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Abstract
Background  How time is allocated influences health. However, any increase in time allocated to one behaviour 
must be offset by a decrease in others. Recently, studies have used compositional data analysis (CoDA) to estimate 
the associations with health when reallocating time between different behaviours. The aim of this scoping review was 
to provide an overview of studies that have used CoDA to model how reallocating time between different time-use 
components is associated with health.

Methods  A systematic search of four electronic databases (MEDLINE, Embase, Scopus, SPORTDiscus) was conducted 
in October 2022. Studies were eligible if they used CoDA to examine the associations of time reallocations and health. 
Reallocations were considered between movement behaviours (sedentary behaviour (SB), light physical activity 
(LPA), moderate-to-vigorous physical activity (MVPA)) or various activities of daily living (screen time, work, household 
chores etc.). The review considered all populations, including clinical populations, as well as all health-related 
outcomes.

Results  One hundred and three studies were included. Adiposity was the most commonly studied health outcome 
(n = 41). Most studies (n = 75) reported reallocations amongst daily sleep, SB, LPA and MVPA. While other studies 
reported reallocations amongst sub-compositions of these (work MVPA vs. leisure MVPA), activity types determined 
by recall (screen time, household chores, passive transport etc.) or bouted behaviours (short vs. long bouts of SB). In 
general, when considering cross-sectional results, reallocating time to MVPA from any behaviour(s) was favourably 
associated with health and reallocating time away from MVPA to any behaviour(s) was unfavourably associated with 
health. Some beneficial associations were seen when reallocating time from SB to both LPA and sleep; however, the 
strength of the association was much lower than for any reallocations involving MVPA. However, there were many null 
findings. Notably, most of the longitudinal studies found no associations between reallocations of time and health. 
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Introduction
Time is a finite resource, and how it is allocated may have 
a significant impact on health. For example, participa-
tion in physical activity [1] (PA) and adequate sleep dura-
tion [2] have long been associated with many favourable 
health outcomes. Conversely, high levels of sedentary 
behaviour [3] (SB), particularly recreational screen time 
[4], is thought to have a negative association with health. 
Historically, the influence of each of these behaviours 
on health has been studied in isolation. However, given 
that the duration of each day is fixed, any increase in time 
spent in one behaviour must be offset by a decrease in 
others. This has led to a growing interest in understand-
ing how reallocating time between different behaviours 
can affect health.

Isotemporal substitution models were first proposed by 
Mekary et al. (2009) to estimate the effect of reallocating 
a fixed amount of time spent in one behaviour to another; 
for example, reallocating 30  min of SB to moderate-to-
vigorous PA (MVPA). More recently, researchers have 
started using compositional data analysis (CoDA) to per-
form isotemporal substitutions [5, 6]. While the goal of 
these different approaches is the same (to investigate the 
associations of reallocating time between different time-
use components), the way they treat the time-use vari-
ables differs. Traditional isotemporal substitution models 
assume time-use variables have an absolute nature. The 
models include all components, bar one, while also con-
trolling for total wear time. CoDA time-reallocation 
models, however, assume that time-use variables are 
compositional data, and therefore convey relative infor-
mation. CoDA models therefore include isometric log-
ratios of parts [5, 7, 8]. These differences in the treatment 
of data mean that findings from CoDA-based time-real-
location studies can differ from those using Mekary et 
al. (2009) isotemporal substitution model [9] (e.g., they 
may be asymmetrical and time reallocations are consid-
ered relative to a reference composition [5, 7, 10]). Along 
with the traditional ‘one-for-one’ substitutions (i.e., real-
locating a fixed amount of time between two behaviours 
only; e.g., sleep for SB), several CoDA studies have used 
a ‘one-for-remaining’ reallocation model [11]. With this 
method, the time reallocated to one behaviour is drawn 

‘pro rata’ from all the other time-use components. 
CoDA-based models allow various reallocations of time 
between behaviours to be examined, from different refer-
ence time-use compositions [12].

A 2018 scoping review of studies using isotempo-
ral substitution models found that reallocations of time 
between sleep, SB, light PA (LPA) and MVPA were asso-
ciated with a range of health outcomes [13]. However, 
only three of the 56 studies included in the review used 
a CoDA-based model. It is therefore unknown how the 
findings of the review would have differed, if it had con-
sidered only studies that have used compositional iso-
temporal substitution models. Since then, there has 
been a rapid increase in the number of studies that have 
employed CoDA to examine how reallocations of time 
between different behaviours are associated with various 
health outcomes and in different populations [14–16]. 
The recent GRANADA consensus statement has also 
endorsed the use of CoDA as a suitable way of account-
ing for the inherent co-dependency of time-use data and 
suggested it was appropriate for analysing the effects of 
reallocating time between different time-use components 
[17]. Hence, an updated review of CoDA-based time-
reallocation studies is warranted.

