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Abstract

Background: Swedish eldercare faces high sickness absence and difficulties
retaining workers. Interventions targeting heavy lifting and transfers have been
shown to reduce physical load, yet physical demands and sickness absence
remain high. Thus, a task-specific focus may not capture the full workload. This
thesis reviewed research on physical demands, examined demands and resources
by employment form, physical behaviors by care setting, and associations with
perceived exertion and need for recovery.

Methods: Study I was a systematic scoping review. Study II compared self-
reported demands and resources by employment form. Studies I1I and IV used
accelerometers, exposure variation analysis, and compositional data analysis
to examine patterns of sitting and time on feet. Study III compared these pat-
terns between settings; Study IV examined associations with perceived exer-
tion and need for recovery.

Results: Study I found a research focus on self-reported demands and de-
manding care tasks. Perceived demands were high overall and for specific
tasks, while spinal loads were high during lifts. Accelerometer and heart-rate
data showed workers spent half to two-thirds of the workday on their feet,
while average cardiovascular demands were low. No studies compared tempo-
rary and permanent workers; few compared care settings. Temporary workers
reported lower demands, but no differences in resources. Homecare workers
had less sitting time in long bouts relative to moderate and short bouts than
nursing home workers. More sitting relative to time on feet was associated with
lower perceived exertion, and more sitting in moderate relative to short bouts
with lower need for recovery. More time on feet in long relative to moderate
and short bouts was also associated with lower perceived exertion.

Conclusions: Previous research largely focused on perceived demands or
specific tasks. The empirical findings suggest that the relative distribution and
temporal patterns of sitting and time on feet are also important dimensions of
physical demands in eldercare work. Differences by employment form and
care setting suggest that both may be relevant contexts when examining phys-
ical demands. Intervention studies should examine if modifying the patterns
of time on feet and sitting through changes in work organization can reduce
perceived exertion or support recovery.

Keywords: Occupational physical activity, Accelerometry, Job demands,
Zero-hour contract, Homecare, Nursing homes, Compositional data analysis






Sammanfattning

Bakgrund: Svensk dldreomsorg har hog sjukfranvaro och svart att behalla
personal. Interventioner riktade mot att minska den fysiska belastningen vid
tunga lyft och forflyttningar har visat positiva resultat i studier, men i praktisk
miljo dr den fysiska belastningen och sjukfranvaron fortsatt hoga. Detta anty-
der att fokus pa enbart arbetsuppgifter inte fangar hela den fysiska arbetsbe-
lastningen. Denna avhandling sammanstéllde forskning om fysiska arbetskrav
och undersokte krav och resurser mellan anstallningsformer, aktivitetsmonster
mellan omsorgsformer och samband med upplevd anstrédngning och aterhdmt-
ningsbehov.

Metod: Studie I var en systematisk oversikt. Studie II jaimforde sjalvrap-
porterade krav och resurser mellan anstéllningsformer. Studie III och IV un-
dersokte sittande och tid pa fotterna med rorelsemétare, exponeringsvariations-
analys och kompositionell dataanalys. Studie I11 jimforde dessa monster mel-
lan omsorgsformer; Studie IV analyserade sambandet mellan upplevd an-
strdngning och aterhdmtningsbehov.

Resultat: Studie I visade att sjélvrapporterade krav och fysiskt krdvande
uppgifter dominerade forskningen. Upplevda krav var hoga generellt och vid
specifika uppgifter, och belastningen pé ryggen var hog vid lyft. Aktivitets-
och pulsméitningar visade att personalen var pa fotterna hélften till tva tredje-
delar av arbetsdagen, med 14g genomsnittlig kardiovaskuldr belastning. Inga
studier jimforde fast och tillfillig personal och fa jaimforde omsorgsformer.
Tillfalligt anstéllda rapporterade ldgre krav, men utan skillnader i resurser.
Hemtjinstpersonal hade mindre langvarigt sittande i forhéllande till kortare
sittperioder &n personal i sdrskilt boende. Mer sittande 1 forhallande till tid pa
fotterna var associerat med ldgre anstringning och mer sittande i medelldnga
an korta perioder med lagre dterhamtningsbehov. Mer tid pa fotterna i langa dn
kortare perioder var ocksé associerat med ldgre anstrdngning.

Slutsatser: Forskning inom dldreomsorgen har framst fokuserat pd upp-
levda fysiska krav och krdvande uppgifter. De empiriska fynden tyder pa att
dven fordelningen och tidsmonstren av sittande och tid pa fotterna ar viktiga
dimensioner av fysiska krav i dldreomsorgen. Aven anstillnings- och omsorgs-
form kan vara viktiga kontextuella faktorer att beakta. Interventionsstudier bor
undersdka om arbetets organisering kan fordndra monstren av tid pa fotterna
och sittande och minska anstrangningen eller frimja aterhdmtningen.

Nyckelord: Fysisk aktivitet i arbetet, Accelerometri, Arbetskrav, Timavlonad
anstéllning, Hemtjénst, Sérskilt boende, Kompositionsanalys
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Introduction

As global life expectancy continues to rise (1), the demand for eldercare ser-
vices is growing. Eldercare plays a central role in supporting aging popula-
tions. At the same time, care systems in both homecare and nursing home set-
tings face persistent challenges in maintaining a stable and healthy workforce.
Across many countries, high rates of sickness absence and difficulties in re-
cruiting and retaining workers remain long-standing challenges (2-8). Higher
occupational physical demands have been associated with increased risks of
sickness absence (9) and leaving the profession (10). Consequently, many or-
ganizations have increasingly come to rely on temporary workers to fill staff-
ing gaps and maintain continuity of care (11,12).

Research in eldercare has primarily focused on traditional physical risk fac-
tors, such as manual handling and awkward postures, and has proposed work-
place interventions, such as assistive devices, to reduce physical demands (13—
16). Despite these efforts, physical demands (17) and sickness absence (18,19)
remain high among eldercare workers. The continued high levels of physical
demands and sickness absence may reflect several factors, such as difficulties
in sustaining interventions, underuse of assistive devices, or broader work en-
vironment challenges related to staffing and work organization. At the same
time, less examined aspects of physical demands may also contribute to these
adverse outcomes. One such aspect concerns occupational physical behaviors,
specifically how work time is distributed between time on feet and sitting.

Previous studies have shown that eldercare workers spend approximately
half to two-thirds of their working hours on their feet (20,21) and that this ex-
posure is perceived as physically demanding by workers (22). In other occu-
pations, prolonged time on feet has been linked to musculoskeletal disorders
(23,24) and mortality (23). In Sweden, musculoskeletal disorders are one of
the leading causes of sickness absence among eldercare workers (25). To-
gether, these findings highlight the importance of developing a clearer under-
standing of the physical behavior profile, including the distribution of time on
feet relative to sitting, and the temporal patterns of these behaviors during the
workday in Swedish eldercare. Such knowledge may help explain why per-
ceived physical demands remain high and provide a basis for future interven-
tion and longitudinal research.

There is also a need to better understand whether physical demands and phys-
ical behaviors vary within the eldercare workforce. Previous research has often
treated eldercare workers as a homogeneous group or examined homecare and



nursing home workers separately without direct comparison. However, differ-
ences in work environment, available equipment, and time control between these
settings (26-28) may influence physical demands. Moreover, temporary workers,
who now represent a substantial and growing part of the workforce, have received
limited attention in studies of physical demands.

This thesis aims to address these knowledge gaps by examining physical
demands and physical behaviors among workers in Swedish eldercare, across
both homecare and nursing home settings, and between temporary and perma-
nent workers. It includes one systematic scoping review and three empirical
studies. Together, these studies investigate perceived physical demands and
accelerometer-measured physical behavior patterns, compare these patterns
between care settings, and examine their associations with perceived exertion
and need for recovery. The overall aim is to provide a more detailed under-
standing of how physical demands are distributed within the eldercare work-
force, and to inform stakeholders about relevant differences between worker
groups, as well as guide future intervention studies and workplace strategies
aimed at supporting a sustainable and healthy workforce in eldercare. The fol-
lowing chapter provides an overview of the structure and organization of Swe-
dish eldercare, characteristics of the workforce, and the main work environ-
ment conditions framing the studies included in this thesis.



Background

Eldercare in Sweden

Swedish eldercare faces persistent challenges in maintaining a stable and sus-
tainable workforce. Sweden’s 290 municipalities are responsible for eldercare,
which is regulated by the Swedish Social Services Act (Socialtjanstlagen, SFS
2001:453). The Act stipulates that older adults should have a reasonable stand-
ard of living and receive care that safeguards dignity and well-being. Services
are provided following an individual needs assessment and can be delivered
by either public or private providers. Municipalities organize, finance, and en-
sure quality, while the state defines the overarching legal framework and pro-
vides grants. Funding is primarily based on municipal taxes, complemented by
national transfers and user fees that typically represent less than 10% of total
costs (29).

Swedish eldercare consists mainly of homecare (hemtjinst) and nursing
homes (sdrskilt boende). Homecare supports older adults who continue living
at home through scheduled visits for assistance with daily tasks, while nursing
homes provide housing and around-the-clock support for those with extensive
needs. In 2022, approximately 148,000 older adults received homecare, and
about 82,000 lived in nursing homes (30).

Eldercare is a highly gender-segregated sector in which women account
for about 82% of the workforce (25) and consequently bear most of the as-
sociated occupational health burden. The share of foreign-born workers is
also increasing (25).

The sector includes both licensed workers, such as nurses, physiotherapists,
and occupational therapists, and unlicensed workers, including assistant nurses
(underskoterskor) and care aides (vardbitrdden). In both Sweden (19,25) and
globally (31), unlicensed workers constitute the majority of the workforce. As-
sistant nurses make up Sweden’s largest occupational group and constitute the
majority of workers employed in public eldercare (32).

National initiatives such as Aldreomsorgslyftet have been introduced to
raise competence levels among unlicensed workers (29), and assistant nurses
are now required to complete a 70- to 75-week vocational education program
to obtain certification. In 2023, the title “Assistant nurse” became a protected
professional designation (skyddad yrkestitel). In contrast, care aides are not re-
quired to have formal education, and the title is not protected.

Unlicensed workers provide most direct care for care recipients, including
assistance with personal hygiene, dressing, feeding, and mobility, as well as



offering companionship and emotional support (33). Temporary employment
and part-time work are common, especially among care aides, contributing to
staffing instability and difficulties in competence development (34).

Eldercare settings

As briefly mentioned, eldercare services in Sweden are generally provided as
homecare or care in nursing home facilities. Homecare enables older individ-
uals to remain in their own homes while receiving support with daily activities,
medications, and other care needs. In contrast, nursing homes are specialized
residential facilities for individuals with greater care needs, chronic illnesses,
disabilities, or other limitations to independent living (35).

The two settings differ in both work organization and daily work patterns.
Nursing home workers typically work in a single, custom-built facility
(16,26,36) equipped with spacious rooms, wide hallways, accessible bath-
rooms, and assistive devices such as lifts, hoists, and motorized beds that help
reduce the physical demands associated with lifts and transfers. In addition,
staff often work in teams, enabling immediate support and coordination of
tasks. In contrast, homecare workers generally work alone (37), delivering care
across multiple client homes with varying physical environments and available
equipment while traveling between clients, commonly by car, bicycle, or on
foot in Scandinavian settings (38—41).

These organizational characteristics may influence the work performed
throughout the workday. Previous research from both homecare and nursing
home settings has shown that eldercare workers perform a broad range of direct
care, support, and administrative activities (39,42,43). These include personal
hygiene, dressing, toileting, feeding and meal-related assistance, medication-
related tasks, mobility assistance, documentation, communication with col-
leagues and healthcare professionals, and interactions with care recipients and
their relatives.

Although some care activities are common across both settings, homecare
work may additionally include practical household tasks such as cleaning,
laundry, shopping, and meal preparation (39,44), whereas nursing home work
primarily centers on providing direct personal care (42). Household tasks may
involve periods of standing and walking, repeated bending and reaching, and
carrying or pushing loads, while direct personal care may involve close-contact
work, constrained postures, and manual handling during transfers and reposi-
tioning. These differences in the mix of tasks may therefore influence the over-
all distribution and temporal patterns of sitting and time on feet, task-specific
biomechanical exposures, and opportunities for reduced physical loading and
short-term physical recovery.



