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Abstract
Background  Retirement is a major life transition that can alter patterns of movement behaviors (physical activity, 
sedentary behavior and sleep). While some studies indicate an increase in physical activity post-retirement, others 
report a rise in sedentary behavior. However, evidence is lacking on how individuals re-allocate time among 
movement behaviors, particularly using analytical approaches that account for the co-dependence of 24-hour time-
use data. Furthermore, little is known about how pre-retirement occupational physical activity (OPA) levels influence 
physical activity after retirement. This study examined changes in the relative time spent in sleep, sedentary behavior 
(SB), light physical activity (LPA), and moderate-vigorous physical activity (MVPA) over retirement, and how these 
changes vary by pre-retirement OPA levels.

Methods  Data were drawn from the Swedish Retirement Study, which followed 112 participants (47 men, 65 
women; age: 60–72) at three timepoints during the retirement transition. Movement behavior and sleep data were 
collected over a week-long period using thigh-worn accelerometers and wrist-worn actigraphs. Compositional data 
analysis (CoDA) was employed to account for the co-dependent nature of 24-hour time-use data. Multivariable linear 
mixed models, adjusted for sociodemographic and health covariates, were used to evaluate the associations between 
retirement, OPA tertiles, and movement behaviors.

Results  In the overall sample, changes in movement behaviors mainly involved sleep. However, substantial variation 
was observed across OPA tertile groups. The sleep-to-wake time ratio increased in the high OPA group and, to a lesser 
extent, in the medium OPA group. Regarding physically active and sedentary time, a convergence between the high 
and low OPA groups was observed, as pre-retirement differences diminished. Specifically, the ratio of physically active 
time to SB decreased in the high OPA group and increased in the low OPA group.

Conclusions  The findings indicate that pre-retirement OPA is a significant factor in understanding changes in 
movement behaviors during the retirement transition. The reduction in post-retirement physical activity among 
high-OPA workers may represent a healthier rebalancing rather than a decline, which aligns with the “physical activity 
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Background
Retirement is a significant life transition that potentially 
reshapes older adults’ daily activity and time-use patterns 
[1]. Most notably, retirees either exit the paid labor force 
or significantly reduce their participation in it. The social 
organization of life can diversify, with the lives of many 
older adults not primarily revolving around work but 
rather being mixed with other activities and roles that 
can impact available time and level of physical activity. 
Furthermore, adults in their 60s, who are at typical retire-
ment ages, often experience major life changes related to 
their health. Chronic disease incidence, for instance, rises 
after age 50, with comorbidities becoming more preva-
lent from age 65 onward [2, 3].

For better or worse, retirement can have significant 
implications for health as work time is by necessity re-
allocated to potentially sedentary, physically active, or 
sleep time, making this life transition a period of risk 
and opportunity in terms of setting new health habits 
[4]. In the context of population aging, physical activity 
among aging adults plays an important role in the over-
all health of a population. Research shows that maintain-
ing a physically active lifestyle and minimizing sedentary 
behavior reduces the risk of a range of chronic diseases 
and is associated with better mental health, quality of 
life, and cognitive functioning [5–8]. Therefore, in order 
to promote healthy aging in later life, it is important to 
understand how retirement might impact levels of physi-
cal activity and sedentary behavior.

The transition to retirement may allow those in mostly 
sedentary jobs to move more and decrease seden-
tary behavior, as individuals may view retirement as an 
opportunity to become more physically active [9]. The 
Organisation for Economic Co-operation and Develop-
ment (OECD) reports that more than 1 in 3 adults in 
Europe do not meet the physical activity guidelines set 
by World Health Organization (WHO), with decreased 
occupational activity being one of the drivers of inactivity 
[10]. Conversely, those in physically demanding jobs may 
regard retirement differently, for example, as an opportu-
nity to rest more and recover. It is, however, unclear how 
changes in physical activity and sedentary time play out 
over time for retirees in different occupations.

Occupational Physical Activity (OPA) is physical activ-
ity that is built into the job. It can include tasks that 
require walking, lifting, carrying, standing, and manual 
labor. By contrast to leisure-time physical activity, which 
generally includes aerobic activities and recovery for rest 

and training effects, OPA can be static and straining on 
the cardiovascular system [11, 12]. As described by the 
“physical activity paradox”, OPA and leisure-time physi-
cal activity can have contrasting effects, with the former 
potentially leading to detrimental effects on health [13–
15]. Evidence indicates, for example, that high levels of 
OPA may increase the risk of musculoskeletal disorders, 
cardiovascular disease, and higher mortality [11, 14, 16], 
although this may be dependent on the type and inten-
sity of the physical work, and the person’s age and fitness 
level [17–19].

