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ABSTRACT
Objectives  To investigate the association between 
subelements of physical job demands and cognitive 
impairment risk in middle-aged and older workers in 
Korea.
Design  Longitudinal study using eight waves (2006–
2020) of the Korean Longitudinal Study of Aging.
Setting  Nationally representative sample of the Korean 
population aged 45 years and older.
Participants  2170 workers aged 45 and older at baseline.
Primary outcome measures  Cognitive function was 
evaluated using the Korean version of the Mini-Mental 
State Examination and cognitive impairment was defined 
as a score below 24.
Results  High physical strength demands were inversely 
associated with cognitive impairment (OR 0.31, 95% CI 
0.14 to 0.68 for ‘always’ vs ‘never’ category). Conversely, 
frequent heavy lifting (OR 2.67, 95% CI 1.36 to 5.26) and 
bending, kneeling or squatting (OR 1.69, 95% CI 0.82 to 
3.47) tasks were associated with increased impairment 
risk. Dose–response relationships were observed between 
all physical job demands and cognitive impairment, 
persisting among those with lower education but not 
among those with higher education.
Conclusions  Different types of physical job demands 
have varying relationships with cognitive impairment 
in middle-aged and older workers. Tasks requiring 
high physical strength may protect against cognitive 
impairment while tasks involving heavy lifting and bending, 
kneeling or squatting may increase the risk. These findings 
highlight the need for tailored interventions that consider 
the type of physical job demands and workers’ educational 
levels to mitigate cognitive impairment risks. Further 
research is needed to explore the underlying mechanisms 
and validate these findings.

INTRODUCTION
Cognitive function, which includes memory, 
attention and problem-solving, is vital for mental 
well-being, especially in middle-aged and older 
populations. As individuals age, maintaining and 

improving cognitive abilities becomes essential 
for independence and quality of life. These abil-
ities are not fixed but can change due to various 
factors such as physical health,1 mental stimula-
tion2 and social engagement, including work.3 
This flexibility suggests that cognitive decline is 
not an unavoidable consequence of ageing but 
can be reduced or even reversed through suit-
able interventions. In the context of the ageing 
population in Korea, it is imperative to explore 
factors that may contribute to cognitive impair-
ment, including dementia. Notably, the increase 
in the prevalence of dementia in Korea from 
2021 to 2050 is expected to be the largest among 
the Organisation for Economic Co-operation 
and Development countries.4 Previous studies 
have proposed that several risk factors in middle 
and old age, including cardiovascular disease, 
are linked with an increased risk of cognitive 
impairment later in life.5 6

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study used a nationally representative sample 
of middle-aged and older Korean workers, enhanc-
ing the generalisability of the findings.

	⇒ Long-term periodically repeated evaluations over 14 
years allowed for a comprehensive assessment of 
the relationship between physical job demands and 
cognitive impairment.

	⇒ Physical job demands were assessed using simple 
questionnaires, which may be less valid and more 
prone to misclassification bias compared with 
device-based methods.

	⇒ The study may be subject to potential bias due to 
loss to follow-up, although generalised linear mixed-
effects models were used to mitigate this issue.

	⇒ The 2-year interval between surveys introduces the 
possibility of carry-over effects from job changes, 
which could lead to misclassification bias.
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Studies on occupational risk factors for cognitive impair-
ment have primarily focused on job complexities based on 
the International Standard Classification of Occupations 
and exposure to hazardous substances rather than physical 
job demands.7 8 This may be attributed to the widespread 
and well-established perception that physical activity benefits 
health. However, there is growing evidence that physical job 
demands, unlike leisure-time physical activities (LTPAs), may 
paradoxically increase the risk of cognitive impairment.9–11 
Previous studies elucidating the relationship between phys-
ical job demands and cognitive impairment present several 
limitations, including the lack of a nationally representative 
sample,11 limited categories of occupations,9 10 12 lack of peri-
odic repeated evaluations9 10 12 and inadequate adjustment for 
potential confounders.11 Many of these studies have relied on 
self-reported data and single-time point assessments, which 
can introduce recall bias and limit the ability to capture the 
dynamic nature of physical job demands over time.13 Specif-
ically, studies have yet to attempt to explore the relationship 
between the subelements of physical job demands (phys-
ical strength (PS), lifting heavy objects (LH) and bending, 
kneeling or squatting (BK)) and cognitive impairment. 
Exploring the risk of cognitive impairment by subelements 
of physical job demands and evaluating the presence of effect 
modification may help generate hypotheses about potential 
risk factors and mechanisms while contributing to policy-
making and implementing tailored interventions to reduce 
the socioeconomic burden of cognitive impairment.

