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Abstract

:

Physical exercise and adequate energy intake are the most important needs for optimum health, and they are also strongly connected to the amount of energy used when participating in any kind of physical activity. Total energy expenditure (TEE) may be calculated by combining resting energy expenditure (REE) with the physical activity level (PAL). Validated PAL guidelines are generally accessible and used by the general public, however less is known about PAL in competitive athletes. This research aimed at analyzing the physical activity level and the energy expenditure of athletes who participate in various sports on a daily basis. The research included 53 female athletes (43.39% elite and 56.61% non-elite), and 47 male athletes (40.42% elite and 59.57% non-elite) who competed in athletics, basketball, badminton, cricket, hockey, kabaddi, volleyball, and wrestling. The PAL, the BMR—basal metabolic rate, and the TEE were used to measure energy expenditure throughout a regular training phase. The PAL was determined using the athletes’ 24 h activity profiles, which consisted of their practice, study, leisure, and sleep hours. The Harris–Benedict equation was used to calculate the BMR. The TEE was computed by multiplying the BMR by the PAL. The time spent on work/practice, rest, and leisure activities was used to calculate the athletes’ daily activity load. The PAL was 2.33 ± 0.47, the TEE was 3532.18 ± 827.75 kcal/day, and the BMR was 1515.06 ± 203.52 kcal/day. Field hockey players had the greatest physical activity load (3.0 ± 0.00), followed by wrestlers (2.6 ± 0.20), boxers (2.6 ± 0.30), basketball players (2.3 ± 0.40), athletics athletes (2.2 ± 0.43), volleyball players (2.0 ± 0.20), kabaddi players (1.8 ± 0.20), cricketers (1.8 ± 0.10), and badminton players (1.7 ± 0.10). The PAL values were higher in the elite than in the non-elite female athletes (2.81 ± 0.23, and 2.12 ± 0.34, respectively), as well as in the male athletes (2.60 ± 0.28, and 1.94 ± 0.30, respectively). These data showed that the PAL values of both the elite and the non-elite athletes were at the WHO-recommended threshold yet were characterized as intensely active.
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1. Introduction


Physical fitness and a well-balanced diet are the most important prerequisites for good health [1,2]. Good health is determined by an individual’s ability to successfully and efficiently perform tasks, whether they be related to work or to other pursuits. It was determined that physical activity (PA) was important for long-term health, and that it promoted an active lifestyle [3]. To achieve the level of physical fitness required for a certain activity requires a unique combination of motor skills, which may be directly affected by the overall training load, as well as by the amount of energy that is expended. The training load is the most important concept in sports training. It leads to an increase in athletic performance, and is directly related to the intensity, length, and frequency of physical activity in a given sport carried out over the course of a daily or weekly session [4]. When determining an athlete’s physical load, and the amount of energy they need, the physical activity level (PAL) is a crucial factor [5]. As a result, the total energy expenditure (TEE), which is calculated using the resting energy expenditure (REE), and the PAL, is an effective and common method for determining the daily physical load and activity allowance. The World Health Organization (WHO) [6] report has also proposed that the average daily desirable PAL allowance for an adult can be expressed as different lifestyles. These lifestyles include sedentary (1.40), moderately active (1.70 to 1.99), vigorously active (2.00 to 2.40), and extremely active (>2.40). The perceived exercise load and energy expenditure of athletes that have a strenuous training program have been reported to be high, with the PAL ranging from 2.00 to 2.15 [6,7,8,9]. An athlete’s PAL and lifestyle are affected by the level of difficulty and the length of their workouts, as well as by the amount of time they take off for rest and pleasure [5].



