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Abstract

Background: During a 24-h day, each given period is spent in either sedentary behaviour, sleeping, light physical
activity (LPA), or moderate-to-vigorous physical activity (MVPA). In epidemiological research most studies have
traditionally analysed the associations of these behaviours in isolation from each other; that is, without taking
into account the displacement of time spent in the remaining behaviours. In recent years, there has been a
growing interest in exploring how all the behaviours across the energy expenditure spectrum influence health
outcomes. A statistical model used to investigate these associations is termed an isotemporal substitution model (ISM).
Considering the increasing number of ISM-based studies conducted in all age groups, the present paper aimed to: (i)
review and summarise findings from studies that employed ISM in sleep, sedentary behaviour, and physical activity
research; (i) appraise the methodological quality of the studies; and (iii) suggest future research directions in this area.

Methods: A systematic search of ten databases was performed. The Newcastle-Ottawa scale was used to assess the
methodological quality of the included studies.
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Results: Fifty-six studies met the inclusion criteria, all being of moderate or high methodological quality. Associations were
reported for exchanged time varying from one minute to 120 min/day across the studies, with 30 min/day being the most
common amount of time reallocated. In total, three different ISM methodologies were used. The most commonly studied
health outcomes in relation to isotemporal substitutions were mortality, general health, mental health, adiposity, fitness, and

time, which is a major limitation of the current evidence.

environmental outcomes.

cardiometabolic biomarkers. It seems that reallocations of sedentary time to LPA or MVPA are associated with significant
reduction in mortality risk. Current evidence appears to consistently suggest that reductions in mortality risk are greater
when time spent sedentary is replaced with higher intensities of physical activity. For adiposity, it seems that reallocating
sedentary time to physical activity may be associated with reduced body mass index, body fat percentage, and waist
circumference in all age groups, with the magnitude of associations being greater for higher intensities of physical activity.
While there is a relatively large body of evidence reporting beneficial associations between the reallocation of time from
sedentary behaviour to LPA or MVPA and cardiometabolic biomarkers among adults, there is a lack of studies among
children, adolescents, and older adults. Although some studies investigated general health, mental health, and fitness
outcomes, further investigation of these topics is warranted. In general, it seems that the strongest association with health
outcomes is observed when time is reallocated from sedentary behaviour to MVPA. Most studies did not account for sleep

Conclusions: The current evidence indicates that time reallocation between sleep, sedentary behaviour, LPA, and MVPA
may be associated with a number of health outcomes. Future studies should employ longitudinal designs, take into
account all movement behaviours, and examine a wider range of health, psychological, social, economic, and

Background

During a 24-h day, each given period is spent in either
sedentary behaviour, sleeping, light-intensity physical ac-
tivity (LPA), or moderate-to-vigorous physical activity
(MVPA) [1, 2]. It has been well documented that all of
these time-use components across a 24 h spectrum may
be significantly associated with health. For instance, an
increased risk of all-cause mortality, cardiovascular dis-
ease, metabolic syndrome, type 2 diabetes mellitus
(T2D), and certain types of cancer is associated with low
levels of MVPA, large amounts of time spent in seden-
tary behaviour and inappropriate sleep duration [1-10].
As the duration of a day is fixed and finite, a change in
one of these movement-related behaviours will result in
a net equal and opposite change in other behaviours.
Despite this fact, most previous epidemiological studies
have analysed the associations of each behaviour in iso-
lation; that is, without taking into account the displace-
ment of the remaining co-dependent behaviours.

In recent years, there has been growing interest in ex-
ploring how all the behaviours across the energy expend-
iture spectrum influence health outcomes [1, 2, 11-15]. In
the seminal work by Mekary et al. [12], the isotemporal
substitution model (ISM) was proposed as a method for
evaluating the displacement of one movement-related be-
haviour time-use component with another, while allowing
adjustment for the confounding effect of the remaining
time-use components [12]. In addition to the ISM pro-
posed by Mekary et al. [12], Chastin et al. [13] and
Dumuid et al. [14] recently introduced two different
compositional isotemporal substitution models that

account for the compositional properties of time-use
data [1, 2, 15]. The findings of studies employing ISM
may improve our understanding of the interrelation-
ships between different movement-related behaviours
and their relationships to health and may also help in
shaping public health guidelines and promotion strat-
egies [11]. Whilst, for example, most public health
guidelines on physical activity recommend people to
engage in a certain amount of MVPA, they lack an in-
struction on which movement/non-movement behaviour
should preferably be displaced by MVPA [16, 17]. Studies
using ISM may enable creating specific, evidence-based rec-
ommendations on favourable reallocations of time between
sleep, sedentary behaviour, and physical activity, which has
the potential to improve the translation of research findings
on these behaviours into practice, and, consequently, in-
crease the uptake of public health messages.

