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Sex difference in maximal oxygen uptake

Effect of equating haemoglobin concentration
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Summary. Ten men and 11 women were studied
to determine the effect of experimentally equating
haemoglobin concentration ([Hb]) on the sex dif-
ference in maximal oxygen uptake (Vo, ).
Vo,... wWas measured on a cycle ergometer using a
continuous, load-incremented protocol. The men
were studied under two conditions: 1) with nor-
mal [Hb] (153 g - L~') and 2) two days following
withdrawal of blood, which reduced their mean
[Hb] to exactly equal the mean of the women (134
g-L™"). Prior to blood withdrawal, Vo ex-
pressed in L - min~' and relative to body weight
and ride time on the cycle ergometer test were
greater (p<.01) in men by 1.11 L. min~"' (47%),
4.8 ml - kg~ 'min~" (11.5%) and 5.9 min (67%), re-
spectively, whereas V,_ _  expressed relative to
fat-free weight (FFW) was not significantly differ-
ent. Equalizing [Hb] reduced (p<.01) the mean
Vo, of the men by 0.26 L-min~" (7.5%), 3.2
ml-kg 'min™'  (69%) or 41 ml-kg
FFW'min~" (7.7%), and ride time by 0.7 min
(4.8%). Equalizing [Hb] reduced the sex difference
for Vo, less than predicted from proportional
changes in the oxygen content of the arterial
blood and arteriovenous oxygen content differ-
ence during maximal exercise. It was concluded
that the sex difference in [Hb] accounts for a sig-
nificant, but relatively small portion of the sex

difference in Vo, (L-min~'). Other factors

such as the dimensions of the oxygen transport
system and musculature are of greater impor-
tance.
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Introduction

Men have, on average, higher maximal oxygen
uptake (Vo, ) and physical work capacity

- (PWC) than women. Their Vi, is approxi-

mately 50% greater than that of women when ex-
pressed in L - min~!, 15 to 25% greater relative to
body weight (BW), and 5 to 15% greater relative to
fat-free weight (FFW) (Drinkwater 1973; Sparling
1980). Once factor suggested to contribute to
these differences is the sex difference in blood
haemoglobin concentration ((Hb]). Men, on the
average, have a [Hb] that is approximately 20
g+ L' (15%) higher than women. The lower [Hb]
of women results in"a lower arterial oxygen con-
tent (Ca0,) and arteriovenous oxygen content dif-
ference (C(a—¥)0,) during maximal exercise (As-
trand et al. 1964), and should contribute to their
lower Vo, . )

The relationship between [Hb] and Vo, is
inconsistent; there are indications that variations
in [Hb] may be in part compensated for by
changes in maximal cardiac output Q and/or
C(a—v)0O, (Hermansen 1973; Horstman et al.
1974, 1980; Rowell 1974). Thus, the portion of the
sex difference Vo,  that is due to the difference
in [Hb] is unclear. The purpose of this study was
to determine the effect of experimentally equating
the [Hb] on the sex difference in Vp, .

Methods

Subjects. Ten men and 11 women in good health served as
subjects. Their physical characteristics are summarized in Ta-
ble 1. Based on their reported physical activity and sport histo-
ry, the two groups were similar in the amount of regular endu-
rance exercise performed, although they individually, partici-
pated in a variety of recreational activities ranging from inac-
tive to moderately trained. Nearly equal mean Vo, . (ml-kg
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Table 1. Subject physcial characteristics (Means +SD)

Variable Males Females

Age (yr) 27.4+5.1 26.1+4.1
Height (cm) 176.0+7.0 166.2+7.0
Weight (kg) 74.3+9.1 56.0+7.3
Fat free weight (kg) 65.4+79 44.4+55
% Fat 11.6 4.9 20.7%3.1

FFW~'min ") values indicated that men and women had
similar cardiorespiratory capacities (Cureton 1981). Subjects
were fully informed of the purpose of the study, experimental
protocol and procedures, and risks involved in participating in
the experiment. Each signed a statement of written informed
consent approved by the Institutional Review Board con-
cerned with the use of human subjects in research.

