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ABSTRACT
Background Prolonged sedentary behaviour is
associated with a higher risk of cardiometabolic diseases.
This longitudinal study examined changes in daily total,
prolonged (≥30 min) and highly prolonged (≥60 min)
sedentary time across the transition to retirement by
gender and occupational status.
Methods We included 689 aging workers (mean
(SD) age before retirement 63.2 (1.6) years, 85%
women) from the Finnish Retirement and Aging Study
(FIREA). Sedentary time was measured annually using
a wrist-worn triaxial ActiGraph accelerometer before
and after retirement with on average 3.4 (range 2–4)
measurement points.
Results Women increased daily total sedentary time
by 22 min (95% CI 13 to 31), prolonged sedentary time
by 34 min (95% CI 27 to 42) and highly prolonged
sedentary time by 15 min (95% CI 11 to 20) in the
transition to retirement, and remained at the higher
level of sedentary time years after retirement. The
highest increase in total and prolonged sedentary time
was observed among women retiring from manual
occupations. Men had more total and prolonged
sedentary time compared with women before and after
retirement. Although no changes in men’s sedentary time
were observed during the retirement transition, there
was a gradual increase of 33 min (95% CI 6 to 60) in
prolonged sedentary time from pre-retirement years to
post-retirement years.
Conclusion The transition to retirement was
accompanied by an abrupt increase in prolonged
sedentary time in women but a more gradual increase
in men. The retirement transition may be a suitable time
period for interventions aiming to decrease sedentary
behaviour.

Key messages
What is already known about this subject?

►► Accelerometer-measured prolonged sedentary

time is higher on workdays compared to days
off, especially among office workers.
►► Sedentary time seems to increase after the
transition to retirement, especially among
women retiring from manual occupations.
►► No previous studies have examined how
prolonged sedentary time changes in the
transition to retirement and how long the
observed changes persist.
What are the new findings?

►► Retiring women increased total and prolonged

sedentary time after the transition to retirement
and the level was maintained about 2 years
after the retirement.
►► Men had notably more sedentary time
compared to women before and after the
transition to retirement.
►► Women retiring from manual occupations
increased their prolonged sedentary time
more than women retiring from non-manual
occupations.
How might this impact on policy or clinical
practice in the foreseeable future?
►► Since prolonged sedentary time is associated
with harmful health consequences, retirees
should be encouraged to break up prolonged
sitting.
►► The transition to retirement could be a suitable
time period for interventions to decrease
sedentary time.

INTRODUCTION
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High levels of sedentary behaviour are associated
with chronic diseases and mortality.1 Moreover,
accumulation of sedentary time in uninterrupted,
prolonged bouts is dose-
dependently associated
with higher cardiovascular disease risk,2 and especially sedentary bouts lasting ≥30 min in comparison to shorter bouts have been linked to greater
all-cause mortality.3
We have shown previously that accelerometer-
measured daily total sedentary time increases in
the transition to retirement,4 but it is not known
whether increased sedentary time includes changes
in harmful prolonged sedentary time and how
long the changes persist. It has been shown that

prolonged sedentary behaviour is more prominent
on workdays compared with days off, especially
among office workers.5 6 Thus, it is possible that
prolonged sedentary time decreases after retirement
when there is more time for activities not related
to work or passive commuting. On the other hand,
increased time spent at home may include passive
activities such as watching television, which may in
turn increase prolonged sedentary time.7
The aim of this study was to examine changes
in daily total and prolonged sedentary time across
the retirement transition by following aging
workers with annual accelerometer measurements
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from final years at work to a few years after the statutory
retirement.