A recent meta-analysis of five studies using ISM con-
cluded that reallocating sedentary time to MVPA was
significantly associated with a reduction in percentage of
body fat [18]. However, the review focused only on stud-
ies conducted among children, with markers of adiposity
being the only outcome of interest. An increasing num-
ber of ISM-based studies conducted in all age groups
have recently been published, investigating outcomes
such as adiposity, metabolic biomarkers, mental health,
chronic musculoskeletal pain, fitness, mortality, and
health-related quality of life [19-39].

A comprehensive review on the topic of time realloca-
tion and its associations on health outcomes seems war-
ranted, to summarise the current state of knowledge in
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this growing field and provide directions for its future de-
velopment. Therefore, the aim of this paper was threefold:
(i) to review and summarise findings from studies that
employed ISM in sleep, sedentary behaviour, and physical
activity research; (ii) appraise the methodological quality
of the studies; and (iii) suggest future research directions.

Methods

Protocol

The methods employed in this review were registered in
advance in the PROSPERO register of systematic reviews
(ref: CRD42017071606). The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines
were followed in this systematic scoping review [40].

Search strategy

A systematic search of the following databases was per-
formed in July 2017: Academic Search Premier, CINAHL,
Health Source: Nursing/Academic Edition, MasterFILE
Premier, PsycINFO, PubMed/MEDLINE, Scopus, SPORT-
Discus, and Web of Science (including Arts & Humanities
Citation Index, Conference Proceedings Citation Index- Sci-
ence, Conference Proceedings Citation Index- Social Science
& Humanities, Science Citation Index Expanded, and Social
Sciences Citation Index). The following keywords were used
for the search: “physical activity”, “physical inactivity”, seden-
tar*, sleep®, sitting, standing, isotemporal, compositional. The
terms used for the search were combined with Boolean oper-
ators (Additional file 1). No limitations regarding publication
date were applied. The search results were downloaded and
scrutinized in the EndNote software X8 (Clarivate Analytics,
New York, USA). A secondary search was performed by: (i)
screening the reference lists of each read full-text; and (ii) by
performing forward citation tracking of the included studies
through Google Scholar and Scopus.

Inclusion criteria

To be included in the current review, studies were re-
quired to meet the following criteria: (i) the study was
published in an English-language refereed journal with
full-text availability; (ii) the study was an original re-
search (reviews were not considered) with data collected
among human participants; (iii) the study used ISM to
explore the association between reallocating relevant
movement-related behaviours (e.g., sleep, sedentary be-
haviour, LPA and/or MVPA) and health outcomes. The
World Health Organisation [41] defines health as the ab-
sence of disease and frailty, as well as complete physical,
mental, and social well-being. For the purpose of this
paper, any analysed outcome aligned with this definition
was considered a health outcome. Observational studies
conducted in any age group were considered.
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Study coding and data extraction

The information extracted from the included studies com-
prised descriptive data including: the geographic location
of the study; study design; sample size; measures of sleep,
sedentary behaviour, LPA, and MVPA; the ISM used;
amount of reallocated time; adjustments for confounding;
and the main findings related to the health outcome(s).
The data were extracted and tabulated to an Excel spread-
sheet predefined for the purpose of this review.

Methodological quality appraisal

In order to assess the methodological quality of the studies
that met the inclusion criteria we used the Newcastle—
Ottawa quality assessment scale for observational studies
[42]. The scale details can be found elsewhere [42]. The
maximum score on the scale was eight. Studies that scored
more than six points were considered of high quality, stud-
ies scoring 4—6 points were considered as moderate quality
and studies with scores less than four points were consid-
ered as being of low methodological quality [43].

The search and methodological quality appraisal was
performed independently by two authors of the review
(JG and EGB). In addition, two authors (JG and NS) in-
dependently performed the data extraction. Any dis-
crepancies between the reviewers were resolved with
discussion and consensus or in consultation with a
third investigator (ZP).

Results

Study selection

In total, 5859 items were screened in the study selection
process. The initial database search identified 1741 re-
sults. For 88 studies the full-text was retrieved and
assessed for eligibility. Of those, 48 studies met the in-
clusion criteria. Forward citation tracking of the in-
cluded studies yielded another 1789 search results, of
which eight studies were included. By screening through
the reference lists of all the included studies (2329 re-
sults) we identified no additional studies relevant for this
review. Therefore, the total number of studies included
in this review is 56 [12, 13, 19-39, 44-76]. The search
and study selection process is depicted in Fig. 1.