In addition to differences in work organization, the physical environment,
and task composition, many homecare organizations also use time-scheduling
systems that allocate fixed minutes per visit and restrict flexibility (28). These
systems resemble Methods-Time Measurement (MTM) structures from indus-
trial settings, in which tasks are broken into standardized elements with fixed
time allocations to optimize efficiency (45). In their report “Styrning av
hemtjdnsten”, the National Board of Health and Welfare found that around half
of Swedish municipalities specify time durations for each task, limiting work-
ers’ influence over how care is delivered and increasing time pressure (28).

Despite these differences, most studies examining occupational physical
demands have either grouped homecare and nursing home workers together
(7,46,47) or studied one setting in isolation (48,49). Given these organizational
and task-related differences, direct comparisons between homecare and nurs-
ing homes are needed to determine whether occupational physical behaviors
differ between care settings. Such knowledge is important for guiding future
interventions tailored to the organizational characteristics, work tasks, and
physical demands of each care setting.

The eldercare work environment

The Swedish Social Services Act regulates the provision of eldercare, while the
Swedish Work Environment Act requires employers to ensure a safe work envi-
ronment (50). Related provisions issued by the Swedish Work Environment Au-
thority address the organizational and social work environment, systematic work
environment management, and ergonomic risks. The physical and psychosocial
work environment is a major determinant of workers’ health and well-being
(51,52). In eldercare, physically demanding work, such as lifting and transferring
care recipients, has been linked to higher perceived exertion, fatigue, increased
need for recovery, and a greater prevalence of musculoskeletal disorders (53—
55). Longitudinal studies have shown that such demands increase the risk of
long-term sick leave and disability pension (56-60). Psychosocial factors, in-
cluding time pressure, emotional demands, and limited control, as well as high
quantitative demands, have also been identified as contributors to negative
health-related outcomes such as stress and fatigue (10,61-63).

In Sweden and across Europe, these conditions are reflected in high rates
of sick leave, worker turnover, and difficulties with worker retention in elder-
care (64,65). According to international reports from the OECD, unlicensed
eldercare workers across member countries tend to have shorter average ten-
ures than the general workforce. Two-thirds of OECD countries identify
worker retention in eldercare as a major policy concern (66).

These work environment challenges are also evident in national inspection
findings. For example, following more than 1,000 inspections conducted



between 2017 and 2019 (67), the Swedish Work Environment Authority (A4r-
betsmiljoverket) concluded that 87% of the inspections resulted in require-
ments for improvements to the work environment. The inspections identified
recurring shortcomings in systematic work environment management, organi-
zational and social work environment, and ergonomic conditions. Commonly
reported problems included insufficient opportunities for recovery, high work
pace, inadequate risk assessments, and work tasks that were not adequately
captured in routine assessments, suggesting that occupational physical de-
mands in eldercare extend beyond isolated physically demanding tasks.

The consequences of these challenges are reflected in national sickness ab-
sence statistics, where assistant nurses have the highest sickness absence rates
in the Swedish labor market (68) and Swedish eldercare workers in the public
sector exhibit some of the highest overall levels of sickness absence across
occupations (18,19). The Swedish National Board of Health and Welfare (So-
cialstyrelsen) reports that physical complaints such as musculoskeletal disor-
ders and load-related injuries are the leading causes of sickness absence among
eldercare workers (25).

Beyond human costs, these negative health outcomes also have economic
and societal consequences. Poor health among the existing workforce reduces
work ability and increases turnover, potentially leading to worker shortages
that put pressure on healthcare systems and risk compromising care quality for
aging populations (10,66). Improving these conditions is therefore important
for both workforce sustainability and care quality.

Physical demands

Occupational physical demands can be characterized by different types of ex-
posure, including physical behaviors such as sitting, standing, and walking, as
well as more specific ergonomic and biomechanical exposures associated with
lifting, carrying, pushing, pulling, and working in demanding postures. Physi-
cal behaviors are not synonymous with physical demands, but their amount
and temporal pattern may contribute to how physically demanding the work is,
for example by requiring sustained physical effort or leaving limited opportu-
nities for reduced physical loading. The physical demands of a job depend on
the type, frequency, duration, and intensity of these exposures, as well as on
how they are distributed throughout the workday (69). Organizational and en-
vironmental factors may further influence these demands by affecting how and
when work tasks are performed and how opportunities for recovery are struc-
tured (69,70). Consequently, these demands are inherently associated with
physiological costs (71,72).

The magnitude of these costs may depend on the intensity and duration of
the required effort relative to the worker’s physical capacity (55,73). In



eldercare, workers commonly rate the physical demands of their job as moder-
ate to high, often exceeding those reported in other physically demanding oc-
cupations (7,10,15,21,22,46-49,74-92). Large observational studies have
shown that work tasks, such as manual handling, and ergonomic exposures
such as repetitive movements are associated with musculoskeletal disorders,
pain, and sickness absence among eldercare workers (9,55,93-96).

Much of the research has focused on workers’ perceptions of physical de-
mands, as well as on identifying physically demanding work tasks, such as
manual handling and lifts, which are characterized by high peak loads. This
line of research has been important in identifying high-risk exposures and has
informed the development of targeted workplace interventions, including as-
sistive devices such as lifts and hoists, which have shown beneficial effects in
reducing perceived physical demands and biomechanical loading in the short
term (16,83,97-99). There is also some evidence of reductions in musculoskel-
etal complaints and sickness absence when such interventions are combined
with training and organizational support (36,99,100).

Nevertheless, perceived exertion and musculoskeletal complaints remain
high among eldercare workers (101), and physical complaints remain the most
common cause of sickness absence in Sweden (25). This is consistent with
findings from the Swedish Work Environment Authority (67), which con-
cluded that employers often focus on individual lifting situations while failing
to adequately assess workers’ total physical workload across the workday, in-
cluding cumulative physical demands arising from multiple work tasks and
limited opportunities for recovery.

Several explanations may account for this pattern. Assistive devices such
as lifts and hoists are not always used consistently in practice (16,102), and
organizational constraints such as staffing shortages and time pressure may
limit the effective implementation of ergonomic interventions. At the same
time, other contributors to high perceived physical demands may remain insuf-
ficiently examined, as existing research has primarily focused on peak loads
during specific tasks or on overall perceptions of physical demands across the
workday, with less attention to how physical demands are distributed across
the workday.

The relative distribution and temporal patterns of occupational physical be-
haviors may represent understudied dimensions of these demands and their as-
sociated health outcomes.

Physical activity

A large body of research shows that higher levels of physical activity and lower
levels of sedentary behavior are generally associated with more favorable
health outcomes (103,104). Systematic reviews have found that greater time



spent being physically active has been linked to improved cardiovascular
health (105), improved insulin sensitivity and glycemic control (106), lower
risk of type 2 diabetes (107), improved blood pressure (108) and blood lipid
profiles (109), reduced risk of several cancers (110), and lower all-cause mor-
tality (111,112). Conversely, prolonged sedentary behaviors, such as sitting
and lying, have been associated with adverse health outcomes independent of
overall physical activity levels (113-118).

However, when physical activity is examined in physically demanding and
active jobs, higher levels of activity are not consistently associated with better
health outcomes and may even be associated with adverse effects (51,119).
Higher levels of physical activity have been linked to negative health out-
comes, such as increased musculoskeletal pain and an increased risk of sick-
ness absence (120), cardiovascular outcomes including ischemic heart disease
and high blood pressure (120,121), and all-cause mortality (23). In contrast,
greater time spent sitting at work among workers in physically demanding oc-
cupations has been associated with more favorable health outcomes such as
lower levels of neck and low back pain (122). This has led to the concept of
the physical activity paradox (123,124), where leisure-time physical activity is
linked to positive health effects, while occupational physical activity may be
linked to negative outcomes.

In contrast to leisure-time physical activity, which is typically voluntary,
performed across a wider intensity range, and interspersed with sufficient re-
covery, occupational activity is often characterized by prolonged static and
constrained postures and limited opportunities for rest (121). These character-
istics have been proposed to lead to sustained demands on both the cardiovas-
cular and musculoskeletal systems, potentially resulting in impaired rather than
improved fitness (125).

Moreover, prolonged standing has also been linked to adverse health out-
comes. Evidence from laboratory and epidemiological studies suggests that oc-
cupational standing is associated with musculoskeletal symptoms, particularly in
the lower back and lower extremities (24,126), as well as the incidence of or-
thostatic circulatory disease (127). Together, these findings suggest that pro-
longed time on feet in occupational settings may reflect sustained physical load-
ing rather than health-enhancing activity. Against this background, time on feet,
including standing and walking, may represent sustained physical demands,
whereas time spent sitting may provide opportunities for short-term physical re-
covery.

Occupational time on feet and sitting

In this thesis, time on feet was operationalized as the combined duration of
active physical behaviors (e.g., walking, climbing stairs, and running) and



standing. Time on feet was not considered in isolation, but in relation to sitting.
Because these behaviors constitute parts of the same finite workday, more time
on feet necessarily leaves less time available for sitting, and vice versa.

The measurements described the relative distribution and temporal patterns
of sitting and time on feet but did not identify the specific tasks performed or
quantify the biomechanical or physiological loading involved. These aspects
of physical behavior were used to characterize one dimension of occupational
physical demands. The rationale for this interpretation was that time on feet
generally involves greater physical loading than sitting, whereas sitting may
provide periods of lower loading and opportunities for short-term physical re-
covery. This does not imply that all time on feet is equally demanding or that
sitting necessarily constitutes recovery. How physically demanding these be-
haviors are may depend on their amount and temporal pattern, the tasks per-
formed, the surrounding work conditions, and the worker’s capacity.

Eldercare workers have been shown to spend approximately half to two-
thirds of their working hours on their feet (20,21), and this exposure has been
highlighted as physically demanding by workers (22,128). This suggests that
the relative distribution of time on feet and sitting represents an important di-
mension of the physical demands of eldercare work. However, research on oc-
cupational physical demands has primarily focused on task-specific ergonomic
risk factors, such as manual handling, heavy lifting, and awkward postures,
while less attention has been given to examining time on feet and sitting to-
gether as interdependent components of the workday.

Temporal patterns

Variation in physical exposure has long been considered relevant in occupa-
tional health research (129). Temporal patterns provide one way of character-
izing such variation by describing how physical behaviors are distributed and
accumulated over time (129,130). Although current evidence does not estab-
lish which specific temporal patterns are most favorable for health (129,131),
considering temporal structure may provide information about sustained expo-
sure and opportunities for recovery that is not captured by total duration alone
(129,130,132).

The same total duration of time on feet can be accumulated across bouts of
different durations (133). It may be concentrated in a few prolonged bouts or
distributed across several shorter bouts interspersed with sitting (130,132).
Prolonged bouts may provide fewer opportunities for short-term physical re-
covery, whereas shorter bouts interspersed with sitting may provide such op-
portunities more frequently (132). In eldercare, however, previous research has
rarely considered both the relative distribution of time on feet and sitting and
their temporal patterns across the workday.



Measurement of occupational physical demands

Another challenge in the assessment of occupational physical demands con-
cerns how these demands are measured. Many studies in eldercare have relied
on self-reported measures, which provide valuable insights into how workers
perceive physical demands relative to their capacity (134,135). However, self-
reported measures are prone to several sources of bias, such as recall bias due
to inaccurate memory, response bias due to social desirability, as well as mis-
classification of activities and intensities (136), all of which may lead to both
over- and underestimation of exposures (135). Accelerometer measurements
provide opportunities to quantify physical behaviors and capture not only their
duration but also their temporal distribution across the workday. This enables
precise examination of exposures such as patterns of time on feet and sitting.
Despite these advantages, studies using objective measurements have been
scarce in eldercare research, particularly in studies conducted in Swedish care
settings.

