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Abstract

Purpose The objective was to assess energy expenditure

and intake, anthropometric changes and handgrip strength

as well as the subjective perception of effort of Adventure

Racing athletes before, during and after a national com-

petition circuit.

Methods Twenty-one athletes aged 24–48 years were

included in the study. Assessments were conducted at five

time intervals: interval 1 (30 days before the race), interval

2 (7 days before race), interval 3 (during briefing), interval

4 (at the end of the race), and interval 5 (7 days after the

race). The athletes were submitted to anthropometric,

handgrip strength, and energy intake and expenditure

assessments.

Results Between time intervals 3 and 4, we observed a

mean weight loss of 1.92 kg, (p\ 0.001), a decrease in the

percentage of fat (mean 0.74%) as well as other anthro-

pometric variables: amount of lean body mass, body mass

index and arm muscle area, reflecting a negative energetic

balance. Assessment of energy and macronutrient intake

presented variation between the time intervals before,

during and after the race, in both total consumption and

relative consumption.

Conclusions The results suggest that adventure racing

athletes compete with a negative energy balance and that

the race structure directly affects this deficit, as well as

food choices during the race.

Keywords Running � Energy intake � Energy expenditure �
Body weight � Anthropometry

Introduction

Adventure racing (AR) is a sport that is gaining adherents

in the world and in Brazil. Starting in the 1980s, in New

Zealand, AR may be described as a planned competitive

expedition in places that offer the greatest possible diver-

sity of land to enable the practice of activities, such as

mountain biking, trekking, paddling, climbing, abseiling,

among others [1–4]. AR also includes other skills such as

map reading and navigation [5]. Physical fitness, team-

work, emotional control and overcoming limits are

required in this competition [1–5]. This modality began in

Brazil, in the 1990s, with the organization of the first

adventure race, called the Atlantic Forest Expedition (AFE)

[6].

The length of the race can vary from a few hours

(minimum of 3 h) to more than 10 days [7]. The first team

to complete the race course as directed, visiting all the race

checkpoints (CPs) and transition areas (TAs) is considered

the winning team [8]. The exact course is not released until

the day before the event when the athletes receive a

topographic map of the region and the race course book

with geographic coordinates [9]. ARs may be classified as

‘Expedition Races’ (1–10 days) or ‘Sprint Races’ (3–24 h)

[1, 10, 11].

The physiological demands on the participants are

extreme, forcing a large number to abandon the competi-

tion [5, 12]; throughout the race, athletes are subject to a
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variety of situations ranging from environmental alter-

ations (heat, cold), sleep deprivation, tiredness and fatigue,

even a reduction in dietetic and water intake [9]. According

to Zimberg et al. [7], ultra-endurance events result in a

significant loss of body mass after the competition although

there are no specific data on adventure athletes. This is

related to the fact that in most ultra-endurance activities,

energy intake is lower than expenditure, which results in an

energy deficit. However, there is a lack of information on

energy balance in AR [4].

Currently, available literature does not incorporate the

physiological alterations/adaptations that occur in races.

This is probably due to the relatively recent development of

the sport and the remote locations of events, and also

limitations associated with data collection in the field [8].

These reasons explain the rationale for conducting this

study, which aims to assess energy expenditure, energy

intake, anthropometric changes and handgrip strength

(HGS) of AR athletes before, during and after a national

competition circuit held in the interior of Rio Grande do

Norte/Brazil.

Methods

This is a prospective, analytical before-and-after study

conducted with 21 athletes (17 men and four women) aged

24–48 years, AR participants in two- or four-person teams

with more than three years of practice. This study was

approved by the Research Ethics Committee of the

Universidade Federal de São Paulo/Escola Paulista de

Medicina (#1833/11), with prior written approval from all

participants.

