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Characteristics of non-exercise
activity thermogenesis in
male collegiate athletes under
real-life conditions
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Athletes experience high total energy expenditure; therefore, it is important
to understand the characteristics of the components contributing to this
expenditure. To date, few studies have examined particularly the volume
and activity intensity of non-exercise activity thermogenesis (NEAT) in
athletes compared to non-athletes under real-life conditions. This study
aimed to determine the volume and intensity of NEAT in collegiate
athletes. Highly trained Japanese male collegiate athletes (n = 21) and
healthy sedentary male students (n = 12) participated in this study. All
measurements were obtained during the athletes’ regular training season
under real-life conditions. NEAT was calculated using metabolic equivalent
(MET) data using an accelerometer. The participants were asked to wear a
validated triaxial accelerometer for 7 consecutive days. Physical activity
intensity in NEAT was classified into sedentary (1.0–1.5 METs), light (1.6–
2.9 METs), moderate (3.0–5.9 METs), and vigorous (≥6 METs) intensity.
NEAT was significantly higher in athletes than in non-athletes (821 ±
185 kcal/day vs. 643 ± 164 kcal/day, p = 0.009). Although there was no
significant difference in NEAT values relative to body weight (BW) between
the groups (athletes: 10.5 ± 1.7 kcal/kg BW/day, non-athletes: 10.4 ±
2.2 kcal/kg BW/day, p = 0.939), NEAT to BW per hour was significantly
higher in athletes than in non-athletes (0.81 ± 0.16 kcal/kg BW/h vs. 0.66 ±
0.12 kcal/kg BW/h, p = 0.013). Athletes spent less time in sedentary and
light-intensity activities and more time in vigorous-intensity activities than
non-athletes (p < 0.001, p = 0.019, and p = 0.030, respectively). Athletes
expended more energy on vigorous- and moderate-intensity activities than
non-athletes (p = 0.009 and p = 0.011, respectively). This study suggests
that athletes’ NEAT relative to BW per day is similar to that of non-
athletes, but athletes spend less time on NEAT, which makes them more
active in their daily lives when not exercising and sleeping.
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1 Introduction

Athletes need an energy intake that matches their daily energy

expenditure to maintain and improve health and performance (1).

However, athletes’ total energy expenditure (TEE) is known to be

very high at 4,500 kcal (2) and highly variable (3). It is

important to clarify the characteristics of TEE components and

assess TEE appropriately to ensure proper nutritional

management among athletes.

TEE mainly consists of resting energy expenditure (REE),

diet-induced thermogenesis (DIT), and activity-induced energy

expenditure (AEE), which is further divided into non-exercise

activity thermogenesis (NEAT) and exercise energy expenditure

(EEE) (4, 5). Previous studies on athletes have examined the

amounts of energy expended in REE (6), DIT (7), and EEE

(8); however, research on NEAT is extremely limited. DIT is

the energy expenditure resulting from food digestion,

absorption, and nutrient storage. Although it is the smallest

component of TEE, it has been suggested that it may be

involved in the development and/or maintenance of obesity

(9). NEAT is defined as the energy expenditure required for

activities of daily living, including standing, walking, talking,

and shopping (10). Many NEAT studies have focused on

sedentary adults, particularly those who are overweight or

obese. Previous studies have shown that low NEAT levels are

associated with obesity (11), while reducing low-intensity

activity time and increasing physical activity are effective in

preventing obesity and chronic diseases (12). However, very

few athletes are obese. NEAT is influenced by various factors,

including occupation, urban environment, sex, age, body

composition, season, and education (13). Due to the vastly

different characteristics of the populations, comparing athletes’

NEAT to that of overweight/obese individuals and older age

groups may distort interpretation. Therefore, to clarify the

NEAT characteristics of athletes, it is necessary to compare

them with participants of the same sex and age group.

Although increased NEAT is considered beneficial to health

(14), it is not necessarily beneficial for athletes. Athletes need

energy intake to match their energy expenditure; however, if

the total energy intake (TEI) cannot match the increase in

NEAT, the energy balance may become negative. An exercise

training intervention study (15) found that participants tended

to compensate for increased energy expenditure associated with

exercise training by reducing non-training activities and

spending the rest of the day on sedentary activities. A meta-

analysis on sedentary behavior and physical activity in

competitive and recreational athletes (16) revealed that athletes

spent significantly more time engaging in sedentary behavior

than the general population (time in sedentary behavior; 576 ±

136 min/day vs. 513 ± 105 min/day). Athletes have high EEE,

and they may compensate for the increased energy expenditure

associated with exercise training by increasing time in

sedentary behavior and decreasing NEAT volume in their daily

activities. To our knowledge, few studies have examined

particularly the volume and activity intensity of NEAT in

athletes compared to non-athletes under real-life conditions.
Frontiers in Sports and Active Living 02
Determining the NEAT characteristics of athletes will help

suggest the appropriate energy intake for this population.

