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Abstract 

Background Compositional data analysis (CoDA) techniques are well suited for examining associations 
between 24-h movement behaviors (i.e., sleep, sedentary behavior, physical activity) and indicators of health 
given they recognize these behaviors are co-dependent, representing relative parts that make up a whole day. 
Accordingly, CoDA techniques have seen increased adoption in the past decade, however, heterogeneity in research 
reporting practices may hinder efforts to synthesize and quantify these relationships via meta-analysis. This systematic 
review described reporting practices in studies that used CoDA techniques to investigate associations between 24-h 
movement behaviors and indicators of health.

Methods A systematic search of eight databases was conducted, in addition to supplementary searches (e.g., for-
ward/backward citations, expert consultation). Observational studies that used CoDA techniques involving log-ratio 
transformation of behavioral data to examine associations between time-based estimates of 24-h movement behav-
iors and indicators of health were included. Reporting practices were extracted and classified into seven areas: (1) 
methodological justification, (2) behavioral measurement and data handling strategies, (3) composition construction, 
(4) analytic plan, (5) composition-specific descriptive statistics, (6) model results, and (7) auxiliary information. Study 
quality and risk of bias were assessed by the National Institutes of Health Quality Assessment Tool for Observational 
Cohort and Cross-sectional Studies.

Results 102 studies met our inclusion criteria. Reporting practices varied considerably across areas, with most achiev-
ing high standards in methodological justification, but inconsistent reporting across all other domains. Some items 
were reported in all studies (e.g., how many parts the daily composition was partitioned into), whereas others seldom 
reported (e.g., definition of a day: midnight-to-midnight versus wake-to-wake). Study quality and risk of bias was fair 
in most studies (85%).
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Conclusions Current studies generally demonstrate inconsistent reporting practices. Consistent, clear and detailed 
reporting practices are evidently needed moving forward as the field of time-use epidemiology aims to accurately 
capture and analyze movement behavior data in relation to health outcomes, facilitate comparisons across studies, 
and inform public health interventions and policy decisions. Achieving consensus regarding reporting recommenda-
tions is a key next step.

Keywords Physical activity, Sedentary behavior, Screen time, Sleep

Introduction
Previous research has established independent associa-
tions between time spent engaging in physical activity [1, 
2], sedentary behavior [3, 4], and sleep [5, 6] in relation to 
several indicators of health and health outcomes. How-
ever, studies have generally examined these behaviors 
in isolation, neglecting the fact that these behaviors are 
co-dependent and mutually exclusive over the course of 
a full 24-h day [7–9]. That is, time spent engaging in one 
behavior (e.g., physical activity) reduces time during the 
day available for other behaviors (e.g., sedentary behavior, 
sleep). Researchers have begun to acknowledge the limi-
tation of solely focusing on individual behaviors in the 
past decade, sparking the shift to a novel 24-h paradigm 
that emphasizes the need to consider the collective influ-
ence of physical activity, sedentary behavior and sleep 
over the course of a whole day for health [10–12]. While 
consensus terminology for referring to these behaviors as 
a collective has yet to be established [13], they are most 
commonly referred to as 24-h movement behaviors, the 
24-h activity cycle, physical behaviors, time-use behav-
iors or time-use activity behaviors.

The proliferation of research investigating how com-
binations of physical activity, sedentary behavior and 
sleep is associated with indicators of health was sparked 
by the release of the 24-Hour Movement Guidelines for 
Children and Youth in Canada in 2016 [14]. Recommen-
dations tailored for several other segments of the popula-
tion are also now available, including young children (0 
to 4 years of age) [15], adults, and older adults [16], and 
have been adopted by several countries globally [17–21]. 
At present, the literature examining associations between 
24-h movement behaviors and health has focused largely 
on guideline adherence [22–28]. Such work is impor-
tant from a behavioral surveillance standpoint, but clas-
sifying individuals into groups based on whether or not 
they meet threshold-based behavioral recommendations 
[e.g., ≥ 60  min/day of moderate-to-vigorous physical 
activity (MVPA) for children and youth] may oversim-
plify these relationships as it fails to consider the full 
range of time-use estimates over the course of a whole 
day. This may be partly attributable to the current 24-h 
movement behavior data available to assess these rela-
tionships. That is, many of these studies used data from 

behavioral surveillance systems (e.g., U.S. National Sur-
vey of Children’s Health; Korea National Health and 
Nutrition Examination Survey; Australian National Sec-
ondary Students’ Diet and Activity Survey) that employ 
crude self- or proxy-reported instruments to assess 
physical activity, sedentary behavior and sleep in line 
with recommendations for each movement behavior irre-
spective of whether they have adopted integrated 24-h 
guidelines or not. However, it is becoming increasingly 
feasible to capture higher resolution estimates of move-
ment behaviors within a 24-h day with recent advances 
and improvements in accelerometry (e.g., improved data 
processing, wearable device integration, cost reduction) 
as well as the availability of whole day recall instruments 
such as the Activities Completed over Time in 24-h 
(ACT-24) [29], Multimedia Activity Recall for Children 
and Adults (MARCA) [30], and 24-h Physical Activity 
Recall (24PAR) [31]. These advances in assessment open 
the door for alternative analytic approaches that can pro-
vide more nuanced insights into the integrative influence 
of 24-h movement behaviors on health.