METHODS
Study population

This study is based on the Finnish Retirement and Aging
Study (FIREA) which is an ongoing longitudinal cohort study
of retiring municipal workers in Finland established in 2013,8
described previously in detail.4
Between September 2014 and March 2020, 689 of the 908
eligible participants who had given written informed consent
had successfully worn the accelerometer immediately before and
after the transition to full-time statutory retirement. The rest of
the participants were not yet retired (n=197), did not wear the
accelerometer (n=13), or wore the accelerometer but had <4
valid measurement days either before or after transition to retirement (n=9), and were therefore excluded from the analyses. The
average number of measurement points was 3.4 (range 2–4; 1.7
before and 1.7 after retirement). The mean (SD) number of valid
days was 6.8 days (0.5) per participant at each wave.

Accelerometer measurements

Sedentary time was measured with wrist-
worn triaxial ActiGraph wActiSleep-BT and wGT3X-BT accelerometers (ActiGraph, Pensacola, Florida, USA). Detailed measurement and
data reduction procedures are described in our previous work.4
Briefly, participants wore accelerometers on their non-dominant
wrist for 7 consecutive days and nights once a year, with a mean
of 361–364 days between the consecutive waves. Sleep time was
excluded by the algorithm available in the ActiLife software9
and non-wear time by the Choi algorithm.10 Only valid days
including ≥10 hours of wake wear time were included in the
analyses.4 We defined sedentary time using a cutpoint of <1853
vector magnitude counts per min, validated against a thigh-worn
accelerometer among older adults in free-
living conditions,11
and defined sedentary bout as consequent minutes spent sedentary ending to a ≥1 min break spent in non-sedentary activity.2
We calculated daily means of total sedentary time and time spent
in prolonged (≥30 min) and in highly prolonged (≥60 min)
sedentary bouts at each study wave before (waves −2 and −1)
and after the transition to retirement (waves +1 and +2).

Assessment of covariates

Gender, date of birth and occupational status were obtained
from the Keva register.8 Occupational status was categorised

based on the International Standard Classifications of Occupations (ISCO)12 into non-manual (ISCO classes 1–4) and manual
workers (ISCO classes 5–9) according to the last known occupation preceding retirement.
Smoking status (never/former and current), body mass index
(under/normal weight, overweight and obese), number of chronic
diseases (0, 1 and ≥2) and mobility limitations (limitations in
walking 2 km: none, minor and major13 14) were derived from
the questionnaires immediately before retirement (wave −1).4

Statistical analyses

The characteristics of the study population before retirement are
shown as percentages for categorical variables and means and SD
for continuous variables.
To illustrate daily total sedentary time, prolonged and highly
prolonged sedentary time by gender before and after the transition to retirement, we used linear mixed models by adjusting
for wake wear time. We also compared daily sedentary time,
prolonged and highly prolonged sedentary time in the transition
to retirement, that is, immediately before (wave -1) and after
retirement (wave +1), by gender and occupational status using
linear mixed models and adjusting for confounding factors.
All statistical analyses were performed using SAS statistical
software, version 9.4 (SAS Institute, Inc, Cary, NC, USA).

RESULTS

The characteristics of the study population immediately before
retirement are presented in online supplemental table 1. The
mean (SD) age was 63.2 (1.6) years for the women and 63.3
(1.4) years for the men. The majority of the participants were
women (85%) and non-manual workers (66%).
In women, daily total sedentary time, as well as prolonged and
highly prolonged sedentary time, did not change notably before
retirement but increased markedly in the transition to retirement
(p<0.0001) and levelled off after retirement (figure 1). In the
transition to retirement, the observed increase was 22 minutes
(95% CI 13 to 31) in daily total sedentary time, 34 minutes (95%
CI 27 to 42) in prolonged sedentary time and 15 min (95% CI
11 to 20) in highly prolonged sedentary time (online supplemental table 2). In particular, women retiring from manual
occupations increased their total and prolonged sedentary time
(online supplemental table 2).
Men increased daily total sedentary time, as well as prolonged
and highly prolonged sedentary time, in the year preceding
retirement (21 min, 95% CI 6 to 35; 23 min, 95% CI 10 to 36;

Figure 1 Total daily sedentary time, prolonged (≥30 min) and highly prolonged (≥60 min) sedentary time across the retirement transition in women and
men.
2
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11 min, 95% CI 2 to 19, figure 1), but no statistically significant changes were observed during the transition to retirement
(online supplemental table 2). An overall increase in prolonged
sedentary time was observed from wave −2 to wave +2 (33
min, 95% CI 6 to 60, figure 1). Men had significantly more daily
total and prolonged sedentary time compared with women at all
time points.