Procedures. Vo,  was assessed on a cycle ergometer (Mon-
arch) using a continuous, load-incremented protocol. Begin-
ning at 123 watts, the work rate was increased by 25 watts ev-
ery 2-min. Pedal rate remained constant at 50 rev- min~".
Subjects pedaled as long as possible. The same protocol was
used for men and women, with the duration of the test serving
as a measure of PWC. A plateau in Vo2 during the final
minutes of the test or, a maximum heart rate within 10
bt - min~' of the age-predicted maximum and an R> 1.1 were
used as criteria for attaining VOZW.

Metabolic measurements were made using the semi-auto-
mated system described by Wilmore and Costill (1974). The
volume of expired air was measured using a dry gas meter
(Parkinson-Cowan CD-4). Concentrations of oxygen and car-
bon dioxide were measured using electronic gas analyzers
(Beckman OM-11 and LB-2), calibrated with standard gases
previously analyzed using the Lloyd-Gallenkamp apparatus.
Heart rate was determined from ECG recordings.

Venous blood samples were collected in heparinized: sy-
ringes. [Hb] was determined by the cyanmethemoglobin
method and hematocrit (Hct) was calculated from measures of
mean corpuscular volume and erythrocyte count using a
Coulter counter. Individual blood volumes of the men were
estimated from height and weight using an equation of Allen
et al. (1956).

Body composition was estimated from body density meas-
ured using underwater weighing with simultaneous determina-
tion of residual lung volume. Percent fat was estimated from
body density using the equation of Brozek et al. (1963), %
fat=(4.57/D,—4.142)100. FFW was calculated from BW and
the estimate of % fat.

Experimental protocol. Prior to the experimental treatment,
Vo,... was determined twice, one week apart, in all subjects.
The test-retest reliability was high (r=.95), with no significant
difference between the two tests. Therefore, the mean of the

two tests was used as the representative value. Resting [Hb]

and Hct were also determined twice, prior to the work capac-
ity tests, and the averages were used as the representative val-
ues. Following the completion of the work capacity tests,
blood was withdrawn from the men by venesection on two oc-
casions, three days apart. The total quantity of blood with-
drawn from an individual was that estimated to decrease the
subject’s [Hb] by an amount equal to the mean difference be-
tween the groups of men and women (19 g- L), as calcu-
lated from estimated blood volume, existing, and desired [Hb],
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assuming a constant plasma volume. The total volume of
blood withdrawn varied from 650 to 1000 ml.

Two days were allowed for plasma volume to be restored.
Subjects were encouraged to consume fluids liberally. In the
third day following blood withdrawal, venous blood samples
were obtained from the men following a 12-h fast and blood
[Hb] and Het were measured. On the same day, th Vo, of
the men was reassessed. Because the test-retest rehab1hty of
Vo2 for the initial two tests was high, a third test was not
administered to the women.

Statistical analysis. A °t test for independent samples was used
to test the significance of the differences between the women’s
and men’s means for the physiological and performance varia-
bles. A ‘" test for dependent samples was used to test the sig-
nificance of mean changes in the men resulting from blood
withdrawal. An alpha level of .01 was used for the significance
tests to compensate for the effect of multiple comparisons on
the probability of making a Type 1 error. All mean percentage
differences between the men and women were computed as
(Xp— Xp)/ Xr)100.

Results

The means and standard deviations for the physi-
ological responses to maximal exercise and the
hematological measures are presented in Table
2.

[Hb] and Hct. Prior to blood withdrawal, the men
had significantly higher [Hb] (14.2%) and Hct
(13.6%) than the women. Blood withdrawal signif-
icantly reduced the mean [Hb] of the men to equal
that of the women. Individual changes in [Hb]
varied from 12 to 27 g - L™ . The mean sex differ-
ence in Hct was also reduced to nonsignificance.

I:/Oz,m and PWC. Prior to blood withdrawal,

E,...» Vo, inL-min~" or relative to BW, and
ride time were significantly greater in men by
52%, 47%, 12% and 67%, respectively; VOZm,x
(ml - kg FFW~"min- h, HRmax, and R,,., did not
differ significantly. Withdrawal of blood signifi-
cantly reduced all three Vo _ expressions by 7—
8%, and ride time by 5%, but did not significantly
affect VE » HRppax, or Rpnay . With [Hb] equated,
mean Vme, Vo,.. (L-min~") and ride time
were significantly above the corresponding mean
values for women by 48%, 36% and 59%, respec-
tively; whereas Vo, (ml-kgmin~"), Vo
(ml - kg FFW~'min~ "), HR,,,, and R« Were not
significantly different.