This study aimed to determine the volume and intensity of

NEAT in collegiate athletes.
2 Methods

2.1 Participants

This cross-sectional study included highly trained Japanese

male collegiate athletes (n = 21; athletes; age: 19 ± 1 years) and

healthy male sedentary students with no exercise habits (n = 12;

non-athletes; age: 21 ± 2 years) from the same university. The

recruited athletes were classified as Tier 3 athletes (17),

participating in the national or regional leagues/tournaments,

while non-athletes were classified as Tier 0 sedentary individuals

with an average weekly training volume of less than 150 min/

week. The athletes included 16 football players and 5 lacrosse

players. The inclusion criteria were as follows: age 18–25 years,

non-smoking status, no use of medications influencing metabolic

or reproductive hormones, and absence of diseases or injuries.

All measurements were performed during the athletes’ regular

training season under real-life conditions between October 2022

and January 2023. Before starting the study, all participants

received an oral explanation of the study and provided written

informed consent. This study was approved by the Ethics Review

Committee on Research with Human Subjects of Waseda

University and conducted in accordance with the Declaration of

Helsinki (2022-306).
2.2 Body composition

After overnight fasting, body weight (BW) was measured to the

nearest 0.05 kg using an electronic scale (UC-321; A&D Co., Ltd.,

Tokyo, Japan). Height was measured to the nearest 0.1 cm using a

stadiometer (YG-200; Yagami Inc., Tokyo, Japan). Body mass

index (BMI) was calculated by dividing BW (kg) by the square

of the height (m2). The body fat percentage was measured using

dual-energy x-ray absorptiometry (DXA) (Horizon A DXA

scanner; Hologic Inc., Marlborough, MA, USA). All scans and

analyses were conducted by an experienced orthopedic surgeon

and analyzed using Hologic software (version. 12.4.3, Hologic

Inc.). The mean coefficient of variance (CV) of the

measurements was less than 1%. Fat mass was calculated from

BW and body fat percentage. Fat-free mass (FFM) was calculated

by subtracting fat mass from BW.
2.3 Resting energy expenditure

Figure 1 shows the structure and method of the TEE

components. REE was measured by indirect calorimetry using

the Douglas bag technique. Measurements were performed in the

laboratory between 7:00 a.m. and 9:00 a.m. after 10–12 h of
frontiersin.org
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FIGURE 1

Components of energy expenditure and overview of methods used in calculations. TEE consists of REE, DIT, and AEE; AEE is divided into NEAT and
EEE. Based on its intensity, NEAT physical activity is classified into four levels: sedentary (sedentary, 1.0–1.5 METs), light (light, 1.6–2.9 METs), moderate
(moderate, 3.0–5.9 METs), and vigorous (vigorous, ≥6 METs). TEE, total energy expenditure; AEE, activity-induced energy expenditure; REE, resting
energy expenditure; DIT, diet-induced thermogenesis; NEAT, non-exercise activity thermogenesis; EEE, exercise-energy expenditure; TEI, total
energy intake; METs, metabolic equivalents.
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fasting, with the exception of drinking water uptake. On the day of

the measurements, the participants traveled leisurely from their

homes to the laboratory and lay in a supine position in a quiet

room maintained at approximately 22°C–24°C for at least 30 min

until their heart rate reached a resting state. Two 10-min samples

of expired gas were collected in Douglas bags. Expired air

volume was measured using a dry gas volume meter (DC-5A;

Shinagawa, Tokyo, Japan). Oxygen consumption and carbon

dioxide production were analyzed using a gas analyzer (AE100i;

Minato 175 Medical Science Co., Ltd., Osaka, Japan). Data

acquired from oxygen and carbon dioxide volumes were

converted to REE (kcal/day) using Weir’s equation (18). The

measurements were repeated until the CV of the REE was less

than 5%, and the mean values of the two samples were used for

the analysis (CV = 1.8%).
2.4 Diet-induced thermogenesis and total
energy intake

The DIT values differ for each nutrient; however, for healthy

participants consuming a mixed diet, the DIT represents

approximately 10% of the total energy intake over 24 h (9).

Therefore, the DIT was calculated as 10% of the TEI. The

participants were instructed to record and photograph all foods

and beverages consumed and to weigh food using a kitchen scale

for 7 consecutive days to assess TEI. The participants were then

interviewed about the foods consumed, and photographs were
Frontiers in Sports and Active Living 03
recorded by a sports dietitian, who was one of the authors (MG).

TEI was calculated using nutritional analysis software Wellness

21 (version 2.86; Top Business System, Okayama, Japan) based

on the Standard Tables of Food Composition in Japan 2020

(Eighth Revised Edition).
2.5 Non-exercise activity thermogenesis
and exercise energy expenditure

EEE is defined as the energy expended during the time spent in

sports-specific training, warm-ups, and games (19), while other

waking-hour activities were included in NEAT. NEAT and EEE

were calculated using metabolic equivalent (MET) data obtained

using an accelerometer. In this study, the participants were asked

to wear a validated triaxial accelerometer (Active Style Pro HJA-

750C; 23 g, 40 × 52 × 12 mm; Omron, Kyoto, Japan) at the waist

for the same 7 consecutive days as the TEI recording, except

while sleeping and bathing. This accelerometer provides

measurements of acceleration signals in the anteroposterior

(x-axis), mediolateral (y-axis), and vertical (z-axis) directions.

