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Summary
Background High levels of occupational physical activity (PA) have been linked to an increased risk of dementia. We
assessed the association of trajectories of occupational PA at ages 33–65 with risk of dementia and mild cognitive
impairment (MCI) at ages 70+.

Methods We included 7005 participants (49.8% were women, 3488/7005) from the HUNT4 70+ Study. Group-based
trajectory modelling was used to identify four trajectories of occupational PA based on national registry data from
1960 to 2014: stable low (30.9%, 2162/7005), increasing then decreasing (8.9%, 625/7005), stable intermediate
(25.1%, 1755/7005), and stable high (35.2%, 2463/7005). Dementia and MCI were clinically assessed in
2017–2019. We performed adjusted multinomial regression to estimate relative risk ratios (RRR) with 95%
confidence intervals (CI) for dementia and MCI.

Findings 902 participants were diagnosed with dementia and 2407 were diagnosed with MCI. Absolute unadjusted
risks for dementia and MCI were 8.8% (95% CI: 7.6–10.0) and 27.4% (25.5–29.3), respectively, for those with a stable
low PA trajectory, 8.2% (6.0–10.4) and 33.3% (29.6–37.0) for those with increasing, then decreasing PA; while they
were 16.0% (14.3–17.7) and 35% (32.8–37.2) for those with stable intermediate, and 15.4% (14.0–16.8) and 40.2%
(38.3–42.1) for those with stable high PA trajectories. In the adjusted model, participants with a stable high trajectory
had a higher risk of dementia (RRR 1.34, 1.04–1.73) and MCI (1.80, 1.54–2.11), whereas participants with a stable
intermediate trajectory had a higher risk of MCI (1.36, 1.15–1.61) compared to the stable low trajectory. While not
statistically significant, participants with increasing then decreasing occupational PA had a 24% lower risk of
dementia and 18% higher risk of MCI than the stable low PA group.

Interpretation Consistently working in an occupation with intermediate or high occupational PA was linked to an
increased risk of cognitive impairment, indicating the importance of developing strategies for individuals in physi-
cally demanding occupations to prevent cognitive impairment.
*Corresponding author. Norwegian Institute of Public Health, Postbox 4404 Nydalen, Oslo, 0403, Norway.
E-mail address: vesk@fhi.no (V. Skirbekk).
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Research in context

Evidence before this study
We searched PubMed and individual article reference lists to
find relevant studies from December 15th 2022 to April 1st
2023. The search terms included, but were not limited to,
occupation*, physical activity, characteristics, dementia, mild
cognitive impairment, cognitive impairment, work*, physical
demands, and physically demanding. Existing evidence suggests
that individuals working in occupations with high physical
activity are at an increased risk of cognitive impairment later
in life, compared to individuals working in less physically
demanding occupations.

Added value of this study
Our findings extend those from previous studies by
incorporating a life-course perspective into research on
occupational physical activity and cognitive impairment.
Whereas previous studies have mainly focused on a single
measurement of occupation, often close to retirement, we

include occupational trajectories from ages 33–65 to give a
broader picture of the occupational histories of the
participants and how these relate to risk of cognitive
impairment in later adulthood. We also show that the
increased risk of dementia and MCI in individuals with high
occupational physical activity persists after accounting for
factors such as education and income. In addition, our use of
rich national registry data on occupation provides additional
strength to our findings by reducing the biases commonly
associated with self-report.

Implications of all the available evidence
The observed associations of high occupational physical
activity and increased risk of late-life cognitive impairment
indicates that special attention must be given to workers in
these occupations, warranting strategies aimed at preventing
or reducing cognitive impairment.
Introduction
With a rapidly growing population of older adults
worldwide, identifying modifiable risk factors for
cognitive decline and impairment is receiving
increasing attention. While there has been a focus on
educational attainment, the role of other modifiable
factors in the prevention of age-related cognitive decline
and impairment has received less attention. However,
accumulating evidence points towards the influence of
occupational characteristics on cognitive health (for a
review, see Burzynska et al.1).

