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Abstract

Background: Accurate proxy-report questionnaires, adapted to the child’s developmental stage, are required to
monitor 24-h movement behaviors in young children, especially for large samples and low-resource settings.

Objectives: This review aimed to summarize available studies evaluating measurement properties of proxy-report
questionnaires assessing physical activity, sedentary behavior and/or sleep in children aged 0-5 years.

Methods: Systematic literature searches were carried out in the PubMed, Embase and SPORTDiscus databases, up

to January 2021. For physical activity and sedentary behavior questionnaires this is a review update, whereas for sleep
questionnaires we included all relevant studies published up to now. Studies had to evaluate at least one of the meas-
urement properties of a proxy-report questionnaire assessing at least duration and/or frequency of physical activity,
sedentary behavior and/or sleep in 0- to 5-year-old children. The COnsensus-based Standards for the selection of
health Measurement INstruments (COSMIN) guideline was used to evaluate the quality of evidence.

Results: Thirty-three studies were included, examining a total of 37 questionnaires. Ten questionnaires were
designed for infants, two for toddlers, 11 for preschoolers, and 14 for a broader age range targeting multiple of these
age groups. Twenty questionnaires assessed constructs of sleep, four assessed constructs of physical activity, two
assessed screen behavior, five assessed constructs of both physical activity and sedentary behavior, and six assessed
constructs of all 24-h movement behaviors. Content validity was evaluated for six questionnaires, structural validity
for two, internal consistency for three, test-retest reliability for 16, measurement error for one, criterion validity for one,
and construct validity for 26 questionnaires. None of the questionnaires were considered sufficiently valid and/or
reliable for assessing one or more movement behaviors in O- to 5-year-old children, and the quality of evidence was
mostly low or very low.

Conclusions: Valid and/or reliable questionnaires assessing 24-h movement behaviors in 0- to 5-year-olds are lack-
ing. High-quality studies are therefore required, to develop proxy-report questionnaires and evaluate their measure-
ment properties.
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Background
Establishing healthy movement behaviors in early child-
hood is necessary to support the growth and development
of young children and the maintenance of their long-term
health [1-4]. Recent studies indicate the importance of
the combination of all 24-h movement behaviors, encom-
passing physical activity, sedentary behavior, and sleep
[5-10]. Valid, reliable, responsive, affordable, and feasible
measurement instruments adapted to the child’s devel-
opmental stage are required to monitor 24-h movement
behaviors in young children. Direct observation is consid-
ered a suitable criterion measure of different movement
behaviors in children [11, 12]. However, observation can
be very time consuming and thus costly, and is thereby
not feasible to use on a large scale. Alternatively, physi-
cal activity, sedentary behavior and sleep in young chil-
dren can be measured using accelerometers [3, 12, 13].
Although accelerometers are considered valid and reli-
able for measuring movement behaviors in children and
adolescents [14, 15], its validity is yet to be obtained for
the youngest age group (i.e., infants: 0—1year old) [13]. In
addition, accelerometer output is processed by a number
of subjective decisions in order to translate acceleration
data into time estimates of movement behaviors. Specifi-
cally, it is unknown which analyses methods provide the
most accurate classification of physical activity, seden-
tary behavior and sleep in infants. Additionally, current
procedures do not take into account that accelerometer
output in very young children may reflect movements of
others, e.g., that of parents who carry their child or push
them in a stroller [16]. Alternative to observation and
accelerometry, parent- or caregiver (proxy-) report ques-
tionnaires can be used as a measurement instrument for
children’s 24-h movement behaviors. Questionnaires can
be used to assess movement behaviors on a large scale in
a relatively convenient and affordable way, with the addi-
tional advantage of obtaining information about the type
(e.g., active play, screen time) and context (e.g., outside,
alone) of the behavior. Unfortunately, proxy-report ques-
tionnaires have their own limitations such as recall and
social desirability bias [17]. Furthermore, the intermit-
tent and unstructured pattern of movement behaviors in
young children complicates accurate reporting of these
behaviors [17].

To date, a number of proxy-report questionnaires
have been developed to assess physical activity, seden-
tary behavior and/or sleep in 0- to 5-year-old children.

A few systematic reviews examined the measurement
properties of these questionnaires in young children
[18-21], searching the literature up to 2014 for ques-
tionnaires on sleep [18], up to 2015 for sedentary
behavior [20] and up to 2018 for physical activity [19,
21]. However, concerning questionnaires on sleep,
questionnaires for the youngest age group were not
evaluated (i.e., 0- to 2-year-old children) [18]. Unfor-
tunately, these reviews did not identify any question-
naires that can be considered both reliable and valid
for assessing physical activity, sedentary behavior and/
or sleep in children aged <5years [18-21]. Although a
review published in 2011 [22] and updated in 2020 [23]
provided an overview of the psychometric analyses per-
formed at the available pediatric sleep questionnaires,
including questionnaires for 0- to 5-year-old children,
measurement property results were not reported in
the review update [23]. In addition, quality of evidence
was not considered in both reviews, limiting the con-
clusions that can be drawn regarding the best available
questionnaires [22, 23]. Similarly, a recently published
systematic review provided an overview of measure-
ment tools used to assess screen time in 0- to 6-year-
old children [22]. Although measurement properties
of the available questionnaires were reported, a com-
prehensive evaluation of the measurement properties,
including quality of evidence, was lacking [24]. Fur-
thermore, as the research interest of all 24-h movement
behaviors in young children has grown, new question-
naires might have been developed over the last few
years. For this reason, an update of previous reviews is
required, including physical activity, sedentary behav-
ior and sleep. To be able to select the most appropriate
questionnaires to assess 24-h movement behaviors, an
overview of the characteristics and measurement prop-
erties of the available questionnaires for young children
is highly warranted.