Therefore, the aim of this scoping review was to pro-
vide an overview of studies that have used CoDA to 
model how reallocating time between different time-use 
components is associated with health. The three spe-
cific objectives of the scoping review were to: [1] review 
and summarise findings from such studies; [2] describe 
their study designs, samples, health outcomes, time-use 
behaviours and types of reallocations investigated; and 
[3] identify research gaps.

Methods
This systematic scoping review was undertaken using the 
framework outline by Peters et al. (2015), in accordance 
with the Joanna Briggs Institute methodology for scop-
ing reviews. A scoping review methodology was chosen 
given the considerable heterogeneity anticipated among 
the included studies with regard to the populations stud-
ied, health outcomes, time-use behaviours and types of 
reallocations.

Some evidence also suggested the context of behaviours was important, with reallocations of leisure time toward 
MVPA having a stronger favourable association for health than reallocating work time towards MVPA.

Conclusions  Evidence suggests that reallocating time towards MVPA from any behaviour(s) has the strongest 
favourable association with health, and reallocating time away from MVPA toward any behaviour(s) has the strongest 
unfavourable association with health. Future studies should use longitudinal and experimental study designs, and for 
a wider range of outcomes.

Keywords  Physical activity, Moderate-to-vigorous physical activity, Sedentary behaviour, Sleep, Compositional data 
analysis



Page 3 of 16Miatke et al. International Journal of Behavioral Nutrition and Physical Activity          (2023) 20:127 

Protocol
A protocol for this review was developed a priori and 
registered in advance on the Open Science framework 
[18]. The reporting in this scoping review was done 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses extension for Scoping 
Reviews (PRISMA-ScR) Checklist [19](Additional file 1).

Eligibility criteria
To facilitate the search process, the Participants, Concept, 
Context (PCC) framework was used as recommended for 
scoping reviews [20] as follows: “Participants”: all popu-
lations were considered, including clinical populations; 
“Concept”: changes in health outcomes associated with 
reallocations of time determined using compositional 
data analysis, where time use referred to time spent in 
movement behaviours (e.g. sleep, SB, LPA, MVPA) as 
well as time spent in various activities of daily living (e.g. 
work, household chores, leisure activities), while stud-
ies focused on time spent in different postures and levels 
of muscle activation were excluded (for example, a small 
number of occupational studies investigated reallocations 
of time between levels of arm elevation [21] or forward 
bending [22]); and “Context”: all health-related outcomes 
were considered. Only original, empirical studies pub-
lished in English in peer-reviewed sources were included. 
Systematic reviews, meta-analyses, methods papers, and 
opinion papers were not included in this review.

Search strategy
A search strategy was developed in consultation with an 
academic librarian, to identify search terms and subject 
headings related to time-use components and CoDA. The 
following databases were searched: MEDLINE (through 
Ovid), Embase (through Ovid), Scopus, and SPORTDis-
cus (through EBSCOhost), with a date limit set to only 
include papers published since 2015, as this is the date 
of the first known paper to study reallocations of time 
using CoDA [6]. Searches were run on the 13th of Octo-
ber 2022. The search syntax for the MEDLINE platform 
is outlined is provided in Additional file 2.

Study selection
After the removal of duplicates, records were imported 
into Covidence (Veritas Health Innovation, Melbourne, 
Australia) for screening. Firstly, titles and abstracts were 
screened for relevance. Articles deemed to be potentially 
relevant then proceeded to the second stage ─ full-text 
review. Both stages of study selection were undertaken 
in duplicate (AM, DD, AS, MM), with any discrepancies 
resolved via discussion. In addition, screening of refer-
ence lists of all included studies was undertaken to iden-
tify any additional relevant studies.

Data extraction
Data were extracted from included articles via a cus-
tom-made form in REDCap [23]. One reviewer (AM) 
extracted data from all studies, while another member of 
the review team (DD, AS, MM) performed duplicate data 
extraction from a randomly selected subsample of 20% 
of included studies. For each study, data were extracted 
for study design, including information related to the 
study population and sample size; methods of measuring 
both time-use components and health outcomes; covari-
ates; and findings for different reallocations, including 
any subgroup analyses. The results of reallocations were 
primarily extracted from tables. However, for studies 
that did not report results in a tabular form, values were 
extracted from the text, with additional values extracted 
from graphs using Plot Digitizer [24]. If multiple models 
were used, results were extracted from the most adjusted 
models.