Psychosocial factors

The psychosocial work environment refers to the organizational and social
conditions that influence how work is structured, distributed, and experienced.
It includes dimensions such as job demands, influence, social support, and in-
terpersonal relations (137). In eldercare, common psychosocial factors include
high quantitative demands, time pressure, inadequate staffing, and emotional
labor (138).

Although this thesis focuses primarily on occupational physical demands,
these demands do not occur in isolation but within a broader work environ-
ment. Psychosocial factors were therefore examined directly in Study I1. Quan-
titative demands and influence at work were also examined as organizational
factors in Study III, and the broader psychosocial context was considered when
interpreting findings across the thesis.

Employment form

Although permanent full-time employment remains the most common employ-
ment form in Swedish eldercare, temporary arrangements have become in-
creasingly prevalent, particularly hourly paid work without guaranteed work-
ing hours (timaviénad anstillning), with workers often referred to as
timvikarier (139), hereafter referred to as Temp workers. These individuals are
contacted and asked to work when staffing needs arise, for example when per-
manent workers are absent due to short-term sick leave or vacation periods.
Temp workers account for approximately 25% of the Swedish eldercare work-
force, although estimates vary across municipalities and data sources (12,139).
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Although employed under the same type of contract, Temp workers repre-
sent a heterogeneous group. The group may include both younger and older
workers, such as students and retired individuals supplementing their income
(139), and their reasons for working in this employment form and their de-
pendence on it may differ according to factors such as studies, family circum-
stances, alternative sources of income, and preferences for flexible work (140).
Despite their prevalence, research on Temp workers’ physical demands and
broader work environment remains limited.

The employment arrangement of Temp workers represents one form of
non-standard employment (141,142) and overlaps conceptually with the
broader construct of precarious employment (143). However, precarious em-
ployment is generally considered a multidimensional concept encompassing
employment insecurity, income inadequacy, and lack of rights and protection,
of which hourly paid employment without guaranteed working hours is only
one possible manifestation (143,144). Accordingly, the present thesis focuses
on this specific employment arrangement rather than on precarious employ-
ment as a broader construct. This focus enables direct comparisons with per-
manent workers performing similar work within Swedish eldercare.

Recent qualitative research from Swedish eldercare provides a more nu-
anced picture of Temp workers’ working conditions. Temp workers described
flexibility but, more commonly, unpredictability, economic uncertainty, and
limited control over access to work and the scheduling of working hours. They
also reported that their influence over daily task allocation depended partly on
whom they worked with, with some describing permanent colleagues as di-
recting the work and others reporting joint decision-making (140). Managers
similarly described Temp workers as often receiving insufficient introduction
and training and having fewer responsibilities. Permanent workers were de-
scribed as performing more complex tasks and supporting less experienced
colleagues, which managers perceived as increasing their workload (145). Ev-
idence from eldercare settings in the United Kingdom suggests that Temp
workers experience greater income insecurity and fewer opportunities for
training than permanent workers, while findings regarding physical and psy-
chosocial job demands appear less consistent (146,147). Swedish research
across various occupations further indicates that Temp workers perform fewer
qualified tasks, work fewer hours, and have reduced access to workplace re-
sources (29). Consistent with this, a Swedish government agency reported that
Temp workers in eldercare tend to have less training and experience than per-
manent workers (139).

Taken together, the available evidence suggests that employment form may
be associated with differences in training, influence, responsibilities, task dis-
tribution, and other aspects of the work environment. However, direct evidence
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regarding differences in occupational physical demands between Temp and
permanent workers in eldercare remains limited. Clarifying whether and how
physical demands and resources differ between employment forms is im-
portant for understanding how physical demands and opportunities for rest and
recovery are distributed. In this thesis, employment form is treated as an or-
ganizational factor that may be associated with job demands and resources as
well as with health-related outcomes.

Health-related outcomes

Operationalizing health in research is challenging, as it cannot be reduced to a
single measurable state or captured by any one indicator. Rather than being a
fixed condition, health is increasingly understood as multidimensional and dy-
namic, involving biological, psychological, and social processes that vary over
time and across contexts (148). Because of this complexity, epidemiological
research has often relied on mortality or long-term disease outcomes as indi-
cators of health. However, such outcomes require extended follow-up periods
and are often impractical in studies collecting new exposure data.

At the same time, an exclusive focus on long-term risk has been challenged
by the distinction between lifespan and healthspan (149), emphasizing not only
longevity but also how well people function in everyday life. From this per-
spective, health can also be understood in terms of the ability to maintain func-
tional capacity, meet daily demands, and recover from them. Maintaining
health therefore depends not only on the ability to meet everyday demands, but
also on having sufficient opportunities for recovery. If recovery is repeatedly
insufficient, the physiological and psychological responses to work demands
may accumulate over time, a process described by the concept of allostatic load
(150), whereby repeated exposure to stressors without adequate recovery may
increase the risk of adverse health outcomes (151,152). Together, these con-
cepts provide a general rationale for considering perceived exertion and need
for recovery as short-term health-related outcomes, although the proposed
pathways were not examined in this thesis.

In occupational settings, assessing short-term responses to work demands
can provide insight into how well workers are able to meet and recover from
those demands before longer-term health consequences become apparent. Rat-
ings of perceived exertion reflect how physically demanding work is experi-
enced (134), while need for recovery reflects the extent to which workers re-
quire rest to restore their capacity after work (153). Although neither measure
represents a direct indicator of health status or disease, persistently high levels
of perceived exertion and need for recovery may reflect an unfavorable balance
between work demands, individual capacity, and recovery. From the health-
span perspective outlined above, such an imbalance is relevant to workers’
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ability to meet daily demands, recover from them, and maintain functioning in
daily life. Moreover, these measures have been linked to longer-term outcomes
such as musculoskeletal pain, sickness absence, and reduced work ability
(55,93,154). Perceived exertion and need for recovery can therefore be viewed
as short-term responses to work demands with potential relevance to occupa-
tional health. In this thesis, perceived exertion and need for recovery are there-
fore treated as short-term health-related outcomes. They capture how physi-
cally demanding work is experienced and how much recovery workers require
after work.
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Conceptual framework for the thesis

The preceding sections have described the work context, occupational expo-
sures, and health-related outcomes examined in this thesis. The Job De-
mands-Resources (JD-R) model (155) is used as a conceptual framework for
positioning these components in relation to job demands, job resources, and
worker health.

The JD-R model proposes that all jobs can be described in terms of job
demands and job resources. Job demands are physical, psychological, social,
or organizational aspects of work that require sustained physical or psycholog-
ical effort and are therefore associated with physiological or psychological
costs. Job resources are aspects of work that facilitate the achievement of work
goals, regulate job demands and their associated costs, or stimulate learning
and development (71,72). Whether a work characteristic functions as a demand
or a resource therefore depends on its role in the work situation.

The relationship between the JD-R concepts and the variables examined
differed across the empirical studies in this thesis. In Study II, quantitative de-
mands, time in forward bending, and number of heavy lifts were used to oper-
ationalize job demands, while perceived exertion was analyzed alongside these
measures as an indicator of experienced physical workload. Influence at work
and social support from supervisors and colleagues were used to operationalize
job resources. In Study III, quantitative demands and influence at work were
examined as organizational factors corresponding to a job demand and a job
resource, respectively.

The accelerometer-measured sitting and time on feet examined in Studies
IIT and IV represented physical behaviors and dimensions of occupational
physical exposure. As described in the preceding sections, time on feet was
conceptualized as reflecting weight-bearing, physically demanding exposure,
whereas sitting was conceptualized as reflecting reduced physical loading and
opportunities for short-term physical recovery. Within the JD-R framework,
the relative distribution and temporal patterns of these behaviors may be rele-
vant to physical job demands and their associated physiological costs. Sitting
was not considered a job resource in itself. Opportunities to sit may, however,
function as a resource when they allow workers to regulate physical demands
or recover from previous physical effort without impeding the achievement of
work goals.

In Study 1V, perceived exertion and need for recovery were analyzed as
outcomes and interpreted as short-term health-related responses. Their
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associations with the relative distribution and temporal patterns of sitting
and time on feet were examined. Perceived exertion reflected how physi-
cally demanding the workday was experienced, while need for recovery re-
flected the extent to which workers required rest to restore their capacity
after work. Thus, perceived exertion was analyzed alongside measures of
physical job demands in Study II but as an outcome in Study IV.

More recent formulations of JD-R theory recognize that demands and re-
sources may be influenced by conditions at organizational, leadership, team,
and individual levels (71,72). In this thesis, care setting and employment form
were treated as contextual conditions that may be associated with differences
in job demands, job resources, and physical behavior patterns, rather than as
demands or resources in themselves. Age, sex, country of birth, job title, and
percentage of full-time employment were treated as individual characteristics
or covariates rather than as JD-R constructs.

The JD-R model thus provides a conceptual structure for relating the job
demands, job resources, contextual conditions, occupational physical expo-
sures, and health-related outcomes examined across the studies. It is used to
organize and interpret these components rather than as a complete theoretical
model tested empirically in the thesis.
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Rationale for the thesis

Research on occupational physical demands in eldercare has mainly focused
on perceived demands and task-specific exposures, such as manual handling
and peak loads. While this task-based approach has provided important in-
sights into peak physical loading and high-risk exposures, a more complete
understanding of physical demands requires examining additional dimensions
of occupational physical demands, such as the relative distribution and tem-
poral patterns of time on feet and sitting throughout the workday. This per-
spective is also practically relevant, as Swedish national inspections have iden-
tified recurring shortcomings in how cumulative physical and organizational
demands are assessed and managed in eldercare workplaces.

It is also necessary to examine whether these aspects of occupational phys-
ical demands are associated with health-related outcomes. In addition, it is im-
portant to assess whether these exposures differ between homecare and nursing
home settings, as such differences may imply a need for setting-specific inter-
ventions in future research and workplace initiatives.

Employment form may be associated with differences in both job demands
and resources. Given the widespread use of Temp workers in Swedish elder-
care and the limited evidence regarding their working conditions, it is im-
portant to examine whether Temp and permanent workers differ in perceived
physical and psychosocial job demands, as well as job resources. Such com-
parisons can help identify potential inequalities in how demands and resources
are distributed between employment groups and inform efforts to support sus-
tainable working conditions.
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Overall and specific aims

The overall aim of this thesis was to improve the understanding of occupational
physical demands in eldercare by synthesizing existing evidence, examining
differences in reported demands between employment forms, describing how
sitting and time on feet are distributed throughout the workday and across care
settings, and examining how these physical behaviors are associated with
health-related outcomes. To provide a broader characterization of work envi-
ronment differences between employment forms, the thesis also compared per-
ceived psychosocial job demands and job resources between Temp and perma-
nent workers.

Study |

The aim of this study was to systematically summarize the literature on occu-
pational physical demands in eldercare, with particular attention to differences
between temporary and permanent workers, and to identify key knowledge
gaps to inform future research.

Study Il

The aim of this study was to compare perceived job demands and resources
between Temp and permanent workers in Swedish eldercare.

Study Il

The aim of this study was to describe the relative distribution and temporal
patterns of time on feet and sitting among homecare and nursing home workers
and to examine their associations with care setting, job demands and resources,
job title, and age.

Study IV

The aim of this study was to examine the extent to which the relative distribu-
tion and temporal patterns of time on feet and sitting are associated with per-
ceived exertion and need for recovery in eldercare workers.
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Overarching research project

Data for empirical studies II-1V were collected within the larger research pro-
gram Flexible Work: Opportunity and Challenge (FLOC) (156), financed by
Forskningsrddet for hdlsa, arbetsliv och vdlfird (FORTE), grant number
2019-0125. FLOC was a prospective, open-cohort study designed to investi-
gate how different forms of employment and flexible work arrangements are
associated with outcomes at both the organizational and individual levels. The
overarching aim was to explore the implications of employment forms and
flexible work arrangements for financial performance, physical and psychoso-
cial working conditions, and employee health and well-being.