Therefore, the purpose of this review was to summa-
rize all studies examining measurement properties (e.g.,
reliability and validity) of proxy-report questionnaires
assessing physical activity, sedentary behavior and/or
sleep in children aged 0-5years. We evaluated the qual-
ity of evidence for each measurement property, includ-
ing a methodological quality assessment of included
studies. Additionally, we provided an overview of the
characteristics of the evaluated questionnaires (e.g., the
target population and format of the questionnaires).
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Methods

We registered this review on PROSPERO (international
prospective register of systematic reviews; registration
number: CRD42020169268) and followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines [25].

Literature search

Systematic literature searches were carried out in Pub-
Med, Embase, and SPORTDiscus. For physical activity
and sedentary behavior questionnaires this review is an
update of previous reviews [19-21], whereas for sleep
questionnaires we included all relevant studies published
up to now. Therefore, separate searches were carried out,
i.e., one for physical activity and sedentary behavior, and
one for sleep. The full search strategies can be found in
Additional file 1.

For physical activity and sedentary behavior question-
naires, we searched the literature from December 2015
(i.e., last search period for sedentary behavior question-
naires [20]) until December 2019. In PubMed more over-
lap in time was maintained (search from May 2015), as
our previous searches showed that the PubMed time fil-
ter can be inaccurate due to incorrect labeling of publica-
tion dates. For sleep questionnaires there was no lower
limit for publication date, and databases were searched
up until January 2020. A combined update search (i.e.,
physical activity, sedentary behavior and sleep) was com-
pleted on 6 January 2021.

Both search strategies focused on terms related to
young children (e.g., infant, toddler, preschooler), proxy-
report measures (e.g., questionnaire, proxy-report) and
measurement properties (e.g., reliability, reproducibility,
validity). For the physical activity and sedentary behavior
search, these terms were used in AND-combination with
terms related to physical activity (e.g., motor activity,
exercise) OR sedentary behavior (e.g., stationary behav-
ior, screen-time). For the sleep search, these terms were
used in AND-combination with terms related to sleep
(e.g., bedtime, nap). In all databases, studies in animals
and children with a variety of diseases or disorders (e.g.,
autism, attention deficit disorder) were excluded using
NOT-combinations.

Inclusion and exclusion criteria

Studies were included when: (1) the study evaluated
at least one of the measurement properties of a proxy-
report questionnaire assessing physical activity, sed-
entary behavior and/or sleep; (2) the proxy-report
questionnaire under study reported at least data on the
duration and/or frequency of physical activity, sedentary
behavior and/or sleep; (3) the study included apparently
healthy children, born term (>37weeks), aged <5years

Page 3 of 39

or a wider age range with the results for 0- to 5-year-old
children described separately; (4) the study was pub-
lished in English in a peer-reviewed journal; and (5) the
full-text was available.

Studies were excluded when (1) measurement proper-
ties were evaluated in a specific subpopulation or clinical
sample (e.g., children with sleep problems); (2) construct
validity was only evaluated by examining the relationship
between the questionnaire and a non-similar construct
(e.g., between physical activity and body mass index
(BMI)); (3) structural validity and/or internal consistency
were evaluated for questionnaires that represent a forma-
tive measurement model as these analysis are not rel-
evant when the items of a scale or subscale form or cause
the construct and are therefore not supposed to be cor-
related (e.g., items assessing different physical activities
that together form the construct duration of total physi-
cal activity) [26, 27]; (4) responsiveness was evaluated
without using a comparison measure to assess a ques-
tionnaire’s ability to detect change (e.g., accelerometer).

Selection procedures

Articles were imported in EndNote X9.1, and subse-
quently duplicate articles were removed. Titles and
abstracts of potentially relevant articles were scanned
by two independent researchers (JA and TA) using
Rayyan. Next, full texts were obtained and indepen-
dently screened for eligibility by the same two research-
ers. Additionally, reference lists of all full-text articles
were screened for additional studies. Disagreements were
resolved through discussion.

Inclusion of studies from previous reviews

To draw definite conclusions regarding the best avail-
able questionnaires, we also included studies from the
three aforementioned reviews evaluating questionnaires
assessing physical activity and sedentary behavior [19—
21]. As these reviews were not restricted to question-
naires aimed to assess young children’s behaviors, only
the studies that evaluated proxy-report questionnaires
for children aged < 5years were included, in line with our
inclusion criteria.

Data extraction

For all eligible studies, two independent reviewers (JA
and either JG or AV) extracted data using a structured
form. Disagreements were resolved through discus-
sion. The following data was extracted: evaluated meas-
urement properties, study population (i.e., population
included in study), target population (i.e., population for
which the questionnaire was developed), measurement
instrument (i.e., name, construct(s), format), respondent,
recall period, comparison method (in case of validity),
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time interval (in case of test-retest reliability), statistical
method used, and results of the examined measurement
properties (i.e., reliability, validity, responsiveness).

