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Abstract

Introduction: Acute moderate-intensity exercise reduces postprandial lipemia in boys.
However, the effect of high-intensity exercise has not been investigated. This study examined
the effect of low-volume, high-intensity interval running (HIIR) on postprandial plasma
triacylglycerol concentrations [TAG]. Methods: Fifteen healthy, active boys (means(SD):
age 11.8(0.4) years; body mass 42.8(8.0) kg; peak oxygen uptake (VO,) 55(6) mL-kg'-min™)
completed two, 2-day trials in a counter-balanced, cross-over design separated by 14 days.
On day 1, participants rested (CON) or completed 10 x 1 min running intervals at 100%
maximal aerobic speed, determined from an incremental peak VO, test, with 1 min recovery
between intervals (HIIR). On day 2, capillary blood samples were taken in the fasted state
and at pre-determined intervals throughout the 6.5 h postprandial period while participants
rested. A standardised breakfast was consumed at 08:00 immediately after the fasting sample
and a standardised lunch meal at 12:00. Results: Differences in fasting plasma [TAG] were
small to moderate (95% confidence interval (95% CI) -0.11 to 0.01, Effect size (ES) = 0.40).
Postprandial [TAG] was lower during HIIR compared with CON (95% CI -0.19 to -0.02, ES
= 0.58). The total area under the [TAG] versus time curve was lower following HIIR
compared with CON (5.2(1.1) vs. 5.8(1.5) mmol-L" 6.5 h; 95% CI -1.18 to -0.12, ES = 0.50).
Conclusion: This is the first study to show that low volume, high-intensity interval running

attenuates postprandial [TAG] in healthy, active 11 to 12 year old boys.

Keywords: PPL, TAG, exercise intensity, young people
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INTRODUCTION

Elevated plasma triacylglycerol concentrations [TAG], especially in the postprandial
period, have been implicated in the development of atherosclerosis (42). Impaired clearance
of postprandial [TAG] 1s associated independently with an increased risk of future
cardiovascular diseases (1, 33), which remain the leading cause of death in the UK (36). Most
people typically spend the majority of the daytime in a postprandial state; therefore, repeated
daily exposure to elevated postprandial [TAG] promotes the development of an atherogenic
lipid profile of small, dense low-density lipoprotein and low concentrations of high-density
lipoprotein (7). Considering the process of atherosclerosis is initiated during childhood,
lifestyle interventions that moderate postprandial lipemia by improving TAG metabolism

may slow atherogenic progression, even during childhood and adolescence (32).

Acute moderate-intensity exercise (30 min to 3 h in duration) performed up to 16 h
before a standardised meal reduces postprandial lipemia in adults (34), although this effect is
short-lived (19) and may be dependent on the exercise-induced energy expenditure (16).
Similar postprandial studies with boys have also reported acute reductions in postprandial
lipemia following a single moderate-intensity exercise session (2, 29, 39, 41). Barrett et al.
(2) suggested the larger reduction in postprandial [TAG] after intermittent-games activity
compared with continuous exercise may reflect the higher exercise energy expenditure (EE).
However, the evidence is limited by the between-measures design and the inability to
estimate the exercise EE during the intermittent-games activity (2). Subsequent studies

suggest a dose-dependent response is not supported in healthy young people (39, 41).

Recent findings have suggested that low volume, high-intensity interval training
results in similar physiological and metabolic adaptations as higher volume, moderate to

vigorous intensity continuous training (21, 28). Furthermore, this type of training may also
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improve insulin sensitivity and glycaemic control (28). Acute intermittent high-intensity
exercise has also been shown to attenuate the postprandial lipaemic response in healthy adult
males (11, 13, 14). However, it is not known whether a single session of low volume, high-
intensity exercise attenuates the plasma TAG response to standardised meals in boys. Current
international guidelines recommend that children and adolescents accumulate at least 60 min
of moderate daily physical activity to promote and maintain health (9, 23). Considering that
many children and adolescents fail to meet these guidelines (35), low volume, high-intensity
exercise may represent a viable alternative to help improve health and increase physical

activity participation from a young age (4).