However, there are no standardized PAL criteria available that can be used to estimate the amount of energy that is required by competitive athletes. In addition, there is the possibility of developing a systematic bias given many distinct PAL factors that have been validated in athletes of varying ages and levels of performance. The only practical method of assessing the amount of physical conditioning required to achieve a high level of physical performance at the elite level was to conduct an analysis of the requirements of the training [6]. Baptisla et al. [7] and Gholizadeh et al. [8] have compared weekly training demands, and accumulated fatigue during training, and concluded that the accumulated load during training sessions (7-days microcycle), or the increased volume of training without inadequate recovery can decrease performance [7,8]. Consequently, the current research hypothesized that the degree of physical activity that an athlete engages in has a direct influence on the amount of energy that is expended as a result of their physical activity level. Based on this, the present study investigated the energy expenditure and physical activity level in the context of the daily activity pattern of elite and non-elite athletes.




2. Materials and Methods


2.1. Sampling Procedure


In the current research, the city of Hisar, in the Indian state of Haryana, was chosen due to its impressive infrastructure, and to the outstanding performance of its athletes at the national and international levels. The Giri Centre, one of the most important multifunctional sports training facilities in Hisar, where more than 300 athletes engage in various sports activities every day, was chosen for the research. A list of athletes from the Giri Centre, who competed in various sports throughout the previous year, was made. From this list, one hundred athletes from various sports were chosen. A disproportional stratified sampling method was used to obtain the sample (Figure 1). The activity profile of the athletes was analyzed based on the time, and the activity pattern of the sports they engaged in.



Data were collected in the month of January and February, for morning or evening training sessions. Those who practiced under the sports authority of India (SAI) were categorized as elite athletes (male n = 19; female n = 23), while those who practiced under the university sports club were categorized as non-elite athletes (male n = 28; female n = 30). The activity profiles of the athletes were examined based on the time, and the activity patterns of the sports they were involved in.




2.2. Ethical Consideration


This study procedure was approved by the university ethical committee (letter no. is DR/IEC/2021/06-16, dated 1 April 2021). Those in charge of the sports training centers, and the coaches of all the sports consented to the study, and allowed us to recruit players to participate in the study.




2.3. Inclusion and Exclusion Criteria


Inclusion criteria consisted of a habitual physical training frequency of 3 times per week, and at least 1.5 h per day, and participation in university- or state-level, athletic competitions. Recent injuries or diseases that might interfere with regular physical activity or training throughout the 7-day assessment period were exclusion criteria [5].




2.4. Study Design


In this research, personal interviews were conducted. A questionnaire technique was used during the interview. A questionnaire was pre-tested on a group of 15 athletes from various sports, who were selected at random from athletes who were not included in the sample. Before participation in the study, a survey was administered to gather information about exercise habits and to assess eligibility. Before finalizing the study, revisions were made, in collaboration with an advisory group, based on the findings of the preliminary testing. To reduce seasonal changes in physical activity, data were gathered within eight weeks [5,10,11,12], and the athletes’ consent was obtained prior to the data collection.




2.5. Anthropometric Measurements


Data on the subjects’ age, sex, body height, body weight, fat percentage, and body mass index (BMI) were measured. Anthropometric measurements (height, weight, percentage of body fat, and BMI) were conducted in a fasting state. The body height of the subjects was determined to the nearest 1 mm using an anthropometric scale. Bioelectrical impedance analysis (Omron body composition monitor, HBF-375 karada scan) was used for the measurement of body weight, and the estimation of the percentage of body fat (BF) with a measurement error of 0.5 kg. BF% was calculated from the impedance value, and from the pre-entered personal data [13,14].




2.6. Participants


A total of 100 elite and non-elite athletes were included in the research. With a focus on competitive physical training, athletes were recruited from schools and universities. Fifty-three female athletes (age 19.09 ± 2.39 years; BMI 20.75 ± 2.53 kg/m2), and 47 male athletes (age 19.98 ± 1.78 years; BMI 21.75 ± 2.56 kg/m2) were involved in the athletics, basketball, badminton, cricket, hockey, kabaddi, volleyball, and wrestling (Table 1). Out of 53 female athletes, 43.39% were considered elite, while 56.61% were non-elite. Similarly, among 47 male athletes, 40.42% were considered elite, and 59.57% were non-elite. The elite athletes performed four primary sports—athletics, boxing, hockey, and wrestling—while the non-elite athletes practiced athletics, basketball, badminton, cricket, kabaddi, and volleyball.