DISCUSSION

This longitudinal accelerometer-
based study showed that the
transition to retirement induced a notable increase in prolonged
sedentary time in women. In men, prolonged sedentary time
increased more gradually across the retirement transition.
To the best of our knowledge, this is the first longitudinal study
measured sedentary time
to report changes in accelerometer-
from pre-
retirement years to post-
retirement years. Previous
knowledge on long-term changes in sedentary time across the
transition to retirement is based on self-reports,8 which cannot
be used to examine sedentary bouts and are subject to recall and
information bias. Previous accelerometer-based findings about
comparison of daily sedentary time before and after retirement4
do not provide information on how long-lasting the observed
increase in daily sedentary time is and whether the increase is
induced by the transition to retirement itself or by other factors,
such as aging.15 With annual accelerometer measurements, we
were able to show that the transition to retirement induced
changes in sedentary behaviour in women, and especially
changes in prolonged sedentary time were observed.
Our results extend previous knowledge by showing that previously observed higher daily total sedentary time after retirement4 concerns particularly prolonged sedentary time, which is
more harmful for health compared with short sedentary bouts.3
Interestingly, prolonged sedentary time did not decrease, but
actually increased in the transition to retirement among those
retiring from non-manual occupations, even though previous
findings have shown that workdays include more prolonged
sedentary time compared with days off, especially among office
workers.5 6 As a possible explanation, retirement generally
brings changes to daily routines and social interactions, and the
amount of active social participation after retirement may partly
explain the amount of sedentary time.16 Social connections and
meaningful activities may decrease after retirement, leading to
increased time spent at home and engagement in sedentary activities such as watching television, which is likely done in a more
prolonged manner than other sedentary activities such as using
a computer.7 Moreover, when people retire, physical activity
during commuting and lunch breaks no longer interrupt the
periods of sitting .
Since an increase in prolonged sedentary behaviour
increases the risk of cardiovascular disease and mortality dose-
dependently,2 3 retirees should be encouraged to break up sedentary activities. As men accumulated high sedentary time, they
could especially benefit from interventions aiming to decrease
sedentary time already in work-
life. Future research on the
health consequences related to increased sedentary time after
retirement is needed.
The strengths of our study include a longitudinal study
design, accelerometer-
measured sedentary time and consideration of several individual characteristics associated with
sedentary behaviour.16 The measurements were conducted at
the same time of the year for each individual and therefore bias
associated with seasonal variation was minimised. As a limitation, wrist-worn accelerometers may underestimate sedentary
Suorsa K, et al. Occup Environ Med 2020;0:1–4. doi:10.1136/oemed-2020-106532

time, especially when compared with thigh-worn accelerommanual and manual
eters.11 We used categorisation to non-
occupations as an indicator of work-related activity and socioeconomic status, but there may be heterogeneity in terms of
sedentary behaviour within the occupational groups. Our study
population comprised 85% women, which corresponds to the
female-dominated target population of Finnish public sector
workers.17
As there were no notable differences to the eligible study population,4 our results can be generalised to public sector employees
in Finland or to countries with a similar statutory retirement age
and pension system.
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Supplementary Table 1. Characteristics of the study population before the transition to retirement
(n=689).
Characteristic
Women

Men

n (%)

587 (85)

102 (15)

Age, mean (SD)

63.2 (1.6)

63.3 (1.4)

Manual

202 (34)

30 (29)

Non-manual

385 (66)

72 (71)

No

521 (94)

95 (97)

Yes

37 (6)

3 (3)

Normal weight a

222 (39)

29 (30)

Overweight

220 (39)

48 (49)

Obese

123 (22)

21 (21)

