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Abstract

The purpose of the study was to examine a possible effect of a carbohydrate-electrolyte (CHO-E)
solution on fluid balance and performance in fencing at a thermoneutral environment. Sixteen fencers,
performed two 120-min training sessions separated by 7-14 days under similar environmental conditions
(Temperature: 20.3 °C, Humidity: 45-47%). Each session consisted of 60-min conditioning exercises
followed by 10 bouts of 3 min against the same opponent with 3 min interval between each bout.
Participants ingested at regular intervals either a 6% CHO-E solution or an artificially sweetened water
(PL) in a counter-balanced order. No difference was observed between conditions in the heart rate
responses, perceived exertion, changes in plasma volume, urine specific gravity, number of bouts won,
or lost, or points for and against. Considerable variability was observed in body weight changes which
revealed significant differences at Time level (i.e. Pre vs. Post Exercise) (F115=9.31, p=0.008, 1?=0.38),
whereas no difference was found between conditions (i.e. CHO-E vs. PL) (F1,15=0.43, p=0.52, n°=0.03)
and Conditions X Time interaction (F115=3.57, p=0.078, n?=0.19). Fluid loss was not significantly
different between conditions (p=0.08, d=0.47). Blood glucose was higher (p< 0.01) post-exercise in
CHO-E, whereas blood lactate was similar between conditions. In conclusion, the CHO-E solution was
as effective as the artificially sweetened water in terms of fluid balance and fencing performance at a
thermoneutral environment. Due to large individual variability fencers should monitor their fluid intake

and body fluid loss in training and competition.

KEY WORDS: Sports drink; fencing training; fluid loss
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INTRODUCTION

Fencing is one of the oldest contact sports in the world. It is interesting to note that fencing has evolved
from centuries of dueling, swordsmanship and self-defense, turning into an extremely safe sport during
mid-18th century. Fencing is part of the Modern Olympic Games program since 1896 in Athens, while
women’s fencing was only introduced in 1924. Today, International Fencing Federation (FIE) is
composed of 152 recognized and affiliated National Federations with more than 300,000 fencers

practicing in local clubs and participating in organized competitions (18).

At international level, competition lasts a day and usually consists of two main parts, the preliminary
part-phase and the elimination part-phase. In the first part each fencer competes in approximately 6
bouts-matches of maximum 3 min each against different opponents. In the elimination part each fencer
plays against an opponent for 3 continuous bouts of 3 min with 1 min rest period between the bouts or
until the first fencer reaches 15 touches. The athlete who wins continues to the next elimination round.
The activity pattern during fencing is characterized by non-cycling type of intermittent activities that
require agility and concentration and consists of short and intense (less than a second) actions or longer
(more than a minute) submaximal changes of direction while the effective overall competition time

ranges from 17 to 48 min depending on the weapon and the level of the two opponents (3, 42, 50).

Due to the nature of the sport, fencers have to wear specific sporting gear during competition that covers
the entire body surface in order to protect themselves from the opponent’s hits with the sword. This
specific sporting gear is also worn during training when fencers practice/play one against the other.
During simulated competition the cardiovascular system of the athlete is recruited moderately, with
energy expenditure over 10 kcal.min™ corresponding to approximately 8.5-9.3 METS, oxygen uptake
(VO.) and heart rate (HR) remain below the anaerobic threshold (AT) (11, 36), while maximum lactate
values reach 6.9 mmol.I in the final minute during the recovery period between rounds (36). However,
fencers wearing the specific protective equipment (jacket, sleeve, glove, and mask) increase rectal,

esophageal and chest temperature, sweat rate, fluid loss, lactate concentration at submaximal exercise
3
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intensities and HR compared to wearing normal sportswear and also achieve lower performance levels

during graded exercise when this is performed in fencing gear (45, 51).

Bearing in mind all the above, it is easily understood that fencers during competition as well as training
may face challenges with their fluid balance. A degree of dehydration over 2% of body weight (BW) is
considered detrimental in terms of endurance performance (49) and upper and lower body anaerobic
muscular power (28). Furthermore, dehydration has detrimental effects in attention and decision-making
speed (1, 14) and results in poorer cognitive function and motor skill that contribute to poor skill-based
performance (22), factors which are important in fencing. Consuming beverages containing
carbohydrates and electrolytes during prolonged exercise maintain carbohydrate oxidation rates, blood
glucose levels and reduce the rate of muscle and liver glycogen stores leading to improvements in
performance compared to placebo or artificially sweetened fluids (13). Also, a carbohydrate-electrolyte
solution (CHO-E) provides thermoregulatory benefits during exercise performed in warm conditions by
maintaining blood flow to the periphery and reducing cardiovascular drift and core temperature (37).

