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Abstract

Objective—To determine if sex differences exist in the pulmonary oxygen uptake (VO2) uptake 

on-kinetic response to moderate exercise in obese adolescents. Additionally, we examined if a 

relationship exists between the VO2 on-transient response to moderate intensity exercise, steady 

state VO2, and peak VO2 between obese male and female adolescents.

Study design—Male (n=12) and female (n=28) adolescents completed a graded exercise test to 

exhaustion on a treadmill. Data from the initial 4-min of treadmill walking were used to determine 

the time constant.

Results—The time constant was significantly different (P=0.001) between obese male and 

female adolescents (15.17±8.45 s vs. 23.07±8.91 s, respectively). No significant relationships 

were observed between the time constant and variables of interest in either sex.

Conclusions—Sex differences exist in VO2 uptake on-kinetics during moderate exercise in 

obese adolescents, indicating an enhanced potential for males to deliver and/or utilize oxygen. It 

may be advantageous for females to engage in a longer warm-up period prior to initiation of an 

exercise regimen, preventing an early termination of the exercise session.
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The study of the physiological mechanisms responsible for the oxygen consumption (VO2) 

response to exercise is important in the context of understanding one's health, aerobic 

performance capabilities and the metabolic activity of muscle (1–3). Oxygen uptake 

increases when external work is imposed although the rise in VO2 is not immediate and thus 

does not initially reflect the level expected for a specific workload at the initiation of 

exercise. Pulmonary VO2 on-kinetics reflects the rate change in VO2 during exercise; 

specifically the time needed for the cardiopulmonary system to deliver and skeletal muscle 

to consume the increased level of oxygen needed for aerobic metabolism (4, 5). A key 

portion and subsequent derived measure of VO2 on-kinetic response is the phase II time 

constant (τ2), representing the time taken to reach 63% of steady state VO2. In essence, 

individuals with a better health status and who participate in a regular aerobic exercise 

training program have a faster τ2. Comparatively, individuals with a poorer health status 

and/or lead a sedentary lifestyle have a slower τ2. In fact, τ2 has proven to be a valuable tool 

in providing information related to an individual's ability to tolerate physical activity (2, 3).

τ2 becomes progressively longer from adolescence into adulthood (6, 7), suggesting a 

maturation effect that significantly prolongs the moderate-intensity VO2 on-kinetic response 

in adults (6, 8, 9). Although there is no support for greater oxygen delivery capacity in 

adolescents, there is support for enhanced oxidative enzymatic activity (10, 11) in 

adolescents when compared with adults. Studies that have attempted to provide an 

explanation of the enhanced muscle enzymatic activity, as well as fiber type distribution, 

between adults and adolescents have solely focused on normal weight male adolescents (11, 

12). Moreover, it has recently been suggested that overweight children have an impaired 

exercise capacity when compared with their normal weight counterparts (13). Several 

studies have evaluated VO2 on-kinetics between obese and non-obese children and 

adolescents. Earlier studies suggested that increased adiposity is not indicative of delayed 

VO2 on-kinetics during submaximal exercise (12, 14, 15). However, more recent findings 

have suggested that obese children and adolescents display a markedly slower τ2 during 

both moderate and high intensity exercise when compared with their normal weight 

counterparts (16, 17).

Only one study has evaluated sex differences in VO2 on-kinetics in adolescents (6), 

demonstrating non-significant sex differences between lean male and female adolescents. 

Interestingly, their results display moderate effect sizes (0.49), indicating that a larger 

sample size may have allowed for greater detection of differences between boys and girls. 

More importantly, studies have shown equivocal results regarding the impact increased 

adiposity may have on mitochondrial function in obese adolescents (18, 19).