Therefore, the aim of the present study was to examine the effect of a single bout of
low volume, high-intensity interval running (HIIR) on postprandial lipemia in healthy, active
11 to 12 year old boys. It was hypothesised that acute, HIIR would effectively reduce
postprandial [TAG] compared with a resting control despite the relatively low exercise

energy expenditure.

METHODS

Participants

After approval from the University Ethical Advisory Committee, 16 boys aged 11.3 to 12.9
years volunteered to participate in this study. Results are presented for 15 boys as one boy
dropped out due to illness. Written assent was obtained from each participant and written
informed consent by a parent or guardian. A health screen questionnaire revealed all
participants were in good general health, had no history of medical conditions that may

compromise exercise participation and were not taking any medications or dietary
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supplements known to influence lipid or carbohydrate metabolism. All participants indicated
they were actively participating in sport, but not specifically accustomed to high-intensity

running. Physical and physiological characteristics of participants are presented in Table 1.

Anthropometry and physical maturation

All anthropometric measurements were conducted with participants wearing shorts, T-shirt
and socks. Stature was measured to the nearest 0.01 m using a fixed stadiometer (Holtain,
Crosswell, UK), and body mass was quantified to the nearest 0.1 kg using a balance-beam
scale (Avery, Birmingham, UK). Body mass index (BMI) was calculated as body mass (kg)
divided by stature (m) squared. Triceps and subscapular skinfold thickness were measured to
the nearest 0.2 mm on the right-hand side of the body using Harpenden callipers (John Bull,
St. Albans, UK). The median of three measurements at each site was used to estimate percent
body fat (%BF) using the maturation, race and sex-specific equations developed by Slaughter

et al. (37). Lean body mass (LBM) was estimated:

LBM (kg) = body mass (kg) x [1 — (%BF / 100)]

Level of physical maturity was estimated through self-assessment of secondary sex
characteristics. Participants were provided with drawings depicting the five stages of genital
and pubic hair development (38), ranging from 1 indicating pre-pubescence to 5 indicating
full sexual maturity, and were required to identify the stage reflecting their current level of

sexual development.
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Preliminary exercise measurements

During the first visit to the laboratory, participants were familiarised with walking and
running on the treadmill (Technogym Runrace, Gambettola, Italy) before completing an
incremental speed-based treadmill protocol. This protocol was designed to determine peak
oxygen uptake (VO,) and maximal aerobic speed (MAS), defined as the running speed
eliciting the highest VO, during an incremental test (27). The protocol started at an initial
speed of 6.0 km-h™ with 0.5 km-h' increments every 30 s until volitional exhaustion, with the
treadmill gradient set at 1% throughout (25). Heart rate was monitored continuously via
short-range telemetry (PE4000, Polar-Electro, Kempele, Finland) and ratings of perceived
exertion (RPE) were recorded in the last 10 s of each 30 s stage (3). Expired air samples were
monitored continuously using an online breath-by-breath gas analysis system (Metalyzer 3B,
Cortex, Leipzig, Germany). The analyser was calibrated before each test using a bottled gas
mixture containing 5.01% CO,, 16.98% O, and balance N, (Cranlea and Company,
Birmingham, UK) and a 3.0 L syringe (Hans Rudolf, Shawnee, USA). Participants wore an
appropriate size facemask (Hans Rudolf, Shawnee, USA) which was checked for leaks and
connected to the online system via a flowmeter before the exercise began. All participants
satisfied at least two of the following criteria to confirm attainment of maximal effort during
the peak VO, test: a plateau in VO, (< 3%) with an increase in treadmill speed; a peak heart
rate > 95% of age-predicted maximum (220-chronological age); and a respiratory exchange
ratio > 1.10. An average of the breath-by-breath VO, data was taken every 10 s, and peak VO
» was defined as the highest 30 s rolling average; the treadmill speed corresponding to peak

VO, was recorded as MAS.
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Experimental design

The experimental design was similar to previous studies with boys (2, 39, 41). Using a
within-measures, counter-balanced, cross-over design, participants completed two, 2-day
experimental conditions: a resting control condition (CON) and a high-intensity interval
running condition (HIIR). The conditions were separated by a standardised period of 14 days.

The study design is presented schematically in Figure 1.

