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Abstract

Background: Individual diseases are important risk factors for early exit from the labour force among older adults, but the
contribution of multimorbidity to working life expectancy (WLE) is unclear.
Methods: We used data from two prospective cohort studies: Finnish Public Sector study (FPS) and Health and Social
Support Study (HeSSup). Multimorbidity at baseline was ascertained from a combination of self-reported, physician-
diagnosed chronic diseases, and nationwide cancer and medication reimbursement registers. WLE from age 50 up to
68 years was ascertained utilising linked data from a nationwide register of pensionable earnings. WLE was estimated
utilising a multi-state models in R.
Results: Our findings were based on data from 56,079 women and 17,078 men aged ≥50 years. In FPS, women and men
with two chronic diseases could expect to work about 9 months less and those with three or more chronic diseases could
expect to work about a year less than those with no chronic disease. In HeSSup, women and men with three or more
diseases had about 2-3 years shorter WLEs than those with no disease. In both studies participants with physical-mental
multimorbidity had 3-12 months shorterWLEs and individuals with multimorbidity comprising two physical diseases had 8-
10 months shorter WLEs than those with no chronic disease. The patterns were similar across the socioeconomic
positions.
Conclusion: Women and men with multiple chronic diseases could expect to work ∼1 year less than those with no
chronic disease. The differences in WLE can have important economic implications to individuals, health services and
society.
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Introduction

Population ageing and the old age dependency ratio in-
creasing have led to many countries putting forward policy
measures to promote people staying in the work force for
longer. These measures include increasing the statutory
retirement age,1–4 tightening the eligibility criteria for
disability pension2,5 and limiting the availability of early
voluntary retirement.1,2

Poor health is themost common reason for leavingworking
life before the statutory retirement age and must be considered
when developing policies aiming to lengthen working lives.1–3

People with a chronic disease tend to have fragmented work
careers characterised by, for example, spells of unemployment,
and they tend to retire earlier (voluntarily or due to disability)
than individuals without chronic disease.6–8 Particularly car-
diovascular disease, diabetes, musculoskeletal disease and
long-term mental health conditions present barriers to work
participation.9 Evidence from a recent review suggest that
adults aged 18 to 59 years with depressive symptoms spend
more time on sick leave and unemployed than those without
depressive symptoms, and that osteoarthritis, cardiovascular
diseases and diabetes were linked to an increased risk of early
retirement among older workers.10 In a similar vein, the
findings from a prediction modelling study suggest that the
number of chronic diseases and certain multimorbid disease
patterns are important predictors of work disability, along with
conventional risk factors, such as age, history of sickness
absence and health behaviours.7

Multimorbidity - the co-occurrence of multiple chronic or
long-term diseases or health conditions in one individual - has
become a major health and healthcare concern worldwide.11,12

Multimorbidity affects a considerable proportion of adults,
with an estimated prevalence of 47% (95% CI: 42 to 53)
among those aged ≥50 years.13 The Organisation for Eco-
nomic Co-operation and Development estimates suggest that
about a half of adults aged 50-59 years with two or more
chronic conditions are not in employment.14 Adverse health
outcomes associated with multimorbidity among working age
and older adults include increased healthcare utilisation and
decreased quality of life.15,16 However, the extent to which
multimorbidity impacts on working life expectancy (the
number of years a person can expect to work from a given age)
among adult workers aged 50 years and older is unclear andwe
are not aware of previous studies of this topic. Overall mul-
timorbidity and specific disease combinations could have
different impacts on people’s ability to work, depending, for
instance, on the requirements of specific jobs and the extent to

which healthcare systems can support managing co-occurring
diseases (e.g. physical illness together with a mental health
conditions, which are treated in different healthcare
specialities).17,18 Working life expectancy is a holistic, com-
prehensive measure of work participation and investigating
this, rather than single exit routes from employment (e.g.
disability retirement, unemployment or premature death10)
provides a comprehensive and tangible picture of working life
among older workers. To add to the evidence, we have ex-
amined chronic disease multimorbidity as a determinant of
working life expectancy among adults aged 50 years and older,
utilising register-linked data from two longitudinal cohort
studies.

