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ABSTRACT

Objectives. To evaluate the effects of pre-exercise high concentration carbohydrate supplementation on
performance, cardiovascular, metabolic and hormonal responses during high intensity cycling exercise.
Method. Seven male cyclists (28.7 + 5.4 years; 65.2 * 4.7 kg body weight), who performed two continuous
exercise trials under placebo (PLA) or carbohydrate (CHO) ingestion at a work rate of 80% VO,,,,, until
exhaustion, participated in the study. The cyclists received 5 ml.kg-1 of a maltodextrin solution diluted at a
concentration of 10% (CHO) or placebo (PLA) at 60, 45 and 30 min pre-exercise.
Results. A 5.4% reduction in the time to exhaustion was observed in the CHO trial compared to the PLA trial.
In both trials, glucose and lactate levels were higher in the post-trial condition compared to pre-exercise
values (p < 0.05). Free fatty acid levels were lower in the CHO group than in the PLA group both before and
after the trial (p < 0.05). Insulinemia was higher during the pre-trial in the CHO group (42.7 + 3.6 nU.ml-1)
compared to the PLA condition (11.8 + 3.3 pU.ml-1) (p < 0.05), and even decreased to 23.8 + 5.1 pU.ml-1
during exercise after CHO intake (p < 0.05). No significant differences in plasma cortisol were observed
between the two trials (p > 0.05).
Conclusions. Pre-exercise high concentration CHO supplementation resulted in impaired performance in
high intensity cycling exercise and decreased free fatty acid levels.
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RESUMEN

La suplementacion pre-ejercicio con carbohidrato de alta concentracion perjudica el
rendimiento en el ejercicio de alta intensidad en bicicleta

Objetivos. Evaluar los efectos de la suplementacién pre-ejercicio de hidratos de carbono de alta
concentracién en el rendimiento y respuestas cardiovasculares, metabdlicas y hormonales durante el
ejercicio de alta intensidad en bicicleta.
Meétodo. Participaron en el estudio siete ciclistas varones (28,7 + 5,4 afios; 65,2 + 4,7 kg de peso corporal), que
realizaron dos ensayos con placebo (PLA) e hidratos de carbono (CHO), con ejercicio continuo en un ritmo de
trabajo del 80% del VO,,.,,, hasta el agotamiento. Los ciclistas recibieron 5 mlLkg' de una solucién diluida de
maltodextrina en una concentracion de 10% (CHO) o placebo (PLA) a los 60, 45 y 30 minutos antes del ejercicio.
Resultados. Se observé una reduccién de 5,4% en el tiempo hasta el agotamiento en el ensayo de CHO en
comparacién con el grupo PLA. En ambos ensayos, la glucosa y los niveles de lactato fueron mayores en el
estado posterior al ejercicio en comparacién con los valores previos (p < 0,05). Los niveles de acidos grasos
libres fueron menores en el grupo CHO que en el grupo PLA tanto antes como después del ejercicio (p < 0,05).
La insulinemia fue mayor en la condicién pre-ejercicio en el grupo CHO (42,7 + 3,6 wU.ml!) en comparacién
con el grupo PLA (11,8 £ 3,3 wU.ml") (p < 0,05), y disminuy6 hacia 23,8 + 5,1 pU.ml"' durante el ejercicio,
después de la ingesta de CHO (p < 0,05). No hubo diferencias significativas en el cortisol plasmatico entre
los dos ensayos (p > 0,05).
Conclusiones. La suplementacion pre-ejercicio con CHO de alta concentracién resulta en un menor
rendimiento en ejercicio de alta intensidad en bicicleta y en una disminucién de los niveles de acidos grasos
libres.
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Introduction

In contrast to the consistently observed beneficial effect of the ingestion
of carbohydrates (CHO) during low-intensity exercise’, the efficacy of
pre-exercise CHO ingestion is unclear, especially in the case of
high-intensity exercise such as some athletic competitions, cycling and
various types of weight lifting?”’.