Discussion

Blood withdrawal and reinfusion has been widely
used as an experimental approach for altering
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Table 2. Physiological responses to maximal exercise and hematological data (Means +SD)

Men Male-Female Differences
Variable Before After Mean Women Before After
Blood Blood Change Blood - Blood
Withdrawal Withdrawal Withdrawal Withdrawal
I:/E (L-min~") 121.7 +19.6 118.8 +17.8 2.9 803 + 8.8 41.4* 38.5%
Vo, (L-min~") 347+ 0.40 321+ 035 0.26* 236+ 0.36 1.11* 0.85*
Vo, (ml- kg~ 'min~") 464 £ 4.5 43.2 = 4.1 3.2% 41.6 = 3.7 4.8% 1.6
Vo, (ml - kg FFW ™~ 'min~") 534 + 5.1 493 + 4.6 4.1% 53.1 = 5.1 0.3 —-3.8
HR (bt - min~") 189 +10 186 +10 3 185 =+ 6 4 1
R 1.28+ 0.05 130+ 0.07 —0.02 1.25+ 0.05 0.03 0.05
Ride time (min) 14.7 + 3.3 140 = 2.9 0.7% 88 + 2.4 5.9* 5.2%
Hb(g-L7) 153 =*= 6 134 =+ 6 19* 134 =+ 7 19* 0
Hct (%) 444 £ 2.0 39.5 + 2.0 4.9* 39.1 + 1.8 5.3* 04

* Significant at p<.01

[Hb] and CaO, to determine the effects on VOZmax
and PWC (Gledhill 1985). The present study was
not designed to look specifically at these effects,
but to create groups of men and women with
equal [Hb]. The unique aspect of this study was
the direct comparison of Vo in groups of men
and women before and after equalizing [Hb]. The
difference between the comparisons was used to
indicate the portion of the sex difference in
Vo,.., determined by [Hb].

Blood withdrawal reduced the mean [Hb] of
the men to equal that of the women. The fact that
the mean [Hb] was reduced by exactly the amount
predicted provides support for the assumption
that plasma volume was restored during the two-
day interval following blood withdrawal; others
have observed restoration within one day of with-
drawing 500— 1000 ml blood (Ekblom et al. 1976;
Fortney et al. 1981). )

The magnitude of change in V5, in the men
agrees closely with a number of other studies in
which a similar volume of blood was withdrawn
or in which a similar reduction in [Hb] was pro-
duced through blood withdrawal (Ekblom et al.
1972, 1976; Freedson 1981; Horstman et al. 1974,
1980; Rowell 1964). In those studies, Vo,  de-
clined 4—10% and work time on maximal-effort
constant-rate endurance tests decreased 20—35%.
The smaller percentage change in our perform-
ance measure may have been a reflection of
the nature of the test, which was graded rather
than constant-load. Balke (1954) observed a 7.8%
reduction in the time required to reach a heart
rate of 184—188 bt- min~' on a graded walking
treadmill test 2—3 days following withdrawal of
500 ml blood in 14 men. Freedson (1981) obtained
a small, nonsignificant (1.2%) reduction in maxi-

mal work rate on a graded cycle ergometer test 4
days following blood withdrawal and reduction
of [Hb] by 18.6% in 6 men. The changes in Vo,
and PWC in this study were also very similar in
magnitude (but opposite in direction) to increases
observed following increased [Hb] due to reinfu-
sion of approximately 800 ml blood (Gledhill
1985). )