Although higher levels of leisure-time physical ac-
tivity (PA) are robustly related to lower risk of cognitive
impairment,2–4 high physical demands in the workplace
have been linked to higher dementia risk.5–7 For
instance, Nabe-Nielsen et al.5 found that men who re-
ported high occupational PA when they were 40–59
years old had a 48% higher dementia risk at ages 60+
than individuals with predominantly sedentary jobs.
Similarly, Rovio et al.6 found an increased dementia risk
after a mean follow-up of 21 years in individuals with
higher occupational PA, although those estimates had
wide confidence intervals and did not reach statistical
significance. A case–control study found that higher
occupational physical demands when the participants
were in their 20s, 40s, and 50s were associated with an
increased odds of Alzheimer’s disease later in life.7

The inverse associations between leisure-time and
occupational PA with health-related outcomes has been
termed the “PA paradox”,8–12 although substantial con-
founding by socioeconomic factors has been sug-
gested.13 As a result, the recent World Health
Organization guidelines for PA and sedentary behavior
take the PA paradox into consideration and call for
further research on the effects of occupational and
leisure-time PA on health.14 High occupational PA (and
especially excessive relative aerobic workloads experi-
enced by aging workers) could potentially raise the risk
of dementia through cardiovascular stress.15

Prior studies on occupational PA and dementia have
several limitations. Occupational PA has mainly been
self-reported, i.e., participants were asked to recall and
interpret the extent to which their job was physically
demanding.5,6 However, self-reported physical activity
can have low external validity16 and correlates poorly
with objectively measured assessments.17 Further, self-
reports are prone to recall bias and misinterpretation,
especially in older populations where recall and inter-
pretation may be affected by changes in cognitive
function.18 In addition, prior studies have typically
assessed occupation at a single time-point in the in-
dividual’s career.5,6 Because individuals can change jobs
www.thelancet.com Vol ▪ ▪, 2023
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and/or occupations over the course of their working
lives, such single-point assessments may be misleading,
especially when assessments take place close to de-
mentia onset. Since the preclinical period of dementia
may start up to two decades prior to symptom onset,19 a
life-course approach where different occupations during
the working life are taken into account could provide
more accurate information on the complex relationships
between occupational characteristics and cognitive
impairment.

In Norway, a resident’s occupational history is pro-
spectively registered and coded according to the Inter-
national Standard Classification of Occupations-88
(ISCO) by Statistics Norway.20 This makes it possible to
link individual occupational data to various indices of
occupational characteristics, such as the Occupational
Information Network (O*NET).21 O*NET is a compre-
hensive database of the characteristics of over 900 oc-
cupations based on data from employees, occupational
experts, and occupational analysts. This provides a
unique possibility to use standardized as opposed to
self-reported data to investigate the relationship between
occupational PA and later-life cognitive impairment
following a life-course perspective.

Utilizing registry or administrative job task and
occupational exposure matrix approaches can represent
an important avenue for research into chronic disease
outcomes with long latency periods or where cumulative
repetitive exposures matter.22 The aim of the present
study was to examine how registry-based trajectories of
occupational PA at age 33–65 years are related to the risk
of dementia and mild cognitive impairment (MCI) at
ages 70+ years. In line with previous research,5–7 we
hypothesized that individuals who consistently work in
occupations with low levels of occupational PA would
have the lowest risk of dementia and MCI compared to
individuals who consistently work in occupations with
high levels of occupational PA.
Fig. 1: Study sampling scheme.
Methods
Study population
We used a historical cohort design in which cognitive
outcomes at age 70+ years were linked to trajectories of
occupational PA at age 33–65 years. The study sample
comprised 7005 participants from the 70+ sub-study of
the fourth wave of the Trøndelag Health Study in Nor-
way (HUNT4 70+, 2017–2019). The HUNT Study is a
large ongoing population-based health survey per-
formed in the Trøndelag County in Norway, where all
adult residents were invited to participate in four sur-
veys: HUNT1 (1984–1986), HUNT2 (1995–1997),
HUNT3 (2006–2008), and HUNT4 (2017–2019). In the
HUNT4 Survey, all county inhabitants aged 70 years
and older (n = 19,403) were invited to participate in the
70+ sub-study, and 9930 (51.2%) individuals aged
70–105 participated. In the present study, we included
www.thelancet.com Vol ▪ ▪, 2023
7005 (72.0%) participants aged 70–105 (born in
1914–1949) from the HUNT4 70+ study for whom data
from the cognitive assessment and data on occupational
PA from at least two time points were available; notably,
at least once before the age of 50 years, and at least once
at or after the age of 50 years (Fig. 1). This restriction
was set to exclude participants who had only worked
early or later in life. As there were insufficient occupa-
tional data at the ages of 30–32 years to create trajec-
tories starting at 30 years, the trajectories included
occupational PA from ages 33–65 years. The upper cut-
off of 65 years was set based on the mean age at first
retirement pension withdrawal in Norway as of 2022
(65.6 years).23 All participants provided informed, writ-
ten consent. See Figure S1 for an overview of the
modelling approach using a directed acyclic graph
(DAG).