The physical features of the elite and non-elite athletes are shown in Table 1. The average age of the athletes was 19.51 ± 2.16 years (95% confidence interval (CI): 19.09–19.96 years), their height was 166.50 ± 8.59 cm (95% CI: 164.84–168.28 cm), and their body mass was 59.23 ± 11.05 kg (95% CI: 56.93–61.35 kg). The BMI did not vary among these groups (21.22 ± 2.57 kg/m2; 95% CI: 20.66–21.68 kg/m2), although there were significant variations in the percentage of body fat (18.76 ± 5.66%; 95% CI: 17.53–19.75%). As shown in the Table 1, the mean age of the elite athletes was lower than that of the non-elite athletes, whereas the height, weight, BMI and fat percentage of the elite female and male athletes were higher than those of the non-elite athletes.




2.7. Physical Workload/Activity Load


To evaluate the total physical workload in particular sports, the physical activity level (PAL), and the total energy expenditure (TEE) were calculated using the Physical Activity Ratio (PAR), as described by FAO/WHO/UNU [15]. The following formula was used to calculate the PAL value.


PAL = (Total PAR-hr)/(Total time)



(1)




where PAR is referred to as the energy cost of an activity per unit of time expressed as a multiple of basal metabolic rate (BMR). The PAR values for the activities performed in a day were aggregated over a 24 h period to yield the PAL.



The TEE is the number of calories expended by the athlete in one day based on his or her type of activity (sedentary, moderate or strenuous). The TEE was analyzed during a habitual training period using the following formula.


TEE = Predicted BMR × PAL



(2)




where the BMR was estimated using the Harris–Benedict equation [16,17].


BMR (Men) = 66.5 + (13.76 × weight in kg) + (5.003 × height in cm) − (6.755 × age in years)



(3)






BMR (Women) = 655 + (9.563 × weight in kg) + (1.850 × height in cm) − (4.676 × age in years)



(4)








2.8. Data Analysis


Data were reported as mean ± SD. In addition, 95% confidence intervals (CI) were presented. Using the Shapiro–Wilk test, the normality of the PAL distribution was determined. Using a box plot, the dispersion of the PAL values was examined. It was determined what proportion of elite and non-elite athletes had PAL that fell below or above WHO guidelines. As advised by the expert FAO/WHO/UNU consultation [15], the PAL standards for athletes were provided as a range, and were calculated as a mean 8%. In addition, the Pearson correlation coefficient was computed to determine the link between the physical measurements, and the energy properties. The alpha value was selected between 0.01 and 0.05 to determine their statistical significance. The value 0.00 up to 0.30 (0.00 up to −0.30) shows negligible correlation, above 0.30 up to 0.50 (above −0.30 up to −0.50) shows low positive (negative) correlation, above 0.50 up to 0.70 (above −0.50 up to −0.70) shows moderate positive (negative) correlation, and above 0.70 up to 0.90 (above −0.70 up to −0.90) shows high positive (negative) correlation [18,19].





3. Results


3.1. Daily Activity Pattern of the Athletes


The daily activity load of the athletes was assessed by the time spent in work/practice, rest, and leisure activities. The 24 h activity profiles of the athletes, which were divided into four categories—practice, study, leisure, and sleep hours—are described in Figure 2.



The athletes’ practice hours included both morning and evening sessions (warm-up and cool-down). Study hours included both school/college hours, and self-study hours. Refreshing, transportation (from hostel to stadium, to college or to school), dinner, common-room time (TV), and other everyday tasks comprised leisure time. The sleep time included both nighttime hours and afternoon naps.