Therefore, the use of a CHO-E solution is recommended during extended bouts of exercise since such

beverages maintain fluid balance by replacing sweat losses and electrolytes and also provide energy
during exercise (44). Furthermore, during shorter exercise periods lasting about one hour, mouth rinsing
with carbohydrate solutions may stimulate central nervous system through oral receptors leading to
performance improvement as reported in several investigations (2).

It is interesting to note, however, that although several investigations on fluid balance have been
conducted in a large variety of sports (4, 5, 12, 15, 21, 26, 30-32, 34, 35, 38-41, 46, 48), to the best of
the authors’ knowledge no study has examined fluid balance in fencing. Furthermore, a possible effect
of ingesting a CHO-E compared to water in fencing performance has not been investigated.

Therefore, it was the purpose of the present study to examine whether a CHO-E during fencing training

would be better in terms of performance and fluid balance compared to a flavored water solution.
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METHODS

Experimental Approach to the Problem

The study consisted of two identical in content training sessions of approximately 120-min duration,
designed to simulate fencing training and competition intensities. The sessions were separated by 7-14
days and performed at 16:00 hours in week days. In the training sessions, the participants randomly
ingested at regular intervals either a commercially available 6% CHO-E (Gatorade) (CHO-E) or the
same volume of an artificially sweetened water solution (PL). The volume provided was approximately
1.5 times the amount of fluid loss recorded in the Preliminary Study described below. Participants were
divided into pairs according to their sex and fencing ability as judged by each fencer’s coach. Six male
and two female pairs were formed that were the same for both CHO-E and PL trials. Each pair was
asked to compete against each other in 10 bouts of 3 min with 3 min interval, aiming the maximum
possible hits during every bout. Urine and blood samples were collected pre and post each training
session. In addition, the participants visited the laboratory for preliminary testing (anthropometric

measurements, determination of VO, max, and HRmax) five days before the main trials.

Subjects

Sixteen fencers, 12 men and 4 women, members of the Greek National team in epee, [age: 21.4 + 0.2
years (range: 17-27), body weight (BW): 74.6 + 3.3 kg, height: 178 £+ 2, body mass index: 23.4 £ 0.8
kg.m-2, % body fat: 15.1 + 1.4%, maximal heart rate (HRmax): 196 + 2 b.min, and maximal oxygen
consumption (VO2max): 49.3 + 1.4 ml.Kgt.min™] participated in the study. From these volunteers 8
men and 2 women had also participated in the Preliminary Study described below. All fencers had
adequate experience participating in at least six international competitions every year. Prior to data
collection, all volunteers completed a detailed medical questionnaire and gave informed consent, after a
thorough description of the risks being involved. Parental written informed consent was signed for 2 of

the volunteers who were under 18 years of age. The study had the approval of the Ethical Committee of
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the University and all procedures were in accordance with the Helsinki declaration of 1975, as revised in

1996.

Laboratory Testing

Five days before the 1% training session participants were tested for VO2max, HRmax and estimation of
body composition. Percent body fat was estimated using a skinfold caliper (Harpenden, RH15 9LB,
England) and sex-specific equations (24, 25). Following this, all fencers performed a maximal exercise
test on a motorized treadmill (Runrace Technogym, Gambettola, Italy) to determine HRmax (Polar FS2c,
Kempele, Finland) and VO2 max. The treadmill test consisted of a graded exercise protocol with 0%
inclination and four 4-min stages to establish a VO2 versus HR relationship (VO2-HR). After completion
of the four 4-min stages the treadmill was set to 4% inclination and speed was increased every min by 1
km.h! to volitional fatigue. Expired air samples were collected for 60 s during the last min of each 4-
min stage as well as in the last min of the test using the Douglas bag method. Also, HR was recorded
throughout the treadmill test. The mean HR during the last minute of the treadmill exercise test was
considered as the HRmax. The gas samples were analyzed using a dry gas meter (Harvard, UK), an
infrared carbon dioxide (Vacumed 17630, Ventura CA, USA), and a cold dry fuel cell O2 (Vacumed
17620, Ventura CA, USA) analyzers which had been calibrated with known gas mixtures. From the gas
analysis VO,max was determined in STPD conditions. From the VO2-HR equation created for each
individual the percentages of HRmax (%HRmax) and the percentages VO.max (%VO2max) during the

training sessions were estimated.

Preliminary Study

The purpose of the Preliminary Study was to examine the voluntary fluid intake and fluid balance during
a typical training session in fencing. A typical training session was conducted that included a warm-up
period, specific fencing physical condition exercises (PCE), and 8 bouts of fencing of 3 min duration
interrupted by 3 min rest aiming for the maximum possible hits. Before and after the training session

which lasted 105 min, BW was measured and fluid intake during exercise was recorded. Twelve fencers,
6
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8 men and 4 women, members of the Greek National team in epee, (age: 22.3 £ 2.1 years and BW: 69.8
* 2.5 kg) participated.