Occupational physical activity
Individual data on occupation were obtained from
administrative registers with full population coverage
from Statistics Norway and linked to data on our study
participants using the unique personal identification
number assigned to all registered residents of Norway.
Annual data were available for 1960, 1970, 1980, and the
years spanning 1995–2014. The main occupation for
each participant in each year was defined as the occu-
pation which yielded the highest salary that year.
Occupation was coded using four-digit occupation codes
according to the Norwegian version of the ISCO-88
Standard.20 Our data included workers from 305 occu-
pations. For 1960, 1970, and 1980, we obtained occu-
pational codes by using a crosswalk to impute ISCO-88
codes based on codes from the Nordic Standard of Oc-
cupations.24 For 1995–2002, there were no data on
occupation in the employer-employee registry. For these
years, the occupational codes were imputed by using a
crosswalk based on combinations of a four-digit in-
dustry of employment code25 and a four-digit
3
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educational code.26 The crosswalk was constructed using
years with complete occupation, industry, and education
data to assign the mode occupation to each industry-by-
education cell in the full Norwegian labor force.

To determine occupational PA, the ISCO-88 occu-
pational codes were linked to data from O*NET (2003
version)21 to establish the degree to which each occu-
pation involved performing general PA: “4.A.3.a.1 Per-
forming General Physical Activities: Performing
physical activities that require considerable use of your
arms and legs and moving your whole body, such as
climbing, lifting, balancing, walking, stooping, and
handling of materials”.21 The level of occupational PA
was ranked on a scale of 1–5, with higher scores indi-
cating higher occupational PA. In our study sample, the
mean occupational PA level was 3.06 (SD 0.93). The
resulting scores were standardized, which translates to a
change of 1 SD on the standardized score being equal to
a shift of 0.93 points on the occupational PA index (the
original data scale).

Dementia and MCI
All participants in HUNT4 70+ were clinically evaluated
for dementia and MCI using a comprehensive assess-
ment of cognitive function, activities of daily living,
neuropsychiatric symptoms, disease course, and a family
caregiver interview.27 Each participant was independently
assessed by two out of nine specialists in geriatrics,
neurology, or old age psychiatry, according to the DSM-5
diagnostic criteria,28 and categorized as no cognitive
impairment, MCI (mild neurocognitive disorder), or de-
mentia (major neurocognitive disorder). Formore details
on the diagnostic workup inHUNT470+, seeGjøra et al.27

An MCI diagnosis is not necessarily followed by demen-
tia. The outcomes were hence considered not strictly
ordinal, and multinomial logistic regression was used.29

Other covariates
Data on age, sex, education (highest achieved level of
education: primary, secondary, or tertiary), marital status
(from 1986, corresponding to time at HUNT1: unmar-
ried, married, widow, divorced/separated), retirement
age (either regular age retirement, early retirement, or
disability retirement), and income (mean annual income
in EUR at ages 45–55, inflated to 2018 currency and
grouped into quintiles) were obtained from national
registries. Annual income commonly peaks around age
45–55. It is also less influenced by childbearing and
breaks due to higher education found in earlier ages and
avoids early retirement common in some occupations.30

The remaining variables were obtained from question-
naires and measurements at HUNT1 (1984–1986) and
HUNT2 (1995–1997). Data from HUNT3 (2006–2008)
were not included in our analyses, as the data collection at
HUNT3 occurred after retirement for many of the study
participants, meaning that measurements at HUNT3
were highly unlikely to be confounders in the
associations between trajectories of occupational PA and
cognitive impairment. Participants were classified as
hypertensive if their blood pressure measurements cor-
responded to hypertension (≥140 mmHg systolic blood
pressure and/or ≥90 diastolic blood pressure based on
themean of twomeasurements at HUNT1 and themean
of three measurements at HUNT2) at HUNT1 and/or
HUNT2. Cardiovascular disease (CVD) was categorized
into no/yes, according to whether participants self-
reported ever having myocardial infarction, angina pec-
toris, or stroke at HUNT1 and/or HUNT2. Psychiatric
and somatic impairment were categorized into no/yes,
according to whether participants self-reported having a
moderate or severe psychiatric or somatic impairment at
HUNT1 and/or HUNT2 (the surveys did not ask for
diagnosis). Participants were classified as obese if their
body mass index (BMI) was ≥30 kg/m2 at HUNT1 and/
or HUNT2.31 Insufficient leisure-time PA (performing
less than 30minutes of PA per day32) was categorized into
no/yes, according to participants’ self-reported PA at
HUNT1 and/or HUNT2.

