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ABSTRACT

The present study examined the metabolic responses to an acute bout of football and the overall and
moderating role of physical fitness on these responses, in adolescents. Thirty-six adolescents (16 girls, 20
boys; 12.6+0.5 y) completed two trials (60-min football and 60-min seated rest) separated by
7-d. Capillary blood samples were taken at baseline (60-min prior to exercise/rest), immediately, 30-
and 60-min post-exercise and 30-, 60- and 120-min following a standardised lunch (1.5-, 2- and 3-h post-
exercise), for the determination of blood glucose and plasma insulin concentrations. The median split of
distance covered on the multi-stage fitness test was used to define high- and low-fit groups. Overall
plasma insulin tAUC following lunch was lower in high-fit participants compared to low-fit (high-fit:
3784.2+1653.1 pmol-L~"x120min, low-fit: 6457.3+3290.7 pmol-L~"x120min; p<0.001), although there was
no acute effect of the football session (p>0.05). Football reduced blood glucose concentration 1-h post-
exercise compared to control (exercise: 3.840.6 mmol-L™", rest: 4.6+0.8 mmol-L™"; p<0.001), but this was
similar for the high- and low-fit participants (p>0.05). Blood glucose tAUC was not affected by exercise or
physical fitness (p>0.05). These data emphasise the importance of physical fitness for metabolic health in
adolescents, as well as the utility of football as a popular form of games-based activity for improving
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1. Introduction

Physical inactivity is associated with poor cardiometabolic health
during adolescence (Ekelund et al., 2007, 2012) and is considered
an important risk factor in the development of most chronic
diseases (Booth et al., 2012). It is becoming a highly pertinent
issue, highlighted by the increasing prevalence of type 2 dia-
betes amongst adolescents (Tagi et al., 2019). Insulin resistance,
and reduced glucose tolerance, are involved in the aetiology of
type 2 diabetes (Reaven, 2005); which presents them as targets
to deal with the increasing prevalence of type 2 diabetes in this
population and to enhance lifelong health. The postprandial
response to a test meal, particularly the insulinaemic response,
is gaining recognition as a key risk factor for the development of
insulin resistance and, ultimately, cardiometabolic disease
(DiNicolantonio et al., 2017; Lautt, 2007). There are numerous
risk factors associated with the development insulin resistance,
some of which can be modified through lifestyle behaviour
change (Tuomilehto et al,, 2001), such as body composition
(particularly central adiposity) (Arslanian and Suprasongsin,
1996; Arslanian, 2000) and physical inactivity (Reinehr, 2013). Of
these risk factors, physical activity offers an attractive target for
public health initiatives, with participation in physical activity
arecommended and cost-effective method to combat the devel-
opment of metabolic risk factors in young people (Gleeson et al.,,
2011; Rohling et al., 2016). Indeed, such public health initiatives
are needed as it is estimated that only 24% of boys and 18% of

girls (aged 5 to 15 y) meet the recommended guidelines of
60 min moderate-vigorous physical activity per day (Scholes &
Mindell, 2016).

High-intensity intermittent exercise is an increasingly popular
method for implementing physical activity in young people due to
the associated health benefits and greater perceived enjoyment
(Batacan et al., 2017; Bond et al,, 2017). Recent laboratory-based
research in adolescents has focused on high-intensity intermittent
exercise, using 8 X 1 min bouts at 90% of peak power on a cycle
ergometer (Cockcroft et al., 2015, 2017). These findings demon-
strate transient improvements in the postprandial insulinaemic
and glycaemic response to an oral glucose tolerance test
(Cockceroft et al., 2015, 2017), which has important implications
for lifelong metabolic health, given their role as a known risk factor
for the development of cardiometabolic diseases (DiNicolantonio
et al, 2017; Lautt, 2007). Whilst these findings are promising, it
could be argued that the modality of exercise, as well as the
glucose tolerance test (rather than a test meal), are not ecologi-
cally valid. Interestingly, 85% of young people in the UK who met
the recommended daily target of 60 minutes moderate-vigorous
physical activity do so through informal sports (Townsend et al.,
2015). It is worth noting that the most popular sport amongst
British adolescents is football, with 45% of 11-15 year olds parti-
cipating in football. The activity patterns seen in team sports like
football are known to be intermittent (Svensson & Drust, 2005),
much like the natural activity patterns of adolescents (Bailey et al,,
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1995; Howe et al., 2010). It has thus been suggested that small-
sided games could be beneficial for health promotion (Krustrup &
Bangsbo, 2015), with empirical evidence demonstrating that acute
small-sided games (Rugby Union) improve metabolic health in
sedentary adult men (Mendham et al, 2012, 2015). However,
there is little research investigating the effects of team games on
risk factors for cardiometabolic disease in adolescents.