The aim of this study was to investigate the VO2 on-kinetic response to exercise performed 

below the ventilatory threshold (i.e. moderate intensity) in obese male and female 

adolescents. Additionally, we aimed to examine if a relationship exists between the VO2 on-

kinetic response to moderate intensity exercise and both steady state VO2 and peak oxygen 

consumption (VO2peak) in obese male and female adolescents.
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METHODS

Obese male and female adolescents between 11 and 16 years of age [Body Mass Index 

(BMI) ≥ 85th percentile for age and sex according to the 2000 CDC Growth Charts] were 

recruited to participate in this study. Study procedures were explained and parents provided 

written, informed consent, and adolescents provided written assent prior to participation. A 

complete medical history, physical examination, and evaluation for participation in exercise 

testing were conducted by a physician. The physical examination included a standardized 

assessment of pubertal development via Tanner staging. To control for pubertal influence on 

VO2 on-kinetics, the study was limited to adolescent males with a Tanner stage of at least 2 

and females who had experienced menarche (20). All procedures were approved by the 

VCU Institutional Review Board.

Following an overnight fast, each adolescent underwent anthropometric measurement and 

fasting blood glucose assessment. Anthropometric measurements included height (to the 

nearest 0.5 cm), weight (to the nearest 0.25 kg), and body composition via whole body dual 

energy Xray absorptiometry (DXA, Hologic 4500a/Discovery scanner). Adolescents 

diagnosed with type 2 diabetes exhibit delayed VO2 on-kinetics (14). Therefore, this study 

was limited to participants who did not have impaired fasting glucose (>100 mg/dL) (21).

Participants were asked to refrain from exercise 24 hours prior to the exercise test and 

arrived at least 4 hours postprandial. Peak oxygen consumption and VO2 on-kinetics were 

determined using a maximal graded exercise test to exhaustion on a treadmill (Trackmaster 

TMX425C, Full Vision, Inc., Newton KS). Previous research has shown a high degree of 

reliability in using a single bout of exercise on a treadmill to measure VO2 on-kinetics (22). 

Additionally, the utilization of a treadmill requires a subject to move their own weight, 

potentially affecting the cardiovascular and metabolic responses to exercise and exercise 

intolerance. Oxygen consumption, obtained through breath-by-breath gas exchange 

variables, was measured using a VMAX Sepctra Sensormedics gas analyzer (Sensormedics 

Corp., Yorba Linda, CA). Heart rate (HR) responses were recorded at each minute during 

the test via heart rate monitor (Model E600, Polar Electro, Lake Success, NY) and ratings of 

perceived exertion (RPE; 6–20 Borg Scale) were documented near the end of each stage.

Following a 3-min rest period of standing gas exchange, subjects began a step transition into 

a 4-minute stage at 2.5 mph and 0% grade. The progressive protocol continued with a 2-min 

stage at 3 mph at 0% grade. Subsequent 2-minute stages were held constant at 3.0 mph 

while grade was increased to 2%, 5%, 8%, 11%, 14%, and 17.0%. Subjects were verbally 

encouraged to give maximal effort during the test until volitional exhaustion was achieved. 

The attainment of VO2peak was determined by participants satisfying at least two of the 

following criteria: (1) a respiratory exchange ratio (RER) ≥ 1.00; (2) a maximum HR ≥ 90% 

of age predicated maximum HR; and (3) RPE ≥ 18. Peak oxygen consumption was taken at 

the highest recorded 20s average during the maximal exercise test (23). Following the 

exercise test, ventilatory threshold (VT) was determined non-invasively by visual inspection 

using the V-slope method, which has shown good inter-observer agreement between and 

across exercise protocols (24). Ventilatory threshold was defined as the inflection point in 

which carbon dioxide production begins to rise at a more rapid rate than VO2 (25).
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Data from the initial 4-min stage was used for the exercise transition to assess VO2 on-

kinetics. A single bout of submaximal exercise on a treadmill has provided a high degree of 

reliability in measures of VO2 on-kinetics (22). However, exercise eliciting a response 

above the VT poses a likelihood of a secondary rise in VO2 on-kinetics that may alter the 

reliability of the τ2 (3). Therefore, to determine an intensity similar to that used in a 

previous investigation evaluating sex-based differences in VO2 on-kinetics during transition 

from rest to moderate intensity exercise, data analysis within this study was limited to 

subjects with an initial stage VO2 (mLO2·kg−1 ·min−1) less than 60% of VO2peak and within 

75–95% of their VT (6).