Methodological quality assessment

Risk of bias was assessed by rating the methodologi-
cal quality of included studies, using the COnsensus-
based Standards for the selection of health Measurement
Instruments (COSMIN) checklist [28]. Risk of bias refers
to whether results are trustworthy based on the method-
ological quality of the study. For each examined measure-
ment property, the study design requirements were rated
as either very good, adequate, doubtful, or inadequate
quality [28]. The lowest score counts method was applied,
e.g., if one item was rated inadequate, the final methodo-
logical quality was rated as inadequate. For the rating of
construct validity studies, the measurement properties
of the comparator instrument(s) had to be taken into
account. Measurement properties of accelerometers were
evaluated using the systematic review of Lettink et al.
[29]. An overview of the methodological quality ratings
that could be given to different comparator instruments
can be found in Additional file 2.

Two independent reviewers (JA and either TA, MC
or AL) rated the methodological quality of the included
studies. In the case of disagreement, a third researcher
was consulted (either TA or MC).

Rating study results

The study results of each measurement property were
rated against the criteria for good measurement proper-
ties proposed in the COSMIN guideline (i.e., sufficient
(+), insufficient (—), inconsistent () or intermediate
(?)) [30]. Below is indicated for each measurement prop-
erty which outcomes were considered sufficient (+).
Outcomes were considered insufficient (—) when these
criteria were not met, and intermediate (?) when not all
necessary information was reported. Inconsistent ()
outcomes were only applicable for validity and reliability
studies reporting multiple outcomes per questionnaire,
and were rated as described below. The COSMIN meth-
odology for evaluating content validity was used to rate
the results of content validity studies [31]. For none of the
included (versions of) questionnaires multiple studies on
a measurement property were available. For this reason,
quantitatively pooling or qualitatively summarizing study
results was not possible.

Content validity

Content validity is defined as “the degree to which the
content of a measurement instrument is an adequate
reflection of the construct to be measured” [32]. Content
validity consists of three components: relevance (e.g.,
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relevant for construct and target population of interest),
comprehensiveness (e.g., all key concepts are included),
and comprehensibility (e.g., items, response options, and
recall period are understood by the population of inter-
est as intended) [31]. Relevance, comprehensiveness,
and comprehensibility were rated using the criteria for
good content validity [31]. All three components had to
be rated as sufficient, in order to rate the overall content
validity as sufficient [31].

Internal structure: structural validity, internal consistency,
and cross-cultural validity

Internal structure refers to how the different items in a
questionnaire are related, which is important to know
for deciding how items might be combined into a scale
or subscale [32]. To examine internal structure, three
different measurement properties should be evaluated:
(1) structural validity, (2) internal consistency and (3)
cross-cultural validity. Structural validity and/or inter-
nal consistency are only applicable to questionnaires that
represent a reflective measurement model, i.e., in which
the items of the questionnaire are a reflection of the con-
struct to be measured [27]. In a reflective model, the
items are supposed to be correlated and interchangeable
[26]. As a reflective measurement model is only applica-
ble to questionnaires assessing sleep quality (i.e., items
are a reflection of the construct sleep quality), structural
validity and/or internal consistency were only evaluated
for questionnaires assessing sleep quality.

Structural validity is defined as “the degree to which the
scores of a questionnaire are an adequate reflection of the
dimensionality of the construct to be measured” [32], and
is usually evaluated by factor analysis. In case of explora-
tory factor analysis, structural validity outcomes were
considered sufficient when factor loadings were>0.30
[33]. In case of confirmatory factor analyses, structural
validity outcomes were considered sufficient when the
comparative fit index or Tucker—Lewis index was >0.95,
mean square error of approximation was <0.06, or stand-
ardized root mean residual was <0.08 [30, 34].

Internal consistency refers to “the degree of the inter-
relatedness among the items’, and is often evaluated by
Cronbach’s alpha [28, 32]. Internal consistency outcomes
were considered sufficient if Cronbach’s alpha values
were >0.70 and at least low quality of evidence for suf-
ficient structural validity was provided (as rated by COS-
MIN guidelines) [30].

Cross-cultural validity or measurement invariance is
defined as “the degree to which performance of the items
of a translated or culturally adapted questionnaire are
an adequate reflection of the performance of the items
of an original version of the questionnaire” [32]. Cross-
cultural validity is evaluated by group factor analyses or
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differential item functioning (DIF). When no important
differences were found between group factors or DIF for
group factors, cross-cultural validity/measurement invar-
iance was considered sufficient [30].

Reliability

Reliability is defined as “the degree to which the meas-
urement is free from measurement error” [32]. Reliabil-
ity outcomes were considered sufficient if the intraclass
correlation coefficients (ICC) or Kappa (K) values
were > 0.70 [30]. When Pearson or Spearman correlations
were used to assess reliability, correlation coefficients had
to be >0.80, because these correlations do not take sys-
tematic errors into account [26]. Most studies reported
multiple correlations per questionnaire for test-retest
reliability, e.g., separate correlations for each question or
item. For this reason, an overall questionnaire rating was
applied, i.e., incorporating all correlations, in order to
obtain a final test—retest reliability rating for each ques-
tionnaire. When >75% of correlations were acceptable, a
sufficient (4) rating was received, when >50% and <75%
of correlations were acceptable an inconsistent (+) rating
was received, and an insufficient (—) rating was received
when <50% of correlations were acceptable.

