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ABSTRACT

EXPLANATION OF VARIANCE IN VO;max FOR TRAINED AND UNTRAINED FEMALE COLLEGE
STUDENTS. Zhou B. JEPonline 2004;69-74. To follow up our previous study in which the male subjects were
investigated, the attempt of the current study was to find out the variables that best explained the variance in
VO,max for the trained and untrained college female students. Ten college female students (untrained = UT) and
ten collegiate female distance runners (trained = TR) were recruited and volunteered to participate in this study.
VO,max, Qmax, and HRmax were measured during a graded exercise test (GXT). No differences existed in
HRmax, a-7#0, diffmax and body weight (Wt) between two groups (p>0.05). TR had the greater values for
VO,max (59.4+4.18 vs. 43.5+3.33 ml/kg/min, p<0.01), Qmax (21.1+2.52 vs. 17.74+2.13 L/min, p<0.01), and
SVmax (118.0+13.05 vs. 97.0+11.99 ml/beat, p<0.01). The relative term of VO,max was not correlated to
Qmax, SVmax, a-#0, diffmax, HRmax, and body mass for UT (p>0.05), but VO,max = 2.49 +2.735 Qmax —
0.987 Wt + 0.344 a-70, diffmax for TR (R=0.998, R>=0.996, SEE=0.31, p<0.01). To compare trained with
untrained, the larger VO,max in TR was due to greater values in Qmax and SVmax. The regression model
indicated that the Qmax, a-70, diffmax and body weight were the critical variables that best explained the
variance in VO,max for TR. Of the three, the Qmax was the most critical variable for VO,max. In addition, the
regression model that combined the trained and untrained females demonstrated that VO,max = 2.605 Qmax —
0.777 Wt. + 0.324 a-70; diffmax — 3.678 (R=0.998, R?=0.995, SEE=0.68, p<0.01). It confirmed that the central
factor, Qmax, was the most critical variable to determine VO,max, which might play a dominant role for
variance of VO,max in the female college students.
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INTRODUCTION

Maximal Oxygen consumption (VO,;max) varies among individuals in a same population, such as the trained
runners or untrained individuals (1,8,9,11,12,23). The variables that can be used to explain the variance in
VO,max include, but not limited to, training status, genetic predisposition, body mass, body composition,
maximal arteriovenous oxygen content difference (a-#O, diffmax), maximal heart rate (HRmax), maximal
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cardiac output (Qmax), and maximal stroke volume (SVmax) (2,3,4,7,14,24,26). To follow up our previous
study (31) in which the male subjects were investigated, the attempt of the current study was to find out the
variables that best explain the variance in VO,max for the trained and untrained college female students, and the
gender difference in the variables associated with the variance in VO,max. The independent variables were
HRmax, SVmax, a-#0, diffmax, Qmax, and body mass.

METHODS

Subjects

Ten female physical education students (UT) and ten female university distance runners (TR) participated in
this study. The study was approved by the Institutional Review Boards at Brigham Young University and LDS
Hospital (Salt Lake City, Utah). All subjects signed a written informed consent form and were asked to
familiarize with the treadmill and the acetylene rebreathing procedure prior to testing.

Oxygen consumption (VO;) measurement

All variables were assessed during a graded exercise test (GXT) as described previously (30). VO, was tested
using a standard open-circuit system in which expired volumes were measured by a Fleish Pneumotach (Hans
Rudolph, Model 3813, Kansas City, MO), and the concentrations of oxygen and carbon dioxide were quantified
by a medical gas analyzer (Marquette 1100 Mass Spectrometer). Data from the pneumotachometer and mass
spectrometer were transferred to a computer. VO, was calculated by the software developed by Consensus
Technologies (Salt Lake City, UT). Maximal oxygen consumption was considered to be reached when two of
three criteria were satisfied: VO, leveling off despite an increase in work rate, heart rate greater than 90 % of
the age-predicted maximal value (220 — age), and a respiratory exchange ratio (RER) greater than 1.10 (4, 13).

Cardiac output (Q), stroke volume (SV), and heart rate (HR) measurement

Q was measured using the acetylene rebreathing method initiated by Triebwasser et al. (28) and redeveloped
into the computerized rebreathing system by Jensen et al. (15). A modification of the equipment and technique
was made so that both Q and VO, could be measured during GXT (10). A pneumatic switch kept the bag
system closed for the first 2 min of each stage during GXT to allow subjects to breathe room air. After 2
minutes of each stage, subjects were instructed to open the pneumatic valve at the end of expiration and then
breathed in and out through a pre-filled mixed gas in a bag. The mixture of gas in the bag was 1 % acetylene,
9.18 % helium, 40 % oxygen, and 48.82 % nitrogen. This mixture was re-breathed for eight complete breathes
at rest and six breathes during each stage of exercise (30). Q was measured at rest and during the last 30 s of
each stage of the GXT.