Methods

Study population

We used data from two prospective cohort studies: the
Finnish Public Sector study (FPS) and Health and Social
Support study (HeSSup). Full details of the study design,
participant recruitment and data collection have been re-
ported previously.19 Briefly, FPS, initiated in 2000-2002 is a
dynamic occupational cohort of public sector personnel in
10 municipalities and 21 hospitals in Finland.20 HeSSup is a
population-based cohort study, which was began in
1998 based on a stratified random sample of the Finnish
population in four age groups (20–24, 30–34, 40–44, and
50–54 years).21 In both studies, data were collected by self-
completed questionnaires and the participants’ records were
linked to the employers’ registers (FPS) as well as na-
tionwide healthcare registers and population data (both
studies) for information on disease diagnoses, medication
prescriptions and death. Our analyses in both studies were
based on data from participants who were 50 years old or
older at analytical baseline (data collection waves 2000-
2002, 2004, 2008 or 2012 in FPS and 1998 in HeSSup), had
data available on chronic diseases, covariates and working
spells in the Earnings and Accrual Register from the
baseline up to the end of 2018 (Figure 1). Individuals with
missing data on age, sex, socioeconomic position, chronic
diseases or pensionable earnings were excluded from the
analyses.

Chronic diseases and multimorbidity at baseline

Chronic diseases and chronic disease multimorbidity were
ascertained at analytical baseline, based on self-reports of
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physician-diagnosed respiratory disease, hypertension,
coronary heart disease or stroke, musculoskeletal disorder,
migraine, depression, diabetes and cancer; the responses
were augmented with data from the nationwide cancer
register (to ensure full identification of cancer cases) and
medication reimbursement register (to aid identification of
respiratory disease, hypertension, coronary heart disease or
stroke, musculoskeletal disorder and diabetes; Online
Supplement, Supplemental Table 1).7 Overall multi-
morbidity was operationalised as the number of co-
occurring diseases: 0, 1, 2 or ≥3. Physical multimorbidity
was operationalised as ≥2 physical conditions and physical-
mental multimorbidity as ≥1 physical condition together
with depression. Specific types of multimorbidity were
operationalised as disease combinations of each disease
with one other disease or ≥2 other diseases.

Working life expectancy from age 50 up to 68 years

In our investigation, work participation following the baseline
assessment of individual diseases and multimorbidity was as-
certained utilising data from Earnings and Accrual Register,
maintained by the Finnish Centre for Pensions. The register
contains data on all Finnish residents’ earnings (e.g. wages and
salaries from employment and self-employed work, as well as
social security benefits that are payable to the individual and
accrue pension benefits). Data on earnings from employment are
recorded from beginning of the month following each indi-
viduals’ 17th birthday up to the end of the month of their 68th

birthday; data on self-employed earnings are recorded from age
18 up to 68 years.22 The register contains information on the
dates of beginning and end of each episode of employment. To
avoid the fragmentation of the outcome estimates with frequent
work status changes resulting fromvery short spells ofwork (e.g.

a fewdays of notworking between job contracts), we aggregated
the data to three-month spells beginning on each individuals’
baseline date. We defined individuals as being at work if they
spent any amount of time working during a spell and not
working if they spent no time working. Information on dates of
death was obtained from Statistics Finland population data.
Death was modelled as an additional period beginning on the
date of death.

Covariates

Covariates were factors that previous research suggests are
important determinants of multimorbidity and work
participation6,10,19: sex, age at baseline and follow-up, and so-
cioeconomic position at baseline. Age and sex were ascertained
from the employer’s records in FPS and from Statistics Finland
population data in HeSSup. Socioeconomic position was as-
certained from job titles obtained from the employer’s records in
FPS and self-reported level of education inHeSSup. In FPS, data
on occupation were converted to International Standard Clas-
sification of Occupations (ISCO) by Statistics Finland23 and
categorised into high (ISCO categories 1-2, e.g. managers or
physicians), intermediate (ISCO categories 3-4; skilled non-
manual occupations, e.g. registered nurses) and low (ISCO
categories 5-9, service and manual occupations, e.g. mainte-
nance workers). In HeSSup, socioeconomic position was cat-
egorised as high (university-level qualification), intermediate
(occupational college or equivalent) and low (no occupational
qualification).

Statistical methods

Working life expectancy from age 50 up to 68 years was
estimated utilising a multi-state life tables approach, based

