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Abstract

Optimum lower-body anaerobic power is critical for athletic performances, yet there is limited information of the power profile
of Indian adolescent athletes across various sports, age and sexes. This study aims to develop a power profile for this demographic
and also examine the effects of sex, chronological age and sport type on anaerobic power. The study included 391 Indian
adolescent athletes divided into different groups based on sex, age group, and sport type. Participants completed a 30-second
Wingate anaerobic power test on a peak bike and the relative peak (PP), average (AP) and minimum power (MP) along with
fatigue index (FI) were measured. A three-way MANOVA (sports-age -sex) was used to find power differences between the
groups. Male athletes of all developmental stages and sport types showed significantly higher PP, AP, and MP than females.
Middle and late adolescents athletes had higher power output than the early adolescents. Athletes involved in power sports
achieved the highest PP and AP, whereas endurance athletes had greater MP and lowest FI. MANOVA revealed significant
effects of sex (p<0.001, #,?=0.373), age group (p=0.013, #,>=0.027) and sport type (p<0.001, #,>=0.084) on all anaerobic power
variables, but none had three-way interaction effect. Two way interaction of sex and sport type was found only for MP (p<0.001,
7p°=0.080). These anaerobic power profiling and regular assessment can help coaches and sport science professionals to identify
talents, monitor performance progress, and develop age-, sex-, and sport-specific training strategies accordingly.
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1. Introduction

Success in sports is determined by various factors including high-intensity bursts [1]. High lower-body anaerobic power is
an optimal anaerobic peak power and capacity. The ability to  associated with faster sprinting, higher vertical jumps, and on-
generate high mechanical work through ATP-PCr breakdown  field accelerations [2, 3], whereas lower anaerobic power is
and anaerobic glycolysis, underpins various actions in sports  associated with poor high-intensity output and repeated-sprint
like sprint acceleration, jumps, change of direction, repeated ability [4]. Risk of muscle damage and injury is also high in
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athletes who have poor anaerobic power quality.

Demand for anaerobic power is different for different sports.

It also differs in males and females due to their unique physi-
cal and physiological differences with males generally outper-
forming females in strength and power after puberty [5].
Changes in hormonal levels, specifically growth hormone,
metabolic hormones, and testosterone level changes as age
progresses causing different musculoskeletal development
and maturation resulting in different anaerobic power output.
Previous studies have found peak power and average power to
be higher in sprint athletes, and gradually lower in middle-dis-
tance athletes towards marathoners. Endurance athletes re-
quire a certain amount of anaerobic power to maintain perfor-
mance and anaerobic capabilities [6]. This anaerobic power
together with total muscle mass are decisive even for an event
that is 65-75% aerobic like rowing [7]. Whereas, wrestlers
recorded the highest anaerobic power, exceeding both rowers
and soccer players in absolute power and athletes performed
better than the non-athletes [8]. Because anaerobic power has
such a broad relevance, it is important to understand how this
changes at different stages of growth. In this context, adoles-
cence is an important period when anaerobic performance is
evaluated although musculoskeletal maturation has not been
achieved. Literature suggests that peak power and average
power rise across adolescence while fatigue index does not [2,
9]. Furthermore, it has been seen that these changes in power
are not the same for a male and a female. As puberty pro-
gresses, sex differences in physical performance also become
more pronounced. While these studies have majorly focused
on only males [2, 8], only females, sometimes both and among
adult athletes in certain sports like soccer [2], athletics [6],
wrestling [1, 8], but there is a significant gap in the literature
that has not explored anaerobic power of adolescent athletes
of different sports classified based on the metabolic demand.

Besides the importance of considering age, sex and sports
while interpreting anaerobic power, having a reliable method-
ology for power measurement in sports is equally important.
Although, there are several tests that can measure an athlete’s
anaerobic power and capacity such as the DeBruyn-Prevost
test, repeated sprint test, Conconi test, Bosco repeated jumps,
etc., the 30-second Wingate Anaerobic Test (WANT) is popu-
lar to date and valuable for coaches, athletes, and research sci-
entists to precisely monitor individual's performance improve-
ment, training adaptations, and also objectively select athletes
for a sport. However, there has been limited research simulta-
neously addressing both sexes, different adolescent stages,
and various sports types, particularly within the Indian athlete
population. The combined effect of these factors on power
performance and normative data on Indian athletes also re-
mains scanty.

