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ABSTRACT

Low physical activity (PA) and fitness in childhood are linked to adverse health outcomes, yet many Danish children do not
meet national guidelines. The FIT FIRST 10 (FF10) multisport PE programme was developed to increase PA in primary schools.
To evaluate dose-response effects of a 4-month FF10 intervention on physical fitness and psychosocial well-being. Three-arm,
cluster-randomized trial (1:1:1). 1357 pupils (7-11 years) from 68 classes in 27 schools were allocated to control (CON, n=529), 1.5
FF10 sessions/week (1.5INT, n=495), or 3 FF10 sessions/week (3INT, n=333); 1175 provided consent. The primary outcome was
cardiorespiratory fitness via the Yo-Yo Intermittent Recovery Level 1 Children's test (YYIR1C). Secondary outcomes included
cardiometabolic health, muscular fitness, and psychosocial well-being. No between-group effects were observed for the primary
outcome (1.5INT vs. CON: 17m [-19, 52]; 3INT vs. CON: —8m [—47, 31]). Among secondary outcomes, 1.5INT showed small
favorable effects on body composition (body fat percentage —0.4%; fat mass —0.2kg; fat mass index —0.1kg/m? BMI —0.1 kg/m?)
and handgrip strength (+0.4kg) (all p <0.05). No intervention effects were observed for cardiovascular or psychosocial domains.
Small differences favoring CON over 3INT emerged in standing long jump (-5cm), postural balance (—0.5s) and perceived flex-
ibility (=0.3 AU) (all p<0.05). In conclusion, a moderate, feasible dose of approximately 1.5 FF10 sessions per week appeared
more effective than a higher-frequency implementation, highlighting the importance of feasibility and implementation fidelity
in real-world school settings. ClinicalTrials.gov (NCT06180772).

Abbreviations: 3INT, 3 FF10 sessions per week; 5INT, 1.5 FF10 sessions per week; AAT, Arrowhead Agility Test; BMI, body mass index; CON, control group;
CONSORT, Consolidated Standards of Reporting Trials; DBP, diastolic blood pressure; FF10, FIT FIRST 10; FIT FIRST, Frequent Intense Training through Football
Interval Running, and Strength Training; FMI, fat mass index; HIIT, high-intensity interval training; HRmax, maximum heart rate; HRQoL, health-related quality of
life; ICC, intraclass correlation coefficient; KS-27, KIDSCREEN-27; MAP, mean arterial pressure; MVPA, moderate-to-vigorous physical activity; PA, physical activity;
PE, physical education; PSI-VS-ID-R, Physical Self-Inventory, very short form for youth with intellectual disabilities-revised; RHR, resting heart rate; SBP, systolic
blood pressure; SLJ, standing long jump; VPA, vigorous physical activity; YYIR1C, Yo-Yo Intermittent Recovery Level 1 Children's Test.
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1 | Introduction

Regular physical activity (PA) in children is associated with a
wide range of health benefits, including higher health-related
quality of life (HRQoL) [1]. Furthermore, a child's physical
self-concept is a strong predictor of their PA participation,
suggesting that enhancing this self-concept could be a stra-
tegic approach to boosting and sustaining activity levels [2].
Establishing healthy PA behaviors early in life is crucial, as
these habits often persist into adulthood, making primary
school an essential period for fostering long-term motivation
and well-being [3]. Schools have the unique capacity to reach
almost all children, including those with lower fitness lev-
els or health challenges, making them ideal settings for pro-
moting PA. However, physical education (PE) lessons must
achieve an adequate level of vigorous intensity to yield mean-
ingful fitness gains, which is not consistently achieved in typ-
ical delivery [4].

Meanwhile, low fitness and adiposity during childhood are
associated with clustering of cardiovascular risk factors and
later disease, underscoring the public health importance of ef-
fective interventions [5-7]. National Danish guidelines recom-
mend at least 60 min/day of moderate-to-vigorous PA (MVPA),
including >3 weekly sessions of 30min vigorous PA (VPA) for
5-17-year-olds [8]. A recent national monitoring report shows
that adherence to these guidelines declines markedly across late
childhood. Among 7-10-year-olds, slightly more than half meet
the recommended 60 min of daily MVPA, but compliance drops
rapidly thereafter; by approximately 11years of age, fewer than
half of children still meet the guideline [9].

To address children's inactivity, various school-based PA pro-
grams have been implemented, with multiple systematic reviews
and meta-analyses indicating improvements in PA participation
and selected mental well-being outcomes (e.g., PA enjoyment)
[10, 11]. However, in Denmark, few multisport, school-based in-
terventions have been rigorously evaluated. To help fill this gap,
we developed the FIT FIRST 10 programme (Frequent Intense
Training through Football, Interval Running, and Strength
Training; FF10), designed to increase PA among primary school
children and support adherence to national PA recommenda-
tions [12].

FF10 consists of 40-min sessions aligned with the PE curric-
ulum and draws on 10 different sports, adapted for schools
to emphasize high intensity, enjoyment, and inclusivity [12].
This program innovatively rethinks traditional sports by mod-
ifying rules, formats, and team structures to ensure meaning-
ful participation for all children, regardless of their skill level
or background. The program combines three complementary
training modalities: small-sided team sports, interval run-
ning, and strength training, targeting multiple dimensions of
physical fitness and health within the limited time available
in PE.

Small-sided team games were chosen for their ability to elicit
high levels of aerobic and musculoskeletal loading while main-
taining engagement. Activities like football, basketball, and
unihockey not only enhance cardiovascular and muscular fit-
ness [4], but also foster psychological and social benefits, such

as greater enjoyment and perceived cohesion compared to in-
dividual sports [13, 14]. Evidence from high-intensity interval
training (HIIT) further supports vigorous, intermittent exercise
formats over low-intensity activity for improving fitness and
health markers in children and adolescents [15].

Together, these modalities are intended to increase children's
engagement in PA and exposure to VPA, thereby enhancing
physical fitness, health markers, and movement-related com-
petencies. Through participation in team-based activities, these
gains may contribute to higher perceived physical competence
and social cohesion. Consistent with this rationale, previous
FF10 trials and the related “11 for Health” concept have demon-
strated improvements in fitness, health markers, and selected
domains of health-related quality of life (HRQoL) in school-aged
children [16-19].

