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Abstract
Background The measurement of physical fitness has a history that dates back nearly 200 years. Recently, there has been 
an increase in international research and surveillance on physical fitness creating a need for setting international priorities 
that could help guide future efforts.
Objective This study aimed to produce a list of the top 10 international priorities for research and surveillance on physical 
fitness among children and adolescents.
Methods Using a twin-panel Delphi method, two independent panels consisting of 46 international experts were identified 
(panel 1 = 28, panel 2 = 18). The panel participants were asked to list up to five priorities for research or surveillance (round 
1), and then rated the items from their own panel on a 5-point Likert scale of importance (round 2). In round 3, experts were 
asked to rate the priorities identified by the other panel.
Results There was strong between-panel agreement (panel 1: rs = 0.76, p < 0.01; panel 2: rs = 0.77, p < 0.01) in the priorities 
identified. The list of the final top 10 priorities included (i) “conduct longitudinal studies to assess changes in fitness and 
associations with health”. This was followed by (ii) “use fitness surveillance to inform decision making”, and (iii) “imple-
ment regular and consistent international/national fitness surveys using common measures”.
Conclusions The priorities identified in this study provide guidance for future international collaborations and research 
efforts on the physical fitness of children and adolescents over the next decade and beyond.
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Key Points 

Physical fitness among children and adolescents is an 
important marker of current and future health. Consider-
ing declines in some aspects of physical fitness among 
children and adolescents, there is a need to set interna-
tional priorities for research and surveillance to help 
guide future efforts.

Using a twin-panel Delphi method, two panels identified 
36 (panel 1) and 25 (panel 2) research or surveillance 
priorities. The between-panel agreement was strong, 
leading to a combined list of the top 10 overall priorities.

The top three priorities identified were the need to (1) 
“conduct longitudinal studies to assess changes in fitness 
and associations with health”, (2) “use fitness surveil-
lance to inform decision making”, and (3) “implement 
regular and consistent international/national fitness 
surveys using common measures”.

1 Introduction

Physical fitness consists of multiple components such as car-
diorespiratory fitness (CRF), musculoskeletal fitness (MSF; 
i.e., muscular strength, power, endurance, and flexibility), 
agility, speed, balance, coordination, and body composition, 
which collectively reflect an individual’s ability to perform 
physical activity [1]. Measurement of physical fitness has a 
long history that dates back more than 200 years to Adolphe 
Quételet, a pioneer in anthropometry [2, 3]. In 1835, Quételet 
began measuring the handgrip strength of Belgian boys and 
girls [4, 5]. From the early 1900s, fitness testing of children 
and adolescents expanded beyond anthropometry and isomet-
ric muscle strength to include exercise capacity and motor 
performance (e.g., sprinting, jumping) [6, 7]. During the two 
World Wars (1914–1918 and 1939–1945) there was an inter-
national focus on measuring and improving performance-
related fitness (i.e., having the skills and physical abilities to 
engage in a competitive environment) for military prepared-
ness [6]. However, in the 1970s, because of research demon-
strating that low physical fitness was significantly associated 
with poor health outcomes among adults [8, 9], physical fit-
ness testing started to shift from a performance-related to 
a health-related focus [6]. The evidence supporting health-
related fitness (i.e., the fitness components significantly 
linked with current and future health [6]) among children and 
adolescents arrived later, with research beginning to appear 

in the early 1990s for CRF [10, 11] and the early 2000s for 
MSF [12, 13].

Findings from cross-sectional studies suggest that high 
CRF and MSF among children and adolescents is associated 
with a range of health benefits, such as better cardiovascular 
health, skeletal health, motor competence, cognitive ability, 
mental health, and self-esteem [11, 12, 14–16]. In addition, 
CRF levels are a stronger predictor of cardiovascular disease 
risk factors among youth than objectively measured physical 
activity levels [17]. Longitudinal epidemiological studies have 
shown that physical fitness levels persist (i.e., track) across the 
life course [18–21], and that high CRF and MSF in childhood, 
adolescence, or early adulthood is prospectively associated 
with a healthier cardiovascular profile [13, 22–24], reduced 
disability [25, 26], and a decreased risk of premature mortality 
[27, 28] in adulthood. An individual’s physical fitness level, 
especially their CRF, provides a reasonable objective indica-
tion of their moderate to vigorous intensity physical activity 
levels in recent months, as it summarizes the physiological 
response to their physical activity profile [29]. In addition, 
physical fitness testing is feasible, cost effective, and suitable 
for population surveillance [30, 31]. For these reasons, there 
has been a strong international call to universally measure 
physical fitness among children and adolescents for global 
health surveillance, monitoring, and clinical screening [6, 14, 
32, 33].