Previous studies on Indian population primarily focused on
test-method validation such as comparison of running based
anaerobic sprint test (RAST) with WANT in 35 male Indian
sprinters [10], or correlating the standing broad jump with the
WANT in 95 elite athletes of various sports [11]. Furthermore,
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few studies have reported anaerobic power measures in some
specific sports disciplines, like wrestling [12] and gymnastics
[13]. Unfortunately, a comprehensive profile of lower-body
anaerobic power variables (peak, average, minimum power
and fatigue index) with a large sample size in a structured co-
hort of Indian adolescent athletes spanning both sexes, multi-
ple adolescence stages, and varying sport types remains scarce.
Therefore, this study aims: (1) to develop the lower-body an-
aerobic power and capacity profile in Indian adolescent ath-
letes using the WANT and (2) to examine the effects of sex,
adolescent age, sport type, and their interaction on anaerobic
power outputs. By profiling lower-body anaerobic power out-
puts, this study will provide sex, sport, age-specific reference
information that may assist coaches and sport scientist profes-
sionals to identify and nurture talents, channelize them, and
reduce injury risk by designing individualized training pro-
grams.

2. Materials & Methods

2.1. Participants

In this study 401 athletes between 12 to 21 years involved
in various games were selected based on the inclusion and ex-
clusion criterion (Figure 1) from a pool of 410 initially se-
lected athletes in Kalinga Stadium sports complex, Bhubanes-
war. Athletes who were engaged in sport-specific strength and
conditioning training for a minimum of 2 years, regularly un-
dergoing training for 5 days a week, and free from any injuries
were included in this study. Athletes failing to meet the inclu-
sion criteria and refraining from providing written consent
were excluded from the study. Following the exclusion of ten
individuals who were either absent or did not finish the test,
the final data screening included 391 athletes. All participants
and their guardians were informed about the test procedure
and risks involved, and written informed consent was obtained
from everyone before participation. The study was conducted
in accordance with the Declaration of Helsinki and received
approval from the Institutional Ethical Committee (Certificate
no. RKMVERI/IEC/DSSY/2025-06/002) during July to Oc-
tober 2025.

2.2. Study Design

This study followed analytical cross-sectional study design.
Demographic details of each participant were collected on the
test day and underwent a well-familiarized lower-body Win-
gate anaerobic power test in a controlled laboratory condition
(average room temperature: 26-28<C; relative humidity: 50-
70%). The participants were instructed to take adequate rest
and to abstain from vigorous training for at least 24 hours prior
to assessment. A total of 391 participants who successfully
completed the 30s bout of the test were included in the final
analysis and categorized based on their chronological age, sex,
and sport type. Based on chronological age, participants were
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categorized into early adolescents (12-14 years), middle ado-
lescents (15-17 years), and late adolescents (18-21 years) (Ta-
ble 1) [14]. Based on the physiological and performance de-
mands of the sports they were involved in, participants were

further grouped into power (weightlifting, sprint, judo), endur-
ance (rowing), and mixed (basketball, football, badminton)
categories (Figure 1) [15].

Table 1. Demographic details of the participants.

Power sports

Endurance sports

Groups Early Middle Late Early
adoles- adoles- adoles- adoles-
cent cent cent cent
13.5+0.7 159+09 195+1.1
(13.0- (15.5- (18.8-