This heterogeneity is acknowledged by the “Sweet-Spot 
Hypothesis,” which emphasizes achieving a “healthy bal-
ance” of movement behaviors within the 24-hour day, 
including sufficient sleep, sedentary, and physically active 
time [20]. In practical terms, an increase of, for example, 
light physical activity may have different health conse-
quences if it is compensated by a decrease of sleep, more 
vigorous physical activity or sedentary time [21, 22]. 
Consequently, the traditional “sit less–move more” rec-
ommendation might be suited only for workers in sed-
entary occupations, as it would bring them towards their 
24-hour movement behavior “sweet-spot”, but not neces-
sarily for those in physically demanding occupations [20]. 
These considerations are particularly relevant for retir-
ees as they would imply varying changes in movement 
behaviors over the retirement transition depending on 
prior OPA levels.

While previous research has shown that retirement 
is generally associated with changes in physical activ-
ity and sedentary behaviors [23–25], inconsistent find-
ings have been reported with persisting research gaps. 
Firstly, previous studies have yielded mixed findings 
when using self-reported measures of sedentary behav-
ior, while device-based measures may be more reliable 
[26]. For example, studies have suggested both decreases 
in sitting time and increases in sedentary activities (e.g., 
watching TV) over retirement [25]. Secondly, few stud-
ies have considered the relative nature of individuals’ 
movement behaviors through a compositional approach 
to model movement behaviors, including sleep, light 
physical activity (LPA), moderate to vigorous physical 
activity (MVPA), and sedentary behavior (SB), over a 
24-hour period [1, 27]. Findings based on compositional 
approaches are needed to better understand movement 
behaviors and inform physical activity guidelines [22]. 
Finally, the association between retirement and move-
ment behaviors is likely multifaceted, varying according 

paradox” and the “Sweet-Spot Hypothesis”. This evidence highlights the need for tailored interventions for retirees, 
particularly those from physically demanding occupations.
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to individual circumstances, such as socioeconomic 
status, environmental factors, and one’s physical activ-
ity levels while in paid work [28]. Previous research has 
suggested that individuals retiring from sedentary or 
standing occupations increase their self-reported physi-
cal activity post-retirement, while those in more physi-
cally demanding occupations reduce it [4]. To date, there 
is a lack of research assessing the variation in movement 
behaviors across retirement by pre-retirement levels of 
OPA using device-based measures and compositional 
approaches.

The compositional data analysis (CoDA) methodol-
ogy, as applied in the current paper, provides a consistent 
and holistic framework for assessing changes in physical 
movements across the retirement transition [29]. CoDA 
recognizes that time-use data are inherently multivariate 
and relative, since they refer to fractions of time allocated 
across different activities out of a total time available 
(typically 24 hours). Hence, the measurements of the use 
of time are intrinsically co-dependent and convey relative 
information. By examining time-use patterns as a whole, 
rather than focusing on individual activities in isolation, 
CoDA allows for a more comprehensive understanding of 
the changes in physical activity and SB that occur from 
pre-retirement to post-retirement [22].

This study contributes to the literature by assess-
ing how the "Sweet-Spot Hypothesis" relates to OPA 
vis-à-vis the transition into retirement. To this end, 
we examine the following questions: (1) How do physi-
cal behavior compositions (i.e., sleep time, SB, LPA and 
MVPA) change across the retirement transition? (2) How 
does pre-retirement OPA influence physical behavior 
across the transition to retirement? These insights can 
help to inform public health guidelines for promoting 
healthy aging, and help individuals make informed deci-
sions about how to maintain their health and wellbeing as 
they move into retirement.

Data and methods
Data
Wrist actigraphy, thigh accelerometer, diary, and sur-
vey data from the Swedish Retirement Study (SRS) were 
used. The SRS consists of data on health and movement 
behaviors from 119 participants (ages 60 to 72) who have 
been followed across the retirement transition [30]. Par-
ticipants were recruited from two larger survey studies: 
the 2016 and 2018 waves of the Swedish Longitudinal 
Occupational Survey of Health (SLOSH) and the Aging 
at Work study [30, 31]. Invitations to participate in the 
SRS were sent to 1078 people over age 59, still in paid 
work, and who were planning to retire within two years. 
To be included in the cohort as retirees, participants 
had to reduce working hours by at least 50% of full-time 
and work 25% or less of full-time. Those who worked 

nightshifts (10:00pm–6:00am), were on sick leave, or 
unemployed for more than 25% of the time within the 
six months before retirement or more than three months 
over the last year were excluded. Further details about 
recruitment of the SRS are available in Garefelt et al. 
2021 [30].