The competition chosen was the 13th Expedição Car-

cará, valid for the Potiguar Adventure Racing Circuit/

PARC—2013 and the Brazilian Ranking of Adventure

Racing/BRAR, held 21–22 June 2013 (21/06—briefing 10

p.m.; 22/06—start 8 a.m.) in the city of Acarı́/RN (local

temperature of 35 �C and relative humidity of 32% at the

start line). The total course was 77.2 km, consisting of:

trekking—34 km, mountain biking—40.7 km, orienteer-

ing—1.5 km, swimming—1.0 km. The course had 14 CPs

and 9 TAs.

The sample was determined based on two pilot studies

conducted in 2012, during the Expedição Carcará and the

Desafio Carbono Zero. From the athletes mean weight loss

before and after the races (4.0 ± 6.92 kg), the following

was established a = 95% and b = 80% for one-tailed

hypothesis, with a result of 16 athletes, selected by

convenience.

The athletes were assessed at five time intervals: interval

1 (30 days before the race), interval 2 (7 days before race),

interval 3 (during pre-race briefing), interval 4 (at the end

of the race), and interval 5 (7 days after the race). At time

intervals 1, 2 and 5 the athletes were submitted to

anthropometric, handgrip strength, and energy intake

assessments; at time interval 3, the athletes were submitted

to anthropometric and handgrip strength assessments; at

time interval 4, the athletes were submitted to anthropo-

metric, handgrip strength, and energy intake and energy

expenditure assessments (both during the race).

For anthropometric measurements, data were collected

on weight with electronic scales (Inbody R20, Seoul,

Korea) with the athletes wearing race clothing at all the

time intervals, on height with stadiometer (Sanny, Sao

Paulo, Brazil), on cutaneous folds with scientific

adipometer (Cambridge Scientific Industries Inc., Mary-

land, USA), and arm circumference according to technical

standards developed [13]. The body mass index (BMI) was

calculated from the data obtained; the Jackson and Pollock

(1985) [14] skinfold and Siri (1961) equations were used to

estimate body fat percentage and lean body mass, as well

as estimating arm muscle area (AMA) [14].

HGS was measured using a Jamar manual dynamometer

(Lafayette Instrument Company, Indiana, USA) adopting

the standard testing position as recommended by the

American Society of Hand Therapists; measurements were

taken as recommended by manufacturer and according to

protocol by Hornby et al. [15].

Athletes were instructed to fill out food record on three

non-consecutive days at time intervals 1, 2 and 5. At the

end of the race, athletes responded a food recall ques-

tionnaire on consumption during the race. In addition, they

were told to keep the packaging of supplements/foods

consumed during the competition. Analysis of food con-

sumption was conducted using the software Virtual Nutri

1.0 (University of Sao Paulo, Brazil, 1996). Intake of

macronutrients was compared with the recommendations

proposed by the American Dietetic Association (ADA)

[16].

The basal metabolic rate (BMR) was estimated based on

the dietary reference intake (DRI) [17] prediction equations

for normal weight men and women, from the data collected

on weight, height and age. Energy expenditure during the

competition was estimated using the Metabolic Equivalent

of Task (MET). The weight of the backpack was added to

the weight of each athlete (kg). Subsequently, the MET

values of the corresponding activities were determined:

trekking, 17,080–6.0 METs; mountain biking, 01009–8.8

METs; orienteering, 17,190–3.5 METs; swimming,

18,300–6.0 METs [18–20]. The duration thereof was

determined according to the time sheets for each team.

Initially, data were submitted to the Shapiro–Wilk nor-

mality test and subsequently analyzed descriptively. To

assess the variation between the periods before, during and

after the competition for the variables studied, the
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Generalized Estimating Equation (GEE) via an unstruc-

tured correlation matrix and a log-linear model was used.

In this technique, the hypothesis test used was the Wald

Chi-square and Bonferroni post hoc with Cohen’s d effect

size being used, when applicable, to determine practical

and clinical significance which is categorized as trivial

(d B 0.10), small (d[ 0.10 to\0.3), medium (d B 0.30

to B0.5) and large (d[ 0.5). Pearson’s correlation coeffi-

cient was used to estimate the correlation between weight

loss and loss of AMA. A significance level of\5% was

adopted for all inferential analyses. Data were analyzed

using the Statistical Package for the Social Sciences (IBM

SPSS Statistics—version 20.0, Illinois, USA).