In this study, we aimed to address a substantial gap in 
the literature by examining the association between phys-
ical job demands and the risk of cognitive impairment in 
middle-aged and older populations using a national panel 
survey database in Korea. We hypothesised that subele-
ments of physical job demands would affect cognitive 
impairment differently, particularly with regard to PS and 
LH, which we expected to have contrasting associations.

METHODS
Data source
We used the Korean Longitudinal Study of Aging 
(KLoSA) survey database.14 A detailed description of 
the KLoSA survey database has been published else-
where.15 16 Briefly, the KLoSA survey database is a nation-
wide database collected biennially since 2006 that covers 
the middle-aged and older Korean population; it includes 
information regarding demographics, family, health, 
employment, income, assets, subjective expectations and 
satisfaction. KLoSA benchmarked prior experiences of 
the Health and Retirement Study in the USA, the English 
Longitudinal Study of Ageing in the UK and the Survey 
of Health, Ageing and Retirement in Europe, which were 
panel surveys for older adults. KLoSA covered all the key 
topics of these surveys during the development stage. The 
KLoSA survey used a stratified two-stage cluster sampling 
technique to obtain a representative sample of the Korean 
population aged 45 years and older.

Study design and participants
We conducted a longitudinal study using data from eight 
waves (2006–2020) of the KLoSA database. All partic-
ipants surveyed at baseline (ie, the first wave) in 2006 
were included (10 254 participants) in the study. Eligi-
bility criteria were defined as being workers aged 45 
years and older (2170 participants). Considering that the 
KLoSA database is complex survey data, we implemented 
subpopulation analysis for subjects that met the eligibility 
criteria without deleting any observations. During the 
study period, some participants changed jobs or retired. 
Therefore, to establish a temporal relationship and mini-
mise reverse causation between physical job demands and 
cognitive impairment, only observations of those who had 
been at least 3 months in the job identified at each survey 
wave were included in the analysis.

Measurements
Physical job demands
In each of the eight survey waves, the participants were 
asked if they were currently working for income. Partic-
ipants who answered ‘yes’ were asked three questions 
about their physical job demands: (1) How often do you 
need a lot of physical strength to perform tasks in your 
job? (2) How often do you need to lift heavy objects to 
perform tasks in your job? (3) How often do you need 
to bend, kneel or squat to perform tasks in your job? 
Response options were rated on a four-point scale (never, 
sometimes, often, always).

Cognitive function
The Korean version of the Mini-Mental State Examination 
(K-MMSE) was used to measure cognitive function.17 The 
K-MMSE comprises 30 points calculated using 19 items 
in seven domains: time orientation, place orientation, 
memory registration, attention, memory recall, language 
and visual construction. The MMSE cut-off score depends 
on the purpose of the study; however, in general, a score 
of less than 24 is considered an acceptable cut-off indica-
tive of the presence of cognitive impairment.18 Hence, we 
adopted the above criteria and defined cognitive impair-
ment as a score of fewer than 24 points.