Male 1, 0) 16.3) 20.1) -

Age n=13 n=24 n=15

(year

s) 134+06 159+09 185+13 13.7+0.7

Fe- (13.1- (15.6- (17.9- (13.1-
male  13.7) 16.2) 19.1) 14.3)
n=19 n=36 n=22 n=9
163.1 + 166.1 = 169.0 =
7.6 5.1 4.2
Male  (158.5- (163.9- (166.6- -
_ 167.7) 168.3) 171.3)
;'9'9 n=13 n=24 n=15
t
(cm) 1539+ 1562+ 1609+ 1664+
Fe- 5.3 6.4 5.6 3.3
male (151.3- (154.0- (158.4- (163.8-
156.5) 158.3) 163.4) 169.0)
n=19 n=36 n=22 n=9
512492 584475 ?g'g *
(45.6- (55.2- :
Male g6 g) 61.6) §548(.)5)- )
Weig n=13 n=24 _
n=15
ht
(kg) 489 +7.2 532+99 56.3+9.9 56.0+56
Fe-  (45.4- (49.8- (51.9- (51.6-
male  52.3) 56.5) 60.7) 60.3)
n=19 n=36 n=22 n=9

Mixed sports

Middle Late Early Middle Late
adoles- adoles- adoles- adoles- adoles-
cent cent cent cent cent
16.3+06 192+1.1 150+04
(16.0- (18.8- (14.6-
16.5) 19.6) i 15.3) i
n=28 n=32 n=9
16.0+08 19.7+12 13606 157+0.8 189+11
(15.5- (19.3- (13.4- (15.5- (18.4-
16.4) 20.1) 13.8) 16.0) 19.4)
n=20 n=42 n=35 n=48 n=24
179.6 = 181.2 + 169.1 =
5.0 4.1 10.1
77.7- (180.1- - (161.2- -
181.6) 182.9) 176.9)
n=28 n=32 n=9
167.0 = 167.1 + 159.6 + 161.4 + 165.2 +
4.7 45 7.8 7.9 8.3
(164.8- (165.7- (156.9- (159.1- (161.7-
169.2) 168.5) 162.3) 163.7) 168.8)
n=20 n=42 n=35 n=48 n=24
681466 73.1+59 igg +
(65.5- (70.9- i (4é 7. i
70.7) 75.2) 64 4)
n=28 n=32 :

n=9
59.1 +9.0 63.0%94 495+57 51863 54875
(54.9- (60.0- (47.5- (50.0- (51.6-
63.3) 65.9) 51.4) 53.7) 58.0)
n=20 n=42 n=35 n=48 n=24

Data is presented as mean £SD (95% CI). SD= Standard Deviation; Cl= Confidence Interval.

2.3. Lower Body 30s-Wingate Anaerobic Test

All participants were well familiarized with the Wingate
anaerobic power test. After adequate warm-up on a bicycle
ergometer, a Monark 894E peak bike (Sweden) connected to
the Monark Anaerobic Test Software software was used for
the 30-second Wingate anaerobic power test. For the test,
seat height was adjusted so that the knee remained flexed at
approximately 15<in the extended position [12] and re-
sistance was set at 7.5% of body weight and placed in the
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weight basket of the ergometer. Upon the tester’s command
“Go,” participants accelerated to maximal pedaling speed
and once the set threshold of 70 rpm was reached, the re-
sistance was applied automatically. During the test, verbal
encouragement was provided continuously to encourage
maximal effort and maintain a high pedaling rate. Power out-
put was measured throughout the test by the number of rev-
olutions athletes achieved on the ergometer from which
lower-body relative peak power (PP), average power (AP),
and minimum power (MP) were calculated. Fatigue index
(F1) was also calculated from the percentage difference in
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peak and minimum power output [1].

2.4. Statistical Analysis

Data analysis was initiated using data from 391 athletes.
Fifteen athletes were identified as multivariate outliers based
on Mahalanobis distances and were excluded from the analy-
sis. The final sample comprised 376 athletes. Homogeneity of

variance-covariance matrices was assessed using Box’s M test.

When the assumption of homogeneity was violated, Pillai's
Trace was used to interpret the multivariate effects, given its
robustness to such violations [16]. A 2 (sex) %3 (age group)
%3 (sport type) multivariate analysis of variance (MANOVA)
was used to determine whether significant differences in the
four dependent variables of the WANT existed between ath-
letes based on sex, age, and sport type, followed by univariate
ANOVAs to examine each dependent variables. Where sig-
nificant main effects were observed, Bonferroni-adjusted pair-
wise comparisons of the estimated marginal means were ap-
plied to identify specific group differences. All statistical tests
were performed using SPSS version 27.0 for Windows (IBM
Corp., NY, USA). Statistical significance was set at p< 0.05,
and partial eta squared (#,?) values were reported to indicate
effect sizes.