Measurement error

Measurement error is “the systematic and random error
of a score that is not attributed to true changes in the
construct to be measured” [32]. Measurement error
outcomes were considered sufficient when the standard
error of measurement (SEM), smallest detectable change
(SDC) (i.e., defined as “the smallest change that can be
detected by the instrument, beyond measurement error”
[26]) or limits of agreement (LoA) were smaller than the
minimal important change (MIC) (i.e., defined as “the
smallest change in score in the construct to be measured
that is perceived as important by clinicians or relevant
others” [26]) [30]. As the MIC was not defined, we could
not give a final rating of the measurement error. Instead,
we interpreted the measurement error outcomes per
study.

Criterion and construct validity

Criterion validity is defined as “the degree to which the
scores of a measurement instrument are an adequate
reflection of a gold standard” Criterion validity was con-
sidered sufficient when correlations with the gold stand-
ard were > 0.70 [32]. We considered doubly labeled water
as a reasonable gold standard for questionnaires aiming
to assess physical activity energy expenditure. In addi-
tion, we considered polysomnography as a gold standard
for questionnaires assessing sleep. Other comparators
(e.g., accelerometers, diaries) were considered to reflect
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construct validity. Construct validity is “the degree to
which the scores of a measurement instrument are con-
sistent with (a priori drafted) hypotheses” (e.g., with
regard to relationships to scores of other instruments,
or differences between relevant groups) [32]. Since a pri-
ori drafted hypotheses for construct validity were often
lacking, we formulated criteria with regard to the rela-
tionships with other instruments (e.g., accelerometers).
Table 1 provides an overview of the criteria for evaluat-
ing the results of construct validity studies. These criteria
were in line with previous reviews [20, 21], and are based
on the similarity of the construct that is measured [30].
Additionally, we formulated criteria for studies that eval-
uated construct validity by comparing subgroups (i.e.,
children with and without sleep problems). The criteria
were subdivided by level of evidence, level 1 indicating
strong evidence, level 2 indicating moderate evidence,
and level 3 indicating weak evidence. These levels of evi-
dence indicate the confidence in the comparison method
to accurately assess the relevant construct. Most studies
reported multiple correlations with a comparator instru-
ment, therefore, the same overall rating as used for reli-
ability was applied for each questionnaire (i.e., sufficient
(+), inconsistent (&), or insufficient (—)).

Responsiveness

Responsiveness is “the ability of a measurement instru-
ment to detect change over time in the construct to be
measured” [32]. As none of the included studies evalu-
ated responsiveness of the questionnaire under study,
responsiveness is not reported.

Quality of evidence grading

The quality of evidence was graded using the Grading of
Recommendations Assessment, Development and Evalu-
ation (GRADE) approach, as proposed in the COSMIN
guideline [30], indicating the trustworthiness of the
measurement property results of questionnaires. The
GRADE approach consists of four levels (i.e., high, mod-
erate, low, very low), which depend on the presence of
four risk factors: (1) risk of bias (i.e., the methodological
quality of the studies), (2) inconsistency (i.e., unexplained
inconsistency of results across studies), (3) impreci-
sion (i.e., total sample size of the available studies), and
(4) indirectness (i.e., evidence from different popula-
tions than the population of interest in this review) [30].
The quality of evidence was subsequently downgraded
with one, two or three levels for each factor to moder-
ate, low, or very low when there was risk of bias, incon-
sistency in results, a low sample size, or indirect results
[30]. Because the COSMIN methodology has been
updated since publication of the previous reviews, we
re-evaluated all included studies from previous reviews
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on methodological quality and regraded the quality of
evidence [30]. The grading of the quality of evidence was
done for each measurement property and for each ques-
tionnaire separately by one researcher (JA). The ratings
of measurement property outcomes (i.e., sufficient, insuf-
ficient, inconsistent, intermediate) were only presented
in the results section for the measurement properties of
questionnaires that received a high or moderate quality
of evidence grading, as these results are considered most
trustworthy. Consequently, a questionnaire can only be
considered as valid/reliable when the quality of evidence
is at least moderate, and the reliability/validity results are
sufficient.

Results

Systematic literature searches using the PubMed,
Embase, and SPORTDiscus databases yielded a total of
12,390 unique articles. After title and abstract screen-
ing, 46 full-texts were screened. Additionally, 14 articles
were found through cross-reference searches. Therefore,
a total of 60 full-text articles were assessed for eligibility,
of which 25 were included. Additionally, we included 8
relevant articles from previous reviews [19-21], result-
ing in 33 articles that evaluated a total of 37 different
(versions of) questionnaires (see Fig. 1 for the full selec-
tion process). Four questionnaires were (translated) ver-
sions of the Brief Infant Sleep Questionnaire (BISQ)
[35-38], and three questionnaires were versions of the
Children’s Sleep Habits Questionnaire (CSHQ) [39-41].
Table 2 presents the characteristics of all included ques-
tionnaires. Tables 3-6 summarize the results for content
validity, internal consistency and structural validity, reli-
ability, and criterion validity and construct validity.