Covariates
For potential confounders, we selected 17 characteristics 
from three domains: sociodemographic, health related 
and occupational. All covariates were chosen using the 
modified disjunctive cause criterion proposed by Vander-
Weele.19 Sociodemographic characteristics included age, 
sex, marital status, educational attainment, household 
income (adjusted household size by square root equiv-
alence scale) and residential area. Health-related char-
acteristics included obesity (based on the Asia-Pacific 
guidelines of the WHO),20 smoking, risky drinking 
(based on the criteria of the Korea National Health and 
Nutrition Examination Survey),21 physical activity (based 
on the WHO guidelines),22 hypertension, diabetes and 
depressive symptoms (based on the 10-item Centre for 
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Epidemiologic Studies Depression Scale).23 Occupational 
characteristics included weekly work hours, employment 
status and occupational groups based on the Korean Stan-
dard Classification of Occupations (KSCO). The occu-
pational groups classified according to the KSCO were 
(1) managers; (2) professionals and related workers; (3) 
clerks; (4) service workers; (5) sales workers; (6) skilled 
agricultural, forestry and fishery workers; (7) craft and 
related trades workers; (8) equipment, machine oper-
ating and assembling workers; (9) elementary workers 
and (10) unspecified.

Statistical analysis
Our primary interest was an association between physical 
job demands and the weighted prevalence of cognitive 
impairment. Graphs were constructed to visualise trends 
in the prevalence of cognitive impairment according to 
physical job demands during 2006–2020. We fitted gener-
alised linear mixed-effects models (GLMM) with random 
intercepts and a logit link function. The regression equa-
tion was

	﻿‍

logit
(
Pr

(
impairmentit = 1

))
= β0 + αi

+ β1
(
physical job demandit

)
+

∑
β2jXitj ‍�

where ‍impairmentit ‍ is the cognitive impairment status 
for subject i at wave t, ‍β0‍ is the global intercept, ‍αi ‍ is the 
random intercept for subject i, ‍physical job demandit ‍ is the 
physical job demand status in the job identified at wave 
t for subject i and ‍Xitj ‍ is the covariate j for subject i at 
wave t. Since our research question focused on workers, 
which constituted a subpopulation of the complex survey 
data, we implemented subpopulation analysis instead 
of excluding non-workers from the original dataset 
to compute correct standard errors. In addition, we 
assumed that the data were missing at random, under 
which GLMM can accommodate missingness due to loss 
to follow-up and produce unbiased estimates.

We estimated ORs and 95% CIs of physical job demands 
for cognitive impairment and repeated the analyses strat-
ified by sex and educational attainment (middle school 
or below and high school or above) to assess the effect 
modification of these variables on the effect estimates. In 
addition, we separately fitted models with an interaction 
term between each physical job demand and potential 
effect modifier to identify populations with a higher or 
lower risk of cognitive impairment associated with phys-
ical job demands.

To address methodological concerns regarding the 
temporal relationship between physical job demands and 
cognitive impairment, we conducted a sensitivity analysis. 
We fitted a GLMM incorporating time-lagged variables 
and changes:

	﻿‍

logit
(
Pr

(
impairmentit+1 = 1

))
=

β0 + αi + β1
(
physical job demandit

)

+ β2

(
physical job demand change(it+1

)
−
(
it
)
)

+
∑

β3jXitj ‍�

Here, the dependent variable was the cognitive impair-
ment status at time t+1 while the independent variables 
included the physical job demand at time t and the 
change in physical job demand from t to t+1. The physical 
job demand change was treated as a continuous variable, 
assuming equal intervals between categories.

Statistical significance was set at p≤0.05. Statistical anal-
ysis and graph construction were performed using Stata 
V.17.0 (StataCorp).

Patient and public involvement
Patients and the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

RESULTS
General characteristics of study participants
Table 1 (see the detailed version in online supplemental 
table 1) presents the descriptive characteristics of study 
participants at baseline in 2006. The participants’ age 
ranged from 45 to 83 years. The most significant differ-
ence in baseline characteristics by physical job demands 
was found in the context of educational attainment. For 
simplicity, each physical job demand was dichotomised as 
low (never and sometimes) and high (often and always). 
Among participants in high PS demanding roles, 50.7% 
had an educational attainment of middle school or below, 
higher than the 23.8% in low PS demanding roles on the 
job. Similarly, among participants in high LH demanding 
roles, 53.1% had an educational attainment of middle 
school or below, higher than the 28.6% in low LH 
demanding roles on the job. Among participants in high 
BK demanding roles, 52.1% had an educational attain-
ment of middle school or below, higher than the 25.4% 
in low BK demanding roles on the job.