Results

After the race, there was a mean weight loss of 1.92 kg

(p\ 0.001), and nine male athletes presented loss above

2.0 kg. Mean weight recovery was 1.48 kg (p\ 0.001) and

six male athletes exhibited above average weight recovery;

it is worth noting that these same athletes were part of the

group with above average weight loss (Table 1).

In relation to lean body mass, during the race, four male

athletes had an above average loss (2.76 kg), yet between

intervals 4 and 5 all the athletes assessed had almost

recovered to the values presented before the race.

AMA presented significant reduction (end of the race)

and improvement (1 week after race), p\ 0.001 (Table 1).

With regards to HGS there were no significant findings,

with large increases and decreases in HGS values at the

different time intervals (Table 1).

The comparison between energy intake and expenditure

showed that the athletes maintained a negative energy

balance during the competition, with a mean energy deficit

of 19,625.56 ± 7405.71 kJ; mean energy expenditure was

26,056.16 ± 6052.39 kJ, and intake was

5793.27 ± 2953.17 kJ. However, analysis of energy intake

at the different time intervals showed that the highest

intake occurred at interval 5 (Table 2).

There was a significant increase in carbohydrate intake

after the race (Table 2). Different from relativized intake,

where greater consumption occurred before the race

(p\ 0.001) (Table 3).

With regards to protein intake, it was greater before and

after the race (p = 0.01 and p\ 0.01, respectively)

Table 1 Comparative analysis of temporal variability before (time interval 3), during (time interval 4) and after (time interval 5) the adventure

race of some anthropometric variables in athletes

Variable Time intervals Difference between means df p valuea 95% CI Cohen’s d

Weight (kg) 3 vs 4 1.92 1 \0.001 1.48, 2.36 0.75

3 vs 5 0.44 1 0.05 0.001, 0.88 0.19

4 vs 5 -1.48 1 \0.001 -1.88, -1.08 0.66

BMI (kg/m2) 3 vs 4 0.58 1 0.03 0.02, 1.14 0.90

3 vs 5 0.14 1 0.79 -0.16, 0,45 0.22

4 vs 5 -0.44 1 0.001 -0,73, 0.15 0.70

Body fat % 3 vs 4 0.74 1 \0.001 0.34, 1.15 0.81

3 vs 5 0.20 1 0.28 -0.09, 0.50 0.21

4 vs 5 -0.53 1 \0.001 -0.78, -0.29 0.60

AMA (mm2) 3 vs 4 826.47 1 \0.001 343.39, 1309.55 2.58

3 vs 5 -1037.88 1 \0.001 -1674.95, -400.80 3.44

4 vs 5 -1864.36 1 \0.001 -2779.44, -949.27 5.84

Lean body mass (kg) 3 vs 4 1.21 1 \0.001 0.81, 1.61 0.78

3 vs 5 0.19 1 0.97 -0.27, 0.65 0.11

4 vs 5 -1.01 1 \0.001 -1.46, -0.05 0.65

Handgrip strength (kgf) 3 vs 4 2.76 1 0.12 -0.46, 6.00 1.44

3 vs 5 2.60 1 0.26 -1.04, 6.25 1.34

4 vs 5 -0.16 1 0.99 -3.82, 3.49 0.08

All numbers are absolute

AMA arm muscle area, BMI body mass index, CI confidence interval, df degrees of freedom
a Based on Bonferroni test
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(Table 2). The intake of relativized protein was also higher

before the race (p\ 0.001) (Table 3).

For lipid intake, there was no significant difference

between time intervals (Table 2), yet in the assessment of

relative lipids, we identified significantly increased intake

after the race (p\ 0.001) (Table 3).