Anthropometric measures (i.e., body mass index, waist cir-
cumference) have long been an important indicator of health 
in research, surveillance, and clinical practice [34]. The same 
cannot be said for other components of physical fitness (e.g., 
CRF, MSF) despite mounting evidence of their importance 
[31]. In light of declining international levels of some aspects 
of fitness (e.g., CRF, leg power, abdominal/core endurance) 
among children and adolescents [35–37], there is a need to 
refocus international efforts to identify the priorities that can 
help address major literature gaps and guide future physical 
fitness research and health surveillance. The Delphi method is 
described as a systematic approach to gather expert opinions 
and arrive at consensus [38]. This Delphi approach has been 
previously used to identify priorities in physical activity and 
sedentary behavior research [39]. Thus, the objective of this 
research was to conduct a twin-panel Delphi study to deter-
mine an international list of the top 10 priorities for physical 
fitness research and surveillance among children and adoles-
cents over the next decade.

2  Methods

2.1  Overview

This study implemented a twin-panel Delphi procedure, 
which allowed two independent groups (the Delphi 
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panels) of experts to address our research objective based 
on their subjective opinions [38]. Over the course of sev-
eral rounds, the Delphi procedure allowed the two expert 
panels to systematically refine their responses to arrive 
at a final list of priorities [40]. The twin-panel approach 
is an improvement from a traditional single-panel Delphi 
because it allows expert panels to cross-validate the ranked 
priorities identified by each panel.

2.2  Participant Sampling Strategy

2.2.1  Panel 1

Sampling for panel 1 took place as part of a large interna-
tional fitness meeting hosted by the Public Health Agency 
of Canada on August 19, 2021. The meeting aimed to 
discuss and explore potential directions to address inter-
national priority areas in fitness research and health 
surveillance. See the electronic supplementary material 
(ESM) for a brief outline of the meeting agenda. Meeting 
delegates (i.e., experts) were selected based on the lead 
organizers’ (JJL, BJF) knowledge of individuals who were 
actively engaged in fitness research and surveillance. The 
final group of attendees included 45 participants: 17 were 
Canadian fitness experts who worked in policy, programs, 
or surveillance; 12 were fitness experts from Canadian 
universities; and 16 were international experts from out-
side Canada. Academic experts were identified if they had 
published a peer-reviewed research article that assessed 
or interpreted youth fitness within the last 5 years. PhD 
students were considered if their dissertation was directly 
related to fitness assessment or surveillance. The majority 
of the meeting participants were invited to participate in 
the Delphi study, with the final response rate being 62% 
(28/45).

2.2.2  Panel 2

To identify research experts to include as part of panel 
2, a SciVal list of the top 100 authors worldwide based 
on the topic cluster “Cardiorespiratory Fitness; Skinfold 
Thickness; School Children” (Topic T.7814) was used 
on August 4, 2021. These experts were then ranked by 
scholarly output (i.e., the total count of research outputs) 
to identify the most productive researchers in this SciVal 
research category. From this list, 10 researchers were 
excluded because they participated in panel 1. The remain-
ing 57 researchers who had been a first or senior (i.e., last/
corresponding) author on a relevant publication and had 
an h-index of ≥ 5 were invited, with 32% (18/57) agreeing 
to participate.

2.3  Survey Procedure

The Delphi included three rounds of data collection and 
analysis. All surveys were created and administered in 
Google Forms (Mountain View, CA, USA). For each round, 
participants were provided with a direct web link to the 
survey via emails. All participants were allowed 3 weeks 
to complete each round, with a reminder email sent after 
2 weeks. All three rounds were completed between August 
and November 2021. Participants were not required to 
complete all three rounds to retain their responses. Google 
Sheets (Mountain View, CA, USA) was used to organize 
responses and to conduct data analyses. Each panel con-
ducted the Delphi independently, following the same meth-
ods. Participants were not made aware of the other panel 
(i.e., blinded) until round 3. Those who completed all three 
rounds of the Delphi study were invited to contribute to this 
research article as a co-author.

2.3.1  Round 1

All participants were provided with a cover letter and asked 
to answer the following question: “In your opinion, what is 
the most important priority area for physical fitness research 
and surveillance among children and adolescents that should 
be addressed over the next 10 years?” Participants were 
asked to describe the priority in one or two sentences. They 
were then asked to provide supporting details, such as exam-
ples or supporting literature, for the identified priority area. 
Participants were provided the opportunity to identify five 
priority areas. One researcher (JJL) reviewed all priorities 
submitted by the participants. Similar priorities were com-
bined into a single overarching priority theme. A second 
researcher (BJF) reviewed the priority themes for accuracy. 
Discussions took place between the two researchers (JJL, 
BJF) to resolve any disagreement, with a third researcher 
(GRT) consulted for any unresolved disagreement.