Compositional data analysis (CoDA) is a statistical 
approach that is well suited for quantifying associations 
between movement behaviors and indicators of health 
given its ability to model the relative nature of 24-h 
time use data [7–9]. Specifically, CoDA considers that 
each movement behavior represents a mutually exclu-
sive part of a finite period (i.e., whole day) [32]. This is 
done through transforming absolute values (i.e., 600 min 
of sleep) into relative proportions (i.e., 41.6% of a 24-h 
day) via sets of log-ratios (e.g., isometric, additive, cen-
tered). This relative proportion approach adjusts for the 
co-dependency of these behaviors, helping to address 
their multi-collinearity, and thus, overcoming a major 
challenge of traditional statistical approaches that use 
absolute values [7]. These properties of CoDA make 
this approach appropriate for analyzing time-use data 
with multiple components that comprise a whole day, 
and several techniques are available to examine differ-
ent research questions related to time-use such as com-
positional isotemporal substitution (i.e., the influence of 
replacing time spent in one behavior with time spent in 
another behavior) [33], the Goldilocks approach (i.e., the 
optimal distribution of time spent in different movement 
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behaviors for optimal health benefit) [34], and the Many 
Different Roads Lead to Rome approach (i.e., differ-
ent movement behavior distributions associated with 
equivalent health benefits) [35]. Further, CoDA can be 
implemented in several commonly used analytic frame-
works (e.g., general linear modeling, structural equa-
tion modeling, mixture modeling). This flexibility has 
allowed adoption of CoDA to proliferate in the field of 
time-use epidemiology. An example of this growth can 
be seen with the literature examining 24-h movement 
behaviors in relation to indicators of mental health. Only 
two CoDA studies were included in the first systematic 
review of 24-h movement behaviors among children 
and youth published in 2020 [27], whereas eight CoDA 
studies examining children and youth were included in 
a subsequent systematic review published 4  years later 
[23]. This point is further underscored by a total of 61 
CoDA studies (employing 24-h measurement) that were 
captured in an October 2022 systematic search of the 
literature investigating the influence of reallocating time 
across movement behaviors on health [36].

Despite the rapid increase in studies using CoDA, only 
two systematic reviews specific to this literature focused 
on how 24-h movement behaviors relate to indicators of 
health exist, with one review focused on adults [37] and 
the other review focused on early childhood [38]. The 
landscape regarding reporting practices for CoDA stud-
ies has yet to be explored, however, representing a key 
knowledge gap considering there is currently no formal 
guidance regarding research reporting practices in this 
area. Such issues have been recognized in other areas 
of research such as ecological momentary assessments 
(EMA) of diet and physical activity, which resulted in 
the creation of the Checklist for Reporting EMA Studies 
(CREMAS) after characterizing methodological prac-
tices in prior studies [39]. Akin to what has been estab-
lished for EMA studies, investigating existing reporting 
practices in the CoDA literature may help to inform uni-
form reporting procedures in the future. Therefore, the 
purpose of this study was to describe research reporting 
practices in observational studies that have examined 
associations between 24-h movement behavior composi-
tions and indicators of health using CoDA.

Methods
Protocol and registration
This review was preregistered with the International Pro-
spective Register of Systematic Reviews (PROSPERO; 
submitted September 23, 2023; ID: CRD42023456880). 
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines were followed 
[40], and items are reported using the PRISMA Checklist 
(see Supplemental Materials Table 1).

Inclusion criteria
We included studies that met the following nine criteria: 
(a) published in the English language, (b) published in 
peer-reviewed journals, (c) included human participants, 
(d) original empirical investigation, (e) observational 
design, (f ) used CoDA techniques, (g) included time-
based estimates of all three behaviors: physical activity, 
sedentary behavior, and sleep, (h) focused on the whole 
day (i.e., 24-h movement compositions), and (i) exam-
ined associations with health outcomes or indicators of 
health as the dependent variable. Self- or proxy-reported 
and device-assessed estimates of movement behaviors 
were included given that CoDA can be used to investigate 
associations between movement behaviors and indicators 
of health with both types of measures, including a com-
bination of both types of measures (e.g., device-assessed 
sedentary behavior and physical activity, self-reported 
sleep). Indicators of health and health outcomes were 
operationalized as any indicator of physical, cognitive or 
mental health (e.g., working memory, bone density, phys-
ical functioning) or health outcome (e.g., mortality, over-
weight/obesity status, depression).

Studies were excluded for the respective nine major 
reasons: (a) published in a language other than English, 
(b) not a peer-reviewed article (i.e., Masters thesis, PhD 
dissertations, conference abstracts), (c) reviews, case 
studies, qualitative studies, protocol papers, commentar-
ies/opinions, or book chapters, (d) used an experimental 
approach to assess the relationship with a health out-
come, (e.g., randomized controlled trial), (e) did not use 
CoDA techniques (e.g., isotemporal substitution studies 
that did not involve log-ratio transformations), (f ) exam-
ined associations with other health behaviors (e.g., diet, 
smoking), (g) specified the 24-h movement composition 
as the dependent variable, (h) did not include human 
participants (e.g., animal models), and (i) methods 
focused papers (e.g., [7, 41, 42]). Methods focused papers 
were excluded given that demonstrating the implementa-
tion of a CoDA technique may have had different report-
ing standards for the methods and results as would be 
expected in subsequent studies using established ana-
lytic techniques. Studies using experimental designs were 
excluded based on the premise that research reporting 
recommendations for experimental designs (Consoli-
dated Standards of Reporting Trials guidelines [43]) differ 
from those that exist for observational designs [Strength-
ening the Reporting of Observational Studies in Epide-
miology (STROBE) [44]]. However, studies that involved 
cross-sectional analysis of baseline data from experimen-
tal studies were included. It is worth noting that much of 
the existing body of literature investigating 24-h move-
ment behaviors in relation to health outcomes stems 
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from secondary data analysis of baseline experimental 
data and behavioral surveillance studies [22, 23, 37].

Search strategy, data extraction, and data synthesis
In consultation with a research librarian, we conducted 
an electronic search of eight databases. The MEDLINE 
EBSCO, PsycINFO, SPORTDiscus, Web of Science, 
CINAHL and Scopus databases were searched from 
inception to October 12th, 2023. The Cochrane Library, 
and EMBASE/Ovid databases were searched from incep-
tion to October 23rd, 2023, and October 31st, 2023, 
respectively. These databases were searched based on 
their relevance to the review topic and for consistency 
with previous reviews examining associations between 
24-h movement behaviors and health outcomes that also 
searched these databases [22, 23, 27, 28]. Search terms 
can be found in Supplemental Materials File 1. A man-
ual search of the Journal of Activity, Sedentary, and Sleep 
Behaviors, which at the time of conducting this review 
had yet to be indexed, was also performed on Febru-
ary 16th, 2024, given the relevance of its scope. Further, 
a manual search of the International Network of Time-
Use Epidemiologists (INTUE) publications list was per-
formed on March 11th, 2024, given the relevance of the 
Network’s mission. Additional supplemental search strat-
egies included forward (searching citationss of included 
papers) and backward (reviewing references  within 
included studies) citation searches, in addition to con-
tacting experts in the field. Forward and backward cita-
tion searches were also performed for CoDA methods 
papers identified by the research team [7, 33, 41, 42, 
45–49].