The changes in concentration of acetylene and helium during rebreathing were measured by a mass
spectrometer and digitized at 100 Hz by a computer for storage and processing of the data. Typically, the
concentration of helium did not change after the second breath, but the concentration of acetylene continued to
decline after each sequential expiration due to the uptake of acetylene by the capillary blood. Thus, Q was
calculated from the exponential disappearance rate of acetylene relative to helium during the rebreathing
procedure. The slope of the acetylene concentration curve relative to the helium concentration curve is
proportional to the rate of blood flow through the lungs or Q. Blood flow, in turn, depends on the work rate;
thus the steeper the [C,H2] slope, the greater the Q as calculated by the equations used by Cander and Forster
(5). This technique is highly reproducible in determining cardiac output (29). The estimated coefficient of
variation for this technique was 6.8 % (15). Test-retest correlation coefficients for resting and maximal values
were 0.99 and 0.93 respectively (30).

An electronic HR monitor was used to record HR at rest and during each stage of exercise while Q was
measured. Stroke volume of each subject at rest and during each stage of the GXT was obtained by the
equation: SV = Q + HR (16,19,20).
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The maximal arteriovenous oxygen content difference (a-#O, diffmax) was calculated based on the Fick
equation: VO,max = (HRmax * SVmax) * a-#0, diffmax (16).

Statistical Analyses

ANOVA were used to exam the differences of age, body mass, HRmax, VO,max, Qmax, SVmax, and a-#0,
diffmax between the two groups. Partial Correlation was employed to analyze the relationship between VO,max
and independent variables including the body mass, HRmax, Qmax, SVmax, and a-#0, diffmax. Stepwise
Linear Regression was used to yield a model if the correlation coefficients reached the significant level (25).
The probability of the F-ratio to enter or remove a variable into or from the regression model was set at p<0.05
and >0.10 respectively. The independence of predictor variables was estimated by the Collinearity Statistics
including the tolerance statistic and the variance inflation factor. Statistical significance was set at p<0.05 (27).

RESULTS

There were no differences in maximal heart rate (HRmax), maximal arteriovenous oxygen content difference
(a-70,, diffmax) and body mass (Wt.) between the two groups (p>0.05). RT had greater VO,max (p<0.01),
maximal cardiac output (Qmax) (p<0.01), and maximal stroke volume (SVmax) (p<0.01), but younger age
(p<0.01) to compare with the UT (Table 1).

Table 1. Comparisons of characteristics Table 2. Relationships between maximal
between female college students and distance oxygen consumption and related variables
runners. in female college students and distance
Variables Students Runners runners.
Age (years 2266158 199179
Body Mass (kg) 62.8+10.87 56.8+4.38 VO,max (ml/kg/min) -0.312 0.659*
VO;max (L/min) 2.734+0.40 3.38+0.42** Qmax (L/min)
VO,max (ml/kg/min) 43.5+3.33 59.444.18**
Qmax (L/min) 17.7£2.13 21.142.52%* qumax.(mllkg/min) 0.136 0.382
SVmax (ml/beat) 97.0+11.99  118.0+13.05** a-¥ 0, diffmax (ml/L)
a-¥O.diffmax (ml/L)  153.7412.45  160.6+11.19 VO,max (ml/kg/min) 0.165 -0.247
HRmax (beats/min) 188.2+4.76 187.0+6.51 HRmax (beats/min)
Values are means+ SD. n = 20, ** p<0.01. -
VO,max (ml/kg/min) -0.394 0.546*
SVmax (ml/beat)
The correlation coefficients indicated that Qmax, SVmax,  VO,max (ml/kg/min) -0.573* 0.429
HRmax, and a-#O; diffmax, were not correlated to the Body mass (kg)

relative term of VO,max for UT (p>0.05) except body
mass that was negatively correlated to VO,max (p<0.05).
Whereas, Qmax and SVmax were positively correlated to
the relative term of VO,max for TR (p<0.05) (Table 2). Further analysis using Stepwise Linear Regression
yielded a model for TR, which was VO,max = 2.49 +2.735 Qmax — 0.987 Wt + 0.344 a-70, diffmax.
(R=0.998, R?=0.996, SEE=0.31, p<0.01). The model indicated that the variables that best explained the
variance in VO,max for TR were the Qmax, body mass, and a-#0, diffmax. VO,max was best predicted by
Qmax. Regarding the power of the model, a further analysis was conducted with both TR and UT subjects. The
analysis with a larger sample yielded a similar model, which was VO,max = 2.605 Qmax — 0.777 Wt. + 0.324
a-70, diffmax — 3.678 (R=0.998, R?=0.995, SEE=0.68, p<0.01). This confirmed that the central factor, Qmax,
best explained the variance in VO,max to compare with peripheral factors, body weight and a-7#O, diffmax, for
both trained and untrained female college students.

r=correlation coefficient; n=20, * p<0.05.
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DISCUSSION

To compare the trained with the untrained female students, our study had similar results with previous
observations (1,4,8,9,23,24,30,31), which suggested that the central factors were critical in response to the
difference in VO,max. The greater value of VO,max in TR was due to the greater values in the Qmax and
SVmax, but not a-#0, diffmax (2,3).