Data were collected at three time points: approximately 
six months pre-retirement, and at six (± 2) and 18 (± 2) 
months post-retirement. At each time point, data col-
lection took place over one week and involved a general 
questionnaire, a diary questionnaire, a wrist actigraph 
(wActiSleep-BT or wGT3X-BT, ActiGraph Ltd), and 
thigh and chest triaxial accelerometers (Axivity AX3, 
Axivity Ltd). Participants were mailed the electronic 
devices, questionnaire, and diary, along with detailed 
instructions for completing the questionnaires and plac-
ing the devices (additional over-the-phone guidance 
was available). The instructions recommended wearing 
the accelerometers for approximately four days (includ-
ing two weekdays and two weekend days) and the wrist 
actigraph continuously throughout the week. Partici-
pants were asked to complete the general questionnaire, 
which collected information on occupation, health and 
health behaviors, at the beginning of the measurement 
week. The diary questionnaire, which was to be com-
pleted every morning and evening during the measure-
ment week, collected information on device wear periods 
(dates and times), sleep schedules, the start and end 
times of up to three work spells per day, as well as data on 
stress, sleep quality and alertness.

Concerning the analytic sample, all days with valid data 
for movement behaviors over the 24-hour period were 
initially selected, resulting in 936 days from 119 individ-
uals. Data from 14 days were excluded due to inconsis-
tencies in the collection of actigraph and accelerometer 
data. Four participants with missing information on work 
periods were excluded. Data from 41 days that followed a 
seasonal clock change were excluded as these affected the 
validity of the overall measurements. In total, 860 days 
of data, distributed over 301 collection weeks (pre and 
post-retirement follow-ups) from 112 participants, were 
included in the analytic sample.

Sleep and movement behaviors
Wrist actigraphy on the non-dominant arm was used to 
derive sleep time, defined by the time interval between 
onset of sleep and final awakening. Actigraphy record-
ings were processed with the software from the device 
manufacturer (Actilife) using the Cole-Kripke algorithm 
with visual inspection for quality control, as previously 
noted [30]. For one individual, who was missing simul-
taneous accelerometer and actigraphy recordings, sleep 
periods reported in the daily diary were used instead, 
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as individuals reported the time they went to sleep and 
turned off the light, and the time when they woke up 
every day.

Measures of time spent in a state of SB, LPA, or MVPA 
during the day were derived from recordings from the 
thigh-worn accelerometer. Triaxial raw data from the 
accelerometers were processed using an automated ver-
sion of the Acti4 software, ActiPASS [32–35]. ActiPASS 
applied both a device specific and participant specific 
calibrations, allowing automatic correction of any orien-
tation and placement issue of the accelerometers [32, 34, 
36]. While non-wear periods were automatically identi-
fied by the data processing procedure in ActiPASS, man-
ual inspection by one of the authors ensured the correct 
determination of the start and end of recording periods, 
as well as the larger non-wear period gaps that occurred 
due to participants being instructed to wear the acceler-
ometer for two weekdays and two weekend days.

Reference positions, corresponding to fixed postural 
positions and moving states, were identified. Following 
the guidelines set by the Sedentary Behavior Research 
Network [37], these were grouped into each of the 

movement behaviors: lying and sitting postures were 
made to correspond to SB; standing, moving, and slow 
walking with a cadence of < 100 steps per minute corre-
sponded to LPA; and fast walking with a cadence of 100 
steps per minute or more, stair walking, running, cycling, 
and other behaviors with movements corresponded to 
MVPA. The ActiPASS algorithm assigned portions of 
the days into postures, with sleep time periods identi-
fied by the above-mentioned wrist actigraphy. Thus, each 
24-hour day, starting at midnight, could be subdivided 
into time spent on either sleep, SB, LPA or MVPA.

Covariates
The pre-retirement OPA variable was derived from accel-
erometer and diary data. Self-reported diary entries 
identified paid work spells during waking time. Partici-
pants indicated whether they worked each day and, if so, 
reported the clock times when they started and finished 
paid work, including the times for separate work spells 
within a single day. This division was applied during the 
accelerometer data processing step to quantify the time 
spent in SB, LPA, and MVPA during and outside of work 
periods. Consistent with previous studies [12, 15], OPA 
tertiles were calculated for each individual based on the 
percentage of work time spent in physical activity (LPA 
and MVPA). The mean percentages of OPA were 18.7% 
for the low, 36% for the medium, and 63% for the high 
tertile group.

Sociodemographic and health variables were included 
in the multivariable models as potential confound-
ers. Information on age (continuous) and gender (man/
woman) was drawn from the LISA (the longitudinal 
integrated database for health insurance and labour 
market studies) administrative registers. Marital status 
at baseline was derived from the general questionnaire, 
as participants were asked whether their marital status 
corresponded to being either married/cohabiting, in a 
non-cohabiting relationship, or single. This measure was 
dichotomized (0 = married/cohabiting; 1 = neither mar-
ried nor cohabiting).