Retrieved references were imported into Covidence 
(Evidence Partners, Ottawa, ON, Canada), where dupli-
cates were removed and titles/abstracts were reviewed 
by two independent reviewers (DB, SB, CG, GMB, CP, 
CSL, CK) for initial inclusion. After initial screening, 
full texts were retrieved and independently examined by 
two reviewers from the same group for final inclusion. A 
pre-piloted protocol was created for both stages prior to 
study selection, in which reviewers had to achieve ≥ 80% 
accuracy prior to completing both stages. Any conflicts 
during each stage were resolved by a third independent 
reviewer. Data extraction was performed independently 
by two reviewers (SB, CG, GMB, CP, CP, CSL, CK) and 
a third reviewer examined the data for consensus (DB). 
Extracted data included general article characteristics 
(e.g., publication year, sample, study design). Data extrac-
tion for items relevant to CoDA studies were classified 
into seven areas, which included: (a) methodological jus-
tification; (b) behavioral measurement and data handling 
strategies; (c) composition construction; (d) analytic 
plan; (i) composition-specific descriptive statistics; (e) 

model results; and (f ) auxiliary information (i.e., limita-
tions of CoDA, clinical implications, funding, conflicts 
of interest). These categories were created based on past 
reporting checklists of behavioral approaches (e.g., CRE-
MAS, STROBE), and the data extraction spreadsheet 
was reviewed by 11 international experts in this area to 
ensure all pertinent items were addressed.

Considering the focus of this review is to characterize 
reporting practices, data analysis focused on a numerical 
presentation (i.e., central tendencies and percentages) of 
whether items were reported (or not). Distributions of 
reporting practices for each item of interest are presented 
(yes/no/unclear) within their respective seven major 
reporting categories, and narratively synthesized.

Methodological quality and risk of bias assessment
All included studies used an observational design, and 
thus, an adaptation of the National Institutes of Health 
Quality Assessment Tool for Observational Cohort and 
Cross-sectional Studies (QATOCCS [50]) was used to 
assess methodological quality and validity of each study 
as well as their risk of bias. Study quality and risk of bias 
was assessed independently by two reviewers on the 
14 criteria assessing clarity in reporting (e.g., research 
question, population details), justification of methodo-
logical choices (e.g., reliability and validity of measure-
ment tools, sample size), and use of best practices (e.g., 
repeated assessments, adjusting for confounders). Each 
study received a “yes”, “no”, or “other” response to each 
question to then be rated as “poor”, “fair”, or “good” based 
on these considerations as concerned with the exposure 
(i.e., 24-h movement behaviors) and outcomes of inter-
est (i.e., indicators of health). The responses are intended 
to be used as a guide for assessing the quality and risk of 
bias rating, however, in line with previous work that has 
used ranges of scores to provide quantitative evaluations 
[51, 52], we considered studies with a score of ≤ 4 to be 
“poor”, between  5 to 9 to be “fair”, and > 9 to be “good” 
study quality.

Results
Included studies
The initial search identified 1995 records, which was 
reduced to 872 after de-duplication. Supplementary 
search strategies identified an additional nine articles 
in the Journal of Activity, Sedentary and Sleep Behav-
iors, and one article was found in the INTUE publi-
cation list. Forward (n = 1369) and backward citation 
(n = 3837) searches and articles from expert consulta-
tion (n = 1) identified an additional 5217 records. In total, 
7212 records were identified by the search strategies, 
and reduced to 3818 after de-duplication. These articles 
were reduced to 207 for full-text review, which resulted 
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in 102 studies that met our inclusion criteria. Full-text 
articles were excluded for three main reasons: (1) wrong 
methods (i.e., did not use CoDA techniques; n = 66), (2) 
wrong behaviors (e.g., missing sleep, sedentary behavior, 
or physical activity within the 24-h composition; n = 16), 
and (3) wrong article type (n = 10). A PRISMA flow dia-
gram is presented in Fig. 1. A list of studies excluded at 
full-text and reasons are presented in Supplementary 
Table 2. Funding and conflict of interest of included stud-
ies are included in Supplementary Table 3.

Description of studies
Study characteristics are presented in Table  1. Studies 
included were published between 2016 and 2024 with 
samples from 29 different countries: Australia: (n = 24), 
Belgium (n = 2), Brazil (n = 7), Bulgaria (n = 1), Canada 
(n = 11), China (n = 7), Colombia (n = 1), Czech Republic 
(n = 1), Denmark (n = 6), England (n = 6), Finland (n = 7), 
India (n = 1), Iran (n = 1), Ireland (n = 1), Japan (n = 3), 
Kenya (n = 1), Luxembourg (n = 2), Netherlands (n = 4), 
New Zealand (n = 4), Portugal (n = 1), Scotland (n = 1), 
Singapore (n = 2), Slovenia (n = 1), South Africa (n = 2), 
Spain (n = 5), Sweden (n = 4), United Kingdom (n = 10), 
USA (n = 13), and Wales (n = 3). Eight studies involved 
multi-country samples ranging from two to eight coun-
tries. A total of 79 studies used cross-sectional designs, 
18 used longitudinal designs, and five included both. 
Analytic sample sizes ranged from 28 [53] to 130,239 [54] 
participants, with participants ranging in age from 1 [55] 
to 75.8 [56] years on average.

The majority of studies (82/102) partitioned the 24-h 
movement composition into four parts consisting of 
sleep, sedentary behavior, light physical activity (LPA) 
and MVPA. A three-part composition represented the 
fewest number of time-use categories (e.g., screen time, 
sleep, MVPA) [57], whereas a nine-part composition 
represented the greatest number of time-use categories 
(e.g., screen time; sleep; other: transport, work, general 
physical activity, chores, self-care, quiet time, social) 
[58]. Of the 102 studies that assessed MVPA,1 the major-
ity (89/102) used device-based estimates, with 12 using 
self- or proxy-reports, and one that used a combination 
of both methods [59]. Of the 99 studies that assessed 
LPA, the majority (89/99) used device-based estimates, 
with nine using self- or proxy-reports, and one study that 
used a combination of both methods [59]. A majority of 
studies (89/102) used device-based estimates to assess 
sedentary behavior, with only 11 studies using self- or 
proxy-reports. One study used a combination of both 
methods [59], and one study inferred daily sedentary 

time by subtracting sleep and physical activity estimates 
from 1440 min [60]. A majority of studies (60/102) used 
device-based estimates to assess sleep duration, with 39 
studies using self- or proxy-reports, and only three stud-
ies using a combination [54, 59, 61].