To determine VO2 on-kinetics, O2 uptake during the last 2-min of rest and throughout the 

first stage of the exercise test was averaged over 10 second intervals to reduce noise and 

enhance the underlying physiological response characteristics (22). Oxygen uptake at time 

zero was defined using the 2-min averaged resting data. The initial 20 seconds of exercise 

were not included in the kinetic analysis given the cardiodynamic effects of Phase 1. The 

remaining data set was fitted to a mono exponential curve with a delay relative to the onset 

of exercise of the form:

VO2 (t) = VO2 (resting) + VO2 (amplitude) [l − e− (t/ τVO2)]

where VO2 (t) is O2 uptake at any time t, VO2 (resting) is the mean O2 uptake measured 

during rest, VO2 (amplitude) is the increase in O2 uptake above rest (average of the last two 

minutes of exercise), e is the base of the natural logarithm, and τVO2 is the τ2 or the 

fundamental component of the increase in VO2 above baseline reported in seconds (2, 3, 

26).

Statistical Analyses

Independent samples t-tests were used to investigate differences in anthropometric and 

exercise responses between the two groups. Additionally, correlation coefficients were used 

to investigate potential relationships between VO2 on-kinetics and submaximal and maximal 

VO2 variables. Furthermore, to account for potential differences in physical maturity 

between male and female participants, analyses were repeated using nine male-female 

adolescent pairs who were matched for Tanner staging. Statistical significance was set at P ≤ 

0.05 for all analyses.

RESULTS

The participants’ physical characteristics and responses to the graded exercise test are 

presented in Table I. Group samples sizes were unequal due to attrition of recruited 

participants by not meeting inclusion criteria. Equal variances were observed in both groups, 

therefore results of the independent samples t-tests analyses were provided to indicate 

observed differences between the obese adolescent males and females. No significant 

differences were seen in age, BMI, and body composition variables between the two groups. 

Male adolescents displayed a significantly higher VO2peak (P = 0.030, d = 0.77) and faster 

τ2 (P = 0.013, d = 0.91) than females. End stage VO2 was approximately 87% of VT among 

both groups (P = 0.745). Resting VO2 and the intensity of Stage 1 at the end of the 4-min 

stage, expressed as absolute VO2, VO2 per lean mass, and the percentage of VO2peak were 
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not significantly different between the two groups (P ≥ 0.133). A subgroup of age and 

Tanner matched male and female subjects was analyzed for comparison of physical 

characteristics and responses to the graded exercise test and are presented in Table II. 

Independent sample t-tests of the subgroup after Tanner stage matching continued to 

demonstrate significantly faster τ2 (P = 0.038, d = 1.06) in obese males compared with 

obese females.

A Pearson product moment correlation was used to asses any potential relationships between 

the τ2 and both maximal VO2, expressed in terms of per body weight and per lean mass, and 

moderate (Stage 1) VO2, expressed in absolute terms, as well as per lean mass and per body 

weight. No significant relationships were observed between the τ2 and the VO2 variables of 

interest in either sex.

DISCUSSION

To date, only one study has evaluated sex differences in VO2 on-kinetics in adolescents, 

demonstrating non-significant sex differences between lean male and female adolescents(6). 

Although the results of the current study are not in agreement with those of Fawkner et al. 

(6), their results display moderate effect sizes (0.49) in evaluating sex-based differences in 

VO2 on-kinetics. Thus, the larger sample size presented in the current study may have 

allowed for greater detection of differences between boys and girls.

Previous studies investigating VO2 on-kinetics in obese children and adolescents have 

suggested non-significant differences compared with their lean counterparts (13, 14). 

Interestingly, relative VO2peak was shown to be significantly lower in the overweight and 

obese children and adolescents, leading investigators to suggest that increased adiposity was 

not indicative of poor submaximal exercise capacity in children or adolescents (12, 13). 

However, neither study considered sex differences, which in light of the results of the 

current study, may have confounded earlier reports in which study samples have been made 

up of between 40–46% female subjects. Our VO2 on-kinetic differences observed during 

submaximal exercise between obese female and male adolescents was further supported by a 

similar energy requirement for the given workload. Within the current study, there were no 

significant differences in absolute VO2, VO2 per lean mass, and the percentage of VO2peak 

at the end of the 4-minute submaximal Stage 1 workload.