2.3.2  Round 2

During round 2, participants were provided with a cover 
letter and asked to review the list of overarching priority 
themes identified by their respective panel during round 1. 
Participants were notified that their responses were merged 
with similar priority areas to create overarching priority 
themes that may not directly reflect their original wording. 
Participants were asked to rate the level of importance over 
the next 10 years for each priority theme using a 5-point 
Likert scale (0 = don’t know, 1 = somewhat important, 
2 = moderately important, 3 = important, 4 = very impor-
tant, 5 = extremely important). Mean scores were calcu-
lated and ranked in descending order from highest to lowest. 
The standard deviation was used as a tiebreaker with lower 
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standard deviations being ranked higher. Participants who 
responded as ‘don’t know’ were coded as a missing value 
that did not contribute to the denominator in calculating 
mean scores.

2.3.3  Round 3

In round 3, participants were provided with a cover letter 
and asked to rate the level of importance of the priorities 
identified by the other panel using the same 5-point Likert 
scale from round 2. For instance, panel 1 rated the 25 priori-
ties identified by panel 2, and panel 2 rated the 36 priori-
ties identified by panel 1. Like round 2, mean scores were 
calculated to rank priorities, and standard deviations were 
used as a tiebreaker.

2.4  Statistical Analysis

Spearman’s rank correlation coefficients were used to 
assess the level of between-panel agreement in the ranked 
priorities. Using responses from round 3, one correlation 
coefficient was calculated for the agreement for panel 1’s 
ranked priorities, and a second correlation coefficient was 
calculated for the agreement on panel 2’s ranked priorities. 

Correlations of 0.1, 0.3, and 0.5 were used as thresholds 
for weak, moderate, and strong agreement, respectively 
[41]. To identify the top 10 priorities, an a priori decision 
was made to combine the ranked lists for panels 1 and 2 
using the overall or mean (if the priority was included in 
both panel lists) Likert scale response from round 2.

3  Results

3.1  Participant Demographics

Table 1 describes the participant characteristics. Panel 1 
included participants from all career stages (0–5 years, 
6–10 years, 11–20 years, and 21+ years). The panel 1 
participants resided in six continents across all country 
income levels, with the majority from North America. 
Panel 2 was smaller and did not include students, or partic-
ipants living in Africa, or low-income countries. The study 
retention was strong with 89% (25/28) and 72% (13/18) of 
panel 1 and 2 participants completing all three rounds of 
the study, respectively (Fig. 1).

Table 1  Descriptive statistics 
for Delphi study panels during 
Round 1

GDP gross domestic product, n sample size, SD standard deviation

Panel 1 (n = 28) Panel 2 (n = 18)

Mean age years (SD) 43.4 (10.6) 47.8 (13.0)
Gender (% female) 8 (28.6%) 4 (22.2%)
Occupation in 2021
Scientist/researcher (e.g., professor, post-doctoral fellow) 23 (82.1%) 17 (94.4%)
Research assistant/research manager 1 (3.6%) 1 (5.6%)
Student (e.g., PhD student) 1 (3.6%) 0 (0%)
Other 3 (10.7%) 0 (0%)
Career stage (years of experience post-graduation)
Current student 1 (3.6%) 0 (0%)
0–5 years 3 (10.7%) 3 (16.7%)
6–10 years 8 (28.6%) 3 (16.7%)
11–20 years 12 (42.9%) 5 (27.8%)
20+ years 4 (14.3%) 7 (38.9%)
Primary country of occupation
North America 14 (50%) 1 (5.6%)
South America 1 (3.6%) 4 (22.2%)
Europe 6 (21.4%) 9 (50.0%)
Africa 2 (7.1%) 0 (0%)
Asia 4 (14.3%) 1 (5.6%)
Oceania 1 (3.6%) 3 (16.7%)
Primary country GDP (self-reported)
High-income 20 (71.4%) 13 (72.2%)
Middle-income 6 (21.4%) 5 (27.8%)
Low-income 2 (7.1%) 0 (0%)
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3.2  Delphi Results

During round 1, panel 1 submitted 104 unique responses 
that were qualitatively reduced into 36 unique priority 
themes (Table 2). Panel 2 submitted 71 responses that 
were reduced into 25 priority themes (Table 3). Eight 
priorities overlapped between the panels. An overview of 
the unique responses by priority theme is provided in the 
ESM.

