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ABSTRACT: The present study examined the physiological impact of a school based sprint interval training (SIT)
intervention in replacement of standard physical education (SPE) class on cardio-respiratory fitness (CRF) and
glucose homeostasis during the semester following summer vacation. Participants (n=49) were randomly
allocated to either intervention (SIT; n=26, aged 16.9 = 0.3 yrs) or control group who underwent standard
physical education (SPE; n=23, aged 16.8 = 0.6 yrs). CRF (VO,max) and glucose homeostasis were obtained
prior-to and following 7 weeks of SIT exercise. Significant group x time interaction was observed for CRF (P<0.01)
with non-significant trends for fasting insulin (P= 0.08), and HOMA-IR (P = 0.06). CRF decreased (P<0.01) in
SPE such that POST intervention CRF was significantly lower (P< 0.05) in SPE. Fasting plasma glucose (P<0.01),
insulin (P< 0.01) and HOMA-IR (P< 0.01) increased significantly amongst SPE. The main finding of the present
study is that 7-weeks of SIT exercise is an effective method of maintaining (but not improving) CRF and fasting
insulin homeostasis amongst school-going adolescents. SIT exercise demonstrates potential as a time efficient
physiological adjunct to standard PE class in order to maintain CRF during the school term.
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INT RO DU CT 1O

Physical inactivity, low cardiorespiratory fitness (CRF) [1] and sed-
entary behaviour, particularly sitting hours [2] are primary causal
risk factors in the pathogenesis of metabolic disorders amongst chil-
dren and adolescents. In contrast to the school environment, ado-
lescents are known to self-select higher levels of physical activity
throughout a summer vacation [3]. During childhood and adoles-
cence, the classroom environment lends itself to seasonal epochs of
reduced physical activity with corresponding increases in time spent
sitting. However, there is a current lack of objectively determined
evidence to support of this tenet.

School based physical activity in the UK, is largely achieved
through the medium of standard physical education (SPE) classes.
However, there is evidence that pupils spend less than 50% of SPE
lessons achieving even moderately-intense levels of physical exertion
with the majority of available class-time spent with students being
physical inactive [4]. Time constraints have been proposed as a
latent obstacle that inhibits adequate physical activity in school based
PE class [5]. Although daily physical activity guidelines promote that
60 minutes of moderate to vigorous physical activity should be
achieved each day [6], approximately 61% of British adolescents

fail to meet these recommendations [7] and the number of younger
school aged children (2-15 years) in receipt of inadequate daily
physical activity in Scotland has increased ~10% between 2003
and 2012 [8]. Again, parents and older children have cited time
constraints as a barrier to achieving adequate physical activity lev-
els [9, 101.

First described by Astrand and colleagues in 1960 [111, sprint
interval training (SIT) is enjoying a recent re-emergence in the sci-
entific literature as an effective and time-efficient means of achieving
improving CRF and health outcomes amongst a variety of popula-
tions, healthy or otherwise. SIT involves short bursts of high inten-
sity exercise interspersed with low-intensity aerobic recovery intervals.
SIT has been demonstrated effectiveness as time efficient method of
improving insulin sensitivity and physical fithess amongst adoles-
cents [12, 13]. SIT-induced Improvements in CRF and insulin sen-
sitivity have been found in studies ranging from 2-12 weeks, in
healthy adults [14, 15] and in healthy and obese juveniles [16-18].
However, there is a lack of documented evidence relating to the ef-
fects of SIT on CRF and glucose and insulin homeostasis in adoles-
cent during the school term.
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Therefore, the main aim of this study was to examine the physi-
ological effects of a school based SIT intervention, during the first
school semester, on CRF and glucose homeostasis compared with
a matched and counterbalanced control group undertaking standard
physical education (SPE) class. We hypothesised that a school based
physiological intervention of sprint interval training (SIT) would fa-
vourably impact CRF compared to a control group undertaking stand-
ard physical education classes (SPE). We further hypothesised that
this SIT intervention would favourably impact plasma glucose and
insulin homeostasis compared with a SPE control.

