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Abstract 

Background: Energy requirement (ER) for a competition day depends on the amount of energy consumed. Planning energy 

intake strategies is particularly important for decathlon athletes, who compete in track and field events over two days. However, 

few studies have reported how decathletes manage their energy intake. The aim of this study was to estimate the total energy 

intake (TEI) and total energy expenditure (TEE) of decathletes during competition days, considering with specific factors related 

to energy balance (EB). Methods: Eight athletes were analyzed who completed the decathlon in official track and field events. 

The TEI was calculated using photographs of all the food and beverages consumed by the athlete. TEE was estimated using a 

triaxial accelerometer-based method. The EB was calculated by the difference between TEI and TEE. Results: Over the two 

competition days (48 hours), the TEE for decathlon athletes was 7,984±202 kcal, with a negative EB observed on Day 2. The 

physical activity level (PAL) exceeded 2.3 on each day of the competition. EB was more strongly associated with TEI/kg than 

with TEE/kg, and was negative on Day 2. Conclusion: Competition days for decathlon athletes involve high intensity exercise. 

On Day 2 of the competition and the following competition day, there might be an energy deficiency. It is necessary to focus on 

strategies for energy intake after the competition ends in the future. 
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1. Introduction 

To achieve their performance goals, athletes must meet 

energy demands and determine the optimal timing for high 

energy intake, among other factors [1, 2]. The energy re-

quirements (ER) for training days, competition days, transi-

tion periods, and so on varies. Therefore, individual deter-

mination is required by utilizing research findings from pro-
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tocols of sports or exercises relevant to the athlete’s discipline 

[3]. 

The ER will change based on the total energy expenditure 

(TEE). Therefore, to estimate ER accurately, it is necessary 

to measure TEE objectively. One indicator of ER sufficiency 

is energy balance (EB). EB is defined as the difference be-

tween total energy intake (TEI) and TEE [4], and main-

taining this balance is critical for athlete health and perfor-

mance [5, 6]. It has been demonstrated that longer periods of 

negative EB during the day negatively affect the health of 

athletes [7, 8]. 

Energy intake strategies during competitions are also im-

portant, not just for the daily life of athletes. This is particu-

larly important for decathlon athletes, who compete in track 

and field events over the course of nearly two full days [3]. 

The decathlon, a track and field event, is contested by men. It 

combines the three major athletic events of running, jumping, 

and throwing, and requires speed, explosiveness, and endur-

ance. The decathlon events include the 100 m, long jump (LJ), 

shot put (SP), high jump (HJ), and 400 m on Day 1, and the 

110 m hurdles (110 m H), discus throw (DT), pole vault (PV), 

javelin throw (JT), and 1,500 m on Day 2. Competitors earn 

points for their performance in each discipline and the overall 

winner is the athlete who scores the most points [9]. Recent 

studies have focused on optimizing energy intake for track 

and field athletes [10, 11]. However, these studies have not 

provided sufficient guidance on energy intake strategies spe-

cifically tailored for competition days in the decathlon. Ad-

ditionally, the dropout rate in international competitions is 

22% in the decathlon [12], suggesting a lack of energy on 

competition day. 

The doubly labeled water method is the gold standard for 

objectively measuring TEE. However, it is not feasible to 

analyze such a short timeframe [13] as the competition 

days for the decathlon. Conversely, the accelerometer 

method enables short-term measurements, such as those 

taken during competitions [14, 15], and the accuracy of 

metabolic equivalent (METs) estimates obtained from 

accelerometers has been validated using the Douglas bag 

method [15]. Additionally, it enables the analysis of 

physical activity intensity, making it suitable for studying 

TEE during decathlon competitions. 

Therefore, the purpose of this study was to objectively 

measure and estimate TEI and TEE during competition days 

in decathlon using objective indicators. Additionally, the 

factors related to EB on the day of the competition were also 

examined. 