The validity of the accelerometer’s MET estimation was

confirmed using the Douglas bag method (20). The

accelerometer is reported to have a high accuracy (r = 0.88), with

the TEE measured using the double-labeled water method under

real-life conditions (21). Participants were instructed to record all

activities, including times and durations of non-wear periods, in

their activity diaries to account for missing data on activities for
frontiersin.org
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which wearing the accelerometer was not possible, such as during

bathing. Results were only included in the analysis when

participants wore the accelerometer for more than 90% of their

awaking time. Non-wear period activities were assigned MET

values based on the compendium of physical activities (22). The

time of the day (1,440 min) was divided into three parts based

on activity diaries: sleep, NEAT, and EEE. MET data collected in

10-s epochs using an accelerometer were used to determine the

duration (min) of each MET for NEAT and EEE. One MET was

defined as oxygen consumption of 3.5 mL/kg/min (23), converted

to 0.0175 kcal/kg/min. Energy expenditure was calculated by

subtracting 1.0 MET (REE) from the collected MET data using

the following formula:

Energy expenditure (kcal) ¼ (METs–1)� duration(min)

� body weight (kg)

� 0:0175 (kcal=kg=min)

The sum of the energy expenditure during the NEAT period

was defined as the NEAT (kcal/day), and the sum of the

energy expenditure during the EEE period was defined as the

EEE (kcal/day).

Physical activity intensity was classified into four levels:

sedentary (1.0–1.5 METs), light (1.6–2.9 METs), moderate (3.0–

5.9 METs), and vigorous (≥6 METs) (22), and the time spent at

each intensity level was determined. The relative percentage of

NEAT at each intensity level was calculated.
TABLE 2 Comparison of TEI, TEE, and TEE components per day.
2.6 Total energy expenditure and relative
percentage of TEE

TEE was calculated by summing the REE, DIT, NEAT, and

EEE values. REE, DIT, NEAT, and EEE were expressed as

percentages of TEE.
Athletes
(n = 21)

Non-athletes
(n = 12)

p-Value ES

TEI (kcal) 3,499 ± 676 2,005 ± 351 <0.001 2.57

TEE (kcal) 3,491 ± 423 2,210 ± 313 <0.001 3.30

TEE components

REE (kcal) 1,815 ± 169 1,367 ± 177 <0.001 2.61

(kcal/kg BW) 23.5 ± 2.4 22.3 ± 2.3 0.195 0.48

DIT (kcal) 350 ± 68 200 ± 35 <0.001 2.57
2.7 Statistical analysis

IBM SPSS Statistics (version 28.0, IBM Japan, Tokyo, Japan)

was used for the statistical analyses. All data were assessed for

normality using the Shapiro–Wilk test before statistical analyses were

performed. Data are presented as the mean ± standard deviation (SD).
TABLE 1 Characteristics of the participants.

Athletes
(n = 21)

Non-athletes
(n = 12)

p-Value ES

Height (cm) 175.0 ± 4.9 170.7 ± 7.7 0.059 0.70

Body weight (kg) 78.1 ± 10.8 61.6 ± 9.6 <0.001 1.58

BMI (kg/m2) 25.5 ± 3.2 21.1 ± 2.8 <0.001 1.41

Body fat (%) 14.2 ± 3.8 15.5 ± 4.1 0.449 0.32

Fat mass (kg) 11.4 ± 4.7 9.6 ± 3.4 0.365 0.42

FFM (kg) 66.6 ± 6.6 52.0 ± 7.6 <0.001 2.11

All data are reported as mean ± SD. BMI, body mass index; FFM, fat-free mass; ES,

effect size.
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Student’s t-test was used to compare differences between