MATERIALS AND METHODS mssss—
Following ethical approval from the University of the West of Scotland
Institutional Ethics Committee, apparently healthy adolescent par-
ticipants (n=49) provided written informed consent to participate in
the study. Participants were recruited from a cohort taking physical
education classes at the same school, who were screened by phys-
ical activity readiness questionnaire (PAR-Q) and deemed to be ab-
sent of health related disease. The study employed a quasi-experi-
mental randomly allocated controlled and counterbalanced design
where the intervention arm received a 7 week sprint interval training
programme (SIT; n=26, aged 16.9 + 0.3 yrs) while the control arm
(SPE; n=23, aged 16.8 + 0.6 yrs) undertook SPE classes compris-
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ing 3 x 1 hr classes per week for 7 consecutive weeks. Homogene-
ity between groups was achieved via pre-intervention counterbalanc-
ing, and confirmed by an absence of difference in CRF, body
composition, maturation status and time spent being physically ac-
tive, between groups.

Participant body mass (kg) was recorded to nearest 0.1kg using
a calibrated digital scale (Seca 880 digital scale, Ltd. Birmingham
UK). Stature (cm) was measured using a stadiometer (Seca Ltd.
Birmingham UK). Body Mass Index (BMI) was calculated as body-
mass - height? (kg- m).

Daily nutritional intake was recorded using a previously validated
self-reported seven-day food diary and a food frequency questionnaire
[19] and analysed using nutritional analysis software (Nutri-check,
Health Options Ltd, Cirencester, Gloucester, UK). Participants were
instructed to maintain comparable diets in the days leading to phys-
iological assessment and normal physical activity patterns through-
out the study. A self-reported Physical Activity Questionnaire for
Adolescents (PAQ-A) assessed participant physical activity behaviour
during the prior seven days including; number of days spent engaged
in sporting activity, physical activity during the school day and phys-
ical activity out-with the school day [20]. Self-reported pubertal
development scale was used to classify participants sexual matura-
tion solely by pubic hair development [21], which was graded on a
scale of 1 to 5 according to Tanner criteria. (Table 1)

Blood was sampled following an overnight fast, between the hours
of 8-10am, from an antecubital forearm vein, using standard venepunc-
ture method. Sampling occurred between 63 and 84 hours following
the last exercise session. Blood was collected into heparinised vacu-

Assessed for eligibility
(o —49) tainers and immediately centrifuged at 4,000rpm for 10 minutes at
§ 10°C. Blood plasma was extracted and stored in 1.5ml aliquots at
E No Exclusions -80°C until subsequent analysis. Plasma glucose and insulin samples
g 4‘
were analysed in duplicate with the average being used as the crite-
rion measurement. Glucose was determined using enzymatic stand-
ard methods (Randox, Antrim, UK) using a Campspec M107 spec-
Random Allocation trophotometer (Camspec, Leeds, UK). The intra- and inter assay
Class A; (n=26) .. .. .
Class B; (n=23) coefficients of variation (CV's) were 2.4% and 3.5% respectively.
g Class A Class B
'Jé Allocated to intervention Allocated to Control (SPE)
£ (SIT)Arm Arm L .
- (n=26) (n=23) TABLE 1. Developmental characteristics of Sprint Interval
Training (SIT) and structured PE (SPE) groups prior to (PRE) 7-week
SIT training intervention (mean = SD where appropriate).
£ Discontinued intervention Discontinued Participation in SIT Group (n=20) SPE Group (n=23)
z (n=6) (Attended < than 80% of Control Arm
& SIT sessions) n=0) PRE PRE
= Age 16.9 + 0.4 16.8 + 0.5
Gender boys/girls 13/7 18/5
Analysed (n =18) Analysed (n=19)
= Tanner stage (n/%):
i Excluded from analysis Excluded from analysis
E (n=2) (Non Compliant to (n=4) (Non Compliant to Fasted Pubic hair growth: 3 8/40 1/4
2 Fasted Protocol) Protocol)
, — - : - 4 6/30 11/ 48
FIG. 1. Flow diagram depicting participant recruitment, allocation
5 6/30 11/48

and progress through the study.
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Insulin was determined using immunoassay kits (ALPCO, Salem, NH)
and a Camspec M107 spectrophotometer (Camspec, Leeds, UK).
The intra- and inter assay CV's were 2.6% and 4.0% respectively
Homeostatic model of assessment for insulin resistance (HOMA-IR)
was calculated as = [(fasting insulin x fasting blood glucose)/22.5][22].
The homeostatic model of assessment is a reliable and valid method
to determine insulin action amongst obese adolescents [23].