Voluntary fluid intake throughout the training session was 945 + 57 ml (range: 680-1140 ml). Without
accounting for fluid intake, body weight decreased by 0.15 + 0.1 kg, whereas when fluid intake was
accounted for BW changes it was observed that BW decreased by 1.09 + 0.09 kg (range: 0.48 — 1.60 kg).
These BW losses corresponded to 1.6 + 0.1 % of BW (range: 0.8 — 2.2 %). Ambient temperature and

humidity during the training session were 17.7 °C and 40.1 % respectively.

Procedures

The experimental protocol of the study is presented in Figure 1. Participants arrived at the National
Fencing Centre at 16:00, emptied their bladder and a baseline urine sample was collected. Also, within
the next 5 minutes duplicate 20-pl and 10-ul, and triplicate microhematocrit (about 70 pl each) capillary
blood samples for the determination of blood glucose, lactate, hemoglobin and hematocrit were obtained
from the thumb using a finger prick needle after having the participants place their hand in warm water.
The capillary blood samples were collected while participants were in a seated position for 5 min.
Following this, in an appropriate area that provided privacy, volunteers’ nude BW was recorded using a
portable digital scale that had accuracy to 0.02kg (Delmac Instruments PS 400LBAT, Athens, Greece).
Then, each participant dressed into his/her warming-up clothes and warmed-up for 10 min by running at
a low intensity self selected pace (jogging). It should be mentioned that the warming-up clothes were the
same in both CHO-E and PL trials. Afterwards fencers performed a combination of 5 min static and
dynamic stretching for the lower limbs. Then, fencers performed PCE for 40 min. The PCE were
adapted for elite fencers aiming to improve both aerobic and anaerobic fitness including alternating
circuit training, sprint running, jumping and plyometric exercises, simulated fencing drills such as
different kind and duration of fencing steps and lunges in order to improve general fitness and agility (7).
Within 5 min after finishing the PCE, fencers dressed in their fencing gear used in official competitions.

Afterwards, participants were divided in pairs (6 male and 2 female pairs) and competed in the 10 bouts
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of 3 min duration with 3 min interval, aiming for the maximum possible hits. This competition phase
lasted 60 min (Fig. 1). During the 3-min interval times between the fencing bouts fencers were seated
and got ready for the next bout 10-15 s before completion of the 3-min rest period. All bouts took place
on the official competitive piste used in international competitions (Sword Hellas, Athens, Greece). The
given and received hits by the two opponents were recorded automatically by a fencing apparatus used
in official competitions (Favero, model FA-07, Italy). After completing the 10-bout period, the same
capillary blood samples with the ones taken before exercise were also collected after participants had
adopted a seated position for 5 min. Following blood collection, participants recorded their nude BW
after carefully drying their bodies with a towel. Throughout the exercise period participants’ urine output
was weighted using an appropriate scale (Philips Essence HR 2394 Philips, Budapest, Hungary) and
assuming water specific gravity equal to 1 (i.e.: 1 ml =1 g). The urine output was also used to estimate
sweat loss according to the formula: Sweat Loss= [(BWhefore exercise — BWatter exercise) — Urine Output] +
Fluid Intake. This calculation, however, does not consider losses due to fuel oxidation and respiration.

However, these factors are small in magnitude and are unlikely to be different between trials (17, 40).

Fluid Intake and Fluid Solutions

The CHO-E solution was a commercially available sports drink (Gatorade, orange flavour, non-
carbonated). The PL solution was made up of 35 ml of the CHO-E solution and 1.5 g of a sweetener
(Sweat’N Low, Cumberland Packing Corporation, Brooklyn, New York, USA) per 1 litre of water. This
provided about 14 kcal/litre and had a carbohydrate concentration of 0.3 %. The addition of the
sweetener gave PL a sweeter taste than the CHO-E and volunteers were told that the purpose of the
investigation was to compare different concentrations of drinks on fencing performance and fluid
balance.