Smallcombe et al., (2018) employed a 48 min bout of football
(using small-sided games) compared to duration-matched tread-
mill running in adolescent boys (12.7-13.3 y). The bout of foot-
ball led to greater improvements in postprandial lipaemia in
adolescent boys - despite less distance being covered in the
small-sided games. However, to the authors’ knowledge, only
one study has examined the effects of games-based exercise on
postprandial glycaemia and insulinaemia in adolescents (Dring
et al, 2019a). A 60 min bout of basketball, including skill drills
and small-sided games, led to a 35% reduction in the postpran-
dial insulinaemic response to a standardised mixed-meal (Dring
et al,, 2019a); which is consistent with laboratory findings utilis-
ing high-intensity intermittent cycling protocols (Cockcroft et al.,
2015). However, it is unknown how an acute bout of football
may affect the glycaemic and insulinaemic responses to
a standardised mixed-meal, in adolescents. This is important
gap to fill, given the popularity and ecological validity of football.

Physical fitness is also strongly associated with metabolic
health in adolescents. Specifically, higher fit adolescents have
a lower degree of fasting insulin resistance, compared to their
low-fit counterparts (Dring et al., 2019b; Haapala et al., 2020).
Despite this, it is unknown if the physical fitness of partici-
pants moderates the acute metabolic responses to exercise
and whether there are any overall associations of fitness with
postprandial insulinaemia and glycaemia. It has been sug-
gested that those considered lower fit will see greater meta-
bolic improvements from acute exercise than their higher fit
counterparts (Cockcroft et al., 2015; Short et al.,, 2018, 2013).
On the other hand, it has also been suggested that those with
a higher physical fitness will benefit more, by virtue of the
ability to work at a higher absolute exercise intensity (Dring
et al, 2019a). However, these suggestions have been made
comparing across studies, with different methods of assess-
ment for physical fitness. Thus, no empirical study to date has
directly investigated the moderating role of physical fitness
on the metabolic responses following an acute bout of
exercise.

Therefore, the aims of the current study were to examine: i)
the acute effects of football activity on the postprandial glycae-
mic and insulinaemic responses to a standardised meal; ii) to
compare the postprandial responses between high- and low-fit
adolescents; and iii) how physical fitness may moderate the
acute effects of exercise on these postprandial responses. It
was hypothesised that the acute bout of football would reduce
the postprandial glycaemic and insulinaemic response. It was
also hypothesised that low fit adolescents would have greater
glycaemic and insulinaemic responses compared to high-fit
adolescents, with the acute reduction following football activity
being greater in the low-fit participants.