Description of questionnaires

Of the included questionnaires, 10 were designed for
infants specifically (0—1year old). These questionnaires
all assessed constructs of sleep [37-39, 42-45]. Two
questionnaires were designed for toddlers (1-3years
old), of which one assessed sleep [47], and one screen
behavior [53]. Eleven questionnaires were designed for
preschoolers (3—5years old). Five of these questionnaires
assessed constructs of sleep [40, 41, 48—50], two physi-
cal activity and sedentary behavior [58, 59], and four
assessed constructs of all 24-h movement behaviors [62,
63, 66, 67]. Fourteen questionnaires were designed for
multiple of the aforementioned age groups. Three ques-
tionnaires assessed sleep behavior in infants and toddlers
[35, 36, 46]. Two questionnaires targeted both infants,
toddlers, and preschoolers, of which one assessed screen
behavior [52], and one physical activity and sedentary
behavior [64]. Nine questionnaires targeted toddlers and
preschoolers, of which one assessed sleep behavior [51],

Page 8 of 39

four assessed physical activity [54, 55], two assessed con-
structs of both physical activity and sedentary behavior
[56, 57], and two assessed constructs of all 24-h move-
ment behaviors [60, 61, 65].

Respondents of the questionnaires were parents or
caregivers, except for two questionnaires that were com-
pleted by family child care providers, i.e., the modified
Burdette proxy report and the modified Harro proxy
report [55]. Recall periods varied across questionnaires,
ranging from current day (n=09) to a typical week (n=3),
with a typical (week or weekend) day being used most
frequently (n=13). Four questionnaires used ordinal
response options (e.g., Likert scale), 17 continuous (e.g.,
duration in hours and/or minutes), one nominal and 14
questionnaires used a combination of these response
options.

Content validity

Six studies reported data on the comprehensiveness,
comprehensibility and/or relevance of the items of the
questionnaire under study (Table 3). Two of the examined
questionnaires assessed constructs of sleep behavior, i.e.,
the Children Sleep Wake Scale (CSWS) [51] and Nepali
version of the BISQ [36]. One questionnaire assessed
screen behavior in children aged 0-5, i.e., the Technol-
ogy Use Questionnaire (TechQ-U) [52]. The other three
questionnaires, i.e., the Healthy Kids [60], the Family
Health Survey [66], and the Surveillance of digital Media
habits in early childhood Questionnaire (SMALLQ™)
[65], assessed constructs of all 24-h movement behav-
iors in toddlers and/or preschoolers. Questionnaire
development was reported in five studies [51, 52, 60, 65,
66]. These studies used cognitive interviews [60, 65, 66],
semi-structured interviews [52], focus groups [65], and/
or expert opinions [51, 52, 65] to evaluate content validity
of the questionnaire. Two of these questionnaires were
additionally pilot-tested in a small sample of caregivers
to provide information on, for example, readability or
time to complete the questionnaire [51, 65]. Overall, we
graded the quality of evidence for the content validity of
these questionnaires as low. Unfortunately, none of the
questionnaires were evaluated on all aspects of content
validity (i.e., relevance, comprehensiveness, and compre-
hensibility). For this reason, we could not rate the overall
content validity of these questionnaires.

Internal structure: structural validity, internal consistency,
and cross-cultural validity

Internal consistency was evaluated for three question-
naires (Table 4), all assessing sleep behavior: the CSWS,
Children’s Sleep Habits Questionnaire (CSHQ) and Chil-
dren’s Sleep Habits Questionnaire for infants (CSQH-
I) [39, 40, 51]. Internal consistency was evaluated by
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Fig. 1 PRISMA flow diagram of study inclusion. Abbreviations: PA physical activity, SB sedentary behavior

calculating Cronbach’s alpha of each subscale for all three
questionnaires. The quality of evidence for the internal
consistency was high for all three questionnaires. The
internal consistency outcomes for the CSWS were rated
as sufficient [51], whereas outcomes for the CSHQ and
CSQH-I were rated as insufficient [39, 40]. The CSHQ
and CSQH-I were also evaluated on structural valid-
ity by performing confirmatory factor analysis [40] and/
or exploratory factor analysis [39, 40], both receiving a
moderate evidence grading (Table 4). Structural validity
outcomes of both questionnaires were considered suffi-
cient. None of the translated or culturally adapted ques-
tionnaires were evaluated on cross-cultural validity or
measurement invariance [35-37, 39, 40, 66].

Reliability

Sixteen questionnaires were assessed on reliability
(Table 5). Six of these questionnaires assessed con-
structs of sleep [35, 37, 39, 40, 45, 51], six assessed con-
structs of physical activity and/or sedentary behavior
[52, 53, 56-59], and four assessed constructs of all 24-h
movement behaviors [61-63, 67]. Reliability of nine
questionnaires was evaluated by calculating ICC [40,
52, 53, 56-59, 63, 67], whereas Pearson or Spearman

correlations were calculated for seven questionnaires
[35, 37, 39, 45, 51, 61, 62]. Time interval between test
and retest ranged between 7 days [53, 57] and 3 months
[39]. Two questionnaires received a moderate quality
of evidence grading for reliability, i.e., the Early Years
Physical Activity Questionnaire (EY-PAQ) [57] and Pre-
school-age Children’s Physical Activity Questionnaire
(Pre-PAQ) [58]. Reliability outcomes were considered
insufficient for both questionnaires. Five questionnaires
received a low quality of evidence grading, and nine
questionnaires received a very low evidence grading.