In the current study, we did not find a significant relationship between VO2peak and the τ2 

among either group. It is plausible that the on-kinetic response is primarily influenced by the 

ability of skeletal muscle to create energy aerobically (26, 27) rather than the capacity of O2 

delivery. In fact, the primary increase in VO2 on-kinetics after the onset of exercise has been 

shown to closely reflect the kinetics of aerobic energy production within skeletal muscle 

(11, 23). This is further supported in research performed by Grassi et al (28, 29), who 

demonstrated that VO2 on-kinetics during moderate intensity contraction in the isolated 

canine gastrocnemius was not enhanced during elevated peripheral oxygen diffusion nor O2 

delivery, by means of muscle pump perfusion to levels associated with steady state exercise. 

In adults, it has been shown that cardiac output and bulk muscle blood flow are faster than 

the VO2 on-kinetic response (30), indicating that oxygen delivery is adequate to support 
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oxygen demand of the muscle during the transition from rest to exercise. Furthermore, in the 

current study we did not find significant relationships (P > 0.340) between submaximal VO2 

variables, in both relative and absolute measurements, to submaximal phase II on-kinetics. 

Although cardiac output was not measured within the current study, our findings in obese 

male and female adolescents support previous investigations that suggest O2 delivery may 

not be the limiting factor during the transition from rest to aerobic exercise (28, 30).

Assuming O2 delivery does not represent a limiting factor in the on-kinetic response, one 

explanation for the observed sex differences is that obese males may exhibit greater aerobic 

enzyme activation compared with obese females, allowing for more efficient oxidative 

energy production in skeletal muscle, and thus, a faster on-kinetic response (28, 30). Leclair 

et al. (10) examined levels of deoxygenated hemoglobin via near-infrared spectroscopy and 

found that faster O2 extraction at the onset of exercise occurs in children compared with 

adults, thus supporting the notion of enhanced muscle oxidative enzyme activity in children 

(12, 31). To date, no studies have examined potential sex differences in aerobic enzyme 

profiles in either lean or obese children or adolescents.

Previous studies have reported the presence of overweight and obesity to be higher among 

early-maturing girls and lower in early-maturing boys compared with control adolescents 

(32, 33). Despite evidence associating early pubertal development and obesity in females, 

such studies do not confirm a direct cause between adiposity and maturational events (i.e. 

menarche) (33). However, Frisch et al suggested that subcutaneous fat may double as a 

secondary hormonal gland, influencing release and synthesis of sex hormones such as 

estrogen thus promoting menarche (34). The hormonal changes associated with early sexual 

maturation in females may result in the observed VO2 on-kinetic differences within our 

population of obese male and female adolescents. Given our findings, future research should 

be directed toward examining the impact of a prolonged warm up period for obese female 

adolescents during aerobic exercise training. Specifically, does this approach lead to 

improved tolerance to exercise training, caloric expenditure and weight loss? From a basic 

science perspective, the direct cause of delay in VO2 on-kinetics among obese female 

adolescents compared with obese males remains unclear. Designing a research protocol 

which examines skeletal muscle enzymes and fiber type profiles of obese adolescents may 

provide greater insight into the metabolic control of muscle cells. Also, future research is 

warranted in understanding the potential role of sex steroids that may impact the dynamic 

O2 uptake response to exercise.
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VO2 oxygen consumption

BMI body mass index
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REFERENCES

1. Poole DC, Barstow TJ, McDonough P, Jones AM. Control of oxygen uptake during exercise. Med 
Sci Sports Exerc. 2008 Mar.40:462–474. [PubMed: 18379208] 

2. Jones, A.; Poole, D., editors. Oxygen Uptake Kinetics in Sport, Exercise, and Medicine. New York: 
Routledge; 2004. 

3. Whipp BJ, Ward SA. Physiological determinants of pulmonary gas exchange kinetics during 
exercise. Med Sci Sports Exerc. 1990 Feb.22:62–71. [PubMed: 2406547] 

4. Behnke, B.; Barstow, T.; Poole, D. Relationship between VO2 responses at the mouth and across 
exercising muscles. In: Jones, AM.; Poole, DC., editors. Oxygen Uptake Kinetics in Sport, Exercise, 
and Medicine. New York: Routledge; 2004. p. 141-153.