Day 1

On day 1 at 15:30 h, participants arrived at the laboratory and all measures were completed
by 16:30 h. Body mass was recorded at the start of each experimental condition to standardise
the test meals provided on day 2. During HIIR, participants completed a 5 min warm-up at
60% MAS, followed immediately by the acute high-intensity running intervals and
concluding with a 3 min cool-down at 40% MAS. The high-intensity exercise session
involved 10 x 1 min treadmill runs at 100% MAS with 1 min active recovery between each
interval. Several recent studies adopting a low-volume, high-intensity exercise session (10 x 1
min high-intensity cycle sprints, 1 min recovery) reported that this protocol was well
tolerated in patients with type 2 diabetes mellitus (21, 28). Following initial pilot work with
12 to 14 year old adolescents, this pattern of exercise on the treadmill was deemed suitable
for this population. During the active recovery period, participants dismounted the treadmill
and were encouraged to pace around the lab to avoid venous pooling and feeling light headed.
Heart rate was monitored continuously and the participants provided RPE in the last 10 s of
each interval as described previously. During CON, participants rested in the laboratory to

match the duration of HIIR.
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Day 2

On day 2 at ~07:45 h, participants arrived at the laboratory following a 12 h overnight fast
and provided a fasting capillary blood sample after 10 min seated rest. Participants then
consumed a standardised test breakfast meal within 15 min, marking the start of the
postprandial period (08:00 h). Subsequent capillary blood samples were taken at 0.5, 1, 3,
4.5, 5 and 6.5 h in the postprandial period, with participants consuming a standardised test
lunch meal within 20 min at 4 h (Figure 1). To reduce the impact of any physical activity or
postural variations on the postprandial measures, participants remained seated throughout the
day and were able to read, watch DVD films and play non-active computer games.
Participants consumed water ad libitum in the postprandial period of the first condition and

the ingested volume was replicated in the subsequent condition.

Standardisation of diet and physical activity

Participants recorded their dietary intake and all physical activity categorised according to
intensity level during the 48 h period before day 2 of the first experimental condition. They
were asked to minimise and record their physical activity in a diary during this period. The
boys then replicated this diet and physical activity pattern before the second experimental
condition — this was confirmed verbally by the lead investigator. The overnight fasting period
was standardised by asking participants to consume a small carbohydrate-rich cereal snack
bar at 19:45 h on Day 1 of each experimental condition. The macronutrient content of the
cereal snack bar was 1.2 g fat, 16.1 g carbohydrate and 1.0 g protein, which provided 334 kJ
energy. After 20:00 h the participants were asked to only drink plain water before arriving at
the laboratory on day 2. Two-day food records were analysed using dietary analysis software

(CompEat Pro Version 5.8.0, Nutrition Systems, Banbury, UK).
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Test meals

The test breakfast consisted of croissants, chocolate spread, whole milk, double cream and
milkshake powder. The meal quantity was prescribed relative to body mass and provided 1.5
g fat (60% of total energy), 1.8 g carbohydrate (33%), 0.4 g protein (7%) and 93 kJ energy
per kilogram body mass. The test lunch consisted of white bread, mild cheddar cheese, butter,
potato crisps, whole milk and milkshake powder and provided 1.1 g fat (50%), 1.9 g
carbohydrate (38%), 0.6 g protein (12%) and 86 kJ energy per kilogram body mass. To
ensure consistency across participants and experimental conditions, participants consumed
either chocolate or strawberry flavour milkshake powder on both visits. The time taken to
consume each meal during the first experimental condition was recorded and replicated in the

remaining condition.

Analytical methods

Capillary blood samples were taken after the hand was pre-warmed in water heated to 40°C
for 5 min. The fingertip was pierced (Unistick 3 Extra, Owen Mumford, UK) and 600 pL of
whole capillary blood was collected into potassium-EDTA coated Microvette CB 300 tubes
(Sarstedt Ltd, Leicester, UK). The whole blood samples were immediately centrifuged at
12,800 g for 15 min (Eppendorf 5415¢, Hamburg, Germany). An automatic pipette was used
to dispense 200 pL of plasma into a 0.5 ml Eppendorf tube (Fisher Scientific Ltd,
Loughborough, UK). The plasma samples were stored at -80°C for up to two months before
subsequent analyses. Plasma [TAG] and glucose concentration ([glucose]) were analysed by
enzymatic, colorimetric methods (Randox Laboratories Ltd, Crumlin, UK) using a benchtop
analyser (Pentra 400, HORIBA ABX Diagnostics, Montpellier, France). Plasma insulin