2. Methods
2.1. Participant characteristics

Thirty-six adolescents (20 boys, 16 girls; 12-13 years old)
volunteered to participate in the study. During familiarisation,
all participants underwent anthropometric measurements
consisting of height (cm), body mass (kg) and sitting height
(cm). These were used to calculate age at peak height velocity,
which has been described previously (Moore et al., 2015), as it
provides a non-invasive measure of maturity offset as
a descriptive characteristic of participants’ maturational status.
Height was measured with a Leicester Height Measure (Seca,
Hamburg, Germany) accurate to 0.1 cm and body mass was
measured using a Seca 770 digital scale (Seco, Hamburg,
Germany) accurate to 0.1 kg. Waist circumference was mea-
sured at the narrowest abdominal point, between the lower
margin of the lowest palpable rib and the iliac crest, to the
nearest 0.1 cm (World Health Organisation, 2008). Four skin-
fold sites were measured (tricep, subscapular, supraspinale
and front thigh) as a surrogate of body composition, in line
with previously described methods (Dring et al, 2019a).
Descriptive participant characteristics are presented in
Table 1.

2.2. Experimental design

The study conformed to the Declaration of Helsinki guidelines
and was approved by the Nottingham Trent University Human
Ethics Committee. Participants were recruited from local sec-
ondary schools in the East Midlands area of the UK. Written

Table 1. Participant characteristics for the group overall, as well as for the high- and low-fit groups. Data are mean + SD.

Overall High-fit

(n = 36; (n=18; Low-fit (n = 18;
Variable 16 girls, 20 boys) 8 girls, 10 boys) 8 girls, 10 boys) Independent samples t-test (p)
Age (yrs) 126 £ 0.5 127 £ 05 124 £ 05 -
Height (cm) 163.1+£7.0 163.5 = 8.0 162.6 + 6.1 0.709
Body Mass (kg) 539 £10.0 50.1 £ 89 57.6 £10.0 0.024
BMI (kg~m’2) 202 +£3.0 18.6 + 2.0 257 £3.1 0.001
BMI Percentile 63.1 £ 30.0 48.9 £ 26.9 773 £ 26.6 0.003
Waist Circumference (cm) 70.0 + 8.0 66.0 £ 5.4 739+ 84 0.002
Sum of 4 skinfolds (mm) 60.3 £+ 26.8 428 £12.8 77.8 £ 257 < 0.001
Maturity Offset 0.08 + 0.94 0.20 + 0.84 —0.05 + 1.03 0.449
MSFT Distance (m) 1160 * 400 1480 + 300 840 + 140 < 0.001
Predicted VO, peak (ml-kg™"-min™")° 479 +5.2 520+ 3.7 438+ 25 < 0.001

Abbreviations: MSFT = Multi-Stage Fitness Test.

?predicted from the multi-stage fitness test using the equations of Barnett et al. (Barnett et al., 1993)



parental consent and child assent were obtained during the
initial phase of recruitment. A health screen was completed by
the participants’ parent/guardian and was checked by a lead
investigator to ensure there were no medical conditions that
would affect the child’s participation.

The study employed a randomised, order-balanced, cross-
over, within-subjects design with two main experimental trials
(exercise and resting), separated by at least 7 d. Participants
were blind to the trial condition until arrival at school.
A familiarisation took place 7 d before the first main trial and
allowed participants to be acquainted with all the necessary
procedures, including capillary blood sampling and a battery of
cognitive function tests (data published separately; Williams
et al., under review). Participants were also familiarised with
a football session, consisting of skill drills and small-sided
games.

During the familiarisation participants also completed the
multi-stage fitness test (MSFT) (Ramsbottom et al., 1988) for the
assessment of physical fitness. Prior to the start of the MSFT,
participants were fitted with a heart rate monitor (Firstbeat
Team Sport System, Firstbeat Technologies Ltd, Finland).
Heart rate was monitored throughout the MSFT and maximum
heart rate was recorded upon completion. Participants were
paced by a member of the research team who run alongside
them and to encourage maximum effort from the participants,
verbal encouragement was provided. Performance on the test
was determined by the total distance covered (m), with parti-
cipants assigned to high- and low-fitness groups, based on sex-
specific median splits of MSFT distance covered. This resulted in
18 low-fit participants (8 girls, 10 boys) and 18 high-fit partici-
pants (8 girls, 10 boys). This criterion was used based on pre-
vious work demonstrating that the MSFT is a good indicator of
cardiometabolic health in adolescents (Dring et al., 2019b) and
it is a valid (Tomkinson et al., 2019) and reliable measure of
endurance capacity in adolescents (Artero et al,, 2011).