Participants CRF was assessed using a previously validated [24]
20m multi-stage fitness test (20 MSFT), employing standard proce-
dures [25]. Maximal oxygen uptake (VO,max) was estimated using
the equation outlined by Barnett [26]. Simultaneous measurement
of heart rate were evaluated using continuous heart rate telemetry
(Hosand, TM200, Hosand Technology, Verbania, Italy) which served
to confirm maximal effort and further establish the relative weekly
SIT intensity amongst the intervention arm.

All measurements, including the SIT intervention were performed
in the same school gymnasium, during time normally allocated to
PE classes. Participants presented at SIT intervention wearing stand-
ard PE clothing and indoor sports shoes and received a demonstra-
tion of SIT manoeuvres. A standardised 5 min warm-up and 5 min
of stretching exercise was performed prior to SIT sessions commenc-
ing. Each SIT session involved 30 s of running sprints between cones
set 20 m apart, interspersed with 30 s of passive recovery. Four sets
(4 x) 30 s sprints performed during each session for the first two
weeks (6 sessions), 5 x 30 s sprints were performed in each session
during weeks three and four (sessions 7-12); 6 x 30 s sprints were
performed in each session during weeks 5-7 (sessions 13-21) in
accordance to previous similar investigations [27]. Participants were
required to complete a minimum of 80% of sessions (17 of 21 ses-
sions) to be included in the final data analysis [28, 29]. The SIT

intervention consisted of 21 SIT sessions executed over 7 consecutive
weeks consisting of 3 sessions per week equating to a combined
total of 61 sprint interval training (effort) minutes. The SPE group
performed 3 weekly sessions of 60 mins of standard PE conforming
to the national education curriculum for 7 consecutive weeks. Both
SPE and SIT groups were instructed to maintain their normal daily
physical activity habits.

Sample power was estimated using the procedures of Park and
Schutz [30] for ANOVA designs that incorporate a repeated factor.
For a medium effect size in the intervention groups of d = 0.5,
power of 0.8 (suggesting an 80% probability of achieving significance
at the P < 0.05 level), indicated that a sample group size of 17
participants were required per group. Effect sizes > 0.5 indicate
clinically relevant change [31]. Assuming a typical accession rate of
up to 30% for exercise studies in our laboratory, it was deemed ap-
propriate to recruit the entire cohort of 49 students.

Data were analysed using SPSS version 18.0. Q-Q plots were
employed to confirm normal distribution of data. Independent t-tests
were employed to confirm homogeneity between the groups for
age (years), aerobic fitness (ml-kg!-min') and body mass (kg!).
Pearson’s Chi-square analysis was used to configure independence
of maturation status between the SIT and the SPE group. A three-way
repeated measure of analysis of variance (ANOVA) was employed to
compare PRE and POST intervention data (gender x group x time).
Gender did not exhibit any gender by time (gender x time) interaction.
Consequently, training effects were compared using a group x time
ANOVA. Bonferroni-corrected paired-sample t-tests were used to
compare means from PRE to POST within the SIT and SPE groups.
Alpha value of P< 0.05 was used to indicate statistical significance.
Data is presented as mean + standard deviation (mean = SD).

TABLE 2. Daily average nutritional intake, weekly physical activity questionnaire (PAQ-A) score, body composition and shuttle-run
performance for sprint interval training group (SIT) compared with control group receiving standard physical education (SPE) PRE and

POST sprint interval training programme.

SIT SPE
PRE POST PRE POST
Daily Nutritional Intake:
Energy intake (Kcal) 1574 + 297 1635 + 385 1667 + 486 1704 + 439
Dietary Fat (%) 37+44 35+6.1 34+52 32+86
Saturated Fat (%) 13+9 11+12 16+8 14+10
Carbohydrate (%) 37+9.2 38+ 10.1 36 +12.4 37+13.2
Protein (%) 13+7.3 16+ 5.1 14+54 17+£7.2
PAQ-A score 2405 38+04% 2.30 £ 0.51 2.1 +0.6*
Physiological Measures:
Body Mass (Kg) 64.2+7.82 63.5+7.7 66.0 £ 10.4 67.0 £10.4
BMI (kg-m?) 222+23 216+25 22.3+3.2 225+3.0
Shuttle Run Performance 82+ 11 92 +12 80+ 13 67 £10**
Note: Data presented as group mean =+ standard deviation (SD). * — Significant between group difference (P< 0.05) ; ¥ — Significant within group