concentration ([insulin]) was quantified using a commercially available enzyme-linked
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immunoassay (Mercodia Insulin ELISA, Mercodia AB, Uppsala, Sweden). The within-batch
coefficients of wvariation for [TAG], [glucose] and [insulin] were 1.0, 0.4 and 4.1%
respectively. Haemoglobin concentration and haematocrit were also quantified in duplicate in
the fasting and final postprandial samples to estimate the acute change in plasma volume
(10). Haemoglobin concentration was assessed using the cyanmethemoglobin method; 20 pL
whole blood was added to 5 mL Drabkin's solution and the absorbance was quantified
photometrically at a wavelength of 546 nm (Cecil CE1011, Cecil instruments, Cambridge,
England). Haematocrit was quantified using a microhaematocrit centrifuge and reader

(Haematospin 1300 Microcentrifuge, Hawksley and Sons Ltd, Sussex, UK).

Statistical analyses

Data were analysed using the IBM SPSS Statistics software for Windows version 19 (IBM
Corporation, New York, USA). All results are expressed as mean (SD). Descriptive statistics
illustrating the physical and physiological characteristics of all participants and exercise
responses were calculated (Table 1). Normality of the data was checked by Shapiro Wilk
tests. Homogeneity of variances was confirmed by Mauchly’s test of sphericity, and a
Greenhouse-Geisser correction was applied to the degrees of freedom if the sphericity
assumption was violated. The trapezium rule was used to calculate the total area under the
plasma concentration versus time curves for TAG (TAUC-TAG), glucose (TAUC-glucose)
and insulin (TAUC-insulin) (Table 2). The incremental areas under the plasma concentration
versus time curves for TAG (1IAUC-TAG), glucose (IAUC-glucose) and insulin (1IAUC-
insulin) were calculated using the same method after correcting for fasting concentrations.
Energy and macronutrient intake along with TAUC and 1AUC responses, fasting [TAG],

[glucose] and [insulin] and estimated changes in plasma volume were compared between
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each experimental condition using separate one-way within-measures ANOVA. Differences
in [TAG], [glucose] and [insulin] over the total 6.5 h postprandial period were examined
using separate 2 x 7 (condition by time) within-measures ANOVA. A 2 x 3 (condition by
time) within-measures ANOVA was conducted, and followed up with simple planned
contrasts, to identify differences in TAUC-TAG between CON and HIIR over sub-sections of
the total postprandial period (0 to 1 h, 1 to 4.5 h and 4.5 to 6.5 h). The 95% confidence
intervals (95% CI) for mean absolute pairwise differences between experimental conditions
were calculated using the t-distribution and degrees of freedom (n — 1) and absolute
standardised effect sizes (ES) are included to supplement important findings (12). In the
absence of a clinical anchor, an ES of 0.2 was considered the minimum important difference
for all outcome measures, 0.5 moderate and 0.8 large (6). Bivariate correlations identifying
possible determinants of exercise-induced changes in TAUC-TAG were quantified using
linear regression. Interpretation of the data will be based on the 95% CI and ES rather than

more traditional dichotomous hypothesis testing.

RESULTS

Dietary intake

Average energy intake was similar during the 48 h before day 2 of CON and HIIR (8.1(1.6)
vs. 7.9(1.6) MJ-day respectively; 95% CI -1.25 to 0.87). Average two-day macronutrient
intake did not differ between CON and HIIR for protein (69.0(15.7) vs. 68.8(14.3) g-day™;
95% CI -8.4 to 8.1), carbohydrate (270.0(48.4) vs. 253.1(55.4) g-day™; 95% CI -55.0 to 21.2)

or fat (64.1(20.8) vs. 66.2(20.1) g-day™; 95% CI -7.6 to 11.7) respectively.
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Responses to high-intensity interval running

The high-intensity interval running session was well tolerated by all participants and was
performed at an average MAS of 12.5(1.6) km-h™'. Mean heart rate increased progressively
from interval 1 to interval 10 (interval 1: 184(8) vs. interval 10: 194(8) beats'min™"; 95% CI 7
to 13, ES = 1.29), which corresponded to 92(3) % and 97(2) % peak heart rate respectively
(95% CI 4 to 6, ES = 1.88). Mean RPE during interval 1 was 10(3) (between very light and
fairly light on the scale), but increased to 19(1) at the end of interval 10 (very, very hard)

(95% CI 7 to 11, ES = 3.97).