The Preliminary Study was conducted in February when, as reported earlier, indoor temperature was <
18 °C since the indoor training area was not air-conditioned. The experimental training sessions (CHO-E
and PL) took place early May when ambient temperatures usually were > 20 °C, while the whole

protocol was extended by 15 min compared to the Preliminary Study. Additionally, in_the
8
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1 experimental training sessions 6 out of the 16 athletes had not taken part in the Preliminary Study

2 and therefore no data on fluid loss and fluid intake were available for them. Therefore, and also

33 considering the high variability in fluid intake and loss observed in the Preliminary Study, it was

o4  decided that the total amount of fluid provided during the two experimental trials would be

g5  adjusted to approximately 1.5 times the fluid lost in the Preliminary Study (15.6 ml.kg.BW™1), so

106  that to ensure euhydration during exercise. Each participant was required to consume 6 ml.kg BW

137 of the assigned fluid after the end of the warming up period (10 min) and then 2.5 ml.kg BW at 20, 30,
158  and 40 min during the PCE program, as well as before the 1%, 3, 6™ and 9" bout of fencing (Fig. 1). So,
the total fluid provided was 23.5 ml.kg BW™. Fluid balance was estimated as the difference between

240  pre- and post-exercise BW.

2
2@2 HR, Rate of Perceived Exertion, and Ambient Temperature and Humidity

39}.3 The HR responses were recorded (Polar, FS2c, Kempele, Finland) every10 min during the warm-up and
534 the PCE periods as well as at the beginning and at the end of each fencing bout (Fig. 1). Rate of
2%5 perceived exertion (RPE) (8) was also employed at the same time points (Fig. 1). Also, humidity and
346  ambient temperature were recorded (Brannan, Cumbria, England) and found to be similar between
337 CHO-E and PL trials (Relative Humidity: CHO-E: 47 + 2 % vs. PL: 45 £ 2 %, p=0.55; Temperature:

348 20.3+0.5°C in both conditions).

4
420 Blood and Urine Samples

4@1  The duplicate 20 pul capillary blood samples were dispensed into Eppendorf vials containing 200 pl of 2%

232 perchloric acid, mixed well, centrifuged at 1500 g for 4 min, and stored at -40°C for subsequent analysis.
50
523  The two deproteinized samples obtained at each time point (i.e.: pre and post exercise) from each
52
224 participant were analyzed in duplicate through photometric methods (Jenway 7315, Staffordshire, UK)

225 for glucose using a commercially available kit (Randox, Crumlin, UK) and for lactate using chemicals

57
526  (nicotinamide adenine dinucleotide, lactate dehydrogenase, and glycerin buffer) from Sigma Diagnostics

60
61
62 9
63
64
65



346
348

43
420
45
491
47

4
4%2
50
523
52
5
224
55
5@5
57
5
296
60
627
62
63

64
65

Accepted Manuscript.
Article accepted for publication in the Journal of Strenght and Conditioning Research, 02/12/2019.

(St.Louis, MO, USA) and lactate standards from Trinity Biotech (Wicklom, Ireland) according to the
manufacturer’s instructions provided in the past by Sigma Diagnostics (no. 826-UV).

The triplicate microhematocrit blood samples were used for measuring hematocrit (Micro-Haematocrit
Reader, Hawkley, England), whereas the duplicate 10-ul samples were used for measuring hemoglobin
(Dr. Langue Mini-Kuvette LKM 143, Berlin, Germany) photometrically (Miniphotometer 8, Dr Lange
GmbH, Berlin, Germany). From hematocrit and hemoglobin values changes of plasma volume were
calculated as previously described (16).

Urine samples were stored at 6-8 °C and analyzed within 2 hours after collection for specific gravity,

using specific urine reagent strips (TECO Diagnostics, Anaheim, CA USA).

Dietary and Training Control

Participants weighed (Kenwood chef/major kitchen scale, UK) and recorded their normal food intake for
2 days before the 1% trial and were asked to replicate this diet for the same period of time before the 2nd
trial. The same procedure was followed on the day of the 1% trial until participants arrived at the area
where the study took place. Furthermore, the athletes were asked to consume the last meal or snack on
the day of the main trials at least 6 hours before exercise and to drink 6 ml.Kg BW* water 2 hours
before exercise to facilitate euhydration (49). Dietary records were analyzed in Microsoft Access by the

use of a food database developed in our laboratory based on published data (19) and food labels.

Statistical Analyses

Data were analyzed using SPSS (SPSS inc., Chicago, IL, USA version 16.0). A repeated measures 2-
way [(Treatment: CHO-E vs. PL) x Time (Time Points)] ANOVA was used to compare urine specific
gravity, BW changes, blood lactate and glucose responses, HR, %HRmax, %V0O.max, and RPE.
Dietary intake (average of 2 days before and on the experimental day), fluid loss, estimated sweat loss,
urine volume, changes in plasma volume, average values for selected time periods in
HR, %HRmax, %V0O, max, RPE, as well as performance variables (draws, games and points won) and

average HR throughout the experimental protocol were analyzed using two-tailed paired t-test. To
10
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identify differences between means in the event of a significant interaction, in the two-way ANOVA,
simple main effects were used with Bonferroni adjustment for multiple comparisons. It should be noted
that performance data were analysed not only by treatment (CHO-E vs. PL), but by order (Trial 1 vs.
Trial 2) as well. All assumptions associated with repeated measures designs were tested and the degrees
of freedom for significant main effects, interaction and error term were adjusted according to
Greenhouse-Geisser epsilon when the assumption of sphericity was violated (29). Effect size for main
effects and interaction was estimated by calculating partial eta squared (n?) in ANOVA and Cohen’s d (d)
in the t-tests. Also, 95% confidence intervals (95%CI) of the difference between means in the two

conditions are reported. Data are presented as means = SE. The level of significance was set at p<0.05.