The TR’s model demonstrated that the variables that best explained the variance in VO,max for trained college
females were Qmax, a-#0O; diffmax, and body mass. Of the three, the Qmax was most critical according to the
weights of the variables. This may suggest that the central factor related to the capacity of O, transport might
play a dominant role for the variance in VO,max for female TR (1,2,3,4,8,9). To compare with our previous
study, it was interesting to find out that there was a gender difference in the most critical variable to explain the
variance in VO,max. In the previous study, we found that a-vO, diffmax was the most critical variable to
determine VO,max, which suggested that muscle O, utilization might play a dominant role in VO,max for the
male TR (6,17,18,21,22,31).

From our study, it is unclear whether this gender difference is due to training status, body composition, a
consequence of genetics, or a combination of the influences. Because this was a cross-sectional study with a
limitation, we could not quantify the differences in training and body composition. Regardless of whether the
differences are due to genetics, training, or body composition, the mechanisms responsible for the gender
difference in the most critical variable that explain the variance in VO,max for the female or male TR are not
apparent from the present study.

Similarly as the previous study, the linear regression analysis was conducted with both TR and UT subjects in
regarding the predicted power of the model in the current study. The analysis yielded another similar model that
confirmed that the Qmax, body mass, and a-vO, diffmax were the variables that best explain the variance in
VO,max, and the Qmax was the most critical one. This analysis suggested that more subjects per independent
variables were needed in multiple regression approach. Our results do warrant that further research is needed to
better understand the factors in response to the variance of VO,max in individuals who differ from gender,
training, and endurance fitness status.

In summary, the finding of the present study suggested that the Qmax, body mass, and a-#O, diffmax, were the
variables that best explained the variance in VO,max for the trained and untrained female college students. Off
the three, the Qmax was the most critical variable to determine VO,max, which might play a dominant role for
variance of VO,max in the female college students.

Address for corresponance. Ben Zhou, Department of Physical Education and Recreation, California State
University Dominguez Hills, 1000 E Victoria Street, Carson, CA 90747, Tel: (310) 243-2223, Fax: (310) 217-
6946, E-mail: bzhou@csudh.edu.

REFERENCES

1. Atrand, P.-O., T. E. Cuddy, B. Saltin, and J. Stenberg. Cardiac output during submaximal and maximal
work. J Appl Physiol 1964;19:268-274.

2. Bassett, D. R., and E. T. Howley. Limiting factors for maximal oxygen uptake and determinants of
endurance performance. Med Sci Sports Exerc 2000;32 70-84.

3. Bergh, U. B., B. Ekblom, and P. O. Astrand. Maximal oxygen uptake “classical” versus “contemporary”
viewpoints. Med Sci Sports Exerc 2000;32:85-88.



Variance Explanation of VO,max in Females 73

4. Blomgyist, C. G. and B. Saltin. Cardiovascular adaptations to physical training. Annu Rev Physiol
1983:45: 169-189.

5. Cander, L., and R. E. Forster. Determination of pulmonary parenchymal tissue volume and pulmonary
capillary blood flow in man. J. Appl. Physiol. 1959;14:541-551.

6. Cardus, J., R.M. Marrades, J. Roca, J.A. Barbera, O. Diaz, J.R. Masclans, R. Rodriguez-Roisin, and P.D.
Wagner. Effects of F,02 on leg %O, during cycle ergometry in sedentary subjects. Med Sci Sports Exerc
1998;30:697-703.

7. Coyle, E. F. and J. O. Holloszy. Integration of the physiological factors determining endurance performance
ability. In: Exercise and Sport Sciences Reviews. J. O. Holloszy (Ed.). Baltimore, MD: Williams & Wilkins,
1995, pp. 25-63.

8. Ekblom, B. Effect of physical training on oxygen transport system in man. Acta Physiol Scandinavica
1969: 328 (Suppl): 1-45.

9. Ekblom, B. and L. Hermansen. Cardiac output in athletes. J Appl Physiol 1968;25:619-625.

10. Gledhill, N., D. Cox, and R. Jamnik. Endurance athletes' stroke volume does not plateau: Major advantage
is diastolic function. Med Sci Sports Exerc 1994;26:1116-1121.