Plasma volume changes and fasting [TAG], [glucose] and [insulin]

Average changes in plasma volume between the fasting and 6.5 h postprandial samples were
small and did not differ significantly between the two conditions (CON 0.46%, HIIR 0.85%;
95% CI -3.77 to 4.57). Therefore, the raw plasma [TAG], [glucose] and [insulin] were used in
all statistical analyses without adjustment. The fasting plasma [TAG], [glucose] and [insulin]
for each condition are shown in Table 2. Differences in fasting plasma [TAG] were small to
moderate (95% CI -0.11 to 0.01, ES = 0.40), with a slightly lower fasting [TAG] evident after
HIIR. There were no differences in fasting plasma [glucose] (95% CI -0.33 to 0.19) or

[insulin] (95% CI1 -19.0 to 16.9) between CON and HIIR.

Plasma [TAG], [glucose] and [insulin] in the postprandial period

Plasma [TAG] responses over the postprandial period for the experimental conditions are
shown in Figure 2. Postprandial plasma [TAG] was lower during HIIR compared with CON

(main effect condition 95% CI -0.19 to -0.02, ES = 0.58; main effect time ES = 0.80;
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condition by time interaction ES = 0.15). The peak in plasma [TAG], occurring at 5 h in both
conditions, was lower following HIIR compared with CON (95% CI -0.36 to -0.06, ES =
0.70). In addition, TAUC-TAG was lower following HIIR compared with CON (95% CI
-1.18 to -0.12, ES = 0.50) (Table 2). Differences in sub-sections of the TAUC-TAG between
CON and HIIR were moderate (main effect condition 95% CI -0.40 to -0.04 ES = 0.57).
Specifically, TAUC-TAG was lower after HIIR compared with CON between 1 to 4.5 h (95
% CI-0.50 to 0.02, ES = 0.47) and 4.5 to 6.5 h (95% CI -0.56 to -0.07, ES = 0.57). Individual
changes (delta) in TAUC-TAG between CON and HIIR are shown in Figure 3. Ten boys
responded to the interval running session (i.e., the reductions in TAUC-TAG following the
high-intensity interval running exceeded the control). Percent peak heart rate during the
interval runs was the only measured variable demonstrating a meaningful relationship with
TAUC-TAG (r = 0.65; 95% CI -0.87 to -0.20), explaining 42% of the variance (Figure 4).
Differences in iIAUC-TAG between CON and HIIR were small to moderate (95% CI -0.83 to

0.13, ES = 0.39) (Table 2).

Postprandial plasma [glucose] did not differ meaningfully between CON and HIIR
(main effect condition 95% CI -0.30 to 0.15, ES = 0.19, main effect time ES = 0.43,
condition by time interaction ES = 0.12). No meaningful difference in TAUC-glucose was
evident between CON and HIIR (95% CI -1.7 to 1.1) (Table 2). The iAUC-glucose did not

differ meaningfully between CON and HIIR (95% CI -1.76 to 1.94) (Table 2).

There was no meaningful difference in postprandial plasma [insulin] between CON
and HIIR (main effect condition 95% CI -35 to 13, ES = 0.25, main effect time ES = 0.69,
condition by time interaction ES = 0.11). In addition, TAUC-insulin was similar across the
experimental conditions (95% CI -210 to 90) (Table 2). No meaningful difference in iAUC-

insulin was evident between CON and HIIR (95% CI -149 to 41) (Table 2).
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DISCUSSION

The main finding of the present study was that a single session of low-volume HIIR
performed the day before standardised test meals attenuated postprandial plasma [TAG] in
healthy, active 11 to 12 year old boys. To our knowledge, this is the first study to investigate
the effect of HIIR on postprandial lipemia in boys. The exercise protocol was well tolerated
by all participants and, therefore, may have practical applications for health in similar

populations.