Statistical analyses
Group-based trajectory modelling using the traj package
in Stata 17.033 was conducted to identify groups of study
participants who shared similar underlying trajectories
of occupational PA between 33 and 65 years of age (see
Supplemental Methods for details). Each participant
needed to have a minimum of two occupational data
points: one or more before the age of 50, and one or
more at or after the age of 50. Tables S1–S5 and S6, and
Figure S2 in the Appendix provide further details on
characteristics for the trajectory modeling, as well as
measures of model fit and examples of the most com-
mon occupations in each of the trajectory groups.

The decision on the number and shape of the trajec-
tory groups was based on standard criteria34,35; the
Bayesian Information Criterion (BIC) indicating
goodness-of-fit of the models, the posterior probability
indicating internal reliability, the odds of correct classi-
fication (≥5), and whether the model reflected the data in
a comprehensible and analytically tractable manner (see
Tables S1 and S2). Fig. 2 illustrates the final trajectory
model consisting of four groups: stable low (estimated
group probability: 30.8%; proportion assigned to group:
30.9%), increasing then decreasing (estimated group prob-
ability: 9.8%; proportion assigned to group: 8.9%), stable
intermediate (estimated group probability: 24.0%; pro-
portion assigned to group: 25.1%), and stable high (esti-
mated group probability: 35.4%; proportion assigned to
group: 35.2%) that were used in the final statistical ana-
lyses. Figure S2 shows individual trajectories of the
standardized occupational PA index by age for the study
participants, stratified by trajectory group.

We used inverse-probability weighting (IPW) to ac-
count for non-response in HUNT4 70+ and multiple
imputation (MI) with 20 iterations to impute missing
www.thelancet.com Vol ▪ ▪, 2023
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Fig. 2: Trajectory plot of standardized occupational physical activity (PA) at ages 33–65 years showing four distinct trajectory groups: (1) stable
low occupational PA, (2) increasing then decreasing occupational PA, (3) stable intermediate occupational PA, and (4) stable high occupational
PA. A standardized occupational PA score of zero is equivalent to a score of 3.06 on the occupational PA index in O*NET. One SD is equivalent
to a 0.93 point increase or decrease on the unstandardized occupational PA index. The dashed grey lines surrounding each trajectory are 95%
confidence intervals on the estimated probabilities of group membership. Percentages in the legend represent the estimated group probability.
For data on each participant’s trajectory per occupational PA group, see Figure S2, and for the distribution of the occupational PA index in the
sample, see Figure S3. Typical occupations for the occupational PA groups can be found in Tables S5 and S6.
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values on potential covariates. Details on the IPW and
MI procedures are provided in the Supplemental
Methods in the Appendix. Multinomial logistic regres-
sion with “no cognitive diagnosis” as the base outcome
was used to estimate relative risk ratios (RRRs) with
95% confidence intervals (CI) for dementia and MCI
associated with the four different occupational PA tra-
jectories, see Fig. 3. Although MCI is often considered
an intermediate stage between normal cognition and
dementia, according to a meta-analysis most people with
MCI do not progress to dementia even after 10 years of
follow-up.36,37 We therefore used multinomial as
opposed to ordinal logistic regression. The stable low
occupational PA trajectory served as the reference cate-
gory in the analyses. Adjustment variables were selected
based on an a priori created DAG (Figure S1). The four
regression models successively adjusted for age and sex
(Model 1), education (Model 2), income (Model 3), and
marital status, CVD, psychiatric or somatic impairment,
hypertension, obesity, and insufficient leisure-time PA
(Model 4). Interactions of trajectories of occupational PA
with age, sex, and education were investigated by adding
interaction terms to the regression model. Finally, we
performed sensitivity analyses on complete case data
(n = 5940, 84.8%) without IPW.
www.thelancet.com Vol ▪ ▪, 2023
Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had
full access to all the data in the study and had final
responsibility for the decision to submit for
publication.
Results
Table 1 shows descriptive characteristics of the study
sample (n = 7005, 49.8% women, and a mean age of
77.3 [SD 6.1] years in 2018). In the sample, 902 partic-
ipants were diagnosed with dementia and 2407 were
diagnosed with MCI. Absolute unadjusted risks for de-
mentia and MCI were 8.8% (95% CI 7.6–10.0) and
27.4% (25.5–29.3), respectively, for those with a stable
low PA trajectory, 8.2% (6.0–10.4) and 33.3%
(29.6–37.0) for those with increasing, then decreasing
PA; while it was 16% (14.3–17.7) and 35% (32.8–37.2)
for those with stable intermediate, and 15.4%
(14.0–16.8) and 40.2% (38.3–42.1) for those with stable
high PA trajectories.