Some studies have demonstrated that CHO ingestion before exercise
may result in hyperglycemia and hyperinsulynemia®, which is followed
by a rapid decline in blood glucose at the beginning of exercise, often
referred to as rebound hypoglycemia®’. This hypoglycemic effect
resulting in impaired performance has been reported by Keller and
Schwarzkopf® and Foster et al'°, but no changes in performance were
observed in most studies®”-3, Beneficial effects on performance have
only been reported in some studies™5,

Most studies investigating pre-exercise CHO supplementation have
used concentrations ranging from 5 to 18%241718, High CHO concentrations
promote CHO absorption, which is good for fuel supplementation.
However, high concentrations may impair the gastric emptying rate and
intestinal water absorption'. In contrast, low concentrations benefit
fluid absorption but may not supply sufficient energy to meet the needs
of working muscles during exercise'®?,

According to Jacobs and Sherman?' and Tsintzas and Williams??,
pre-exercise CHO ingestion can exert a beneficial effect during intense
exercise since muscle glycogen stores are the first substrates utilized
during maximum exercise, a fact contributing to a reduction of these
stores within short periods of time.

Data in the literature regarding the importance of pre-exercise CHO
ingestion are controversial, particularly on high-intensity short-duration
exercise?, since most studies published so far have evaluated prolonged
exercise. Additionally, there is a lack of studies seeking to investigate the
impact of the ingestion of a high concentration of CHO in this type of
exercise, which makes relevant this study. In addition, we believe that
investigations of this nature may contribute to better understand the
effects of such supplementation with the purpose to potentiate the
performance of athletes of different modalities.

Therefore, the objective of the present study was to analyze the
effects of acute supplementation with CHO at a concentration of 10% on
performance and cardiorespiratory, metabolic and hormonal responses
during high intensity continuous exercise in cyclists.

Methods

Subjects

Seven male cyclists (28.7 + 5.3 years, 65.2 + 4.7 kg, 169.1 + 6.2 cm)
belonging to the road (n = 2) and mountain biking (n = 5) categories
volunteered to participate in this study. The subjects had a mean
competitive experience of 6.17 + 4.7 years and participated in state and
national competitions. Before the beginning of the study, each participant
responded to a questionnaire in which they reported the absence of
smoking, alcohol abuse, and use of anabolic steroids or any type of
supplementation, as well as the absence of a history of metabolic
disorders. All subjects received detailed information about the study
proposal and procedures to which they would be submitted and signed
a free informed consent form. This study was approved by the local
Institutional Research Ethics Committee.

Preliminary trials

Initially, anthropometric measures were performed to characterize the
sample as well as a pilot test aimed to familiarize the subjects to the test
protocol and the equipments. Later, the volunteers arrived at the
laboratory at 8:00 am and were submitted to an incremental test for the
determination of maximal oxygen consumption (VO and the
individual anaerobic threshold (IAT).

First, the subjects performed a 3-minutes warm-up on a cycle
ergometer at a load of 50 W. Next, the incremental test was initiated
with a load increase of 50 W at intervals of 3-minutes, maintaining a
pedaling frequency of 60 to 70 rpm until voluntary exhaustion. VO,
was calculated when the VO, plateau was reached with increasing
exercise intensity according to the following criteria: a) increase in VO,
of less than 2 ml.kg'.min! for an increase of 5-10% in exercise intensity;
b) respiratory exchange ratio (RER) > 1.1, and c¢) maximal heart rate
predicted for age.

Lactate concentration was measured for the determination of IAT.
For this purpose, 25 pl arterial blood was collected at baseline (pre-
exercise), during the final 20 seconds of each stage until exhaustion, and
at 3, 5 and 10 minutes after the end of the trial. The IAT was calculated
according to the method of Stegmann et al?3. Heart rate was measured at
rest and during the test over the final seconds of each stage.

Zmax)

Experimental trials

All subjects were submitted to two continuous exercise trials on a cycle
ergometer under supplementation with CHO or PLA (aspartame).
Supplementation with CHO or PLA was performed using a randomized
double-blind design. The subjects received 15 ml.kg*.h-' of CHO solution
(100% maltodextrin) diluted at a concentration of 10% or of PLA, both
grape flavored. The CHO or PLA solution was ingested orally in
fractionated portions over a period of 60 minutes preceding the
beginning of each trial (pre-exercise), with 5 mLkg"' being ingested at
60, 45 and 30 minutes, respectively.

The trials were performed on different days at an interval of 72 hours
between tests, always at the same time of day (9:00 am). The trials were
performed at a power (W) of 80%, corresponding to VO, .. determined
in the incremental test. First, VO, was measured at rest for 3 minutes,
with the mean of this period being adopted as the resting oxygen
consumption (VO,z). Next, the subjects warmed up for 5 minutes at a
load of 100 W. After warm-up, the continuous exercise trial was initiated,
with the subjects maintaining a pedaling frequency of 70 to 80 rpm until
voluntary exhaustion. Heart rate was measured at rest and at the end of
the trial for both conditions.