Changes in fasting plasma [TAG] were small to moderate following the exercise
intervention, consistent with previous findings with young people involving moderate and
vigorous intensity exercise (2, 39, 41). However, fasting [TAG] is typically less predictive of
cardiovascular disease risk than postprandial [TAG] (1). In addition, substantial variation is
evident in fasting [TAG] in children (40), highlighting the importance of studying plasma

[TAG] in the postprandial period.

Along with the plethora of studies supporting the TAG lowering effects of moderate-
intensity exercise in adults (34), there is growing evidence that moderate and vigorous
intensity exercise promote reductions in postprandial lipemia in healthy boys (2, 29, 39, 41).
The current study extends these findings by demonstrating for the first time that low volume
HIIR attenuates postprandial plasma [TAG] in 11 to 12 year old boys. Several recent studies
with adults also support the reduction in postprandial [TAG] following intermittent high-
intensity interval running (11) and all-out cycle sprints (13, 14). Interestingly, a small to
moderate reduction in IAUC-TAG was evident after HIIR suggesting that the TAG-lowering
effect of HIIR is influenced, in part, by the change in fasting [TAG] (i.e., endogenous VLDL

metabolism). Nevertheless, the iAUC-TAG was lower after HIIR compared with CON
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indicating that differences in the metabolism of exogenous TAG may contribute somewhat to

the lower postprandial [TAG] evident after HIIR.

Currently, the change in postprandial lipemia after exercise in young people varies,
with estimated ES ranging from 0.26 to 0.77 (2, 29, 39, 41). However, on average, the
changes are moderate and comparable to the attenuation evident after HIIR in our study.
Although comparing different groups of boys indirectly may be confounded by differences in
participant characteristics, it provides an important insight into the extent HIIR attenuates
postprandial lipemia in this population. Previous studies with young boys demonstrate that
the peak in postprandial [TAG] occurs 2 to 4 h following the consumption of a single
standardised meal (2, 29, 39, 41). The later peak in the present study (~5 h in both conditions)
reflects the additional effect of the lunch meal on the postprandial lipaemic response.
Differences in postprandial [TAG] between CON and HIIR emerged after 1 h up to the end of
the postprandial period of 6.5 h. Although other studies with boys have not examined
differences in TAUC-TAG over sub-sections of the total postprandial period, the TAG-
lowering effect of moderate and vigorous intensity exercise appears to persist throughout the

postprandial period (2, 29, 39, 41).

The effect of exercise on postprandial TAG metabolism has traditionally been linked
with the exercise energy expenditure (EE) in adults (16). A recent review suggests that an
energy expenditure threshold of 2MJ is required to elicit acute reductions in postprandial
[TAG] (31). However, the evidence of a dose-dependent response in young people is not
supported (39, 41). Although it was not possible to measure the exercise EE directly, it is
reasonable to assume that the short duration of HIIR (10 minutes in total) would incur a lower
EE than that reported in other studies investigating the effect of longer duration, moderate or
vigorous intensity exercise on postprandial [TAG] in boys (2, 29, 39, 41), and below the 2 MJ

threshold suggested in adults (31). Estimating EE during high-intensity exercise based on
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indirect calorimetry is limited by the disturbances in the bicarbonate pool that occur during
non-steady state exercise and, therefore, the gas composition of expired air is unlikely to
reflect tissue metabolism (24). Indeed, Gabriel et al. (14) reported that in adults, low-volume,
sprint interval cycling attenuated postprandial lipemia, and yet, no effect of brisk walking
was observed on postprandial [TAG] despite a 57% greater exercise EE estimated from the
average power output and mechanical efficiency. Consequently, the capacity for high-
intensity exercise to reduce postprandial [TAG] suggests that the exercise intensity is

important in modifying the postprandial lipaemic response.