The average practice time for the athletes was 4 h and 12 min (moderate intensity), study time was 5 h and 47 min, leisure time was 6 h and 3 min, and sleep time was 7 h and 58 min, with variances of 2 h and 10 min, 2 h and 24 min, 2 h and 4 min, and 33 min, respectively. Therefore, the typical ratio of practice:study:leisure:sleep was around 4:5:6:7. In accordance with the suggested range of 7–9 h for healthy adults, and 8–10 h for adolescents, all males and females obtained sufficient rest over 24 h, according to further data [20]. The elite women spent the most time by practice and sleep, but the least by study and leisure activities. In comparison to other respondents, the non-elite males spent fewer hours practicing, but more hours studying than the non-elite females, elite females and males.




3.2. Physical Contour Analysis of Elite and Non-Elite Athletes of Different Sports


The elite athletes mostly engaged in boxing, field hockey, wrestling, and athletics, while the non-elite athletes engaged in badminton, cricket, volleyball, and kabaddi. Using their BMR, and TEE, the athletes’ physical activity load was calculated (Table 2).



In order to determine the daily physical burden of the athletes, their usual physical activities, and the time spent on them were recorded. The average PAL of a healthy person plays a significant role in determining his/her total energy consumption. The average 24 h TEE and BMR were used (i.e., PAL = TEE/BMR) to determine the PAL. The actual energy needs were determined by multiplying the PAL by the BMR [21,22].



In respect to the TEE, the BMR usually accounted for 45% to 70% of the TEE [22], but our study showed that the BMR accounted for only 42.89% of the TEE, which is below average.



Box plots in Figure 3 illustrate the variance of the PAL values. The quartile range explains the large difference between the elite and the non-elite athletes. The PAL values were significantly higher in the elite male athletes (2.60 ± 0.28, 95% CI: 2.46–2.74, p = 0.01) than the non-elite male athletes (1.94 ± 0.30, 95% CI: 1.82–2.06, p = 0.12). However, there was no significant difference in the PAL values between the elite female athletes (2.81 ± 0.23, 95% CI: 2.70–2.91, p = 0.01) and the non-elite female athletes (2.12 ± 0.34, 95% CI: 1.98–2.24, p = 0.13), which is in contrast with previously published results [5]. Out of 100 athletes, 27% had a PAL below the WHO limit (i.e., 2.0–2.4), indicating a moderately active lifestyle, 34% were above the WHO recommendation (a highly active lifestyle), and 39% were at the recommended range (a vigorously active lifestyle).




3.3. Physical Activity Level in Athletes of Different Sports


In order to determine the exercise load in athletes of various sports, the regular physical activity and the intensity of their labor were recorded. As shown in Figure 4, the highest PAL was in field hockey players (3.0 ± 0.00), followed by wrestlers (2.6 ± 0.20), boxers (2.6 ± 0.30), basketball players (2.3 ± 0.40), athletics athletes (2.2 ± 0.43), volleyball players (2.0 ± 0.20), kabaddi players (1.8 ± 0.20), cricketers (1.8 ± 0.10), and badminton players (1.7 ± 0.10).




3.4. Physical Activity Contour of Athletes


As shown in Table 3, the BMR values were higher in the elite than in the non-elite female athletes (1414.45 ± 120.93 kcal/day; 95% CI: 1360.8–1468.1 kcal/day, and 1351.7 ± 64.01 kcal/day; 95% CI: 1327.3–1376 kcal/day, respectively; p = 0.05), as well as in the elite as opposed to the non-elite male athletes (1752.3 ± 137.93 kcal/day; 95% CI: 1683.7–1820.9 kcal/day, and 1589.80 ± 172.11 kcal/day; 95% CI: 1521.8–1657.9 kcal/day, respectively; p = 0.05). There was a significant positive correlation of the BMR with height (r = 0.844), weight (r = 0.909), and the BMI (r = 0.652) (Table 4). The total energy expenditure (TEE) was significantly greater in the female and male elite athletes (3964.5 ± 423.84 kcal/day; 95% CI: 3776.6–4152.4 kcal/day, and 4556.7 ± 591.48 kcal/day; 95% CI: 4262.5–4850.8 kcal/day, respectively; p = 0.01) than in the female and male non-elite athletes (2854.6 ± 452.66 kcal/day, and 3532.2 ± 827.75 kcal/day, respectively). The TEE moderately correlated with weight (r = 0.575), the BMI (r = 0.497), and the BMR (r = 0.557), and highly with the PAL (r = 0.806). There was also a moderate association between the BMI and the BMR (r = 0.652).