Regarding analytic approaches, 64 studies examined 
the overall composition in relation to indicators of health, 
67 studies examined associations between each behavior 
(relative to others) in relation to indicators of health, and 
84 studies involved compositional isotemporal substitu-
tion modeling, of which 59 studies used 1-to-1 substitu-
tions, 10 used proportional substitutions, and 15 used 
both approaches. A total of six studies examined opti-
mal behavioral compositions for indicators of health, of 
which five of these studies used the Goldilocks approach 
and one study used the Many Different Roads approach.

Reporting practices
A summary of reporting practices by area and item is 
presented in Table  2, whereas detailed reporting prac-
tices for each study can be found in Supplementary File 2.

Methodological justification
This reporting area included two items, with the major-
ity of studies providing sufficient information (100/102 
studies; 94/102 studies, respectively). Specifically, nearly 
all studies mentioned CoDA in the title and/or abstract 
(100/102) and introduced the concept of CoDA and pro-
vided reasons for utilizing CoDA to examine associations 
between 24-h movement behaviors and indicators of 
health (94/102).

Behavioral measurement and data handling strategies
This reporting area included 14 items. The majority of 
studies (≥ 75%) provided sufficient information for seven 
items. Most studies reported the scoring/processing pro-
cedures for MVPA2 (94/102), LPA (92/99), sedentary 
behavior (93/102), and sleep (90/102). Among the studies 
that used device-based assessments of 24-h movement 
behaviors, the device placement (87/90), how many min-
utes of wear time was considered a valid day (80/90), and 
how many valid days was needed to be considered a valid 
sample (85/90) were clearly described in most studies, 
but far fewer studies (44/90) clearly described which valid 
days were used for analysis (e.g., average across all days, 
four random days, proportion of weekdays and weekend). 
Across all studies, slightly more than half (61/100) clearly 
described how non-wear (if device-assessed) or time not 
accounted for (if self- or proxy-reported)  was handled. 

1 For reporting purposes, compositions that included stepping or total 
physical activity were inferred as MVPA.

2 For reporting purposes, compositions that included stepping or total 
physical activity were inferred as MVPA.
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Two of the 102 studies used a 24-h recall instrument that 
did not allow for time to be left unaccounted for.

Regarding sleep, roughly half (50/102) of the studies 
clearly conceptualized sleep (e.g., 24-h, nocturnal only, 

day only), but fewer (37/102) clearly defined sleep (e.g., 
sleep variable of interest and how it was calculated and/
or defined). Very few studies included naps in the com-
position (17/102), although it was unclear in 44 studies. 

Fig. 1 PRISMA flow chart
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For studies with device-based sleep estimates, less than 
half (25/63) used sleep diaries to aid with data process-
ing, and few (15/63) clearly reported how wake bouts 
were addressed.

Composition construction
This reporting area included five items. The majority of 
studies (≥ 75%) provided sufficient information for two 
items. That is, all 102 studies described how many parts 
(i.e., behaviors) the day was partitioned into and nearly all 
studies (101/102) reported how the behaviors were trans-
formed via sets of log ratios. Very few studies (6/102) 
clearly described the definition of a day (e.g., midnight to 
midnight/wake to wake), although most studies (67/102) 
clearly described the time-bound window that the com-
position was closed to (e.g., exactly 24 h, mean wear time 
of sample). Further, few studies (27/102) clearly described 
how zeros in the behavioral data were handled. Among 
these studies, eight did not find cases with zeros during 
inspection, whereas 19 observed zeros and reported how 
they were handled.

Analytic plan
This reporting area included five items. The majority of 
studies (≥ 75%) provided sufficient information for two 
items. Specifically, nearly all studies (101/102) clearly 
reported the analytic technique (e.g., linear regression, 
latent profile analysis) used after compositional trans-
formation, and whether covariates were adjusted for 
(99/102). We were able to infer how missing data was 
handled in more than half of the studies (64/102). In 
many instances the techniques used to handle missing 
data were not outright stated (e.g., listwise deletion, mean 
substitution, multiple imputation), but enough informa-
tion was provided to determine which procedures were 
implemented. Less than a third of studies (29/101) com-
pared the analytic sample to the total sample,3 and very 
few (15/102) studies provided a power analysis.

Composition‑specific descriptive statistics
This reporting area included three items. The majority 
of studies (≥ 75%) provided sufficient information for 
one item. Most studies (74/102) reported the geomet-
ric means of the parts that comprised the 24-h move-
ment composition (i.e., relative percentages of time spent 
in each behavior), whereas nearly all studies (97/102) 
reported the arithmetic and/or compositional means for 
each behavior. Of these studies, roughly one third (34/97) 
reported both the arithmetic (i.e., absolute) and compo-
sitional (i.e., adjusted to 24  h) means, nearly two thirds 

(60/97) reported only the compositional means, two 
studies reported only the arithmetic means [62, 63], and 
in one study it was unclear which means were reported 
[64]. Roughly half of studies (51/102) reported the com-
positional variation matrix, which shows the correlation 
between compositional parts.

Model results
This reporting area included nine items. The majority 
of studies (≥ 75%) provided sufficient information for 
six items. Over half of studies (64/102) reported overall 
model statistics regarding whether the 24-h movement 
behavior  composition was significantly associated with 
the health outcome, of which only 25 studies included a 
standardized effect size (e.g., R2). Four studies reported a 
standardized effect size for the relationship between the 
24-h movement behavior  composition and indicator of 
health despite not reporting whether a significant asso-
ciation was observed.

Of the 67 studies that examined associations between 
each behavior (relative to others) in relation to indica-
tors of health, less than half (25/67) reported associations 
for each behavior only if the overall model was signifi-
cant, but four of these studies did not report statistical 
information that could be used to determine effect sizes 
for all behaviors (e.g., beta coefficient without standard 
error). 36 studies reported associations for each behavior 
regardless of whether the overall model was significant. 
Six out of 67 studies reported associations for only some 
behaviors (relative to others), regardless of whether the 
overall model was significant.