Clear inter-individual variability is evident in the exercise-induced changes in plasma
[TAG], which is consistent with previous work in boys (39) and adults (15). Average percent
peak heart rate during HIIR was the only physical or exercise response variable that
demonstrated a significant correlation with exercise-induced TAUC-TAG suggesting
exercising at a higher relative intensity augments the attenuation in postprandial [TAG].
Although VO, was not measured during HIIR, neither oxygen uptake, substrate utilisation
nor exercise EE have been found to contribute meaningfully to the individual heterogeneity
in postprandial lipemia following moderate-intensity exercise in adults and boys previously
(15, 39). While the majority of boys in the current study were classified as early pubescent, a
range of self-assessed sexual maturity ratings were identified (pubic hair development stage
1: n=2; stage 2: n=11; stage 3: n=2). Subsequent analyses revealed no discernible effect of
maturity status on the postprandial TAG response (data not shown). However, the influence
of maturity status on postprandial lipemia is limited by the relatively small sample size, and,

therefore, cannot be determined with confidence from our findings.

It is widely accepted that non-fasting TAG is an independent risk factor for future
cardiovascular events (1, 33), and efforts to reduce cardiovascular risk factors should begin

from a young age (32). However, the clinical relevance of the exercise-induced reduction in
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postprandial [TAG] cannot be determined from our findings. Currently, it has not been
possible to identify a pre-defined postprandial lipaemic response in young people or adults
beyond which further reductions will confer improved health. Consequently, it is not possible
to identify how many participants experienced meaningful reductions in postprandial [TAG]
following HIIR. Nevertheless, all participants in the present study demonstrated a healthy
postprandial [TAG] profile independent of the experimental condition and the time of TAG
measurement and, therefore, the potential for HIIR to elicit reductions in postprandial lipemia

in individuals with normal postprandial TAG metabolism is encouraging.

The potential for low volume HIIR to reduce the postprandial lipaemic response is
promising considering many young people fall short of the current physical activity
recommendations (35). A perceived lack of time and enjoyment are highlighted frequently as
barriers to exercise participation in adolescents (5). The total exercise time commitment
(including warm-up, recovery and cool-down) in the present study was 27 min, highlighting
the time-efficiency of our HIIR session. It has been found that combining moderate-intensity
exercise with periods of high-intensity effort is associated with greater perceived enjoyment
than performing a similar duration of continuous, moderate-intensity exercise alone in
prepubertal boys (8). Moreover, children typically spend a lower percentage of time engaged
in low-intensity activities and more time on high-intensity activities compared with adults
(22). Consequently, HIIR may represent an effective strategy in boys to improve health that is

practical, time-efficient and enjoyable, but further research is required to support this.

In the present study, no differences in the postprandial glucose or insulin response
were evident, and therefore, are unlikely to contribute to the diminished postprandial plasma
[TAG] response following HIIR. The evidence for acute moderate-intensity exercise-induced
changes in postprandial [glucose] following high-fat meals are generally not well supported

in young people (2, 29, 39, 41). Furthermore, despite the paucity of research, no effect of
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moderate-intensity exercise was evident on the postprandial insulin profile (29). Insulin is
known to play a pivotal role in TAG metabolism, regulating the uptake of TAG to skeletal
muscle and adipose tissue, along with the release of very low-density lipoproteins (VLDL)
from hepatic tissue. However, exercise-induced changes in postprandial lipemia appear

independent of the postprandial insulin response (17).

The mechanism responsible for the acute attenuation in postprandial [TAG] following
exercise is not known currently in young people and cannot be elucidated from our findings.
In adults, it is proposed that enhanced removal of TAG from the blood mediated by increased
lipoprotein lipase (LPL) activity in the plasma or muscle (18, 20) and/or a reduction in
hepatic VLDL-TAG synthesis and secretion (30) is responsible. However, it is likely that
enhanced muscle LPL activity is mediated by a reduction in plasma [insulin] (26), which was
not observed in the present study. In support of the latter mechanism, Gill et al. (15) reported
3-hydroxybutyrate (3-OHB) concentration, a marker of hepatic fatty acid oxidation, was
associated with moderate-intensity exercise-induced changes in postprandial [TAG].

However, no effect of high-intensity exercise was observed on plasma [3-OHB] in adults

(14).