Risk of bias
The Newcastle-Ottawa scale for observational studies 
was used to assess risk of bias of the included studies 
[25]. The risk of bias assessment was completed by one 
reviewer (AM), with a randomly selected subsample of 
20% of included studies assessed in duplicate by another 
member of the review team (DD, AS, MM). The overall 
risk of bias scores were classified as “good quality” (7–9 
points), “fair quality” (4–6 points), and “poor quality” 
(0–3 points).

Data synthesis
Summarising results from CoDA time-use reallocation 
studies can be challenging due to several factors [26]. 
Firstly, there are 12 individual one-for-one reallocations 
possible between the four commonly used time-use com-
ponents; sleep, SB, LPA, and MVPA (e.g., sleep to MVPA, 
MVPA to sleep, SB to MVPA). Also, individual stud-
ies may report findings for different types (one-for-one, 
one-for-remaining) and durations of reallocations (e.g., 
10  min/day, 20  min/day, 30  min/day). Additionally, the 
studies may or may not report significance levels or con-
fidence intervals (CIs) for associations, which may hinder 
the ability to determine whether a specific reallocation is 
significantly associated with a particular health outcome 
or not. These differences between studies complicate the 
task of summarising results consistently across studies.

To simplify the synthesis and presentation of results, 
studies presenting results of one-for-one reallocations 
involving sleep, SB, LPA, and MVPA in a 24-hour day or 
a waking day were first summarised, as previous reviews 
show most studies have examined these behaviours and 
reallocation type [26]. This was done using a simple grad-
ing system for each health outcome to identify whether 
a reallocation was significantly and favourably associated 
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with a health outcome (↑), significantly and unfavourably 
associated with a health outcome (↓), or not significantly 
associated or mixed associations with a health outcome 
(↔), as done previously [26, 27]. Only studies reporting 
significance levels or confidence intervals were included 
in this synthesis. If a study presented stratified results 
(e.g., for different sociodemographic groups), the major-
ity of results needed to show the same response in order 
to be graded favourable or unfavourable, otherwise they 
were recorded as ↔. Studies that reported results for dis-
tinct age groups (e.g., children and adults) were included 
separately in the synthesis. For the purpose of summaris-
ing results, the ActivPAL domains of standing and step-
ping were classified as LPA and MVPA, respectively, as in 
previous studies [26].

Results from all the studies reporting one-for-one real-
locations for sleep, SB, LPA and MVPA were collated into 
an online interactive graphical interface. As in previous 
studies, results were standardised across different out-
come variables by dividing the change in outcome by the 
standard deviation of the outcome. Studies reporting per-
centage change in an outcome were first converted to an 

absolute change based on the sample mean. Odds ratios 
were converted to Cohen’s d effect sizes [28] for display 
purposes. All studies with mortality as an outcome used 
the same effect size (Hazard Ratios), so no standardisa-
tion was necessary.

Findings for less frequently analysed time-use compo-
nents (e.g., bouted vs. non-bouted time, sedentary screen 
time vs. sedentary non-screen time) and reallocation 
types were summarised narratively.

Results
Study selection
In total, 4877 studies were identified through database 
searches (Fig.  1). After duplicates were removed, 2659 
unique studies remained for screening. After title and 
abstract screening, 204 studies remained for full-text 
review. A total of 103 studies [6, 9–12, 14–16, 29–123] 
met the inclusion criteria and were included in the 
review. The most common reason for exclusion was not 
examining reallocations of time. No additional studies 
were identified through backward citation tracking (I.e., 
examination of the reference lists of the included studies).