Study characteristics

Of the 56 included studies, 36 had a cross-sectional design
while 18 were prospective cohort studies. Two studies re-
ported both cross-sectional and prospective relationships.
Most of the studies were performed in the USA (n=21),
eleven studies were performed in the UK, five in Australia,
four in Sweden, three in the Netherlands, two in Canada
and Spain, and one in Portugal, Norway, Japan, Greenland,
Finland, China, and Denmark. One study used data from
Brazil, Europe, and the USA. Accelerometers were used in
41 studies, self-reports were used in 12 studies, while heart
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Fig. 1 Flow diagram of the search process

rate and other movement monitors were used in three stud-
ies. Most studies did not include all the relevant daily or
24-h movement-related behaviours. For example, sleep dur-
ation was included in only 22 studies. Associations were
reported for exchanged time varying from one minute to
120 min/day across the studies, with 30 min/day being the
most common reallocation. The model proposed by Mek-
ary et al. [12] was used in 53 studies. Two studies used the
model proposed by Chastin et al. [13], and one study used
the model proposed by Dumuid et al. [14].

Participants and outcomes
The sample sizes of the included studies ranged from
87 to 423,659 participants. The median number of

participants per study was 1497. Studies were per-
formed in children and youth [20, 21, 23, 25, 27, 28, 45,
49, 59, 60, 63, 64, 70], adults [12, 13, 22, 24, 30-33, 35,
36, 38, 39, 46, 48, 50-52, 54—56, 58, 62, 65-69, 71, 72,
75, 76], older adults [26, 29, 45, 48, 61] and clinical
populations [19, 34, 53, 57, 73, 74]. The outcomes were
categorised into six major categories: mortality (n=9
studies; Table 1), perceived health (n=6 studies;
Table 2), mental health (n =3 studies; Table 3), adipos-
ity (m=29 studies; Table 4), fitness (n=8 studies;
Table 5), cardiometabolic biomarkers (n =18 studies;
Table 6) and chronic diseases and conditions (n=6
studies; Table 7). Some of the studies assessed multiple
outcomes, therefore, the total number of exceeds 56.
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Methodological quality

The average score on the Newcastle-Ottawa scale for
cross-sectional studies was 6, while the individual scores
ranged from 5 to 8 points. Nine of the cross-sectional
studies were classified as being of high quality, while 29
were appraised as being of moderate quality. The aver-
age score for prospective cohort studies was also 6, with
the individual scores ranging from 4 to 8 points. Ten of
the studies were classified as being of high quality, and
the remaining ten were classified as being of moderate
methodological quality. The methodological quality ap-
praisal result for cross-sectional and prospective cohort
studies can be found in Additional files 2 and 3, respectively.

Discussion

This is the first review of health outcomes associated
with reallocations of time between movement-related
behaviours, compiling available evidence for all previ-
ously studied health outcomes across all age groups. The
number of publications using ISM for health outcomes
is increasing each year. Most commonly studied health
outcomes in relation to isotemporal substitutions were
mortality, general health, mental health, adiposity, fitness,
and cardiometabolic biomarkers. The Mekary et al. [12]
model has been by far the most often used method for in-
vestigating health outcomes of isotemporal substitution,
but it is has also been available for the longest period of
time. Findings from studies using ISM are of great value
as they contribute evidence for the construction of mean-
ingful recommendations for increasing physical activity,
reducing sedentary behaviour, and optimizing sleep
duration, by taking into account all the behaviours across
the energy expenditure spectrum, and not just focusing on
one behaviour in isolation from the others.

Mortality

The current body of literature suggests that high sedentary
time and low MVPA are predictive of premature mortality
[8, 77]. When analysing data from the 2003-2006 US
National Health and Nutrition Examination Survey
(NHANES), Fishman et al. [54] concluded that reallocat-
ing 30 min/day of sedentary time with LPA reduced mor-
tality risk by 20% over a five-year follow-up period. One
study reported a 13% reduction in mortality risk when
substituting 30 min/day of sedentary time with LPA [65].
The study found that replacement of the same amount of
sedentary time with MVPA would reduce the mortality risk
by as much as 81%. In addition to total volume, it seems
therefore that physical activity intensity may play an im-
portant role in reducing the risk of premature mortality.