groups for normally distributed data. For non-normally

distributed data [body fat, fat mass, BMI, DIT (kcal/kg BW),

NEAT (kcal/kg BW/h), NEAT sedentary (min), NEAT vigorous

(min), and NEAT vigorous (%), EEE (kcal), EEE (kcal/kg BW),

EEE (%), and EEE (min)], the Mann–Whitney U-test was used

to compare differences between groups. In all analyses, statistical

significance was set at p < 0.05. The effect sizes (ES) were

calculated using Cohen’s d, with effect size threshold values of

trivial (<0.2), small (0.2–0.5), moderate (0.5–0.8), and large (>0.8).
3 Results

All 21 athletes and 12 non-athletes enrolled in this study

completed the data collection. Table 1 presents the characteristics

of the participants. BW, BMI, and FFM were higher in athletes

than non-athletes. Table 2 presents a comparison of TEI, TEE,

and TEE components. NEAT per day was higher in athletes than

their counterparts (p = 0.009, d = 1.01). In contrast, there was no

significant difference in NEAT relative to BW between groups

(p = 0.939, d = 0.03). NEAT to BW per hour was higher in

athletes than non-athletes (0.81 ± 0.16 kcal/kg BW/h vs. 0.66 ±

0.12 kcal/kg BW/h, p = 0.013, d = 1.07). Figure 2 shows that

NEAT was widely distributed in both groups. Table 3 presents

the time spent sleeping, NEAT, and EEE. There was no

significant difference in sleep duration between the groups; the

athletes spent more time on EEE and less time on NEAT during

the day. Figure 3 shows the average daily time spent on

sedentary (A), light- (B), moderate- (C), and vigorous-intensity

activities (D) within the NEAT. The athletes spent less time on

sedentary activities (athletes: 522 ± 83 min/day, non-athletes:

636 ± 77 min/day, p < 0.001, d = 1.41) and light-intensity activities
(kcal/kg BW) 4.5 ± 0.9 3.3 ± 0.8 <0.001 1.41

NEAT (kcal) 821 ± 185 643 ± 164 0.009 1.01

(kcal/kg BW) 10.5 ± 1.7 10.4 ± 2.2 0.939 0.03

EEE (kcal) 504 ± 33 0 ± 0 <0.001 4.17

(kcal/kg BW) 6.5 ± 1.8 0 ± 0 <0.001 4.49

Relative percentage of TEE

REE (%) 52.3 ± 4.7 62.1 ± 4.7 <0.001 2.06

DIT (%) 10.0 ± 1.5 9.1 ± 1.6 0.140 0.55

NEAT (%) 23.4 ± 3.3 28.8 ± 4.2 <0.001 1.43

EEE (%) 14.3 ± 3.0 0 ± 0 <0.001 5.84

All data are reported as mean ± SD. TEE, total energy expenditure; REE, resting

energy expenditure; DIT, diet-induced thermogenesis; NEAT, non-exercise

energy expenditure; EEE, exercise energy expenditure; BW, body weight; ES,

effect size.
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FIGURE 2

Distribution of NEAT per day (A) and per kg of BW per day (B). Circles represent individual data. **Significantly different between the two groups,
p < 0.01. NEAT, non-exercise activity thermogenesis; BW, body weight.
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(athletes: 173 ± 40 min/day, non-athletes: 227 ± 65 min/day,

p = 0.019, d = 1.07) and more time on vigorous-intensity activities

(athletes: 7 ± 6 min/day, non-athletes: 4 ± 2 min/day, p = 0.030,

d = 0.71). Figure 4 shows the average percentage of energy

expenditure in the physical activity intensity category within

NEAT. The athletes expended more energy in vigorous-

and moderate-intensity activities and less energy in light-

intensity activities.
4 Discussion

The present study was designed to characterize the NEAT

in collegiate athletes. The primary finding of this study

revealed that athletes exhibited a higher NEAT per day than

non-athletes. Although there was no significant difference in

NEAT relative to BW between the groups, NEAT to BW per

hour was significantly higher in athletes than non-athletes.

Athletes spent more time on vigorous-intensity activities and

less time on sedentary and light-intensity activities. Athletes

expended more energy during moderate- and vigorous-

intensity activities. Therefore, our findings suggest that

athletes are more active than non-athletes in their daily lives,

excluding exercise and sleep. To the best of our knowledge,

this is the first study to examine NEAT characteristics in

male collegiate athletes in terms of volume and activity

intensity under real-life conditions.
TABLE 3 Time spent on different activities over the day.

Athletes
(n = 21)

Non-athletes
(n = 12)

p-Value ES

Sleep (min) 469 ± 66 492 ± 67 0.356 0.34

NEAT (min) 790 ± 79 949 ± 67 <0.001 2.11

EEE (min) 179 ± 42 0 ± 0 <0.001 5.30

All data are reported as mean± SD. NEAT, non-exercise energy expenditure; EEE,

exercise energy expenditure; ES, effect size.

Frontiers in Sports and Active Living 05
NEAT is the energy expenditure for activities of daily living

(10), showing wide variations depending on biological and

environmental factors (11). To date, no consensus has been

reached regarding high or low NEAT levels in athletes. Our

study showed that the NEAT per day was higher in athletes

than in non-athletes (Table 2). The sample size, significance

level (p < 0.05), and effect size for this study resulted in a post-

hoc power of 77% for NEAT (kcal), calculated using G*Power

3.1.9.7. Energy expenditure was determined by body size,

activity intensity, and activity duration. In this study, there was

no significant difference in NEAT relative to BW between the

groups. One factor contributing to the difference in NEAT per

day between the groups was the difference in body size.

However, the athletes’ NEAT time was 790 ± 79 min,

approximately 160 min shorter than the non-athletes (Table 3).