Fig. 1  Flow diagram of the search and study selection process. Abbreviations: CoDA, Compositional data analysis
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Study characteristics
Of the included studies, 77 had a cross-sectional design, 
21 had a longitudinal design and one was a randomised 
controlled trial. Four studies presented both cross-sec-
tional and longitudinal results (Additional file 3). The 
United Kingdom (n = 21) was the most represented coun-
try out of 28 countries included in the studies. Adult 
participants (18–64 years) were the most represented 
age group (n = 48), while young children (< 5 years) were 
the least represented age group (n = 10). Adiposity was 
the most commonly studied health outcome (n = 41), 
followed by mental health (n = 26), cardiometabolic bio-
markers (n = 21), general/perceived health (n = 10), fitness 
(n = 10), cognitive health (n = 8), pain/injury (n = 8), motor 
skills (n = 6), chronic disease/conditions (n = 6), mortal-
ity (n = 5), and academic achievement (n = 2). Several 
studies assessed multiple outcomes; therefore, the total 
number of analysed outcomes exceeds 103. The sample 
sizes of included studies ranged from 28 to 130,239, with 
a median of 574. Many included studies did not report 
the name of the data source (n = 28). However, notably 
some samples were used in multiple studies, for example 
the 2005-06 National Health and Nutrition Examination 
Survey (NHANES) (n = 5), the Child Health CheckPoint 
study (n = 4), the Meiji Yasuda LifeStyle (MYLS) study 
(n = 3), the Physical wOrk DEmands and Prospective 
register-based Sickness Absence (PODESA) study (n = 3) 
and the Danish Physical ACTivity cohort with Objective 
measurements (DPHACTO) (n = 3) were all used in three 
or more included studies. Most studies (n = 61) employed 
24-hour measurement, with 38 of these studies using 
device measurement for all behaviours; 16 studies using 
device measurement for waking behaviours and self-
report for sleep; and 8 studies using 24-hour recalls (one 
study presented results for device- and recall-measured 
data). Reallocations of time amongst sleep, SB, LPA and 
MVPA were the most common (n = 75), with 16 studies 
investigating reallocations within sub-compositions of 
these behaviours (e.g., SB at work and SB in leisure time; 
PA at weekdays and PA at weekends). Six studies pre-
sented results for different time-use domains based on 
time-use recalls which included some contextual infor-
mation. For example, some studies analysed reallocations 
between activities such as screen time, self-care, and pas-
sive transport. Four studies investigated the influence of 
reallocations involving bouted vs. non-bouted activity, 
with different bout durations explored across the studies.

While most studies explored one-for-one reallocations 
(n = 92), around a quarter of studies reported one-for-
remaining reallocations (n = 28), and several presented 
both (n = 16). Five studies also presented other types of 
reallocations.

Risk of bias
The average score on the Newcastle-Ottawa scale for 
cross-sectional studies was 5.9, indicating fair quality 
(Additional file 4). The most common reason for being 
marked down was in relation to sample size justification. 
The average score on the Newcastle-Ottawa scale for 
longitudinal studies was 6.9 (Additional file 5), also indi-
cating fair quality. The most common reason for being 
marked down was in relation to the adequacy of the fol-
low-up cohort.

Health outcomes associated with reallocations of time
Results from studies exploring one-for-one reallocations 
exploring sleep, SB, LPA and MVPA are summarised 
in Tables 1 and 2, Additional file 6 and in an interactive 
web app [124]. Users can select a pair of behaviours for 
time-use reallocation and a health outcome of interest. 
Examples of the display for the analyses of reallocations 
from SB to MVPA and from SB to LPA in relation to adi-
posity are shown in Fig. 2. https://xt2oo6-aaron-miatke.
shinyapps.io/review/.

Reallocations involving sleep, sedentary behaviour, and 
physical activity
Across different outcomes and populations, realloca-
tions of time between sleep, SB, LPA and MVPA were 
similarly associated with health outcomes. Reallocating 
time to MVPA was generally favourable and reallocat-
ing time away from MVPA was generally unfavourable 
for health, no matter which behaviour was substituted or 
being used as a substitute (Tables 1 and 2, Additional file 
6 and Additional file 7). Health associations for realloca-
tions involving sleep, SB and LPA (but not MVPA) were 
inconsistent, and they varied depending on the health 
outcome. However, even in instances where results were 
relatively consistent (e.g., favourable association of real-
locating SB to LPA for adiposity), the magnitude of the 
associations were generally much smaller than for reallo-
cations involving MVPA.

Reallocations that did not report confidence intervals 
or significance levels were generally consistent with those 
that did, both regarding the magnitude and direction of 
associations, as shown in the interactive web app.

Sleep
Reallocating time to sleep from MVPA was unfavour-
able for most health outcomes. Reallocating time to 
sleep from either SB or LPA was generally not found to 
be associated with health. However, there was some evi-
dence that reallocating time toward sleep from LPA was 
favourable for cognitive health and unfavourable for 
mortality risk. There was also a trend towards favour-
able outcomes of reallocating time to sleep from SB (for 

https://xt2oo6-aaron-miatke.shinyapps.io/review/
https://xt2oo6-aaron-miatke.shinyapps.io/review/
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adiposity, mental health and fitness) and LPA (for motor 
skills) in cross-sectional studies.

Sedentary behaviour
Reallocating time to SB from MVPA was unfavour-
able for most health outcomes. Reallocating time to SB 
from sleep was generally not found to be associated with 
health, with a trend for unfavourable results for adiposity 
(0↑, 17↔, 8↓, cross-sectional results) and fitness (0↑, 3↔, 
2↓, cross-sectional results). Reallocating time to SB from 
LPA was unfavourable for adiposity, with some evidence 
of unfavourable associations also displayed for biomark-
ers using cross-section results (0↑, 26↔, 6↓), but not lon-
gitudinal results. The only instances in which reallocating 
time toward SB generally showed a favourable associa-
tion with health was for motor skills when time was real-
located from LPA (7↑, 3↔, 0↓, all results cross-sectional), 
and for cognitive health also when reallocating time from 
LPA (2↑, 4↔, 0↓, all results cross-sectional).