Occupational social class was derived from the general 
questionnaire. Participants reported their main occupa-
tion which was classified according to the Swedish Stan-
dard Classification of Occupations (SSYK-12), based on 
the International Standard Classification of Occupations 
(ISCO-08). While all categories of this variable are dis-
played in the descriptive findings (Table 1), this measure 
was dichotomized when included in the multivariable 
models (0 = Nonmanual, ISCO 1–4; 1 = Manual, ISCO 
5–9) as done in a previous study [38].

A chronic disease measure was derived from par-
ticipants answering the question “Has a doctor ever 
told you that you have …” for 23 chronic ailments (e.g., 
angina, cerebrovascular disease, diabetes, fibromyalgia, 

Table 1  Pre-retirement baseline characteristics of the study 
sample (N = 112)
Variables n (%) or 

Mean 
(SD)

Gender
  Men 47 (42.0%)
  Women 65 (58.0%)
Age 64.86 

(2.00)
OPA, mean of percentages (SD) 39.4 

(20.71)
Marital status
  Married/cohabiting partnership 91 (81.2%)
  Single or non-cohabiting 21 (18.8%)
Occupational social class
  1-Managers 11 (10.2%)
  2-Occupations requiring advanced level of higher 
education

44 (40.7%)

  3-Occupations requiring higher education 22 (20.4%)
  4-Administration and customer service clerks 14 (13.0%)
  5-Service, care and shop sales workers 7 (6.5%)
  6-Agricultural, forestry and fishery workers 0 (0.0%)
  7-Building and manufacturing workers 8 (7.4%)
  8-Mechanical manufacturing and transport workers, etc. 1 (0.9%)
  9-Elementary occupations 1 (0.9%)
  Missing 4 (3.6%)
Chronic disease(s) affecting life
  none 44 (39.3%)
  1 chronic disease 34 (30.4%)
  >1 chronic diseases 34 (30.4%)
Mean (SD) for continuous variables and n (%) for categorical ones. SD standard 
deviation
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hypertension, arthritis, osteoporosis, and Parkinson’s 
disease). Response options were: “No”, “Yes, but doesn’t 
affect life”, “Yes, affects my life a little” and “Yes, affects 
my life a lot”. As previously done [38], the constructed 
variable consisted of three categories: “None”, “one dis-
ease affecting life” and “multiple diseases affecting life”.

Statistical analysis
We used CoDA to model and analyze the movement 
behavior data comprising four parts: sleep, SB, LPA, and 
MVPA. CoDA methods naturally deal with the code-
pendency between data parts and the total time con-
straint [29, 39, 40]. In brief, the focus is set on the relative 
information conveyed by the data by representing the 
original composition using unconstrained log-ratios. In 
particular, isometric log-ratio (ilr) coordinates have been 
commonly used in physical activity and time-use epide-
miological research. These were obtained in the current 
study through the sequential binary partition procedure 
[40]. This allowed us to define log-ratios representing 
contrasts of interest between parts, or groups of parts, 
of the movement behavior composition. Thus, three 
ilr-coordinates resulted from the 4-part composition, 
expressed as

	

ilr1 =
√

3
4

ln
Sleep

3
√

SB × LPA × MV PA
,

ilr2 =
√

2
3

ln
SB√

LPA × MV PA
and

ilr3 = 1√
2

ln
LPA√
MV PA

.

These variables, which are defined on the ordinary 
unconstrained real space, capture how much larger or 
smaller movement behaviors are in the numerator com-
pared to those in the denominator (averaged by their geo-
metric mean). Thus, ilr1 represents the contrast between 
time spent sleeping to wake time (i.e. the average of SB, 
LPA and MVPA), ilr2 confronts time in SB to all physical 
activity, and ilr3 is comparing LPA against MVPA time.

The descriptive analyses of movement behavior com-
position include the calculation of the compositional 
geometric mean, as a central tendency measure, and 
the variation matrix to summarize the structure of rela-
tive variation among behaviors. The former consists of 
computing the geometric mean of each part and clos-
ing the resulting vector to add up to the predetermined 
total time. The latter comprises the calculation of the 
variances of all pairwise log-ratios, which measures 
their proportional degree of co-dependence in terms 
of proportionality. Thus, values near zero indicate that 
a log-ratio remains relatively constant and, hence, the 
behaviors involved are nearly proportional. Additionally, 

the total variance (i.e., the sum of all pairwise log-ratio 
variances) was decomposed into contributions from each 
behavior. Differences between time-use profiles across 
the retirement transition were assessed using geometric 
mean barplots.