5. Koga, S.; Tomoyuki, S.; Narihiko, K. Measuring VO2 kinetics; the practicalities. In: Jones, AM.; 
Poole, DC., editors. Oxygen Uptake Kinetics in Sport, Exercise, and Medicine. New York: 
Routledge; 2004. p. 39-61.

6. Fawkner SG, Armstrong N, Potter CR, Welsman JR. Oxygen uptake kinetics in children and adults 
after the onset of moderate-intensity exercise. J Sports Sci. 2002 Apr.20:319–326. [PubMed: 
12003277] 

7. Hebestreit H, Kriemler S, Hughson RL, Bar-Or O. Kinetics of oxygen uptake at the onset of 
exercise in boys and men. J Appl Physiol. 1998 Nov.85:1833–1841. [PubMed: 9804588] 

8. Chilibeck PD, Paterson DH, Smith WD, Cunningham DA. Cardiorespiratory kinetics during 
exercises of different muscle groups and mass in old and young. J Appl Physiol. 1996 Sep.81:1388–
1394. [PubMed: 8889778] 

9. DeLorey DS, Kowalchuk JM, Paterson DH. Effect of age on O2 uptake kinetics and the adaptation 
of muscle deoxygenation at the onset of moderate-intensity cycling exercise. J Appl Physiol. 2004 
Jul.97:165–172. [PubMed: 15003999] 

10. Leclair E, Berthoin S, Borel B, Thevenet D, Carter H, Baquet G, et al. Faster pulmonary oxygen 
uptake kinetics in children versus adults due to enhancements in oxygen delivery and extraction. 
Scand J Med Sci Sports. 2013 Dec.23:705–712. [PubMed: 22353227] 

11. Haralambie G. Enzyme activities in skeletal muscle of 13–15 years old adolescents. Bull Eur 
Physiopathol Respir. 1982 Jan-Feb;18:65–74. [PubMed: 7053778] 

12. Eriksson O, Saltin B. Muscle metabolism during exercise in boys aged 11–16 years compared to 
adults. Acta Paediatr Belg. 1974; 28(suppl):257–265. [PubMed: 4446986] 

13. Unnithan VB, Baynard T, Potter CR, Barker P, Heffernan KS, Kelly E, et al. An exploratory study 
of cardiac function and oxygen uptake during cycle ergometry in overweight children. Obesity. 
2007 Nov.15:2673–2682. [PubMed: 18070758] 

14. Nadeau KJ, Zeitler PS, Bauer TA, Brown MS, Dorosz JL, Draznin B, et al. Insulin resistance in 
adolescents with type 2 diabetes is associated with impaired exercise capacity. J Clin Endocrinol 
Metab. 2009 Oct.94:3687–3695. [PubMed: 19584191] 

15. Loftin M, Heusel L, Bonis M, Carlisle L, Sothern M. Comparison of oxygen uptake kinetics and 
oxygen deficit in severely overweight and normal weight adolescent females. J Sports Sci Med. 
2005 Dec 1.4:430–436. [PubMed: 24501557] 

16. Potter CR, Zakrzewski JK, Draper SB, et al. The oxygen uptake kinetic response to moderate 
intensity exercise in overweight and non-overweight children. Int J Obes. 2013 Jan.37:101–106.