FLOC was an open cohort, meaning that new organizations and workers
could be continuously added during the data collection phase. The program
combined several data sources, including organizational records, national reg-
ister data, validated surveys, technical measurements (e.g., accelerometry and
heart rate monitoring), interviews, and diaries. Data were collected across three
waves, spaced approximately 18 months apart for selected variables.

The empirical studies included in this thesis are based on organizational,
questionnaire, and accelerometer data collected at baseline from eldercare
workers in both homecare and nursing home settings in three Swedish munic-
ipalities. Variables used in the studies are summarized below and described in
detail in the respective papers. The eldercare organizations are located in mu-
nicipalities in the southern, central, and northern regions of Sweden and vary
in population size (ranging from approximately 32,000 to 103,000), represent-
ing both rural and urban areas. All participating municipalities provide both
homecare and nursing home services.

Participants were recruited by email, by text message (Temp workers), and
in person at regularly scheduled staff meetings. At these meetings, a member
of the research team presented the study and invited workers to participate in
the questionnaire and/or accelerometer data collection. Participants either com-
pleted a paper-based questionnaire during the meeting or received a digital ver-
sion via email. Informed consent was obtained from all participants, either
through completion of the questionnaire or in writing before participation in
the accelerometer measurements. The empirical studies were approved by the
Swedish Ethical Review Authority (Ref. no. 2019-06220).
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Included studies

The thesis includes one systematic scoping review and three empirical studies
(Table 1), with the review conducted to guide the empirical studies.

The literature review (Study I) indicated that previous research has largely
relied on self-reported measures of physical demands and has focused on physi-
cally demanding tasks such as manual handling and lifts. The review also high-
lighted several gaps, including limited use of objective methods to assess broader
occupational physical behaviors across the workday, such as the relative distri-
bution and temporal patterns of time on feet and sitting, a lack of comparisons
between employment forms, and few direct comparisons between care settings.
Moreover, there was limited research linking physical behavior patterns to
health-related outcomes.

Based on these observations, the following order was chosen for the empir-
ical studies:

Study II examined differences in perceived physical and psychosocial job
demands and resources between Temp workers and workers with permanent
employment.

Study III focused on objectively measured physical behaviors by compar-
ing time on feet and sitting across homecare and nursing home settings.

Study IV examined how time on feet and sitting were associated with short-
term health-related outcomes using a combination of objective and self-reported
data.

Together, the four studies address underexplored aspects of occupational
physical demands in Swedish eldercare.

19



Aid
-A0J3. 10} paau pue
UOI1J9X3 PanIadIad

199} Uo AW

pue Sumis Jo suua)
-1ed |esodway pue
uonNqLISIP aAle|RY

s|apow

|aA9|Iynw ueisaAeg pue

‘sishjeue ejep |euolsodwod
‘sishjeue uoneleA ainsodx3

SENIINY
awoy uisinu 69
S19)J0M 2JBI2WOY Z6

aJieuuolisanb auljuo ue pue
sJolneyaq |eaisAyd jo syusw
-2JNSEaW J919W 043|220y

|euoi39s
-ss04D)

SJ9)40M 24e219p|3 Ul AJ9A0D3U o)

pa3u pue Uo(1IdXa PaAddIad YHm paje
-1Dosse aJe unlis pue 199} Uo AWl Jo
suJaned [eJjodwa) pue UOHNLIASIP SAIE
-124 9y} Y2IYM 03 JUIIXD 3} UIWEXD O

N

199 UO BWI}
pue Sumis Jo suiay
-1ed |esjodwal pue
uonNgUISIP dANe|RY

a8e

‘211 qol ‘se2unosau
qofl ‘spuewsp

qof ‘Sumas ase)

90UBLIEAOD JO
sasAjeue ajelieAlUN pue ‘@duel
-1eA0D JO sasAjeue djeleARNW

‘sisAjeue ejep |euonisodwod

‘sisAjeue uonetiea ainsodx3

SJa¥Jom
swoy 3uisinu g/
s19

-}40Mm 2J4ed3woy 10T

aJieuuonisanb auljuo ue pue
siolneyaq [ealsAyd jo syusw
-2INSEaW J219W 043|300y

|euoI30as
-ss04D)

a8e pue ‘@311 qol ‘s9ounosal pue
spuewsap qof ‘Bui1as Yum suonenos
-SE JI9y] SUjWEeXS 0] PUB SIJOM WOy
Buisinu pue aJedawoy Suowe Sumis
pue 199} uo awin jo susalied |esodway
pue UOIINQLIISIP BAIB|D] BY] 3CLIISIP O

$924N0S
-24 gol pue spuew
-ap qol paAldiad

(uau
-ewuad sa dway)
w0y JuswAojdw3y

aoue

-1JeAOD JO sasA|eue djelien
-1un Aq pamoj|o} aduelIeA0d
0 sasAjeue ajeleAllNA

SE]
-jdom juauew.ad TG
‘siysom dwa] TST

aJieuuonisanb auluQ

|euoI3as
-sS04D)

EILRIETE]
YSIPaMS Ul SIa34om Juauewad

pue dwa] UsaM13( $324N0SI

pue spuewap qof paniadiad asedwod o)

2Jed

-J9p|d Ul spuewap
|eaisAyd [euorrednado
JO saunseaw aAl}
-eyjuenb jo Aszewwng

(s1s
-3U3uAs aunjeuall|)
9|geaidde JoN

spoylaw
|eanAjeue-elaw papnpaud
sa1pnis ssouoe Ajlsuadolslay
9|qeJaPISUOD "SAIPNIS Papn|oul
9y} JO JUBWISSDSSE SeI]-JO

IS pUe SISSYIUAS aAneLeN

siaded
papnpul Lg

2Je243p|3 Ul
spuewsp |eaishyd passasse
1By} Sa1pn3s aAneyuenb
1UBA3|3J JO UOISN|dUl

pue s3Y21eas 211ewalsAS

M3IAI
Suidoos
213eWaISAS

yoJeasal aininy
wuojul 01 sded aSpajmouy Aay Ajiauapl
0} pue ‘siaxJom jusuew.ad pue Asesod
W) U99M]a( S30UDIDJIP 0] Uonud e
JejnanJed yum ‘@ealap|d ul spuewsp
|ea1sAyd |euoijedna2o uo ainjesay)

2y} azuewwns AjjeanewsisAs o

awo2no

ainsodx3

sisAjeuy

azis 9|dwes

uo1329||0 eleq

usisaq

wy

Apms

'S9WI021N0 pue ‘sainsodxa

‘seyoeoidde [eonhjeue ‘sazis aiduwies ‘spoyjawl UoNos||0o eyep ‘subisap Apnis ‘swie Buipnjoul ‘sisay} ayi Ul papn|oul SaIpnis 8y} JO MBIAIBAQ ‘| dlqel



Study designs
Study |

The first study was a systematic scoping review conducted to summarize the
existing knowledge on occupational physical demands in eldercare, with par-
ticular attention to differences between temporary and permanent workers. The
review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (157) and involved systematic searches
in major databases, predefined eligibility criteria, and structured screening and
data extraction procedures. The review informed the empirical studies by iden-
tifying key knowledge gaps and methodological limitations in the literature.

Study Il

The second study was a cross-sectional questionnaire study comparing per-
ceived job demands and resources between Temp workers and unlicensed
permanent workers.

Study Il

The third study was a cross-sectional observational study describing and com-
paring the relative distribution and temporal patterns of time on feet and sitting
among unlicensed permanent homecare and nursing home workers. The study
also examined associations between physical behaviors and quantitative de-
mands, influence at work, job title, and age. The analyses combined composi-
tional and temporal approaches to characterize patterns of physical behavior.

Study IV

The fourth study was a cross-sectional observational study examining associ-
ations of the relative distribution and temporal patterns of time on feet and
sitting with perceived exertion and need for recovery among unlicensed per-
manently employed eldercare workers. The study also compared physical be-
havior characteristics between workers in the highest and lowest quartiles of
model-predicted perceived exertion and need for recovery, as well as between
workers in the highest and lowest quartiles of each isometric log-ratio coordi-
nate. The analyses combined compositional and temporal approaches to exam-
ine associations between physical behavior patterns, perceived exertion, and
need for recovery.
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Methods

Systematic searches and screening process (Study I)

Systematic searches were performed in Scopus, Web of Science, and PubMed.
Eligible studies included peer-reviewed original articles written in Swedish or
English that presented quantitative data on physical demands collected from at
least 20 workers involved in direct care in homecare or nursing home settings.
Screening of titles was performed by one reviewer, while abstracts and full-
text articles were independently screened and assessed for eligibility by pairs
of reviewers. The same procedure was used for the risk-of-bias assessment.
Relevant data from included studies were extracted by one researcher using a
predefined template agreed on by the research team.

Sample (empirical studies II-1V)
Study Il

For the second study, digital questionnaires were distributed to 737 Temp
workers and 1,075 permanent workers employed in homecare and nursing
home units within a Swedish municipality. To be included in the analysis, par-
ticipants had to provide complete information on employment form (7emp or
permanent), percentage of full-time employment, care setting (homecare or
nursing home), sex (man or woman), and date of birth, and respond to at least
one of the dependent variables. In addition, Temp workers were required to
have worked at least one shift, based on organizational records, during the four
weeks preceding completion of the questionnaire. The final sample comprised
151 Temp workers and 451 permanent workers.

Studies Ill and IV

For Studies III and IV, 1,380 unlicensed, permanently employed eldercare
workers from 27 homecare units and 22 nursing home units (located in 12
nursing homes) across three Swedish municipalities were invited to participate
in accelerometer-based measurements of their occupational physical behav-
iors. To be included, participants needed to have at least four hours of valid
accelerometer data from one workday and complete questionnaire data for the
selected study variables. In Study III, the final sample consisted of 174 workers
(101 in homecare and 73 in nursing homes). In Study IV, the sample included
161 workers (92 in homecare and 69 in nursing homes). The differences in
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sample size and distribution between the studies reflect that different question-
naire variables were required for inclusion.

Measurements (empirical studies II-1V)

Study Il
Questionnaire data

In Study II, perceived job demands and job resources were treated as outcomes,
while employment form (Temp or permanent) served as the exposure variable.
These outcomes were assessed using established instruments and adapted
questionnaire items. Job demands included both physical and psychosocial de-
mands and were measured using Perceived Exertion (134), Forward Bending
and Number of Heavy Lifts (158), and Quantitative Demands (three items)
from the Swedish version of COPSOQ III (159). Perceived Exertion was meas-
ured using the question How physically straining do you normally consider
your work to be? using a 0—10 scale, where 0 = Not at all and 10 = Extremely
straining. Quantitative Demands was computed as an index based on three
items, each rated on a five-point response scale ranging from 0 = Never/hardly
ever to 100 = Always. Forward Bending was measured with the question How
large a part of a typical working day do you work with your back bent forward?
with the four response options: Almost never, 5-30 minutes/day, 31—60
minutes/day, and More than 60 minutes/day. Number of heavy lifts per day
was measured using the question Do you lift or carry heavy objects (more than
10 kg) at work? with the four-point response scale: Almost never, 1-5
times/day, 6—10 times/day, More than 10 times/day.

Job resources were measured using Influence at Work (four items), Social
Support from Supervisor (one item), and Social Support from Colleagues (one
item), all from the Swedish version of COPSOQ III (159). Social Support from
Supervisor was assessed with the question How ofien do you get help and sup-
port from your immediate superior, if needed? and Social Support from Col-
leagues with How often do you get help and support from your colleagues, if
needed? Both used five-point response options ranging from 0 = Never/hardly
ever to 100 = Always. The questionnaire also collected employment tenure,
assessed as years employed by the current employer, as well as demographic
and lifestyle information that was used as descriptive variables and potential
covariates, including education level (elementary school, high school, post-
secondary, or university), country of birth (Sweden / outside Sweden), marital
status (married/registered partner/cohabiting / single / other), number of chil-
dren living at home, smoking habits (daily / occasional / former / never), and
leisure-time physical activity (sedentary, >4 hours moderate activity per week,
2-3 hours regular moderate exercise, or regular high-intensity exercise/com-
petitive sports). Self-rated health was assessed with the question /n general,
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would you say your health is... from the Short Form Health Survey (SF-36)
(160), with response options Poor, Fair, Good, Very good, and Excellent.