difference (P<0.01).
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Overall secession rate in the intervention arm was 12.3% with 6 SIT
participants in failing to achieve the required 80% (17/21) of sessions
required to be included in the final data analysis with complete ad-
herence in the SPE group. Reasons for secession are outlined in
Figure 1. Forty-three participants (SIT n=20, SPE n=23) completed
the study with 37 participants meeting the criteria for blood sampling
analysis (SIT n=18; SPE n=19) (Figure 1). Frequency analysis (x%)
revealed a lack of difference between groups in classifications of
maturation status, BMI, waist circumference and physical activity
levels. Total body mass (kg) and body mass index (kg-m) remained
unchanged during the study (Table 2).

PAQ-A did not differ between groups at PRE but was signifi-
cantly different at POST (P<0.05, ES = 0.73). PAQ-A remained
unchanged amongst the SPE group but increased from PRE to POST
in the SIT group (P< 0.01) (Table 1.). Analysis of 7-day food diaries
did not reveal any differences in daily energy intake (Kcal), percent-
age intake of macronutrients between groups did not change during
the intervention (Table 2).

Maximum heart rate (HRmax) during 20m MSFT were consum-
mate with maximal exertion in both groups both PRE and POST
intervention. (SIT; 206+8 and 203+11 bpm, SPE; 208+9 and
200+10 bpm, respectively). Average weekly heart rate during SIT
was 179 +1.9 bpm, equating to an average weekly HRmax of 87%
during the SIT intervention.

A significant group x time interaction was observed for CRF (P<
0.01, ES = 0.93). CRF was equal between SIT and SPE at PRE
(47.1 = 6.3 ml-kg’mintand 46.1 = 7.3 ml-kg'!*min’, respec-
tively), CRF was significantly higher in SPE at POST intervention
(49.1 + 6.2 ml-kg'*min"tand 42.9 + 7.1 ml-kg*-min’; P< 0.01),
which was achieved through a non-significant trend towards an in-
crease in SIT (P = 0.06) with a concomitant significant decrease
from PRE to POST in the SPE (P< 0.01) (Figure 2).

Fasted plasma glucose levels were similar between groups SPE
(4.91 = 0.12 mmol-mL* and 5.07 = 0.11 mmol-mL?", respec-

59 Group x Time P<0.01

45 g

€ SPE

& SIT

Vo2max
(mL.min"" kg™)

40']_ ' **
0 Pre

FIG. 2. Aerobic fitness PRE to POST intervention.
Note: ** — Significant difference PRE to POST (P<0.01).
# — Significant difference between groups at POST (P<0.05).
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tively) PRE intervention with a small but statistically significant dif-
ference between groups POST (5.16 = 0.65 mmol-mL* and 5.50
+ 0.42 mmol-mL?!, respectively (P< 0.05, ES = 0.32). Plasma
glucose increased significantly from PRE to POST intervention in SPE
(P< 0.01) whilst remaining unchanged in SIT (Figure 3A).

A non-significant trend towards a group x time interaction was
observed for fasting insulin (P = 0.08, £ES = 0.58) (figure 3B).
Fasting plasma insulin levels did not differ between the SIT and SPE
atPRE (5.04 + 0.17 ulU-mL*'and 5.09 + 0.16 ulU-mL?!, respec-
tively). Plasma insulin differed significantly between groups POST
intervention (SIT: 4.81 + 0.40 ulU-mL*! and SPE: 5.31 = 0.12
ulU-mL?, respectively (P < 0.01), which was an achieved trend
towards a decrease from PRE to POST in SIT (P = 0.08) with con-
comitant significant increase from PRE to POST in SPE (P = 0.01)
(Figure 3B).

