times 
more likely to exit due to disability (SHR 2.30, 95% 
CI 1.77–3.00) and 1.3 times more likely to become 
unemployed (SHR 1.29, 95% CI 1.06–1.55) compared 
to individuals who reported very good or excellent sub-
jective memory. Likewise, workers with a low objective 
memory score were 1.6 times more likely to exit paid 
employment early due to unemployment (SHR 1.56, 
95% CI 1.30–1.87). Neither lower subjective nor objec-
tive memory function was associated with a significantly 
increased likelihood of early retirement.

Approximately a quarter (N=3816; 23.4%) of all 
participants exited the workforce prematurely due to 
early retirement, disability or unemployment and were 
included in the generalized linear mixed-effects analy-
ses (subpopulation 1). The mean follow-up time pre-
transition out of paid employment was 2.7 years (maxi-
mum 8.2 years), and the mean follow-up post-transition 
was 2.9 years (maximum 8.1 years). Mean subjective 
memory at baseline for all workers who exited paid 
employment prematurely was 57.24 (SD 22.21), while 
mean objective memory at baseline was 52.7 (SD 15.67) 
(supplementary table S1).

Table 3 and figure 1 show the changes before, dur-
ing and after early exit from paid employment through 
distinct pathways. A decline in subjective memory prior 
to exit from paid employment was noted irrespective 
of the pathway of exit. The steepest annual decline in 
subjective memory was found prior to unemployment 
(β -1.28, SE 0.38), followed by disability (β  -0.70, SE 
0.47) and early retirement (β -0.38, SE 0.17). During the 
(two-year) period of the transition, a negative (two-year) 
step-change in subjective memory was evident among 
all workers who exited the workforce prematurely. The 
step-change was highest among workers who exited 
through involuntary pathways: disability (β -5.45, SE 
2.03) and unemployment (β -2.77, SE 1.49). After exit-
ing employment, subjective memory stabilized among 
individuals who transitioned to early retirement (β -0.02, 
SE 0.17), and improved among individuals who transi-
tioned to unemployment (β 0.31, SE 0.33) and disability 
(β 0.69, SE 0.41).

In contrast, no significant changes in objective mem-
ory functioning were found prior to an early exit from 

Table 1. Baseline individual and work-related characteristics and their 
impact on early exit from paid employment among 16 339 aging Euro-
pean workers. Bold: statistically significant at the 0.05 level. 

Total  
(N=16 339)

Early exit from paid work  
All pathways a

N % HR (95% CI)

Age categories
50–54 7210 44.1 1
55–59 6374 39.0 2.02 (1.89–2.16)
≥60 2755 16.9 2.04 (1.86–2.24)

Sex
Female 8377 51.3 1
Male 7962 48.7 1.01 (0.95–1.08)
Education

Post-secondary and tertiary 6435 39.4 1
Upper secondary 6353 38.9 1.49 (1.39–1.61)
Up to lower secondary 3365 20.6 2.20 (2.04–2.39)
Missing 186 1.1

Subjective memory
Very good or excellent 6936 42.5 1
Good 7169 43.9 1.23 (1.15–1.31)
Fair or poor 2234 13.7 1.37 (1.25–1.50)

Objective memory
High (>60) 4924 30.1 1
Intermediate 6272 38.4 1.20 (1.11–1.30)
Low (<50) 5143 31.5 1.56 (1.44–1.68)

Effort–reward imbalance model
No effort–reward imbalance 5572 34.1 1
Effort–reward imbalance 3146 19.3 1.29 (1.19–1.39)
Missing 7621 46.6
a Univariate Cox proportional hazard analyses.

Table 2. The impact of subjective and objective memory function on 
early exit from paid employment through different pathways among 
16 339 aging European workers. Bold: statistically significant at the 
0.05 level.