2.2.1. Main trials

Participants were instructed to record their dietary intake for
the 24 hours preceding the first experimental trial and during
evening one of the first main trial. Recorded diets were then
replicated for the second main trial. Participants were asked to
refrain from eating or drinking from 9 pm prior to the two main
trials. Water was allowed ad libitum at all times. Participants
were also asked to refrain from physical activity 24 h prior to the
main trials and were not permitted to participate in any stren-
uous physical activity until the final measurement had been
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taken on the second day of an experimental trial. Parents/
guardians were contacted by telephone in the evening prior
to each main trial to ensure compliance with these
requirements.

On the morning of the main trials, participants reported to
school at the beginning of the usual school day (between 8 am
and 8:30 am). Upon arrival participants had a fasted capillary
blood sample taken and were fitted with a heart rate monitor
(Firstbeat Team Sport System, Firstbeat Technologies Ltd,
Finland), to be worn throughout the trial. Participants were
then given a standardised breakfast and 1 h after the start of
breakfast, they either took part in a 60 min exercise session
(Football; see Section 2.3.3) or remained quietly seated in the
classroom. Capillary blood samples were taken immediately, 30
and 60 min following the exercise/rest period. Lunch was pro-
vided, with additional blood samples at 30, 60 and 120 min
post-lunch (1.5, 2 and 3 h post-exercise). Participants returned
at the same time on the following morning (Day 2) for an
additional fasted capillary blood sample. Both trials followed
a time-matched protocol (lasting ~5.5 h), with the only differ-
ence being the 60 min exercise session. A schematic of the
experimental protocol can be seen in Figure 1.

2.3. Experimental procedures

2.3.1. Standardised breakfast and lunch

A standardised breakfast and lunch were provided for partici-
pants during the experimental trials. The breakfast provided
1.5 g-kg™" body mass of carbohydrate (cornflakes, milk, white
toast and butter). The lunch also provided 1.5 g-kg™' body mass
of carbohydrate (chicken sandwich, baked crisps and an apple;
with a cheese alternative for vegetarians); which was provided
1 h post-exercise. Participants were given 15 min to consume
breakfast and lunch. Both meals have been used in previous
research examining postprandial responses (Cooper et al.,
2016; Dring et al., 2019a) in a similar study population.

2.3.2. Capillary blood samples

In order to increase capillary blood flow, participants’ hands
were warmed via submersion in warm water. A single-use
lancet (Unistik Extra, 21 gauge, 2.0 mm depth; Owen
Mumford Ltd, Oxford, UK) was used and the blood was col-
lected into two 300 ul EDTA coated microvettes (Sarstedt Ltd,
UK). A single 25 pl whole blood sample was also collected,
using a pre-calibrated glass pipette (Hawksley Ltd, UK), and
immediately deproteinised in 250 pl ice-cooled 2.5% perchloric

Capillary
Blood
Sample

— —» Heat T

y/A

180 195 210 240 300

I [ I I

Figure 1. Visual representation of the experimental trials. The timeline shown is in cumulative minutes. Vertical arrows denote timing of blood samples, whilst the
horizontal arrows represent the duration of heart rate monitoring and GPS tracking.
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acid. Samples were centrifuged at 1000 x g for 4 min at 4°C
(Eppendorph 5415 C, Hamburg, Germany). Plasma was
removed from the microvettes and placed into 250 pl plastic
vials for subsequent analysis. All samples were frozen immedi-
ately at —20°C and transferred to a — 80°C freezer as soon as
possible.