Light physical activity
Reallocating time to LPA from MVPA was unfavour-
able for most health outcomes. There was some evidence 
that reallocating time to LPA from SB was favourable for 
adiposity, chronic disease and mortality risk. Reallocat-
ing time to LPA from sleep was beneficial for mortality 
risk in the only study that reported CIs, although simi-
lar effect sizes were found in other studies that did not 
report CIs. There was also a trend towards favourable 
associations for biomarkers when reallocating time to 
LPA from SB using cross-sectional results (9↑, 29↔, 0↓), 
but not longitudinal results. Reallocating time to LPA 
from SB generally showed unfavourable associations with 
motor skills. Associations between reallocations of time 
towards LPA and most other health outcomes were gen-
erally not found to be significant.

Moderate-to-vigorous physical activity
When considering cross-sectional results, reallocating 
time toward MVPA was favourable for most health out-
comes, and it displayed similar patterns no matter if the 
time was reallocated from LPA, SB or sleep. For exam-
ple, favourable outcomes were almost always observed 
when reallocating time towards MVPA for adiposity, bio-
markers, fitness, general/perceived health, mortality and 
motor skills no matter where the time came from. For 
mental health, favourable associations were also observed 
when reallocating time to MVPA, albeit in several studies 
these associations were not significant. Cognitive health 
was the only outcome for which studies generally did 
not find significant relationships with reallocating time 
towards MVPA. Contributing to this was the fact that 
some studies reported stratified results, with realloca-
tions of time toward MVPA beneficial for some, but not Ta
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most of the strata [94, 121]. When considering longitu-
dinal results, reallocating time toward MVPA appeared 
favourable for mortality and chronic disease no matter 
where time was drawn from. Reallocating time from SB 
to MVPA was favourable for adiposity and mental health, 
however many of the other significant associations 
observed using cross-sectional data were not as evident 
when using longitudinal data.

Some studies also used a more granular intensity spec-
trum. Studies reporting results for moderate physical 
activity (MPA) and vigorous physical activity (VPA) sepa-
rately found that reallocating time towards VPA was par-
ticularly beneficial for markers of adiposity and fitness in 
children using both cross-sectional and longitudinal data 
[95, 107]. One other study separated higher intensity PA 
(e.g. stair climbing, running or cycling at a high inten-
sity) from walking and also found that reallocating time 
towards these behaviours was most strongly associated 
with improved health [74].

Variation among cross-sectional and longitudinal results
Fewer studies investigated associations using longitu-
dinal data, making it harder to draw conclusions based 
on these results, particularly for health outcomes other 
than adiposity, mental health, and biomarkers. In general, 
reallocations of time were less likely to be significantly 
associated with health in longitudinal studies compared 
to cross-sectional studies, with reallocations from SB 
to MVPA most consistently associated with favourable 
health in longitudinal studies. The non-significant find-
ings for longitudinal reallocations were particularly evi-
dent for cardio-metabolic biomarkers where the results 
of nearly all reallocations were non-significant. However, 
all longitudinal results for biomarkers were from a single 
study of pregnant women [109], meaning results may not 
be reflective of the broader population.

Reallocations within subcompositions of the day
For studies involving children (n = 3), results for reallo-
cations between domains of SB, LPA, and MVPA largely 
mirrored those that examined overall durations of these 
behaviours. For example, reallocating time from all other 
domains towards MVPA accrued during school or leisure 
time was generally associated with favourable health out-
comes [36, 39, 55](Additional file 8).

For adult populations, the results were mixed. Some 
studies found that reallocating time towards MVPA was 
associated with lower systolic blood pressure [66], tri-
glycerides [79], waist circumference and low-density 
lipoprotein cholesterol [73], regardless of whether this 
occurred during work or leisure time. For other out-
comes, such as high-density lipoprotein cholesterol 
[79] and cardiorespiratory fitness [77], the reallocation 
towards MVPA was only favourable if it occurred during Ta
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leisure time, with some studies even reporting detrimen-
tal associations for the reallocation towards MVPA if it 
occurred during work time (e.g., for systolic blood pres-
sure [73], markers of injury or fatigue like absence from 
work [64], perceived exertion [72] and need for recovery 
[111], a combined occupational metric related to fatigue 
and absenteeism [125]). It should be noted that most 
studies that reported adverse health outcomes for reallo-
cating work hours toward MVPA shared a study sample 

predominantly made up of Scandinavian blue-collar 
workers (Additional file 8)

Reallocations involving other time-use components
Time-use recall domains
Studies reporting reallocations for activity types gener-
ally supported those studies that used energy expenditure 
bands insofar as the strongest favourable associations 
involved reallocating time to physical activity, and the 
strongest unfavourable associations involved relocating 

Fig. 2  Example displays of online graphical interface
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time away from physical activity, no matter which other 
domains were involved (Additional file 9).