Table S4 displays sociodemographic and occupa-
tional characteristics of the HUNT4 70+ sample
5
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Fig. 3: Relative risk ratios with 95% confidence intervals for the associations of occupational PA trajectories at ages 33–65 with risk of dementia
and MCI in the HUNT4 70+ Survey (n = 7005). Model 1: age- and sex-adjusted; Model 2: education was added to Model 1; Model 3: mean
annual income at ages 45–55 was added to Model 2; Model 4: marital status, hypertension, CVD, psychiatric impairment, somatic impairment,
insufficient leisure-time PA, and obesity were added to Model 3.
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Stable low
(n = 2162)

Increasing, then
decreasing (n = 625)

Stable intermediate
(n = 1755)

Stable high
(n = 2463)

Registry-based

Age in 2018, mean (SD) 76.5 (5.6) 75.6 (5.3) 78.7 (6.7) 77.5 (6.1)

Sex (women) 958 (44.3) 256 (41.0) 810 (46.2) 1466 (59.5)

Education

Primary 73 (3.4) 103 (16.5) 468 (26.7) 785 (31.9)

Secondary 774 (35.8) 437 (69.9) 1131 (64.4) 1439 (58.4)

Tertiary 1315 (60.8) 85 (13.6) 156 (8.9) 239 (9.7)

Married 1917 (88.7) 544 (87.0) 1548 (88.2) 2126 (86.3)

Retirement age, mean (SD) 66.0 (3.5) 65.9 (3.8) 65.3 (4.3) 64.7 (4.5)

Annual income age 45–55 years, EUR, mean (SD) 66,015 (24,148) 57,808 (27,253) 49,280 (26,876) 43,688 (19,191)

Occupational PA

Standardized occupational PA index, mean (SD)

Age 30–39 −0.88 (0.68) −0.29 (0.96) 0.16 (0.72) 0.74 (0.67)

Age 40–49 −0.98 (0.54) 0.69 (0.66) −0.01 (0.67) 0.84 (0.61)

Age 50–59 −1.05 (0.44) 0.66 (0.67) 0.08 (0.57) 0.98 (0.44)

Age 60–69 −1.04 (0.41) −0.78 (0.70) 0.29 (0.55) 1.03 (0.41)

HUNT1-HUNT2

Insufficient leisure-time PA 655 (30.3) 260 (41.6) 690 (39.3) 1125 (45.7)

Obesity 227 (10.5) 87 (13.9) 244 (13.9) 414 (16.8)

Hypertension 931 (43.1) 297 (47.5) 911 (51.2) 1221 (49.6)

CVD 60 (2.8) 20 (3.2) 81 (4.6) 93 (3.8)

Psychiatric impairment 44 (2.0) 17 (2.7) 42 (2.4) 53 (2.2)

Somatic impairment 118 (5.5) 39 (6.2) 161 (9.2) 216 (8.8)

HUNT4 70+

Dementia 191 (8.8) 51 (8.2) 281 (16.0) 378 (15.4)

MCI 593 (27.4) 208 (33.3) 615 (35.0) 991 (40.2)

The data shown here are not imputed. Numbers are n (%) unless stated otherwise. CVD: cardiovascular disease; HUNT: Trøndelag Health Study; HUNT1: 1985–1986;
HUNT2: 1995–1997; HUNT4 70+: 2017–2019; MCI: mild cognitive impairment. See Fig. 2 for the occupational PA trajectory plots, Table S4 for information on not-included
and non-participants’ sociodemographic and occupational physical activity charateristics, and Figure S3 for the distribution of occupational PA index in the study sample
versus the non-participants in HUNT4 70+ survey.

Table 1: Study sample characteristics of 7005 participants from the HUNT4 70+ Study born 1914–1949 grouped by trajectories of occupational
physical activity (PA).