Organizational data

The participating organization provided information on date of birth, sex (man
or woman), and employment form (7Temp or permanent). In addition, data on
working time were provided as percentage of full-time employment for per-
manent workers and as accumulated working hours during the preceding year
for Temp workers. From these data, an average percentage of full-time em-
ployment was calculated by dividing the accumulated working hours by the
number of full-time working hours in one year, excluding weekends and public
holidays.

Studies Ill and IV
Accelerometer measurements

In Studies III and IV, accelerometer measurements were used to assess the
temporal patterns of time on feet and sitting, which constituted the primary
outcome variables in Study III and exposure variables in Study IV. A member
of the research team attached a triaxial accelerometer (Axivity AX3, Axivity
Ltd, Newcastle, UK) to the front of the right thigh, secured with waterproof
medical tape. The device had a sampling frequency of 25 Hz and a range of =8
g. Participants wore it continuously for seven consecutive days. Each partici-
pant also recorded in a paper diary the start and end times of work shifts as
well as bedtimes and wake-up times.

Questionnaire data

In Study III, Quantitative Demands (three items) and Influence at Work (four
items) were included as organizational factors. These were assessed using the
corresponding indices from COPSOQ III (159). Each item had five response
options ranging from 0-100, with Never/hardly ever = 0 and Always = 100.
Index scores were calculated as an individual’s mean across the items, requir-
ing at least half of the items to be completed. In Study IV, the outcomes were
Perceived Exertion and Need for Recovery. Perceived Exertion was measured
with the question How physically straining do you normally consider your
work to be? using a 0—10 scale where 0 = Not at all and 10 = Extremely strain-
ing (134). Need for Recovery was assessed with the short form of the Need for
Recovery scale (three items) (161). Each item used a five-point response scale
ranging from 0 = Never/hardly ever to 100 = Always. Index scores were com-
puted as the average of the three items, and participants who answered fewer
than two items were excluded from the index calculation. In addition, country
of birth and years employed by the current employer were self-reported
through the questionnaire.
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Organizational data

The participating organizations provided information on whether workers
worked in homecare or nursing homes, date of birth, sex (man or woman), job
title (assistant nurse or care aide), and percentage of full-time employment,
ranging from 0% to 100%.

Data processing (Studies Ill and IV)

Time on feet and sitting are not necessarily accumulated uniformly across the
workday, and similar total durations can be accumulated across bouts of dif-
ferent durations. These temporal patterns were assessed using Exposure Vari-
ation Analysis (EVA). In addition, physical behaviors such as time on feet and
sitting are constrained by time and are interdependent, meaning that the total
duration is fixed within the workday and that an increase in one behavior re-
duces time spent in others. These characteristics require analytical approaches
that account for such dependencies and constraints, such as compositional data
analysis (CoDA). Both EVA and CoDA, as applied in these studies, are de-
scribed below.

Exposure variation analysis (EVA)

The temporal patterns of time on feet and sitting were quantified using EVA,
which categorizes uninterrupted periods of activity by their duration and fre-
quency, allowing detailed description of how long and how often different
physical behaviors occur (129). EVA was performed using ActiPASS software
(162). For analysis, bouts of time on feet and sitting were classified as short
(<5 minutes), moderate (>5 and <30 minutes), and long (>30 minutes). These
categories were chosen to retain physiologically meaningful resolution, limit
the number of zero-containing cells before CoDA, and align with previous re-
search on blue-collar workers (163).

Compositional data analysis (CoDA)

Because time spent in different physical behaviors is inherently interdepend-
ent, with an increase in one behavior reducing the time available for others, the
data were processed using CoDA (164,165). As CoDA procedures do not allow
for zeros, the dataset was inspected for zero entries. When zeros were identi-
fied, small proportional replacements were applied. For participants with one
zero-containing cell, 0.5% was added to that cell by subtracting 0.1% from
each of the five remaining cells. For participants with two zero-containing
cells, 0.5% was added to each by subtracting 0.25% from the remaining four
cells. No participants had more than two zero-containing cells, and all oc-
curred in the bout categories >30 minutes of time on feet or sitting. After
zero replacement, the compositions were transformed into five orthogonal
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isometric log-ratio (ILR) coordinates, allowing for analyses using conven-
tional statistical methods (166). ILR; represented the overall ratio between
time on feet and sitting, while ILR,-ILRs described the ratio of short, mod-
erate, and long bouts within time on feet and sitting. The ILR structure was
consistent across Studies III and IV, but the orientation of the ratios differed.
In Study 111, the ILRs were defined with time on feet as the reference behav-
ior, whereas in Study IV, the orientation was reversed so that sitting served
as the reference. The numbering of ILR2-ILRS followed that used in the re-
spective papers and therefore differed between Studies III and I'V. This mir-
rored approach was used to maintain consistent interpretation, so that higher
ILR values corresponded to greater relative time in the behavior of interest
in each study.

Statistical analysis (empirical studies II-1V)

All analyses were conducted in R (167). Packages used were the tidyverse suite
of packages (168), psych (169), brms (170), and ggpubr (171).

Study Il

In Study 11, differences between permanent and Temp workers in job demands
(quantitative demands, rating of perceived exertion, forward bending, and
heavy lifting) and resources (influence, supervisor support, and coworker sup-
port) were examined using multivariate analysis of variance (MANOVA) and
multivariate analysis of covariance (MANCOV A). When the multivariate tests
were statistically significant, these were followed by univariate analyses of
variance (ANOVA) and covariance (ANCOVA) for each outcome. Date of
birth, sex, country of birth, and percentage of full-time employment, estimated
from accumulated working hours during the preceding year for Temp workers,
were used as covariates in the MANCOVAs and subsequent ANCOVAs. De-
scriptive data are presented as means and standard deviations (SD). The stand-
ardized effect-size measure was partial eta squared (np?), with values of 0.01,
0.06, and 0.14 interpreted as small, medium, and large effects, respectively, in
accordance with Cohen’s recommendations (172). The alpha level was set at
0.05.

Study Il

In Study III, data were analyzed using a stepwise series of three multivariate
models, with care setting (homecare or nursing home) as the grouping variable
and the five ILRs as dependent variables. The first model (MANOVA) exam-
ined differences in temporal patterns of physical behaviors between settings
without covariates. The second model (MANCOVA) added organizational fac-
tors, including the Quantitative Demands and Influence at Work indices. The
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third model (MANCOVA) further included individual factors by adding job
title and age. Each multivariate model was followed by corresponding univari-
ate ANOVA or ANCOVA analyses for the individual ILRs, using the same
stepwise approach. Effect sizes of 0.01, 0.06, and 0.14 were interpreted as
small, medium, and large, respectively, in accordance with Cohen’s recom-
mendations (172). The alpha level was set at 0.05.

Study IV

In Study 1V, associations between the five ILRs and the outcomes perceived
exertion and need for recovery were examined using Bayesian linear multilevel
models. For each outcome, three models were fitted: an unadjusted model, a
model adjusted for care setting, and a fully adjusted model including care set-
ting, age, sex, country of birth, job title, and percentage of full-time employ-
ment. All models included a random intercept for immediate manager to ac-
count for clustering among workers reporting to the same manager. To support
interpretation of the ILRs, population-level predicted values were generated
across the observed range of each ILR while holding the remaining ILRs at
their sample means. This approach allowed estimation of the marginal associ-
ation between each ILR and the outcome. The models assumed Gaussian out-
come distributions and were estimated using Hamiltonian Monte Carlo sam-
pling (170).

Because ILRs are difficult to interpret directly, two complementary anal-
yses were conducted, one outcome-based analysis and an ILR-based analysis.
In the outcome-based analysis, workers were grouped separately into the high-
est and lowest quartiles of model-predicted perceived exertion and need for
recovery, and their observed physical behavior compositions were summa-
rized. In the ILR-based analysis, workers were grouped into the highest and
lowest quartiles of each ILR, and model-predicted perceived exertion and need
for recovery scores and observed physical behavior compositions were sum-
marized for each group. Both analyses were based on the unadjusted models
and were used to facilitate interpretation of the model-based associations in
terms of observed compositions of sitting and time on feet, expressed as per-
centages of work time. Because both complementary analyses were based on
the same data and models as the primary regression analyses, they were de-
scriptive and were not intended as independent confirmation of the regression
results.

Ethical considerations

The empirical studies included in this thesis, Studies II-IV, were approved by
the Swedish Ethical Review Authority (Ref. no. 2019-06220). Before data col-
lection began, all participants were informed that their participation was
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voluntary and that they could withdraw at any time without providing a reason.
To protect participants’ privacy, data handling procedures were designed to
minimize the risk of identity, attribute, and membership disclosure, which are
well-established privacy risks in data publishing (173). In line with established
anonymization frameworks and GDPR principles (173,174), direct identifiers
were avoided or removed, and the analytical dataset was handled in a de-iden-
tified form with identifying information stored separately and access restricted.

However, it is recognized that such procedures reduce, but do not elimi-
nate, the risk of re-identification, particularly when datasets may be com-
bined with external information. Therefore, additional safeguards were ap-
plied, including restricted access, separation of identifying information, and
reporting only aggregated results, to reduce the likelihood that individual
participants could be identified.

Informed consent was obtained from all participants. For the question-
naire-based study (Study II), participants received written information about
the project along with a link to a web-based survey. The information stated
that by answering the questionnaire, participants consented to participate in
the study. For the accelerometer studies (Studies III and IV), participants re-
ceived both written and verbal information during recruitment meetings and
provided written informed consent to a member of the research team prior to
participation.

Main findings

Demographic characteristics and narrative summaries of the main results from
empirical studies [I-IV are presented in Table 2. Study I (the systematic scop-
ing review) is not included in the table due to its design. Detailed results for all
studies are provided below.
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Study |

The systematic scoping review identified 37 papers published between 1989
and 2023 that examined the physical demands of eldercare work. Together,
these represented 25 distinct cohorts from ten countries, most commonly Den-
mark, the United States, and Sweden. Sample sizes varied widely, and study
participants were predominantly women. Only a few studies distinguished
clearly between homecare and nursing home settings, and none examined tem-
porary employees as a separate group. Most studies relied on self-reports, typ-
ically variations of Borg’s perceived exertion scale, while a smaller number
used biomechanical models to estimate spinal loading. Few studies used direct
measurement techniques, such as accelerometry to assess physical behaviors
or heart-rate monitoring to assess cardiovascular responses. The risk-of-bias
assessment indicated that reporting of study settings and the instruments used
to assess physical demands was generally insufficient. Tasks involving manual
handling, transfers, and repetitive movements were rated as the most physi-
cally demanding, particularly for the lower back, shoulders, and upper limbs.
These results were largely consistent with findings from biomechanical mod-
eling studies, where the highest loads were observed during manual handling
tasks. Studies combining model estimates and perceived exertion suggested
good correspondence between biomechanical load and workers’ subjective rat-
ings of physical effort. Studies using device-based measurements showed that
workers spent half to two-thirds of their working hours on their feet, accumu-
lated 6,000—7,000 steps per shift, and worked at a low average cardiovascular
intensity. Although measurement methods differed, these findings indicated
that eldercare work involves considerable physical activity across the workday.

Study Il

Temp workers differed from permanent workers in several demographic char-
acteristics (Table 2). They were younger, worked fewer hours, and included a
higher proportion of men and workers born outside Sweden.

In the adjusted multivariate analysis, Temp workers reported lower job de-
mands than permanent workers, with a moderate effect size (F(4, 530)=9.9, p
<0.001, np* = 0.07). In adjusted univariate analyses (Table 3), Temp workers
reported lower quantitative demands, lower perceived exertion, and less time
spent in forward-bent postures. No statistically significant differences were ob-
served for job resources.
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Table 3. Results from adjusted univariate analyses of covariance (ANCOVAs) comparing
job demands and resources between Temp and permanent workers. Statistically signifi-
cant p-values and their corresponding effect sizes are shown in bold.