3.5. The Relationship between Physical Measures and Energy Attributes of Athletes


There was a negligible correlation of the age and with height, weight, BMI, and the BMR, and a negative weak to moderate correlation with the TEE and the PAL. The height highly correlated with the BMR whilst weight highly correlated with both the BMI and the BMR. Height and weight showed low to moderate correlations with the TEE. The BMI moderately correlated with the BMR. Age had no effect on these characteristics because of its negligible relationship with height, weight, BMI, and the BMR. Age, on the other hand, had a reverse impact on these parameters because of its negative low to moderate relationship with the TEE and the PAL.



Height exhibited a high association with weight (r = 0.777), but a low correlation with BMI (r = 0.328). Weight showed a high correlation with BMI (r = 0.847). The height, weight, and the BMI correlated significantly with the BMR (r = 0.844, 0.909, and 0.652, respectively), whereas low to moderate correlations were found with the TEE (r = 0.427, 0.575, and 0.497, respectively), and a very low correlation with the PAL (r = −0.070, 0.045, and 0.122, respectively). The BMR showed a moderate correlation with the TEE (r = 0.557), but a negligible with the PAL (r = −0.033). The TEE and the PAL highly correlated (r = 0.806).





4. Discussion


Athletes’ normal routines reveal their training habits, and have an immediate impact on their ability to perform at their peak. In a similar manner, an athlete’s body composition is proportional to his or her degree of fitness, training intensity, practice volume, and total daily practice hours [23]. In line with this, the current research supports the hypothesis that the degree of physical activity that athletes engage in has a direct influence on the amount of energy that is expended as a result of their physical activity level.



The training sessions consisted of a variety of activities, such as aerobics, anaerobics, speed work, strength, endurance, agility, and recovery. The activity or training load was defined by Foster et al. [24] as the total of training sessions per week, the total time per session, and the intensity of each session. The athletes in this research trained for their respective sports for a minimum of 90 min (high intensity), and a maximum of 180 min (moderate intensity) [25]. The WHO has similarly suggested that athletes exercise moderately for at least 60 min each day [26].



The physical activity level of the athletes was estimated utilizing their daily activity pattern, categorized as practice, study, leisure, and sleep hours. Time spent evenly on these four pursuits aided in pattern analysis, and in recuperation after exertion. The female elite athletes spent 24.09% of a day practicing their sport, while the male elite athletes spent 20.13% of a day practicing their sport. This compares to 15.27% and 12.70% for the female and male non-elite athletes, respectively. Ismail et al. [27] found different results based on national athletes, indicating that female athletes trained for 30 min fewer per week than male athletes. Across the board, the athletes spent roughly 33.19% of their day sleeping (7 h and 58 min) [28,29].



These athletes’ daily routines provided a good indicator of the daily physical demands placed on their bodies. The WHO separates people into four distinct lifestyle groups: inactive, moderately active, highly active, and very active. A healthy athlete’s average PAL plays a significant part in establishing his or her total energy needs. According to the results of the current research, athletes with high PAL values also have high TEE, demonstrating a strong association (r = 0.806, α = 0.01) between the two. This method is often used in everyday activities because of the predictability of energy usage, and the lack of a need for an in-depth examination. Athletes’ PALs are estimated by their energy needs [5]; however, there are currently no standardized PAL criteria for making such estimates.



Our research revealed that the PAL in the female athletes was 2.33 ± 0.42, placing them into the strongly active lifestyle category, and within the PAL value range (2.0–2.4) recommended by WHO [15]. In accordance with this, Carlsohn et al. [5] observed comparable results.