RESULTS

Performance

There was no difference between treatments in the number of games won (CHO-E: 4.4 + 0.6 vs. PL: 4.1
+ 0.7, 95%CI: -1.0 — 1.8, p=0.58, d=0.14), in the total points won (CHO-E: 58.2 £ 5.7 vs. PL: 58.7 £ 6.8,
95%CI: -10.9 — 9.9, p=0.92, d=0.02), or in the number of draws (CHO-E: 1.6 + 0.3 vs. PL: 1.4 £ 0.3,
95%ClI: -0.9 — 1.1, p=0.79, d=0.06) during the 10x3-min bouts of fencing (Fig. 1). Similarly, there was
no difference in the number of games won (Trial 1: 4.3 £ 0.6 vs. Trial 2: 4.3 £ 0.7, 95%ClI: 0.7 - -1.4), in
the total points won (Trial 1: 58.6 + 4.8 vs. Trial 2: 58.3 =+ 7.4, 95%CI: -10.0 — 10.8, p=0.94, d=0.02), or
in the number of draws (1.5 = 0.3 in both Trial 1 and 2) when data were analyzed by order (i.e. Trial 1 vs.

Trial 2).

BW Changes and Fluid Losses

Body weight, and fluid losses after exercise and the corresponding values corrected for fluid intake are
presented in Table 1. The 2-way ANOVA for BW revealed significant differences at Time level (i.e. Pre
vs. Post Exercise) (F115=9.31, p=0.008, n?>=0.38), whereas no difference was found at Fluid (i.e. CE vs.

P) (F1,15=0.43, p=0.52, n1?=0.03) and Fluid x Time interaction levels (F1,15=3.57, p=0.078, n?=0.19). Also,

11
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fluid loss (pre-post exercise) and urine volume were not different between conditions, while estimated
sweat losses almost reached significance (Table 1). However, considerable variability was observed

among fencers as indicated by the range of values.

HR, %HR max, Predicted % VO2max, and RPE

The 2-way ANOVA analysis for HR revealed significant differences only at Time level (F26390=110.6,
p<0.001, n?=0.88), whereas no differences were found at Fluid (F1,15=2.70, p=0.12, n?=0.15) and Fluid x
Time interaction levels (F26390=0.95, p=0.54, ?=0.06). At Time level the highest HR values were
observed at the end of the 5™ and 10" 3-min fencing bouts (172 + 3 b.min and 171 + 3 b.min
respectively). Similarly, %HRmax responses were different at Time level (Fs3941=92.6, p<0.001,
n?=0.86), while no differences were found at Fluid (F115=2.67, p=0.12, n?=0.15) and Fluid x Time
interaction levels (Fs7:45=0.94, p=0.54, n?=0.059). Furthermore, in predicted %VO,max responses no
difference was found at Fluid (F1,15=2.06, p=0.17, n?=0.12) and Fluid x Time interaction (Fs.,s33=1.09,
p=0.35, n?=0.07) and only a difference over Time was observed (Fs3502=41.8, p<0.001, 1?=0.74).

Same responses were obtained for RPE where no differences were revealed at Fluid (RPE: F1,15=0.02,
p=0.90, n?=0.001) and Fluid x Time levels (RPE: Fa4.4667=0.51, p=0.86, n>=0.03), and only a difference
at Time level was observed (RPE: F3g575=25.3, p<0.001).

Furthermore, average values for HR, %HRmax, predicted %VO2max, and RPE for selected time periods
are also presented in Table 2. There was no difference in any of these responses at these selected time

periods between conditions.

Urine Specific Gravity, Blood Lactate, Blood Glucose and Changes in Plasma Volume
Urine and blood variables pre and post exercise are presented in Table 3.The 2-way ANOVA analysis
for urine specific gravity showed no difference at Fluid (F1,15=2.32, p=0.15, n2=0.15), Time (F113=1.47,

p=0.28, n2=0.10), or Fluid x Time interaction levels (F11=0.03, p=0.88, n?=0.002). Pre-exercise urine

12
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specific gravity levels were > 1.020 in 6 athletes in CHO-E and in 2 athletes in PL, however, only 8 of
the 16 fencers of the study experienced urine specific gravity < 1.020 in both trials.