Early exit from paid employment a

Early retirement 
(N=2465)

Disability  
(N=466) 

Unemployment 
(N=885) 

SHR (95% CI) SHR (95% CI) SHR (95% CI)
Subjective memory

Very good or 
excellent

1 1 1

Good 1.02 (0.94–1.12) 1.78 (1.43–2.22) 1.02 (0.88–1.18)
Poor or fair 0.95 (0.84–1.08) 2.30 (1.77–3.00) 1.29 (1.06–1.55)

Objective memory
High 1 1 1
Intermediate 1.03 (0.93–1.11) 1.06 (0.84–1.34) 1.21 (1.02–1.45)
Low 1.10 (0.99–1.22) 1.17 (0.91–1.50) 1.56 (1.30–1.87)

a Fine-Gray analyses (adjusted for age, sex and education level). 
 

Table 3. Changes in memory before, during and an after early exit from 
paid employment among 3996 aging European workers. Bold: statisti-
cally significant at the 0.05 level.

Early exit from paid employment a

Early retire-
ment N=2465

Disability 
N=466

Unemployment 
N=885

β (SE) β (SE) β (SE)

Subjective memory (1–100)
Annual change before transition -0.38 (0.17) -0.70 (0.47) -1.28 (0.38)
Step-change during transition -1.77 (0.88) -5.45 (2.03) -2.77 (1.49)
Annual change after transition -0.02 (0.17) 0.69 (0.41) b 0.31 (0.33) b

Objective memory (0–100)
Annual change before transition -0.08 (0.10) -0.50 (0.29) 0.21 (0.21)
Step-change during transition 0.80 (0.39) 0.66 (1.00) 0.83 (0.07)
Annual change after transition -0.24 (0.09) -0.17 (0.23) -0.35 (0.17) b

a Generalized linear mixed-effect models (adjusted for age, sex and education 
level).

b Annual rate of change before and after exiting is significantly different at the 
0.05 level.
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paid employment. Irrespective of the pathway of exit, 
individuals experienced an increase in objective memory 
functioning in the two-year period during which the 
employment transition took place. After transitioning 
to non-employment, individuals experienced a decline 
in objective memory, regardless of the pathway of exit. 
This decline was most pronounced among individuals 
who exited the workforce due to unemployment (β 
-0.35, SE 0.17) and early retirement (β -0.24, SE 0.09) 
(table 3 and figure 1). Following an early exit due to 
unemployment, the annual change in objective memory 
function significantly worsened compared to the annual 
change prior to exiting.

Of the participants who exited paid employment 
early due to early retirement, disability or unemploy-
ment, 2406 provided information regarding their psy-
chosocial work environment (subpopulation 2). The 
prevalence of perceived ERI at work was highest among 
individuals who exited paid employment through invol-
untary pathways. Specifically, 50.5% of workers who 
exited paid employment due to disability and 48.7% 
of workers who exited due to unemployment, reported 
ERI at work (supplementary tables S3 and S4). In con-
trast, among workers who opted for early retirement, 
37.6% encountered job ERI at work (table 4). Workers 
with ERI at work reported lower subjective memory 
and lower objective memory at the time of transition, 
regardless of their exit route, compared to those who 
did not experience ERI (figure 2, supplementary figures 
S2 and S3).

Table 4 and figure 2 further illustrate that workers 
experiencing ERI reported a greater decline in subjective 
memory before early retirement (β -0.73, SE 0.33) com-
pared to those who did not (β -0.48, SE 0.23), although 
the difference was not statistically significant. Changes 
in subjective memory function following an early tran-
sition out of paid employment, generally did not sig-

nificantly differ between individuals with and without 
previous exposure to ERI at work. However, early retir-
ees who were previously exposed to ERI at work experi-
enced a small annual improvement in subjective memory 
after transitioning to early retirement (β 0.32, SE 0.30), 
while subjective memory functioning among unexposed 
workers continued to decline (β -0.20, SE 1.31). Similar 
trends were found among workers with ERI who exited 
through involuntary pathways (supplementary tables S3 
and S4). Objective memory functioning declined after a 
transition to early retirement irrespective of the former 
psychosocial work environment. An accelerated decline 
was noted among workers who had been exposed ERI 
at work (β -0.45, SE 0.16) compared to those without 
ERI (β -0.20, SE 0.12), although the difference was not 
statistically significant.

Figure 1. Changes in memory function before and after early exit from paid employment (unadjusted).

Table 4. Changes in memory before and after early retirement: the 
role of job effort–reward imbalance among 1573 early retirees. Bold: 
statistically significant at the 0.05 level. [SE=standard error.]