Some studies that used time-use recalls found asso-
ciations for screen time to be particularly harmful for 
health. For example, reallocations to screen time from 
other low-intensity activities (e.g., hobbies, socialising, 
education/work) were associated with poorer mental 
health in adolescents [30, 44] and older adults [98]. One 
study found that reallocating time away from TV viewing 
and social media use had stronger favourable associations 
with mental health compared to when time was drawn 
from other forms of electronic media such as gaming. 
However, the magnitude of associations for reallocations 
involving screen-based behaviours and other activities 
were generally much smaller than for those involving PA 
(Additional file 9).

Bouted vs. non-bouted activity
Results for the associations of reallocations between 
bouted and non-bouted activity with health outcomes 
were inconclusive. Some studies (n = 2) reported that 
reallocating time from longer SB bouts to higher inten-
sity activity was more favourable for adiposity than real-
locating the equivalent duration from shorter SB bouts 
(Additional file 10). However, the strength of these asso-
ciations was generally consistent with those that used 
total time in SB.

Findings by socio-demographic groups
The finding that reallocating time towards MVPA was 
favourably associated with most health outcomes was rel-
atively consistent across age groups, but it appeared to be 
weaker in young children than in other age groups (Addi-
tional file 6 and Additional file 7). There was some varia-
tion in findings for reallocations among other behaviours 
depending on age. For example, when considering real-
locations between SB and LPA, more time in LPA at the 
expense of SB was favourably associated with adiposity 
and fitness among adults, but the opposite was found for 
children [9, 47, 52, 69, 101]. However, the strength of the 
association was relatively low in both cases. Studies strat-
ifying results by sex generally found similar patterns for 
males and females.

Two studies found that reallocating time towards 
MVPA was associated with larger reductions in adiposity 
for participants with overweight and obesity when com-
pared to their “normal-weight” peers [16, 52]. One study 
conducted stratified analyses by the risk of type 2 dia-
betes and found that reallocating time away from sitting 
to either standing or stepping was more strongly associ-
ated with improved cardiometabolic biomarkers in those 
who were at a high risk of diabetes compared to low-risk 
participants [37]. One study investigated the moderating 
role of ethnicity and found that reallocating time from SB 

to MVPA was associated with a reduction in body weight 
for Latin participants but not for Caucasian participants 
[102].

Discussion
The main findings of this systematic scoping review are 
that: [1] reallocating time towards MVPA is favourably 
associated with adiposity, cardiometabolic biomarkers, 
fitness and mental health, with comparable results gener-
ally seen regardless of which other behaviour(s) the time 
was drawn from; [2] reallocating time away from MVPA 
is unfavourably associated with most outcomes, includ-
ing adiposity, biomarkers, mental health, fitness, mortal-
ity, chronic disease, general/perceived health, and motor 
skills; [3] associations of reallocations among sleep, SB 
and LPA with health outcomes are smaller in magnitude 
and less consistent than reallocations including MVPA, 
and they vary depending on the health outcome; [4] there 
is some evidence of beneficial associations for time real-
locations to LPA from SB (with biomarkers, chronic dis-
ease and adiposity) and from sleep (with biomarkers and 
mortality); and [126] reallocating time to SB was either 
unfavourably or not significantly associated with most 
health outcomes. These findings were also supported 
by studies using other ways of classifying time use (e.g., 
according to domains and bouts of activity). A key finding 
is also that most available studies were cross-sectional, 
with less evidence available from longitudinal studies. 
This means many of the results are based on theoretical 
reallocations of time, rather than any observed changes 
in time use. Fewer studies also explored cognitive health, 
chronic disease, general/perceived health, and mortality 
outcomes.