Despite the positive outcomes associated with three weekly
40-min sessions, the dose-response relationship—particularly
the minimum effective dose for younger children—remains un-
clear. Evidence is even thinner for psychosocial outcomes such
as HRQoL and physical self-concept, which are vital for long-
term well-being and sustained PA participation.

Scheduling constraints often hinder teachers’ ability to imple-
ment high volumes of activity, making it critical to identify a
feasible dose that still produces measurable benefits for broader
adoption. Notably, most school-based PA trials utilize two-arm
designs that compare a single intervention dose with usual
practice. This approach restricts the capacity to evaluate dose-
response relationships effectively or to pinpoint a minimum ef-
fective dose [10].

Thus, we conducted a 4-month study of the FF10 intervention
among children aged 7-11years, randomly assigning schools to
one of three conditions: three FF10 sessions per week, 1.5 FF10
sessions per week, or usual PE. This design allows us to estimate
the minimum effective dose for key health indicators and assess
whether a moderate, implementable dose can provide benefits
comparable to a higher-frequency schedule, accommodating
typical school routines.

We hypothesized that both FF10 intervention arms will out-
perform usual PE, particularly in the primary outcome—car-
diorespiratory fitness—while secondary outcomes (muscular
fitness, cardiometabolic health, HRQoL, and physical self-
concept) will show smaller effects. Given the likely constraints
on the achieved dose from scheduling and delivery factors,
we anticipate no meaningful difference between the two
FF10 doses.

2 | Methods
2.1 | Trial Design

We conducted a three-arm, cluster-randomized, parallel-
group superiority trial in Danish primary schools over
4months, delivered in two cohorts (2023 and 2024) with
identical procedures. Schools were allocated 1:1:1 to control
(CON), 1.5 FF10 sessions/week (1.5INT), or 3 FF10 sessions/
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week (3INT) using computer-generated block randomization
in Excel, stratified by number of classes and the population
size of the school's town.

To minimize contamination, we employed cluster randomiza-
tion at the school level. However, some spillover effects cannot
be entirely excluded. Since the FF10 materials were publicly
available and the delivery was teacher-led, intervention elements
may have been adopted or adapted beyond the assigned groups.
This potential contamination reflects the pragmatic nature of
the trial and the real-world conditions of schools.

The study was unblinded, and the allocation sequence was pre-
pared by the study team. One team member (MNL) was respon-
sible for enrolling schools and assigning groups according to
the sequence. Recruitment and enrolment of schools were com-
pleted before allocation disclosure. After allocation, all eligible
pupils were invited to participate, and parental consent was ob-
tained thereafter. Reporting follows CONSORT 2025 guidelines,
including the extension for cluster-randomized trials. The com-
pleted CONSORT checklist is provided in Appendix S1.

2.2 | Ethics Approvals and Consent

The Health Research Ethics Committee of the Region of
Southern Denmark reviewed the study and granted a waiver (S-
20222000-108, Denmark). Institutional approval was obtained
from the Legal Services Department, University of Southern
Denmark (11.806). The study adhered to the Declaration of
Helsinki. Written informed consent was obtained from parents
prior to inclusion of participants' data; the parent information
sheet and consent form are provided in Appendix S6. In accor-
dance with our data-management plan and Danish regulations
(GDPR), identifiable information is stored securely; study data
will be deleted or anonymised no later than 5years after project
completion (by 01-08-2032).

2.3 | Recruitment

Registration was open to all public and private schools, while
special schools for pupils with special educational needs were
excluded. Recruitment ran from October 2022 to December
2023. Invitations were disseminated via social media (e.g.,
LinkedIn), the Danish Sports Confederation (DIF) website,
and direct email. Direct email invitations were initially sent
to schools in the Region of Southern Denmark and the Capital
Region, reflecting their proximity to the coordinating university,
and were subsequently extended to schools in other regions until
the recruitment target was reached. Recruitment was completed
before schools in the North Denmark Region were contacted,
which had been planned as the final region due to logistical con-
siderations. A minimum recruitment target of 60 classes across
24 schools was achieved.

In total, 27 schools volunteered to participate, representing
four of Denmark's five regions: Syddanmark, Sjelland, Fyn,
and Midtjylland. To enhance representativeness, two schools
from Lolland-Falster were recruited deliberately, as this re-
gion is characterized by predominantly rural settings. Twelve

schools completed baseline assessments in January-February
2023 and 15 in January-February 2024; follow-up assessments
for each cohort were conducted in May-June of the same year.
Immediately after completing baseline assessments, all partic-
ipating schools within each cohort initiated the 4-month FF10
intervention and adhered to identical procedures. Follow-up
assessments were scheduled approximately 4 months after the
start of each school'’s intervention.

2.4 | Participants

Pupils were eligible if they belonged to a participating class at a
randomized school; no prespecified individual exclusion crite-
ria were applied. Written parental consent for data use was ob-
tained after randomization. Analyses included only consented
pupils who remained in their class for the full intervention pe-
riod. Potential harms, defined as adverse physical, emotional,
or social events during baseline or follow-up assessments, were
monitored without a formal protocol at those time points; pupils
who became distressed during testing were reassured and could
pause or decline participation. To minimize social comparison,
individual test results were not shown on test days.

2.5 | Intervention

FF10 is a school-based multisport PE programme for Danish
primary schools that emphasizes high-intensity activity through
structured 40-min sessions delivered up to three times per week
[12]. The programme comprises 60 lesson plans co-developed
by a research team at the University of Southern Denmark, the
Danish Sports Confederation (DIF), Team Denmark, and ten
national sports federations (badminton, basketball, American
football, soccer, handball, judo, orienteering, rugby, taekwondo,
volleyball). FF10 is designed to be deliverable by any member
of school staff and to fit into the regular timetable. Sessions are
designed to elicit high intensity (average >75% of maximum
heart rate (HRmax), with >10% of time >90% HRmax) through
team-based, small-sided games involving sprinting, strength
exercises, and bone-loading movements. FF10 sessions were
integrated into the regular timetable (during PE or substituting
other lessons). Schools allocated to 1.5INT implemented an av-
erage of 1.5 sessions/week. This was operationalized by asking
teachers to deliver one FF10 session in 1week, followed by two
sessions the following week. Those allocated to 3INT delivered
three sessions each week. The active control continued the stan-
dard PE curriculum (2 x45min/week). Teachers implementing
FF10 completed weekly class logbooks to record delivered activ-
ities and assess fidelity. After the intervention, they received an
online questionnaire on programme acceptability, appropriate-
ness, feasibility, as well as the teachers' capabilities, opportuni-
ties, and motivation related to its implementation [20].