3. Results

3.1. Comparison of Anaerobic Power Variables
Across the Age Groups

In male athletes, late adolescents in power sports exhibited
significantly greater PP (A=1.7 W/kg, p=0.004) than early ad-
olescents, though no other sport-specific age differences
reached significance (p > 0.05). Among females, late adoles-
cents in mixed sports also showed higher PP (A=1.1W/kg,
p=0.007) compared to their early adolescent counterparts. Ad-
ditionally, FI was significantly higher in late adolescent fe-
males within power sports (A=7.2%, p=0.03) relative to the
early adolescent group. No significant differences across age
groups were observed for AP or MP in either sex.

3.2. Comparison of Anaerobic Power Variables
Across the Sexes

Males of all the sport types showed significantly higher PP,
AP, and MP than females across all developmental stages (Ta-
ble 3), except MP in the early adolescence stage of the power
sports group. Whereas, fatigue index was significantly greater
only in the middle adolescent males than females involved in
power-sports, with trivial differences between sexes in other
sport types.
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3.3. Comparison of Anaerobic Power Across
Sports

Significant sport-related differences were mainly evident in
middle and late adolescents. Among males, power sport ath-
letes demonstrated significantly higher PP outputs than mixed
and endurance sport athletes in middle and late adolescent
stages respectively (Figure 2). In a similar pattern in females,
power athletes showed higher PP than endurance and mixed
sport athletes in middle adolescence, however, in late adoles-
cence, mixed sport athletes exhibited greater PP than endur-
ance sport athletes. Although AP in males was not signifi-
cantly higher in power sport athletes than in the other sport
types, females in middle and early adolescence showed signif-
icantly greater output in power athletes than in endurance and
mixed sport athletes. In contrast, MP was greater in endurance
athletes than in both power and mixed sport athletes among
males, whereas no significant differences were seen in fe-
males. Surprisingly, power sport athletes showed the higher
FI in both sexes, except in early adolescent females, where
endurance athletes showed significantly higher FI values.

3.4. Effects of Sex, Age group, and Sport Type
on Anaerobic Power Performance

Multivariate tests revealed significant individual effects of
sex (Pillai’s Trace= 0.373, F(4,358=53.14, p<0.001, #,°=0.373),
age group (Pillai’s Trace=0.053, F@718=2.44, p=0.013,
79°=0.027) and sport type (Pillai’s Trace=0.168, F718=8.25,
p<0.001, #,°=0.084) on the combined set of four anaerobic
power variables. Significant two-way interaction effects were
found between sex and age group (Pillai’s Trace=0.047,
Fe718=2.1, p<0.028, 1,°>=0.024), sex and sport type (Pillai’s
Trace=0.161, F718=7.84, p<0.001, #,>=0.080), and age
group and sport type (Pillai’s Trace=0.089, F(161444)=2.05,
p=0.008, #,°=0.022). However, the three-way interaction be-
tween sex, age group, and sport type was not significant at the
multivariate level (p=0.260).

3.5. Effects of Sex, Age group, and Sport Type
on Each Anaerobic Power Variable

Univariate tests for between-subject effects were conducted
to further examine the individual effects on each anaerobic
power variable. Sex, age group and sport type, all of them had
significant (p<0.01) effects on PP (Table 2). Sport types had
significant effects on all four power variables along with the
largest effect observed for Fl (,2=0.04). Age groups showed
significant influence on FI, whereas sex didn’t have any effect.
Follow-up univariate tests also showed that sex and sport type
interaction was significant for only MP, and no other signifi-
cant two-way interaction showed univariate significance
(p>0.05).


http://www.sciencepg.com/journal/ijsspe
https://www.zotero.org/google-docs/?1Sq2vF
https://www.zotero.org/google-docs/?f1uu6p

International Journal of Sports Science and Physical Education

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

Vari-
able

PP
(W/kg

AP
(Wikg

MP
(Wikg

FI
(%)

Sex

Table 2. Influence of sex, age group, and sport type on anaerobic power performance.