Random intercept linear mixed models [41] were fit-
ted by restricted maximum likelihood to assess how 
measurement occasion influenced movement behav-
iors. These models included individual ID as a random 
effect to account for the within-subject correlation across 
repeated measurements over time and heterogeneity 
between individuals due to different baseline levels. Two 
sets of analyses were performed for each research ques-
tion. For each set of analyses, separate models were fitted 
to each ilr-coordinate ilri, with i = 1, 2, 3, serving as 
the dependent variable. In the first set of analyses, retire-
ment status was treated as a fixed characteristic in the 
mixed models, followed by post hoc contrasts of differ-
ences across retirement groups. In the second set of anal-
yses, the interaction between OPA and retirement status 
was added to examine any effect modifying role of OPA.

Data management was largely done using Stata 16, 
whereas CoDA and modelling were performed using 
custom computer routines on the R system for statisti-
cal computing v4 (R Foundation for Statistical Comput-
ing, Vienna, Austria). Where applicable, p-values derived 
from multiple statistical testing were adjusted for false 
discovery rate (FDR) [42]. Statistical significance was 
generally concluded at the 5% significance level. Mul-
tiple imputation by chained equations (MICE) was used 
to impute the missing values in the occupational social 
class variable, using Rubin’s rule when estimating model 
parameters from the imputed datasets [43]. The MICE 
method used predictive mean matching to produce 20 
imputed datasets through 50 iterations with the following 
variables: the three ilr-coordinates, gender, age, marital 
status, chronic diseases affecting life, and percentage of 
work time spent in physical activity.

Results
Descriptive analysis
Table 1 shows the characteristics of the study sample at 
the pre-retirement baseline. The average age of the par-
ticipants was 64.9 years, with 58% women. Most partici-
pants (81%) were married or in cohabiting partnerships, 
and the majority were in either managerial (10%) or occu-
pations requiring higher education (61%). A considerable 
proportion of the sample reported one or more chronic 
diseases that were affecting their life (61%).

Compositional descriptive statistics across retirement 
are shown in Table  2. On average, participants spent 
the most time in SB at all timepoints: 10.7  h/day (pre-
retirement), 10.35  h/day (6 months post-retirement), 
and 10.55 h/day (18 months post-retirement). Following 
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SB, participants spent the most time on sleep (range: 
7.52–8  h/day), then LPA (4.41–4.6  h/day) and finally 
MVPA (1.15–1.2  h/day). In the pre-retirement period, 
the highest co-dependence was between LPA and SB 
(log-ratio variance: 0.31), with LPA also contributing the 
most to the total variance (33.5%). For both post-retire-
ment timepoints, the largest co-dependance was between 
MVPA and SB (0.44 and 0.32), with MVPA contribut-
ing the most to the total variance (42.7% and 40.2%). 
This suggests that while before retirement LPA plays 
a larger role in determining interindividual composi-
tional variance between individuals, MVPA does so after 
retirement.

Figure 1 shows geometric mean changes across retire-
ment. Bars, in log-ratio scale to facilitate interpretation, 
illustrate the extent and sign of the difference (in mean) 
of each movement behavior relative to the reference 
line at zero, which represents the overall mean. Sleep 
time, which was below average during pre-retirement, 
increased markedly post-retirement, especially in the 6 
months post-retirement follow-up. In contrast, SB was 
relatively lower in the first post-retirement period. Com-
pared to the pre-retirement movement behavior profile, 
LPA was relatively lower after retirement, particularly at 
the 18 months follow-up. Similarly, average post-retire-
ment MVPA time decreased markedly.

Retirement and movement behavior analysis
Following the CoDA methodology, the original 4-part 
composition was represented using 3 ilr-coordinates ilr1, 
ilr2 and ilr3, as previously noted. Linear mixed models 
were then fitted to examine the effect of retirement sta-
tus on movement behaviors. The results are summarized 
in Table  3. The first model (left column), where ilr1 is 

the response variable, indicates that the balance of sleep 
over wake time increased significantly after retirement, 
in both the first (β: 0.08, 95% Confidence Interval (CI: 
0.04–0.12) and the second follow-up (β: 0.07, 95% CI: 
0.03–0.11). The second and third models (Table 3, middle 
and right columns) indicate that there were no discern-
ible retirement effects in contrasts between SB and all 
physical activity and between LPA and MVPA.