In a large-scale epidemiological study, Stamatakis et al.
[72] reported beneficial associations on reducing the
mortality risk when total sitting time was replaced with
standing, walking, or MVPA. The study also considered
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sleep duration and indicated that reallocating 60 min/
day of sedentary time to sleep may reduce the risk of
mortality by 6%. However, this was found to be relevant
only among individuals that reported sleeping fewer than
seven hours per day.

When reallocating sedentary time to physical activity,
Matthews et al. [66] reported a greater reduction in mor-
tality risk for less active (<2 h of total activity per day),
than for more active (= 2 h of total activity per day) indi-
viduals. Follow-up work from the same group found that
replacing one hour of sedentary time with LPA reduced
mortality risk by 18% [67]. The reduction in mortality risk
was more than doubled (42%) when sedentary time was
reallocated to MVPA. In their analysis of the UK Biobank
data, Wijndaele et al. [39] found that the substitution of
30 min/day of screen time with strenuous sports was asso-
ciated with 15% reduction in the mortality risk. While in
this study strenuous sports provided the most substantial
associations, it is important to note that replacing screen
time with 30 min/day of walking, also resulted in a consid-
erable decrease in mortality risk (5%). Schmid et al. [71]
reported that replacing 30 min/day of sedentary time with
an equal amount of LPA or MVPA is associated with a 14
and 50% reduction in mortality risk, respectively. The
same authors also found that replacing 30 min/day of
sedentary time with LPA resulted in an 8% reduction in
the risk of cancer mortality. The plausibility of these large
estimated reductions in mortality risk needs to be con-
firmed in future studies.

Most of the evidence is currently focused on realloca-
tions of time from sedentary behaviour to some intensity
band of physical activity (e.g., LPA or MVPA). However,
there is a lack of evidence on reallocating time spent in
sedentary behaviour to standing. This might be because
most devices for tracking physical activity, such as
waist-worn accelerometers, are not able to differentiate
between sedentary behaviour and standing. Furthermore,
most questionnaires do not include questions regarding
posture during certain types of typically sedentary
activities, such as watching TV and inactive transport
[1]. It is, therefore, unclear whether participants sat or
stood while engaging in such activities. Nonetheless, one
study suggested that replacing sedentary behaviour with
standing might reduce the risk of premature mortality
[72]. More such research seems to be needed to inform
evidence-based decisions on the use of sit-stand desks
and other methods for displacement of sitting with
standing in the office setting. Given the increasing popu-
larity of sit-stand desks, findings from these studies may
have significant practical implications.

To summarise, it seems that reallocations of sedentary
behaviour to LPA or MVPA are associated with signifi-
cant reduction in mortality risk. Current evidence seems
to consistently suggest that reductions in mortality risk
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are greater when time spent sedentary is replaced with
higher intensities of physical activity. However, the
generalizability of these findings remains limited, be-
cause the studies were conducted only in Australia [72],
UK [39], and US [50, 54, 62, 65—67, 71]. There is no evi-
dence for low and middle-income countries. Further-
more, most studies did not include sleep duration in
their analysis. Due to the significant impact of sleep dur-
ation on health and its co-dependence on other compo-
nents of time use, future studies should aim to include
sleep duration in their ISMs along with all the remaining
movement behaviours.

Perceived/general health status

Studies that assessed perceived/general health status
were conducted among adults, older adults, and clinical
populations. No studies were conducted among youth.

Adults/older adults

Health-related quality of life (HRQoL) is an indicator of
general health emanating from the individual perception
of the impact that diseases have on different areas of life
[45]. Loprinzi and Loenneke [65] investigated the impact
of time reallocation between movement behaviours on
HRQoL among adults using data from 2003 to 2006
NHANES. The study reported that substituting seden-
tary behaviour with LPA or MVPA was associated with
improved HRQoL, suggesting the need for strategies
to promote increasing physical activity at the expense
of sedentary behaviour. Further support for such
findings comes from Buman et al. [47] who found that
replacing sedentary time with equal amounts of LPA
or MVPA was associated with better self-reported
physical health.

Clinical populations
Among clinical populations, Van Roekel et al. [73] re-
ported improvements in some aspects of HRQoL to be
associated with the replacement of sedentary time with
standing, LPA or MVPA in a group of colorectal cancer
survivors. Vallance et al. [34] investigated these relation-
ships in a group of non-Hodgkins lymphoma survivors
and found that reallocating sedentary time, sleep, or
LPA to MVPA was associated with lower levels of
fatigue, but not with improved quality of life. Studies like
the one performed by Vallance et al. [34] are needed as
non-Hodgkin lymphoma survivors and many other
clinical populations exhibit higher levels of fatigue and
poorer general health compared to non-clinical popula-
tions [78], and participating in physical activity appears
to improve these health aspects [79].