In round 2, participants were asked to rate the level of 
importance for each priority identified by their respective 
panel. The mean Likert-scale scores ranged from 1.96 to 
4.46 and 2.71 to 4.43 for panels 1 and 2, respectively. Of 
the eight overlapping priorities, four emerged in the top 10 
priorities for panel 1 and six emerged in the top 10 priori-
ties for panel 2. For panel 2, the top five priorities were 
also identified by panel 1. Both panels identified “con-
duct longitudinal studies to assess changes in fitness and 
associations with health” as the number one priority. “Use 
fitness surveillance to inform decision making”, “imple-
ment regular and consistent international/national fitness 
surveys using common measures”, and “develop universal 
health-related fitness cut-points” were common priorities 
that were ranked in the top 10 for both panels.

During the final round, expert participants were asked 
to rate the level of importance for each of the other panel’s 
priorities. The between-panel agreement was strong for 
both panel 1 (rs = 0.76, p < 0.01) and panel 2 (rs = 0. 77, 
p < 0.01) using responses from round 3. Given the strong 
agreement between panels, the priorities identified by both 
panels were combined to identify the top 10 overall priori-
ties (Table 4, Fig. 2).

4  Discussion

To our knowledge, this is the first study to have used a 
twin-panel Delphi method to identify a list of international 
priority areas for physical fitness research and surveil-
lance among children and adolescents. The top 10 priori-
ties reflect diverse fields of study, from epidemiology to 
social science, and notably, to achieve many of the pri-
orities, international collaboration is required. Below, we 
summarize topical evidence related to these ten research 
priorities.

4.1  Priority 1: Conduct Longitudinal Studies 
to Assess Changes in Fitness and Associations 
with Health

In recent decades, several longitudinal studies have estab-
lished that physical fitness in adolescence is a significant 
inverse and independent predictor of disease outcomes, 
including premature mortality in adulthood [13, 23–28]. 
Some studies on adolescents investigated changes in fit-
ness levels (i.e., CRF and MSF) and associations with 
health outcomes using follow-up periods of several years 
[42–44], whilst others identified that improvements in 
MSF from childhood to adolescence were associated with 
reduced adiposity [13, 45]. There is a need for future 
studies to link fitness (both CRF and MSF) measured in 
young childhood (of both sexes) with clinical outcomes 
in adulthood in nationally representative cohorts to estab-
lish longitudinal links with key health outcomes [13, 22, 
24, 27]. Such studies could provide valuable insights into 
physical fitness and the associated risk of developing and 
dying from a chronic disease (i.e., relative risk), that could 
be used to calculate the population attributable fraction. 
There is also a need to better understand the link between 
childhood fitness and future mental disorders, given the 
increasing burden of mental health problems in some 
countries [46], especially in the context of the COVID-19 
pandemic [47]. Furthermore, cohorts with multiple follow-
ups allow for an assessment of changes and trajectories 
in fitness over time which can be used to calculate the 
meaningful clinically important difference (i.e., what is 
the minimum improvement in fitness required for mean-
ingful changes in physical health status?). An example is 
the Aerobic Centre Longitudinal Study cohort for which 
statistically significant reductions in all-cause and cardio-
vascular disease mortality were found among men who 
maintained or improved their physical fitness over a 5-year 
period [48].Fig. 1  Flow chart depicting the participant retention across all three 

rounds of the twin-panel Delphi study
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4.2  Priority 2: Use Fitness Surveillance to Inform 
Decision Making

Public health surveillance is essential to guide health pro-
motion efforts. Many countries collect and report regularly 
on body composition and self-reported physical activity 

through national health surveillance systems [49]. How-
ever, surveillance systems can be expanded to report on 
other important measures of physical fitness such as CRF 
and MSF [32, 50]. Some countries, including Slovenia, 
Hungary, and Japan, have implemented routine national 
fitness surveillance [31, 51]. While others, such as 

Table 2  Priority themes identified by Panel 1

Italicized priority areas were common between both panels
Priorities are ordered from the most important to least important by the Panel 1 mean ratings from Round 2. The Panel 2 rankings were obtained 
from Round 3 responses
a Data are presented as the mean from a 5-point Likert scale
SD standard deviation