2.6 | Teacher Courses

Teachers from intervention schools attended a one-day, in-
person training course led by the FIT FIRST project team,
often with representatives from participating federations. The
course included a theoretical introduction to FF10's evidence
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base and core principles (high intensity, enjoyment, inclusivity),
as well as two practical sessions in a sports hall where teach-
ers experienced key activities and explored lesson plans. Group
discussions covered contextual adaptation and implementation
strategies (e.g., timetabling, facilities). Courses were held in
local schools or sports facilities.

All teachers in participating intervention classes who were in-
terested in FF10 were invited to attend the training. In practice,
the intervention was delivered by one or two teachers per class,
and training courses were organized for each school (sometimes
with schools combined) to ensure that at least 1-2 teachers per
intervention school were able to participate. Approximately 40
teachers delivered the intervention in total, and at least one
trained teacher responsible for each intervention class com-
pleted the course prior to programme implementation. Teachers
received manuals with lesson plans for all ten sports and an
equipment package (cones, bibs, and balls).

2.7 | Testing Procedures

All assessments were conducted during regular school hours by
trained university staff using standardized protocols and iden-
tical equipment at both timepoints. We administered a stan-
dardized warm-up before the physical tests (Appendix S2). The
physical test battery assessed cardiorespiratory and muscular
fitness and cardiometabolic health, which are established pre-
dictors of current and future health [5]. Outcomes were mea-
sured at baseline and end-of-study follow-up.

2.7.1 | Primary Outcome

2.71.1 | Cardiorespiratory Fitness. Cardiorespiratory
fitness was assessed using the Yo-Yo Intermittent Recovery
Level 1 Children's test (YYIR1C), which involves 16-m shuttle
runs with increasing intensity and 10-s recovery intervals [21].
On the test day, pupils first completed two slow familiarization
shuttles with adult guidance. During the initial test stages, an
adult paced the children to an average level of 14.8, correspond-
ing to 19 shuttle runs (608 m). The outcome was the total dis-
tance covered (m).

2.7.2 | Secondary Outcomes

2.7.2.1 | Cardiometabolic Health. Body mass (kg)
and body fat percentage were measured with an InBody 270
multifrequency body composition analyzer (Biospace, San
Diego, CA) [22]. From these, we derived fat mass (kg), fat mass
index (FML kg/m?), body mass index (BMI; kg/m?), and skel-
etal muscle mass (absolute and relative). Pupils were weighed
barefoot in light clothing. Height was measured to 0.1cm with
a Tanita Leicester portable stadiometer (Tanita, Amsterdam,
the Netherlands).

Systolic and diastolic blood pressure (SBP, DBP; mmHg) and
resting heart rate (RHR; bpm) were measured with an auto-
matic monitor (M6 HEM-7223-E, Omron, Illinois, USA) on the
left upper arm in a quiet room with an appropriately sized cuff.

After an 8-min supine rest, three readings were taken at 1-min
intervals; additional readings were obtained if values appeared
unrealistic. Mean arterial pressure (MAP) was calculated from
SBP and DBP as (1/3 X SBP) + (2/3 X DBP).

2.7.3 | Muscular Fitness

Lower-body explosive strength was assessed with a paused
standing long jump (SLJ; cm) performed barefoot or in sports
shoes. Participants stood behind the line, flexed their knees to
approximately 90°, and jumped while keeping their hands on
their hips. A new attempt was allowed if they fell backwards or
dropped their arms. Two valid trials were recorded, separated by
a short rest; the best distance was used.

Change-of-direction speed was measured using the Arrowhead
Agility Test (AAT; s); a three-cone “arrowhead” layout with a
start/finish line [23]. Participants ran from the line to the mid-
dle cone, turned around the side cone, looped the far cone,
and finished by crossing the line. Runs were repeated if a cone
was knocked over or stepped on. Each participant completed
two valid right-turn trials, separated by 3min; the best time
was used.

Maximal isometric strength of the dominant hand (handgrip
strength; kg) was measured using a Smedley dynamometer
(Scandidact). Pupils stood against a wall, elbows at 90°, the palm
facing outward, and squeezed maximally for 5s. The higher of
the two trials was recorded.

Postural balance (s) was assessed using the Stork Balance Stand
Test. Participants stood barefoot or in socks with hands on their
hips, placed the non-supporting foot against the knee of the sup-
porting leg, and raised the heel of the supporting leg. Three tri-
als were completed on each leg; the longest time maintained on
either leg was used.

2.8 | Psychosocial Well-Being

Participants completed a combined questionnaire battery as-
sessing: (a) biographical information, (b) leisure-time sports
participation, (c) HRQoL, and (d) physical self-concept. Short
forms were chosen for age-appropriate comprehension. All
questionnaires were completed individually with headphones;
researchers assisted as needed. Higher scores indicate more fa-
vorable outcomes.

Health-related quality of life (HRQoL) was assessed using the
validated KIDSCREEN-27 well-being questionnaire (KS-27), a
27-item measure covering Physical Well-being, Psychological
Well-being, Autonomy and Parent relation, Social Support
and Peers, and School Environment. Items are rated on a five-
point Likert scale (e.g., “never” to “always”) [24]. We used an
age-adjusted, video-assisted Danish version for children aged
6-10years [25]. Raw dimension scores were transformed into
norm-based T-scores (mean =50, standard deviation (SD)=10)
using European reference values [26]. Values beyond +3 SDs
were excluded (Appendix S3); thus, the analyzed T-scores fell
within the range of approximately 20-80.
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Physical self-concept was assessed with the Physical Self-
Inventory, very short form for youth with intellectual disabilities
(PSI-VS-ID-R) [27]. This instrument was originally developed
for adolescents with intellectual disabilities and was designed
with simplified wording, reduced response burden, and visual
support to accommodate lower cognitive and verbal demands
than those required by standard self-concept measures. Such
characteristics align with established methodological recom-
mendations for questionnaire-based self-report in younger
children, who are still developing reading proficiency, abstract
reasoning, and sustained attention [28]. To further enhance
comprehension, the response format includes verbal descriptors
alongside a graphical scale, and all items are supported by pic-
tograms [27]. These adaptations have been shown to improve
response quality in children aged 7-11years by reducing cog-
nitive load and supporting understanding of response options
[28]. Accordingly, the PSI-VS-ID-R was considered appropriate
for use in the present sample.