While there are several studies exploring aspects of
perceived general health using ISM, more evidence is
needed on this topic. This lack of empirical evidence

Page 61 of 68

opens up an avenue for future studies, specifically stud-
ies including older adults and clinical populations. Only
two of the included studies that assessed perceived gen-
eral health included sleep in their ISMs, which is a key
limitation of the current body of evidence.

Mental health

Studies that assessed mental health were conducted
among youth, adults, and older adults. No studies were
conducted among clinical populations.

Youth

Janssen [60] investigated the associations of reallocating
time between playing sedentary video games, playing ac-
tive video games, and engaging in outdoor activities with
mental health indicators among youth (mean age:
14.1 years; range 13.9—-14.4 years). The results indicated
that replacing time spent playing sedentary video games
with playing active video games may be associated with
more positive psychological outcomes, including indica-
tors such as emotional problems, life satisfaction, and
prosocial behaviours [60]. It should be noted that re-
placing active outdoor play with active video games was
associated with the probability of high emotional prob-
lems, a reduced probability of high prosocial behaviour
and high life satisfaction. The study supports active video
games over sedentary video games; however, for the most
positive mental health results, time spent on video games
should be replaced with active outdoor play [60].

Adults/older adults

Depressive disorders are one of the most common men-
tal health issues and affect around 10% of the adult
population in the USA [80]. Previous studies have sug-
gested that physical inactivity may be a risk factor for
depressive symptoms [81]. Mekary et al. [69] reported
that reallocating time spent watching TV to walking at a
fast pace may be protective against depression. However,
this was not found for reallocating time to walking at a
slower pace, reinforcing the potential importance of
higher intensities of physical activity. Rethorst et al’s
[31] study supports the importance of physical activity
intensity as they noted that replacing sedentary time
with VPA was associated with a significant decrease in
depressive symptoms. However, the same was not ob-
served for replacing sedentary time with LPA or MPA.
Due to the scarcity of studies using ISMs while assessing
mental health outcomes, further evidence on the topic is
warranted.

Adiposity
Studies assessing adiposity were conducted among
youth, adults, older adults, and clinical individuals.
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Youth

Adiposity was the most common outcome assessed in
the studies included in this review. Aggio et al. [44]
found that reallocating sedentary time with MVPA
was associated with a significant reduction in body fat
percentage in children and adolescents (age range: 5—
15 years). Further evidence among children was pre-
sented by Collings et al. [21] who found that substitut-
ing sedentary time with LPA or MVPA was inversely
associated with fat mass index and trunk fat mass
index. Moreover, this study reported that the association
was stronger when sedentary time was substituted with
vigorous physical activity (VPA) than with MVPA. Similar
findings were obtained among children in Norway [23],
Sweden [27, 63], Portugal [70], and the UK [25]. Coupled
with the conclusions presented in a recent meta-analysis
[18], this evidence highlights the potential importance of
substituting sedentary time with physical activity, in par-
ticular physical activity at vigorous intensities, to offset
unhealthy fat gain in children.

Adults/older adults

The associations of ISM with adiposity were also ex-
plored in healthy adult populations. Buman et al. [48]
reported a 2.4% lower waist circumference expected
when 30 min/day of sedentary time were replaced with
MVPA. Similar observations were made by Gupta et al.
[55], who reported significant reductions in multiple
obesity indicators, including waist circumference, body
fat percentage and body mass index (BMI), associated
with reallocating time from sedentary behaviour to
standing time or MVPA, with the associations being
greater for substitutions with MVPA. The stronger
associations observed for substitution of sedentary
behaviour with MVPA than with standing are likely be-
cause there is not a large difference in energy expend-
iture between sedentary behaviour and standing, unlike
between sedentary behaviour and MVPA [82]. Benefi-
cial associations between BMI and the reallocation of
sedentary time to MVPA were also observed by Chastin
et al. [13], who used a compositional model of isotem-
poral substitution based on the change-prediction
matrix. Reallocating time from TV watching to MVPA
was associated with a lower prevalence of obesity in
Rosique-Esteban et al. [32].