In the present study, the decrease in Vo,
(L -min ') in the men resulting from the decrease
in [Hb] was only about 60% as large as that ex-
pected if [Hb] reduction had produced propor-
tional changes in Ca0,, C(a—¥%)0O,, and V,, dur-
ing maximal exercise. Since other research has
shown that [Hb] reduction is accompanied by a
proportional change in CaO, (Ekblom et al. 1976;
Woodson et al. 1978), this suggests that compen-
satory alterations occured in maximal CvO, or Q.
Previous studies have found Q.. may be in-
creased (Horstman et al. 1980; Woodson et al.
1978) or unchanged (Ekblom et al. 1976) follow-
ing blood withdrawal. Horstman et al. (1974,
1980) have argued that the compensatory increase
in Quax that may accompany [Hb] and Hct reduc-
tion is due to reduced blood viscosity. In the per-
fused dog hindlimb, blood viscosity has been
shown to be directly related to Hct (Levy and
Share 1953), and blood flow inversely related to
Hct (Gaehtgens et al. 1979). During electrical
stimulation, increased blood flow due to reduced
Hect is associated with increased O, delivery up to
an optimal hematocrit of 0.5 or 0.6 (Gaehtgens et
al. 1979).

Considerable additional evidence indicates
maximal Q is proportionately higher in individu-
als with low [Hb], including women (Hermansen
1973). For example, Astrand et al. (1964) found
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the Q,m,x/Vo2 ratio to be 7.1 in a group of
young women with a mean [Hb] of 137 g-L~
compared to 5.9 in young men with a mean [Hb]
of 156 g-L~"'. Thus, it is possible that the lower
[Hb] of women compared to men does not result
in a proportionately lower Vo . because lower
blood viscosity results in proportlonately higher
Qmax. If this is the case, the overall effect of a
lower [Hb] on Vo ___is less than that represented
by the effect on maximal C(a—¥)0s.

It is also possible that a smaller change in
Vo,... than expected occurred following blood
withdrawal in the men in this study due to a com-
pensatory decrease in C¥O,. This could have oc-
curred if red blood cell 2,3-DPG increased in re-
sponse to blood loss. Although not measured in
the present investigation, in other studies blood
2,3-DPG has either increased (Freedson 1981) or
not changed significantly (Ekblom et al. 1976;
Woodson et al. 1978) 1 to 3 days following blood
withdrawal and reduction in [Hb]. In studies on
blood doping in which red blood cell 2,3-DPG
was measured, no significant changes were ob-
served 24 h after blood reinfusion (Buick et al.
1980; Ekblom et al. 1976; Williams et al. 1981).
Thompson et al. (1982) found no change in maxi-
mal CvO, following induced erythrocythemia, in
which [Hb] was increased by an amount similar to
the decrease in the present study. Therefore, it
seems unlikely, although possible, that alterations
in 2,3-DPG and a compensatory decrease in CVO,
accounted for the smaller than expected change
in Vo2 in the present study.

The physiological differences responsible for
the sex difference in Vo ... have been a topic of
interest for many years (Astrand 1952; Drink-
water 1973; von Dobeln 1956). The sex difference
in [Hb}] is always mentioned as one contributing
factor, but its importance relative to other differ-
ences has not been clear. Differences in the size of
the oxygen transport organs and musculature ap-
pear to be of primary importance since the per-
centage difference in Vo, between groups of
men and women is reduced dramatically when
Vo, is expressed relative to BW or FFW. Based
on an analysis of 13 studies in the literature in
which Vo, of men and women was directly
compared, Sparling (1980) reported average mean
differences of 56%, 28%, and 15% for Vo,  ex-
pressed in L - min~, relative to BW and relative
to FFW, respectively. These differences were in-
dependent of test mode. However, the groups of
men and women in most studies were not
matched on level of physical condition and Sparl-
ing concluded that differences in physical activity
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probably contributed to the magnitude of sex dif-
ferences observed. In two studies on relatively
large groups of male and female runners and
swimmers carefully matched on training history
(Sparling and Cureton 1983; Zwiren et al. 1983),
the differences for the BW and FFW Vo2 ex-
pressions were smaller, 18% and 3—35%, respec—
tively. The small sex difference in Vo2 ex-
pressed relative to FFW suggests that all but a
very small portlon of the sex difference in VO2de
(L-min~") is related to dimensional differences
between the sexes, if men and women are equally-
trained. The findings of the present study are in
agreement with this deduction and suggest that
the portion of the sex difference in Vo,
(L - min~") not related to dimensional differences
could be due to the sex difference in [Hb].

We conclude that sex difference in [Hb] ac-
counts for a s1gn1f1cant but small portion of the
sex difference in ¥, (L - min™"). Other factors
such as the dimensions of the oxygen transport
system and musculature are of greater impor-
tance.
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