The finding that reallocations to MVPA and PA are gen-
erally beneficial for health, regardless of where the time 
was drawn from, agrees with the conclusions from previ-
ous reviews using both the CoDA [26, 27] and non-CoDA 
[13] approach. It is also in accordance with findings from 
studies using different methodological approaches that 
have suggested time spent in higher intensity activi-
ties have a stronger favourable association with health 
[127–131]. This review found weaker associations for 
reallocations involving other behaviours (sleep, SB and 
LPA). Nonetheless, some evidence suggested reallocat-
ing time away from SB to either LPA or sleep may have 
benefits to health. Reallocating time from SB to LPA has 
been advocated previously, particularly for those unable 
or unwilling to engage in MVPA [132]. However, stud-
ies in the current review suggested that on a minute-for-
minute basis, reallocating time to MVPA was 6–7 times 
more efficient than reallocating time to other behaviours 
in eliciting favourable changes in adiposity [114], HRQoL 
[97], and risk of mortality [43]. However, it is worth not-
ing that any given reallocation to MVPA would constitute 
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a much larger relative change compared to reallocating 
the same absolute amount of time to any other behav-
iour. In fact, one study found that when considering 
reallocations as a proportion of the starting composi-
tion rather than an absolute amount of time, increasing 
sleep time by 10% at the expense of other behaviours 
collectively was more strongly associated with improved 
health in young children than increasing MVPA by 10% 
[116]. Similarly, while the impact of reallocations involv-
ing MVPA can look substantial in many of the included 
studies, it is worth considering that the durations of 
time modelled sometimes resulted in total MVPA being 
doubled [82, 120], or sometimes even tripled [47] in the 
samples included. Given the difficulty often encountered 
by researchers and public health campaigns in increasing 
time spent in MVPA in a meaningful and sustained way, 
it may be unrealistic to expect increases of this magni-
tude in the real world. A better unit of time may be some 
metric related to the magnitude of changes typically 
achieved in interventions.

A key additional insight from CoDA studies compared 
to non-CoDA isotemporal substitution studies was the 
non-linearity and asymmetry of contrasting reallocations 
(as displayed in the interactive web app), which reflects 
dose-response relationships observed in experimental 
studies [133, 134]. Associations for reallocations must 
be considered relative to a reference composition. Nearly 
all studies included in this review modelled realloca-
tions from the compositional mean of the study sample 
(or the mean of a particular subgroup). However, one 
study showed that reallocating time to MVPA was more 
strongly associated with reduced risk of cardiovascular 
disease when using a reference composition with a lower 
level of MVPA [10]. A similar observation was made for 
risk of mortality in another large study using pooled data 
from six cohorts [43]. In fact, for more active participants 
(30  min/day of MVPA), reallocating SB towards LPA 
was just as beneficial as reallocating SB towards MVPA. 
Two studies found that children with overweight and 
obesity saw greater reductions in adiposity for the same 
reallocations towards MVPA [16, 52] (from either sleep, 
SB or LPA) than their “normal-weight” peers. Similarly, 
another study found that those at high risk of developing 
type 2 diabetes were more likely to see improvements in 
biomarkers than those with a lower risk when reallocat-
ing time away from SB [37] (to either LPA or MVPA). It 
is unclear what the physiological basis is for these differ-
ences, or if it is simply that absolute time reallocations 
are considered relative to lower MVPA durations in these 
subgroups. Taken together, these results suggest that the 
less active and less healthy individuals would likely ben-
efit more from reallocating time towards MVPA, com-
pared with their more active and more healthy peers.

This review identified a selection of studies that did not 
find beneficial association for reallocations to MVPA – if 
the reallocations occurred during work time. This finding 
is consistent with the idea of the “physical activity para-
dox” which suggests that while PA accrued during leisure 
has consistent, positive effects on health, PA accumu-
lated during work is not always beneficial to health [135]. 
These differences may be related to the types and context 
of physical activities people undertake during work hours 
(e.g., sustained postures, awkward positions of repeti-
tive manual tasks in a stressful environment) compared 
to leisure (e.g., walking in nature, playing sports with 
friends). The type of occupation and the health outcomes 
considered may also play a role. For example, unfavour-
able associations were generally observed in samples of 
blue-collar workers for outcomes related to absenteeism, 
fatigue, and injury [64, 72, 77]. However, in a sample of 
office workers, the unfavourable association of reallocat-
ing work time toward MVPA was less apparent [79]. It is 
also unclear how some studies controlled for time spent 
during the rest of the day (work or leisure) when investi-
gating these domain-specific reallocations of time.