A non-significant trend towards a group x time interaction was
observed for HOMA-IR (P = 0.06, ES = 0.57). No significant differ-
ence was observed for HOMA-IR between the SIT and SPE at PRE (1.11

6.0

4 * SIT
"E‘ b 8 SPE
5.5
2 ‘/
o
o
=
L ?/§
=
g
17}
]
A 45
—~ 6.0
B 5
E_ Group x Time ~<0.01
D |
=] 5.5 ab
S
=}
=
@n
= 5.0 a
g
@
=
4.5
C 1.57
Group x Time P<0.01
FoomTessTT s s e e 1
o %5 ab
<
=
@]
an 0.5
a
0.0

Pre Post

FIG. 3. Fasting blood glucose levels PRE to POST intervention.
3B- Fasting insulin levels PRE to POST intervention. 3C- HOMA-IR
PRE to POST intervention.

a - Significant difference PRE to POST within group (P<0.05).

b — Significant difference between groups at POST (P<0.05).




School based sprint interval training in adolescents

+ 0.05and 1.11 = 0.04, respectively). However, groups were sig-
nificantly different at POST (1.12 + 0.04 and 1.31 = 0.04 respec-
tively; P< 0.01), with a non-significant trend towards a decrease in
HOMA-IR (P= 0.06) from PRE to POST in SIT while HOMA-IR in-
creased significantly in SPE (P< 0.01) from PRE to POST (Figure 3B).

DISCU'S SO N 155
The main findings of the present study were that a school based
programme of SIT allowed the maintenance of CRF with a corre-
sponding decrease evident amongst the control participants receiving
SPE. Similarly, whilst remaining within healthy limits, insulin centred
glucose homeostasis became less favourable in SPE compared with
those in receipt of the SIT intervention. To our knowledge, this is the
first study to examine the impact of a school-based SIT on CRF and
insulin sensitivity in adolescents, with a further novel finding relating
to the decrease in CRF experienced by the SPE control group during
the semester following summer vacation.

Comparable studies of running SIT in similarly aged participants
have demonstrated increases in CRF amongst apparently healthy [13,
17, 32] and obese adolescents [12, 18, 33]. Conversely, CRF was
maintained but not significantly improved amongst the SIT interven-
tion group in the present study. The present findings relating to effects
of SIT on CRF are in contrast with previous SIT studies in adolescents
that usually report significant improvements in CRF following SIT
interventions [12, 13, 16, 17, 32, 33]. The relatively high initial
CREF levels exhibited by the SIT and SPE cohorts upon enrolment to
the study may provide some explanation for the lack of improvement
following the SIT intervention and offer similar explanation for the
decrease in CRF amongst the SPE control group. It may be that the
margin for available improvement in CRF was compromised amongst
a group that were above the 90th percentile for age related CRF and
more importantly, that the SPE group also being above the 90™
percentile experienced a significant reduction in CRF. Furthermore,
the delta change in completed 20m MSFT shuttles from PRE to
POST amongst the current cohort is similar to those reported in
studies where changes in aerobic capacity reached significance [13,
17]. There was also a strong trend towards an increase in CRF
amongst the SIT group (P = 0.06) coupled with large effect size
(ES =0.93) in the present study, suggesting that a longer interven-
tion, or a higher intensity may have produced significant improvements
as demonstrated by similar SIT investigations [12, 18, 34], each of
whom report significant improvement in CRF following 12 weeks of
SIT in obese adolescents.

An increased PAQ-A score amongst the SIT group following the
intervention, in the absence of any change to SPE, with a concomi-
tant large effect size (d = 0.73) is an unexpected and novel finding.
This suggests that a programme of school based SIT may encourage
participants to self-select higher levels of overall physical activity
outwith the school environment. As the PAQ-A relies on self-report-
ed data and does not account for changes in the relative intensities
of physical activity, we regard our findings as preliminary until further

study can replicate these data using objectively measures of physical
activity and intensities thereof (ie. accelerometery). Compared with
CREF related investigations, the effects of SIT on measures of insulin
and glucose homeostasis have been less well-defined, particularly
amongst apparently healthy adolescent cohorts [13, 171. In contrast
to beneficial changes demonstrated amongst obese and overweight
adolescents [12, 18, 33, 34], which indicates that the capacity for
SIT related improvements in insulin cantered metabolic homeostasis
is more evident amongst adolescents with an existing disorder of
known association to metabolic disturbances such as overweight
and obesity. Despite this, the impact of SIT amongst adult cohorts
whether healthy [35, 36] or overweight/obese [37] demonstrate
improved insulin sensitivity in those receiving the SIT intervention.