Trends in the prevalence of cognitive impairment by physical 
job demands
Figure  1 and online supplemental table 2 present the 
prevalence of cognitive impairment according to phys-
ical job demands during the study period. Between 2006 
and 2020, the prevalence of cognitive impairment among 
participants increased from 6.9% to 12.2%. Except for 
PS, a tendency was observed for the prevalence of cogni-
tive impairment to increase with the increase in physical 
job demands in each wave. More detailed information 
regarding the distribution of workers across the levels 
of each physical job demand by the wave is presented in 
online supplemental table 3.

Longitudinal associations between physical job demands and 
cognitive impairment
Table 2 shows the results of GLMM with a logit link func-
tion examining the relationship between physical job 
demands and cognitive impairment. When all covari-
ates and other physical job demands were adjusted, 
the ‘always’ category of LH and BK was associated with 
increased odds of cognitive impairment compared with 
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the ‘never’ category, whereas the opposite was observed 
for PS. The ‘always’ category in PS, LH and BK, compared 
with the ‘never’ category, was associated with 0.31 (95% CI 
0.14 to 0.68), 2.67 (95% CI 1.36 to 5.26) and 1.69-fold 
(95% CI 0.82 to 3.47) odds of cognitive impairment, 
respectively. In addition, dose–response relationships 
were observed between all physical job demands and 
the prevalence of cognitive impairment. However, when 
stratified by educational attainment, it was observed that 
the dose–response relationship was maintained among 
low-educated people while it disappeared among high-
educated people. Figure  2 shows the combined effect 
of physical job demands and educational attainment on 
cognitive impairment, using highly educated people who 
fall into the ‘never’ category of physical job demands as 
the reference group for all comparisons.

Online supplemental tables 4–6 present the results of 
models fitted with an interaction term between each phys-
ical job demand and potential effect modifiers. Effect 
modification by potential effect modifiers (sex, educa-
tional attainment, household income, body mass index, 
smoking, physical activity, hypertension, diabetes, depres-
sive symptoms and employment status) was not consis-
tently detected across the physical job demands.

Sensitivity analysis
The results of the sensitivity analysis are presented in 
online supplemental table 7. The findings were consis-
tent with our original results, demonstrating opposite 
directions of associations for PS and LH with cogni-
tive impairment. The associations of changes in PS 
and LH from t to t+1 with cognitive impairment were 
in the same direction as their respective physical job 
demands at time t.

DISCUSSION
Using a national panel survey database in Korea, this 
study aimed to derive hypotheses regarding the physical 
activity paradox by examining the association between 
the subelements of physical job demands and the risk of 
cognitive impairment in the middle-aged and older popu-
lation. We found that workers with tasks requiring high 
PS were less likely to suffer from cognitive impairment, 
whereas those with primary tasks of LH and BK were 
more likely to incur cognitive impairment. Notably, when 
stratified by educational attainment, it was observed that 
the dose–response relationship was maintained in those 
with low education, whereas it disappeared in those with 
high education.

The conventional wisdom that physical activity reduces 
the risk of various health outcomes has been firmly estab-
lished by evidence that physical activity in all domains has 
similar beneficial effects. In particular, studies on occu-
pational epidemiology before the 2010s reported that 
physically active jobs were associated with lower mortality 
risk.24 However, recent studies have suggested differential 
health effects between occupational physical activities 
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(for clarity, we refer to this as physical job demands) and 
LTPA, the so-called physical activity paradox.25–27 One 
of the studies that received attention was a meta-analysis 
examining the association between physical job demands 
and mortality, which reported an 18% increase in risk 
for all-cause mortality among men with high physical 
job demands compared with those with low demands.27 
Several researchers have questioned the existence of this 
paradox by highlighting significant limitations of studies 
investigating the link between physical job demands and 
mortality. The accentuated limitations included crude 
categories for physical job demands, inadequate assess-
ment using questionnaires with relatively low validity 

and potential for residual confounding.28 29 In addi-
tion, studies published after the above-mentioned meta-
analysis27 showed inconsistent results, making it more 
challenging to distinguish whether these differential 
associations existed or were spurious results of method-
ological issues.30–32 An umbrella review prepared for the 
2020 WHO guidelines on physical activity and sedentary 
behaviour suggested that high physical job demands were 
conducive to most health outcomes, including coronary 
heart disease and several cancers, whereas unfavourably 
associated with all-cause mortality in men.32