Franco et al. Page 7

J Pediatr. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



17. Salvadego D, Lazzer S, Busti C, Galli R, Agosti F, Lafortuna C, et al. Gas exchange kinetics in 
obese adolescents. Inferences on exercise tolerance and prescription. Am J Physiol Regul Integr 
Comp Physiol. 2010 Nov.299:R1298–R1305. [PubMed: 20686169] 

18. Wilms L, Larsen J, Pederson PL, Kvetny J. Evidence of mitochondrial dysfunction in obese 
adolescents. Acta Paediatr. 2010 Jun.99:906–911. [PubMed: 20015331] 

19. Fleichman A, Kron M, Systrom DM, Hrovat M, Grinspoon SK. Mitochondrial function and insulin 
resistance in overweight and normal-weight children. J Clin Endocrinol Metab. 2009 Dec.
94:4923–4930. [PubMed: 19846731] 

20. Mahon MP, Guilkey JP, Stephens BR, Cole AS, Mahon AD. The influence of maturation on the 
oxygen uptake efficiency slope. Pediatr Exerc Sci. 2012 Aug.24:347–356. [PubMed: 22971552] 

21. American Diabetes Association. Standards of medical care in diabetes- 2012. Diabetes Care. 2012 
Jan.35:S11–S63. [PubMed: 22187469] 

22. Arena R, Peberdy MA. Short-term reliability of oxygen uptake on-kinetics in apparently healthy 
subjects. J Cariopulm Rehabil. 2006 Jul-Aug;26:219–223.

23. Midgley AW, McNaughton LR, Carroll S. Time at VO2max during intermittent treadmill running: 
test protocol dependent or methodological artifact? Int J Sports Med. 2007 Nov.28:984–989.

24. Shimizu M, Myers J, Buchanan N, Walsh D, Kraemer M, McAuley P, et al. The ventilatory 
threshold: method, protocol, and evaluator agreement. Am Heart J. 1991 Aug.122:509–516. 
[PubMed: 1858634] 

25. Beaver WL, Wasserman K, Whipp BJ. A new method for detecting anaerobic threshold by gas 
exchange. J Appl Physiol. 1986 Jun.60:2020–2027. [PubMed: 3087938] 

26. Hughson RL, Tschakovosky ME, Houston ME. Regulation of oxygen consumption at the onset of 
exercise. Exerc Sports Sci Rev. 2001 Jul.29:129–133.

27. Grassi B, Hogan MC, Kelley KM, Aschenbach WG, Hamann JJ, Evans RK, et al. Role of 
convective O2 delivery in determining VO2 on-kinetics in canine muscle contracting at peak VO2. 
J Appl Physiol. 2000 Oct.89:1293–1301. [PubMed: 11007561] 

28. Grassi B, Gladden LB, Samaja M, Stary CM, Hogan MC. Faster adjustment of O2 delivery does 
not affect VO2 on-kinetics in isolated in situ canine muscle. J Appl Physiol. 1998 Oct.85:1394–
1403. [PubMed: 9760333] 

29. Grassi B, Gladden LB, Stary CM, Wagner PD, Hogan MC. Peripheral oxygen diffusion does not 
affect VO2 on-kinetics in isolate in situ canine muscle. J Appl Physiol. 1998 Oct.85:1404–1412. 
[PubMed: 9760334] 

30. Grassi B, Poole DC, Richardson RS, Knight Dr, Erickson BK, Wagner PD. Muscle O2 uptake 
kinetics in humans: implications for metabolic control. J Appl Physiol. 1996 Mar.80:988–998. 
[PubMed: 8964765] 

31. Green HJ, Fraser IG, Ranney DA. Male and female differences in enzyme activities of energy 
metabolism in vastus lateralis muscle. J Neurol Sci. 1984 Sep.65:323–331. [PubMed: 6238135] 

32. Wagner IV, Sabin MA, Pfaffle RW, Hiemisch A, Sergeyev E, Korner A, et al. Effects of obesity 
on human sexual development. Nat Rev Endocrinol. 2012 Jan 31.8:246–254. [PubMed: 22290357] 

33. Wang Y. Is obesity associated with early sexual maturation? A comparison of the association in 
American boys versus girls. Pediatrics. 2002 Nov.110:903–910. [PubMed: 12415028] 

34. Frisch RE. The right weight: body fat, menarche, and fertility. Nutrition. 1996 Jun.12:452–453. 
[PubMed: 8875545] 

Franco et al. Page 8

J Pediatr. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Franco et al. Page 9

Table 1

Differences in Anthropometric, Body Composition, and Cardiorespiratory Fitness Estimates Among Obese 

Adolescents (n=40) According to Sex.