Blood lactate responses were different only at Time level (F113=113.0, p<0.001, 1?=0.90), whereas at
Fluid (F113=2.44, p=0.14, 1?=0.16), and Fluid x Time interaction levels no differences were found
(F1,13=1.14, p=0.26, 1?>=0.10). On the other hand, the 2-way ANOVA analysis for blood glucose
revealed significant differences at Fluid (F1,13=16.0, p=0.002, 12=0.55), Time (F1,13=5.1, p=0.04, n?=0.28)
as well as at Fluid x Time interaction levels (F113=20.1, p=0.001, n?>=0.61). Post-exercise blood glucose
levels in CHO-E were higher compared to blood glucose concentrations at the end of exercise in PL
condition (Table 3). Finally, changes in plasma volume were not different between CHO-E and PL trials

(CHO-E: 3.4 +1.3%vs. PL: 1.4 £ 2.0 %, 95%CI: -3.0 — 7.1, p= 0.40, d=0.23).

Dietary Control

Analysis of the dietary data showed that there were no differences between the two trials in average
daily energy (CHO-E: 2266 + 224 kcal vs. PL: 2468 + 206 kcal, 95%CI: -625 — 221, p=0.32, d=0.26),
carbohydrate (CHO-E: 263 + 33 g vs. PL: 266 + 26 g, 95%CI: -60 — 54, p=0.90, d=0.03), fat (CHO-E:
50+ 7 gvs. PL: 59 + 8 g, 95%Cl: -26 — 8, p=0.26, d=0.30), protein (CHO-E: 82 +9 g vs. PL: 93+ 9 g,
95%CI: -32 — 12, p=0.33, d=0.26), or alcohol intake (CHO-E: 3.0 + 2.3 g vs. PL: 2.5+ 1.8 g, 95%CI: -5
— 6, p=0.87, d=0.04), consumed during the 2 days prior to each trial. Also, on the day of the main trials
no differences between treatments were observed in energy (CHO-E: 488 + 109 Kcal vs. PL: 685 + 163
Kcal, 95%CI: -486 — 93, p=0.17, d=0.38), carbohydrate (CHO-E: 74 + 16 g vs. PL: 79 + 18 ¢, 95%CI: -
23 — 13, p=0.55, d=0.16), fat (CHO-E: 13 + 4 g vs. PL: 28 + 10 g, 95%ClI: -36 — 7, p=0.16, d=0.38), or

protein intake (CHO-E: 18 £ 5 g vs. PL: 29 + 9 g, 95%CI: -25 — 3, p=0.11, d=0.44).

DISCUSSION
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The main aim of the present study was to examine whether a CHO-E solution during fencing training
would improve performance and fluid balance compared to sweetened water (placebo). The main result
was that CHO-E had no effect on performance as measured by number of wins and total number of
points scored compared to PL. There was also no difference in fluid balance with the CHO-E drink in
comparison to the artificially flavored placebo. Furthermore, the Preliminary Study showed that overall
fencers naturally ingested sufficient fluid to maintain BW during training since BW was reduced only by
0.15 kg corresponding to 0.2%.

As previously mentioned, fencing has a large thermoregulatory demand due to the nature of the
protective clothing. With this in mind, large sweat rates have previously been observed during exercise
with fencing clothing (45, 51) and may have a negative impact on performance as a decrease of 2% BW
has been shown to deteriorate performance in other sports (49). In the Preliminary Study, despite the
fact that considerable variation existed in fluid intake (9.0-19.6 ml.kg BW™) and BW changes (+0.8% - -
0.7%) as a result of training, none of the fencers demonstrated a BW deficit greater than 1%, whereas
some fencers actually overhydrated. This result shows that when fencers drink water ad libitum in
training performed at an ambient temperature < 20 °C, they hydrate sufficiently. In the main trials
considerable variability in fluid balance was also noticed although fencers ingested the same amount of
the assigned fluid (23.5 ml.kg™) relative to body weight. This variability was also mirrored on the sweat
loss as well. It is an observation well described in the literature that is due to several factors, some of
them controlled in the present study such as exercise intensity, duration and environmental conditions,
but also on other parameters concerning subjects’ variability like fitness, heat acclimatization, gender
and age (43).