Articles
included in this study, of those with insufficient data to
calculate occupational PA trajectories in HUNT4 70+
and hence not included in the study sample, and of
those invited who chose not to participate (non-
participants in HUNT4 70+). The sample included in
our study was better educated, had a higher income, and
were healthier than their peers who were not included
or chose not to participate. The study sample covers the
range of occupational PA in the underlying population,
as shown in Figure S3 which portrays the distribution of
the occupational PA index in the study sample and
among non-participants in the HUNT4 70+ survey. As
the figure reveals, there is a similar distribution of
occupational PA in the two samples, the main exception
being a higher share in the study sample with low-to-
intermediate occupational PA (e.g., teachers) as well as a
somewhat lower share in the high occupational PA
range (e.g., construction workers). Taken together, the
study sample is somewhat positively selected in terms of
health and education, income, and lower occupational
PA.
www.thelancet.com Vol ▪ ▪, 2023
Table S5 shows the most frequent occupations held
by individuals in the four occupational PA trajectory
groups at each decade included in the trajectory model.
Briefly, the most common occupation was primary ed-
ucation teachers in the stable low group; salespersons
(retail and other) in the stable intermediate group;
nursing and care assistants in the stable high group; and
varied between secretaries (early and late in life) and
nursing and care assistants (mid-life) in the increasing
then decreasing group. Table S6 shows examples of
individual occupational histories in each occupational
PA trajectory group. On average, each participant
contributed 10.3 occupational data points (range 2–21)
to the trajectory model. Age strongly influenced the
number of data points contributed, with study partici-
pants aged 70–74 years at HUNT4 70+ (n = 2929)
contributing a mean of 14.0 data points (range 2–21)
and participants aged 95+ at HUNT4 70+ (n = 79)
contributing a mean of 2.6 data points (range 2–3). The
trajectory and the individual occupational PA plots
(Fig. 2 and Figure S2) illustrate stability of occupational
7
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PA level from 32 to 65 years of age among the
participants.

There were no interactions between trajectories of
occupational PA and sex (p for interaction = 0.65), age
(p for interaction = 0.25), or education (p for interac-
tion = 0.67) on risk of dementia or MCI. In the age- and
sex-adjusted model (Model 1), individuals with stable
high occupational PA trajectories had higher risks of
dementia and MCI compared to individuals with a stable
low occupational PA trajectory. A similar pattern was
observed among individuals with stable intermediate
occupational PA trajectories. Further, participants with
an increasing then decreasing occupational PA trajectory
had a higher risk of MCI, but not dementia, compared
to individuals with a stable low trajectory (Fig. 3).
Adjusting for education (Model 2) attenuated the re-
sults; notably, participants with a stable intermediate
occupational PA trajectory still had a heightened risk of
MCI, but no longer had a higher risk of dementia,
whereas participants with a stable high occupational PA
trajectory continued to demonstrate a heightened risk of
dementia and MCI, compared to a stable low occupa-
tional PA trajectory. Individuals with an increasing then
decreasing occupational PA trajectory no longer had a
higher risk of MCI compared to the stable low occupa-
tional PA trajectory (Fig. 3). Adjustment for mean
annual income at age 45–55 (Model 3) further attenu-
ated the results, particularly the associations with de-
mentia (Fig. 3). Further adjustments for marital status
and health and lifestyle-related variables (Model 4) did
not appreciably attenuate the associations (Fig. 3), and
the stable high occupational PA trajectory group
continued to exhibit a heightened dementia and MCI
risk, whereas the stable intermediate trajectory group still
had a higher MCI risk compared to the stable low tra-
jectory group in the fully adjusted model (Model 4).
According to the fully adjusted estimates presented in
Fig. 3, when compared to the individuals with a stable
low trajectory, participants with a stable high trajectory
had a RRR for dementia of 1.34 (95% CI 1.04–1.73) and
MCI of 1.80 (1.54–2.11), whereas participants with a
stable intermediate trajectory had a RRR for MCI of 1.36
(1.15–1.61). While not statistically significant, partici-
pants with increasing then decreasing occupational PA had
a RRR for dementia of 0.76 (0.53–1.11) and of MCI of
1.18 (0.96–1.46) when compared to the stable low PA
group.

Sensitivity analysis
The estimates from the complete case analysis
(n = 5940) without IPW did not differ appreciably from
the results from the multiple imputed and IPW
weighted analyses, although the associations between
trajectories of occupational PA and dementia risk had
wider 95% CIs and were no longer statistically signifi-
cant after adjustment for age, sex, education and mean
annual income at ages 45–55 (Table S7, Appendix).
Discussion
Our findings extend those of prior studies,5–7 demon-
strating that registry-based high occupational PA during
adulthood relates to a sigificantly greater risk of cognitive
impairment later in life. The rich registry-based data on
occupational histories at ages 33–65 years together with
the thorough clinical assessments of dementia and MCI
at ages 70+ years in our study add to the existing literature
by providing a life-course perspective on the association
between occupational characteristics and later-life
cognitive health. Compared to individuals with a stable
low occupational PA trajectory, we found that thosewith a
stable high occupational PA trajectory had an increased
risk of both dementia and MCI, whereas those with a
stable intermediate occupational PA trajectory had an
increased risk ofMCI. Thesefindings persisted even after
adjustment for education, income, marital status, health,
and lifestyle-related factors. Individuals whose occupa-
tional PA increased and then decreased during midlife
did not differ significantly from individuals with a stable
low occupational PA trajectory in terms of dementia or
MCI risk in adjusted models.