Blood glucose concentrations were determined, in dupli-
cate, using a commercially available assay (GOD/PAP method,
GL364, Randox, Ireland). Plasma insulin concentrations were
determined using a commercially available ELISA (Mercodia
Ltd, Sweden). The intra-assay coefficient of variation (CV) of
the assays, based on eight repeat measurements, was 3.7%
for blood glucose concentration and 4.8% for plasma insulin
concentration. Blood glucose and plasma insulin total area
under the curve (tAUC) following the standardised lunch were
calculated (GraphPad Prism 7, GraphPad Software, USA), using
methods described previously (Wolever et al., 1991).

2.3.3. Exercise protocol

The exercise consisted of a 60 min football session. Football was
chosen as it intermittent in nature, which replicates the natural
activity patterns of adolescents (Bailey et al., 1995), as well as
being an enjoyable and popular form of games-based activity
for young people. An experienced football coach delivered the
sessions to groups of 10 participants, on outdoor facilities at the
respective schools. The session consisted of a warm-up (jog-
ging around the pitch and sprinting between cones; 5 min),
skill-based drills (passing, dribbling and ball control; 25 min)
and small-sided games (5 vs 5, 4 min games with 1 min break to
switch teams; 30 min). At the end of the session, participants
walked from the outdoor pitch to the classroom, which acted as
a brief cool-down. Heart rate was monitored throughout the
session. Maximum heart rate (HRmax), as recorded at the end of
the MSFT, and heart rate during the football session were used
to calculate the relative exercise intensity (%HRmax).
Additionally, Global Positioning System (GPS) devices were
worn to quantify the external load during the football session
using SPI HPU (15 Hz) portable GPS units (GPSports, Australia).
The GPS units were fitted to sit between the scapulae, at the
base of the cervical spine, using an elasticated shoulder har-
ness. After each exercise session, the data were downloaded to

Team AMS software (Team AMS, GPSports). The variables of
interest were total distance covered (m) as well as the distance
covered in six different speed categories: standing (0.4 km-h-
1), walking (>0.4 to 3.0 km-h™"), low-intensity running (>3.0 to
8.0 km-h™"), moderate-intensity running (>8.0 to 13.0 km-h™"),
high-intensity running (>13.0 to 18.0 km-h™") and sprinting
(>18.0 km-h™") (Smallcombe et al., 2018).

2.4. Statistical analysis

All data analysis was conducted using SPSS (Version 24, SPSS
Inc, Chicago, IL, USA). Data were assessed for normality using
the Shapiro-Wilk test and visual inspection of histograms and
Q-Q plots, which revealed that all data (except from insulin)
were normally distributed. Insulin data were log-transformed
prior to analysis. Heart rate during the 60 min football session
was compared between the high- and low-fit groups using an
independent samples t-test. The distance covered across the six
speed categories during the football session were analysed
between the high- and low-fit group via multivariate analysis
of variance (MANOVA). Blood glucose and plasma insulin con-
centration were analysed via three-way (trial*time*fitness)
mixed model analysis of variance (ANOVA), with repeated mea-
sures for trial and time, and fitness as a between-subjects factor.
Blood glucose and plasma insulin tAUC were analysed using
a two-way (trial*fitness) mixed-model ANOVA, with repeated
measures for trial and fitness as a between-subjects factor.
Where main effects between fitness groups and trials existed,
the mean difference (MD) and the 95% confidence interval (Cl)
are presented. Data are presented as mean + SD, unless other-
wise stated. For all analyses, statistical significance was
accepted as p < 0.05.

3. Results
3.1. Exercise characteristics

During the 60 min football session, average heart rate was
151 + 16 beatsmin~', maximum heart rate was 186 + 13
beatsmin™' and relative exercise intensity was 75 + 8%
HRmax (Table 2). Average (t3,) = —2.8, p = 0.009) and maximum

Table 2. Average and maximum heart rate, relative exercise intensity and GPS characteristics for the group overall, as well as
the high- and low-fitness splits, during the 60 min Football session. Data are mean + SD.