Estimated marginal mean responses across retirement 
periods were computed from the models (Fig.  2). Pair-
wise post-hoc comparisons between them were con-
ducted based on t-tests (Table A2). With respect to the 
balance between sleep and wake time ( ilr1) across the 
retirement transition, there was a significant difference 
between pre-retirement and 6 months and 18 months 
post-retirement (FDR-adjusted p < 0.001 and p = 0.005 
respectively), which was not the case for the two post-
retirement follow-ups (FDR-adjusted p = 0.596). Consis-
tently, there were no meaningful differences between any 
pair of retirement periods for ilr2 and ilr3.

Effect modification of pre-retirement OPA
Table  4 shows the results from the mixed models fitted 
to the movement behavior ilr-coordinates on retirement 
status, OPA tertile groups and the interaction between 
them. Main effects coefficients indicate that medium and 
high OPA groups, overall, had lower ratios of sleep over 
wake time – though to a lesser extent and not statistically 
significant for the medium OPA group – and of SB over 
all PA, compared to the low OPA group. On the contrary, 
the medium and high OPA groups had an overall higher 
LPA over MVPA ratio compared to the low OPA group. 
Significant interaction terms in the models suggest that 
changes in the three ilr variables across retirement differ 

Table 2  Compositional means and variation of movement behaviors
Variation Matrix

Mean min/day (%) Sleep SB LPA MVPA Contr. tot. var. (%)
Pre-retirement (N = 112)
  Sleep 451 (31.3) 0 0.07 0.18 0.17 11.9
  SB 642 (44.6) 0.07 0 0.31 0.23 28.5
  LPA 276 (19.1) 0.18 0.31 0 0.18 33.5
  MVPA 72 (5.0) 0.17 0.23 0.18 0 26.0
6 months post-retirement (N = 104)
  Sleep 480 (33.4) 0 0.06 0.16 0.33 10.6
  SB 621 (43.1) 0.06 0 0.28 0.44 25.7
  LPA 269 (18.7) 0.16 0.28 0 0.27 21.0
  MVPA 70 (4.8) 0.33 0.44 0.27 0 42.7
18 months post-retirement (N = 90)
  Sleep 473 (32.9) 0 0.05 0.14 0.23 10.0
  SB 633 (44.0) 0.05 0 0.23 0.32 24.9
  LPA 265 (18.4) 0.14 0.23 0 0.23 24.9
  MVPA 69 (4.8) 0.23 0.32 0.23 0 40.2
Compositional geometric means of movement behaviors are shown adjusted to sum to 1440 min and in the respective percentage. Percentage of contribution to 
total variance are calculated from clr (centered log-ratio) transformed data. Abbreviations: Contr. tot. var. contribution to total variance
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according to OPA groups. These differences in move-
ment behaviors across retirement by OPA group are fur-
ther explored and tested with the marginal means plots 
(Fig. 3) and pairwise comparison tests (Table A4).

When considering ilr1 differences across retirement 
within OPA groups (Fig.  3, top-right panel), the high 
OPA group significantly increases the sleep to wake time 
ratio, as supported by comparison tests between the 
pre-retirement period with the two first post-retirement 
follow-ups (FDR-adjusted p < 0.001 and p < 0.001). A sig-
nificant, albeit much smaller, increase in the ilr1 ratio 
was also observed for the medium OPA between the 
pre-retirement period and the 6-month post-retirement 
follow-up (FDR-adjusted p = 0.045).

Regarding the ilr2 ratio, the low OPA group decreased 
SB to physical activity ratio in the post-retirement follow-
ups relative to pre-retirement (FDR-adjusted p = 0.003 

and p = 0.019), while the high OPA group increased it 
(FDR-adjusted p < 0.001 and p < 0.001). This led the two 
groups to broadly converge in the post-retirement peri-
ods (Fig. 3, top-right panel). For the medium OPA group, 
the balance between SB and all physical activity was rela-
tively stable across retirement.

In the ilr3 model, where a significant interaction was 
only found for the high OPA group and the 18-month 
post-retirement period (Table  4), differences between 
groups were less clear based on estimated marginal 
means (Fig.  3, bottom-left panel). Furthermore, none 
of the pairwise comparisons within OPA groups across 
retirement were statistically significant (Table A4). 
Finally, all three ilr balances remained approximately 
stable after retirement for all OPA groups, as no statis-
tically significant differences were found in the pairwise 

Table 3  Estimates from mixed models of movement behavior ilr-coordinates on retirement status (N = 112)
ilr1- Sleep vs. Wake ilr2- SB vs. all PA ilr3- LPA vs. MVPA

Fixed factors β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value
Post-retirement 
(6 months)a

0.10
(0.05, 0.14)

< 0.001 0.03
(−0.05, 0.11)

0.458 −0.00
(−0.06, 0.06)

0.936

Post-retirement 
(18 months)a

0.08
(0.03, 0.14)

