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Background: The projected expansion of an aging United States (US) workforce prompts further eval-
uation of the potential impact of work on cognitive health. This study aimed to investigate longitudinal
associations of reward and effort at work with subjective memory among US older workers.
Methods: Data were obtained from the population-based Health and Retirement Study. At the 2006
—2008 baseline, effort and reward were measured using hypotheses based on the effort-reward
imbalance (ERI) model. A subjective memory summary score that was composed of two items, in
which higher scores indicated better subjective memory, was assessed biennially between the baseline
and 2018. Generalized estimating equations analyzed longitudinal associations of effort and reward
categories with changes in subjective memory between the baseline and follow-ups. Demographic,
socioeconomic, lifestyle, health, and work covariates were adjusted for in linear regression models.
Supplementary analyses explored the associations of ERI components with each of the two items that
formed the subjective memory summary score.
Results: Among 3,497 workers aged 50 years and older, after covariate adjustments, high reward was
significantly associated with better subjective memory (regression coefficient: 0.15 [95% confidence
interval: 0.07, 0.23], p < 0.001). Compared to the combination of “low effort and low reward,” other
effort-reward combinations were also associated with increased subjective memory (p < 0.05). Sup-
plementary analyses demonstrated significant positive associations with independent high reward and
ERI combinations. High effort was positively related to subjective memory, although the association was
not significant after adjustments.
Conclusion: Work-related reward, independently and in combination with effort, may contribute to
improved subjective memory among US older workers.
© 2026 Occupational Safety and Health Research Institute. Published by Elsevier B.V. on behalf of
Institute, Occupational Safety and Health Research Institute, Korea Occupational Safety and Health
Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

Among United States (US) adults aged 45 years and older, about 10
% have reported perceived cognitive decline [4], and among US

Perceived declines in cognition have been related to increased older adults, a future diagnosis of dementia was identified as a
risks of mild cognitive impairment and dementia [1], and psychologically distressing concern [5]. US adults in these age
perceived memory issues have been associated with objective groups also represent a substantial proportion of the US work-
memory decline [2] and Alzheimer’s disease biomarkers [3]. force, with those aged 55 years and up representing almost one-
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fourth of the workforce, with a projected 7.3% increase between
2023 and 2033 [6]. Although modifiable risk factors for dementia
across midlife and older age have been identified, work-related
factors are absent despite the acknowledgement that occupa-
tional complexity has been related to reduced dementia risk [7].
Further research is needed to clarify the work and cognition
relationship, especially as people continue to work in older age.

Psychosocial work, particularly focusing on workers’ percep-
tion of tasks, has been positively associated with favorable objec-
tive cognitive outcomes [8,9]. However, fewer studies have
explored cognitive health in the context of theoretical concepts of
a health-related psychosocial work environment, such as the Job
Demand-Control model [10—13]. Effort-reward imbalance (ERI) is
a complementary model focusing on perceived reciprocity be-
tween provided work-related efforts and rewards received in re-
turn [14]. This model assumes that the imbalance between high
effort and low reward matters most for the risk of developing
stress-related disorders [15], Yet, it also claims that its single
components can predict positive and negative health outcomes
[16]. In this study, we examine the single components of this
model as well as their constellations in relation to longitudinal
changes in subjective memory measures among a US cohort of
workers. This approach is based on previous evidence indicating
that high reward acts as a protective factor of objective cognitive
functioning [17,18]. Moreover, it posits that high effort at work,
rather than being a risk factor, may strengthen cognition through
recurrent stimulation, particularly in combination with high
reward. This combination was longitudinally associated with
increased episodic memory in an earlier study among US workers
[18]. Therefore, in this study, we analyze the role of components
and constellations of the ERI model in predicting changes of sub-
jective memory over time. Our focus on subjective memory is
justified by the fact that memory complaints were associated with
faster cognitive decline [19] and greater altered brain structure
among older adults [20]. These complaints are already experi-
enced in midlife to the extent of some 10 %, according to recent US
data on adults aged 45 years and beyond [21].