Male Female Fq36
(n=121 (n=255

) ) (n16?)
1145 + f; + 1550
(113  (85- 8'30
118) 89)

82+ 64x . o
0.7 0.8 037
@1 63
83)  65)

52+ 40% oo
0.8 0.7 015
G @
54)  41)

536+ 520+

8.6 9.7 ?6700
(21 (L7- o
552)  54.1)

p_
valu

<0.0
01

<0.0
01

<0.0
01

0.09

Age g

Early

roups

Middle

adoles- adoles-

cent

cent

(n=76)  (n=165)

8.9+
16
(8.5-
9.3)

6.5+
0.9
(6.3-
6.8)

41+
0.7
(3.9-
43)

98 +
1.9
(9.5-
10.1)

71+
1.1
(6.9-7.2)

45+
0.9
(4.4-4.7)

523+ 527%

9.6
(50.1-
54.5)

9.4
(51.3-
54.2)

Late
adoles-
cent
(n=135)

9.9+
2.1
(9.5-

10.2)

71+
1.2
(6.9-7.3)

45+
1.0
(4.3-4.6)

54.0 +
9.2t
(52.5-
55.6)

F36

('Ipz)

48
(0.0
26)

2.0
(0.0
11)

0.5
(0.0
03)

35
(0.0
19)

Sport type
i Endur-
\F;alu Power ance
(n=129) (n=131
e
)
103 + 9.8 +
0.00 2.0 1.9%%%
9 (9.9- (9.4-
10.6) 10.1)
7.2+
013 73x11 1.2¢%
3 (7.1-75) (7.0-
7.4)
4.8 +
059 44+09 11
0 (4.3-4.6) (4.6-
5.0)
55.8 + 50.2 +
9.3 8.2%%%
0.03 (54.2- (48.7-
57.4) 51.6)

Mixed
(n=116)

8.7
1.65887
(8.4-9.0)

6.3+
0.8558t

(6.2-6.5)

39+
.78ttt

(3.8-4.1)

535 +
9.8
(51.7-
55.3)

Fe,
361)
(’Ipz)

7.1
(0.03
8)

5.8
(0.03
1)

6.5
(0.03
5)

7.4
(0.04
0)

p_
valu

0.00

0.00

0.00

0.00

Data is presented as mean = SD (95% CI). F is the Fisher’s test statistics with the number of degrees of freedom indicated in subscript. #p?is
the partial eta-squared representing the effect size. PP= Peak power; AP= Average power; MP= Minimum power; Fl= Fatigue Index;
**p<0.01,***p<0.001 compared to early adolescence. § <0.05, compared to middle adolescents. $p<0.05, $$p<0.01, $$$p<0.001 compared to
power athletes. 1 p<0.05, §11<0.001 compared to endurance athletes.

Groups

PP
(Wikg)

AP
(W/kg)

MP
(Wikg)

Table 3. Comparison of anaerobic power variables in males and females of different age groups and sport types.

Male

Female

Male

Female

Male

Female

Power sports

Early ad-
olescent

11.0 +1.2
(10.3-
11.8)

8.8+
1.4###
(8.1-9.5)

7.9+03
(7.6-8.1)

6.6 +
0.8#‘##
(6.2-7.0)

4806
(4.4-5.2)

43 %05

Middle
adoles-

cent

11.7+1.6

(11.0-
12.4)

9.4

+ 3

(9.0-9

9)

8.2+038

(7.8-8

6.9 +
0.8###
(6.6-7

5)

1)

4810

(4.35

2)

4.3 40.9%

Endurance sports

Late ado- =27
adoles-
lescent
cent
128 +
1.6™ i
(11.9-
13.7)
igﬁ;ﬁ 8.8 +13
8.3.98) (7.8-9.8)
8508
(8.0-9.0)
g'gﬁ;ﬁ 6.4 £09
(6.0-6.8) (5.6-7.1)
49%07
(4.5-5.2)
38+ 3.9+09