Clinical populations

ISM has also been used to investigate how reallocations
of time are associated with measures of adiposity among
clinical populations. Boyle et al. [19] observed that re-
allocating time from either sleep, sedentary behaviour, or
LPA to MVPA was associated with lower waist circum-
ference and BMI in a group of breast cancer survivors.
It is well established that MVPA is beneficial in the
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prevention and management of T2D [83]. Studies using
accelerometry-derived behaviours found that the major-
ity of individuals with T2D spent a significant portion of
the day (63% of the day) in sedentary pursuits, with only
2% of the day spent in MVPA [84]. As reported by Healy
et al. [57], reducing prolonged sedentary time and re-
placing it with MVPA was associated with lower waist
circumference and BMI in individuals with T2D. Fal-
coner et al. [53] found that even replacing prolonged
bouts of sedentary time with shorter bouts of sedentary
time was associated with lower BMI and waist circum-
ference in adults with a recent diagnosis of T2D. While
these findings would suggest that replacing sitting time
with more ‘active’ behaviours might have significant
health benefits in clinical populations, due to the
cross-sectional nature of the studies, the causality of this
relationship remains unclear.

In summary, it seems that reallocating sedentary time
to physical activity may be associated with reduced BMI,
body fat percentage and waist circumference in all popu-
lations, with the magnitude of associations being greater
for higher intensity activities. However, most studies
have not accounted for sleep time, which remains a
major limitation in the current body of evidence. It is es-
timated that ~40% of the population reports sleeping
less than the recommended minimum of seven hours
per night [85] which may negatively affect health [86].
Studies have indicated that short sleep duration is asso-
ciated with increased risk of obesity among children and
adults [6]. Given its co-dependence with sedentary be-
haviour, LPA, and MVPA, sleep should, when possible,
be included in isotemporal substitution models. Further
research should track sleep duration in addition to sed-
entary time and physical activity, to increase the robust-
ness of the findings.

Fitness

Studies assessing fitness were conducted among youth,
adults, and older adults. No such studies were con-
ducted among clinical populations. Higher levels of mus-
cular strength, as well as general and cardiorespiratory
fitness, are considered important health markers in chil-
dren and adolescents [87, 88]. Higher cardiorespiratory
fitness is associated with a lower risk of being over-
weight or obese in puberty [88]. In adolescents, higher
muscular strength is associated with a lower risk of pre-
mature mortality [89], and participation in resistance
training is associated with more favourable body com-
position in overweight and obese children and adoles-
cents [90].

Youth
When exploring fitness levels among children, Leppidnen
et al. [63] found that the reallocation of sedentary
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behaviour to LPA or MVPA was associated with greater
cardiorespiratory fitness, as assessed by the 20-m shuttle
run test. The magnitude of the associations was larger
when sedentary behaviour was replaced with MVPA, ra-
ther than LPA. In a cohort of 10-year-old children, re-
placing MVPA with any other movement behaviour (i.e.,
sleep, sedentary time, and LPA) was associated with
lower levels of cardiorespiratory fitness [25]. Therefore,
it seems that reallocating sedentary time to LPA or
MVPA should be promoted among children.

Adults/older adults

At the other end of the age spectrum, in a cohort of
aged Japanese woman (age range: 76—89 years), Kim [61]
concluded that reallocating sedentary time to MVPA
may improve performance in several measures of fitness,
including usual and maximum gait speed, 5-chair
sit-to-stand tests, and timed up-and-go test. In their ana-
lysis of data from the Maastricht Study, van der Velde et
al. [36] found that replacing sedentary time with LPA
was associated with higher cardio-respiratory fitness.
The findings seem encouraging and of potentially great
importance for individuals who may have difficulties en-
gaging in MVPA. While reallocating sedentary time to
LPA was reported to be beneficial for cardio-respiratory
fitness, reallocating the same durations of time to MVPA
was associated with somewhat greater associations [32].
Overall, studies suggest likely improvements in fitness
when time is reallocated from sedentary behaviour to
physical activity. However, an additional evidence is
needed to form firm conclusions, particularly among
adult and clinical populations.

Cardiometabolic biomarkers

Studies assessing cardiometabolic biomarkers were con-
ducted among youth, adults, and older adults. There was
no available evidence for clinical populations.

Youth

Only two studies thus far have used the ISM with cardio-
metabolic biomarkers as outcome variables [28, 49]. These
studies used two different ISMs, and therefore, the com-
parability of their findings may be limited. A recent study
compared the ISMs by Mekary et al. [12] and by Dumuid
et al. [14] using the same dataset and reported differences
in estimates between the models [91]. Using the model by
Mekary et al. [12], Moore and colleagues [28] reported a
beneficial associations of reallocating time from LPA to
VPA with insulin levels. The association seemed stronger
in individuals with higher baseline insulin levels.
Carson et al. [49] employed the compositional ISM
described by Chastin et al. [13] using data from the
Canadian Health Measures Survey, with sleep, seden-
tary behaviour, LPA, and MPA as explanatory
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variables and systolic and diastolic blood pressure,
C-reactive protein, HDL-cholesterol, triglycerides,
and insulin level. The established associations were
either unclear or practically insignificant. The
cross-sectional design of both studies prevented
drawing conclusions about causality of the estab-
lished relationships. Future research is needed to
strengthen the evidence base on the association be-
tween isotemporal substitutions and cardiometabolic
markers in children and adolescents.