The lifestyles of the female elite athletes were deemed to be particularly active. In contrast, the PAL values for the non-elite female athletes varied from 1.65 to 2.68, including those with moderate (24.52%), vigorous (28.13%), and highly active lifestyles (30.77%). Similar to the female athletes, the male athletes’ lives were classed as strongly active within the range specified by WHO [25], with the top male athletes having vigorous to very active lifestyles, with the PAL values ranging from 2.04 to 2.87. These variations in the athletes’ lifestyles might be examined in connection with their particular training load. For instance, it will take longer for an athlete with a low training load who increases the training load by 10% each week to attain maximal capacity, but an athlete with a high training load may be able to tolerate only modest increases in the physical load because a high training load can sometimes cause over-exertion in the muscles. Smaller increases in the training load (less than 10%) may be recommended for athletes with either an exceedingly low or a chronically very high training load. These increases may also be required to expedite the recovery process [30,31].



The most variable component of physical activity is energy expenditure, which may range from 400 to 3000 kcal/day, depending on the individual. Because of the work needed in the exercise, the activity appears to have both immediate and long-term energy costs. Most of the impact of the physical activity is on the energy requirements, which are most likely related to the high energy cost of certain activities. As a result, the requirement for energy expenditure varies by sport. For example, a single bout/round in wrestling and boxing lasts around 3 min. The athletes’ intensity of effort, and the frequency of physical activity are quite high during this time, thus, their energy consumption is very high. In terms of the energy expenditure, the BMR should account for 45 to 70% of the TEE; however, in the current study, the BMR accounted for 42.89% of the TEE, which was lower than expected. The physical activity affected the BMR in the post-exercise phase by around 5% for at least 24 h, depending on the immediate energy expenditure of the various sports [32]. Thus, the adequate energy intake and the total energy expenditure, the nutritional aspects, and the body composition should all be evaluated, as they have a direct impact on the athletes’ physical activity.




5. Conclusions


The most essential requirements for optimal health are exercise and a healthy calorie intake, which are also strongly related to the energy used during any physical activity. In the current study, the elite athletes spent more time on sports practice (both morning and evening sessions) than the non-elite athletes, whereas the non-elite athletes spent more time on studies than the elite athletes. The elite female and male athletes had more balanced work and rest hours than the non-elite athletes. All the athletes got enough sleep (i.e., 7–8 h). The elite athletes had much greater physical activity levels (PAL) than the non-elite athletes, as suggested by WHO for adult athletes. However, the mean PAL in most elite and non-elite athletes was at a WHO-recommended level, and classified as strongly active. Wrestlers, boxers, basketball players, athletics athletes, volleyball players, kabaddi players, cricketers, and badminton players had the greatest physical activity load.



The participants were high school and college students; therefore, they had to balance their scholastic and athletic performances. Taking this fact into account, the performance demands on them were quite intense in both areas. It appears that the categories examined in this study, such as the daily activity pattern, the physical activity level, and the total energy expenditure, might be useful tools for assessing external stressors during training and competition. Coaches and professional athletes can utilize this information to plan their daily or weekly activities, and to design appropriate training programs.
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Figure 1. Categorization of athletes practicing different sports. 
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Figure 2. Daily activity pattern, including practice, study, leisure, and sleep hours in elite and non-elite athletes. Figure legend: Error bar shows the standard deviation (practice hr ±1.22, study hr ±1.41, leisure hr ±0.75, sleep hr ±0.37). 
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Figure 3. Physical activity contour of athletes. Figure legend: box plot lower/first quartile (Q1), median, upper/third quartile (Q3), and outlier of PAL values in elite and non-elite athletes. 






Figure 3. Physical activity contour of athletes. Figure legend: box plot lower/first quartile (Q1), median, upper/third quartile (Q3), and outlier of PAL values in elite and non-elite athletes.