Furthermore, NEAT to BW per hour was significantly higher in

athletes than non-athletes. These findings were similar to the

previous study; the time-adjusted NEAT differed between

exercise and non-exercise conditions (24). Therefore, the

intensity and duration of NEAT activity were examined in

detail in this study. A meta-analysis on sedentary behavior and

physical activity in athletes (16) showed that athletes were

significantly more inactive than the general population (time in

sedentary behavior; 576 ± 136 min/day vs. 513 ± 105 min/day).

Alméras et al. (25) found no significant differences in daily

energy expenditure or physical activity patterns during non-

exercise periods between cross-country skiers and sedentary

men. The results of these previous studies are inconsistent with

our results. We found that much of the athletes’ waking non-

training hours were spent performing sedentary activities

(522 ± 83 min/day) requiring less than 1.5 METs, such as

sitting, lying down, studying, or taking classes. However, the

athletes’ sedentary-intensity activity time was significantly less

than the non-athletes’ time (636 ± 77 min/day). This difference

from previous studies can be explained by the characteristics of

the participants. This study was conducted on collegiate
frontiersin.org
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FIGURE 3

Comparison of the time spent at different intensity levels within NEAT. Physical activity intensity was classified into four levels: (A) sedentary (1.0–1.5
METs), (B) light (1.6–2.9 METs), (C) moderate (3.0–5.9 METs), and (D) vigorous ( ≥6 METs) (22). Circles indicate the individual data. *Significantly
different between the two groups, p < 0.05, **Significantly different between the two groups, p < 0.01. NEAT, non-exercise activity thermogenesis.

FIGURE 4

Comparison of the mean relative percentages of each activity within
NEAT. *Significantly different from the athletes, p < 0.05,
**Significantly different from the athletes, p < 0.01. NEAT, non-
exercise activity thermogenesis.
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students, whereas most previous studies have been conducted on

elite and older athletes. The collegiate athletes in this study

exercised 179 ± 42 min/day and were engaged in moderate- to

vigorous-intensity activities in their daily lives, such as running

or walking to catch the train to the training place and working

part-time. Non-athletes spent more time in sedentary or light-

intensity activities such as sedentary computer work, studying,

and watching videos. Therefore, it is likely that athletes spend

less time on sedentary or low-intensity activities and more

energy on moderate- or vigorous-intensity activities. There was

no significant difference in sleep duration between athletes and

non-athletes. Athletes expended more energy in moderate- to

vigorous-intensity activities, suggesting that athletes were more

active than non-athletes in their daily lives, excluding exercise

and sleep.

The NEAT in the present study (821 ± 185 kcal/day) was

similar to that of male distance runners, cyclists, and triathletes

under real-life conditions [819 (482–1,648) kcal/day] (26).

However, the average NEAT among athletes in this study was

higher than male collegiate soccer players under real-life
frontiersin.org
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conditions (456 ± 199 kcal/day) (27). NEAT exhibits wide

distribution among athletes, ranging from 456 kcal/day (27) to

1,661 kcal/day (28), and a consistent opinion on NEAT volume

has not yet been reached. The NEAT result of LEE et al. (27)

relative to BW was approximately 7.5 kcal/kg BW/day, which is

smaller than the value in the present study. The variations in

NEAT between the study by Lee et al. (27) and this study were

due to differences in the lifestyle of the participants. The

participants in the study by Lee et al. (27) were collegiate

athletes residing in on-campus dormitories and training

locations and spent little time commuting to the campus. In

contrast, the participants in this study lived individually in

homes or apartments approximately 1 h from the campus, with

their training sites also located away from the campus. As a

result, this study’s participants spent more time walking,

running, and biking to school and their training locations,

which may have resulted in a larger NEAT value than that in

this prior study. Torstveit et al. (26) reported that some

participants had physically active jobs, such as firefighting and

carpentry, and that these athletes self-reported spending

physically active leisure time, such as playing actively with their

children, which could have contributed to the increase in NEAT

volume. We found that the actual amount of NEAT was not

constant, but it was widely distributed in both groups

(Figure 2). Most variations in TEE that occur regardless of BW

can be attributed to the variations in physical activity, with

NEAT considered a significant contributor to inter- and

intraindividual variations in energy expenditure (13). In

addition, lifestyle and cultural milieu have been reported to be

predictors of NEAT variability (29). In this context, athletes’

NEAT is influenced by lifestyle and environmental factors in

the same way as non-athletes.

To clarify the characteristics of NEAT, other energy

components must be considered. In the present study, athletes

had a significantly greater REE per day than non-athletes.

Ratcliffe et al. (30) reported no significant differences in REE

among resistance-trained men, endurance-trained men, and

sedentary controls. The major determinant of REE is the FFM

(31). FFM has the highest reported contribution to the REE in

athletes (6). In this study, FFM was significantly higher in

athletes than non-athletes (Table 1). Therefore, the higher REE

per day in athletes may be due to the differences in FFM

amounts resulting from variations in body size. DIT is influenced

by the energy content and macronutrient composition (32),

corresponding to 10% TEI in 24 h (9). TEI was significantly

higher in athletes in this study. Thus, DIT was also higher in

athletes. EEE is defined as the energy expended during the time

spent in sports-specific training, warm-ups, and games (19).