In the present study, all trials were performed on an electromagnetic
cycle ergometer (Corival 400, Quinton®, USA). Respiratory parameters
were measured continuously with an open-circuit spirometric system
(QMC™90 Metabolic Cart, Quinton®, Bothell, USA) using the breath-by-
breath technique. After each trial, the gas analyzer was calibrated using
a 3-L Hans Rudolf 5530 calibration syringe and a mixture of 5% CO, and
95% N,. The data were processed in an IBM computer by the calculation
of minute ventilation (VE), VO,, carbon dioxide production (CO,), and
the ratio between carbon dioxide production and oxygen consumption
(RER). Heart rate was measured by telemetry using a heart rate monitor
(Vantage NV, Polar®, Kempele, Finland). The room temperature and
relative air humidity were maintained at 21 to 24 °C and 40 to 60%,
respectively.
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The subjects were asked not to use sedatives, not to smoke and not to
ingest alcoholic beverages or products containing caffeine on the days
preceding each trial to prevent any interference. The subjects were also
instructed not to perform any type of physical exercise during the 48
hours preceding the trials, and to communicate any change in their health
status that occurred during the 24 hours preceding the experiment.

A diet corresponding to the dietary habits of each subject was
elaborated (3,172.50 kcal; 67.5% CHO, 18.6% fat and 13.9% protein). The
subjects were instructed to follow this diet throughout the experimental
period. On the day of the trials the subjects arrived at the laboratory
after an overnight fast and consumed a standard breakfast (415.0 kcal;
68.5% CHO, 18.5% fat and 13.4% protein) 2 hours before the exercise test.
Data regarding the quantity and quality of the ingested foods were
processed using the Virtual Nutri software, version 1.0.

Blood sampling and analysis

Venous blood (5 ml) was collected from a peripheral vessel in the right
forearm into a vacutainer before warm-up and immediately after the
continuous exercise trial (80% VO,,.,). The samples were centrifuged at
3,000 rpm for 15 minutes at 4 °C and plasma was stored in a freezer at
-70 °C for subsequent determination of plasma concentrations of free
fatty acids (FFA), glucose, insulin and cortisol.

FFA were determined by the method of Regouw et al** and samples
were read in a spectrophotometer (UV-VIS®, Shimadzu Mini 1240,
Japan). Plasma glucose was assayed by an enzymatic colorimetric
method (Bio Diagnostica) in an RA-XT apparatus (Technicon Co., USA).
Plasma insulin was measured by radioimmunoassay (Gamma 55008,
Beckman Co. Germany) and plasma cortisol was determined by
chemiluminescence (Immunolite 2.0, USA).

For the determination of blood lactate concentration, 25 .l of arterial
blood was collected from the ear lobe into a heparinized capillary tube
at the same time as the venous samples. Blood lactate concentration
was determined with an electrochemical analyzer (YSL 2300 STAT,
Yellow Spring Co., USA).

Statistical analysis

The results were analyzed using the Statistica™ for Windows 6.0°
(Statsoft Inc., USA) package. First, it was calculated the power of the
sample based in the time of exhaustion pre-exercise. The statistic power
of the sample was 80%. The time to exhaustion in the continuous exercise
trial was compared between the CHO and PLA groups by the Wilcoxon
test. Possible differences in VE, VO,, RER, heart rate, FFA, lactate, glucose,
insulin and cortisol obtained at the different times of the study (pre- and
post-supplementation with CHO and PLA) were analyzed by analysis of
variance for repeated measures (Friedman test). The level of significance
was set at p < 0.05.

Results

The physiological variables of the subjects obtained in the incremental
test are shown in table 1.

As shown in figure 1, athletes supplemented with CHO presented a
significant reduction in the mean time to exhaustion in the continuous
exercise trial (CHO: 15.82 + 1.99 minutes, PLA: 16.72 + 1.98 minutes,
p <0.05).