Overall High-fit

(n=36; (n=18; Low-fit (n = 18;
Variable 16 girls, 20 boys) 8 girls, 10 boys) 8 girls, 10 boys)
Heart Rate

Average Heart Rate (beats-min~")
Maximum Heart Rate (beats-min~")
Relative Exercise Intensity
(% maximum heart rate)
Distance covered (m) within speed categories
Standing (< 0.4 km-h™")
Walking (>0.4 to 3.0 kmh™")
Low-intensity running (>3.0 to 8.0 km-h™")
Moderate-intensity running (>8.0 to 13.0 km-h™")
High-intensity running (>13.0 to 18.0 km-h™")
Sprinting (> 18.0 km-h™")

b

151+ 16 144 + 16 158 + 12*
186 + 13 180 £ 11 191 = 11*
75+8 70+7 80 = 6*
6+2 7x1 6+2
419 + 64 398 + 48 439 +72
1534 + 234 1521 £ 242 1546 + 233
648 + 146 659 + 133 637 + 161
160 + 76 172 £ 58 148 + 86
22+ 20 29 + 21 16 £ 16

Abbreviations: GPS = Global Positioning System. MSFT = Multi-Stage Fitness Test® Relative to the maximum heart rate

attained during the MSFT
* Difference between high- and low-fit groups, p <.01
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the exercise and resting trial was similar (trial by time interac-
tion; p = 0.663). Fasted blood glucose concentration was similar
between the high- and low-fit group (main effect of fitness;
p = 0.175) and fitness did not moderate the pattern of change
(trial by time by fitness interaction; p = 0.090).

3.2.2. Plasma insulin concentration

3.2.2.1. Response to exercise. Plasma insulin concentration
was similar between the exercise and resting trial (main effect
of trial; p = 0.766), but changed over time (main effect of time;
F, 8oy = 59.1, p < 0.001). The pattern of change was similar
between the exercise and resting trials (trial by time interaction;
p = 0.089, Figure 2). Plasma insulin concentration was lower in
the high-fit group compared to the low-fit group (main effect of
fitness; F(;, 34 = 10.9, p = 0.002, MD = —-88.4 pmol-L™", 95% CI
[-142.6, —34.1 pmol-L™']). Fitness did not moderate the pattern
of change (trial by time by fitness interaction; p = 0.186).

3.2.2.2. Postprandial response to standardised Ilunch.
Following the standardised lunch, overall plasma insulin con-
centration was similar between the exercise and resting trials
(main effect of trial; p = 0.198) but changed over time (main
effect of time; F(;, 102) = 46.5, p < 0.001). The pattern of change
was similar between the exercise and resting trials (trial by time
interaction; p = 0.544). Plasma insulin concentration was lower
in the high-fit group compared to the low-fit group (main effect
of fitness; F(;,34y=11.5,p =0.002, MD = -133.5 pmoI-L_1, 95% Cl
[-213.5, -53.5 pmoI-L_1]). Fitness did not moderate the pattern
of change in response to lunch (trial by time by fitness interac-
tion; p = 0.368).

Plasma insulin tAUC following the standardised lunch was
similar between the exercise and resting trial (main effect of
trial; p = 0.207), but was lower in the high-fit group compared
to the low-fit group (main effect of fitness; F;, 340 = 10.9,
p = 0.002, MD = —26726 pmolL™" x 120 min, 95% Cl
[-4321.1, —=1024.0 pmoI.L_1 X 120 min]; Figure 3). However,
fitness did not moderate plasma insulin tAUC (trial by fitness
interaction; p = 0.952).

3.2.2.3. Fasted day 1 and day 2 measures. Overall plasma
insulin concentration across fasted samples on day 1 and day 2
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was similar between the exercise and resting trials (main effect
of trial; p = 0.446), and between day 1 and day 2 (main effect of
time; p = 0.181). The pattern of change was similar between the
exercise and resting trial (trial by time interaction; p = 0.604).
Fasted plasma insulin concentration was similar between the
high- and low-fit groups (main effect of fitness; p = 0.496), with
no moderating effect of fitness on the pattern of change (trial
by time by fitness interaction; p = 0.568).