 

2. Materials and Methods 

2.1. Participants 

The participants were 12 healthy male university and 

graduate students specializing in the decathlon, ranging from 

beginners to nationally competitive athletes. All participants 

provided informed consent before participating in the study. 

Two participants who registered for the competition but did 

not compete and two participants who did not meet the criteria 

for accelerometer wear time were excluded from the analysis. 

The final analysis included eight athletes who participated in 

the official decathlon competition and competed over two 

days. This study was conducted in accordance with the Hel-

sinki Declaration and was approved by the Ethics Committee 

of the University of Tsukuba (Approval No. tai 020-51). 

2.2. Experimental Protocol 

The study was conducted over a total of four days, coin-

ciding with the official competition days of the decathlon. 

Athletes wore a triaxial accelerometer (Active Style Pro 

HJA-750C, Omron Healthcare Co., Ltd. Kyoto, Japan) around 

their waist from the time they wake up on Day 1 of the com-

petition until bedtime on Day 2. 

They were instructed to remove the device if there was a 

risk of it getting wet, such as during bath times. Activity rec-

ords were collected to determine wakeup times, bedtimes, and 

bath times. 

Accelerometer data were downloaded to a computer after 

all measurements were completed. Additionally, athletes 

photographed and recorded all the food and beverages they 

consumed from the day before the first competition day until 

the day after the second competition day. 

Because the decathlon spans two days, energy expenditure 

and intake for the sixth and subsequent events continue past 

midnight on the Day 1 of competition. Therefore, the study 

defined the two competition days as the 48-hour period 

starting from when participants woke up on Day 1 of the 

competition. The first 24 hours were analyzed as Day 1, and 

the subsequent 24 hours as Day 2. Also, before Day 1 was 

previously defined as the 24 hours before Day 1, and after Day 

2 as the 24 hours following the Day 2. In this study, a protocol 

was implemented to measure TEE and TEI on competition 

days. In this study, it was hypothesized energy intake before 

and after the competition was related with TEE on the day of 

the competition. Therefore, TEI was assessed from the day 

before the competition to the day after the competition. The 

experimental protocol is shown in Figure 1. 
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a) AC = accelerometer. b) AR = activity record. c) IR = intake record 

Figure 1. Experimental protocol. 

2.3. Estimation of Energy Expenditure 

Energy expenditure was estimated using a triaxial accel-

erometer (Active Style Pro HJA-750C, Omron Healthcare Co., 

Ltd. Kyoto, Japan). This device calculates METs every 10 or 

60 seconds using synthesized acceleration data measured by 

the built-in triaxial accelerometer [14, 15]. Since this study 

involved measurements of short-duration high intensity ex-

ercise, an epoch length of 10 seconds was adopted to allow for 

more accurate estimation of high intensity movements [16, 

17]. Nonwear time was defined as any period during which 

the activity intensity registered zero counts for more than 20 

minutes, based on a detection threshold [18]. Only players 

who wore the device for at least 10 hours per day were in-

cluded in the study [18, 19]. The basal metabolic rate (BMR) 

was calculated using the Ganpule prediction equation [20]. 

TEE was estimated from METs recorded every 10 seconds by 

the device’s algorithm [14, 15]. A correction factor of 0.91 

was applied to account for the slight difference between BMR 

and resting metabolic rate [21, 22] and diet induced thermo-

genesis was assumed to account for 10% of TEE. Physical 

activity level (PAL) is an indicator of physical activity, cal-

culated as TEE divided by BMR. The PAL of Japanese adults 

is divided into three categories: ―low‖ (1.4 – 1.6), ―moderate‖ 

(1.6 – 1.9), and ―high‖ (1.9 – 2.2) [23]. These categories were 

used as the basis for calculations in this study. From the METs 

values obtained from the accelerometer, physical activity 

intensity was classified into four categories: sedentary be-

havior (SB) for ≤ 1.5 METs, light physical activity (LPA) for 

1.6 – 2.9 METs, moderate physical activity (MPA) for 3 – 5.9 

METs, and vigorous physical activity (VPA) for ≥ 6 METs 

[24]. 