Figure 1. Participant flow chart.
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on transition probabilities between three states (working,
not working and dead). We used R packages msm (for
multi-state survival models in panel data24) to predict
transition probabilities across the three states (Online
Supplement, Supplemental Figure 1): individuals could
be in one state at a time but move between working and not
working, with death modelled as an absorbing state. The
msm package cannot incorporate weights and the analyses
were not weighted. R package elect, utilising a Gombertz
model that defines age as a time-dependent covariate,25

was used to estimate working life expectancies for indi-
viduals with and without overall multimorbidity, specific
types of multimorbidity and individual chronic diseases at
age ≥50 years.26 Age in the beginning of each state was
modelled as a covariate. The WLE predictions were ob-
tained separately for men and women, and for socioeco-
nomic position (low, intermediate and high). This was
done because previous research indicates that work par-
ticipation and the duration of working life differ by sex and
socioeconomic position.27,28 We calculated 95% confi-
dence intervals for the differences in WLEs from 500 re-
peated simulations based on asymptotic properties of
maximum likelihood estimator for the multi-state models.
To examine the potential impact of the differences in
baseline working status, we undertook a sensitivity
analysis in HeSSup restricting the study population to
those who were working at baseline. Analyses were
conducted using SAS 9.4 (SAS Institute, Cary, North
Carolina, US) and R 4.3.2. (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Our analyses were based on data from 44 943 participants
from the FPS (80% women) and 6 055 participants from
HeSSup (55%women) (Figure 1). The participants were, on
average, 52 to 54 years old at baseline. In the FPS all
participants were working at baseline, whereas HeSSup also
included participants (∼20%) who did not work at baseline
(Table 1). Just over a third of the participants had a low
socioeconomic position in both studies. FPS included larger
proportions of participants in high socioeconomic positions,
whereas in HeSSup, the majority of the participants were in
the intermediate category.

The most common chronic diseases among the cohort
participants were musculoskeletal disorders (affecting over
a third of all participants) and hypertension (affecting about
a quarter of the participants in FPS and around 15% in
HeSSup) (Table 1). Respiratory disease, migraine and de-
pression were reported by 10% to 28% of the participants
(with the proportions varying somewhat in men and women
and by study). Cancer, diabetes, coronary heart disease and
stroke were relatively rare, affecting <7% of the partici-
pants. In terms of multimorbidity, most participants had

none of the chronic diseases examined in our analyses,
about a third had one disease, a fifth had two diseases and
11% to 15% had three or more diseases. Multimorbidity
consisting of two or more physical diseases was reported by
about a fifth of the participants and physical-mental mul-
timorbidity (i.e. depression with one or more physical
diseases) was observed in about 10% of the participants
(Table 1). The most common disease combinations making
up multimorbidity were depression together with one or
more other diseases (4 to 9% of participants overall) and
musculoskeletal disorders together with one or more other
diseases (9 to 15% of participants overall). Multimorbidity
patterns comprising cancer, coronary heart disease or stroke,
and diabetes affected 0.4 to 3.5% of participants (Online
Supplement, Supplemental Table 2).

Overall, FPS participants could expect to work for
13.01 years (95% CI: 12.98 to 13.04) and Hessup partic-
ipants could expect to work for 9.59 years (95 % CI: 9.50 to
9.68) from age 50 up to 68 years Generally, individuals who
had one or more chronic diseases had shorter WLEs than
those who had no chronic disease (Table 2; Online
Supplement, Supplemental Tables 3 and 4). Estimated
working life expectancies at age 50 up to 68 years among
participants who had no chronic disease were 13.47 years
(95% CI: 13.43 to 13.52) in FPS and 10.58 years (95% CI:
10.43 to 10.72) in HeSSup (Online Supplement,
Supplemental Table 3). In the FPS, women and men with
two chronic diseases could expect to work about 9 months
less and those with three or more chronic diseases could
expect to work about a year less than those with no chronic
disease; this pattern was similar across the socioeconomic
positions but the estimated working life expectancies were
the shortest among participants in the lowest socioeconomic
groups (Table 2. In HeSSup, the pattern of a lower working
life expectancy among women and men with three or more
diseases was even starker, about 2 to 3 years, compared to
those with no disease (Table 3). Findings from the sensi-
tivity analyses in HeSSup suggest that in this study, women
and men who were working at study baseline could expect
to work longer that those who were not working at baseline.
The WLE patterns by sex and socioeconomic position in
this subgroup were similar to our main findings (Online
Appendix, Supplemental Table 4).

In both studies participants with physical-mental mul-
timorbidity had from about 3 months to 1 year shorter
working life expectancies than those with no chronic dis-
ease; individuals with multimorbidity comprising two
physical diseases could expect to work about 8 to 10 months
less than those with no chronic disease (Tables 2 and 3).
Individuals with multimorbid disease combinations con-
sisting of coronary heart disease or stroke, or diabetes
with ≥2 other diseases had the shortest WLEs when com-
pared to individuals with no disease (Online Supplement,
Supplemental Tables 5 and 6).
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Of the individual chronic diseases, the estimated
working life expectancies were the shortest among partic-
ipants with cancer or coronary heart disease or stroke in the
FPS and among those with coronary heart disease or stroke,
depression or diabetes in HeSSup (Online Appendix,
Supplemental Table 7). Diseases that were the least
strongly associated with working life expectancy were
migraine and musculoskeletal diseases (in both studies),
hypertension (in FPS) and cancer (in HeSSup).