Panel 1 
ranking

Priority areas Panel 1 rating, 
mean (SD)a

Panel 2 
ranking

1 Conduct longitudinal studies to assess changes in fitness and associations with health 4.46 (0.81) 7
2 Use fitness surveillance to inform decision making 4.35 (0.69) 4
3 Investigate interventions to improve fitness 4.12 (1.03) 9
4 Assess the reliability and validity of fitness measures 4.12 (1.07) 16
5 Develop a common/universal international field-based fitness test battery 4.12 (1.07) 3
6 Investigate and reduce inequalities in fitness 4.08 (0.76) 14
7 Implement regular and consistent international/national fitness surveys using common measures 4.08 (1.13) 1
8 Develop an international fitness data repository 4.04 (1.11) 10
9 Develop universal health-related fitness cut-points 4.04 (1.11) 15
10 Increase fitness data in low- and middle-income countries 3.96 (0.93) 18
11 Better understand how components of fitness impact health 3.92 (1.02) 2
12 Identify the dose–response relationship between fitness and health 3.92 (1.09) 6
13 Use fitness as a clinical vital sign to monitor for health screening in clinical settings 3.88 (1.39) 13
14 Develop international/national normative-referenced centile values for fitness 3.85 (1.08) 8
15 Untangle the health benefits of fitness vs physical activity 3.77 (0.76) 22
16 Implement school-based fitness monitoring 3.77 (1.24) 5
17 Use fitness as a primary outcome in research studies that intervene with physical activity 3.69 (1.01) 24
18 Shift from a focus on obesity to a focus on fitness for health 3.69 (1.12) 26
19 Study the link between fitness and mental/cognitive health 3.69 (1.26) 11
20 Identify determinants and correlates to help improve fitness among children and youth 3.68 (0.99) 19
21 Measure fitness to help understand physical activity levels in a population 3.68 (1.11) 31
22 Overcome the stigma of fitness testing (i.e., fear of injury) 3.65 (1.26) 33
23 Implement an international fitness survey for those with disabilities 3.64 (0.95) 21
24 Identify the main construct measures of fitness among children and youth 3.60 (1.12) 25
25 Improve international comparison of fitness trends 3.58 (1.10) 12
26 Investigate the associations between motor fitness and health 3.38 (1.17) 30
27 Investigate fitness as a mediator of obesity risk 3.16 (0.94) 35
28 Assess trends in fitness while controlling for adiposity 3.16 (1.25) 20
29 Determine the frequency that fitness should be measured in a population 3.08 (1.26) 32
30 Assess the effect of COVID-19 restrictions on fitness levels 3.08 (1.44) 29
31 Promote the benefits of resistance type training 3.00 (1.22) 17
32 Investigate international trends in obesity 2.96 (1.34) 28
33 Develop field tests that are independent of body size 2.88 (1.36) 27
34 Investigate the role of genetics and the environment on fitness 2.77 (1.24) 23
35 Identify backup fitness measures to use as a proxy when primary measures can't be used 2.50 (1.14) 34
36 Use fitness testing for sport talent identification 1.96 (1.12) 36
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Table 3  Priority themes identified by Panel 2

Italicized priority areas were common between both panels
Priorities are ordered from the most important to least important by the panel 2 mean ratings from round 2. The panel 1 rankings were obtained 
from round 3 responses
a Data are presented as the mean from a 5-point Likert scale
SD standard deviation

Panel 2 
ranking

Priority areas Panel 2 rating, 
mean (SD)a

Panel 1 
ranking

1 Conduct longitudinal studies to assess changes in fitness and associations with health 4.43 (0.85) 2
2 Implement regular and consistent international/national fitness surveys using common measures 4.36 (0.84) 4
3 Develop universal health-related fitness cut-points 4.29 (0.73) 5
4 Study the link between fitness and mental/cognitive health 4.21 (0.58) 13
5 Develop international/national normative-referenced centile values for fitness 4.21 (0.58) 3
6 Implement scalable school-based interventions to improve and promote fitness 4.21 (0.89) 7
7 Use fitness surveillance to inform decision making 4.14 (0.86) 1
8 Focus on shifting trends in fitness levels among children 4.00 (0.78) 14
9 Investigate cost effectiveness of interventions aimed at increasing fitness 4.00 (0.88) 19
10 Investigate the causal associations between fitness for health and well-being 4.00 (0.96) 6
11 Improve muscular strength promotion among youth 3.93 (0.92) 20
12 Implement school-based fitness monitoring 3.93 (1.14) 9
13 Investigate effective interventions to improve fitness among unfit youth 3.86 (0.86) 12
14 Increase fitness data in low- and middle-income countries and rural areas 3.86 (1.29) 16
15 Implement physical literacy interventions in schools with a focus on fitness 3.79 (1.12) 17
16 Better understand how components of fitness impact health 3.79 (1.25) 10
17 Engage stakeholders, funding bodies, NGOs, etc. to understand the importance of fitness 3.71 (1.20) 8
18 Tracking of fitness from childhood to late adolescence 3.36 (1.45) 11
19 Assess physical fitness by socioeconomic status and parental education 3.21 (1.27) 23
20 Establishing consensus on how best to account for body size/shape when measuring fitness 3.14 (1.17) 15
21 Determine if body composition or physical fitness is a better predictor of health outcomes 3.14 (1.29) 18
22 Investigate the parental influence on childhood fitness levels 2.93 (1.21) 22
23 Investigate the genetic determinants of physical fitness 2.86 (1.23) 25
24 Investigate the relationship between sport participation and physical fitness 2.79 (1.12) 21
25 Investigate the link between fitness and nutrition 2.71 (1.44) 24