2.4. Energy Intake 

The dietary surveys were conducted according to the 

schedule shown in Figure 1. Continuous dietary records 

were collected over four consecutive days: Before Day 1, 

Day 1, Day 2, and after Day 2. All dietary records were made 

by the athletes themselves, who photographed their food and 

beverages and kept a dietary diary. The nutritional analysis 

was conducted using the Excel add-in software (Excel Eiyo 

Plus; KENPAKUSHA Co., Ltd.), which incorporates the 

latest 8th edition of the Standard Food Composition Tables 

in Japan [25]. Regarding the foods for which the weight of 

condiments was not recorded, it was determined using the 

supplemental recipe data by Excel Eiyo Plus. For commer-

cially available products, the energy content listed on food 

labels or manufacturer websites was assumed based on the 

consumption of the entire product. Energy intake calcula-

tions were performed by registered dietitians based on 

photographs of food and beverages, and the accuracy of 

these values was confirmed by multiple individuals, in-

cluding registered dietitians, to minimize errors. In cases 

where the energy content was uncertain, athletes were in-

terviewed about their food and beverage consumption. 

Subsequently, TEI was categorized as follows: food and 

beverages consumed from waking up to the start of the first 

event of the day (morning), food and beverages consumed 

from the start of the first event to the end of the fifth event 

(supplementary food), and food and beverages consumed 

from the end of the fifth event to bedtime (supper).  

2.5. Energy Balance (EB) 

EB was calculated by subtracting TEE from TEI [26]. In 

this study, EB was categorized as ± 400 kcal for balanced EB 

and <− 400 kcal for negative EB (energy deficit). These cri-

teria, commonly used to evaluate EB, are based on principles 

derived from liver glycogen storage per unit of body weight 

[7, 8, 27]. 

2.6. Statistical Analysis 

All data are presented as the mean ± standard error. The 

Kolmogorov–Smirnov test was used to assess the normality 

of the data and was not shown as normal. The daily differ-

after day 2 Day 2Day 1before Day 1

24 h

Wake-up

24 h

Competition

AC a)

IR c)

24 h 24 h

AR b)
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ences in TEE, TEI, and EB were calculated using the Wil-

coxon signed rank test. Spearman’s rank correlation coeffi-

cient was used to explore the relationships between average 

EB and TEI, TEE, and energy intake at different times 

(morning, supplementary food, supper). All statistical anal-

yses were conducted using SPSS (version 29; IBM Inc., 

Chicago, IL, USA). The significance level was set at α = 

0.05. 

3. Results 

3.1. Participants 

Table 1 presents the maximum, minimum, and average 

values of the physical characteristics for the eight athletes. 

Height measurements were obtained using a height meter 

(NAVIS, YS-OS, Tokyo, Japan), while weight was measured 

using a bioelectrical impedance analysis scale (TANITA, 

MC180, Tokyo, Japan). Body fat percentage was determined 

using dual-energy X-ray absorptiometry (Hologic Horizon, 

Marlborough, USA: DXA). These measurements were taken 

during the same competition season as the day of the meas-

urement. 

Table 1. Athletes’ anthropometric characteristics. 

 Min Max Mean ± SE 

Age (yr) 19.0 21.0 20.1 ± 0.4 

Height (cm) 171.3 184.2 180.3 ± 1.5 

Weight (kg) 64.8 85.5 75.3 ± 2.4 

BMI 21.8 25.5 23.1 ± 0.5 

Fat (%) 10.7 16.6 14.2 ± 0.7 

BMR (kcal) 1537 1834 1703 ± 34 

n = 8 

3.2. Energy Expenditure 

Table 2 presents the minimum, maximum, median, and 

mean values of TEE, PAL, and physical activity intensity 

across the two competition days. The average TEE for Day 1 

was 4,075 ± 116 kcal, and for Day 2 it was 3,909 ± 97 kcal, 

with no significant difference observed between the two. On a 

per kg body weight basis, the average for Day 1 was 54 ± 1 

kcal, and for Day 2, it was 52 ± 1 kcal. The average PAL was 

2.4 ± 0.0 for Day 1 and 2.3 ± 0.0 for Day 2. 