2. Materials and methods
2.1. Data and sample

This study used data from the US Health and Retirement Study
(HRS), a population-based study of adults aged 50 years and older
[22]. While subjective memory was assessed biennially in the core
HRS survey in all HRS participants [23], ERI data were available
from the specific Psychosocial and Lifestyle Self-Administered or
“Leave-Behind” Questionnaire, which was administered to
rotating half samples [24]. This study combined the 2006 and 2008
half samples to form the baseline sample and utilized corre-
sponding subjective memory data at the baseline and follow-ups
biennially through 2018. This current study was exempt from re-
view by the University of California, Los Angeles Institutional Re-
view Board (IRB#24-001361), and followed the Declaration of
Helsinki and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines.

Sample size was determined by inclusion criteria that were
applied to this nationally representative HRS sample. Inclusion
criteria were participants that: (1) were working and working full-
time or part-time for pay in HRS 2006-2008, (2) were aged >50,
(3) had complete baseline data of ERI, covariates, and subjective
memory, (4) denied memory-related disease diagnosis or were
identified as cognitively normal based on Langa—Weir classifica-
tions [25], and (5) had at least one follow-up of subjective memory
data. The final analytic sample was 3,497 workers (Fig. 1).

HRS 2006-2008
participants
19,193 Not working for pay
; > 11,713
Participants working
for pay
7,480 Missing ERI data at
‘—» 2006-2008 baseline
3,085
Workers that
participated in the
Psychosocial LBQ

with complete ERI
data in 2006-2008
baseline
4,395

Missing covariate
data, not working
part/full-time, or age

¢—> <50 years
461

Workers age > 50
years with complete
data on covariates
3,934

Missing subjective
memory data at
baseline, or with
memory-related
disease diagnosis,
cognitive

‘—V
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complete subjective

memory data at . :
1mpairment, or

baseline, without . .
dementia at baseline
memory-related 308

disease diagnosis,
cognitive
impairment, or
dementia
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Did not have any
follow-up cognitive
# data
Final analytic sample 109
3,497

Fig. 1. Sample flowchart of HRS 2006—2008 participants. HRS, Health and Retirement
Study.

2.2. Measures

2.2.1. Effort-reward imbalance

ERI was assessed with a proxy measure of the original scales
[26], based on psychometric validation. Effort was assessed using
three items on work pace, workload, and conflicting demands.
Reward was measured using five items on salary, recognition, job
security, job promotion, and support [27]. A four-level response
option from 1 (strongly disagree) to 4 (strongly agree) was applied,
and sum scores were calculated for the effort scale (range: 3—12)
and reward scale (range: 5-20), respectively. Both scales were then
dichotomized according to the median points (7 for effort and 14
for reward) to form “low” and “high” independent effort and
reward groups, and additionally the joint combinations of: (1)
“low effort and low reward,” (2) “high effort and low reward,” (3)
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“low effort and high reward,” and (4) “high effort and high
reward.” Cronbach « coefficients were 0.59 for the effort scale and
0.70 for the reward scale. As argued in the introduction, this
exploratory approach was preferred to the established procedure
of introducing an investigator-based algorithm quantifying the
(im)balance between effort and reward [28].

2.2.2. Subjective memory

The subjective memory outcome was a summary score that
incorporated two items. One item assessed current memory per-
ceptions, with the prompt, “How would you rate your memory at
the present time? “Would you say it is excellent, very good, good,
fair, or poor?” [23]. The second item evaluated perception of
memory in comparison to the past two years, with the prompt,
“Compared to two years ago, would you say your memory is better
now, about the same, or worse now than it was then?” [23]. Both
items were reverse scored so that higher scores indicate better
subjective memory, the latter item was rescaled using linear
transformation and then both items were added together to form a
summary score composite of self-rated present and relative
memory [29].

2.2.3. Covariates

Covariates at the baseline were categorical and continuous
variables for demographic, socioeconomic, lifestyle, health, and
work characteristics, several of which have been identified as de-
mentia risk factors [7]. These covariates were age, sex, marital
status, race, educational attainment, household income in US
dollars (USD), smoking status, alcohol consumption, physical ex-
ercise, perceived social support outside of work, cardiovascular
disease, depression, and the psychosocial work factor of job con-
trol from the Job Demand-Control model [10]. The non—work-
related social support and job-related control were derived from
the Psychosocial and Lifestyle Leave-Behind Questionnaire [24]. A
time-varying covariate across the baseline and follow-up survey
waves was employment status.