Table 1
Physiological variables obtained in the incremental test, maximum blood
lactate concentration and blood lactate at the individual anaerobic threshold

Variable Mean SD

VO, (ml/kg.min") 56.9 42
HRyx (bpm™) 184.9 12.0
Wyax (W) 3214 39.3
80% Wyyax (W)* 257.1 315
Wi (W) 2392 283
Wiar (% Wiyax) 74.5 13
%V 04171 (V0 1) 82.8 29
HR;; (bpm™) 170.0 12.4
HRr (¥HRyax bpm™") 91.9 1.0
[LA];5r(mmol.I") 438 0.8
[LA]yax (mmol.I-") 11.5 1.9

*Power used in the continuous exercise trial. Mean (+SD).
bpm: beats per minute; HR: heart rate; LA: blood lactate concentration; IAT: individual
anaerobic threshold; SD: standard deviation; VO,: oxygen consumption; W: power.
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Fig. 1. Individual and mean (+ SD) time to exhaustion in the continuous exerci-
se trial (80% VO,,,,,) after supplementation with carbohydrate and placebo.
*Significant difference (p < 0.05).

Table 2

Cardiorespiratory variables obtained during the continuous exercise trial (80%
VO,,..,) for the conditions of pre- and post-supplementation with
carbohydrate and placebo

Variable CHO PLA
Pre Post Pre Post

5508+ 013 5746+1.79 5.575£0.18 56.98+1.73
VE (1. min'BTPS) 13.525+0.54 141.22 +6.26 12.965+0.29 145.11 +6.11
RER 0.95*5+0.01 119%+0.01 0.85"5+0.01 1.04%+0.02
HR (bpm) 57.005+2.405 182.43 £3.96 55.425+2.28 181.00 + 4.07

*: pre CHO # pre PLA p < 0.05; & = post CHO # post PLA p < 0.05; $ = pre # post p < 0.05.
Mean (+ SD).

bpm: beats per minute; BTPS: body temperature and pressure; saturated;

CHO: carbohydrate; HR: hear rate; PLA: placebo; RER: respiratory exchange ratio;

VE: minute ventilation; VO,: oxygen consumption.

VO, (ml/kg.min-")

The RER was significantly higher in the CHO group (0.95 + 0.01 and
1.19 + 0.01, pre- and post-trial, p < 0.05, respectively) than in the PLA
group. In addition, all cardiorespiratory variables were significantly
higher after the trial when compared to pre-trial values (table 2).

FFA levels were significantly lower in the CHO group compared to the
PLA group both before and after the trial (pre: 0.12 £ 0.01 vs 0.18 £ 0.02
mmol.I"and post: 0.10+0.02vs 0.21 £0.02 mmoll", p<0.05, respectively)
(table 3).

A significant reduction of insulin was observed in the CHO trial after
exercise (23.8 £ 5.1 pU.ml') when compared to the pre-trial condition
(42.7 £3.6 pU.ml) (p < 0.05). The opposite was observed in the PLA trial



136 M.V. de Sousa et al. / Rev Andal Med Deporte. 2010;3(4):133-137

Table 3

Metabolic and hormonal variables obtained during the continuous exercise
trial (80% VO,,,,) for the conditions of pre- and post-supplementation with
carbohydrate and placebo

Variable CHO PLA

Pre Post Pre Post
[LA](mmol.l-1) 1.7+0.1° 13.5+18 1.6+0.1% 11.0+£ 1.2
Glucose (mg/dl) 96.4+8.6° 1354+11.3 882+45" 1292+73
FFA (mmol.I-") 0.12+0.01* 0.10+0.02% 0.18+0.02* 0.21 +0.02%
HR (bpm-1) 57.00%+ 2.40° 182.43 £3.96 55.42%+2.28 181.00 £ 4.07

*: pre CHO # pre PLA p < 0.05; &: post CHO # post PLA p < 0.05; $: pre # post p < 0.05. Mean
(+SD).

bpm: beats per minute; CHO: carbohydrate; FFA: free fatty acids; HR: heart rate; LA: bllod
lactate concentration; PLA: placebo.

(pre: 11.8 £ 3.3 and post: 17.7 + 4.9 pU.ml", p < 0.05). Pre-trial insulin
concentration was significantly higher in the CHO group (42.7 £ 3.6
pU.ml?) than in the PLA group (11.8 + 3.3 pU.ml?) (p < 0.05) (table 3).
With respect to plasma cortisol concentration, no significant differences
were observed between both groups (p > 0.05).

Discussion

In the present study, we investigated the effects of pre-exercise high
concentration carbohydrate supplementation on the performance and
cardiovascular, metabolic and hormonal responses of cyclists before and
after a high-intensity short-duration exercise protocol. The exercise
sessions were performed at a high intensity, a fact that can be confirmed
by the heart rate, VE, VO, and lactate responses.