Measurement error

Measurement error was evaluated for one question-
naire, i.e., the Pre-PAQ [58]. The quality of evidence
for the measurement error of this questionnaire was
graded as moderate. This questionnaire demonstrated a
measurement error ranging from 1.0-1.1 min for time
spent in organized physical activities. Unfortunately, as
the MIC for interpreting the measurement error out-
comes was not defined, we could not give a final rating
for measurement error. However, a measurement error
of 1.0-1.1 min seems acceptable.
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Criterion and construct validity
Criterion validity was evaluated for one questionnaire
(Table 6), i.e., the Children’s Physical Activity Question-
naire (CPAQ) [59]. The CPAQ was used to assess energy
expenditure in 4- to 5-year-olds. This questionnaire
received a low quality of evidence grading for criterion
validity, and outcomes were considered insufficient.
Twenty-one studies evaluated the construct validity of
a total of 26 different questionnaires (Table 6). Sixteen
of these questionnaires assessed constructs of sleep [35,
38-50], eight assessed constructs of physical activity
and/or sedentary behavior [54, 55, 57-59, 64], and two
assessed constructs of all three movement behaviors [61,
62]. Thirteen studies evaluated construct validity using
an objective comparator instrument (e.g., accelerometer)
[41-43, 47-49, 55, 57-59, 62, 64], three used a subjective
comparator instrument (e.g., diary) [35, 39, 61], and four
studies used both [38, 44, 50, 54]. Nineteen studies used
Pearson or Spearman correlations to evaluate construct
validity, of which 10 studies also presented Bland-Altman
plots [38, 41-44, 47, 54, 57-59, 64]. One study evaluated
construct validity by comparing subgroups (i.e., discrimi-
native validity) [45]. The quality of evidence for construct
validity was graded as moderate for one questionnaire,
i.e., the EY-PAQ [57], showing outcomes that were con-
sidered insufficient. Fifteen of the questionnaires received
a low quality of evidence grading, and 10 questionnaires
received a very low evidence grading.

Discussion
This review summarizes studies that evaluated the meas-
urement properties of proxy-report questionnaires for
assessing physical activity, sedentary behavior, and/or
sleep in O0- to 5-year-old children. The questionnaires var-
ied in constructs, format, target population, and evalu-
ated measurement properties. Unfortunately, while we
identified 37 relevant questionnaires, none were con-
sidered valid and/or reliable for assessing one or more
movement behaviors in children aged 0-5years.
Proxy-report questionnaires for assessing all 24-h
movement behaviors in this young age group are scarce.
The majority of included questionnaires assessed one
type of behavior, of which sleep behavior was assessed
most frequently. Only six questionnaires assessed dura-
tion and/or frequency of all three behaviors (physical
activity, sedentary behavior, and sleep) [60-63, 65, 67].
Unfortunately, these six questionnaires mostly used very
few items per movement behavior, which questions the
comprehensiveness of the items (e.g., a single item to
assess sedentary behavior). Overall, 21 out of 37 ques-
tionnaires targeted children above 2years old (e.g., pre-
schoolers). Questionnaires that targeted solely infants
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all assessed sleep behavior (n=10). Only one question-
naire (i.e., based on the Canadian Health Measures Sur-
vey) assessed physical activity and sedentary behavior
in infants, next to toddlers and preschoolers (i.e., 0- to
6-year-old children) [64]. In addition, one questionnaire
assessed screen use in 0- to 5-year-old children (i.e.,
TechU-Q) [52]. There were only two questionnaires that
specifically targeted toddlers: a questionnaire assess-
ing screen use (i.e.,, PREPS questionnaire) [53] and a
sleep diary [47]. This further indicates the urgent need
for developing questionnaires assessing 24-h movement
behaviors in infants and toddlers. Notably is the large
number of questionnaires (n=14) that were designed
for multiple age groups (e.g., toddlers and preschoolers).
However, since infants, toddlers and preschoolers each
have their own form and context of physical activity, sed-
entary behavior and sleep [9], tailored questionnaires are
needed that fit the specific behavior of the target group.
There are two important issues that complicate draw-
ing definite conclusions regarding the best available
questionnaires. First, there is a lack of studies compre-
hensively evaluating measurement properties of proxy-
report questionnaires. These findings are consistent
with previous reviews [20, 21, 24]. For example, only one
study reported information on the measurement error
of a questionnaire [58]. Measurement error is an impor-
tant characteristic of reliability, as it gives an indication
of the systematic and random error expressed in units of
measurement (e.g., minutes per day), which facilitates the
interpretation of measurements [26]. Unfortunately, our
systematic review confirms that measurement error is
still largely underreported in studies evaluating measure-
ment instruments [26]. Consequently, we are unable to
correctly interpreted the results of research using these
questionnaires to assess time spent in physical activ-
ity, sedentary behavior and/or sleep. Likewise, criterion
validity was evaluated for only one questionnaire [59]. As
in many of the included studies the comparison instru-
ment was not considered a gold standard, these studies
were considered to reflect construct validity. Additionally,
none of the included studies evaluated the responsiveness
of the questionnaire. However, for the purpose of longi-
tudinally monitoring one or more movement behaviors,
questionnaires should be able to detect changes over time
[26, 30]. Furthermore, none of the translated or adapted
questionnaires were evaluated on cross-cultural validity
(measurement invariance). Without evaluating this type
of validity, it remains unsure if the performance of the
translated items are an adequate reflection of the per-
formance of the items of the original questionnaire [30].
Moreover, there is a lack of studies describing the devel-
opment or content validity of the questionnaire [20, 21].
Only six studies reported information that contributed to
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the content validity of the questionnaire [36, 51, 52, 60,
65, 66]. Consequently, it remains unclear if the respond-
ents (e.g., parents, youth health care providers) consider
the content of the questionnaire as relevant, comprehen-
sive and comprehensible [32]. Without evaluating con-
tent validity, there is no certainty that the questionnaire
measures what it intends to measure [26, 31]. It can be
argued that it is difficult to proxy-report young children’s
sporadic and intermittent behaviors [17], and therefore it
would be unrealistic to expect that questionnaires can be
used to assess 24-h movement behaviors very accurately
in this target population. However, a more comprehen-
sive development and evaluation of questionnaires (while
including the target population and professionals in the
process) would improve the quality of questionnaires. As
appropriate measurement instruments are lacking, cur-
rent evidence on young children’s 24-h movement behav-
iors and the effects on their growth and development is
limited [82]. Therefore, improving the quality of ques-
tionnaires and alternative (device-based) measures would
strongly benefit research in this field, and thereby future
public health recommendations.