For studies that computed compositional isotemporal 
substitution models, roughly half (43/84) only examined 
time reallocations for indicators of health significantly 
associated with the overall 24-h movement behav-
ior  composition. In contrast, very few studies (9/84) 
computed isotemporal substitution models regardless 
of whether the overall 24-h movement behavior compo-
sition was significantly associated with the health out-
come. In the remaining 32 studies, it was not reported 
whether the overall 24-h movement behavior  compo-
sition was significantly associated with indicators of 
health. In all but one study (83/84) [54], it was clearly 
reported whether 1-to-1 (e.g., 10 min in MVPA replaced 
with 10 min in sleep) or proportional replacement (e.g., 
10  min in MVPA proportionally reallocated across all 
other behaviors) was used. Most studies (69/84) reported 
substitutions across all behaviors, whereas some studies 
(15/84) only reported substitutions for select behaviors. 
Most studies (72/84) reported model statistics for reallo-
cating time across behaviors, including effect sizes (e.g., 
beta coefficients with standard error or 95% confidence 
intervals).

3 Reporting in one study did not allow for comparison as we were unable to 
determine whether the analytic sample or total sample was reported, result-
ing in this item being reported out of 101 instead of 102 studies.
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Among the six studies that examined optimal behavio-
ral compositions for indicators of health, all studies (6/6) 
clearly described the optimal % of the health outcome 
(e.g., best 5%, 85th percentile), and nearly all studies (5/6) 
reported estimates for the optimal amount of time spent 
in each behavior, including a range (Goldilocks approach) 
or different options (Many Different Roads approach) 
associated with the optimal % of the outcome. One study 
using the Goldilocks Approach only reported the exact 
optimal time-use estimates, but not the associated ranges 
of optimal time spent in each behavior [65].

Auxiliary reporting
This reporting area included four items and focused on 
placing CoDA findings within context, and general arti-
cle reporting practices. The majority of studies (≥ 75%) 
provided sufficient information for two items, in that 
nearly all studies reported funding sources (100/102) and 
conflicts of interest (95/102). Very few (16/102) studies 
acknowledged potential limitations of using CoDA, or 
the clinical meaningfulness of the effect sizes observed 
(22/102).

Methodological quality and risk of bias assessment
The study quality and risk of bias results are presented 
in Table 3. The majority of studies (81/102) were consid-
ered to be fair quality, with only 19 considered to be good 
quality and two considered poor quality.

Discussion
The purpose of this systematic review was to describe 
research reporting practices in observational studies 
that have examined associations between 24-h move-
ment behaviors and indicators of health using CoDA 
techniques. There has been considerable growth in 
this body of literature since Chastin and colleagues’ 
[41] first  applied  these technique to examine associa-
tions between 24-h movement behaviors and indica-
tors of health in 2015, as evidenced by the inclusion of 
102 observational studies with compositional exposures. 
While there was consistency across studies in report-
ing items specific to methodological justification, other 
areas had considerably more variation. Nevertheless, our 
results for study quality and risk of bias suggest that, to 
date, most published CoDA studies rely on rigorously 
collected data from quality samples, giving support for 
the utility of this approach as an impactful technique for 
public health researchers and policy makers. This rap-
idly growing body of literature has clear opportunities 
to improve reporting practices to provide further rigor-
ous evidence surrounding the associations between 24-h 
movement behaviors and indicators of health. Doing so 
may help future systematic reviews and meta-analyses, 

and thus should be a top priority. The following sections 
provide detailed descriptions of our results by reporting 
areas.

Methodological justification
Given the recent shift from studying physical activ-
ity, sedentary behavior and sleep independently to the 
novel 24-h movement paradigm, it is encouraging to see 
that most studies (92%) introduced the statistical con-
cept of CoDA and explained why CoDA is particularly 
well-suited for examining associations between 24-h 
movement behaviors and indicators of health. Despite 
receiving increased attention and adoption in recent 
years, the 24-h movement paradigm may still be novel 
to the audience of many journals depending on where 
authors submit manuscripts, thus requiring meth-
odological justification to help readers understand the 
rationale behind adopting a compositional approach. It is 
also promising that nearly every study (98%) mentioned 
CoDA (or “compositions”) in the title and/or abstract, 
which will help with discovering CoDA studies in sys-
tematic searches of the literature.

Behavioral measurement and data handling strategies
It was encouraging that the majority of studies provided 
sufficient detail for half of the 14 items, but consider-
able improvements can be made in this area. While most 
studies (88–93%) described their data scoring/processing 
procedures for each behavior, reporting could be more 
clearly articulated to ensure the procedures are repro-
ducible. For instance, authors who use the open-source 
24-h accelerometry processing package GGIR [66] in 
R could include their data processing parameters in the 
supplemental materials as these are typically customized 
to each study and variations will influence the output. 
It is also worth noting that commercial wearables may 
pose challenges for transparency and reproducibility as 
many manufacturers use propriety algorithms to process 
data, although the availability of device-agnostic metrics 
derived from consumer wearable data may help to over-
come this issue [67]. Other aspects of data handling were 
also consistently reported such as device placement and 
inclusion criteria that inform whether an accelerometry 
sample is considered valid (i.e., minimum daily wear 
time, number of valid days). This may be attributable to 
existing recommendations for reporting accelerometry 
methods in physical activity studies [68, 69]. However, 
greater consistency in reporting which valid days were 
selected for analysis (e.g., average across all days, four 
random days) is needed. This is particularly relevant in 
light of recent work demonstrating how different data 
handling strategies influence associations between 24-h 
movement guideline adherence and overweight/obesity 
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Table 2 Summary statistics for reporting practices by item

Area Item n/N (%)

Methodological justification Was CoDA mentioned in Title/Abstract? 100/102 (98%)

Was the concept of CoDA introduced and reasons provided for utiliz-
ing CoDA to examine associations between 24 h movement behaviors 
and indicators of health?

94/102 (92%)

Behavioral measurement and data handling strategies Were the scoring/processing procedures for sleep described? 90/102 (88%)

If device-based sleep assessment, was a sleep log used to aid in data 
processing?

25/63 (40%)

If device-based sleep assessment, was it clear how wake bouts were 
addressed?