The CHO-E solution did not influence fluid loss or urine specific gravity compared to PL. However, a
tendency and a relative small effect size were recorded regarding fluid (p=0.08, d=0.47) and estimated
sweat losses (p=0.067, d= 0.49) in favor of CHO-E (Table 1). This small non-significant effect may be
attributed to the sodium content of the CHO-E solution over PL. Compared to plain water beverages

containing sodium maintain plasma osmolality, replace sodium lost through sweat and reduce urine

14
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losses maintaining fluid balance (33, 47). Furthermore, in the present study fluid balance was judged on
the basis of BW changes before and immediately after exercise. Considering that sweat and urine losses
continue during the post-exercise period (44, 49), a limitation of the study was that BW and urine
measurements were not made for hours after exercise or even the next morning of the main trials to
determine whether sufficient hydration was maintained equally well in both conditions. This is of

particular importance since at international level fencing bouts may be spread over a time period

of 6 hours. In addition, taking into account that exercise took place in thermoneutral conditions (about
20 °C and 45-47% relative humidity), this small non-significant effect of the CHO-E solution might have

reached significance if the study was conducted at a higher ambient temperature.

Previous literature investigating the effect of CHO-E solution on skill based intermittent sports
performance have found equivocal results with some demonstrating a positive effect on performance (9,
10) and others demonstrating no effect on performance (20, 23). When investigating the effect of CHO
on skill-based sports, the standardization of protocols and skill test reliability always has implications on
results, making comparisons between studies difficult (6). In skill-based sports the potential for CHO-E
to have a positive effect on performance is likely a result of maintaining performance when fatigued
(towards the end of a match) (6). In the present study the overall mean RPE in both trials was about 13
(Table 2) indicating a relatively low fatigue level. The current study found no benefit on fencing
performance in terms of number of wins or total points scored. This may be due to the rest periods in

fencing being of sufficient duration to prevent fatigue and thus CHO-E had no effect on performance.

It is important to consider the mechanisms of action when looking at the effects of CHO-E on
performance. Attempts to elucidate the mechanisms underpinning CHO supplementation effects point
to the direct influence of CHO oxidization rates during prolonged exercise (>2 hours) where skeletal
muscle and liver glycogen stores are a limiting factor (13). However, given that 5-15g of exogenous

CHO is oxidized during the first hour of exercise (27) it becomes questionable whether such
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mechanisms explain performance benefits during exercise sessions lasting less than 1 hour or during
intermittent exercise. In the present study, fencing was undertaken for approximately 1 hour which is
often the duration of the first round of a fencing competition. Energy expenditure has been observed to
be between 10-12 Kcal.min in fencing (11) which if the fights in the present study lasted 3 min, this
would be approximately 30-36 kcal utilised per fight. Therefore, there are sufficient CHO stores and any
effect on performance is likely to be a central effect. With this in mind, any effect of CHO availability is
unlikely to be the result of the proposed mechanisms. In the last decade research has been focused on a
central effect due to CHO exposure within the oral cavity during shorter periods of high-intensity
exercise (<1 hr.) (2). By exposing oral cavity receptors to glucose maltodextrin, brain regions of reward
and motivation are stimulated and work outputs increase (2). Although the specific mouth receptors
involved in detecting CHO are yet to be identified, a growing number of studies advocate the role that a
CNS pathway plays in moderating a CHO-performance effect (2). This again supports the notion, that
any benefit of performance with CHO is likely a result of maintaining performance when fatigued,
which as mentioned previously explains the lack of impact on performance in the present study. Rates of
perceived exertion were similar between conditions at approximately 14 for both trials during the
fencing fights with no obvious difference in workload as HR was similar (approximately 168 bpm).This
demonstrates that the sensations of fatigue were comparable between trials when the exercise intensity
was the same. However, the use of mouth rinsing a CHO solution instead of ingesting it, as it happened
in the present study, produces beneficial results even when RPE are not different compared to placebo
rinsing (2). Nevertheless, if the CHO mouth rinsing approach had been adopted in this study, the
possible benefit of fluid and electrolyte provided by ingesting the CHO-E solution and maintenance of

fluid balance would have been lost.

Although fencers were advised to ingest 6 ml.kgBW™ water 2 hours before exercise to facilitate
euhydration (49), 6 participants in CHO-E and 2 in PL had urine specific gravity values higher (> 1.020)

than the recommended for euhydration (< 1.020) (49). Furthermore, only 8 fencers before exercise in

16



325

317

490
46
47
431
49
50
592
52
53
543
55
5
534
58
5
285
61
62
63

64
65

Accepted Manuscript.
Article accepted for publication in the Journal of Strenght and Conditioning Research, 02/12/2019.

both trials met the < 1.020 urine specific gravity guideline. Therefore, it is important enough fluid to be

consumed throughout the day to maintain hydration levels especially before training sessions.

In conclusion, artificially sweetened water is sufficient to maintain short time hydration in fencers when
training, with no detrimental effect on performance when exercise takes place at a thermoneutral
environment. Furthermore, when fencers drink water ad libitum in training performed under similar
environment conditions, they hydrate sufficiently to maintain euhydration. Further research should be
conducted in competitive scenarios to determine whether CHO-E solutions will have an improvement on
fencing performance at higher temperatures and also whether euhydration is maintained for hours post-

exercise.