The PSI-VS-ID-R also includes a global self-worth domain, re-
ported here as a secondary psychosocial outcome. The instru-
ment contains 18 items across nine domains: global self-worth,
physical self-worth, physical strength, physical attractiveness,
physical condition, sport competence, perceived flexibility, bal-
ance, and running speed. Items are rated on a six-point graph-
ical scale ranging from “No, I totally disagree” (very unhappy
face) to “Yes, I totally agree” (very happy face). Domain scores
were calculated as the mean of item responses, yielding domain
scores ranging from 1 to 6. To aid comprehension, the question-
naire was administered in a video- and smiley-assisted format,
consistent with KS-27. The average of each domain was calcu-
lated; score range was from 1 to 6.

2.9 | Patient and Public Involvement

Results will be shared with participating schools by email and
disseminated via seminars for relevant professionals and press
releases targeting the public (e.g., parents).

2.10 | Sample Size

This pragmatic trial aimed to recruit approximately 1500 pu-
pils across 60 classes from 24 schools (1:1:1). The target sam-
ple was determined by feasibility (recruitment, timetabling,
staffing, and equipment) rather than a formal a priori power
calculation. Consequently, inference emphasized estimation,
and we report adjusted effect sizes with 95% confidence inter-
vals (CIs).

2.11 | Statistical Analysis

Analyses were conducted in RStudio (v2025.05.1, Posit)
using Ime4/IlmerTest [29]. Outlier handling is described in
Appendix S3. Linear mixed models with Gaussian residuals
were fitted to estimate intervention effects. Fixed effects were
group (CON, 1.5INT, 3INT), time (baseline, follow-up), and
their interaction, with prespecified covariates. For physical
outcomes, models adjusted for sex (reference category: boys),

age, height, body mass, and baseline leisure-time sports partic-
ipation; for psychosocial outcomes, height and body mass were
omitted. Continuous covariates, including the numeric leisure-
time sports participation variable, were mean-centred prior to
analysis. Random intercepts for pupil (ID) and class accounted
for repeated measures and clustering. Class-level intraclass
correlation coefficients (ICCs) were estimated from the mixed-
effects models.

The primary estimate was the between-group difference in
change from baseline to follow-up (difference-in-differences).
With treatment coding (CON and baseline as reference levels),
interaction terms for 1.5INT X follow-up and 3INT X follow-up
estimated changes relative to CON; the 3INT versus 1.5INT
comparison was obtained by re-leveling Group. We report
Wald estimates with 95% CIs and p-values from fixed-effect
Wald tests with Satterthwaite degrees of freedom. Simple ef-
fects (within-group changes from baseline to follow-up) were
obtained using estimated marginal means for each group
and computing follow-up minus baseline contrasts. Analyses
used all available observations from consented pupils who re-
mained in their class; rows with missing model variables were
excluded (observation-level complete case). We assumed data
were missing at random; although missingness was somewhat
higher in 3INT, it was similar across outcomes and models ad-
justed for key covariates.

No interim analyses or formal stopping rules were prespeci-
fied. Schools could pause or modify sessions for operational
reasons (e.g., timetabling, staffing), independent of outcomes;
such deviations were recorded. Analyses followed the intention-
to-treat principle with participants analyzed as randomized.
For continuous outcomes, we present means (SD) and adjusted
between-group differences in change with 95% CIs. Statistical
significance was set at p <0.05.

Secondary outcome analyses were exploratory; adjustment for
multiple comparisons was considered but not applied, as the pri-
mary outcome was prespecified and secondary analyses were
intended to be hypothesis-generating. Findings should therefore
be interpreted with caution.

3 | Results
3.1 | Participants

Twenty-seven schools (68 classes; 1357 pupils) were cluster-
randomized (1:1:1). Parental consent was obtained for 1175
pupils. Primary analyses included consented pupils with valid
outcome data; exclusions due to lack of consent, absence at test-
ing, invalid measurements (e.g., comprehension error, injury,
protocol deviations), or school transfer/enrolment only at fol-
low-up are detailed in Figure 1. For the primary outcome, 1025
pupils had valid baseline measurements, and 875 pupils (CON
n=2350; 1.5INT n=310; 3INT n=215) provided complete data
at both baseline and follow-up. Lost to follow-up denotes pupils
with baseline data but no follow-up measure.

Baseline characteristics are presented in Table 1. Based on
teacher logbooks, the achieved dose averaged 1.8 £0.8 (1.5INT)
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Enrolment ] Assessed for eligibility (n = 1357)
Excluded (n = 0)
! No exclusion criteria
applied
Randomised (n = 1357)
Allocation ]
1 1 1

Allocated to CON (n = 529):
Received allocated intervention
(n=529)

Declined to participate (n = 3)

Allocated to 1.5INT (n = 495):
Received allocated intervention
(n=495)

Declined to participate (n = 1)

Allocated to 3INT (n = 333):
Received allocated intervention
(n=333)

Declined to participate (n = 2)

Follow-up assessments

I

|

|

For primary outcome (YYIRIC):
Lost to follow-up (n = 56)
Reasons:
Absent (n = 48)
No valid measurement (n = 8)

For primary outcome (YYIRIC):
Lost to follow-up (n = 63)
Reasons:

Absent (n=61)

No valid measurement (n = 2)

For primary outcome (YYIRIC):
Lost to follow-up (n = 52)
Reasons:

Absent (n=47)

No valid measurement (n = 2)

Changed school (n = 3)

Analysis

|

|

For primary outcome (YYIRIC):
Participants with parental
consent (n = 465)

Included in complete-case
analyses (n = 350)

For primary outcome (YYIR1C):
Participants with parental
consent (n = 423)

Included in complete-case
analyses (n=310)

|

For primary outcome (YYIRI1C):
Participants with parental
consent (n = 287)

Included in complete-case
analyses (n =215)

FIGURE1 | CONSORT flow diagram. CON, control group; YYIR1C, Yo-Yo Intermittent Recovery Level 1 Children's Test; 1.5INT, 1.5 FF10 ses-
sions/week; 3INT, 3 FF10 sessions/week.