0.004 0.08
(−0.02, 0.18)

0.130 −0.01
(−0.09, 0.07)

0.782

Statistically significant P-values are shown in bold. All models are additionally adjusted for thefollowing covariates: gender, age, marital status, occupational social 
class, and life-affectingchronic diseases; the full model table with all covariates is shown in the appendix (Table A1). Reference categories: Before retirement (6 
months). Abbreviations: PA Physical Activity, CI Confidence Interval

Fig.1  Geometric mean changes bar plots by retirement status
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Table 4  Estimates from mixed models of movement behavior on retirement status and OPA (N = 112)
ilr1- Sleep vs. Wake ilr2- SB vs. all PA ilr3- LPA vs. MVPA

Fixed factors β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value
OPA mediuma −0.09

(−0.19, 0.00)
0.058 −0.32

(−0.49, −0.15)
< 0.001 0.16

(0.01, 0.31)
0.034

OPA higha −0.20
(−0.30, −0.10)

< 0.001 −0.67
(−0.84, −0.49)

< 0.001 0.19
(0.03, 0.34)

0.017

Post-retirement
(6 months)b

−0.02
(−0.09, 0.05)

0.610 −0.19
(−0.30, −0.08)

< 0.001 0.07
(−0.02, 0.16)

0.110

Post-retirement
(18 months)b

0.03
(−0.05, 0.11)

0.457 −0.16
(−0.29, −0.04)

0.013 0.08
(−0.03, 0.18)

0.141

OPA medium ×
6 mn post-retirement

0.11
(0.01, 0.21)

0.026 0.19
(0.04, 0.34)

0.015 −0.11
(−0.22, 0.01)

0.074

OPA high ×
6 mn post-retirement

0.23
(0.13, 0.32)

< 0.001 0.43
(0.28, 0.58)

< 0.001 −0.10
(−0.21, 0.01)

0.080

OPA medium ×
18 mn post-retirement

0.02
(−0.09, 0.12)

0.726 0.16
(0.00, 0.32)

0.054 −0.03
(−0.16, 0.09)

0.591

OPA high ×
18 mn post-retirement

0.12
(0.02, 0.22)

0.020 0.48
(0.32, 0.63)

< 0.001 −0.18
(−0.30, −0.07)

0.002

Statistically significant P-values are shown in bold. All models are additionally adjusted for thefollowing covariates: gender, age, marital status, occupational social 
class, and life-affectingchronic diseases; the full model table with all covariates is shown in the appendix (Table A1). Reference categories: Before retirement (6 
months). Abbreviations: PA  Physical Activity, mm months, CI  Confidence Interval

Fig. 2  Marginal means from mixed models of movement behavior over retirement periods and OPA levels Notes: Error bars represent 95% confidence 
intervals. PA physical activity
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comparisons between the two post-retirement periods 
(Table A4).

Discussion
This study used a CoDA approach to examine the change 
in 24-hour movement behaviors across the retirement 
transition. This is the first study to examine the modifying 
role of pre-retirement OPA on changes in device-mea-
sured 24-hour movement behavior over the retirement 
transition. In the overall sample sleep time increased 
relative to wake time, whereas changes in SB relative to 
all physical activity, and in LPA relative to MVPA, were 
not detected. However, changes in SB and physical activ-
ity were observed when examining subgroups with differ-
ent levels of pre-retirement OPA. There appeared to be 
a convergence between OPA groups across retirement, 

where those with high OPA increased the SB to all physi-
cal activity ratio, while those with low OPA decreased it. 
To a smaller extent, also the pre-retirement differences in 
sleep relative to wake time and in LPA relative to MVPA 
between the low and high OPA groups reduced post-
retirement. While the high OPA group had low sleep rel-
ative to wake time and low LPA relative to MVPA, these 
ratios increased to comparable levels as the low OPA 
group.

Our findings corroborate previous research showing an 
increase in sleep duration across retirement [30, 44, 45]. 
Our findings add nuance to this literature by indicating 
that individuals with high pre-retirement OPA underlie 
the increase in sleep time at the population level. Pro-
posed mechanisms for the beneficial effect of retirement 
on sleep, include the removal of stress and scheduling 

Fig. 3  Marginal means from mixed models of movement behavior over retirement periods and OPA levelsError bars represent 95% confidence intervals. 
PA physical activity
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constraints associated with paid work [45]. In this regard, 
those with higher OPA may have jobs with work sched-
ules that hinder sufficient sleep; these individuals may 
stand to benefit more from the rest and recovery afforded 
by retirement.