15/63 (24%)

Was sleep clearly conceptualized (i.e., 24-h, nocturnal only, day only)? 50/102 (49%)

Was sleep clearly defined (i.e., sleep duration, time in bed)? 37/102 (36%)

Were naps included in the composition? Yes: 17/102 (17%)
Unclear: 44/102 (43%)

Were the scoring/processing decisions for sedentary behavior clearly 
described?

93/102 (91%)

Were the scoring/processing decisions for LPA clearly described? 92/99 (93%)

Were the scoring/processing decisions for MVPA clearly described? 94/102 (92%)

If device-based measurement, was device placement described? 87/90 (97%)

If device-based measurement, was how many minutes of wear time 
was considered a valid day described?

80/90 (89%)

If device-based measurement, was how many valid days was needed 
to be considered a valid sample described?

85/90 (94%)

If device-based measurement, was which valid days were used 
for analysis described?

44/90 (49%)

Was how non-wear (if device-assessed) or time not accounted for (if 
questionnaire) described?

61/100 (61%)

Composition construction Was how many parts (i.e., behaviors) the day was partitioned 
into clearly described?

102/102 (100%)

Was how the behaviors were transformed (e.g., isometric log-ratio) 
described?

101/102 (99%)

Was the definition of a day (e.g., Midnight to Midnight/Wake to Wake) 
described?

6/102 (6%)

Was the time-bound window that the composition was closed to (e.g., 
exactly 24 h, mean wear time of sample) described?

67/102 (66%)

Was how zeros in the behavioral data were handled clearly described? 27/102 (26%)

Analytic plan Was the analytic technique after compositional transformation 
reported clearly?

101/102 (99%)

Were covariates adjusted for within CoDA models clearly outlined? 99/102 (97%)

Was how missing data was handled in the full dataset described? 64/102 (63%)

Was a comparison between those included in the analytic sample vs 
the full sample performed?

29/101 (29%)

Was a power analysis reported? 15/102 (15%)

Composition-specific descriptive statistics Were the geometric means (% of time) for each behavior reported? 74/102 (73%)

Were the arithmetic and/or geometric compositional means reported? 97/102 (95%)

Was the compositional variation matrix reported? 51/102 (50%)
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status [70]. With consistent reporting of accelerometry 
data handling strategies, readers would be better able to 
evaluate the generalizability of the data to all days of the 
week. Despite the advantages of accelerometry, thorough 
and transparent reporting practices regarding the data 
handling are warranted regardless of the instrument used 
to assess 24-h movement behaviors.

Special attention should also be given to reporting 
practices surrounding sleep as a behavioral component 
in CoDA studies. Although sleep is a more recent addi-
tion to CoDA time-use analyses, researchers have been 
using accelerometers to measure sleep (i.e., actigraphy) 
since the early 1970s [71]. Similar to wake-time move-
ment behaviors, there are recommendations and various 
approaches to processing and reporting sleep metrics 
measured via actigraphy [72–74] and questionnaires [75, 
76]. However, there are notable gaps among included 
studies with adequately reporting sleep measures. Meas-
urement periods of sleep (e.g., 24-h, nocturnal, daytime 
sleep, or naps) were often undefined or only overnight 
sleep was addressed or measured even though day-
time sleep could be present in the sample. For example, 

daytime sleep was often not mentioned or studies using 
accelerometry did not use a sleep log to help with scor-
ing additional sleep periods. Thus, in such cases, daytime 
sleep could be misclassified as sedentary behavior or, 
when processed with GGIR (without a sleep log), only the 
single longest sustained inactivity bout (i.e., sleep period) 
could be estimated. Further, like physical activity, sleep 
‘time’ can be categorized into various metrics (e.g., time 
in bed, sleep duration), but most studies did not clearly 
identify the variable that was used or how it was defined. 
Additionally, whether wake after sleep onset (WASO) 
at night were included in their sleep measure was com-
monly unreported. Altogether, there is room to improve 
reporting practices of sleep in time-use studies and the 
adoption of common terms and recommendations that 
have been promoted among sleep science research is rec-
ommended [73, 74, 77, 78].

Composition construction
Studies had variable reporting in this area, with consist-
ent reporting for two areas, and low reporting in the 
remaining three. First, the most consistent reporting 

Table 2 (continued)

Area Item n/N (%)

Model results Were the overall composition model statistics in relation to the out-
come reported?

64/102 (63%)

If associations between each behavior (relative to the other behav-
iors) in relation to the outcome were examined, were model statistics 
including standardized effect sizes (e.g., standardized beta) for each 
individual behavior reported?

25/67 (37%)

If isotemporal substitution was used, was the overall composition 
significantly associated with the outcome?

43/84 (51%)

If isotemporal substitution was used, was it clearly reported whether 1 
to 1 or proportional replacement was computed?

83/84 (99%)

If isotemporal substitution was used, were substitutions across all 
behaviors reported?

69/84 (82%)

If isotemporal substitution was used, were the model statistics 
for replacing each behavior with time spent in the other behaviors 
reported, including effect sizes?

72/84 (86%)

If an optimal behavioral composition model was reported, 
was the overall composition significantly associated with the outcome?

6/6 (100%)

If an optimal behavior model was reported, were the estimates for opti-
mal time spent in each behavior reported (in text, Table or a Figure), 
including a range (Goldilocks) or different options (Many Different 
Roads) associated with an optimal % of the outcome?

5/6 (83%)

If an optimal behavior model was reported, was the range associated 
with an optimal % of the outcome clearly described (e.g., 5%)?