TABLE1 | Participant characteristics at baseline.

CON 1.5INT 3INT
Categorical variables
Number of participants (1) 465 (39.6%) 423 (36.0%) 287 (24.4%)
Sex, boys (1) 220 (47.3%) 206 (48.7%) 151 (52.6%)

Active in leisure-time sports, yes (1)

Numerical variables

Age (years)

Body mass (kg)

Height (cm)

307 (70.3%)

8.6 (0.6)
n=416

33.3(7.4)
n=416

137.8 (6.8)
n=418

277 (68.2%)

8.7(0.7)
n=386
33.0(7.7)
n=366
137.2(7.2)
n=366

221 (81.5%)

8.5(0.6)
n=264

33.5(8.2)
n=268

137.7 (7.0)
n=267

Note: Numerical variables are presented as mean +SD.
Abbreviations: 1.5INT, 1.5 FF10 sessions/week; 3INT, 3 FF10 sessions/week; CON, control group.

and 2.2+0.7 (3INT) FF10 sessions per week, delivered over a
mean of 13.2 and 16.4weeks, respectively. PE-trained teachers
delivered FF10 in 47.4% of 1.5INT classes versus 38.5% of 3INT
classes (the remainder were non-PE teachers). Teacher moti-
vation scores were low in both intervention groups (<3.5/5).
Implementation, in addition to PE, occurred in 45.8% of 1.5INT

classes but only 10.5% of 3INT classes [20]. No serious adverse
events were reported in any group during baseline or follow-up
assessments.

Table 2 shows observed means, SDs, and sample sizes for each
outcome at baseline and follow-up. Table 3 reports adjusted
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between-group differences in change from baseline to fol-
low-up from the mixed-effects models. Full model outputs and
per-outcome class-level ICCs are provided in Appendix S4, and
within-group (follow-up—baseline) changes for each outcome
are presented in Appendix S5.

3.2 | Cardiorespiratory Fitness

All groups improved from baseline to follow-up in YYIRIC dis-
tance (all p<0.001; Appendix S5); however, between-group dif-
ferences in change were not significant: 1.5INT vs. CON, 17m
[95% CI —19, 52]; p=0.350; 3INT vs. CON, —8m [95% CI —47,
31];p=0.679; 3INT vs. 1.5INT, —25m [95% CI —65, 15]; p=0.221
(Table 3). The class-level ICC was 0.10, indicating that approxi-
mately 10% of the variance in YYIR1C was attributable to differ-
ences between classes (Appendix S4).

3.3 | Cardiometabolic Health

The 1.5INT group showed more favorable changes in body
composition than CON: greater reduction in body fat percent-
age (—0.4% [95% CI —0.8, 0.0]; p=0.029), a smaller gain in fat
mass (—0.2kg [95% CI —0.3, 0.0]; p=0.021), and more favorable
changes in FMI (-0.1kg/m? [95% CI —0.2, 0.0]; p=0.016) and
BMI (-0.1kg/m? [95% CI —0.2, 0.0]; p=0.013). The 3INT group
generally did not differ from CON on these indices (Table 3). No
significant between-group differences were observed for SBP,
DBP, MAP, or RHR (Table 3).

3.4 | Muscular Fitness

In SLJ, all groups improved (all p<0.001; Appendix S5),
with 3INT improving less than CON (-5cm [95% CI -7,
—-2]; p<0.001) and 1.5INT (—=3cm [95% CI -5, —1]; p=0.010;
Table 3). In postural balance, both intervention groups showed
smaller gains than CON (1.5INT: —0.6s [95% CI —1.0, —0.2];
p=0.004; 3INT: —0.55 [95% CI —0.9, 0.0]; p=0.038). Handgrip
strength increased in all groups; 1.5INT improved more than
CON (+0.4kg [95% CI1 0.0, 0.8]; p=0.046), and 3INT improved
less than 1.5INT (-0.5kg [95% CI —0.9, 0.0]; p=0.048). In
AAT, absolute and relative muscle mass, all groups improved
(all p<0.007; Appendix S5), with no significant Time X Group
interactions (Table 3).

3.5 | Psychosocial Well-Being

Across KS-27 and the PSI-VS-ID-R domains, no significant
between-group differences were observed, except for the flexi-
bility domain, where 3INT scored lower than CON (0.3 [95%
CI —0.5, —0.1]; p=0.013; Table 3).

4 | Discussion
The primary objective of this study was to examine the dose—

response effects of a 4-month FF10 intervention on multiple
fitness and health indicators in children aged 7-11years. A
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TABLE 3 | Adjusted between-group differences in change (follow-up—baseline).