Variable df F p np?
Demands
Quantitative demands 1,582 11.2 0.001 0.02
Rating of perceived exertion 1,536 24.5 <0.001 0.04
Forward bending 1,541 25.0 <0.001 0.04
Heavy lifting 1,541 3.4 0.065 0.01
Resources
Influence 1,575 3.5 0.061 0.01
Social support from supervisor 1,562 1.8 0.183 0.00
Social support from colleagues 1,557 0.01 0.918 0.00

Model adjusted for age, sex, country of birth, and percentage of full-time employment
df = degrees of freedom

np? = partial eta squared

Study Il

Both homecare and nursing home workers spent most of their working time on
their feet, with nursing home workers spending somewhat more time on feet
than homecare workers (56.9% vs 51.9%; Figure 1).

In the adjusted multivariate analysis, patterns of time on feet and sitting
differed between care settings (F(1, 168) = 5.3, p < 0.001, np? = 0.14). The
univariate analyses (Table 4) showed that homecare workers spent less time
sitting in long bouts (>30 min) relative to moderate (>5 and <30 min) and short
bouts (<5 min) compared with nursing home workers.

Quantitative demands, influence at work, and job title were not associated
with time on feet or sitting in the multivariate models. However, the univariate
analyses showed associations of influence at work and job title with moderate
relative to short bouts of time on feet (Table 4).

Age was associated with several aspects of physical behavior (Table 4).
Older workers spent more time on feet relative to sitting, more time on feet in
long bouts relative to shorter bouts, and more time in moderate bouts relative
to short bouts. They also spent less time sitting in long bouts relative to shorter
sitting bouts. These associations were of small to moderate magnitude.
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Study IV

On average, workers spent 53.5% of their working time on their feet and 46.5%
sitting. Most time in both behaviors occurred in moderate bouts. In the fully
adjusted models, spending more time sitting relative to time on feet was asso-
ciated with lower perceived exertion, but not with need for recovery (Table 5).
Regarding temporal patterns, spending more time sitting in moderate (>5 and
<30 min) relative to short (<5 min) bouts was associated with lower need for
recovery (Table 5). More time on feet in long bouts (>30 min) relative to mod-
erate and short bouts was also associated with lower perceived exertion.

The complementary analyses were used to illustrate these model-based as-
sociations in terms of observed physical behavior compositions. In the out-
come-based analysis, for each outcome, workers in the highest quartile of pre-
dicted scores spent less time sitting and more time on feet than workers in the
corresponding lowest quartile (Table 6). Differences between quartiles were
particularly evident in moderate and long sitting bouts, which were more prev-
alent among workers with lower predicted outcomes. The ILR-based analysis
similarly showed differences in predicted outcomes between the highest and
lowest quartiles of some ILR coordinates, although these differences were not
uniform across physical behavior dimensions or outcomes (Supplementary Ta-
ble 1).
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Discussion

The overall aim of this thesis was to improve the understanding of occupational
physical demands in eldercare by summarizing the existing literature and ex-
amining the relative distribution and temporal patterns of time on feet and sit-
ting during work. The thesis also investigated differences between employ-
ment forms and care settings, and how time on feet and sitting were associated
with health-related outcomes. Study I identified several knowledge gaps in the
literature, particularly regarding Temp workers, the limited use of objective
measurements, few comparisons across care settings, and limited focus on full-
workday physical behaviors and their associations with health-related out-
comes. Studies II-IV addressed these gaps by examining perceived demands
and resources between Temp and permanent workers (Study II), objectively
measured time on feet and sitting across care settings (Study III), and associa-
tions between these behaviors and perceived exertion and need for recovery
(Study 1V).

Conceptual framing: time on feet and temporal patterns

The systematic scoping review highlighted how physical demands in eldercare
have typically been conceptualized and measured. In most studies, physically
demanding work was assessed using self-reported methods and described in
terms of specific tasks, such as manual handling and repetitive movements,
often associated with high peak loads. In contrast, relatively little attention has
been given to broader occupational physical behaviors, such as time on feet
and sitting, even though these behaviors comprise a substantial proportion of
the eldercare workday (20,21,176). Building on this perspective, the present
thesis conceptualizes the relative distribution and temporal patterns of time on
feet and sitting as one dimension of occupational physical demands. Time on
feet does not distinguish between specific activities, levels of energy expendi-
ture, or individual work tasks, but summarizes the time spent in weight-bearing
physical behaviors. Time on feet and sitting are therefore treated as comple-
mentary occupational physical exposures: time on feet reflects weight-bearing
physical loading, whereas sitting reflects reduced physical loading and poten-
tial opportunities for short-term physical recovery. Because time within the
workday is finite, more time on feet necessarily means less time sitting, and
vice versa. Expressing the behaviors relative to one another makes their inter-
dependence explicit and describes how work time is allocated between sitting
and time on feet. Considering this relative distribution provides a broader
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perspective on occupational physical demands that complements assessments
focused on discrete care tasks.

Within this conceptualization, sitting may reduce demands on muscles and
joints in the lower extremities and may therefore provide opportunities for
short-term physical recovery. However, sitting should not be equated with psy-
chological or broader physiological recovery. For example, sitting in the car
while traveling between homecare visits (177), or sitting while completing
documentation or planning care in nursing homes, may reduce weight-bearing
exposure while time pressure, cognitive demands, or administrative burden re-
main. In this thesis, sitting is therefore conceptualized as a potential oppor-
tunity for short-term physical recovery rather than recovery as a multidimen-
sional construct.

Beyond the relative distribution of time on feet and sitting, this thesis con-
siders how these behaviors are accumulated in bouts of different durations
throughout the workday. These temporal patterns provide a way to capture how
periods of weight-bearing physical loading and opportunities for reduced load-
ing and short-term physical recovery vary over time. The same total amount of
time on feet can be distributed differently across bout durations (129,130).

Previous research has associated prolonged occupational standing with fa-
tigue and discomfort (132), while experimental evidence indicates that seated
recovery can result in greater physiological recovery than standing recovery
during physically demanding care tasks (178). The findings of this thesis, how-
ever, suggest that the role of temporal patterns is not straightforward. More
sitting relative to time on feet was consistently associated with lower perceived
exertion, whereas associations involving bout patterns differed between per-
ceived exertion and need for recovery. Moreover, a greater relative contribu-
tion of long bouts on feet was associated with lower perceived exertion. The
contribution of the thesis is therefore not to demonstrate that greater variation
is uniformly favorable, but to show that the overall relative distribution of time
on feet and sitting and the temporal patterns of these behaviors represent dis-
tinct and complementary dimensions of occupational physical demands.

Within the JD-R framework, time on feet may contribute to physical job
demands when its amount or temporal pattern requires sustained physical ef-
fort, while sitting represents periods of reduced physical loading. Sitting is not
necessarily a job resource in itself. Rather, resources such as autonomy in or-
ganizing work tasks, control over work pace, and opportunities to take breaks
may enable workers to interrupt periods on feet with sitting. The observed dis-
tribution and temporal patterns of occupational physical behaviors may there-
fore be viewed as behavioral expressions of how job demands and resources
are organized across the workday. Across the empirical studies, comparisons
between employment groups and care settings, together with analyses of
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perceived exertion and need for recovery, demonstrate how occupational phys-
ical demands can be examined beyond individual care tasks. This broader per-
spective across the workday is also consistent with the Swedish Work Envi-
ronment Authority’s conclusion that routine assessments may fail to capture
the cumulative demands and limited recovery opportunities characterizing
eldercare work (67).

Interpretation of findings
Temp versus permanent workers

The comparison between Temp and permanent workers indicates differences
in reported occupational demands, while no statistically clear differences in
job resources were observed. These findings address one of the key knowledge
gaps identified in the systematic review (Study I), in which no previous study
had examined physical demands among Temp workers in eldercare, and are
particularly relevant given that Temp workers constitute a substantial propor-
tion of the workforce (12,139).

A common concern has been that workers in more precarious employment
arrangements may be exposed to less favorable physical and psychosocial
working conditions (179,180). In contrast, Temp workers in the present thesis
(Study II) reported lower perceived exertion and quantitative demands and less
time in forward-bent postures than permanent workers, while no statistically
clear differences were observed in psychosocial resources, including support
and influence. This partly aligns with a questionnaire study from the United
Kingdom, which reported comparable psychosocial demands and resources be-
tween permanent and Temp workers, but contrasts with a later interview-based
study (146), in which Temp workers described reduced resources and less con-
trol over their working hours. One possible explanation for the lower reported
demands is that temporary work is characterized by intermittent scheduling,
potentially allowing longer recovery periods between shifts. Although adjust-
ment for annual working hours did not account for the observed differences,
annual working hours do not capture how shifts are distributed over time. In-
termittent scheduling therefore remains a possible explanation.

Another possible explanation is that the observed differences reflect how
work tasks are distributed between Temp and permanent workers. Temp work-
ers often have less formal training and experience (139), which may influence
both the responsibilities they are assigned and the complexity of the work tasks
they perform. Similar patterns have been reported in other care settings (181),
where less experienced temporary workers required supervision from perma-
nent workers, thereby increasing the workload of the permanent employees. If
permanent workers consistently assume greater responsibility and more phys-
ically demanding tasks, this may create an uneven distribution of both physical
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and cognitive workload. Over time, such a pattern could contribute to greater
physical complaints and, ultimately, an increased risk of sickness absence
among permanent workers.

Together, these findings suggest that occupational physical demands are not
distributed uniformly across the eldercare workforce, highlighting the im-
portance of considering employment characteristics and task allocation when
examining work demands.

Differences in time on feet and sitting between care settings and
individual characteristics

Both homecare and nursing home workers spent the majority of the workday
on their feet (Study III), which is consistent with previous accelerometer-based
studies conducted in care settings (20,21).

Despite these overall similarities, differences were observed in the temporal
distribution of sitting. Homecare workers had approximately 30% less sitting
time in long (>30 min) bouts relative to moderate (>5 and <30 min) and short
(<5 min) bouts than nursing home workers, indicating a greater relative con-
tribution of shorter sitting bouts. These differences may reflect how work is
organized within the two care settings, including differences in task allocation,
teamwork, and scheduling systems that influence the temporal patterns of
physical behaviors throughout the workday (40,182—184). Because homecare
workers more often work alone and provide care across multiple client homes,
opportunities to share workload and perform prolonged seated activities may
be more limited than in nursing homes.

Although the analyses showed inconsistent associations between influence
at work and physical behaviors, previous research suggests that organizational
and psychosocial conditions affect opportunities for work breaks and reduced
physical loading during the workday (185). Together, these findings suggest
that physical behavior patterns may be influenced not only by the work tasks,
but also by how work is organized.

In addition to differences between care settings, age was associated with sev-
eral physical behavior patterns. Older workers spent more time on feet relative to
sitting, more time on feet in long relative to shorter bouts, and less sitting time in
long relative to moderate and short bouts. Previous studies examining age and
occupational physical behaviors have reported inconsistent findings, with older
workers spending both more (186) and less (187) time on their feet. These differ-
ences may reflect different adaptation strategies over the working life course, in-
cluding transitions to less physically demanding roles, self-pacing, task adjust-
ment, or greater specialization based on experience (188-190). Healthy worker
selection, age-related differences in work roles, and selective exit from more
physically demanding work may also have contributed to the observed associa-
tions.
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Taken together, these findings suggest that physical behavior patterns may
reflect both organizational characteristics of the work environment and indi-
vidual worker characteristics. Although only one univariate setting difference
was statistically clear, the multivariate analysis indicated an overall setting dif-
ference. The observed difference in how sitting was distributed across bout
durations suggests that temporal patterns may vary across organizational con-
texts. These patterns provide important context for interpreting the associations
with perceived exertion and need for recovery discussed in the following sec-
tion.