2.3. Data analysis

For study sample characteristics, descriptive statistics were
frequencies, means, and standard deviations. Generalized esti-
mating equations [GEEs; [30]] linear regression evaluated the as-
sociations of components of the ERI model with subjective
memory through multistep, multivariable models adjusting for
covariates (Models O through VII). Outputs were regression co-
efficients that represented increased subjective memory if posi-
tive, with 95% confidence intervals, and p values. Reference groups
were “low effort,” “low reward,” and “low effort and low reward,”
for consistency with previous ERI and objective cognition studies
that determined positive associations of high effort and high
reward categories with cognitive function [17,18]. Supplementary
analyses examined the associations of ERI with the separate items
of the present time and the two-year comparison subjective
memory as sensitivity analyses. SAS Analytics Software version 9.4
(SAS Institute, Cary, NC, USA) performed the analyses.

3. Results

Baseline sample characteristics of demographic, socioeconomic,
lifestyle, health, work, ERI, and subjective memory data are sum-
marized in Table 1. Among the sample of 3,497 participants, the
mean age was 61.03 years (standard deviation = 6.88, range: 50—
87), 54.70% were female participants, and more than half were full-
time workers (67.29%). For independent ERI group characteristics,

Table 1
Characteristics of study sample at HRS 2006—2008 baseline, n = 3,497
Variable Category/measure Value
Age group 50-64 2476 (70.80%)
65-74 864 (24.71%)
75 and up 157 (4.49%)
Sex Male 1584 (45.30%)
Female 1913 (54.70%)
Marital status Married 2544 (72.75%)

Never married
Other (e.g., divorced,

105 (3.00%)
848 (24.25%)

widowed)
Race White 2962 (84.70%)
Black 339 (9.69%)
Other 196 (5.60%)
Education High school or less 2093 (59.85%)
Some college 260 (7.43%)
University or more 1144 (32.71%)
Income >99,999 1089 (31.14%)
(US dollar) 45,000—99,999 1357 (38.80%)
<45,000 1051 (30.05%)
Smoking Yes 485 (13.87%)
No 3012 (86.13%)
Alcohol None/moderate 3376 (96.54%)
Heavy 121 (3.46%)
Physical High 2005 (57.33%)
exercise Moderate 412 (11.78%)
Low 1080 (30.88%)
Cardiovascular No 2957 (84.56%)
disease Yes 540 (15.44%)
Depression No 3197 (91.42%)
Yes 300 (8.58%)
Employment Full-time 2353 (67.29%)
status Part-time or partly retired 1144 (32.71%)
Continuous Social support (non-work) 3.15 + 0.51 (range 1-4)
measures * Job control 9.25 + 1.70 (range 3-12)
Subjective memory score 5.98 + 1.39 (range 2-10)
Effort-reward Effort 6.83 + 1.89 (range 3-12)
scores * Reward 14.32 + 2.76 (range 5-20)
Effort-reward Low Effort 1577 (45.10%)
groups High Effort 1920 (54.90%
Low Reward 1860 (53.19%

High Reward

Low Effort + Low Reward
High Effort + Low Reward
Low Effort + High Reward 932 (26.65%
High Effort + High Reward 705 (20.16%

= Higher scores reflecting greater values of measured variables.

)
)
1637 (46.81%)
645 (18.44%)
1215 (34.74%)
)

)

54.90% had high effort, 53.19% had low reward, while for joint ERI
group characteristics, 34.74% had “high effort and low reward,”
26.65% had “low effort and high reward,” and 20.16% had “high
effort and high reward.” The mean subjective memory summary
score was 5.98 (standard deviation = 5.98; range = 2-10).