PRACTICAL APPLICATIONS

At environmental temperatures up to 20 °C it seems that water or a CHO-E both sufficiently

maintain short-term fluid balance over a 2-h exercise period in fencing provided an adequate fluid

volume is ingested. However, due to large individual variability fencers should monitor their fluid

intake and body fluid loss in training and competition, and adequate fluid should be consumed to ensure

euhydration.
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Table 1: Fluid intake, body weight (BW) changes, urine volume and estimated sweat loss

during training (mean % SE)

Variable CHO-E PL p
Fluid Intake (ml) 1707 £ 73
Fluid Intake Relative to BW (ml.kg?) 235
BWere-exercise (k) 73.41 £3.22 73.42 £ 3.18 Fluid: 0.52
BWpost-Exercise (kg) 73.29 + 3.20 73.01 + 3.12 Time: 0.008
Fluid x Time: 0.078
0.08
Fluid Loss (kg) 0.16 +0.1 0.41+0.10 (d=0.47)
(+0.88--1.32)* | (+0.22--1.18)! | 95%CI: -0.61 —0.04
0.07
% BW ChGHQE(Pre-POSt Exercise) (%) 02+02 05+0.1 (d:O49)
(+1.6 - -1.1) (+0.5--1.4) | 95%CIl: -0.75-0.03
0.08
BW ChGHQE(Pre-Post Exercise) 1.83+0.15 212 +0.16 (d2047)
Corrected for Fluid Intake (kg)
(0.66 — 2.64) (0.94-3.16) | 95%CI: -0.61—0.04
0.07
% BW Chang(?(Pre-Post Exercise) 25+0.2 28+0.1 (d:050)
Corrected For Fluid Intake (%)
(0.8-3.2) (1.9-3.8) 95%ClI: -0.74 - 0.02
0.34
Urine Volume (ml) 108 + 16 150 + 43 (d=0.27)
(35-240) (30-710) 95%CI: -135-50
0.067
Sweat Loss (L) 1.73+0.16 1.97 £0.15 (d=0.49)
(0.46-2.57) (0.80-2.75) 95%CI: -0.50 - 0.02

Numbers in parentheses indicate range of values; d=Cohen’s d

95%CI=95% Lower and Upper Confidence Interval; 1=Positive signs indicate hyperhydration
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Table 2: Average values for HR, % HRmax, % VO2max and RPE for selected time periods in CHO-E and PL trials (mean x SE)

CHO-E PL
Time Period HR % % HR % %
(b/min) | HRmax | VOzmax* RPE (b/min) | HRmax | VOzmax* RPE
10 min - 10" Game
(Whole Period) 147 +3 75+2 59+3 13+1 144 +£3 74+1 58+ 3 128+ 0.5

10 min — 55 min

(W.Up & P. C. Period) 154 +3 79+£2 64 +3 12+0 149 +3 761 60+3 119+0.6

1%t Game — 10" Game | 145+3 742 58 +3 14+1 143 +3 731 58 +2 13.9+0.6

Pre-Games 122 +3 62+2 41+3 - 118 +3 60+1 43+3 -

Post-Games 168 +3 86 +2 72+3 14+1 168 +3 86 +2 72+3 146 +0.8

W.Up & P. C. = Warm-up and Physical Conditioning, *Predicted from HR-VO; relationship and VO2max values
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Table 3: Urine specific gravity, blood lactate and blood glucose concentrations in CHO-E and

PL conditions (mean + SE)

CHO-E PL
Variable Pre-Exercise Post-Exercise | Pre-Exercise | Post-Exercise
Urine Specific Gravity 1.020 £ 0.002 1.022 +0.002 | 1.017+£0.002 | 1.019 +0.003

(1.005-1.030) (1.005-1.030) | (1.010-1.030) | (1.005-1.030)

Blood Lactate (mmollt) 1.3+0.04 23+0.1! 1.3+ 0.04 2.1+ 0.1t

Blood Glucose (mmoll) 44+£0.2 5.4 +0.3? 45+0.2 45+0.28

1: Different at “Time” level (Pre-Exercise: 1.3 + 0.04 vs. Post-Exercise: 2.2 £ 0.09, 95%CI: -1.1 - -0.7, p< 0.001)
2: Different from Pre-Exercise (95%CI: -1.6 - -0.4, p< 0.01)
3: Different from CHO-E (95%CI: 0.5 - 1.3, p< 0.001)

Numbers in parentheses indicate range of values
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HR= Heart Rate ; C.B. = Capillary Blood Sample ; B.W.= Body Weight ; U= Urine Sample ; RPE= Rate of Perceived Exertion