Associations of sitting and time on feet with perceived exertion
and need for recovery

More sitting relative to time on feet was consistently associated with lower
perceived exertion (Study IV). Associations involving the temporal patterns of
sitting and time on feet were less consistent. However, more sitting time in
moderate relative to short bouts was associated with lower need for recovery,
while more time on feet in long relative to moderate and short bouts was asso-
ciated with lower perceived exertion. The complementary analyses illustrated
these model-based associations in terms of observed physical behavior com-
positions, showing that workers with lower predicted perceived exertion and
need for recovery spent a larger proportion of their sitting time in moderate
and long bouts. Taken together, the findings indicate that the relative distribu-
tion of sitting and time on feet was more consistently associated with perceived
exertion than their temporal patterns, although particular bout compositions
may also be relevant.

The association between more sitting relative to time on feet and lower per-
ceived exertion is consistent with previous studies showing that prolonged
standing and walking may contribute to musculoskeletal discomfort and fa-
tigue (126,127,132). It is also consistent with the systematic review by @Qveras
et al. (122), which found that greater occupational sitting and less time on feet
were generally associated with lower musculoskeletal pain. Experimental stud-
ies have similarly shown greater physiological recovery during seated than
standing recovery periods following physically demanding care tasks (178).
Opportunities to sit may therefore allow short-term physical recovery by inter-
rupting periods of time on feet. This may partly explain the association be-
tween more sitting relative to time on feet and lower overall perceived exertion.
However, the present findings do not establish that sitting caused lower per-
ceived exertion, and sitting should not be understood as equivalent to recovery
in a broader psychological or physiological sense.

The association between more time on feet in long relative to moderate and
short bouts and lower perceived exertion requires a different interpretation.
Because this ILR represents how time on feet was distributed across bout
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durations, rather than the total amount of time spent on feet, the finding does
not indicate that prolonged periods on feet are inherently less demanding. Long
bouts on feet may occur during tasks or periods characterized by relatively
continuous but less strenuous activity, whereas shorter bouts may reflect fre-
quent transitions between physically demanding care tasks. The association
may therefore reflect differences in task composition or work organization that
were not captured by the accelerometer measurements. Reverse directionality
is also possible, as workers experiencing greater exertion may adjust their pat-
terns of sitting and time on feet. The cross-sectional design does not allow these
explanations to be distinguished.

Associations with need for recovery were less consistent than those with
perceived exertion, and fewer were statistically clear in both the regression
models and the complementary analyses. Although the two outcomes are re-
lated, they capture partly different responses to occupational demands. Per-
ceived exertion reflects workers’ overall perception of physical effort during
work, whereas need for recovery reflects a broader state arising from the effort
required to respond to work demands and may also be influenced by mental
and emotional demands (191). Need for recovery may therefore depend on
psychosocial and organizational conditions that are not captured by accelerom-
eter measurements (21). In Study III, influence at work was associated with
the relative distribution of moderate and short bouts on feet. This finding, to-
gether with previous research showing that work tasks and staffing influence
occupational physical activity patterns (192), suggests that the temporal distri-
bution of physical behaviors may partly reflect how work is organized.

Overall, the findings suggest that sitting and time on feet provide related
but distinct information about occupational physical demands. More sitting rel-
ative to time on feet was consistently associated with lower perceived exertion,
while the associations with specific temporal patterns and need for recovery
were more variable. Sitting may therefore represent an opportunity for reduced
physical loading and short-term physical recovery, but its implications depend
on how it is distributed across the workday and on the broader demands under
which it occurs.

Broader theoretical perspectives

The empirical studies found differences in reported job demands between em-
ployment groups and one specific difference between care settings in how sit-
ting time was distributed across bout durations. They also found that specific
dimensions of occupational sitting and time on feet were associated with per-
ceived exertion and need for recovery. However, these studies were not de-
signed to examine what may underlie differences and associations. The thesis
was initially framed using the Job Demands-Resources (JD-R) model (155).
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JD-R provides a basis for understanding why job demands and resources may
matter for worker health and well-being. However, it says less about how in-
teractions among workers, tasks, tools, physical environments, and organiza-
tional conditions may influence physical exposure patterns. It also offers lim-
ited guidance on how the dose and temporal pattern of physical exposures can
be understood from a health-oriented work-design perspective.

To extend this interpretation, the Systems Engineering Initiative for Patient
Safety (SEIPS) model (193) and the Copenhagen work-related musculoskele-
tal health (CoWork MSH) model (194) are introduced as complementary per-
spectives. Neither SEIPS nor CoWork MSH guided the study designs or the
operationalization of variables. None of the three models was empirically
tested in the thesis. Although their domains overlap, the models serve different
interpretive purposes. JD-R is used to interpret why the observed exposures
may require effort. SEIPS is used to consider how the work system may con-
tribute to the observed exposure patterns. CoWork MSH is used to consider
how the dose and temporal pattern of these exposures may be understood in
relation to musculoskeletal health and work design.

SEIPS views work as a system in which the person, tasks, tools and tech-
nologies, physical environment, and organizational conditions interact to in-
fluence work processes and outcomes (193). For example, staffing may affect
whether assistance is available for a care task, while equipment and the physi-
cal environment may constrain how it is performed, together influencing pat-
terns of sitting, standing, walking, and manual handling.

CoWork MSH traces a pathway from work design at organizational, man-
agerial, group, and individual levels to external physical and psychosocial ex-
posures (194). It then links the dose and temporal pattern of these exposures to
physiological and psychological responses and considers their possible impli-
cations for musculoskeletal health.

Within JD-R theory, job demands are aspects of work that require sustained
physical, cognitive, or emotional effort and therefore involve physiological or
psychological costs. Job resources help workers regulate the impact of job de-
mands or support learning and growth (71,72). Whether a work characteristic
is a demand or a resource therefore depends on its function. From this perspec-
tive, time on feet may constitute a physical job demand when its amount or
temporal pattern requires sustained physical effort. JD-R does not specify how
the amount and temporal pattern of time on feet may contribute to physiologi-
cal costs. Explaining this relationship therefore requires physiological and er-
gonomic evidence. CoWork MSH provides a complementary perspective by
emphasizing that the implications of time on feet may depend on its dose and
temporal pattern, the tasks performed, the worker’s capacity and available re-
sources.
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From a JD-R perspective, sitting is not necessarily a resource. In the empir-
ical studies, it was measured as a physical behavior representing periods of
reduced musculoskeletal loading. Within JD-R, opportunities to sit may nev-
ertheless function as a resource when they help workers regulate physical de-
mands or recover in the short term. SEIPS may highlight the work conditions
that may affect whether workers have opportunities to break up time on feet
with sitting. For example, influence over work, adequate staffing, and collegial
support may affect whether workers can sit. Suitable equipment may instead
reduce physical loading during time on feet. This distinction matters because
reducing a job demand does not automatically create a job resource.

Study II showed that Temp workers reported lower demands, including
lower perceived exertion, than permanent workers. No clear differences in job
resources were found. This pattern does not establish a causal relationship or
show that Temp workers had a more favorable work situation overall. The
findings are consistent with some JD-R propositions but do not constitute a test
of the theory.

From a SEIPS perspective, sitting and time on feet can be understood as
behaviors that occur as workers perform care tasks rather than primarily as
freely chosen individual behaviors. Their distribution across the workday may
be influenced by task allocation, staffing, schedules, equipment, physical en-
vironments, travel, and coordination. Employment form and care setting may
therefore reflect different work-system configurations rather than act as iso-
lated causes of exposure. Within SEIPS, the observed physical behavior pat-
terns are not treated as work processes in themselves. Instead, they are expo-
sures that occur within those processes and may reflect how the work is orga-
nized. Perceived exertion and need for recovery may be viewed as employee
outcomes related to physical effort and recovery.

Because task allocation, equipment use, coordination and interactions
among system components were not directly measured, SEIPS suggests possi-
ble explanations for the observed patterns rather than establishing their origins.
It shifts the focus beyond individual workers and tasks to the wider work sys-
tem.

CoWork MSH overlaps with SEIPS but adds a work-design perspective fo-
cused on musculoskeletal health (194). In the model, organizational require-
ments and resources influence planning, coordination, and task allocation. Per-
forming the resulting tasks gives rise to physical and psychosocial exposures
such as postures, movements, work pace, and social interactions. These are
termed external exposures. The physiological and psychological responses
they may elicit are termed internal exposures. According to the model, these
responses depend on the dose and temporal pattern of the external exposures.
They also depend on how the exposures combine with other work and non-
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work factors and on the wider context. The model further proposes that the
implications of these responses for musculoskeletal health depend on whether
the overall exposure is too little, just right, or too much. Applied to the present
findings, this sequence suggests that work-system conditions may influence
the distribution of sitting and time on feet. The dose and temporal pattern of
these exposures may in turn help explain their associations with perceived ex-
ertion and need for recovery.

Study IV examined the relative distribution and temporal patterns of sitting
and time on feet. More sitting relative to time on feet was associated with lower
perceived exertion. More sitting in moderate relative to short bouts was asso-
ciated with lower need for recovery. However, the bout-related associations
were mixed. A greater relative contribution of long bouts on feet was also as-
sociated with lower perceived exertion. The findings neither identify a just-
right composition nor show that greater temporal variation is uniformly favor-
able. Within CoWork MSH, perceived exertion and need for recovery may re-
flect internal responses related to physical effort and recovery. However, nei-
ther is a measure of musculoskeletal health. The cross-sectional findings can-
not establish whether the observed patterns improve or impair musculoskeletal
health.

The complementary roles of the models become clearest when they are ap-
plied to the same finding. Within JD-R, the association between more sitting
relative to time on feet and lower perceived exertion is compatible with lower
requirements for sustained physical effort. SEIPS offers a possible explanation
for how this distribution arises. It may emerge through interactions among
tasks, staffing, schedules, equipment, physical environments, travel and coor-
dination. CoWork MSH treats the distribution as an external exposure pattern
that elicits internal responses. Its implications for musculoskeletal health may
depend on its dose, temporal pattern, combination with other exposures, and
context. This interpretation does not imply that workers should simply sit
more. Instead, the models suggest that work-system conditions could be mod-
ified to support an appropriate distribution of sitting and time on feet in relation
to work tasks and workers’ capacities. What constitutes an appropriate distri-
bution remains an empirical question.

The studies address different links in this sequence rather than demonstrat-
ing it in a single analysis. Study II found lower reported demands among Temp
workers but no statistically clear differences in resources. Study III found one
specific difference between settings. Homecare workers spent less time sitting
in long relative to shorter bouts than nursing home workers, while total time
on feet was similar. Study I'V found associations between specific dimensions
of sitting and time on feet and perceived exertion and need for recovery. To-
gether, the findings are compatible with a pathway in which work-system
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configurations influence external exposures that workers experience in relation
to their capacities and available resources. However, the thesis did not test this
pathway or establish that the observed group and setting differences caused the
associations.

Occupational physical demands may therefore be characterized not only in
terms of specific tasks but also in terms of exposure patterns generated within
a multilevel work system. Together, the three models offer possible explana-
tions for the observed associations. More sitting relative to time on feet in-
volves less continued weight-bearing and may therefore be experienced as less
exerting. Moderate sitting bouts involve longer periods of reduced weight-
bearing than short bouts. This may provide greater opportunity for short-term
recovery and help explain their association with lower need for recovery. How-
ever, the mixed bout-related findings show that these interpretations cannot be
generalized to all temporal patterns. They remain hypotheses because the
work-system processes and mechanisms linking the exposures to the reported
outcomes were not directly measured. The models therefore direct attention to
system-level conditions that may shape sitting and time on feet. These condi-
tions could be examined in future longitudinal and intervention research.

Broader implications

The systems perspective provided by the SEIPS model (193), together with the
work design perspective proposed by the CoWork MSH model (194), also has
broader implications. By emphasizing that occupational physical demands
emerge through interactions within the work system and can be influenced
through work design, these perspectives suggest that promoting musculoskel-
etal health may require attention not only to individual care tasks, but also to
the organizational conditions under which those tasks are performed (193,194).
This perspective is relevant in Swedish eldercare, where women constitute ap-
proximately 82% of the workforce, the proportion of foreign-born workers is
increasing, and Temp workers represent a substantial share of the workforce
(12,25,139). Although the thesis did not examine whether organizational con-
ditions have different implications across worker groups, this is an important
question for future research on healthy and sustainable work systems
(65,66,102,193,194).