A possible limitation of this study is the accuracy of physical activity replication
between the experimental conditions. Participants were asked to subjectively record their
physical activities 48 h before day 2 of the first experimental condition and then replicate this
during the same period before the second condition. Although this procedure was verified
verbally and by comparing the diaries, in the absence of an objective measure to quantify
free-living physical activity, discrepancies between the conditions would introduce variability
between the conditions that may influence the postprandial measures. A further limitation
concerns the fact that participants did not complete a session of similar duration moderate-

intensity exercise for comparison with HIIR.
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In conclusion, the present study is the first to our knowledge to show that low volume
HIIR performed ~15.5 h before a standardised breakfast reduces postprandial [TAG] in
healthy, active 11 to 12 year old boys. Low volume, high-intensity exercise may be a time-
efficient strategy to improve health in boys, but further work is required to examine this

chronically.
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FIGURE LEGENDS

Figure 1. Diagram of two-day study protocol. TAG, triacylglycerol. "Evening meal replicated

from 1* condition.

Figure 2. Fasting (F) and postprandial plasma triacylglycerol concentration [TAG] for the
control condition (CON), and the high-intensity interval running condition (HIIR)
(n=15). Values are mean (SD). Black rectangles denote breakfast and lunch meals
consumed at 08:00 h and 12:00 h respectively. Main effect for condition (ES =

0.58); main effect for time (ES = 0.80); condition by time interaction (ES = 0.15).

Figure 3. Individual changes (delta) in the total area under the plasma triacylglycerol (TAG)
concentration versus time curve (TAUC) between the high-intensity interval
running and control conditions (HIIR minus CON, ES = 0.50). Participant data are
organised according to size of the delta change in TAUC-TAG. Negative values

indicate a reduction in TAUC-TAG in the exercise condition compared with CON.

Figure 4. The relationship between individual changes (delta; Fig 3) in the total area under
the plasma triacylglycerol (TAG) concentration versus time curve (TAUC) and
average percent peak heart rate during the high-intensity interval running condition

(HIIR). CON, control condition.
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Table 1 Physical and physiological characteristics (n = 15)

Age (years) 11.8 0.4)
Body mass (kg) 42.8 (8.0)
Stature (m) 1.53 (0.09)
Body mass index (kgrm™) 18.3 (2.8)
Percent body fat (%) 13.5 (5.2)
Lean body mass (kg) 36.7 (5.4)
Genital development* 3 (1)

Pubic hair development* 2 (1)

VO 55 (6)

Values are mean (SD)

* Self assessment — median (interquartile range)

VO

2, OXygen uptake
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Table 2 Fasting and area under the concentration versus time curve for plasma triacylglycerol (TAG), glucose and insulin concentration in

the control (CON) and high-intensity interval running (HIIR) conditions (n = 15)

CON HIIR Mean Difference 95% CI* |Effect size|
Fas t 1 n g ot 0.580.14) i 0.5340.11) c -0.95 1 -0.11t0 0.0d 0.40
Fas t 1 n g™ g 5.52(0.33) u  5.45(0c63) 0 -0.07 s -®33t00.19 0.14
Fas t 1 n g 1 444@7.9) s 43.4(39.9) 1 -1.01 n-19.0 to 16.9 0.03
TAUC-TAG ( 6.5h)m 05.83 (1.4b) -5.18 (1.13L -0.65 -1.18 t0 -0.12 0.50
iAUC-TA G 1 6.5 hin m  2.37(6.03) 1 2.02(0.72) L -0.35 -0.83t00.13 0.39
TAUC-glu ¢ o s'65&) 39.8(2.6) m 39.5:41.7) 0 -0.3 1 ~1.7to 1.1 L 0.16
iAUCglu ¢ o s'6.5b) 6.69((3.89) m 6.7&144.61) 0 0.09 1 <1.76 t0 1.94 L 0.02
TAUC-ins u 1 i 6.5h) 1272 (326) ml212 (3510 1 -60 : -21D to 90 0.18
iAUC-ins u 1 i”'6.;h) 1004 (287) m 951 (298 1 -54 : -149 to 41 0.18

Values are mean (SD)

TAG, triacylglycerol; TAUC, total area under the plasma concentration versus time curve; i4 UC, incremental area under the plasma concentration
versus time curve

* 95% confidence interval of the mean absolute difference between CON and HIIR
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