Table 4  The top 10 priority areas identified by both panels

The calculated mean rating (i.e., panel 1 mean + panel 2 mean/2) from priorities that overlapped between panels, or single panel mean rating 
were used to rank the top 10 priorities from the most important to least important
a Data are presented as the mean from a 5-point Likert scale

Ranking Priority areas Mean  ratinga Panel

1 Conduct longitudinal studies to assess changes in fitness and associations with health 4.45 Both
2 Use fitness surveillance to inform decision making 4.25 Both
3 Implement regular and consistent international/national fitness surveys using common measures 4.22 Both
4 Implement scalable school-based interventions to improve and promote fitness 4.21 Panel 2 only
5 Develop universal health-related fitness cut-points 4.17 Both
6 Investigate interventions to improve fitness 4.12 Panel 1 only
7 Assess the reliability and validity of fitness measures 4.12 Panel 1 only
8 Develop a common/universal international field-based fitness test battery 4.12 Panel 1 only
9 Investigate and reduce inequalities in fitness 4.08 Panel 1 only
10 Develop an international fitness data repository 4.04 Panel 1 only
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Australia, have recently scaled back ongoing national fit-
ness surveillance efforts [52]. National fitness surveillance 
efforts in Slovenia identified a 13% decline in the fitness 
levels of youth aged 6–15 years following 2 months of 
COVID-19-related lockdowns [53]. Other countries used 
national fitness surveillance to identify regions/groups 
with low fitness levels and in need of intervention [54]. 
The approach to incorporate national fitness surveillance 
efforts have also been used to track the effectiveness of 
national policy efforts aimed at increasing the physical 
activity levels of children and youth in the school context 
[55]. Countries could further benefit from leveraging the 
measurement of physical fitness (CRF and MSF) to inform 
and track the effectiveness of policy and programming to 
improve the health of children and adolescents.

4.3  Priority 3: Implement Regular and Consistent 
International/National Fitness Surveys Using 
Common Measures

The 2018 Global Matrix 3.0 of Physical Activity Report 
Cards for Children and Youth, for the first time, included 
physical fitness as an indicator [56]. Unfortunately, over 
half (55%) of the included countries were unable to report a 
grade for physical fitness due to a lack of available data [56]. 
This suggests that most countries do not implement regular 
fitness surveys/testing among children and adolescents. Of 
the countries that do implement regular fitness surveys, the 

measurement protocols varied substantially both within and 
between countries. For instance, CRF is measured nation-
ally using a submaximal step test in Canada, a treadmill 
test in the USA, and a variety of field-based tests (e.g., the 
20-m shuttle run test, distance runs, timed runs) in Japan, 
Estonia, and Hungary [31, 35]. There is more international 
consistency with the measurement of MSF (especially for 
muscular strength, which is commonly assessed as isometric 
maximal handgrip strength), but still, major international 
differences in protocols and reporting exist [57]. Implement-
ing regular and consistent international and national fitness 
surveys, similar to efforts conducted for physical activity 
[49, 58], would help better describe the global health status 
of children and adolescents.