Therefore, given the selection criteria for participants in this

study, higher EEE is natural.

NEAT and EEE accounted for 23.4% ± 3.3% and 14.3% ± 3.0%

of TEE, respectively, with athletes’ NEAT being approximately 1.7

times higher than their EEE in this study. High AEE, including

NEAT and EEE, may induce an inappropriate energy balance

and adversely affect physiological functions (33). Torstveit et al.

(26) reported that NEAT tended to be higher in the group with
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suppressed REE. Although most studies have focused on EEE in

energy expenditure (34), our study suggests that evaluating

NEAT is necessary to assess energy expenditure in athletes. In

support of our results, Taguchi and Manore (35) proposed using

AEE, which includes not only EEE but also NEAT, to evaluate

the physiologically available energy status. Future studies are

required to investigate the relationship between NEAT and

physiological functions.

In the present study, we aimed to characterize NEAT in

athletes. To the best of our knowledge, no previous study has

examined the activity intensity and duration of NEAT in athletes

under real-life conditions. Several limitations need to be

considered, including the small sample size and the restriction of

sporting events to ball games. In addition, this study was

restricted to male participants. NEAT is also influenced by

occupation, body composition, and sex (13). Further studies with

larger sample sizes and different types of sports, including

women, should be conducted to characterize NEAT in athletes.
5 Conclusion

Overall, the results of the present study revealed that

athletes do not expend more energy in NEAT relative to BW

per day, but they spent less time on NEAT than non-

athletes, which makes them more active in their daily lives,

excluding exercise and sleep. NEAT accounted for about one-

fourth of TEE in this study. Neglecting this parameter could

lead to mistakes in the supervision of athletes. Therefore,

assessing NEAT and EEE is necessary to determine the

energy status of athletes.
Data availability statement

The datasets presented in this article are not readily available

because of privacy reasons. Requests to access the datasets should

be directed to MT, mtaguchi@waseda.jp.
Ethics statement

The studies involving humans were approved by the Ethics

Review Committee on Research with Human Subjects of

Waseda University. The studies were conducted in accordance

with the local legislation and institutional requirements. The

participants provided their written informed consent to

participate in this study.
Author contributions

MG: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Writing – original draft, Writing – review &

editing. NM: Investigation, Writing – review & editing.
frontiersin.org

mailto:mtaguchi@waseda.jp
https://doi.org/10.3389/fspor.2024.1326890
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Goshozono et al. 10.3389/fspor.2024.1326890
ST: Investigation, Methodology, Writing – review & editing. MT:

Conceptualization, Funding acquisition, Investigation, Methodology,

Supervision, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

This study was supported by the Waseda University Grant for

Special Research Projects (Project number: 2022E-031).
Acknowledgments

The authors thank all the participants of the present study.
Frontiers in Sports and Active Living 08
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Burke LM. Energy needs of athletes. Can J Appl Physiol. (2001) 26(Suppl):
S202–19. doi: 10.1139/h2001-055

2. Silva AM, Matias CN, Santos DA, Thomas D, Bosy-Westphal A, Müller MJ, et al.
Energy balance over one athletic season. Med Sci Sports Exerc. (2017) 49:1724–33.
doi: 10.1249/MSS.0000000000001280

3. Heydenreich J, Kayser B, Schutz Y, Melzer K. Total energy expenditure, energy
intake, and body composition in endurance athletes across the training season: a
systematic review. Sports Med Open. (2017) 3:8. doi: 10.1186/s40798-017-0076-1

4. Müller MJ, Bosy-Westphal A. Adaptive thermogenesis with weight loss in
humans. Obesity (Silver Spring). (2013) 21:218–28. doi: 10.1002/oby.20027

5. Areta JL, Taylor HL, Koehler K. Low energy availability: history, definition and
evidence of its endocrine, metabolic and physiological effects in prospective studies in
females and males. Eur J Appl Physiol. (2021) 121:1–21. doi: 10.1007/s00421-020-04516-0

6. Thompson J, Manore MM. Predicted and measured resting metabolic rate of male
and female endurance athletes. J Am Diet Assoc. (1996) 96:30–4. doi: 10.1016/S0002-
8223(96)00010-7

7. Thompson J, Manore MM, Skinner JS. Resting metabolic rate and thermic effect
of a meal in low- and adequate-energy intake male endurance athletes. Int J Sport
Nutr. (1993) 3:194–206. doi: 10.1123/ijsn.3.2.194

8. Guebels CP, Kam LC, Maddalozzo GF, Manore MM. Active women before/after
an intervention designed to restore menstrual function: resting metabolic rate and
comparison of four methods to quantify energy expenditure and energy availability.
Int J Sport Nutr Exerc Metab. (2014) 24:37–46. doi: 10.1123/ijsnem.2012-0165