N (%) Memory function a

Subjective 
(1–100)

Objective 
(0–100)

β (SE) β (SE)
Effort–reward imbalance 592 (37.6)

Annual change before transition -0.73 (0.33) 0.07 (0.19)
Step-change during transition -1.18 (1.67) 1.28 (0.79)
Annual change after transition 0.32 (0.30) -0.45 (0.16)

No effort–reward imbalance 981 (62.4)
Annual change before transition -0.48 (0.23) -0.04 (0.13)
Step-change during transition -0.16 (0.22) 0.40 (0.59)
Annual change after transition -0.20 (1.31) -0.20 (0.12)

a  Generalized linear mixed-effect models (adjusted for age, sex and education 
level).
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Discussion

Both poor subjective and objective memory function 
increased the likelihood of an early exit from paid 
employment through disability or unemployment among 
ageing European workers. Workers with poor subjec-
tive memory were 2.3 times more likely to exit prema-
turely due to disability and 1.3 times more likely to exit 
through unemployment. Workers with low objective 
memory were 1.6 times more likely to exit through 
unemployment. Subjective memory generally declined 
prior to, and during, an early exit from paid employ-
ment. After exit from paid employment due to dis-
ability or unemployment, a positive trend change in 
subjective memory was noted. Conversely, objective 
memory declined in the years after the transition into 
early retirement and unemployment. Early retirees who 
had been exposed to ERI showed a significant decline in 
objective memory after exiting paid employment, which 
was not observed among those without such imbalance. 
However, changes over time did not differ statistically 
significantly between individuals with and without ERI.

Poor subjective memory notably elevated the abso-
lute risk of exiting paid employment early through 
unemployment and disability, indicating that individu-
als with low subjective memory are more vulnerable 
to involuntary exit from employment. This aligns with 
previous research indicating that poor self-reported 
health is a risk factor for exiting paid employment, 
particularly through involuntary pathways (41). Poor 
objective memory was primarily associated with an 
increased risk of exiting early through unemployment. 
While poor memory may thus contribute to involuntary 
labor force exits, some evidence suggests that individu-

als with memory impairment can remain employed in a 
supportive work environment (42). Our findings indi-
cate that the likelihood of exit from paid employment 
through early retirement is not driven by memory func-
tioning. These findings support the notion that factors 
beyond impaired health, such as financial considerations 
and social factors, may play a more prominent role in 
voluntary retirement decisions (43).

While subjective memory declined prior to the tran-
sition, it stabilized or improved after transitioning to 
non-employment. In contrast, a decline in objective 
memory was noted after a transition to non-employ-
ment regardless of the pathway of exit. In congruence 
with previous research, accelerated objective memory 
decline was found within individuals after exiting paid 
employment (voluntarily) through early retirement (16). 
However, during the transition period, a short-lived 
increase in objective memory function was observed. 
These results concur with previous findings, suggesting 
that the effect of retirement on episodic memory is likely 
to manifest with delay (30). Indeed, previous research 
has shown that there seems to be a negative association 
between time spent in retirement and late-life memory 
function (19, 30, 31).

The deterioration observed in objective memory 
function, after transitioning from paid employment to 
early retirement or unemployment, supports the notion 
that retirement plays an important role in accounting for 
memory decline at older age. According to the use-it-
or-lose-it hypothesis, intellectually engaging activities 
can stave off cognitive ageing, while a decrease in such 
activity patterns, for example due to non-employment, 
may result in the atrophy of cognitive skills such as 
memory function (17). However, our findings reveal a 

Figure 2. Memory function trajectories of early retirees: the impact of job effort–reward imbalance  (ERI) (unadjusted).



8	 Scand J Work Environ Health – online first

Memory function and early exit from paid employment

discrepancy between perceived and objective memory 
function following early exit from paid employment. 
As individuals who are no longer regularly engaged in 
cognitively demanding tasks may be less likely to notice 
subtle changes in memory function, subjective memory 
function may be overestimated. Moreover, considering 
that subjective memory function may be influenced by 
our emotional and motivational states (44), alleviating 
job-related stressors may positively impact psycho-
logical well-being, consequently improving individuals’ 
perception of their current memory function.