4.4  Priority 4: Implement Scalable School‑Based 
Interventions to Improve and Promote Fitness

Many countries have recently observed declines in measures 
of physical fitness among children and adolescents [35, 36, 
59], likely resulting in meaningful reductions in population 
health. There is a need to promote fitness among children and 
adolescents using safe, equitable, and inclusive approaches 
[60]. Although it is not always the case, most youth spend 
a substantial part of their day in the school environment. As 
a result, schools provide a unique opportunity to implement 
interventions aimed at improving fitness (e.g., via increased 
quality and quantity of physical activity throughout the day 

Fig. 2  Top 10 international priorities for physical fitness research and surveillance among children and adolescents identified by international 
experts in fitness
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[61]). Several systematic reviews have found positive improve-
ments in the physical fitness levels (i.e., MSF and CRF) of 
children and adolescents associated with school-based inter-
ventions [62–65]. More recently, school-based interventions 
using high-intensity interval training have demonstrated 
promising improvements for youth CRF and other important 
health markers [66]. However, gaps and limitations persist. 
For example, future interventions need to better assess the sus-
tained impact of interventions by including longer follow-up 
times [63], and their potential scalability while incorporating 
implementation science frameworks [67]. Future interventions 
aimed at increasing physical activity in the school environment 
could use objective measures of physical fitness as the primary 
study outcome [68]. Lastly, the development of scalable and 
cost-effective school-based interventions that successfully pro-
mote physical fitness among children and adolescents remains 
a large gap requiring international research focus over the next 
decade [69–71].

4.5  Priority 5: Develop Universal Health‑Related 
Fitness Cut‑Points

The World Health Organization led major efforts to establish 
universal health-related cut-points for body mass index to 
detect overweight and obesity among children and adoles-
cents aged 5–19 years [72]. For waist circumference, the 
age- and sex-specific 90th percentile has been proposed as 
an international cut-point to detect central obesity among 
children and adolescents aged 6–18 years [73]. Less interna-
tional consensus exists for other measures of physical fitness. 
In 2016, Ruiz et al. conducted a meta-analysis of health-
related cut-points for CRF and identified values of 42 and 
35 mL/kg/min for boys and girls, respectively [74]. A major 
limitation of the Ruiz meta-analysis was a lack of age-spe-
cific cut-points. A more recent systematic review concluded 
that the variability in published CRF cut-points precludes 
the ability to identify universal age- and sex-specific cut-
points [75]. There is a need for future studies using standard-
ized CRF measures and similar health outcomes to improve 
the ability to identify universal sex- and age-specific CRF 
cut-points. There is a similar need for standardized measures 
of MSF to reduce heterogeneity in conducting meta-analyses 
for universal cut-points [76]. There is also a need for con-
sensus on appropriate scaling methods to help account for 
body size when measuring physical fitness, which might be 
an important first step before developing universal health-
related fitness cut-points.

4.6  Priority 6: Investigate Interventions to Improve 
Fitness

Aside from school-based interventions, home-, family-, 
and community-based interventions could complement the 

promotion of physical fitness among children and adoles-
cents [77, 78]. However, home-, family-, and community-
based interventions have received less attention in the litera-
ture, with a particular gap existing for interventions targeting 
physical fitness as the primary outcome [79]. Most home-, 
family-, and community-based intervention studies have 
focused on physical activity levels as the primary outcome 
[79]. In addition, web-based or app-based interventions for 
health promotion have gained attention more recently [80, 
81]. These types of studies are promising, especially as the 
world continues to grapple with the unique challenges that 
children and adolescents have faced because of the COVID-
19 pandemic [82].

4.7  Priority 7: Assess the Reliability and Validity 
of Fitness Measures

Reliability and validity are used to evaluate the quality of a 
fitness test and have important implications for fitness sur-
veillance, the assessment of fitness-enhancing polices and 
interventions, and for linking fitness components to health 
outcomes. Existing tools and frameworks are available to 
help evaluate the quality of outcome measures [83]. Sev-
eral comprehensive systematic reviews of the reliability 
[84, 85] and criterion validity of field-based fitness tests 
have been published [84, 86–88]. Reliability and validity 
data from these reviews have been used to develop field-
based fitness test batteries for population health surveillance 
among children and adolescents. For example, information 
on the health-related predictive validity, criterion validity, 
reliability, and feasibility of field-based fitness tests was 
used to develop the ALPHA (Assessing Levels of Physical 
Activity) health-related fitness test battery for children and 
adolescents [84]. The ALPHA recommends the 20-m shut-
tle run test for CRF, handgrip strength and standing broad 
jump tests for MSF, and height, body mass, waist circum-
ference, and skinfolds (triceps and subscapular) for body 
composition. Despite the widespread evidence regarding 
the reliability and validity of many fitness tests for school-
aged children, few studies have validated fitness tests for 
preschoolers and school-aged children from low- and mid-
dle-income countries [89–91]. A better understanding of the 
criterion validity of field-based MSF tests (where appropri-
ate laboratory-based criterion measures are used), and the 
reliability and validity of motor fitness tests (speed, agility, 
balance, coordination), is required [92].