Table 2 exhibits the regression results of components of the ERI
model with subjective memory summary scores. In the fully
adjusted results, compared to low effort, high effort was related to
increased subjective memory scores but the association was not
statistically significant (Table 2; Model VII: regression coefficient:
0.01 [95% confidence interval: -0.07, 0.08], p = 0.824). Compared to
low reward, high reward was associated with increases in sub-
jective memory (Table 2; Model VII: 0.15 [0.07, 0.23], p < 0.001).
For joint combinations, in comparison to “low effort and low
reward,” all three combinations were significantly associated with
increased subjective memory summary scores (Table 2; Model
VII). Similar patterns occurred in sensitivity analyses on the sub-
jective memory components of the present time and two-year
comparison perceptions and demonstrated consistent findings
for high reward and “low effort and high reward” (Supplemental
Tables 1 and 2).
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Table 2

Independent and joint associations of effort and reward at the baseline with changes in subjective memory summary scores between the baseline and follow-ups, n = 3,497

Subjective memory — summary scores

Model II

Model IV Model V Model VI Model VII

Model III

Model I

Model 0

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00

Low effort

0.01 (-0.07, 0.08)

0.00

0.02 (-0.06, 0.09)

0.00

0.00 (-0.07, 0.08)

0.00

-0.01 (-0.09, 0.06)

0.00

-0.02 (-0.09, 0.06)

0.00

0.00 (-0.08, 0.07)

0.00

0.00 (-0.08, 0.07)

0.06 (-0.01, 0.14)
0.00

0.00

High effort
Low reward

0.15%%* (0.07, 0.23)

0.00

0.15%** (0.07, 0.23)

0.00

0.19%** (0.12, 0.26)

0.00

0.21%* (0.14, 0.29)

0.00

0.24%%* (0.17, 0.31)

0.00

0.27%%* (0.20, 0.34)

0.00

0.27*** (0.19, 0.34)

0.00

0.25%* (0.18, 0.33)

0.

High reward

00

Low effort + low reward

0.08 (-0.02, 0.18) 0.08 (-0.03, 0.18) 0.08 (-0.03, 0.18) 0.08 (-0.02, 0.18) 0.10 (-0.01, 0.20) 0.11*(0.01, 0.22) 0.11* (0.00, 0.21)

0.15** (0.04, 0.25)

High effort + low reward

0.26%%* (0.15, 0.37)
0.16%* (0.05, 0.28)

0.26%%* (0.15, 0.37)
0.17** (0.06, 0.29)

0.29%** (0.19, 0.40)

0.31%+* (0.21, 0.42)
0.21%* (0.09, 0.32)

0.36%%* (0.25,046)  0.34*** (0.24, 0.45)
0.22%%* (0.11, 0.34)

0.36%** (0.25, 0.46)

0.34%%* (0.24, 0.45)

Low effort + high reward
High effort + high reward

0.20%** (0.08, 0.31)

0.27%%* (0.15,0.39)  0.27*** (0.15, 0.38)

0.32*** (0.21, 0.44)
GEE linear regression: beta coefficients with 95% confidence intervals (Cls) in parentheses. Model 0: mutual adjustment for effort and reward at baseline. Model I: Model 0 + additional adjustment for age (years) at baseline.

Model II: Model I + additional adjustment for sex, marital status, and race at baseline. Model Il1I: Model II + additional adjustment for education and income at baseline. Model IV: Model III + additional adjustment for smoking,

alcohol use, exercise, and social support at baseline. Model V: Model IV + additional adjustment for cardiovascular disease and depression at baseline. Model VI: Model V + additional adjustment for job control at baseline.

Model VII: Model VI + additional adjustment for employment at baseline and follow-ups.

*p < 0.001, **p < 0.01, *p < 0.05.

More detailed results are displayed in Supplemental Table 3.
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4. Discussion

In this longitudinal study among US older workers aged 50
years and older, high reward independently, and combinations of
reward and effort, were associated with increases in subjective
memory measures, after adjusting for demographic, socioeco-
nomic, lifestyle, health, and work characteristics. These findings
contribute to the existing literature of psychosocial work and
cognition, additionally providing evidence that high levels of
workplace reward, as well as different effort-reward combinations
with either high effort or high reward, may positively influence
perceptions of memory spanning up to six follow-up waves or 12
years. Results align with components of the ERI model and
objective cognitive performance research, in which high work-
related reward has been positively associated with different
measures of objective cognitive function, including episodic
memory, among US and European worker groups [17,18].