6/6 (100%)

Auxiliary reporting Were limitations of compositional data analysis discussed? 16/102 (16%)

Was clinical meaningfulness of the effects discussed? 22/102 (22%)

Were study funding sources reported? 100/102 (98%)

Were conflicts of interest reported (including no COI)? 95/102 (93%)
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across studies (100%) related to describing how many 
parts the day was partitioned into and how the behaviors 
were transformed via log ratios (99%). Although we were 
able to infer how many parts the day was partitioned into 
in all studies, researchers are encouraged to more clearly 
articulate such information in their data analysis section. 
Constructing the 24-h movement behavior  composition 
is a crucial step before any CoDA approach can be under-
taken. Beyond these two items, information pertaining 
to the time-bound window and composition closure was 
less consistently reported. One potential explanation for 
the former is that researchers may assume the reader 
interprets the composition having been closed to exactly 
24 h despite alternative options (e.g., mean wear time of 
the sample). Nevertheless, this should be made clear. The 
latter finding was somewhat surprising given how many 
studies used GGIR to process their accelerometry data 
and its requirement to specify what constitutes a day 
as part of the code. Such reporting may be particularly 
valuable for studies investigating within-person effects 
regarding how daily movement compositions relate to 
health outcomes also measured daily (e.g., HDL and 
LDL cholesterol, stress). Finally, it was concerning that 
only a quarter of studies acknowledged zeroes given the 
challenges that zeros present in the behavioral data can 
pose for CoDA. Of the 19 studies that observed zeros, 
the most common procedures to address this issue were 
imputation using the log-ratio expectation maximiza-
tion algorithm or multiplicative replacement using a 
fixed value in the dataset (e.g., 65% of the smallest pos-
sible non-zero value). This is promising as recent work 
has shown that these methods are preferred over sim-
ple replacement for preserving the data structure [79]. 
Researchers are advised to clearly indicate that behav-
ioral data was inspected for zeros and report the proce-
dures used to address this issue if such values are present 
in the dataset.

Analytic plan
Existing studies have consistently reported the analytic 
technique(s) used after compositional transformation 
(101/102) as well as whether covariates were adjusted 
for (99/102). In fact, acknowledging that key confound-
ing variables were adjusted for was one of the items 
that contributed to the positive study quality and risk 
of bias scores observed. However, far fewer reported 
how missing data was handled, compared the analytic 
sample to the total sample or provided a power calcula-
tion. Understanding how missing data was handled has 
implications for generalizability and can influence the 
magnitude of the effects observed [80]. Similarly, con-
trasting the analytic and total sample can help identify 
any systematic differences that may introduce bias into 

the results. The low number of studies that computed a 
power analysis is likely attributable to most CoDA studies 
involving secondary data analysis, but as the 24-h move-
ment paradigm sees greater adoption, it is reasonable 
to expect reporting of sample size estimates to become 
more common as studies are designed with the primary 
goal of examining how 24-h movement behaviors relate 
to indicators of health. Further, power calculations for 
24-h movement behavior studies may not be as straight-
forward as more traditional analytic approaches and for-
mal guidance has yet to be published. The lack of sample 
size justifications was one of the primary items that was a 
detriment to study quality and risk of bias scores.

Composition‑specific descriptive statistics
Compositional descriptive statistics describing central-
ity were presented more than those for dispersion as 
evidenced by most studies reporting the compositional 
(92%) or geometric means (73%) and roughly half report-
ing the compositional variation matrix. The arithmetic 
means for each behavior (35%) were reported much less 
often than the compositional means. While reporting all 
these metrics within a manuscript may introduce some 
redundancy, researchers should consider allocating those 
not reported to the electronic supplemental materials.

Model results
Model results reporting was perhaps the most inconsist-
ent among the various sections of the manuscripts that 
we examined, which may largely be attributed to selective 
reporting due to the lack of general standards in the field. 
Only 64 studies indicated whether the overall 24-h move-
ment behavior  composition was significantly associated 
with the outcome of interest, with even fewer reporting 
standardized effect sizes (e.g., R2). To our knowledge, 
there is currently no formal guidance regarding whether 
researchers should proceed to conduct subsequent analy-
ses only if the overall composition is significant, but this 
topic deserves clarification. We raise this point because 
we found inconsistency in procedures adopted to date 
in that some studies moved on to subsequent modeling 
techniques (e.g., individual behaviors, isotemporal substi-
tution) only if the overall model was significant, whereas 
others computed subsequent models regardless. Other 
studies even proceeded to subsequent modeling tech-
niques without acknowledging whether the overall com-
position was related to the outcome. In these cases, it is 
possible that such analyses were only conducted if the 
overall model was significant, but insufficient reporting 
precludes such conclusions.

Another issue pertains to selective reporting of cer-
tain behaviors that comprise the composition. That is, 
several studies examining associations for individual 
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behaviors or reallocation across behaviors did not report 
the results for every component of the composition. Such 
missing data poses an issue for quantifying effects across 
behaviors via meta-analysis. One reason for this may be 
the specificity of the research questions that have been 
investigated (e.g., What is the effect of reallocating time 
away from sedentary behavior on depression). In such 
instances, authors may view reporting certain estimates 
as irrelevant (e.g., replacing sleep with MVPA), but this 
information could be provided in supplementary mate-
rials. Doing so may also limit the practice of dividing a 
single substantial piece of research into several smaller, 
separate publications, otherwise known as salami slic-
ing [81]. Finally, the field could also benefit from more 
consistently reporting statistical information that can be 
used to compute effect sizes. For instance, only report-
ing an unstandardized beta coefficient and indicating 
significance via a p value is insufficient. Researchers are 
strongly encouraged to report adequate statistical infor-
mation (e.g., standardized estimates, 95% confidence 
intervals, standard errors) that can be used to perform 
meta-analysis as post-publication data requests often go 
unanswered [82].

While isotemporal substitution has received the most 
attention, other CoDA approaches are quickly emerging. 
Models that identify optimal behavioral compositions 
(i.e., Goldilocks approach; [34]) or similar behavioral 
compositions that result in equivalent outcomes (i.e., 
Many Different Roads approach; [35]) have been intro-
duced in recent years. Perhaps due to their recency, but 
balanced against the limited number of studies, con-
sistent reporting was observed across these six studies 
in that each study clearly reported the optimal value of 
the indicator of health used as a referent (e.g., best 5%) 
and nearly all studies provided estimates for the optimal 
range or different behavioral combinations associated 
with the optimal outcome.