49

Middle
adoles-
cent

115 +1.
(11.0-
11.9)

8.2
+ 47
(7.5-8.9)

8.3+05
(8.1-8.5)

6.2+
0.8###
(5.8-6.6)

5.7 +0.6
(5.5-6.0)

42+

Late
adoles-
cent

2 114+12
(10.9-
11.9)

8.4+
1.0
(8.0-8.8)

8.4+05
(8.2-8.6)

6.3
+0 g
(6.0-6.5)

5.7 +0.6
(5.4-5.9)

40+

Mixed sports

Early
adoles-
cent

8.1+1.3
(7.7-8.6)

6.040.7
(5.7-6.3)

3.8 0.7

Middle
adoles-
cent

10.3 0.8
(9.6-10.9)

8.6 =
1.6##
(8.1-9.1)

7.5+0.2
(7.3-7.7)

6.3+
0.8###
(6.0-6.5)

4.7 +05
(4.2-5.2)

39+

Late

adoles-

cent

93+
1.6™

(8.6-10.0)

6.5+0.8
(6.1-6.8)

3.9+08
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Power sports Endurance sports Mixed sports
Groups i i i
p Early ad- Middle Late ado- Early Middle Late Early Middle Late
adoles- adoles- adoles- adoles- adoles- adoles- adoles-
olescent lescent
cent cent cent cent cent cent cent
(4.0-4.6) (4.0-46) 0.9% (3.1-47) 0.5 0.8 (3.6-41) 0.6% (3.5-4.2)
(3.4-4.2) (3.9-44) (3.8-4.3) (3.7-4.1)
55.7+7.0 58.6+8.2 61.8+3.8 49.0 £8.2 49.4+6.8 53.4 8.3
Male (51.5- (55.2- (59.6- - (45.8- (46.9- - (47.0-
60.0) 62.1) 63.9) 52.2) 51.8) 59.8)
0,
F1 (%) 497+86 A0E  09E 5588 478402 515483 -/ T 529488 O oF
10.1 10.2 10.8 10.0
Female (45.5- (48.7- (43.5- (48.9- (50.4-
53.9) (50.5- (52.4- 62.3) 52.2) 54.1) (48.0- 55.5) (53.0-
' 57.4) 61.5) ' ' ' 55.4) ' 61.5)

Data is presented as mean +=SD (95% CI). PP = Peak power; AP= Average power; MP= Minimum power; Fl= Fatigue index; — No subject
was found. * p<0.05, ** p<0.01, compared to early adolescence. #p<0.05, #p<0.01,##p<0.001 compared to male athletes.

Power
[[] Endurance
B3 Mixed

EMMs of Peak Power (W/Kg)
EMMs of Peak Power (W/Kg)

EMMs of Average Power (W/Kg)

s 2 2 5 5 s
EMMs of Average Power (W/Kg)

s 2 3 2 B s

Early

EMM:s of Minimum Power (W/Kg)

s o ® 3 B
EMMs of Minimum Power (W/Kg)
5 8 88 8 &8 &

Early

EMM:s of Fatigue Index (%)

EMM:s of Fatigue Index (%)

Female

Figure 2. Peak Power (PP), Average Power (AP), Minimum Power (MP) and Fatigue Index (FI) of male and female athletes of different ages
and sport types. EMMs: Estimated marginal means. $<0.05, $<0.01, $%$<0.001.
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4. Discussion

Research on physical fitness was initially centered upon
evaluating cardiorespiratory endurance. Gradually, the im-
portance of training induced differences in individual athletes’
neuromuscular adaptations, measured in terms of anaerobic
power and anaerobic capacity, gained attention among
coaches and athletes.

In this study, we classified lower-body anaerobic peak
power and anaerobic capacity of Indian adolescent athletes in-
volved in different sports and of different sex. A significant
interactive influence of sex, chronological age, and sport type
was also found on key anaerobic capacity parameters like PP,
AP, MP and FI.