The general concept of reward has been linked with memory
through reward motivation and reward processing in the brain
[31], and functional connectivity demonstrated between reward
and memory regions [32]. The study findings of longitudinal as-
sociations of high work-related reward with improved subjective
memory suggest that exposure to reward and the brain processing
of reward may positively influence self-perceptions. Reward pro-
cessing has been positively associated with resilience and sub-
jective well-being perceptions of life satisfaction and positive
affect, and resilience was identified as a mediator in the reward
processing and subjective well-being relationship [33]. Among
older adult populations, resilience has been conceptualized as the
conjunction of positive attitude and resource availability [34].
Considering these possible mechanisms and relationships, in this
sample of US older workers, those with high work-related reward
may have accumulated financial resources and social esteem,
which activate reward processing and resilience development and
thus may contribute to positive perceptions of memory ability.

The combinations of effort and reward, in comparison to “low
effort and low reward,” yielded positive associations with sub-
jective memory summary scores. Notably, the combinations which
contained high reward, “low effort and high reward,” and “high
effort and high reward” yielded relatively high positive co-
efficients. Although the positive association between effort and
subjective memory was not obvious in this study, in previous
respective research, high effort in combination with reward has
been associated with positive cognitive outcomes [17,18], sug-
gesting high effort may still contribute to improved cognitive
outcomes when combined with reward. For instance, among
German workers, compared to the “low effort and low reward”
reference group, all other ERI combinations were significantly
associated with increased perceptual speed test scores across six
years [17]. Among US workers, “high effort and high reward” was
longitudinally associated with increased episodic memory across
nine years [18]. These patterns demonstrate distinct health effects
when the two conceptual components, effort and reward, are
considered jointly [14].

4.1. Limitations

Limitations of this study include, first, its inability to account
for possible changes that may have occurred between survey
waves. As this study used only a one-time baseline measure of ERI
psychosocial work data, we were not able to explore changes of
stressful work overtime. Second, ERI was assessed with a proxy
measure of the original scales. Despite satisfactory psychometric
criteria of an overall model fit, the internal consistency of the scale
“effort” was relatively low. Third, both the prediction and the
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outcome variables were measured by self-report information.
Therefore, we cannot rule out unmeasured effects of a subjective
reporting bias. Future studies may use a more objective measure of
psychosocial work environments based on job exposure matrix
[35]. Finally, subjective memory measures were generalized and
did not specify different memory subdomains [36].

4.2. Strengths

This study is among the first to evaluate components of the ERI
model with perceived memory, utilizing independent and joint
categories among a population-based sample of workers from a
nationally representative cohort. Although the strategy of analysis
deviates from an often-practiced procedure of testing a summary
measure of this model, the effort-reward ratio, as the only
outcome criterion, our data demonstrate that single components,
as well as distinct combinations of “effort” and “reward”, yield
significant effects on perceived memory. In line with recommen-
dations of the author of this model [ 16], we suggest making full use
of all components of this theoretical model. As for further
strengths, methodological merits include the longitudinal study
design with subjective memory data up to six survey waves across
a timespan of up to 12 years. In addition, GEE analysis with co-
variate adjustments provided outputs that may approximate those
of the population [37]. Finally, sensitivity analyses supported the
main findings of this study.

4.3. Implications

This study integrated occupational health and gerontological
sciences, focusing on workers aged 50 years and older, and the
associations of their psychosocial work perceptions at the baseline
with their 12-year trajectory of subjective memory changes. As the
quantity of older workers in the US workforce is projected to in-
crease within less than a decade [6], workplace support is needed
for their working conditions and cognitive health. However, cur-
rent evidence does not justify a regular screening for subjective
memory in otherwise healthy middle-aged and older working
populations, despite some respective recommendation [29]. We
suggest including one or two questions about recent subjective
memory complaints in a general worksite health screening but to
restrict further cognitive screening to individuals with reported
complaints. More importantly, decision-makers, managers, and
business leaders should be informed about the health benefits of
providing rewarding working conditions and they should be
motivated to promote rewarding work among employees.
Different models of good practice are available to this end, e.g.,
measures to improve control over working time [38], to strengthen
collaboration and appreciation [39], and to promote fair pay [40].

5. Conclusion

Reward, and combinations of effort and reward at work, may
strengthen perceived memory over 12 years’ time among US older
adults working full-time and part-time at age 50 years and older.
These findings may be translated into workplace practices that
enhance financial and social esteem aspects of reward and clinical
practices that incorporate assessments of subjective cognition to
support the aging US workforce.
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