No ergogenic effect on the performance of the participants was
observed after pre-exercise CHO supplementation (~98 g) at a
concentration of 10%. The performance (time to exhaustion) was reduced
by 0.9 minutes (5.4 + 0.51%) compared to PLA. Unlike our findings, Bonen
et al® and Koivisto et al’ investigated the impact of pre-exercise CHO
supplementation (1.5 g/kg and 1.0 g/kg, respectively) at a concentration
of 20% and 30%, on the cycling performance in a short duration, high
intensity continuous exercise protocol (80% VO,,.,), and found no
significant changes in performance, although they observed higher
time-to-exhaustion values in the placebo condition (~10%). The authors
suggested that this decrease in performance after CHO ingestion could
be related with hyperglycemia and hyperinsulynemia, which is followed
by a rapid decline in blood glucose at the beginning of exercise, often
referred to as rebound hypoglycemia.

In contrast, an opposite effect was reported by Millard-Stafford et
al?>, who showed a significant increase of 17 and 14 seconds in 1.6-km
performance runs with 8% (80 g) and 6% (60 g) CHO drinks, respectively,
when 1 liter of the CHO drink was ingested 60 minutes before exercise,
followed by ad libitum ingestion during exercise as compared to a water-
only trial.

In the present study, after exercise, the glycemic response was
higher compared to the pre-exercise condition and no significant
difference was observed between the CHO and PLA trials. The
observation of these elevated glucose levels after exercise also in the
PLA trial (~68%) was probably due to a marked increase in hepatic
glycogenolysis stimulated by the higher concentration of catecholamines
and cortisol which increase proportionally with exercise intensity22S.
According to Davis et al® and Tsintzas and Williams??, the rate of
catecholamine release also increases with increasing intensity, with the

liver releasing more glucose in relation to the amount taken up by
active muscles. This increase of glucose levels in the PLA trial possibly
resulted in an increase of plasma insulin concentration, a response also
reported in the recent study of de Sousa et al>, emphasizing the
particularity of high-intensity exercise. Particularly for this group, it
should be emphasized that both the diet ingested on the day before the
trials (~535 g CHO) and the breakfast consumed before the beginning of
the exercise protocol (~71 g) may have increased muscle and hepatic
glycogen stores in these athletes.

The present findings demonstrate that CHO ingestion before exercise
(~98 g/10%) resulting in a ~30 pU/ml increase of plasma insulin
concentration (~3.7 times higher compared to the PLA trial), reduced fat
free acids (~47%), a fact that may contributed to the increase of the RER
in the CHO trial. RER during cycling were significantly higher during
CHO than PLA, suggesting a greater CHO utilization. Similar findings
have been reported by Febbraio et al'!, Cramp et al?’, Horowitz et al*® and
Hargreavesetal?. Furthermore,inthe presentstudyinsulinconcentration
was found to be reduced during exercise, a response similar to that
observed for continuous long-duration exercise. According to Hayashi et
al*®, muscle contraction during exercise stimulates AMPK, particularly
its a2 isoform, inducing the translocation of GLUT-4 to the plasma
membrane and increasing glucose uptake. This activity of skeletal
muscle «2-AMPK was 3- to 4-fold higher immediately after high-
intensity exercise (75% VO,,,,, for 60 minutes), whereas no activation
was observed after low-intensity exercise (50% VO,,,, for 90 minutes).

In view of the above considerations, the reduced FFA concentration
and increased RER observed for pre-exercise CHO supplementation may
indicate a higher rate of CHO oxidation. Although we did not determine
the muscle glycogen content of the cyclists, the use of CHO
supplementation as an exogenous energy source probably resulted in a
lower utilization of muscle glycogen stores, a finding also observed by
Jentjens and Jeukendrup® and Jeukendrup et al*®. Therefore, the present
results cannot be extrapolated to all situations.

On the basis of the present results, we conclude that pre-exercise
high concentration CHO supplementation impaired the performance of
cyclists by 5.4 + 0.51% and probably reduced muscle glycogen depletion
(glycogenolysis), but did not attenuate the cortisol or heart rate response.
Further studies focusing on the use of exogenous glucose are necessary
to evaluate the effect of CHO supplementation during short-duration
(less than 60 minutes), high-intensity exercise that imitates the demands
of many competitive sports in terms of performance and metabolic and
hormonal responses.
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