Individuals exiting jobs characterized by ERI gener-
ally left the workforce with lower subjective and objec-
tive memory function. Moreover, early retirees who 
were previously exposed to ERI experienced a signifi-
cant decline in objective memory function after exiting 
paid employment, which was not found among those 
without imbalance. These results highlight the impor-
tance of work-related stress in cognitive ageing and cor-
roborate previous findings suggesting that unfavorable 
psychosocial job characteristics may accelerate memory 
decline among ageing workers (45, 46). However, the 
annual rates of change in memory outcomes before, 
during and after early exit did not differ statistically 
significantly between individuals with and without ERI. 
Therefore, further research is needed to analyze the role 
of working conditions on changes in memory functions 
around the transition from paid employment. Our study 
suggests, with some caution, that ERI at work may not 
merely reduce the likelihood of a prolonged working 
life as demonstrated in the survival analysis, but it may 
furthermore affect memory function long-term, reaching 
far into the life post-retirement. Efforts to improve the 
balance between job efforts and rewards, and therefore 
reduce work-related stress, could reduce the likelihood 
of exiting the workforce prematurely while fostering 
larger memory reserve upon exit of the workforce.

Strengths of this study include its longitudinal 
design, which allows for the monitoring of memory 
function over time. Additionally, the cross-national 
scope and large size of the selected dataset, ensure 
generalizability of the results. Moreover, this study 
distinguishes between different exit routes out of paid 
employment, treating the distinct exit pathways as com-
peting events. In doing so, it assesses the absolute risk 
for early workforce departures associated with poor sub-
jective memory and low objective memory functioning.

However, some limitations need to be addressed. 
Firstly, all analyses were restricted to the first occasion 
in which a transition out of paid employment occurred. 
Re-entering paid employment was not taken into 
account, as most ageing workers who exit work remain 
out of the workforce, particularly after a transition to 
early retirement or disability (12). To disambiguate tra-
jectories of individuals remaining non-employed from 

those who returned to work when estimating memory 
trajectories, observations were only considered valid as 
long as the individual remained non-employed. Previous 
SHARE studies have however reported that 25 to 30% 
of ageing workers who transitioned to unemployment 
do return to paid employment (20, 40). This indicates 
that a transition to unemployment is only temporary for 
some, and does not necessarily indicate a definite exit 
from the labor force.

Moreover, in this study, both employed and self-
employed individuals are included in the study popula-
tion. Early exit from employment may differ between 
these two groups due to variations in regulations. While 
employed individuals may benefit from (early) retire-
ment schemes, self-employed individuals lack access to 
employer-sponsored retirement plans and are not always 
required to participate in public pension schemes. As a 
result, early retirement is often more financially demand-
ing for the self-employed compared to employees. Fur-
ther research is recommended to analyze differences 
between employed and self-employed individuals in 
the impact of memory function on early exit from paid 
employment as well as changes in memory function 
before, during and after such transitions in both groups.

In addition, ERI at work was measured through self-
report. Self-reported measures (of psychosocial work 
factors) are inherently influenced by individuals’ sub-
jective experiences. As such, the relationship between 
job-ERI and memory function is likely bidirectional. 
As memory deteriorates, individuals may feel like they 
are exerting more effort to perform their usual tasks. 
Therefore, they may feel that their job has become more 
demanding, even if the job requirements have not been 
altered. Therefore, the possibility of reversed causality 
needs to be acknowledged: memory function decline 
prior to the baseline assessment could have influenced 
participants’ perceptions of job effort and reward.

Concluding remarks

In conclusion, workers with poor memory function are at 
increased risk of exiting paid employment before reach-
ing the national statutory retirement age via involuntary 
exit pathways. Moreover, workers exposed to job ERI at 
work generally exit the workforce with lower memory 
reserve and tend to experience greater objective memory 
function decline after opting for early retirement. Efforts 
aimed at improving job efforts and rewards may reduce 
the likelihood of premature workforce exits, while fos-
tering a larger memory reserve upon retirement. A work 
environment that promotes and maintains memory func-
tion at older age could potentially decrease the amount 
of workers exiting paid employment early through 
involuntary pathways, while ensuring sustainability of 
the workforce.
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