Variable Males (N=12) Females (N=28) P value

Age (years) 13.13 ± 1.19 14.20 ± 1.79 0.065

Body mass (kg) 99.99 ± 21.20 97.28 ± 16.72 0.667

BMI (kg/m2) 35.98 ± 5.41 36.53 ± 4.50 0.740

%Body Fat (DXA) 41.43 ± 5.32 42.84 ± 3.91 0.378

Lean Mass (kg) 55.17 ± 6.75 55.24 ± 8.01 0.981

Fat Mass (kg) 39.39 ± 8.01 42.03 ± 9.81 0.433

Tanner stage 3.00 ± 0.73 3.89 ± 0.68 0.001

VO2peak (L·min−1) 2.72 ± 0.41 2.42 ± 0.36 0.030

τ2 (seconds) 15.17 ± 8.45 23.07 ± 8.91 0.013

Resting VO2 (L·min−1) 0.41 ± 0.06 0.38 ± 0.06 0.161

Stage 1 VO2 (L·min−1) 1.30 ± 0.25 1.22 ± 0.17 0.262

Stage 1 VO2 LEAN (L·kg of Lean−1·min−1) 22.67 ± 1.92 22.38 ± 2.90 0.762

Stage 1 %Max VO2peak 48.12 ± 6.22 50.90 ± 4.80 0.133

Ventilatory Threshold (L·min−1) 1.49 ± 0.29 1.41 ± 0.19 0.309

Stage 1 %Max Ventilatory Threshold 87.64 ± 3.75 87.06 ± 5.61 0.745

Mean ± S.D.; Statistical significance was set at P ≤ 0.05; BMI, Body Mass Index; DXA, Dual Energy X-ray Absorptiometry; VO2peak, peak 

oxygen consumption; τ2, Phase II Time Constant; VO2, oxygen consumption; VO2 LEAN, oxygen consumption per lean mass.
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Table 2

Differences in Anthropometric, Body Composition, and Cardiorespiratory Fitness Estimates in Male-Female 

Subjects Matched According to Tanner Staging of Pubertal Development

Variable Males (N=9) Females (N=9) P value

Age (years) 13.22 ± 1.36 13.28 ± 1.16 0.917

Body mass (kg) 99.26 ± 24.46 99.76 ± 13.45 0.958

BMI (kg/m2) 34.29 ± 5.00 38.44 ± 4.36 0.079

%Body Fat (DXA) 39.26 ± 3.60 42.97 ± 3.69 0.054

Lean Mass (kg) 55.79 ± 7.96 56.88 ± 8.26 0.786

Fat Mass (kg) 35.92 ± 4.35 42.87 ± 7.07 0.030

Tanner stage 3.33 ± 0.50 3.33 ± 0.50 1.000

VO2peak (L·min−1) 2.78 ± 0.44 2.60 ± 0.29 0.337

τ2 (seconds) 15.57 ± 9.69 27.02 ± 11.72 0.038

Resting VO2 (L·min−1) 0.43 ± 0.06 0.38 ± 0.08 0.168

Stage 1 VO2 (L·min−1) 1.33 ± 0.27 1.32 ± 0.12 0.880

Stage 1 VO2 LEAN (L·kg of Lean·min−1) 22.61 ± 0.97 23.57 ± 3.58 0.477

Stage 1 %Max VO2peak 48.03 ± 5.64 50.87 ± 3.80 0.229

Stage 1 Ventilatory Threshold (L·min−1) 1.52 ± 0.31 1.49 ± 0.13 0.759

Stage 1 %Max Ventilatory Threshold 87.58 ± 4.30 88.66 ± 4.58 0.615

Mean ± S.D.; Statistical significance was set at P ≤ 0.05; BMI, Body Mass Index; DXA, Dual Energy X-ray Absorptiometry; VO2peak, peak 

oxygen consumption; τ2, Phase II Time Constant; VO2, oxygen consumption; VO2 LEAN, oxygen consumption per lean mass.
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