1.5INT vs. CON 3INT vs. CON 3INT vs. 1.5INT
Outcome variables Est. 95% CI P Est. 95% CI P Est. 95% CI P
Cardiorespiratory fitness
YYIRIC distance (m) 16.91 [~18.54, 52.40] 0.350 -8.22 [—47.20, 30.80] 0.679 —-25.13 [-65.33,15.10]  0.221
Cardiometabolic health
Body fat percentage (%) —-0.42 [-0.79, —0.04] 0.029 —0.01 [-0.42, 0.40] 0.962 0.41 [-0.02,0.83] 0.062
Fat mass (kg) -0.19 [~0.35, —0.03] 0.021 —0.08 [~0.26, 0.09] 0.340 0.10 [-0.08, 0.28] 0.269
FMI (kg/m?) -0.10 [~0.18, —0.02] 0.016 -0.03 [-0.12,0.06] 0.571 0.08 [~0.02,0.17] 0.115
BMI (kg/m2) —0.12 [-0.21, —0.02] 0.013 —-0.08 [-0.19, 0.02] 0.105 0.03 [-0.07,0.14] 0.540
SBP (mmHg) 0.79 [-0.74, 2.31] 0.313 0.60 [~1.08, 2.28] 0.483 -0.18 [-1.92,1.56] 0.836
DBP (mmHg) 1.01 [-0.62, 2.63] 0.224 1.52 [-0.27, 3.30] 0.095 0.51 [-1.34,2.36] 0.588
MAP (mmHg) 0.91 [=0.51, 2.34] 0.209 1.20 [~0.37,2.76] 0.134 0.28 [-1.34, 1.90] 0.732
RHR (bpm) 0.13 [-1.72,1.97] 0.894 ~1.68 [-3.72,0.35] 0.105 —1.81 [-3.92,0.30] 0.093
Muscular fitness
SLJ performance (cm) -1.71 [-3.73,0.32] 0.099 —4.72 [—6.96, —2.49] <0.001 -3.02 [-5.33,-0.71]  0.010
AAT performance (s) -0.11 [-0.24, 0.02] 0.101 —0.05 [~0.20, 0.10] 0.517 0.06 [-0.09, 0.22] 0.438
Postural balance (s) —0.57 [-0.96, —0.18] 0.004 —0.46 [-0.89, —0.03] 0.038 0.12 [-0.33,0.56] 0.610
Handgrip strength (kg) 0.42 [0.01, 0.82] 0.046 -0.05 [~0.50, 0.40] 0.819 —0.47 [-0.93, 0.00] 0.048
Muscle mass (kg) —0.02 [-0.11,0.07] 0.673 -0.07 [-0.18, 0.03] 0.149 —-0.05 [-0.16, 0.05] 0.308
Relative muscle mass (%) 0.20 [~0.05, 0.46] 0.123 0.02 [~0.26, 0.30] 0.888 -0.18 [-0.47,0.11] 0.225
Psychosocial well-being
Physical well-being (AU) -0.54 [-1.87,0.79] 0.426 —-0.58 [-2.08,0.92] 0.450 -0.04 [-1.56,1.49] 0.962
Psychological well-being (AU) 0.08 [-1.06, 1.21] 0.895 0.48 [-0.79, 1.76] 0.457 0.41 [-0.89,1.71] 0.538
Autonomy and parent relation (AU) —-0.16 [-1.29,0.97] 0.782 —0.11 [-1.37,1.16] 0.869 0.05 [-1.24,1.35] 0.937
Social support and peers (AU) —0.25 [-1.62,1.13] 0.726 —0.52 [-2.06, 1.03] 0.512 -0.27 [-1.85,1.31] 0.736
School environment (AU) 0.25 [-1.11, 1.62] 0.717 0.54 [~1.00, 2.08] 0.495 0.28 [-1.29,1.85] 0.722
Global self-worth (AU) —0.05 [~0.21, 0.10] 0.500 —0.04 [-0.21, 0.14] 0.680 0.02 [-0.16, 0.20] 0.852
Physical self-worth (AU) —-0.09 [-0.23,0.05] 0.222 -0.12 [-0.27,0.03] 0.127 —-0.03 [-0.20,0.13] 0.684
Physical strength (AU) 0.01 [-0.14, 0.16] 0.874 —0.10 [-0.26, 0.07] 0.263 —0.11 [~0.28,0.07] 0.228
Physical attractiveness (AU) -0.16 [-0.34,0.02] 0.090 0.01 [-0.18,0.21] 0.899 0.17 [~0.04, 0.38] 0.113
Physical condition (AU) 0.00 [-0.18,0.18] 1.000 -0.17 [-0.37,0.02] 0.082 -0.17 [-0.38,0.03] 0.097
Sport competence (AU) —-0.01 [-0.18, 0.16] 0.893 0.11 [-0.08,0.29] 0.254 0.12 [-0.07,0.31] 0.228
Flexibility (AU) -0.11 [-0.31,0.09] 0.268 —0.28 [-0.50, —0.06] 0.013 -0.17 [-0.40, 0.06] 0.155
Balance (AU) —-0.06 [~0.24,0.13] 0.563 —0.11 [-0.31, 0.10] 0.322 —~0.05 [-0.27,0.17] 0.656
Speed (AU) 0.03 [-0.12,0.19] 0.658 —-0.11 [~0.28, 0.06] 0.193 —-0.15 [-0.32,0.03] 0.105

Note: Estimates reflect between-group differences in change from baseline to follow-up. CON was the reference group for comparisons vs. 1.5INT and 3INT; 1.5INT
was the reference for the 3INT vs. 1.5INT comparison. Positive values indicate greater changes in the first-mentioned group at follow-up than at baseline. Statistically

significant p-values (<0.05) are shown in bold.

Abbreviations: 1.5INT, 1.5 FF10 sessions/week; 3INT, 3 FF10 sessions/week; AAT, Arrowhead Agility Test; BMI, body mass index; CON, control group; DBP, diastolic
blood pressure; FMI, fat mass index; MAP, mean arterial blood pressure; RHR, resting heart rate; SBP, systolic blood pressure; SLJ, standing long jump; YYIRIC, Yo-

Yo Intermittent Recovery Level 1 Children's Test.

moderate dose of 1.5 sessions/week produced small but fa-
vorable changes in body composition and handgrip strength.
Delivering the FF10 programme with a higher frequency of
three sessions per week did not enhance outcomes across any
domain, and small differences favoring CON over 3INT were
observed in muscular fitness, indicating that a higher nominal

dose did not translate into greater benefits under real-world
school conditions. These findings suggest that the maximum
feasible dose of FF10 is not necessarily the optimal dose, as
higher intervention frequency may compromise implemen-
tation quality. The achieved intervention period was shorter
than intended, which should be considered when interpreting
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the observed effects. No between-group differences were ob-
served for cardiorespiratory fitness, blood pressure, or psy-
chosocial measures.

4.1 | Cardiorespiratory Fitness

Contrary to our hypothesis, FF10 did not improve YYIRI1C per-
formance beyond usual PE, as all groups showed similar improve-
ments over time. This finding aligns with previous school-based
FIT FIRST trials reporting null effects of three weekly sessions
in children and adolescents [16, 18], but contrasts with the Faroe
Islands trial, where improvements were observed when three 40-
min sessions were added on top of 60-120min of compulsory PE
and delivered exclusively by PE teachers [30]. Evidence from other
PE-based interventions is also mixed: one Faroese 11-week school-
based “11 for Health” trial with twice-weekly 45-min sessions for
10-12-year-old pupils reported no effects [31], whereas a Chinese
school-based “11 for Health” trial found significant gains in car-
diorespiratory fitness [19]. Differences in achieved implementation
fidelity likely explain this heterogeneity across studies. Researcher-
led protocols show that substantial YYIR1C improvements occur
when a large proportion of session time is spent at high intensity
[4], whereas sustaining such intensity in routine school PE with-
out systematic monitoring is challenging. Evidence from broader
HIIT and school-based PA research suggests that achieved inten-
sity, rather than nominal session volume, is the primary driver
of fitness adaptations [32]. In the present study, session intensity
was not objectively assessed, as the focus was on weekly session
frequency under real-world school conditions. Strategies such as
intensity monitoring or researcher-led supervision were intention-
ally not implemented, as the aim was to evaluate dose-response
effects within routine PE practice. Although such strategies may
have increased achieved intensity, they would likely have reduced
ecological validity and relevance for large-scale implementation.