There are several plausible explanations for the
observed associations between occupational PA and
dementia and MCI. Higher occupational physical de-
mands in later adulthood have previously been linked to
smaller hippocampal volume and poorer memory per-
formance.38 Similarly, individuals working in physically
hazardous jobs39 or with high job demands (psycholog-
ical or physical) combined with low job control40 have
been found to perform poorer on cognitive tests in later
age. This may suggest a detrimental effect of high
occupational physical demands on brain health and
cognitive function in older ages, which could reflect on
risk of later-life cognitive impairment.

Individuals working in physically-demanding pro-
fessions may differ in terms of genetics, socioeconomic
factors and environmental exposures, and confounding
due to unobserved variation in these is possible. For
instance, people with high occupational PAmay have had
lower early-life cognitive abilities,41,42 which in turn may
influence their school and job market opportunities,
which regardless of occupational PA are related to greater
risk of dementia and MCI. This suggests that the associ-
ation between occupational PA and late-life cognitive
impairment could be confounded by differences in so-
cioeconomic status. Such a confounding effect was
observed in a study on occupational PA and longevity in
men, where the association between high occupational
PA and increased mortality in men was reversed after
adjustment for health, lifestyle, and socioeconomic fac-
tors, with estimates suggesting that men in occupations
characterized by higher PA levels actually had longer life
expectancies thanmen in the sedentary occupations.13We
observed a substantial attenuation of the association be-
tween occupational PA trajectories and cognitive
impairment, particularly dementia, after adjustment for
www.thelancet.com Vol ▪ ▪, 2023
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registry-based education and income. However, our es-
timates still revealed a detrimental effect of higher occu-
pational PA on risk of dementia and MCI even after
adjustment for education, income, marital status, and
lifestyle and health-related factors, indicating that differ-
ences in socioeconomic status and other potential con-
founders do not fully explain the increased risk of
cognitive impairment in individuals with a history of high
occupational PA.

Greater physical demands, lack of recuperation, and
resulting exhaustion could imply more somatic ‘wear
and tear’ and shorter recovery periods, which could
collectively worsen cognition.43,44 Common occupations
among those with intermediate or high occupational PA
trajectories in our study were salespersons (retail and
other), nursing and care assistants, and crop farmers
and animal producers. These jobs are often character-
ized by a lack of autonomy, prolonged standing, hard
work, rigid working hours, stress, a higher risk of
burnout, and sometimes low socioeconomic status and
inconvenient working days.8,22,45–50 Occupations with
high physical demands may also be associated with a
greater risk of hearing loss and exposure to pollution,
which may adversely affect cognition.51 In contrast, low
PA occupations may often represent work situations
with more flexible working hours52,53 allowing for
breaks, recovery, and organizing work according to
workers’ preferences. Moreover, many low PA jobs,
such as engineering, administration, and teaching, may
be more cognitively stimulating, which could contribute
to more favorable cognitive development throughout the
course of a person’s life.54,55 Hence, occupational char-
acteristics beyond occupational PA may be important
contributors to the observed associations between
higher levels of occupational PA and risk of cognitive
impairment in later life and will need to be further
assessed in future studies.

In line with the PA paradox demonstrating
opposing effects of leisure-time PA and occupational
PA on outcomes such as cardiovascular disease and
mortality,8–12 there is extensive evidence from observa-
tional and experimental studies on the benefits of
leisure-time PA for brain health.56,57 However, a recent
randomized-controlled exercise trial in older adults
aged 70–77 years at baseline showed that high intensity
interval training was associated with hippocampal at-
rophy and adversely affected the composition of neu-
rochemicals in the hippocampus compared to older
adults performing at least 30 minutes of moderate PA
at least five days/week.58,59 Together with our findings,
this may suggest that hard physical exertion in later
adulthood, either at work or during leisure-time, may
negatively influence brain and cognitive health. How-
ever, these inconsistencies warrant further in-
vestigations to better understand the impact of the
intensity of PA, both at work and during leisure-time,
on the brain in older ages.
www.thelancet.com Vol ▪ ▪, 2023
Strengths and limitations
The present study has several important strengths. We
used a large, population-based cohort with clinically-
based diagnoses of dementia and MCI, individually
linked with rich Norwegian prospective registry data
going back to 1960, and incorporating longitudinal in-
formation on socioeconomic, health, and admistrative
data. These data enabled the construction of occupa-
tional PA trajectories to help elucidate how variation in
occupational histories is associated with the risk of
cognitive impairment. Further, we had available data on
non-participants, which allowed us to weight the ana-
lyses for non-participation using IPW.