Table 2. Energy expenditure, level of physical activity, and intensity of activity during competition. 

Characteristic   Min Max Med Mean ± SE (kcal/ kg) p 

TEE a) (kcal/d)  Day 1 3596 4498 4196 4075 ± 116 (54 ± 1) 
0.069 

  Day 2 3537 4373 3833 3909 ± 97 (52 ± 1) 

  Day 1 + Day 2 7207 8870 7993 7984 ± 202   

PAL b)  Day 1 2.3 2.5 2.4 2.4 ± 0.0   

  Day 2 2.2 2.5 2.3 2.3 ± 0.0   

PAI c) (min/d) SB d) Day 1 773 929 819 835 ± 16   

  Day 2 757 1001 896 884 ± 27   

 LPA e) Day 1 227 394 362 340 ± 20   

  Day 2 200 426 339 322 ± 27   

 MPA f) Day 1 203 263 235 234 ± 8   

  Day 2 166 227 208 204 ± 8   

 VPA g) Day 1 24 41 30 32 ± 2   

  Day 2 26 38 29 31 ± 1   

a) TEE = total energy expenditure. b) PAL = physical activity level. c) PAI = physical activity intensity, TEE / BMR. d) SB = sedentary behavior 

(≤1.5 METs). e) LPA = light physical activity (1.6-2.9 METs). f) MPA = moderate physical activity (3-5.9 METs). g) VPA = vigorous physical 

activity (≥6 METs). Wilcoxon signed-rank sum test. n = 8. 

 

http://www.sciencepg.com/journal/ajss


American Journal of Sports Science http://www.sciencepg.com/journal/ajss 

 

32 

3.3. Energy Intake 

Table 3 shows the TEI over the four-day period, including 

the two competition days, along with the energy intake from 

each energy intake. On a daily basis, the average TEI was 2,650 

± 271 kcal the day before the competition, 4,064 ± 157 kcal on 

Day 1 of the competition, 3,447 ± 186 kcal on Day 2 of the 

competition, and 2,026 ± 195 kcal on after Day 2. On a per kg 

body weight basis, the average intake was 35 ± 4 kcal on before 

Day 1, 55 ± 3 kcal on Day 1 of the competition, 46 ± 3 kcal on 

Day 2 of the competition, and 27 ± 3 kcal on after Day 2. 

Table 3. Total energy intake and individual energy intake. 

Characteristic  Min Max Med Mean ± SE (kcal/ kg) p 

TEI a) (kcal/d) before Day 1 1407 3844 2637 2650 ± 271 (35 ± 4) 
* 

* 

* 

 Day 1 3581 4996 3907 4064 ± 157 (55 ± 3) 

 Day 2 2615 4106 3428 3447 ± 186 (46 ± 3) 

 Day 1 + Day 2 6569 9084 7341 7511 ± 300  

 after Day 2 1261 2776 1972 2026 ± 195 (27 ± 3) 

mng b) (kcal) before Day 1 356 1089 644 693 ± 93 (9 ± 1)  

 Day 1 398 975 621 626 ± 64 (8 ± 1) 
0.401 

 Day 2 245 719 568 538 ± 50 (7 ± 1) 

 after Day 2 0 881 373 410 ± 97 (6 ± 1)  

suppl c) (kcal) before Day 1 484 1220 1030 931 ± 101 (12 ± 1)  