Adults/older adults

In their study using the 2005-2006 NHANES data,
Buman et al. [48] investigated how reallocating time be-
tween sedentary behaviour, sleep, LPA, and MVPA was as-
sociated with waist circumference, systolic and diastolic
blood pressure, high-density lipoprotein, C-reactive pro-
tein, low-density lipoprotein, plasma glucose, insulin, tri-
glycerides, homeostasis model assessment of insulin
sensitivity (HOMA-S), and homeostasis model assessment
of B-cell function (HOMA-B). They found that realloca-
tion of sedentary behaviour to MVPA was associated with
increased levels of high-density lipoprotein cholesterol,
and with a decrease in waist circumference, triglycerides,
glucose, insulin, and HOMA-S [48]. Reallocating time
from sedentary behaviour to LPA was beneficial for tri-
glycerides, insulin sensitivity, and HOMA-[3 [48]. The
study also considered sleep duration and reported that re-
allocating time from sedentary behaviour to sleep was
beneficially associated with insulin, HOMA-S, HOMA-f.
The same association was found for LDL, albeit only in
long sleepers (= 8 h of sleep per night). Consistent with
studies on other health outcomes, Buman et al. [48] in-
ferred that the greatest benefits might be expected from
increasing MVPA at the expense of other movement
behaviours.

Edwardson et al. [24] reported that reallocation of pro-
longed sitting to standing or stepping improved 2-h glu-
cose levels, fasting and 2-h insulin levels, and insulin
sensitivity in individuals at high risk of impaired glucose
regulation or T2D. While modest in terms of magni-
tudes of associations, the results seem promising for this
population. Increasing habitual MVPA levels may be dif-
ficult for some individuals and population sub-groups.
Evidence from other studies further supports the find-
ings that reallocating sedentary time to LPA (standing
and stepping) is associated with more favourable
Matsuda-Insulin sensitivity index, levels of high-density
lipoprotein [48], and glycosylated hemoglobin [53]. Over-
all, studies indicated that reallocating sedentary time to
LPA or MVPA was associated with favourable cardiometa-
bolic outcomes. While there is a relatively large body of
evidence regarding associations between time reallocation
and cardiometabolic biomarkers among adults, few
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studies have been conducted among children, adolescents,
and older adults. In addition, the studies among older
adults were conducted on small sample sizes [29]. Future
studies should employ longitudinal study designs to fur-
ther investigate associations of isotemporal substitution
with fitness-related outcomes.

Chronic diseases and conditions

Studies assessing chronic diseases and conditions were
conducted among adults and older adults. There was no
available evidence for clinical populations.

Adults/older adults

In total, six eligible studies were identified. The assessed
outcomes included: cardiovascular disease, T2D, meta-
bolic syndrome, breast cancer, chronic musculoskeletal
pain, and quality-adjusted life years. Significant associa-
tions were found between reallocating time spent in sed-
entary behaviour to LPA or MVPA and a reduced risk of
cardiovascular disease [75]. Furthermore, reallocation of
time from TV-viewing to MVPA was associated with a
significantly lower risk of T2D [32]. Ekblom-Bak et al.
[51] noted that reallocating time from SB to LPA or
MPA was associated with a decrease in the risk of meta-
bolic syndrome. For breast cancer, Boeke et al. [46]
found no evidence that substituting MVPA for walking
was associated with breast cancer risk. Ryan et al. [33],
reported a 29% relative risk reduction in chronic muscu-
loskeletal pain when reallocating 10 min of sedentary be-
haviour to MVPA. Evidence on various other chronic
disease and conditions is scarce. A study by Pinto and
colleagues [30] assessing quality-adjusted life years indi-
cated that reallocating 60 min from SB to MVPA was as-
sociated with a significant improvement in this outcome.
The study did not find any evidence that reallocating SB
to LPA was associated with quality-adjusted life years.
More research is needed about the effects of isotemporal
substitutions on chronic diseases and conditions.

Statistical considerations and methodological quality

The ISM introduced by Mekary et al. [12] represents the
first attempt within physical activity and sedentary be-
haviour research to deal with the constrained nature of
time-use variables (i.e., the day only ever has 24 h for
every participant), and to account for the fact that one
time-use domain cannot be altered without compensa-
tory changes in other time-use domains.