4. Discussion

The main findings of the present study were that the postpran-
dial insulinaemic response to an ecologically valid meal was
70% lower in the high-fit than in the low-fit participants,
demonstrating that higher levels of physical fitness are asso-
ciated with enhanced metabolic health in adolescents. In addi-
tion, whilst postprandial glycaemia and insulinaemia were
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Figure 3. Postprandial plasma insulin tAUC following the football and control

trials, for the high- (filled bars) and low-fit groups (open bars). Data are mean +
95% Cl. *main effect of fitness, p < 0.001.
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Figure 2. Overall post-exercise blood glucose (A) and plasma insulin (B) concentrations for the football and control trials. Data are mean + 95% Cl. *difference between
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unaffected by a 60 min bout of football activity, blood glucose
concentration was 21% lower 60 min post-exercise.

The present study is the first to provide evidence demon-
strating that the postprandial insulinaemic response was, on
average, 70% lower in those considered high-fit compared to
their low-fit counterparts. This is an important finding, given
the role that postprandial insulinaemia plays in the develop-
ment of insulin resistance and cardiovascular risk
(DiNicolantonio et al., 2017; Lautt, 2007). A difference of such
magnitude emphasises the crucial role of physical fitness in
adolescents for enhancing lifelong health. One possible expla-
nation for this strong effect of fitness might be due to the
increased GLUT4 translocation and skeletal muscle capillarisa-
tion, which is suggested to be a result of chronic exercise
training (Bird & Hawley, 2017). A further possible explanation
could be attributed to the body composition of participants,
given that body composition is considered a risk factor for
insulin  resistance (Arslanian and Suprasongsin, 1996;
Arslanian, 2000). Unsurprisingly, the characteristics relating to
body composition were more favourable in the high-fit group
compared to the low-fit group (Table 1). A recent study sup-
ports these findings by showing that adolescents considered
overweight/obese had a higher postprandial insulinaemic
response by ~ 36% (Short et al., 2018). However, VO, peak in
the aforementioned study (Short et al., 2018) was normalised to
lean body mass, rather than total body mass, which makes
comparisons with the characteristics in the current study diffi-
cult. Whilst the cross-sectional nature of the relationship
between physical fitness and metabolic health in the present
study prevents the inference of a causal relationship, the pre-
sent study provides important novel findings that those with
a higher physical fitness — non-invasively measured via the
MSFT - have a lower postprandial insulinaemic response.

The present study provides novel information regarding the
postprandial insulinaemic response to an ecologically valid
meal following an acute bout of football; with the current
data suggesting that 60 min football activity does not affect
postprandial insulinaemic responses. Conversely, previous stu-
dies have demonstrated acute reductions in the postprandial
insulinaemic response to a test meal (Short et al., 2018, 2013)
and an OGTT (Cockcroft et al., 2015, 2017) following high-
intensity intermittent cycling exercise (Cockcroft et al., 2015,
2017) and aerobic circuit exercise (Short et al., 2018, 2013).
Possible explanations for divergent results might reside in the
fact that previous studies were conducted in a tightly con-
trolled laboratory environment, used an OGTT as the test
meal (Cockcroft et al., 2015, 2017), recruited participants with
habitually low physical activity (Short et al., 2013) or were
overweight/obese (Short et al, 2018). A previous study has
shown that an acute bout of basketball reduces postprandial
insulinaemia (by 35%) following a standardised mixed-meal
(Dring et al., 2019a), in comparison with a non-statistically
significant reduction of 11% in the present study. The present
study and the study by Dring et al. (2019a) are the only ones, to
the authors’ knowledge, that examine postprandial insulinae-
mia in response to games-based activity. Although the exercise
bouts were of similar duration and relative exercise intensity, in
the basketball study (Dring et al., 2019a) the participants had
a higher predicted VO, peak than the participants in the
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present study. Therefore, the absolute exercise intensity may
have been higher in the basketball study (Dring et al., 2019a),
accounting for the greater reduction in postprandial insulinae-
mia (35% vs. 11% in the present study).