The findings regarding employment form show that reported occupational
demands may differ between employment groups. The lower perceived physi-
cal demands reported by Temp workers suggest that promoting sustainable
working conditions may require attention to how physically demanding tasks
and work responsibilities are distributed between Temp and permanent work-
ers (29,139,146,147). The findings raise the possibility that physically de-
manding tasks and responsibilities are unevenly distributed between the two
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groups. If such demands are systematically concentrated among permanent
workers, this could contribute to cumulative workload and, over time, to sick-
ness absence and difficulties retaining experienced workers (9,10,55,66). Alt-
hough the thesis did not examine interactions involving sex or country of birth,
the SEIPS perspective highlights the relevance of considering how worker
characteristics and organizational conditions may jointly influence occupa-
tional physical demands when designing healthy work systems (193).

From both SEIPS and CoWork MSH perspectives, these findings highlight
that sustainable improvements may require both modifications to individual work
tasks and organizational approaches to work design that consider staffing, task
allocation, workplace introduction, training, and other characteristics of the work
system that influence how occupational physical demands accumulate throughout
the workday (40,99,102,139,193,194). Consequently, improving work organiza-
tion and creating opportunities for appropriate variation in occupational physical
behaviors (40,129,194) may have implications not only for occupational health
and workforce sustainability (65), but also for reducing the burden of work-related
physical health problems within one of Sweden’s largest and most female-domi-
nated occupational sectors (25,32).

Methodological considerations

Study design and sample

Study I used systematic searches, predefined eligibility criteria, paired abstract
and full-text screening, and risk-of-bias appraisal. However, title screening and
data extraction were conducted by one reviewer, which may have increased the
risk of erroneous exclusions or extraction errors. Restricting inclusion to peer-
reviewed articles in English or Swedish may also have excluded relevant evi-
dence, while heterogeneity in populations and measurement methods limited di-
rect comparison across studies.

One limitation of the empirical studies in this thesis is the cross-sectional de-
sign, which prevents conclusions about the direction of the observed associations
and limits how the findings can be translated into practice. Rather than providing
evidence of causal relationships, this thesis contributes by identifying novel ex-
posure patterns and their associations with health-related outcomes, thereby
providing a basis for future longitudinal and intervention studies.

Another limitation concerns the use of non-random samples due to self-
selection, which may have introduced differences between participants and
non-participants and thereby limited generalizability. Based on the descriptive
data, the study samples do not appear to be fully representative of the Swedish
eldercare workforce with respect to age, sex distribution, job titles, and work-
ing hours (25). Moreover, data were collected in only three municipalities. Alt-
hough these municipalities differed in size and demographic composition and
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included both urban and rural areas, they are unlikely to capture the full diversity
of Swedish eldercare. Data collection also occurred at different time points
across municipalities, which may have introduced additional contextual or tem-
poral variation.

A further limitation is the lack of detailed information on specific work tasks.
Consequently, the observed differences in physical behaviors and perceived de-
mands cannot be linked directly to particular activities or responsibilities. This
limits insight into the mechanisms underlying the observed associations.

Although this thesis conceptualized time on feet as generally involving
greater physical loading than sitting, combining standing and active behaviors
into a single category simplifies a heterogeneous set of behaviors. The meas-
urements characterized their relative distribution and temporal patterns but did
not directly quantify the biomechanical or physiological loading involved.
Moreover, the approach does not distinguish between behaviors performed at
different absolute intensities, such as light and moderate physical activity, or
capture their relative intensity in relation to workers’ cardiorespiratory fitness
and physical capacity. Consequently, the same physical behavior may impose
different physiological demands on different workers, which may be relevant
to both perceived exertion and need for recovery.

Although Study IV adjusted for care setting, the analyses estimated aver-
age associations across homecare and nursing home workers and therefore
cannot determine whether the observed associations differ between care set-
tings. This should be considered when interpreting the findings, given the
organizational differences between homecare and nursing homes described
throughout this thesis.

A specific limitation concerns the representation of Temp workers in the
accelerometer measurements. Although Temp workers constitute approxi-
mately 25% of the Swedish eldercare workforce (12,139), they were un-
derrepresented in the technical measurements and therefore excluded from
those analyses. This primarily reflected the practical challenges associated
with their irregular work arrangements and unpredictable scheduling, which
made it difficult to obtain sufficient accelerometer recordings.

Measurements

A strength of this thesis is the use of objective measurements of time on feet
and sitting, analyzed using compositional data analysis to account for the com-
positional nature of physical behaviors and exposure variation analysis to char-
acterize their temporal patterns across the workday. Studies generally report
only low to moderate agreement between self-reported and objectively meas-
ured physical activity, with self-reports tending to both overestimate and un-
derestimate activity depending on the context and intensity of the behavior
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(135,136). Because most studies identified in the systematic review relied ex-
clusively on self-reported measures, the use of objective measurements in the
present thesis directly addresses an important methodological gap.

Another strength is the use of organizational records to obtain data on em-
ployment form, working hours, and care setting. This improves the reliability
and accuracy of these variables and allows for clear classifications of employ-
ment types and occupational roles, such as permanent and Temp workers, and
assistant nurses and care aides.

Although perceived exertion and need for recovery are self-reported and
may reflect factors beyond the physical exposures examined here, both can
provide meaningful information about short-term responses to occupational
demands and have been prospectively associated with occupational health out-
comes (55,154). They complement the device-measured physical behaviors by
reflecting how workers experience the relation between occupational demands,
individual capacity, and recovery. However, these ratings concerned workers’
general experiences, whereas the accelerometer data covered a specific seven-
day period. This temporal mismatch may have attenuated the observed associ-
ations. In addition, the three-item version of the Need for Recovery scale used
in this thesis has been validated against the original Danish instrument but, to
our knowledge, has not been psychometrically validated in a Swedish popula-
tion. Although the Danish validation demonstrated excellent agreement with
the full scale (161), the absence of a Swedish validation means that its meas-
urement properties have not been established in the present linguistic and cul-
tural context. These considerations should therefore be taken into account
when interpreting the findings.

Similar considerations apply to the self-reported physical exposure
measures used in Study II. Some items were modified from previously pub-
lished questionnaires (158,195), which have demonstrated acceptable validity
for broad exposure classification in epidemiological research. Their wording
was adapted to the context of the present study. The adaptation process was
informed by discussions within the research group and cognitive (“think-
aloud”) interviews with eldercare workers to support contextual relevance and
comprehensibility. However, the adapted items have not undergone formal
psychometric validation. Consequently, their measurement properties cannot
be assumed to be identical to those of the original instruments. Nevertheless,
because the adaptations were based on established questionnaires, they are
likely to have retained the conceptual content of the original items, although
this has not been formally evaluated.
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Future research

There is a need for studies using longitudinal and intervention designs to clar-
ify the temporal direction of the associations between occupational physical
behaviors and the health-related outcomes observed in this thesis. Such studies
should consider the workday as a temporal sequence and combine objective
measurements of physical behaviors with physiological measures, such as
heart rate and oxygen uptake, together with detailed information on work tasks.
Ideally, these studies would also include maximal or submaximal capacity tests
to derive individual reference values, enabling assessment of the relative phys-
iological intensity of work throughout the day. This would make it possible to
determine how physiologically demanding different work tasks are for indi-
vidual workers, when demands are highest and lowest during the workday,
and how these patterns relate to perceived exertion and need for recovery.
Such knowledge would provide a stronger basis for intervention studies eval-
uating whether alternative ways of organizing work can reduce physical
loading while supporting recovery throughout the workday.

There is also a need to better understand the organizational mechanisms
underlying occupational physical demands. Future research should examine
how work tasks and responsibilities are distributed between workers with dif-
ferent employment forms, how the presence of Temp workers influences the
workload of permanent workers, and how organizational characteristics such
as staffing, scheduling, worker influence, and task allocation influence occu-
pational physical behaviors throughout the workday. Given the differences in
physical behavior patterns between homecare and nursing homes observed in
this thesis, future studies should also examine whether the associations be-
tween occupational physical behaviors, perceived exertion, and need for re-
covery differ between care settings. Such knowledge would improve under-
standing of the mechanisms underlying the observed associations and inform
organizational interventions aimed at promoting sustainable and health-pro-
moting working environments.

Building on the findings of this thesis, intervention studies could examine
whether creating greater opportunities to sit, including sitting periods extend-
ing beyond brief interruptions, affects perceived exertion and need for recov-
ery. Intervention development should identify the relevant parts and levels of
the work system and examine whether changes in work organization alter the
distribution of physically demanding tasks between worker groups. Longer fol-
low-up periods are also needed to determine whether changes in perceived ex-
ertion and need for recovery are followed by differences in musculoskeletal
pain, musculoskeletal disorders, or sickness absence.
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Conclusions

Taken together, the findings of this thesis suggest that discrete physically de-
manding care tasks, as highlighted in the systematic scoping review, remain
important sources of physical loading. The accelerometer-based empirical
studies extend this task-based perspective by indicating that the relative distri-
bution and temporal patterns of sitting and time on feet provide complementary
information about one dimension of occupational physical demands across the
workday.

The findings further suggest that organizational context and individual worker
characteristics are relevant to how occupational physical demands are experienced
and distributed. Differences between Temp and permanent workers in perceived
exertion, quantitative demands, and time in forward-bent postures, together with a
specific difference in the temporal pattern of sitting between homecare and nursing
home workers and associations with individual characteristics, indicate that these
demands may take different forms across employment arrangements and care set-
tings and in relation to individual characteristics.

Eldercare workers spent most of the workday on feet. More sitting relative
to time on feet was associated with lower perceived exertion, while more sit-
ting time in moderate rather than short bouts was associated with lower need
for recovery. These findings identify the overall distribution between sitting
and time on feet and opportunities to sit for more than brief periods as candi-
dates for examination in future work-design studies. As differences in physical
demands may reflect conditions at different levels of the work system, such
efforts should consider the broader conditions under which these demands
arise rather than focus solely on changing workers’ behaviors.

Practical implications

Previous research has largely focused on discrete physically demanding tasks,
whereas the present findings support a broader conceptualization of occupa-
tional physical demands. By quantifying the temporal patterns of time on feet
and sitting across entire workdays, this thesis captures aspects of eldercare
work that may be insufficiently visible in traditional task-based assessments.
From a practical perspective, the findings suggest that occupational physical
demands may be influenced not only by individual care tasks, but also by how
work is organized across the workday. This points to the potential value of con-
sidering work organization, task allocation, and opportunities for variation in
physical demands when designing interventions to mitigate physical workload.
More specifically, future intervention studies could examine whether organizing
work to intersperse time on feet with sitting provides opportunities for reduced
physical loading. The findings may also inform employers’ systematic work
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environment management by suggesting that ergonomic risk assessments could
extend task-based assessments by considering how physical behaviors are dis-
tributed across the workday. Such an approach may complement existing ergo-
nomic risk assessments by broadening their focus from individual high-load
tasks to the cumulative and temporal distribution of occupational physical de-
mands across the workday.

Furthermore, the observed difference in patterns of sitting, together with
known organizational differences between homecare and nursing homes, sug-
gests that future studies should examine whether preventive strategies need to
be adapted to each setting. Adequate workplace introduction and training, par-
ticularly for new employees and Temp workers, may support safer task perfor-
mance and facilitate a more balanced distribution of work tasks by ensuring
familiarity with local work routines, care environments, and assistive equip-
ment. This may, in turn, contribute to a more balanced distribution of physical
and cognitive workload between Temp and permanent workers. Ultimately,
these findings suggest that interventions aiming to reduce occupational physi-
cal demands may benefit from focusing not only on individual care tasks, but
also on the organization of work throughout the workday.
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