Discussion

Analyzing the results we observed a significant decrease in

body weight, BMI, body fat percentage, AMA and lean

mass between time intervals 3 and 5, which reflected the

negative energy balance brought about by the competition.

Regarding weight loss during ultra-endurance competi-

tions, the duration of the race seems to have an influence;

in longer events rest periods are scheduled, which may

reduce weight loss. In one of the stages of the study by

Enqvist et al. [4], no significant loss of body weight in

athletes was observed during a 5-day AR, whereas in the

present study, mean weight loss was 1.92 kg in a 10-h race,

without rest periods. Another fact to be considered in the

comparison with results of simulation studies is that

inherent factors already mentioned in this study affect field

practice, interfering directly with weight loss, either

through insufficient energy intake, insufficient fluid intake

or due to high loss of body water. The study by Zimberg

et al. [7] based on AR simulation lasting about 67 h

Table 2 Comparative analysis of temporal variability before (time intervals 1 and 2), during (time interval 4) and after (time interval 5) the

adventure race of carbohydrate, protein, lipid and energy intake in athletes

Variable Time intervals Difference between means df p valuea 95% CI Cohen’s d

Carbohydrate (g) 1 and 2 vs 4 36.94 1 0.99 -93.45, 167.35 0.97

1 and 2 vs 5 -149.10 1 0.21 -346.29, 48.08 3.51

4 vs 5 -186.05 1 \0.001 -267.67, -104.43 6.15

Protein (g) 1 and 2 vs 4 72.57 1 0.01 10.72, 134.4 4.73

1 and 2 vs 5 -10.76 1 0.99 -133.50, 111.97 0.41

4 vs 5 -83.34 1 \0.01 -147.41, -19.27 5.12

Lipid (g) 1 and 2 vs 4 16.15 1 0.99 -27.28, 59.58 1.44

1 and 2 vs 5 -14.40 1 0.99 -57.29, 28,48 1.01

4 vs 5 -30.55 1 0.72 -93.02, 31.91 2.05

Energy intake (kJ) 1 and 2 vs 4 1148.58 1 0.90 -1505.01, 3802.21 1.33

1 and 2 vs 5 -4755.63 1 0.02 -8968.48, -542.81 1.72

4 vs 5 -5904.25 1 \0.01 -10,022.26, -1786.24 4.61

All numbers are absolute

CI confidence interval, df degrees of freedom
a Based on Bonferroni test

Table 3 Difference in macronutrient intake in grams per kilogram of body weight in athletes before (time intervals 1 and 2), during (time

interval 4) and after (time interval 5) the adventure race

Variable Time Intervals Difference between means Standard error Wald 92 df Sig.

Carbohydrate (g/kg of weight) 4 vs 1 and 2 -1.54 1.05 2.16 1 0.14

5 vs 1 and 2 -2.184 0.34 66.23 1 \0.001

4 vs 5 1.29 0.97 1.74 1 0.18

Protein (g/kg of weight) 4 vs 1 and 2 -1.33 0.22 36.72 1 \0.001

5 vs 1 and 2 -1.33 0.02 3221.97 1 \0.001

4 vs 5 -0.01 0.21 0.001 1 0.94

Lipid (g/kg of weight) 4 vs 1 and 2 3.73 1.71 4.74 1 0.02

5 vs 1 and 2 18.67 0.35 2697.12 1 \0.001

4 vs 5 -14.93 1.71 75.63 1 \0.001

All numbers are absolute

df degrees of freedom
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showed significant weight loss (0.75 ± 1.0 kg). Compared

to the results of this study we acknowledged the likely

influence of the ‘outdoor factor’ on this variable [4].

We observed variations in weight loss among the ath-

letes, which can be explained through the roles that each

one plays on the team. Still, the same increase in energy

intake and decrease in energy expenditure in the week

following the race were reported, possibly due to an

attempt to establish a positive energy balance for weight

recovery.