Discussion

Multimorbidity poses and significant challenge to policies
aiming to extend working lives; appropriate provision of
healthcare and the management of chronic diseases will
have a key role in encouraging and enabling people to work
up to or even beyond their statutory pension age. Our
findings suggest that the socioeconomic gradient seen in
many health outcomes, including multimorbidity, is also

evident in their working life consequences. Our observa-
tions suggest that people with chronic disease multi-
morbidity at age 50 up to 68 years could expect to work for
some 2 to 3 years less than those with no chronic disease.
Overall, the patterns of the predicted working life expec-
tancies were similar in men and women but differed by
socioeconomic position: individuals in higher socioeco-
nomic positions could expect to work longer, with shorter
working life expectancies (up to ∼9 months) predicted for
women and men in lower socioeconomic positions. Our
observations point to a dose-response relationship between
an increasing complexity of multimorbidity and a shorter
working life expectancy.

We used data from two independent cohort studies to
provide a comprehensive picture of the association of
multimorbidity with working life expectancy among older
adults. Overall, the study population in FPS, consisting of
public sector employees, contains larger proportions of
women and participants with high socioeconomic position

Table 1. Participant characteristics at baseline.

FPS HeSSup

Men (n=8963) Women (n=35980) Men (n=2747) Women (n=3308)

N % N % N % N %

Age, mean (SD) 54.2 (3.3) 53.7 (3.1) 51.9 (1.4) 51.9 (1.4)
Range 50 to 67 50 to 67 50 to 54 50 to 54
Work status
Working 8963 100 35980 100 2122 77.3 2671 80.7
Not working 0 0 0 0 625 22.8 637 19.3

Socioeconomic position
High 3876 43.2 10514 29.2 446 16.2 475 14.4
Intermediate 1824 20.4 11442 31.8 1326 48.3 1528 46.2
Low 3263 36.4 14024 39.0 975 35.5 1305 39.5

Disease
Respiratory disease 1123 12.5 5256 14.6 400 14.6 565 17.1
Hypertension 2508 28.0 8167 22.7 504 18.4 478 14.5
Coronary heart disease or stroke 391 4.4 644 1.8 181 6.6 76 2.3
Musculoskeletal disorder 3390 37.8 15186 42.2 959 34.9 1314 39.7
Migraine 894 10.0 8474 23.6 329 12.0 929 28.1
Depression 1017 11.4 5294 14.7 414 15.1 585 17.7
Diabetes 606 6.8 1257 3.5 151 5.5 121 3.7
Cancer 447 5.0 1697 4.7 73 2.7 220 6.7

Overall multimorbidity
No disease 3008 33.6 10392 28.9 1016 37.0 977 29.5
1 disease 3123 34.8 12520 34.8 911 33.2 1119 33.8
2 diseases 1757 19.6 7893 21.9 512 18.6 698 21.1
≥3 diseases 1075 12.0 5175 14.4 308 11.2 514 15.5

Physical-mental multimorbidity
≥2 physical diseases 2026 22.6 8861 24.6 505 18.4 719 21.7
≥1 physical diseases and
depression

806 9.0 4207 11.7 315 11.5 493 14.9

Notes: FPS: Finnish Public Sector study, HeSSup: Health and Social Support study.
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than the study population in HeSSup, which is based on a
population sample. This may explain the overall longer
WLEs and less stark socioeconomic differences in WLE in
FPS compared to HeSSup. One interpretation for these
findings could be that the public sector employees in FPS
have access to occupational healthcare provided by the
employer, whereas HeSSup includes workers in other
sectors, some of whommay have more limited occupational
healthcare provision and rely solely or to a larger extent on
public healthcare, which is available to all in Finland.
Whilst the universal healthcare system in the country overall
has good coverage and service, occupational healthcare
plans tend to have shorter waiting times for initial ap-
pointments and may offer easier access to specialised as-
sessment, which may impact on workers’ ability to manage
multiple conditions and continue to work with these. Also,
HeSSup contains a larger proportion of participants who
were not working at baseline, which may explain the overall
shorter working life expectancies in this study population,
as individuals with a chronic disease who do not work are
less likely to start or resume working that those with no
chronic disease.18 This is supported by the findings from the
sensitivity analyses restricting the HeSSup study population
to those who were working at study baseline, which pointed
to a longer working life expectancy in this group in com-
parison to the overall HeSSup population.