Teacher unfamiliarity with the programme, organizational
demands, and competing curricular priorities—potentially re-
flected in the low teacher motivation scores—may have lim-
ited implementation fidelity and opportunities for sustained
high-intensity activity [10, 20]. This is further supported by the
greater substitution of regular PE lessons with FF10 in the 3INT
group. Even among PE-trained teachers, such constraints may
reduce adherence to the intended session structure and inten-
sity, thereby attenuating intervention effects on cardiorespira-
tory fitness. These findings suggest that future refinements may
benefit from a stronger emphasis on pedagogical approaches
during teacher training, rather than on device-based monitor-
ing. Equipping teachers with flexible adaptation strategies—
such as modifying rules, group sizes, or equipment, and using
verbal encouragement to sustain movement—may support
higher activity levels while preserving the play-based and inclu-
sive nature of school PE. In addition, regular lesson observations
and ongoing teacher support (e.g., online guidance and practical
tips) may further enhance implementation fidelity.

4.2 | Cardiometabolic Health

The 1.5INT arm showed small but more favorable changes in
body composition than CON, with smaller gains in body fat

and BMI. Even small reductions in adiposity during child-
hood are clinically relevant given their links to later car-
diometabolic risk [5, 33]. These findings contrast with much
of the school-based PA literature, where BMI and FMI often
remain unchanged. The absence of similar effects in 3INT
may reflect implementation rather than nominal dose: more
1.5INT classes delivered FF10 in addition to PE, whereas most
3INT classes integrated FF10 within existing PE, likely com-
pressing overall weekly exposure or intensity [20]. Previous
FIT FIRST trials have reported mixed body-composition ef-
fects: Danish studies reported null findings at 10weeks and
10 months [17, 18], whereas the Faroe Islands study reported
favorable changes in body fat percentage [30]. Single-sport
“11 for Health” programmes have more consistently improved
adiposity in Danish and Faroese children [31, 34]. Feasible,
timetable-friendly doses appear critical; systematic monitor-
ing of intensity and session content may help to better under-
stand and optimize potential effects.

No between-group effects were observed for blood pressure.
A 10-month FIT FIRST programme reduced diastolic blood
pressure [16], whereas shorter trials show mixed or null effects
[18, 30]. “11 for Health” has lowered blood pressure in some
settings [19, 31], possibly due to its integrated health-education
content, which may influence behaviors beyond sessions. In the
present study, the absence of effects highlights the difficulty
of shifting blood pressure in generally healthy, normotensive
children and may suggest that longer, more targeted, or multi-
component interventions are required, particularly given that
the intervention was not delivered for the full planned 20-week
period.

The small within-group reduction in RHR in 3INT, without
significant between-group differences, aligns with other FIT
FIRST studies in primary-school samples [16, 19, 30, 31],
whereas changes in RHR have been observed in older co-
horts [18].

4.3 | Muscular Fitness

SLJ improved across all groups, with larger gains in CON than
in the intervention arms, indicating no added effect of FF10 be-
yond usual PE. Possible explanations include limited task spec-
ificity (aerobic, game-based activity rather than jump-focused
high-velocity loading) and the coordination demands of the
paused SLJ protocol, which may mask power gains. A previous
10-month small-sided ball-game trial in a similar age group re-
ported SLJ improvements [17], suggesting that longer exposure
and more targeted progression may be needed. Null or selective
effects in other FIT FIRST and “11 for Health” studies similarly
may point to specificity and progression as key determinants of
jump performance [18, 30, 35].

AAT performance improved over time in all groups, with no
between-group differences observed. In contrast, a Faroese
FIT FIRST trial reported improvements in agility performance
following an intervention delivered as three weekly sessions
in addition to regular PE and led exclusively by PE-trained
teachers, reflecting a higher weekly dose than in the present
study [30]. This difference in intervention dose may partly
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explain the discrepant findings. Additional explanations in-
clude differences in session frequency and agility-specific
content between studies, as well as potential differences in
familiarization effects, given that AAT performance relies
heavily on coordination and rapid change-of-direction abil-
ity. In the present FF10 intervention, agility-specific adap-
tations may have been diluted by the multisport format, in
which many activities involve ball handling and place greater
demands on coordination and technical skills than on pure
speed. Furthermore, although teachers were encouraged to
sample all 10 sports, session content and repetition were not
systematically monitored, which may have limited stimulus
specificity and subsequent agility adaptations.

Postural balance improved more in CON than in both FF10
arms. “11 for Health” and a 10-month FF10 trial have reported
positive balance effects using more targeted balance tasks or
different outcome measures (e.g., falls per minute) [17, 19, 31].
Our findings may support the view that balance improvements
may depend on targeted content rather than general exposure to
diverse activities.

Handgrip strength increased in all groups, with greater gains in
1.5INT than in CON and 3INT, suggesting that FF10's ball-game
format may contribute to upper-body strength within regular
lessons. A plausible mechanism is the repeated loading of the
hand-forearm complex through catching, throwing, and ball
control. The smaller gain in 3INT again emphasizes that more
sessions do not automatically translate into a stronger stimulus,
suggesting that a higher nominal dose may exceed the optimal
dose when implementation quality cannot be maintained.

Absolute and relative muscle mass increased across all groups,
with no between-group effects. In this age range, gains in lean
mass largely reflect growth and maturation rather than training-
induced hypertrophy. Accordingly, the FF10 stimulus may not
have been sufficient to elicit additional lean mass accrual be-
yond normal developmental changes.

4.4 | Psychosocial Well-Being

From a theoretical perspective, psychosocial benefits of school-
based PA depend not only on exposure to activity, but also on
need-supportive delivery that fosters choice, perceived compe-
tence, and relatedness [36]. While FF10 incorporates inclusive,
team-based activities, its structured and teacher-led design
requires adherence to prespecified activities outlined in the
manuals to ensure high-intensity participation. This necessary
standardization may limit opportunities for child autonomy,
potentially constraining effects on HRQoL and physical self-
concept. Although such psychosocial dimensions may be less
sensitive to change within a structured, fitness-oriented school
intervention, they remain important for evaluating broader pro-
gramme impact and understanding the conditions under which
psychosocial benefits may emerge.