Evaluating the percentage of body fat and the amount of

lean body mass (Table 1), the use of skinfolds may have

been influenced by the presence of edema resulting from

the very long competition [21], or even through a dehy-

dration process that athletes may have developed during

the race. Given that, associated to possible insufficient

water intake and weather conditions on the race day con-

tributed to the development of a dehydrated state in ath-

letes; this may influence skinfold thickness, altering the

values collected during the race, as well as the comparisons

of these results at the time intervals. However, similar to

the results obtained in this study on loss of body fat during

competition (0.76 kg), Enqvist et al. [4] observed in a 24-h

simulation stage, a mean body fat loss of 0.9 kg. The aim

of body fat stores, in athletes who practice ultra-endurance

sports, is to preserve endogenous glycogen reserves for

metabolically demanding stages, among other functions

[22].

The measurement of AMA (Table 1) showed that ath-

letes presented significant loss after the race and full

recovery of this measure within one week after the event,

with significant increase. Thus, this measurement may

provide an accurate and precise technique to assess body

composition, especially given the difficulties of using more

accurate techniques in the field; moreover, AMA is less

expensive and shows good accuracy for application in such

a situation [23]. Reinforcing this finding, we identified

moderate correlation (r = 0.70) between the difference of

AMA at intervals 3 and 5 with weight loss. A similar result

was reported by Witt& Bush [24], where AMA was posi-

tively related to BMI in most athletes. So, the monitoring

of AMA in athletes could be used as an indicator of weight

change and nutritional status.

Mean carbohydrate intake during the race was much

lower (0.46 g/kg/h) than that found by Zimberg et al. [7]

(0.48 g/kg/h), and the recommended intake for prolonged

exercise (ADA) [16], 0.7 g/kg/h, approximately 30–60 g/h,

such a situation may have influenced the performance of

athletes. Furthermore, Burke et al. [25] consider that ade-

quate intake of carbohydrate for ultra-endurance is

0.5–1.0 g/min., in our study the mean was 0.57 g/min.,

close to the lower limit of the recommendation which may

have affected the performance of participants [7].

Similarly, prior to the competition mean consumption was

4.03 ± 2.06 g of carbohydrate/kg, well below ADA rec-

ommendations (7–8 g/kg/day) [16]; and that suggested by

Burke, Hawley, Wong, and Jeukendrup [26] for intermit-

tent exercise lasting more than 90 min, for which athletes

should consume 10–12 g of carbohydrate/kg/day in the

36–48 h prior to exercise. The reason for this is that in

longer activities, carbohydrate improves performance,

especially in preventing hypoglycemia [27]. Carbohydrate

intake after the race was 4.71 ± 2.27 g of carbohydrate/kg,

without special consumption strategy for the 6 h after

completion of the race, as recommended by ADA [16] or

even reaching intake recommendations. In this case, ath-

letes reported only having a meal, as soon they had rested

and showered. However, consumption of a meal or snack

near the end of exercise may be important for athletes to

reach the daily goals of energy and carbohydrate intake

[16].

According Zalcman et al. [12] during intensive training,

adequate carbohydrate and protein intake is recommended

to maintain body mass, restore muscle glycogen stores and

provide an adequate amount of amino acids. Protein intake

was lower during the race (Table 2); this was because most

of the foodstuffs in the backpacks were a source of car-

bohydrates (boiled potato, carbohydrate gel, biscuits and

bread). Protein intake was restored after the race. However,

relative protein intake (Table 3) was significantly higher

before the race, compared to other time intervals. Gener-

ally, athletes show adequate protein intake before and after

the race, according to recommendations by ADA [16] for

endurance sports (1.2–1.4 g/kg/day).Nevertheless, con-

sumption during the race does not even meet the Recom-

mended Dietary Allowances (RDA) [17] for non-athlete

healthy adults (0.8 g/kg/day). The fact that protein meta-

bolism during and after exercise is affected by gender, age,

intensity, duration and type of exercise, energy intake and

carbohydrate availability, should be highlighted [18]. In

one study, Zimberg et al. [7] reported that mean protein

energy intake was 12%, while this study showed a mean

intake of 10.32% (±4.15) during the race, meeting the

minimum established by the RDA, where protein energy

intake for adults is 10–35% of total energy [17]; however,

we must remember that this percentage was calculated

based on insufficient energy intake relative to expenditure.