Additionally, since studies on the health effects of phys-
ical job demands have been conducted primarily in the 

Figure 1  Weighted prevalence of cognitive impairment among study participants by physical job demands. (A) physical 
strength, (B) lifting heavy objects and (C) bending, kneeling or squatting

Figure 2  Combined effects of physical job demands and educational attainment on cognitive impairment. EDU, educational 
attainment.
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context of cardiovascular disease and mortality outcomes, 
epidemiological evidence for cognitive impairment and 
dementia remains scarce. Previous studies on physical 
job demands and cognitive impairment revealed mixed 
results, and these studies shared the aforementioned 
limitations of studies examining the relationship between 
physical job demands and mortality.9–12 A meta-analysis 
and systematic review exploring the association between 
physical job demands and cognitive impairment was incon-
clusive,33 34 and the umbrella review mentioned above32 
excluded the evidence for neurological disorders. Given 
the need for a response to unprecedented rapid ageing at 
a national level and the fact that the relationship between 
physical job demands and cognitive impairment has not 
been fully explored, we searched for available secondary 
data that fulfilled the research agenda for the physical 
activity paradox proposed by Coenen et al35 to the greatest 
extent. Furthermore, we noted the common conclusion 
of previous studies that future research should consider 
various aspects of physical job demands. Most studies 
assessing physical job demands through job exposure 
matrices11 or questionnaires combined multiple items 
into a single measure and classified them into crude cate-
gories (active and sedentary or quantiles).9 10 12 Dalene et 
al pointed out that since physical job demands comprise a 
mixture of beneficial and detrimental exposures, treating 
physical job demands as an all-inclusive term might have a 
neutralising effect.36 Therefore, we attempted to examine 
the relationship between cognitive impairment and 
subelements of physical job demands, including PS (as 
a surrogate measure of energy expenditure) and biome-
chanical components (LH and BK).

Our results, which suggested that associations with 
cognitive impairment for subelements of physical job 
demands were in different directions, are consistent with 
the plausible physiological explanations from previous 
studies. Existing evidence supports the concept that 
age-related impairment of autoregulatory adaptation to 
transient increase or decrease in blood pressure contrib-
utes to increased susceptibility of older adults to micro-
vascular brain damage and cognitive decline. Valsalva 
manoeuvres, unavoidable when LH, cause a significant 
transient increase in arterial pressure for a short period, 
posing a challenge to the autoregulatory mechanisms 
of cerebral circulation.37 Postural changes induce short-
term blood pressure instability, which may play a role 
in accelerating cognitive ageing,38 although our results 
for BK were not statistically significant. In contrast, 
performing tasks requiring PS may have potential protec-
tive mechanisms against brain ageing, similar to LTPAs 
that promote amyloid beta peptides clearance, modulate 
oxidative stress and inflammation, and enhance neuro-
genesis and neuroplasticity.39 Our results also provided 
insight into why the results of previous studies were 
inconsistent and the so-called physical activity paradox 
was observed. The subelements of physical job demands 
that are more dominant may determine if the physical job 
demands are beneficial or detrimental to specific health 

outcomes. We posited that an integrated approach is 
needed to understand the physical activity paradox. First, 
subelements of physical job demands influencing specific 
health outcomes should be identified using a reductionist 
approach, and then indicators should be developed 
considering multiple subelements via a holistic approach.