The present study also provides novel information regarding
the transient reduction (21%) in blood glucose 60 min following
an acute bout of football in adolescents. This is of greater
magnitude compared to the 11% reduction following an acute
bout of basketball (Dring et al., 2019a), despite similar duration
and relative exercise intensities seen between the studies.
A possible explanation for this may be differences in the move-
ment patterns, muscle fibre recruitment, and active muscle mass,
between the two activities; though these suggestions remain
speculative at this stage. However, data from the current study
and previous work (Dring et al., 2019a) suggest that games-
based activity does not affect the postprandial glycaemic
response to a standardised meal. This conflicts with previous
work using football (Smallcombe et al., 2018) and circuit-based
exercise (Short et al, 2018, 2013); although participants were
recruited based on low habitual physical activity in previous
work (Short et al., 2013), which may explain these discrepancies.
The findings of the present study do however have important
ecological application, as acute bouts of games-based exercise
incorporated into the daily school routines of adolescents could
enhance glucose regulation. Future work should continue to
examine the underlying factors that determine the acute glycae-
mic and insulinaemic responses to different physical activities,
particularly with regards to the modality, movement patterns
and intensity of the activity.

The variance in physical fitness levels between study parti-
cipants has been cited as a potential factor which may explain
why exercise effects are seen in some previous studies
(Cockcroft et al., 2015; Dring et al., 2019a). These suggestions
have been made when comparing across separate studies, with
no empirical research to date investigating if physical fitness
may moderate the response to exercise. The results of the
current study provide novel evidence that there was no mod-
erating effect of physical fitness on the postprandial glycaemic
and insulinaemic responses, even though fitness was positively
related to the overall postprandial insulinaemic response.
Despite the metabolic responses being similar between the
high- and low-fit groups, the relative exercise intensity of the
football session was higher in the low-fit group (80% HRmax)
compared to the high-fit group (70% HRmax). Furthermore, the
external load - assessed by GPS - was similar between the
fitness groups (Table 2). This suggests that, in the present
study, even though low-fit participants exercised at a higher
relative intensity for a similar external load, there was no addi-
tional metabolic benefit. Indeed, this is a novel contribution to
the literature and future studies should seek to replicate this
finding, whilst also increasing the exercise intensity.

The skill level and football experience of the participants was
not assessed in the present study, which may be a limitation.
Given that there is the potential for all young people to parti-
cipate in football (or indeed any games-based activity) at
school, we did not want to exclude participants based upon
their football history or skill level. We also decided to use mixed
groups of boys and girls, again because this is often how
sessions are run in schools. However, future studies could
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consider whether factors that may affect the activity patterns of
games-based activity (such as skill level and sex) also have
a resultant effect upon the potential health benefits.

In summary, although a 60 min bout of football did not
affect the postprandial insulinaemic response, the exercise led
to a transient reduction in blood glucose concentration
60 min post-exercise, irrespective of physical fitness. This is
an important finding, as football is the most popular team
sport played by adolescents in England. This highlights the
ecological validity of such a modality, with potential to
improve adherence in this population and thus, improving
glucose regulation. Moreover, the present study provides
novel evidence that physical fitness is important for the post-
prandial insulinaemic response to a standardised meal, with
a ~ 70% lower postprandial insulinaemic response in high-fit
adolescents compared to their low-fit counterparts. This
further strengthens the argument for promoting improved
physical fitness amongst school-aged children, to help com-
bat the development of risk factors for cardiometabolic dis-
ease and enhance lifelong health.
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