Consistent with this interpretation, we observed within-group
improvements in selected KS-27 domains but no between-group
differences. A recent 10-week FF10 study in the Faroe Islands re-
ported improvements in Physical Well-being, particularly among

younger pupils, but similarly mixed effects across other HRQoL
domains [37]. “11 for Health” has shown benefits in Physical
Well-being and Social Support in some cohorts [38], highlighting
that programme structure and context (single-sport vs. multis-
port, health education content, explicit social support, and peer
interactions) may play an important role in shaping psychosocial
outcomes.

Although FF10's multisport format provides variety and may
support competence and relatedness through simplified rules,
achievable tasks, and small-team activities, its breadth-oriented
and time-limited delivery may prioritize physical exposure over
sustained psychological engagement. As a result, limited op-
portunities for reflection, choice, and repeated mastery within
each activity may reduce the likelihood of detecting measurable
changes in HRQoL and physical self-concept compared with
usual PE lessons.

For the physical self-concept, no between-group effects across
domains were observed, except for a significant Time X Group
interaction in the perceived flexibility domain, with 3INT de-
clining relative to CON, which improved from baseline to fol-
low-up. These differences in perceived flexibility between CON
and 3INT may reflect increased exposure to unfamiliar, high-
intensity activities within a limited time frame. FF10 empha-
sizes vigorous, strength- and game-based activities delivered
through small-sided formats and was not designed to target
flexibility or recovery-focused elements. Consequently, higher
training frequency may have increased transient muscle stiff-
ness or soreness, which could negatively influence children's
subjective perceptions of flexibility.

Several factors may explain the overall null effects on psycho-
social outcomes. Similar patterns have been observed in a 10-
week FF10 study from the Faroe Islands, where self-perception
outcomes assessed using the KIDSCREEN-52 favored the
control group [37], suggesting that increased programme ex-
posure does not necessarily translate into short-term psycho-
social gains. First, early exposure to unfamiliar activities and
self-report questionnaires may temporarily suppress perceived
competence. Second, children in this sample had relatively
high baseline self-perceptions, and larger changes are typically
seen in those with lower starting levels [39]. Third, teacher
motivation and the implementation climate were modest in
the intervention arms, which can reduce pupil engagement
and motivation [20, 40]. In addition, child-reported psychoso-
cial questionnaires may be relatively insensitive to short-term
change in younger age groups. Research indicates that children
aged 7-11years are still developing cognitive, linguistic, and
metacognitive skills, which can limit their ability to detect and
consistently report subtle changes in abstract constructs such
as well-being or self-concept over short intervention periods
[28]. Consequently, null findings on psychosocial outcomes in
school-based PA trials may partly reflect measurement limita-
tions rather than the absence of meaningful effects.

4.5 | Strengths and Limitations of the Study

This study provides the first evaluation of the multisport
FF10 programme in 7-11-year-olds across fitness, health, and
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well-being. Key strengths include the large sample size, the
cluster-randomized design, and delivery by both PE-trained and
non-PE teachers within routine school settings using standard-
ized training, manuals, and equipment, supporting reasonable
generalisability to Danish primary schools.

Several limitations should be acknowledged. Implementation fi-
delity varied between intervention arms, with poorer adherence
and shorter delivery periods than planned, which likely atten-
uated expected intervention effects across outcomes. Time and
facility constraints increased organizational demands at higher
session frequencies, and modest teacher motivation scores
may have compromised delivery quality, including among PE-
trained teachers [20]. We lacked device-based monitoring of
PA and session intensity, did not control for diet, and could not
isolate specific mechanisms within this multisport programme.
The use of an active control condition, seasonal timing (win-
ter baseline and summer follow-up), and maturational factors
in this age group likely attenuated between-group contrasts, as
the control group continued usual PE that may have provided
meaningful PA. Ceiling effects may also have limited observable
intervention effects, as FF10 was delivered as a universal school-
based programme, and some pupils may have had high base-
line levels of fitness or psychosocial well-being, particularly for
outcomes with restricted variability in generally healthy child
populations.

Finally, school-level or area-level socioeconomic status indica-
tors were not included in the study, limiting the assessment of
differential effects across socioeconomic contexts. In addition,
analyses of secondary outcomes were exploratory and con-
ducted without adjustment for multiple comparisons; these find-
ings should therefore be interpreted with caution.

5 | Conclusion

In this 4-month cluster-randomized controlled trial involving
schoolchildren aged 7-11years, a moderate multisport FF10
dose (1.5 sessions per week) produced small improvements
in body composition and handgrip strength under real-world
school conditions. No between-group effects were observed
for cardiorespiratory fitness (the primary outcome) or for
psychosocial, cardiovascular, or other muscular fitness mea-
sures. Increasing the intervention frequency to three sessions
per week did not enhance outcomes. Overall, these findings
indicate that moderate, feasible doses may outperform higher-
frequency implementations when delivered under real-world
constraints.

6 | Perspectives

The present study shows that integrating about 1.5 multisport
FF10 sessions per week is feasible within Danish school time-
tables and can yield selective fitness and health benefits. The
intervention groups delivered the programme for 3-4 months
and not the full 20-week period, highlighting implementa-
tion challenges typical of real-world school-based PA inter-
ventions. Although FF10 is supported by accessible manuals,

ready-made lesson plans, and brief teacher training, main-
taining implementation quality is more challenging as session
frequency increases. Future research would benefit from qual-
itative and mixed-method approaches to better understand im-
plementation processes in school settings. Interviews or focus
groups with teachers and pupils could provide insights into
barriers, facilitators, and context-specific adaptations. The ab-
sence of positive psychosocial outcomes suggests that FF10,
irrespective of session frequency, as implemented, was insuf-
ficient to influence these domains, and a further development
of the concept to empower motivational climate and promote
basic psychological needs satisfaction. Taken together with
evidence from previous FIT FIRST and “11 for Health” trials,
FF10 delivered 1.5 times per week may represent a scalable
and time-friendly supplement to, or partial replacement for,
usual PE. Whether this delivery model supports sustained
long-term health gains in primary school children remains to
be established longitudinally.
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