Strengths of our review include its broad scope, includ-
ing any study population, time-use composition or health 
outcome. Another feature is the creation of an interactive 
interface that allows readers to explore results graphi-
cally. Most studies used a cross-sectional design, limit-
ing the ability of this review to provide conclusions about 
causal relationships. Moreover, many of the included 
studies did not report the results for all possible reallo-
cations (e.g., only reporting the results for reallocations 
of time from SB to MVPA). It is possible that unreported 
reallocations were more likely to be non-significant, 
meaning the importance of some reallocations may have 
been overstated. Furthermore, many studies did not 
report CIs or significance levels for the differences in the 
health outcomes associated with reallocations of time. 
However, as it can be seen in the interactive web app, the 
strength and direction of these associations were gener-
ally similar to those which did make statistical inferences. 
While evidence generally suggested that reallocating time 
between behaviours was associated with health, particu-
larly reallocations involving MVPA, a substantial por-
tion of studies found reallocations not to be significantly 
associated with health. Some of this variation in find-
ings may be attributable to differences in how time-use 
components were measured. For example, differences in 
device placement [136] (hip vs. wrist vs. thigh) and meth-
ods of behaviour classification [137] (different cut-points, 
machine learning methods etc.) can result in vastly dif-
ferent estimates of time spent in each behaviour, which in 
turn will likely impact the associations of different reallo-
cations. It is also possible that differences in populations, 
sample sizes and baseline activity compositions of the 
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included studies influenced how likely reallocations were 
to be significantly associated with health.

Future studies employing the CoDA approach are 
essential for broadening our understanding of the asso-
ciations between time reallocations and a diverse range 
of health outcomes. To date, most research in this area 
has predominantly focused on adiposity and biomarkers, 
and mental health, leaving other health outcomes such as 
cognitive, academic, and social outcomes relatively unex-
plored. It is crucial to consider that certain sedentary 
behaviours, such as reading and socialising, may posi-
tively influence these outcomes. This is supported by our 
finding on a possibly favourable association between real-
location of time from LPA to SB with cognitive health.

Young child and adolescent populations were also 
underrepresented in previous research and should be a 
focus in the future. More research is also needed to elu-
cidate how longitudinal reallocations are associated with 
health, given that most previous studies were cross-sec-
tional. Longitudinal studies will also allow for an under-
standing of how people actually reallocate their time, 
rather than the commonly analysed “hypothetical” one-
for-one substitutions. It is noteworthy that even the lon-
gitudinal studies that were included in the current review 
generally presented reallocations in terms of one-for-one 
swaps between behaviours. While these types of realloca-
tions may be useful from a messaging perspective [138], 
they are unlikely to accurately reflect how people make 
reallocations in the real world. Given the aim of many 
public health initiatives is to increase physical activity on 
a population level, studies are needed to elucidate how 
people practically make reallocations in order to achieve 
an increase in activity. Moreover, it is worth investigat-
ing what factors (e.g., socio-demographic determinants) 
influence the different reallocation choices that people 
make. This will allow for more targeted approaches to 
reduce the burden of physical inactivity. Future studies 
should also apply CoDA to data from intervention stud-
ies to better understand how real (as opposed to hypo-
thetical) reallocations of time are associated with health. 
Intervention studies will also allow for dose-response 
relationships to be examined. Most studies currently use 
energy expenditure bands; however, future research may 
benefit from additionally considering the context of these 
behaviours. This may give further understanding of the 
mechanisms for the differences in our findings for work 
and leisure MVPA.

The implications of this review are broad. The asymme-
try of relationships suggests that, on a minute-for-minute 
basis, the most relative benefit will be seen when reallo-
cating time toward MVPA among more inactive individ-
uals. It also suggests that even modest increases in MVPA 
may be quite useful in reducing the health burden of 
inactivity at the population level. Conversely, reallocating 

time away from MVPA showed even stronger (negative) 
associations. Given that activity levels tend to decrease 
across the lifespan [139, 140], particularly after certain 
major life events [141], finding how and when people 
reallocate time away from MVPA and preventing this 
may be particularly beneficial. The fact that health ben-
efits can still be seen when reallocating time away from 
SB to LPA, albeit much smaller in magnitude, is promis-
ing for populations that may not engage in MVPA, such 
as some older and clinical populations.

Conclusion
In conclusion, reallocating time towards MVPA from 
any behaviour(s) is generally associated with the stron-
gest benefits to health, while reallocating time away 
from MVPA to any behaviour(s) is associated with the 
strongest detriment to health. Some beneficial associa-
tions were seen when reallocating time from SB to both 
LPA and sleep; however, the strength of the association 
was much lower than for any reallocations involving 
MVPA. Some evidence suggested that researchers should 
consider information on where, how and when activ-
ity occurs when investigating reallocations of time in 
future studies. Furthermore, most studies investigated 
outcomes related to adiposity, cardio-metabolic bio-
markers, and mental health in adult populations. Future 
studies may benefit from investigating associations with 
other health outcomes (e.g., cognitive, social and devel-
opmental outcomes), which may be particularly relevant 
to other populations. More research is also needed using 
longitudinal data, which will give insight into how people 
actually reallocate their time under different conditions 
in real life. To determine the health effects of real (as 
opposed to hypothetical) reallocations of time, more iso-
temporal substitution studies should be conducted using 
data from intervention trials.
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