Turning to physical activity and SB, our results suggest 
that the extent of physical activity during work periods is 
an important factor in activity changes across retirement. 
This corroborates a previous study, which indicated that 
self-reported physical activity changes over retirement 
were dependent on the physical demands of the occupa-
tion [4]. At the same time, these findings partly diverge 
from a previous study, where relative differences between 
LPA and MVPA were found independently of occupa-
tional class [27]. This divergence may be explained by 
different variables used to measure pre-retirement occu-
pation, as our variable measured OPA, which reflects 
physical activity at work rather than occupational social 
class; and differences in type of device (i.e., wrist actigra-
phy instead of thigh accelerometer) [46].

Findings show that people with high OPA reduce their 
overall physical activity time in favor of SB during retire-
ment. While this may seem like an “unhealthy” shift, it 
could be considered beneficial when viewed in light 
of the “physical activity paradox” and the “Sweet-Spot 
hypothesis” [14, 20], as this group reduces their poten-
tially detrimental OPA while increasing sleep time. These 
changes in time use may represent a shift toward the 
high OPA group's particular “sweet-spot” of movement 
behaviors. Similarly, the post-retirement reduction in 
SB among individuals with low OPA may also represent 
a shift toward their particular “sweet-spot”, albeit in the 
opposite direction, as retirement may allow work-related 
SB to be replaced by recreational physically active time 
[9]. Since paid work, physical activity, SB and sleep are 
all time-dependent activities [47], retirement may allow 
individuals to adopt a healthier balance of movement 
behaviors once the barrier of work demands is removed.

The current study has several strengths and limitations. 
Due to the collection of different types of data and the 
CoDA approach, this study contributes a holistic view of 
changes in movement behaviors across retirement. These 
findings also add nuance to the role of pre-retirement 
OPA among older adults’ movement behaviors, which 
can be attributed to the useful integration of device-
based measurements together with diary data on work 
spells. Additionally, the thigh accelerometer posture-
based classification used here is considered to be more 
reliable to assess sedentary and physically active states 
compared to, for instance, wrist actigraphy [46]. The 
longitudinal design further allowed us to assess changes 
across the retirement transition in a sample of older 
adults, who have been underrepresented in studies of 
movement behaviors with device-based measurements.

In terms of limitations, the sample was relatively small. 
Future studies using larger samples to better assess popu-
lation heterogeneity would be beneficial. In particular, 
socioeconomic status has been shown to be related to 
levels of occupational and leisure-time physical activity, 
suggesting that mechanisms related to socioeconomic 
inequalities may play a role in these associations [48]. 
Although we adjusted for occupational social class, a 
detailed exploration of socioeconomic differentials was 
outside the scope of this study due to the lack of a diverse 
representation of social strata in our sample. Similarly, 
variations in retirement pathways should also be exam-
ined in more detail, as individuals’ retirement plans may 
be related to socioeconomic and occupational character-
istics [49]. While the SRS adopted a flexible definition of 
retirement, which reflects the current social reality where 
retirees often keep working, albeit for a considerably 
reduced time, future research could assess differences 
according to specific modes of retirement. Given the SRS 
selection criteria, which required participants to report 
intention to retire at a typical retirement age, it is likely 
that retirees followed more normative retirement trajec-
tories and were selected in other respects, such as health 
and workability [31].

Another limitation is that, while the CoDA approach 
provides a holistic view of movement behaviors, limit-
ing analyses to only four movement categories may hin-
der more fine-grained and meaningful classifications of 
time use. For example, we could not assess daytime naps, 
as sleep was restricted to nighttime periods. Addition-
ally, information on commuting to and from work was 
not collected, which may play a role in measurements of 
occupational-related physical activity. Our findings are 
also not generalizable outside of Sweden.

Conclusion
This study provides novel insights into changes in move-
ment behaviors across retirement, highlighting the piv-
otal role of pre-retirement OPA in shaping these shifts. 
Using a compositional data analysis approach, we found 
that sleep duration increased significantly post-retire-
ment, particularly among those with high OPA, while 
changes in sedentary behavior and physical activity were 
more nuanced and OPA-dependent. Notably, the con-
vergence of movement patterns between high and low 
OPA groups after retirement suggests that retirement 
may serve as an equalizer, mitigating pre-existing dis-
parities in movement behaviors. Our findings underscore 
the complexity of interpreting post-retirement activity 
changes: while reduced physical activity in high-OPA 
individuals might seem unfavorable, it could reflect a 
shift toward a healthier balance, which would align with 
recommendations based on the “Sweet-Spot hypothesis”. 
By contextualizing retirement as a dynamic transition 
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with measurable effects on daily activity, this work con-
tributes to a growing body of evidence supporting tai-
lored health interventions for retirees, particularly those 
from physically demanding occupations.
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