Regarding the consumption of lipids, the athletes

maintained their intake unchanged even during the com-

petition (Table 2); again this is due to the selection of foods

carried during the race. The athletes themselves reported

that as this race was short (not allowing stops for food)

their foods (nuts) were high energy density (easier to

carry). Mean lipid intake was 30.56% of total energy intake

during the competition; confirming the result of 29% in the

study by Zimberg et al. [7]. During the race this intake was
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established in a negative energy balance. When lipid intake

was analyzed (Table 3), there was a significant increase

after the race. Qualitative analysis of the athletes’ food

choices, showed clear preference for high calorie density/

lipid-content foods, to regain weight lost during the com-

petition, according to the athletes’ reports. Athletes should

follow the general recommendations [16] of 20–35% of

total energy intake. Hence, they kept an appropriate mean

lipid intake in the time intervals before (36.15%), and after

(31.62%) the race.

In the time intervals during the race, there was no dif-

ference in energy intake; however, all the athletes remained

in negative energy balance during the race due to high

energy expenditure (584.07 kcal/h). AR studies report an

energy expenditure of 365 kcal/h [7] in simulation, and

525 kcal/h [4] in real situations, contributing to a negative

energy balance.

In the experiment by Enqvist et al. [4] (24-h exercise),

energy deficit was greater than 50% of total energy

expenditure, and Zimberg et al. [7] identified a deficit of

9779 kcal (40%). Energy deficit in this study was 407.27%,

much higher than that in the cited studies, which can be

explained through the duration of the race, preventing the

athletes from scheduling food stops and restriction on the

variety of food carried in backpacks [7]. It is important to

highlight that energy deficit during ultra-endurance activ-

ities may be aggravated by decreased appetite [4], as well

as gastrointestinal problems (not reported by the athletes in

this study, only by those in the pilot study) [19].

It is worth pointing out that the Compendium of Phys-

ical Activities was developed to improve the comparability

of the results between studies using self-reported physical

activity, being only used to determine energy expenditure

and the amount of time athletes spend on exercise, since

this instrument estimates energy expenditure according to

activity type [19, 20]. However, this instrument was not

developed to determine exact energy expenditure of a

physical activity within individuals; it is a classification

system that standardizes the MET intensities of the phys-

ical activities used in this study, since due to the charac-

teristics of the competition and resource limitation it was

not possible to carry out another type of procedure. The

values in the Compendium do not consider differences in

body mass, adiposity, age, gender, geographic and envi-

ronmental conditions in which the activities are performed

[19]. However, in the estimation of athletes’ basal meta-

bolism the predictive formula used considers gender, age,

weight and height, and when added to energy expenditure

of activities performed based on the Compendium, we may

consider it an attenuator for such limitation.

Energy intake after the race increased significantly, and

according to reports, to regain the weight lost during the

event. The study by Zalcman et al. [12] evaluated athletes’

energy intake during usual AR training, and found that

intake was 44.6 kcal/kg in men and 48.1 kcal/kg in

women. Although in this study, intake during training

periods was lower than that reported in the study cited

above (26.54 kcal/kg before the race, and 36.72 kcal/kg

after), it cannot be said that energy intake before and after

the race was inadequate; as it was not possible to apply any

method to estimate energy expenditure at these time

intervals and equalize the athletes’ energy balance.

The results showed that AR athletes compete in negative

energy balance and that the structure of the race, as well as

food choices, directly affects this deficit, impacting nega-

tively on the anthropometric profile which can affect the

performance of these athletes. Moreover, food planning

before, during and after the race is made without profes-

sional supervision, resulting in inadequate macronutrient

intake.
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