9. Westerterp KR. Diet induced thermogenesis. Nutr Metab (Lond). (2004) 1:5.
doi: 10.1186/1743-7075-1-5

10. Levine JA. Non-exercise activity thermogenesis (NEAT). Best Pract Res Clin
Endocrinol Metab. (2002) 16:679–702. doi: 10.1053/beem.2002.0227

11. Chung N, Park MY, Kim J, Park HY, Hwang H, Lee CH, et al. Non-exercise
activity thermogenesis (NEAT): a component of total daily energy expenditure.
J Exerc Nutrition Biochem. (2018) 22:23–30. doi: 10.20463/jenb.2018.0013

12. Villablanca PA, Alegria JR, Mookadam F, Holmes DR Jr, Wright RS, Levine JA.
Nonexercise activity thermogenesis in obesity management. Mayo Clin Proc. (2015)
90:509–19. doi: 10.1016/j.mayocp.2015.02.001

13. Levine JA. Non-exercise activity thermogenesis (NEAT). Nutr Rev. (2004) 62:
S82–97. doi: 10.1301/nr.2004.jul.S82-S97

14. Miller KR, Mcclave SA, Jampolis MB, Hurt RT, Krueger K, Landes S, et al. The
health benefits of exercise and physical activity. Curr Nutr Rep. (2016) 5:204–12.
doi: 10.1007/s13668-016-0175-5

15. Meijer EP, Westerterp KR, Verstappen FT. Effect of exercise training on total
daily physical activity in elderly humans. Eur J Appl Physiol Occup Physiol. (1999)
80:16–21. doi: 10.1007/s004210050552

16. Franssen WMA, Vanbrabant E, Cuveele E, Ivanova A, Franssen G, Eijnde BO.
Sedentary behaviour, physical activity and cardiometabolic health in highly trained
athletes: a systematic review and meta-analysis. Eur J Sport Sci. (2022) 22:1605–17.
doi: 10.1080/17461391.2021.1955013

17. Mckay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey
VL, et al. Defining training and performance caliber: a participant classification
framework. Int J Sports Physiol Perform. (2022) 17:317–31. doi: 10.1123/ijspp.2021-
0451

18. Weir JB. New methods for calculating metabolic rate with special reference to
protein metabolism. J Physiol. (1949) 109:1–9. doi: 10.1113/jphysiol.1949.sp004363

19. Woodruff SJ, Meloche RD. Energy availability of female varsity volleyball
players. Int J Sport Nutr Exerc Metab. (2013) 23:24–30. doi: 10.1123/ijsnem.23.1.24

20. Ohkawara K, Oshima Y, Hikihara Y, Ishikawa-Takata K, Tabata I, Tanaka S.
Real-time estimation of daily physical activity intensity by a triaxial accelerometer
and a gravity-removal classification algorithm. Br J Nutr. (2011) 105:1681–91.
doi: 10.1017/S0007114510005441

21. Murakami H, Kawakami R, Nakae S, Nakata Y, Ishikawa-Takata K, Tanaka S,
et al. Accuracy of wearable devices for estimating total energy expenditure:
comparison with metabolic chamber and doubly labeled water method. JAMA
Intern Med. (2016) 176:702–3. doi: 10.1001/jamainternmed.2016.0152

22. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-
Locke C, et al. 2011 compendium of physical activities: a second update of codes
and MET values. Med Sci Sports Exerc. (2011) 43:1575–81. doi: 10.1249/MSS.
0b013e31821ece12

23. Ainsworth BE, Haskell WL, Leon AS, Jacobs DR Jr, Montoye HJ, Sallis JF, et al.
Compendium of physical activities: classification of energy costs of human physical
activities. Med Sci Sports Exerc. (1993) 25:71–80. doi: 10.1249/00005768-199301000-
00011

24. Martin A, Hofmann H, Drenowatz C, Wallmann-Sperlich B, Sperlich B, Koehler
K. The impact of low energy availability on nonexercise activity thermogenesis and
physical activity behavior in recreationally trained adults. Int J Sport Nutr Exerc
Metab. (2021) 31:329–36. doi: 10.1123/ijsnem.2021-0029

25. Alméras N, Mimeault N, Serresse O, Boulay MR, Tremblay A. Non-
exercise daily energy expenditure and physical activity pattern in male
endurance athletes. Eur J Appl Physiol Occup Physiol. (1991) 63:184–7.
doi: 10.1007/BF00233845

26. Torstveit MK, Fahrenholtz I, Stenqvist TB, Sylta Ø, Melin A. Within-day energy
deficiency and metabolic perturbation in male endurance athletes. Int J Sport Nutr
Exerc Metab. (2018) 28:419–27. doi: 10.1123/ijsnem.2017-0337

27. Lee S, Moto K, Han S, Oh T, Taguchi M. Within-day energy balance and
metabolic suppression in male collegiate soccer players. Nutrients. (2021) 13:2644.