High levels of fasting blood glucose and insulin are well-established
risk factors for the development of metabolic disease [381. While SIT
remained unaffected in the present study, SPE experienced a sig-
nificant increase in fasting blood glucose during the course of the
intervention and levels of fasting insulin increased amongst SPE such
that groups became significantly different at POST measurement and
reflected by a substantial effect size (d = 0.57). Although the mag-
nitudes of glucose and insulin changes were small, in concordance
with the decrease in CRF amongst SPE, have little clinical significance;
it does signal the initiation of a process that may potentiate adverse
metabolic health outcomes. As such, when compared to the studies
that report improvements in metabolic status amongst obese ado-
lescents with existing obesity [34], it stands to reason that SIT is
likely to be more effective amongst adolescents with impaired fasting
glucose or existing insulin resistance.

Changes in homeostasis model (HOMA), based on plasma levels
of fasting glucose and insulin has been widely applied for quantifying
insulin resistance. In contrast to previous work in obese adolescent
females [18], the present study did not result in any changes in
HOMA-IR following SIT exercise. However, there was a significant
increase in HOMA-IR amongst SPE, which is largely accounted for
by concomitant increases in fasting insulin concentrations. Conse-
quently it is likely that the decline in CRF observed in SPE is respon-
sible for the adverse changes in insulin and HOMA-IR as has previ-
ously demonstrated in adult cohorts [39-42] and can be supported,
in part, by the substantial effect size (ES = 0.58) in the present
study. Although the absolute increase remained within normal limits
for HOMA-IR, it does support the potential for decreases in CRF to
instigate the pathogenesis towards insulin resistance in normally
healthy cohorts.

Although the long-term effects are unclear given the high initial
CRF levels of both cohorts, the present study identifies a reduction
in CRF during the first semester following summer vacation. This
provides the first evidence for a detrimental impact of the school
environment amongst normally physically active adolescents and
identifies the initiation of a process that, if left unchecked, may
progress to a state of increased cardiometabolic risk. Given that poor
levels of CRF during adolescence are associated with the development
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of future cardio metabolic disease risk [31, decrements in CRF as
a consequence of the school environment should become more
widely known, particularly if future studies can confirm the present
finding amongst adolescents with moderate and low CRF levels upon
study enrolment.

SIT interventions within the school environment require limited
resources and have been effectively and safely used within adult [15]
and adolescent populations [13, 17] and indeed games such as the
Tunisian “ragassa” that have an inherent high intensity component,
can offer practical solutions for comparable cardiovascular stimula-
tion [43]in a PE setting. Moreover, it has been suggested that some
participants report SIT to be a more enjoyable method of exercise
than prolonged continuous exercise in adults [44] and adoles-
cents [34]. The finding of the present study supports the contention
that SIT routines may be a physiologically effective, teacher-friendly
and time-efficient exercise modality as an adjunct to or incorporation
into school PE routines.

There are some important limitations to the present study. First-
ly there were a lack of objective determinants of daily physical activ-
ity to further scrutinise the quantity and intensity of physical activity
during and outwith the school the school environment. Furthermore,
the present cohort, were in the 95" percentile for age related fitness
in their age group which limits the generalizability of some findings.
However, differences exhibited in a fit group are likely to be more
pronounced in more heterogeneous physically inactive, cohorts with
existing cardiometabolic risk as demonstrated in studies of obese
adolescents. Further to this, the use of food diaries to assess energy

Martin R et al.

intake is known to result in under-reporting of calorie intake. In ad-
dition, the lack of dietary intake data for the (Pre-study) vacation
period might account for some of the changes to blood glucose
homeostasis and should be accounted for in future similar studies.
Finally, the authors propose that future similar study should extend
this work by incorporating objective measurements of physical activ-
ity to confirm our finding of increased self-selected physical activity
in the SIT intervention group.

CONCLU S| O /N S 1000000000000
The present study identifies the first semester of school, following
summer vacation, to be associated with a decrease in maximal CRF
and altered glucose and insulin homeostasis. Our findings indicate
that a 7 week running SIT intervention is beneficial for maintaining
aerobic fitness and insulin homeostasis during the first term of school
following a summer vacation. SIT exercise routines demonstrate
potential as a time efficient physiological adjunct to standard PE
class in order to maintain CRF during the school term.
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