Second, the quality of evidence was graded as low or
very low for the majority of evaluated measurement
properties of included questionnaires (i.e., 40 out of
49 evaluated measurement properties across all ques-
tionnaires), which makes it even more difficult to draw
conclusions about the most appropriate available ques-
tionnaires. Although there are a number of question-
naires of which reliability (test-retest reliability: n=4,
internal consistency: n=1) and/or validity (construct
validity: #=11, structural validity: #=2) outcomes were
considered sufficient, only three of these questionnaires
received at least a moderate quality of evidence grading
for one of the evaluated measurement properties. This
concerns the internal consistency of the CSWS [30] and
the structural validity of the CSHQ [40] and CSHQ-I
[39]. Unfortunately, other measurement properties of
these questionnaires received a low or very low quality of
evidence grading (e.g., reliability), or were not included in
our review since these were not assessed in 0- to 5-year-
old children (e.g., construct validity and structural valid-
ity of the CSWS [51]). Hence, no definite conclusions
about the appropriateness of these questionnaires to
assess sleep behavior in young children can be drawn.

There are a few reasons that contributed to the low
quality of evidence of questionnaires. First, quality of evi-
dence was often downgraded because of the small sample
sizes (< 100 participants) included in studies (i.e., risk of
imprecision) [30]. If multiple studies on the same meas-
urement property of a questionnaire would have been
available, pooling of study results would be possible,
thereby solving this sample size issue [30].
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Second, quality of evidence was often downgraded
because of the doubtful methodology quality of studies
(i.e., risk of bias) [30]. The lack of high-quality studies is
consistent with findings from previous reviews by Hid-
ding et al. [20, 21]. Common methodological limitations
varied by evaluated measurement property. Concern-
ing test-retest reliability, Pearson or Spearman correla-
tions were often used without providing evidence that
no systematic changes had occurred [30]. Furthermore,
some reliability studies used inappropriate long time
intervals between test and retest, e.g., 3 months, reduc-
ing the probability that children have remained stable in
the interim period on the construct to be measured [30,
83]. The low methodological quality of construct valid-
ity studies was predominantly due to using comparator
instruments with unknown or insufficient measurement
properties. Most studies used, for example, non-validated
diaries, or accelerometers without providing validated
analyses methods (e.g., cut-points) in young children.
Unfortunately, adequate comparator instruments with
validated analyses methods are generally lacking in this
young age group, making it difficult to ensure that com-
parator instruments measure the same constructs [13,
16, 29]. The doubtful methodological quality of content
validity studies was predominantly due to the limited
information reported on the methods used for the devel-
opment of the questionnaire or the content validity eval-
uation. In particular, details on procedures of interviews
or group meetings were lacking. For example, it was
unclear whether interviewers were trained, whether data
was coded independently, or whether data saturation was
reached [31]. Moreover, not all aspects of content valid-
ity (i.e., relevance, comprehensiveness, and comprehen-
sibility) were evaluated or the respondents (e.g., parents)
were not included where appropriate.

It should be noted that some of the included question-
naires were not specifically aimed at assessing move-
ment behaviors [53, 60, 61, 63, 65-67]. Consequently,
frequency and/or duration of physical activity, sedentary
behavior and/or sleep were only one of the many sub-
constructs in these questionnaires. The Healthy Kids
[60, 61], for example, is intended to assess obesity risk.
This questionnaire included items related to children’s
physical activity, sedentary behavior and sleep, as part
of a larger questionnaire. Studies evaluating the content
validity of such questionnaires considered the question-
naire as a whole, instead of each sub-construct separately
[60, 65, 66]. Consequently, it was unclear whether all
included items for physical activity, sedentary behavior
and/or sleep were relevant and whether all key concepts
were included (i.e.,, comprehensiveness). Future studies
evaluating the content validity of questionnaires assess-
ing multiple behaviors should evaluate each subscale or
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sub-construct separately to ensure an adequate evalua-
tion of all included constructs [31].