28. Lundstrom EA, De Souza MJ, Canil HN, Williams NI. Sex differences and
indications of metabolic compensation in within-day energy balance in elite division
1 swimmers. Appl Physiol Nutr Metab. (2023) 48:74–87. doi: 10.1139/apnm-2022-0161

29. Black AE, Coward WA, Cole TJ, Prentice AM. Human energy expenditure in
affluent societies: an analysis of 574 doubly-labelled water measurements. Eur J Clin
Nutr. (1996) 50:72–92.

30. Ratcliff L, Gropper SS, White BD, Shannon DM, Huggins KW. The influence
of habitual exercise training and meal form on diet-induced thermogenesis in
college-age men. Int J Sport Nutr Exerc Metab. (2011) 21:11–8. doi: 10.1123/
ijsnem.21.1.11

31. Cunningham JJ. Body composition as a determinant of energy expenditure: a
synthetic review and a proposed general prediction equation. Am J Clin Nutr.
(1991) 54:963–9. doi: 10.1093/ajcn/54.6.963
frontiersin.org

https://doi.org/10.1139/h2001-055
https://doi.org/10.1249/MSS.0000000000001280
https://doi.org/10.1186/s40798-017-0076-1
https://doi.org/10.1002/oby.20027
https://doi.org/10.1007/s00421-020-04516-0
https://doi.org/10.1016/S0002-8223(96)00010-7
https://doi.org/10.1016/S0002-8223(96)00010-7
https://doi.org/10.1123/ijsn.3.2.194
https://doi.org/10.1123/ijsnem.2012-0165
https://doi.org/10.1186/1743-7075-1-5
https://doi.org/10.1053/beem.2002.0227
https://doi.org/10.20463/jenb.2018.0013
https://doi.org/10.1016/j.mayocp.2015.02.001
https://doi.org/10.1301/nr.2004.jul.S82-S97
https://doi.org/10.1007/s13668-016-0175-5
https://doi.org/10.1007/s004210050552
https://doi.org/10.1080/17461391.2021.1955013
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1113/jphysiol.1949.sp004363
https://doi.org/10.1123/ijsnem.23.1.24
https://doi.org/10.1017/S0007114510005441
https://doi.org/10.1001/jamainternmed.2016.0152
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1249/00005768-199301000-00011
https://doi.org/10.1249/00005768-199301000-00011
https://doi.org/10.1123/ijsnem.2021-0029
https://doi.org/10.1007/BF00233845
https://doi.org/10.1123/ijsnem.2017-0337
https://doi.org/10.1139/apnm-2022-0161
https://doi.org/10.1123/ijsnem.21.1.11
https://doi.org/10.1123/ijsnem.21.1.11
https://doi.org/10.1093/ajcn/54.6.963
https://doi.org/10.3389/fspor.2024.1326890
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Goshozono et al. 10.3389/fspor.2024.1326890
32. Quatela A, Callister R, Patterson A, Macdonald-Wicks L. The energy content
and composition of meals consumed after an overnight fast and their effects on diet
induced thermogenesis: a systematic review, meta-analyses and meta-regressions.
Nutrients. (2016) 8:670. doi: 10.3390/nu8110670

33. Mountjoy M, Ackerman KE, Bailey DM, Burke LM, Constantini N, Hackney
AC, et al. 2023 International Olympic Committee’s (IOC) consensus statement on
relative energy deficiency in sport (REDs). Br J Sports Med. (2023) 57:1073–97.
doi: 10.1136/bjsports-2023-106994
Frontiers in Sports and Active Living 09
34. Burke LM, Lundy B, Fahrenholtz IL, Melin AK. Pitfalls of conducting
and interpreting estimates of energy availability in free-living athletes.
Int J Sport Nutr Exerc Metab. (2018) 28:350–63. doi: 10.1123/ijsnem.2018-
0142

35. Taguchi M, Manore MM. Reexamining the calculations of exercise
energy expenditure in the energy availability equation of free-living
athletes. Front Sports Act Living. (2022) 4:885631. doi: 10.3389/fspor.2022.
885631
frontiersin.org

https://doi.org/10.3390/nu8110670
https://doi.org/10.1136/bjsports-2023-106994
https://doi.org/10.1123/ijsnem.2018-0142
https://doi.org/10.1123/ijsnem.2018-0142
https://doi.org/10.3389/fspor.2022.885631
https://doi.org/10.3389/fspor.2022.885631
https://doi.org/10.3389/fspor.2024.1326890
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Characteristics of non-exercise activity thermogenesis in male collegiate athletes under real-life conditions
	Introduction
	Methods
	Participants
	Body composition
	Resting energy expenditure
	Diet-induced thermogenesis and total energy intake
	Non-exercise activity thermogenesis and exercise energy expenditure
	Total energy expenditure and relative percentage of TEE
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