11. Hill, A. V., C. N. H. Long, and H, Lupton. Muscular exercise, lactic acid and the supply and utilization of
oxygen: Parts VII-VIII. Proc Roy Soc 1924;B97:155-176.

12. Hill. A. V. and H. Lupton. Muscular exercise, lactic acid and the supply and utilization of oxygen. Q J Med
1923;16:135-171.

13. Hodgson. J. L. and E. R. Buskirk. Physical fitness and age, with emphasis on cardiovascular function in the
elderly. J Am Geriatr Soc 1977;25:385-392.

14. Holloszy, J. O. and E. F. Coyle. Adaptations of skeletal muscle to endurance exercise and their metabolic
consequences. J Appl Physiol 1984;56:831-838.

15. Jensen, R. L., R. O. Crapo, J. D. Mason, and F. G. Yanowitz. Small-sample reproducibility estimates: an
example using rebreathing measurements. J Appl Physiol 1990;68:1717-1721.

16. Powers, S.K. and E.T. Howley. Exercise Physiology: Theory and Application to Fitness and Performance
(5" Ed.) 2004: McGraw Hill.

17. Richardson, R. S. and B. Saltin. Human muscle blood flow and metabolism studied in the isolated
quadriceps muscles. Med Sci Sports Exerc 1998;30:28-33.

18. Robinson, D. M., R. W. Ogilivie, P. C. Tullson, and R. L. Terjung. Increased peak oxygen consumption of
trained muscle requires increased electron flux capacity. J Appl Physiol 1994;77:1941-1952.

19. Rowell, L. B., Human Circulation-Regulation during Physical Stress. New York: Oxford University Press
1986.

20. Rowell, L. B. and J. T. Shepherd. Handbook of Physiology Section 12. New York, Oxford University Press
1996.

21. Russell T. Hepple. Skeletal muscle: microcirculatory adaptation to metabolic demand. Med Sci Sports
Exerc 2000;32:117-123.

22. Russell S. Richardson, H.A. Craig, G. Bruno, and H.T. Russell. Skeletal muscle: master or slave of the
cardiovascular system? Med Sci Sports Exerc 2000;32:89-93.

23. Saltin, B., Physiological effects of physical conditioning. Med Sci Sports Exerc 1969;1:50-56.

24. Saltin, B. and S. Strange. Maximal oxygen uptake: “old” and “new” arguments for a cardiovascular
limitation. Med Sci Sports Exerc 1992;24:30-37.

25. Shannon, D. M., & Davenport, M. A. Using SPSS to solve statistical problems: A self-instruction guide.
Prentice-Hall, Inc., 2001, Upper Saddle River, New Jersey.

26. Spina, R.J., T. Ogawa, W. H. Martin I1I, A. R. Coggan, J. O. Holloszy, and A. A. Ehsani. Exercise training
prevents decline in stroke volume during exercise in young healthy subjects. J Appl Physiol 1992;72:2458-
2462.

27. Thomas, J. R. and J. K. Nelson. Research Methods in Physical Education. Human Kinetics Books, Second
edition 1990;107-128.



Variance Explanation of VO,max in Females 74

28. Triebwasser, J. H., R. L. Johnson, JR., R. P. Burpo, J. C. Campbell, W. C. Reardon, and C. G. Blomquvist.
Noninvasive determination of cardiac output by a modified acetylene rebreathing procedure utilizing Mass
Spectrometer measurements. Aviat. Space Environ Med 1977;48:203-209.

29. Warburton, D. E. R., N. Gledhill, and V. K. Jamnik. Reproducibility of the acetylene rebreathe technique for
determining cardiac output. Med Sci Sports Exerc 1998;30:952-957.

30. Zhou, B., R. K. Conlee, R. Jensen, G. W. Felingham, J. D. George, and A. G. Fisher. Stroke volume does
not plateau during graded exercise in elite male distance runners. Med Sci Sports Exerc 2001;33:1849-1854.
31. Zhou, B., M.P. Ernst, and Y.T. Wang. Explanation of variance in VO,max for trained and untrained male
subjects. JEPonline, Volume 7 Number 2 April 2004,



	ISSN 1097-9751
	Systems Physiology: Cardiopulmonary

	EXPLANATION OF VARIANCE IN VO2max FOR TRAINED AND UNTRAINED 
	BEN ZHOU
	Department of Physical Education and Recreation, California 
	ABSTRACT
	INTRODUCTION
	Cardiac output (Q), stroke volume (SV), and heart rate (HR) 
	Statistical Analyses

	RESULTS