Another notable result, that the dose–response rela-
tionship was maintained among low-educated subjects 
but dissipated among their highly educated counterparts, 
is also consistent with two inter-related hypotheses in 
previous studies. First, the concept of cognitive reserve 
suggests that individuals with higher levels of education 
may have a more resilient neural network and better 
cognitive processing, which could make them less influ-
enced by the effects of physical job demands on the 
brain.40 Second, highly educated individuals are likely to 
engage in tasks necessitating substantial cognitive involve-
ment in their occupations. The routine utilisation of 
cognitive skills in problem-solving and decision-making 
may foster cognitive resilience, enabling them to with-
stand the effects of physical job demands on the brain.41 
This suggests an important implication: individuals with 
lower levels of education are not only more likely to face 
physical job demands but are also more vulnerable to 
the effects of such demands. Therefore, this group is the 
one that can benefit the most from tailored interventions 
and should be given the highest priority in public health 
policies. To mitigate the risk of cognitive impairment 
among middle-aged and older workers, particularly those 
with lower educational attainment and high LH and BK 
demanding roles, we propose two main types of person-
alised interventions. First, modifications in the work envi-
ronment or job tasks can be implemented to alleviate LH 
and BK burdens, such as job redesign, ergonomic solu-
tions and more rest periods during work hours. Second, 
programmes designed to enhance cognitive abilities and 
resilience can be introduced, which can help workers 
improve their cognitive performance and potentially 
counteract the adverse effects of LH and BK burdens on 
the brain.

Strengths of the present study include national-level 
representative samples of the middle-aged and older 
Korean population, long-term periodically repeated 
evaluations and encompassment of various occupa-
tional groups. Additionally, we extensively addressed 
the residual confounding and effect modification issues. 
Furthermore, we shed light on the relationship between 
the subelements of physical job demands and cognitive 
impairment to advance knowledge about the physical 
activity paradox.

Nevertheless, this study had several limitations. First, 
the risk of reverse causality cannot be entirely ruled out. 
It is possible that individuals experiencing early stages 
of cognitive decline might be more likely to change jobs 
or stop working altogether, potentially influencing our 
observed associations. Second, there was a large propor-
tion of participants who lost to follow-up before the last 
wave. Participants who developed cognitive impairment 
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may have been more likely to drop out of the study. While 
we implemented GLMM to obtain unbiased estimates 
under the assumption that data is missing at random, 
the possibility of data missing not at random cannot be 
completely discounted, which could lead to biased esti-
mates. Third, we assessed physical job demands using 
simple questionnaires, which are less valid and prone to 
differential misclassification bias compared with device-
based methods. We recognised this as one of the limita-
tions of the existing literature and searched for available 
secondary data that applied device-based methods, but 
unfortunately, none existed. Fourth, the possibility of 
carry-over effects warrants consideration. The 2-year 
interval between surveys introduces the potential for 
participants to have changed jobs multiple times. Our 
data only reflect the physical demands of the job held at 
the time of each survey, which could lead to a misclassi-
fication bias due to carry-over effects from previous jobs. 
To address this, our analysis only includes observations 
from participants who had been in jobs identified at the 
time of each survey wave for at least 3 months. However, 
this approach only partially eliminates the potential for 
bias. Fifth, our study did not account for early-life cogni-
tive ability, which recent research suggests may be a 
stronger predictor of cognitive abilities later in life than 
education or occupational characteristics.42 43 Individ-
uals with higher cognitive abilities early in life are more 
likely to choose cognitively challenging occupations 
and are less likely to experience cognitive decline. This 
unmeasured confounding factor could partially explain 
the associations observed in our study. Future research 
should consider incorporating measures of early-life 
cognitive ability to better understand its role in the rela-
tionship between physical job demands and cognitive 
impairment.

Conclusion
Our research suggests that various physical job demands 
may have differing relationships with cognitive impair-
ment in middle-aged and older workers. Tasks necessi-
tating high PS were linked to a decreased likelihood of 
cognitive impairment while tasks involving heavy lifting 
and BK were associated with an increased risk. These rela-
tionships were more pronounced in workers with lower 
educational attainment. These insights add to our under-
standing of the ‘physical activity paradox’ and suggest 
that future research and interventions should consider 
the specific aspects of physical job demands. While our 
findings provide important insights, the observational 
nature of our study and potential for biases such as 
reverse causality and loss to follow-up limit our ability to 
draw definitive causal conclusions. Further research using 
diverse methodological approaches is required to validate 
these findings, investigate potential underlying mech-
anisms and strengthen causal inferences regarding the 
relationship between physical job demands and cognitive 
impairment.
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