Auxiliary reporting
Despite most studies introducing the concept of CoDA, 
few acknowledged its limitations and utility amongst 
clinical evidence. Inherently, one difficulty when using 
a compositional approach is the ability to translate the 
relative values (compositional components) back to val-
ues that may be more relevant in the public health sec-
tor (minutes of activity). As for utility, one potential 
explanation may be the availability of such metrics for 
the indicators of health examined. In future, authors are 
encouraged to describe if a meaningful difference has 
been established for their outcome of interest as a start-
ing point. This also ties back to the importance of report-
ing of effect sizes and/or confidence intervals [83] in that 
if these statistics are not presented, it is challenging to 

determine how close to a meaningful effect there may be. 
Another reason relates to the scope of the journals that 
authors direct their manuscripts to in that clinical mean-
ingfulness may be more commonly reported in clini-
cally oriented journals than those focused more broadly 
on public health. In future, authors are encouraged to 
describe if a meaningful difference has been established 
for their outcome of interest as a starting point. In con-
trast, conflicts of interest (95/102) and funding sources 
(100/102) were consistently reported across studies, 
which may be driven by the requirements of journals (i.e., 
using the STROBE checklist).

Future directions
We found that a significant amount of information was 
not reported in the studies included in this review, which 
underscores the need for a harmonized approach and 
subsequent reporting checklist for observational studies 
utilizing CoDA to examine associations between 24-h 
movement behaviors and indicators of health. Unify-
ing reporting in this rapidly growing body of literature 
is a key next step to be able to precisely quantify asso-
ciations between 24-h movement behaviors and indica-
tors of health. While it may be unreasonable to expect 
that every item is applicable when reporting individual 
studies given the growing variety of analytic approaches 
available, we believe that this review provides some initial 
guidance and recommendations to inform the creation 
of an observational CoDA checklist. The development 
of the CREMAS [39], another common methodology 
in 24-h movement behaviors  research, followed similar 
procedures as those adopted in the present study, how-
ever, additional procedures can be adopted to achieve 
consensus regarding best practices for reporting mov-
ing forward. Specifically, Delphi methodology represents 
a useful tool to systematically reach consensus through 
an iterative and interactive process involving experts in 
the field and end-users [84]. Delphi methodology has 
been used often in the field of physical activity research 
[85–88], including checklist development (e.g., [89–91]). 
The present review represents a key first step in develop-
ing a reporting checklist for movement behavior studies 
that use CoDA, to be followed by adopting a Delphi pro-
cess to achieve consensus on best practices in the field. 
While there are inherent limitations of such checklists, 
establishing reporting practices in this area stands to 
be an informative and succinct way of improving trans-
parency and reproducibility. To circumvent journal-
imposed word count and table limits, the checklist could 
be included in manuscript submissions as an electronic 
supplemental material, which are encouraged and avail-
able in most journals. Finally, this review only examined 
observational studies in which 24-h movement behaviors 



Page 43 of 49Brown et al. Journal of Activity, Sedentary and Sleep Behaviors            (2024) 3:23  

were specified as the exposure, failing to consider report-
ing practices in studies that employ experimental designs 
or those specifying 24-h movement behaviors as the 
outcome. Examining reporting practices in other study 
designs may be worthwhile as the body of literature 
evolves and may ultimately help to inform a more com-
prehensive reporting checklist for all studies employing 
CoDA.

Strengths and limitations
Strengths of the current review include assessment of a 
novel and timely topic (CoDA) in the 24-h movement 
realm, following systematic review best practice recom-
mendations, including multiple supplementary strate-
gies, and a comprehensive approach to examine reporting 
practices using this suite of analytic techniques, which 
was informed by existing evidence and expert guid-
ance. A final strength relates to the inclusion of studies 
that used self-reported instruments and/or device-based 
measures, which allowed for more studies to be included 
to better understand reporting practices in the field to 
date—an important consideration given most of the cur-
rent literature involved secondary analysis of existing 
data sources. This inclusive approach is an important 
consideration given the resources available to research-
ers differ vastly across institutions and countries. While 
there are inherent differences in what is reported when 
using self-reported versus device-based instruments, the 
development and implementation of a single reporting 
standards checklist may be beneficial for promoting con-
sistency in the field regardless of the instruments used to 
assess 24-h movement behaviors.

While the findings of this review provide valuable 
insights, five major limitations must be acknowledged. 
First, we focused on studies that used CoDA to exam-
ine associations between 24-h movement behaviors 
and indicators of health, but studies that only exam-
ine wake-time movement compositions are also com-
mon (i.e., no sleep) [92–94]. It is reasonable to posit 
that reporting practices may be similar in CoDA 
studies that do not include sleep, but this review also 
revealed a clear need to further our understanding of 
sleep assessment in CoDA. Second, we appreciate the 
overall quality of included studies was fair, which may 
have also translated to their mediocre reporting prac-
tices. This review also highlighted multiple areas that 
could be improved in future studies to enhance to rigor 
of reporting and general study conduct. Third, CoDA 
techniques applied in the field of time-use epidemiol-
ogy are still emerging, and therefore, we were only able 
to examine reporting practices based on what exists 
in the literature today. As novel techniques are devel-
oped and implemented, such as a “Movement Index” 

score [95], reporting practices will need to be revis-
ited. At the same time, some items we examined may 
not remain relevant in the future and could be removed 
from reporting standards. For instance, the concept of 
CoDA has received considerable attention as evidenced 
by over 100 studies included in the present review, 
which brings into question whether introduction and 
justification of using CoDA is required as audiences of 
this literature become more familiar with the concept. 
Given that reporting checklists are often updated, there 
exists an opportunity to update guidance as CoDA sees 
more widespread adoption. Fourth, we took a conserva-
tive approach when classifying items as not reported if 
they were not explicitly acknowledged, which may have 
led to underestimating of reporting in some areas. For 
example, only 27 studies mentioned whether the behav-
ioral data was examined for zero values, and if present, 
how they were handled, but it is possible that authors 
felt it was implied that no zeros were present and there-
fore did not report this item. Such issues would be 
resolved with standardized reporting guidance. Finally, 
despite the comprehensiveness of our literature search, 
some studies may have been overlooked, such as those 
that have been published in languages other than 
English.

Conclusion
This review described research reporting practices in 
102 observational studies that have used CoDA to inves-
tigate associations between 24-h movement behaviors 
and indicators of health. Study quality and risk of bias 
was average for this relatively new area of inquiry, which 
was also demonstrated in the considerable variability in 
CoDA research reporting practices. Consistent, clear, 
and detailed reporting practices are needed as the field 
of time-use epidemiology aims to accurately capture and 
analyze movement behavior data, facilitate comparisons 
across studies, and inform public health interventions 
and policy decisions. Achieving consensus regarding 
reporting recommendations is a key next step.
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