As with most other studies, ours also has a few
limitations. Although our use of registry data linked
with O*NET is less vulnerable to recall bias than indi-
vidual self-reported evaluations of occupational physical
activity, the availability and quality of data in national
registries tend to improve with time. The older in-
dividuals in our study had fewer data points as data
availability is greater in more recent periods. Although
fewer observations suggest lower estimation precision,
point estimates are not affected when we drop those
aged 90 or older from the analyses.

Further, our use of the 2003 version of O*NET
means that we may have missed information on how
physically demanding different occupations were in
earlier years, particularly in the years 1960, 1970, and
1980. In other words, our analyses did not account for
temporal changes in work tasks within the same
occupational category.60 We also did not have early-life
cognitive data, which would have been useful to further
assess the influence of early-life cognition on occupa-
tional opportunities and later-life cognition. In addi-
tion, MCI prevalence was high (35.3%) in HUNT4 70+,
possibly due to the 1.0 SD threshold.27 Applying a
stricter threshold for MCI could have yielded different
results. Furthermore, we did not account for
competing risk due to death, as our study participants
had to survive and participate in HUNT4 70+. If
mortality was higher among those with high occupa-
tional PA trajectories compared to those with lower
occupational PA trajectories,9,11 the competing risk of
death would attenuate the associations and hence make
our estimates edge on the conservative side. Also,
although our study includes comprehensive registry-
based data, several of the covariates used in the anal-
ysis were based on self-report. This may have led to
misclassification due to recall and/or social desirability
bias. Hence, there may be variation in the health status
of the participants that was not adequately captured by
our approach. Residual confounding might play a role,
as in most observational studies, and this could occur
due to measurement error, reporting biases, crude
measures, or the lack of important confounders. We
focused on inclusion of confounders as identified by
the Lancet commission on dementia prevention.51
9
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However, the confounders used in this study could be
represented by other measures; for instance, obesity
could have been based on waist-to-hip ratio rather than
BMI. Furthermore, there are additional risk factors not
included by the Lancet commission, such as diet which
could play a role for MCI and dementia risk, and might
be connected to occupational PA.61 Thus, we acknowl-
edge that unobserved factors not accounted for in the
analyses may hypothetically bias our estimates. Most
past studies do not mutually control for occupational
PA and leisure-time PA in their analyses, which is a
key strength of the current paper. Our study also gives
importance to the role of volume or dose of PA–
beneficial effects of leisure activities. While short
bouts of moderate to vigorous PA can lower cardio-
vascular risk factors such as heart rate and blood
pressure and improve cardiorespiratory fitness, long
durations of high-level PA (common in physically-
demanding work) may have the opposite (detrimental)
effects on CVD risk factors. Explicit consideration of
potential overadjustment by covariates such as CVD
that are being considered as both confounders and
mediators may have influenced the estimates. Howev-
er, Model 4, which included CVD (Table S7) is almost
identical to the models without this variable (Models 2
and 3), which leads us to believe CVD is not central in
this study. Our full model, which includes income,
may have underestimated the total effects of occupa-
tional PA, since adjustment for mediators removes the
indirect paths working via these mediators.

Conclusion
Results from this registry-based study underline the
importance of occupational histories for cognitive health
in later life. Our results particularly underscore the need
to follow up individuals with high lifetime occupational
PA, as they appear to have a greater risk of developing
dementia.

While leisure-time PA can lower cardiovascular risk
factors such as heart rate and blood pressure, as well as
lower the risk of diabetes, long durations of occupational
PA may have the opposite (detrimental) effects on car-
diovascular disease, MCI and dementia risk. Our study
and those of others undescore the need to find
technologically-based solutions and ways to reduce high
occupational PA across the working life, for instance,
through greater work flexibility, job rotation, forced
pauses and mandatory recovery periods, as well as
possibly imposing a reduction of weekly or lifetime work
hours. Future research should assess how occupational
PA and interventions to reduce occupational PA or
technological changes leading to altered occupational PA,
in combination with other occupational characteristics,
relate to dementia and MCI risk in older ages to further
our understanding of the association between occupa-
tional histories and cognitive impairment.
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