 Day 1 1157 2891 2144 2100 ± 213 (28 ± 3) 
0.889 

 Day 2 1378 2756 1966 2013 ± 168 (27 ± 3) 

 after Day 2 152 1437 712 796 ± 172 (11 ± 2)  

spr d) (kcal) before Day 1 495 1925 920 1026 ± 152 (14 ± 2)  

 Day 1 811 1910 1351 1340 ± 162 (18 ± 2) 
* 

 Day 2 302 1418 966 897 ± 120 (12 ± 2) 

 after Day 2 518 1264 780 820 ± 82 (11 ± 1)  

a) TEI = total energy intake. b) mng = morning. c) suppl = supplementary food. d) spr = supper. Day 1 and Day 2 were divided into three peri-

ods of energy intake: ―morning,‖ from waking until the start of the first event of the day; ―supplementary food,‖ from the start of the first 

event until the end of the fifth event; and ―supper,‖ from the end of the fifth event until bedtime. On days other than the competition day, the 

periods before and after Day 1 were categorized into three energy intake periods: ―morning‖ for breakfast, ―supplementary food‖ for lunch 

and snacks combined, and ―supper‖ for dinner until bedtime. Wilcoxon signed-rank sum test. *p < 0.05. n = 8. 

3.4. EB and Related Factors 

The average EB on Day 1 and Day 2 of the decathlon 

competition was −11 ± 200 kcal and −462 ± 256 kcal. The EB 

on Day 1 was significantly higher than on Day 2 (p < 0.05). 

Figure 2 shows the results of EB and factors related to energy 

intake. There was a significant positive correlation between EB 

and TEI/kg on both Day 1 and Day 2 (r = 1 and r = 0.952, p < 

0.001). However, there was no significant correlation between 

EB on Day 1 and TEE/kg, or between EB on Day 2 and TEE/kg 

(r = 0.524, p = 0.183, and r = 0.143, p = 0.736). 

When energy intake on Day 1 was categorized into three 

periods: morning (from waking to the start of the first event), 

supplementary food (from the start of the first event to the end 

of the fifth event), and supper (from the end of the fifth event 

to bedtime), there was a significant positive correlation be-

tween EB on Day 2 and both supplementary food and supper 

on Day 2 (r = 0.762, p < 0.05 for supplementary food; r = 

0.738, p < 0.05 for supper). Additionally, there was a signif-

icant positive correlation between supper on Day 2 and 

TEI/kg on after Day 2 (r = 0.714, p < 0.05). 
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Figure 2. Relationship between EB and individual energy intake. 

This figure is a scatterplot matrix illustrating the relationship between EB and energy intake on Days 1 and 2 of the competition. Each scatterplot 

represents individual data points, and the numbers indicate the Spearman’s rank correlation coefficient. *p < 0.05, ***p < 0.001. n = 8. 

4. Discussion 

This is the first study to clarify the EB by objectively cal-

culating TEE and TEI during decathlon competition. This is 

crucial for gaining deeper insights into strategies for energy 

intake before, during, and after competitions. The purpose of 

this study was to objectively measure and estimate TEI and 

TEE during competition days in decathlon using objective 

indicators. Additionally, the factors related to EB on the day 

of the competition were also examined. As a result, the TEE 

over the two days (48 hours) of the decathlon was 7,984 ± 202 

kcal. It was evident that EB was more strongly associated with 

TEI than with TEE. Also, on Day 2 of the competition and the 

following competition day, there might be a lack of energy. In 

a review that estimated energy requirements for track and 

field jumping events and the decathlon, it was reported to be 

3,500–4,200 kcal/day [10]. This result differed from the TEE 

measured in this study, which was objectively recorded on 

competition days. Despite the different events on each 

day—100 m, LJ, SP, HJ, and 400 m on Day 1, and 110 m H, 

DT, PV, JT, and 1,500 m on Day 2—there was no significant 

difference in TEE (p = 0.069). This suggests that the TEEs 

were similar, even though the events on the two days differed. 