[image: Applsci 13 02763 g003]







[image: Applsci 13 02763 g004 550] 





Figure 4. PAL values in athletes of different sports. 
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Table 1. Physical characteristics of athletes.
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Variables

	
Female (n = 53)

	
Male (n = 47)




	
Elite (n = 23)

	
Non-Elite (n = 30)

	
Elite (n = 19)

	
Non-Elite (n = 28)






	
Age (years)

	
17.26 ± 1.63

	
20.50 ± 1.87

	
18.95 ± 1.58

	
20.68 ± 1.56




	
Height (cm)

	
163.33 ± 7.20

	
161.83 ± 5.21

	
174.44 ± 7.22

	
168.73 ± 9.09




	
Weight (kg)

	
57.96 ± 11.95

	
52.78 ± 6.17

	
69.68 ± 9.84

	
60.09 ± 10.06




	
BMI (kg/m2)

	
21.57 ± 3.11

	
20.12 ± 1.78

	
22.91 ± 2.88

	
20.97 ± 2.01




	
Fat%

	
23.75 ± 4.44

	
22.25 ± 2.63

	
15.53 ± 3.99

	
13.12 ± 2.88
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Table 2. Physical contour of elite and non-elite athletes of different sports (n = 100).
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Sports

	
Female (n = 53)

	
BMR

	
TEE

	
Sports

	
Male (n = 47)

	
BMR

	
TEE






	
Athletics

	
Elite

	
-

	
-

	
Athletics

	
Elite (n = 4)

	
1738.05

	
4976.85




	

	
Non-elite (n = 10)

	
1330.77

	
2913.19

	

	
Non-elite

	
-

	
-




	
Basketball

	
Elite

	
-

	
-

	
Basketball

	
Elite

	
-

	
-




	

	
Non-elite (n = 7)

	
1354.36

	
3325.02

	

	
Non-elite (n = 6)

	
1431.23

	
3053.10




	
Badminton

	
Elite

	
-

	
-

	
Badminton

	
Elite

	
-

	
-




	

	
Non-elite (n = 2)

	
1449.52

	
2391.70

	

	
Non-elite (n = 2)

	
1758.83

	
3243.23




	
Boxing

	
Elite (n = 5)

	
1488.71

	
4253.75

	
Boxing

	
Elite (n = 7)

	
1802.41

	
4279.56




	

	
Non-elite

	
-

	
-

	

	
Non-elite

	
-

	
-




	
Cricket

	
Elite

	
-

	
-

	
Cricket

	
Elite

	
-

	
-




	

	
Non-elite (n = 3)

	
1350.66

	
2534.65

	

	
Non-elite (n = 3)

	
1591.39

	
2625.58




	
Field Hockey

	
Elite (n = 9)

	
1361.77

	
4103.97

	
Kabaddi

	
Elite

	
-

	
-




	

	
Non-elite

	
-

	
-

	

	
Non-elite (n = 3)

	
1834.75

	
3376.89




	
Volleyball

	
Elite

	
-

	
-

	
Volleyball

	
Elite

	
-

	
-




	

	
Non-elite (n = 8)

	
1350.31

	
2611.25

	

	
Non-elite (n = 8)

	
1579.23

	
3129.86




	
Wrestling

	
Elite (n = 9)

	
1436.11

	
3632.56

	
Wrestling

	
Elite (n = 8)

	
1756.14

	
4636.29




	
Mean (SD)

	
1383.44 (54.97)

	
3227.81 (633.85)

	

	
1631.61 (152.87)

	
3467.65 (773.65)








BMR—Basal Metabolic Rate, TEE—Total Energy Expenditure.
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Table 3. Physical activity contour of elite and non-elite athletes.
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Variables

	
Female (n = 53)

	
Male (n = 47)

	
Total

(n = 100)




	
Elite (n = 23)

	
Non-Elite (n = 30)

	
Elite (n = 19)

	
Non-Elite (n = 28)






	
BMR (kcal/day)

	
1414.45 ± 120.93

	
1351.70 ± 64.01

	
1752.30 ± 137.93

	
1589.80 ± 172.11

	
1515.06 ± 203.52




	
TEE (kcal/day)