Strengths and limitations

A strength of this review is the standardized qual-
ity assessment of included studies, using the COSMIN
guidelines [28, 30, 31]. Another strength is that we
included questionnaires for assessing all 24-h movement
behaviors (i.e., physical activity, sedentary behavior and
sleep). There is growing evidence that all 24-h movement
behaviors should be targeted when aiming for optimal
health [5-10]. The current review gives a clear overview
of the available proxy-report questionnaires to monitor
these behaviors in young children. Additionally, screen-
ing, data extraction and methodological quality assess-
ment have each been done by at least two independent
researchers, minimizing the chance of bias. However, our
review also has some limitations. We only included stud-
ies published in English, disregarding studies published
in other languages. Consequently, our review might not
be representative for questionnaires available in non-
English speaking countries, although we only excluded
a limited number of studies based on language. Further-
more, we rated the methodological quality of studies
based on the information reported in each of the arti-
cles. When details on the methodology were lacking,
studies received lower quality of evidence grades. We
did not contact authors for additional information other
than requesting the questionnaires that were used. Con-
sequently, the quality of evidence of some studies might
have been underestimated.

Recommendations for future studies

Given the lack of questionnaires for assessing move-
ment behaviors in young children, we recommend
future studies to develop proxy-report questionnaires
targeted specifically at children aged 0-5years, includ-
ing all 24-h movement behaviors. These questionnaires
should preferably be tailored to fit the specific behavior
of the subgroup (i.e., infants, toddlers or preschoolers), as
movement behaviors quickly change during this period
of rapid development.

When developing questionnaires, we strongly recom-
mend future studies to evaluate the content validity of
proxy-report questionnaires in a sample representing
the target population (e.g., parents), including all com-
ponents of content validity (i.e., relevance, comprehen-
siveness, and comprehensibility). We recommend these
studies to use appropriate qualitative data collection
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methods, such as focus groups, interviews or concept
mapping [31], and to evaluate the content validity of each
subscale or sub-construct separately [31].

Next, high quality research on all other relevant
measurement properties (both reliability and validity)
of developed questionnaires is necessary. Future stud-
ies evaluating measurement properties of question-
naires are recommended to use standardized tools to
increase study quality. We recommend the use of the
COSMIN methodology for the design and reporting of
these studies [84]. Specifically, high quality studies on
measurement error, responsiveness, and cross-cultural
validity of questionnaires are needed.

First, we recommend future studies that examine
test-retest reliability to additionally report the meas-
urement error, as both measurement properties can
be calculated based on the same data and study design
[84]. These studies should use at least two independ-
ent measurements with similar test conditions and an
appropriate time interval, according to previous recom-
mendations for youth physical activity questionnaires:
>1day and<1lweek for questionnaires recalling the
previous day, >1day and <2weeks for questionnaires
recalling the recalling the previous week [19]. The pre-
ferred statistical method to assess the measurement
error of continuous scores is the calculation of the
standard error of measurement (SEM) [30]. For cat-
egorical scores we recommend calculating the percent-
age positive and negative agreement [84].

Second, more studies examining responsiveness
of questionnaires are needed, reflecting longitudinal
validity. Similar to construct validity, it is important to
define hypotheses in advance when assessing respon-
siveness of a questionnaire, to enable drawing unbiased
conclusions [84].

Third, we recommend future studies evaluating trans-
lated or culturally adapted questionnaires to examine
cross-cultural validity. These studies are recommended
to provide a clear description of the characteristics
that should be similar in the different subgroups (e.g.,
demographics such as age) and provide clear informa-
tion on the performance of the analysis (e.g. software
program used, criteria for model fit) [84].

Last, as current studies evaluating the criterion and
construct validity of questionnaires are limited due
to a lack of comparators with sufficient measurement
properties, we recommend future studies to improve
comparator instruments and analysis methods to
assess 24-h movement behaviors (e.g., accelerometer
data analyses). Subsequently, improving the quality of
questionnaires and alternative measurement methods
would strongly benefit research in this field.
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Conclusion

None of the 37 proxy-report questionnaires included
in this review were considered valid and/or reliable for
assessing one or more movement behaviors in children
aged 0-5years. The lack of high-quality methodological
studies that evaluate all relevant measurement proper-
ties of developed questionnaires hampers our ability
to draw definite conclusions about the best available
questionnaires. In addition, questionnaires for assess-
ing 24-h movement behaviors in 0- to 5-year-olds are
scarce. Thus, high-quality studies are required aimed to
develop proxy-report questionnaires for this age group
and to evaluate their measurement properties, starting
with content validity. When sufficient content validity is
established, the remaining relevant measurement prop-
erties (i.e., reliability, validity, responsiveness) should be
evaluated [31, 84]. Until valid and reliable proxy-report
questionnaires are available, caution is needed when
interpreting results of research using proxy-reported
physical activity, sedentary behavior and sleep in this
young age group.
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