PAL is one of the factors that contributes to high TEE, and a 

high PAL leads to a high TEE. This study showed that the 

PAL for the decathlon exceeded 2.3 on both days, classifying 

them as ―high‖ according to Japanese standards. The PAL for 

other activities has been reported in previous studies as 1.9 ± 

0.3 [28] healthy adults and 2.1 ± 0.3 [29] in professional male 

soccer players during the competitive season. This suggests 

that the intensity of physical activity for decathletes is excep-

tionally high over a two-day period. 

While there was no correlation between TEE and EB, a 

positive correlation was observed between TEI/kg and EB. 

This suggests that TEI has a greater impact on EB than TEE 

does. Additionally, TEI/kg on Day 1 was higher than on Day 2, 

and since EB was within the normal range, this suggests an 

appropriate energy intake. The TEI/kg on Day 2 of the com-

petition was lower than on Day 1, and the EB was negative. 

This may have been related to insufficient energy intake from 

the end of the final event (1,500 m) until bedtime. Indeed, 

there was a significant correlation between TEI/kg on Day 2 

and supper intake on the same day (r = 0.81, p < 0.05). Addi-

tionally, there was a correlation between EB on Day 2 and 

both the complementary food and supper on the same day (r = 

0.762, p < 0.05; r = 0.738, p < 0.05). There is some evidence 

that exercise at higher intensities for longer durations can 

suppresses acylated ghrelin and appetite [30, 31], a similar 

phenomenon was likely observed in the decathlon where high 

intensity exercise was repeated more than 20 times over 2 

Day 1 Day 2
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days. 

Additionally, the energy intake from the end of the com-

petition to bedtime was related to the TEI/kg the following 

competition day. Therefore, decathletes who consume low 

amounts of energy from the end of the competition until bed-

time may continue to have low energy intake the following 

competition day. Since this study focused on EB on the day of 

the competition, EB on the day following the competition was 

not considered. However, athletes with low energy intake at 

dinner after the final event (1,500 m) may have a negative EB 

the following competition day. Furthermore, a trend was 

observed in the correlation between TEI/kg on Day 2 and 

energy intake from the supplementary food (r = 0.690, p = 

0.058). Thus, it is possible that the energy intake from sup-

plementary food during the competition was also inadequate. 

Decathlon is a physically and mentally demanding event [10], 

and athletes often need several days to recover before re-

suming normal training. Carbohydrate intake during exercise 

promotes recovery of skeletal muscle glycogen after exercise 

[32]. Therefore, increasing energy intake after each event, 

from the 110 m hurdles to the 1,500 m race, may promote 

rapid recovery post competition and enhance the potential for 

improved performance. Moreover, although EB was negative 

on Day 2, the energy intake up to the end of the 1,500 m event 

was similar to that on Day 1. It is essential to consider hourly 

EB variability to suggest energy intake strategies tailored to 

the duration of the competition [7, 27]. 

This study has several limitations. First, TEE was estimated 

using accelerometers. Since this device cannot measure ac-

tivities exceeding 18 METs, it may underestimate high in-

tensity exercise. Second, the estimated energy intake may 

have been affected by errors in the dietary recording method 

[33]. Third, this study had limitations due to its small sample 

size and limited measurement opportunities. Conducting 

measurements over an extended period and evaluating per-

formance could provide more detailed insights in the future. 

5. Conclusions 

This study revealed previously undisclosed energy ex-

penditure and intake over the two competition days of the 

decathlon. Decathlon is a high intensity sport, and it was 

shown that athletes expended 7,984 ± 202 kcal and con-

sumed 7,511 ± 300 kcal over the two days of competition. 

Furthermore, a negative EB is observed on Day 2 of the 

competition, especially from Day 2 to the following compe-

tition day, which may lead to energy deficiency. 
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