	
3964.5 ± 423.84

	
2854.6 ± 452.66

	
4556.7 ± 591.48

	
3080.4 ± 489.06

	
3532.2 ± 827.75




	
PAL

	
2.79 ± 0.24

	
2.12 ± 0.34

	
2.59 ± 0.28

	
1.94 ± 0.29

	
2.33 ± 0.47








BMR—Basal Metabolic Rate, TEE—Total Energy Expenditure, PAL—Physical Activity Level.
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Table 4. Correlations between physical measures and energy attributes.
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	Variables
	Age
	Height
	Weight
	BMI
	BMR
	PAL
	TEE





	Age
	1
	
	
	
	
	
	



	Height
	0.211
	1
	
	
	
	
	



	Weight
	0.153
	0.777 *
	1
	
	
	
	



	BMI
	0.060
	0.328
	0.847 *
	1
	
	
	



	BMR
	0.149
	0.844 *
	0.909 *
	0.652 *
	1
	
	



	PAL
	−0.504 *
	−0.070
	0.045
	0.122
	−0.033
	1
	



	TEE
	−0.332
	0.427
	0.575 *
	0.497
	0.557 *
	0.806 *
	1







BMI—Body Mass Index, BMR—Basic Metabolic Rate, PAL—Physical Activity Level, TEE—Total Energy Expenditure; * p ≤ 0.05.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Number of Hours

8.39

8.08 8.04

Elite Girl

Practice (hr)

Non-elite Girl

m Study (hr)
M Leisure(hr)

1 Sleep(hr)

Elite Boy Non-elite Boy





nav.xhtml


  applsci-13-02763


  
    		
      applsci-13-02763
    


  




  





media/file2.png
| Elite Girls “ Non-elite Girls = Elite Boys Non-elite Boys

Wrestling
Volley ball
Kabaddi
Hockey
Cricket
Boxing
Badminton
Basket ball

Athletics

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Athletes' Participation Perentage
25
" Non-elite Boys  m Elite Boys ™ Non-elite Girls ® Elite Girls
20

15

10

Athletes' Participation Number

0
. \\ . T . . e’( e 6'\ ‘BS\ ¥ %
aa\eﬂcs \ e\"ba {mx\’(,o Bo}ﬁ\x\% ( ﬂ(‘)ﬁ ﬂo(\Q', Y Ka‘oad \] \\e‘J Ay < Ntes"\\x\





media/file5.jpg
PAL Value

‘Range i 0.9
30 — = MetinLine
o len
. * ouiers
28
= .
26 e
244 $
22+ T
20
18- =
16 =
EiteGiis  NonelleGifs  EiteBoys  Non-elteBoys






media/file3.jpg
Number of Hours

Elite Girl

Non-elite Girl

Elite Boy

Non-elite Boy

Practie (i)
Study ()
B Leisurehe)

= Steep(h)





media/file1.jpg
WEliteGirls  wNon-eliteGirls ~ wEliteBoys = Non-elite Boys

Waeting
Vol bl
Kabadt
ket
Boving.
Budinion
Bkl

At

oo e W ae o @ m o mE
Athletes' Participation Perentage

=
= NonclteBoys # Elte Boys = Non-clite Gils 8 Elt Girls

Athletes' Participation Number






media/file7.jpg
PAL Value

35

3.0

25

20

15

1.0

0.5

0.0

‘Badminion Cricket  Kabaddi  Vollyball

Atetics Basketball Boxing Wi

Hockey





media/file0.png





media/file8.png
PAL Value

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Badminton Cricket

Kabaddi

Vollyball

Atletics

Basketball

Boxing Wrestling Hockey





media/file6.png
FAL Value

[ ]25%75%

a0 __ 1 Range within 0.51QR
U — Median Line
_l— o Kean
* # Qutliers
28 ] -]
*
$
25 = [u]
*
24 : __
|
2.0 4
1.8 -
I i
16 -
| | | |
Elite Girls MNon-elite Girls Elite Boys Mon-elite Boys