The working life expectancies among FPS and HeSSup
participants reflect variation in the prevalence of individual
chronic diseases and multimorbidity and the impact these
have on people’s work capacity. Our findings suggest that
individuals with multiple diseases consistently have shorter
working life expectancies than those with any single dis-
ease. In both studies the working life expectancies were the
shortest among individuals with coronary heart disease or
stroke and diabetes with two or more other diseases, which
could point to complex multimorbidity with a car-
diometabolic component having a particularly detrimental
impact on people’s ability to work (e.g. due to the physical
or cognitive corollaries of these diseases) or the contribution
of these disease combinations in reducing the overall life
expectancy among people aged 50 years and older. In both
FPS and HeSSup individuals with physical-mental multi-
morbidity, comprising depression and at least one physical
disease, had shorter working life expectancies than those
with no disease or those with two or more physical diseases.
These observations are in line with those of previous in-
vestigations, which suggest that mental health conditions
are important determinants of healthy working life expec-
tancy among middle-aged and older adults.29,30

Strengths and limitations

We are not aware of previous studies on chronic disease
multimorbidity and working life expectancy. We used

prospectively collected data from two cohort studies with up
to 18 years of register follow-up; consequently, our findings
are unlikely to have been affected by reporting biases, e.g.
differential recording or recall of work history among in-
dividuals with and without chronic disease. Work partici-
pation, used to estimate working life expectancy, was
ascertained from nationwide register data on pensionable
income. There is no universally agreed, gold standard
method for ascertaining working life expectancy. Obser-
vational studies have done this utilising self-reported data
on working status, collected across multiple data collection
waves. Limitations with this approach include potential
biases, missing data and low level of detail, as self-reported
work status can be influenced by reporting biases, some
participants will be lost to follow-up and their work status
between the data collection waves it not always known. Our
approach, ascertaining working life expectancy based on
administrative data on pensionable income, is an attempt to
overcome these issues by making use of a unique source of
nationwide set of detailed data on daily work participation
across the entire study follow-up period. These data com-
prise near-complete information on participating in paid
work during the study follow-up and up to age 68 years,
with the exception of work that does not accrue pension or
social security benefits in Finland, e.g. working for an
employer based outside of the country. The register data also
do not include information on grant-funded research or
artistic work, and we were thus unable to explore the roles of
these types of work on the study participants’ working life
expectancy. Although we had no data available on these
types of work, we expect them to have been rare in our study
populations, with negligible impact on our findings. In a
similar vein, the register data do not distinguish certain short
spells of sickness absence from working, or whether the
participants worked full-time or part-time. As focus of our
investigation was on the number of years people could
expect to participate in the labour market, our findings do
not reflect the contribution of voluntary work, cash-in-hand
work or unpaid household or care work to older adults’
overall workload.

Multimorbidity was operationalised as combinations of
diseases from a pre-defined list of chronic or long-term
diseases and conditions, and consequently does not com-
prise all disease combinations prevalent among middle-
aged and older working adults. Further research would
help to elucidate the roles of specific multimorbidity pat-
terns, temporal sequences of diseases and years lived with
multimorbidity as predictors of working life expectancy.We
excluded from our analyses individuals with missing data
on age, sex, socioeconomic position, chronic diseases or
pensionable earnings, which are likely to mainly represent
data errors. It is possible that these exclusions have diluted
some of the estimated associations of multimorbidity with
working life expectancy.
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Differences in WLE can have important health and
economic implications for individuals, ageing populations
and society. For example, work participation impacts on
access to occupational health care and insurance in settings
where these are provided by the employer or in connection
with employment, as well as the pension income workers
can expect to receive upon retirement. Financial remuner-
ation and benefits aside, work participation is also an im-
portant determinant of psychosocial well-being for many
people. However, we feel ill-equipped to make specific
policy or care recommendations to employers, healthcare
providers or policy makers based on findings in two cohort
studies in one country. Comparative research in diverse
occupational and healthcare settings would help gauge on
how workers with single chronic diseases or multimorbidity
would be best supported to work in a way that is healthy,
productive and meaningful.

Conclusion

Our findings in two prospective cohort studies in Finland
suggest that women and men aged 50 years and older with
multiple chronic diseases can expect to work ∼1 year less
than those with no chronic disease. The differences in WLE
can have important health and economic implications for
individuals, ageing populations and society.
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