0

138 (28)

24 (29)

1

198 (41)

26 (32)

≥2

149 (31)

32 (39)

No

497 (87)

82 (83)

Minor

55 (10)

14 (14)

Major

18 (3)

3 (3)

Occupational status, n (%)

Current smoking, n (%)

Body mass index, n (%)

Number of chronic diseases, n (%)b

Limitations in walking 2 km, n (%)

a

Included 3 (0.5%) underweight women and no underweight men.

b

Following current chronic diseases taken into account: angina pectoris, myocardial infarction, or

cerebrovascular disease, diabetes, osteoarthritis, osteoporosis, sciatica, fibromyalgia, rheumatoid
arthritis, asthma, chronic bronchitis.
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Supplementary Table 2. Changes in total daily sedentary time, prolonged (≥30 min) and highly prolonged (≥60 min) sedentary time before and
after the transition to retirement by gender and occupational status.

Before retirement
Mean (h)
(95% CI)

Women
After retirement
Mean (h)
(95% CI)

Change
Mean (min)
(95% CI)

Before retirement
Mean (h)
(95% CI)

Men
After retirement
Mean (h)
(95% CI)

Change
Mean (min)
(95% CI)

Total

Alla
Manualb
Nonmanualb

8.4 (8.2 to 8.5)
7.7 (7.4 to 7.9)
8.7 (8.5 to 8.8)

8.7 (8.6 to 8.9)
8.6 (8.3 to 8.8)
8.8 (8.6 to 9.0)

22 (13 to 31)
56 (42 to 70)
7 (-3 to 18)

9.8 (9.5 to 10.1)
9.0 (8.4 to 9.6)
10.2 (9.8 to 10.5)

9.6 (9.3 to 9.9)
8.9 (8.3 to 9.5)
9.9 (9.6 to 10.3)

-12 (-31 to 6)
-8 (-40 to 25)
-13 (-34 to 8)

Prolonged
(≥30 min)

Alla
Manualb
Nonmanualb

1.7 (1.6 to 1.9)
1.6 (1.4 to 1.8)
1.8 (1.7 to 2.0)

2.3 (2.2 to 2.4)
2.3 (2.1 to 2.5)
2.3 (2.2 to 2.5)

34 (27 to 42)
46 (34 to 58)
29 (21 to 38)

2.6 (2.3 to 2.8)
2.0 (1.6 to 2.5)
2.8 (2.5 to 3.1)

2.8 (2.5 to 3.0)
2.5 (2.0 to 3.0)
2.9 (2.6 to 3.2)

12 (-3 to 27)
25 (-2 to 52)
8 (-10 to 25)

Highly prolonged
(≥60 min)

Alla

0.6 (0.5 to 0.6)

0.8 (0.8 to 0.9)

15 (11 to 20)

0.9 (0.8 to 1.1)

1.0 (0.9 to 1.2)

5 (-4 to 15)

b

Manual
0.6 (0.5 to 0.7)
0.9 (0.8 to 1.0)
18 (11 to 26)
0.8 (0.5 to 1.0)
0.9 (0.6 to 1.2)
7 (-11 to 24)
Non0.6 (0.5 to 0.7)
0.8 (0.8 to 1.0)
14 (9 to 20)
1.0 (0.8 to 1.1)
1.1 (0.9 to 1.2)
5 (-6 to 16)
manualb
Notes: a Adjusted for age, occupational status, wake wear time, smoking, body mass index, number of chronic diseases and mobility limitation.
b
Adjusted for age, wake wear time, smoking, body mass index, number of chronic diseases and mobility limitation.
h=hours, min=minutes, CI = confidence interval.
P values for interaction time*gender for total, prolonged and highly prolonged sedentary time: <.001, 0.006 and 0.05, occupation*time: women:
<.0001, 0.01, 0.35, men: 0.52, 0.32, 1.0.

Suorsa K, et al. Occup Environ Med 2020;0:1–4. doi: 10.1136/oemed-2020-106532