4.8  Priority 8: Develop a Common/Universal 
International Field‑Based Fitness Test Battery

Fitness test batteries include a variety of standardized fit-
ness measures often covering several components (e.g., 
CRF, MSF, body composition) that collectively indicate 
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an individual’s overall physical fitness level. Worldwide, 
there are more than 15 field-based fitness test batteries for 
children and adolescents [93]. The most commonly used 
include the  FitnessGram® [94], Eurofit [95], and ALPHA 
[84] test batteries [31]. Therefore, it is challenging to pool 
data internationally given the difficulty of standardizing 
fitness test performances (e.g., because of differences in 
tests/protocols, performance metrics, age metrics, report-
ing procedures). There is a pressing need for collaboration 
to develop a universal field-based fitness test battery that 
can be implemented internationally. A scalable test battery 
requires a set of measures that are easily implemented with 
non-specialized personnel, have evidence of operating at a 
large scale, are effective (i.e., valid, reliable, high completion 
rate), and low cost [30]. A widely accepted protocol (e.g., 
core outcome set) for reporting results is also required, an 
issue that has been discussed in detail elsewhere [6, 96].

4.9  Priority 9: Investigate and Reduce Inequalities 
in Fitness

Evidence from international comparison studies suggest 
that trends in CRF [35], standing broad jump [36], and sit-
up performance [37] among children and adolescents have 
declined substantially since the start of the millennium. 
Some research suggests that the country trends in those with 
high fitness levels have not changed substantially, but trends 
in those with low fitness have declined substantially in more 
recent years, resulting in larger country-specific temporal 
inequalities among youth [97, 98]. There is also evidence 
that CRF varies substantially between countries, with the 
fittest children and youth residing in Africa and Northern 
Europe and those with the lowest fitness residing in South 
and Central America [99]. There is a need to address these 
inequalities both within (e.g., regional variations [54, 100]) 
and between countries to provide every child with the poten-
tial to attain healthy levels of physical fitness. An equity 
approach should always be implemented when investigat-
ing fitness, similar to approaches used in physical activity 
research [101]. However, scalable national and international 
approaches to reverse these fitness inequalities are unknown 
and represent a substantial area of future research.

4.10  Priority 10: Develop an International Fitness 
Data Repository

There exist several international data repositories for physi-
cal activity, including the International Children’s Accel-
erometry Database (ICAD) [102], the Physical Activity 
Cohort Repository (PACE) [103], and the World Health 
Organization Global Health Observatory Data Repository 
for several health-related indicators, including body mass 
index and physical inactivity [104]. These data repositories 

provide easy access to aggregate data for harmonization by 
region or country, and they promote standardized data col-
lection within countries for certain measures. The European 
FitBack project is an important effort that could evolve into 
a new international fitness data repository [105]. However, 
there remain issues with retaining data submitted through 
the FitBack portal, and with allowing researchers to access 
these raw data for research purposes. Future work is needed 
to expand existing platforms or to create a new data reposi-
tory that can mirror efforts in physical activity and body 
mass index.

4.11  Strengths and Limitations

This study has many strengths including a broad interna-
tional representation of experts, the use of purposive and 
systematic sampling procedures to identify experts, a twin-
panel design to cross-validate priorities, the use of a Del-
phi method with participant blinding, and three structured 
rounds of data collection. The findings from our study are 
the subjective opinion of the expert panel and may not rep-
resent the opinions of other experts who were not included 
in this study. During the panel 1 international meeting, con-
tent from the round 1 survey (i.e., the most reported priority 
areas identified by the panel) were discussed and may have 
introduced bias during round 2 responses. However, this bias 
was likely small given the strong agreement between panels. 
Most of the participants in panel 1 were Canadian, and we 
had limited representation from low- and middle-income 
countries and countries in Africa. Including more experts 
from these regions may have identified different priorities. 
It is also important to note that research is constantly evolv-
ing, and priorities may change in the future. For this reason, 
it will be important to revisit this Delphi exercise in the 
next decade to examine what work has been done and to 
update the international priorities in this area of research 
and surveillance.

5  Conclusions

Using a systematic Delphi twin-panel approach with an 
international group of experts, we identified the top 10 inter-
national areas for physical fitness research and surveillance 
over the next decade. Priorities included, among others, the 
use of longitudinal studies, fitness surveillance to inform 
decision making, international fitness testing using valid, 
reliable and standardized measures, and the development 
of interventions to improve fitness among children and ado-
lescents. The priorities identified in this study should help 
guide international collaborations and research efforts over 
the next decade and beyond.
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