4.1. Sex Difference on Anaerobic Capacity

The greatest differences in physical performance are typi-
cally observed among sexes where tasks and events rely on
muscle strength and power. While strength is largely depend-
ent on the muscle cross sectional area, power is the product of
force and contractile velocity, both of which are greater in the
skeletal muscles of males than females [17]. Likewise, we
found that male athletes generated on an average 32% higher
PP, 28% higher AP and 30% higher MP than females, and
these differences persisted within every sport category at
every adolescent stage. Furthermore, this observed sex differ-
ence in Indian adolescents aligns with the existing literature,
where males typically produce higher PP and AP than females
[5]. For context, Brazilian prepubescent males and females
recorded PP values of 8.0 and 7.2 W/kg, and AP values of 6.4
and 5.6 W/kg, respectively [5]. While those figures are lower
than the values in the current study, NCAA Division | ice-
hockey players exhibited considerably better performance;
specifically, males reached PP and AP outputs of 15.2 and
12.9 W/kg, whereas females achieved 8.7 and 6.7 W/kg, re-
spectively [18]. This sex divergence in anaerobic power out-
put can be linked to how peak and average cycling power re-
late to the size of the type Il muscle fiber area and glycolytic
enzymatic capacity. Given that anaerobic performance is di-
rectly correlated with the distribution of type Il fibers along-
side PFK and LDH activity in both sexes, the typically larger
and more glycolytic thigh musculature in males facilitates sig-
nificantly higher PP, AP, and MP relative to body mass [19].
Even though this investigation incorporated participants of
both sexes, future research can be carried out by including
transgender athletes to account for their distinct hormonal pro-
files.

4.2. Anaerobic Capacity at Different Adolescent
Stages

Previous discussion focused on the comparative power pro-
files across both sexes. However, the rate of development of
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muscle mass, strength and power also varies between the
sexes throughout the various stages of adolescence. Similarly,
one of the key findings of the present study was that across
adolescent stages, both PP and MP were significantly greater
in middle and late adolescents relative to the early adolescents,
though these variables remained comparable between the two
older groups. Besides, PP values observed in this Indian co-
hort are in line with international norms. For instance,
Mekhdieva et al. (2020) reported 11.7, 11.7 and 12.2 W/kg in
14, 15 and 16 year old male athletes respectively, while our
middle adolescent power sport males averaged 11.7 W/kg
(Table 3). For females, 14 and 15 years old had PP of 9.6 and
9.8 W/kg, against 8.8 to 9.4 W/kg in our age matched power-
sport females which is slightly lower [20]. This indicates that,
in trained Indian adolescent athletes, the anaerobic power out-
put is comparable with eastern European adolescents. The
small but significantly higher FI in late adolescents than mid-
dle and early adolescents found in our study may be supported
by the findings of Beneke et al. (2005) who documented that
peak blood lactate concentration after the test bout was signif-
icantly lower in 12 year old boys than 16 year olds and adults,
indicating that older adolescents both generate and tolerate
more fatigue during the 30s task [21]. Although chronological
age has been considered in this study, future studies may in-
corporate measurements of biological maturity or biomarkers
related to maturation of athletes to better understand the age
related changes.

4.3. Anaerobic Capacity in Different Sports

While muscular strength and power are significant for ac-
tivities that are power dominant such as during jerks in
weightlifting or block start during a 100m sprint as well as
other sports, endurance is also an important performance
marker as many sports require the repetition of high-intensity
efforts. Consequently, assessing anaerobic power is essential
for both maintaining and enhancing performance in diverse
athletic contexts. In this study, comparing the results of the
power test between different types of sports, highest PP and
AP were observed in power sports athletes, while endurance
athletes had intermediate PP and AP outputs but had the high-
est MP with lowest FI. This is due to the well known fact that
different types of sports training leads to the development of
different patterns of anaerobic capacity. Strength training and
power development training causes significant anaerobic en-
ergy production followed by increased peak anaerobic power.
This is in accordance with another study on male Serbian
wrestlers who recorded the highest power output (10.0 W/kg)
exceeding both rowers and soccer players [8]. Likewise, col-
legiate hurdlers and short-distance sprinters from the United
States attained superior PP (range: 9.62-9.78 W/kg) and AP
(range: 7.67-7.75 W/kg) values compared to their long-dis-
tance endurance counterparts, who recorded lower PP (range:
8.17-8.92 W/kg) and AP (range: 6.74-7.18 W/kg) outputs
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[22]. In comparison with these US collegiate track athletes and
elite Serbian wrestlers, the adolescent cohort in the present
study demonstrated comparable, and in some instances mar-
ginally higher, outcomes for both PP and AP.