Subsequently, some researchers have suggested that
time-use data are compositional data that occupy a con-
strained sample space and convey relative information
[1, 2, 13, 14]. Accordingly, statistical methods designed
for vectors in real space (including the isotemporal sub-
stitution model proposed by Mekary et al. [12], which
may, therefore, not be appropriate for time-use data
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which do not occupy real space [1, 2, 13, 14]. The com-
positional isotemporal substitution (based on the
change-prediction matrix) presented in Chastin et al
[13] and later used in Carson et al. [47] was the first at-
tempt to apply the logic of the Mekary et al. [12] ISM
method in a compositional data analysis framework. The
compositional isotemporal approach was subsequently
simplified by Dumuid et al. [14]. There is an ongoing
discussion among researchers in the field of epidemi-
ology about which of these methods should preferably
be used [2, 14]. Interested readers can find detailed stat-
istical reasoning about the potential implications of
using each of the three methods elsewhere [14, 15].

It is important to highlight that from a methodological
standpoint, all of the included studies were classified as
being of high or moderate quality. The findings seem to
be generally consistent across the studies, indicating that
they were not significantly influenced by differences in
study designs. A strength of most included studies is the
use of device-based measures for assessing time spent in
movement behaviours. Self-reports were used in some
large-scale studies, which seems reasonable given accel-
erometry may significantly add to the administrative
burden for researchers [92]. However, no systematic dif-
ferences could be observed in the findings from studies
relying on self-reports and device-based measures. The
majority of the ISM studies used the linear regression
model [21, 24, 27, 29, 35, 36, 39, 44—46, 48, 54, 56, 57,
63, 70, 72, 76]. Most of them [21, 24, 27, 29, 35, 36, 39,
44-46, 48, 54, 56, 57, 63, 70, 72, 76] assessed the linear-
ity of the relationships prior to running the ISM analysis
and indicated that they were linear. Using compositional
data analysis, Dumuid et al. [14] have shown that associ-
ations of isotemporal substitutions with health outcomes
may be non-linear and may depend on the reference
composition. Future studies should consider these
possibilities.

Furthermore, statistical techniques underpinning Mek-
ary et al. [12] ISM, Chastin et al. [13] ISM, and Dumuid
et al. [14] ISM are different; hence the findings of studies
using different ISM models may not necessarily be dir-
ectly comparable. Moreover, a recent study [91] indi-
cated there may be substantial differences in estimates
obtained from ISMs proposed by Mekary et al. [12] and
Dumuid et al. [14]. It is, therefore, important for future
studies to clearly specify which ISM model was used. It
is important to note, however, that none of the three
ISMs can mitigate standard limitations of studies in this
area, such as poor measurement of the exposure, poten-
tial reverse causality, and unmeasured or poorly mea-
sured potential confounding variables.

The main limitation of the current body of evidence per-
tains to the low number of studies that included all daily
movement-related behaviours (e.g., sedentary behaviour,
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sleep, LPA, and MVPA) in the ISMs. While studies did ad-
just for many confounding variables, only those that
included all of the behaviours received a point on the item
regarding adjustments for confounding on the
Newcastle-Ottawa scale, as otherwise the adjustments
would be considered insufficient [2]. Future studies should
endeavour to include sedentary behaviour, sleep, LPA, and
MVPA in their models. Most of the studies were
cross-sectional, which is a major limitation of the current
body of evidence on isotemporal substitution effects. While
there were 18 prospective cohort studies included in this
review, they cover only a limited range of outcomes. More
longitudinal studies are needed to covering a wide range of
health outcomes that are potentially associated with iso-
temporal substitutions.

Conclusions

There is a notable increase in interest in the associations
between time reallocation among movement-related be-
haviours and their relationship to health outcomes.
While much media coverage has focused on the adverse
effects of prolonged sedentary behaviour [93], evidence
in this review suggests it would be more appropriate to
shift the focus on the importance of reallocating time
spent in sedentary behaviour to time spent in physical
activity. The approach taken in this review broadens the
physical activity behavioural arena, for both researchers
and policymakers. While the current body of evidence
indicates that time reallocation between sleep, sedentary
behaviour, LPA, and MVPA may be associated with a
number of health outcomes, there is a need for future
studies employing longitudinal study designs, taking into
account all movement behaviours, and examining a
wider range of health, psychological, social, economic,
and environmental outcomes. Future ISM studies on
outcomes such as stroke, myocardial infarction, and car-
diovascular disease death endpoints are warranted, given
the current lack of evidence in this area.
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