A more detailed, group-specific findings provides further
clarity regarding these anaerobic power outputs. In our cohort,
late-adolescent males specialized in power-sports achieved a
PP of 12.8 W/kg, an AP of 8.5 W/kg, and a FI of 61.8%. These
outputs align closely with the performance observed in NCAA
Division 1A male power athletes (12.9 W/kg). However, AP
was lower compared to their collegiate counterparts (9.3 W/kg)
and also a higher fatigue index than the 49.1% reported in the
NCAA group was recorded [23].

4.4. Influence of Sex and Sport Type on
Anaerobic Capacity

A notable finding in the present study was the significant
interaction among sex and sport types for MP only. This indi-
cates that the effect of different types of sport on the ability to
sustain power output differed between males and females.
While, male endurance athletes exhibited higher MP than
male power and mixed-sport athletes, these sport-specific dif-
ferences were comparatively lower among female athletes.
This finding highlights that power endurance was better
among male endurance athletes. Moreover, this aligns with the
lower FI observed in this group, indicating that endurance ath-
letes maintained power output more effectively during the 30-
second test.

5. Limitations

While the sample size and inclusion of various sports disci-
plines were significant strengths of the present study, few lim-
itations must be acknowledged. First, this study being a cross-
sectional comparative study, causality can not be established.
Secondly, biological maturity (Tanner staging or maturity off-
set) was not accounted for beyond the chronological age,
given that maturity contributes to the development of anaero-
bic performance independent of chronological age. Therefore,
future studies should incorporate direct maturity indicators.
Third, although the sport-type categories were physiologically
motivated, intra-category heterogeneity may mask more nu-
anced detailed sport specific patterns.

6. Practical Implications

From a practical point of view, the findings of this study
may give coaches, sport scientists and talent identification
programmes a first set of stratified lower-body anaerobic
power benchmarks for Indian adolescent athletes. Second, the
high FI in power-sport athletes despite high PP suggests that
targeted fatigue tolerance training could meaningfully im-
prove their ability to sustain peak power output.
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7. Conclusion

In summary, this study provides one of the first comprehen-
sive profiles of lower-body anaerobic power in Indian adoles-
cent athletes stratified across sexes, age groups and sport types.
Sex emerged as the strongest determinant of anaerobic perfor-
mance, with males dominating females in peak, average and
minimum power. Anaerobic power also improved from early
to middle adolescence, with relatively smaller changes there-
after, while fatigue index showed only modest age-related dif-
ferences. Sport-specific differences were evident, with power-
sport athletes exhibiting the highest peak and average power,
endurance athletes mostly demonstrating superior minimum
power and lower fatigue index compared to power and mixed-
sport athletes. Significant interactions among sex, age, and
sport type further indicate that these factors should be consid-
ered collectively when evaluating adolescent athletes. Overall,
the findings may assist coaches, sport scientists, and talent
identification programs in interpreting anaerobic performance
and developing age-, sex-, and sport-specific training strate-
gies.

8. Recommendations

Future research should examine lower-body anaerobic
power development using a longitudinal study design to better
understand the changes across the adolescence and can estab-
lish developmental patterns. Studies incorporating measure-
ments of biological maturity is recommended for adolescent
population in order to differentiate the effects of chronological
age from maturity status. Further, researches with larger sam-
ples and single sport specific analyses can be considered to
better understand the differences in anaerobic power.

Abbreviations

PP Peak Power

AP Average Power

MP Minimum Power

Fl Fatigue Index

WANT Wingate Anaerobic Test

RAST Running-Based Anaerobic Sprint Test
MANOVA  Multivariate Analysis of Variance
SD Standard Deviation

Cl Confidence Interval

EMMs Estimated Marginal Means

o’ Partial Eta Squared
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