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ABSTRACT

LEBRUN, C. M., D. C. McKENZIE, J. C. PRIOR, and J. E. TAUN-
TON., Effects of menstrual cycle phasce on athletic performance. Med.
Sci. Sports Exerc., Vol. 27, No. 3, pp. 437-444, 1995. The purpose of
this study was to examine the cffects of menstrual cycle phase on four
selected indices of athletic performance: acrobic capacity, anacrobic
capacity, isokinetic strength, and high intensity endurance. Sixtcen
cumenorrheic women (VOa,,., = 50 ml'kg™'min™") werc tested
during the early follicular (F) and midluteal (L) phases of the menstrual
cycle. Cycle phases were confirmed by serum cstradiol and proges-
terone assays. No significant differences were observed between F and
L tesls in weight, percent body fat, sum of skinfolds, hemoglobin
concentration, hematocrit, maximum heart rate, maximum minule ven-
tilation, maximum respiratory exchange ratio, anaerobic performance,
endurance time to fatigue (at 90% of VOay,,,), or isokinctic strength of
knee flexion and extension, Both absolute and relative VO,,,..., how-
ever, were slightly lower in L than in F (F = 3.19 = 0.09-min ', L =
3.13 = 0.08:min~ !, P = 0.04; and F = 53.7 = 0.9 ml'*kg~'min~", L
= 52.8 = 0.8 ml-kg™'-min~!, P = 0.06). These results suggest that
the cyclic increases in endogenous female steroid hormones of an
ovulatory menstrual cycle may have a slight, deleterious influence on
acrobic capacity, with potential implications for individual athletes.
Nevertheless, the cycle phase did not impact significantly on the
majority of the other performance tests and cardiorespiratory variables
measured in this study.

ESTRADIOL, PROGESTERONE, FOLLICULAR, LUTEAL,
VOapax, AEROBIC ENDURANCE, ANAEROBIC CAPACITY,
ISOKINETIC STRENGTH, PERCENT BODY FAT

he 20th century has brought ever-increasing num-

bers of athletic women into the competitive arena.

With this has come a concomitant awareness of

health issues specific to active women. A topic of rela-

tively recent interest has been the potential effects of

menstrual cycle phase and the associated variations in the
female steroid hormones on athletic performance.

The first studies were largely anecdotal or retrospec-

tive surveys. Subsequently, attempts have been made to

quantify performance variations using various treadmill
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and cycle ergometer protocols. Discrepancies in the tim-
ing of the testing, and inadequate documentation of cycle
phase make these early results difficult to interpret with
any validity, as detailed elsewhere (24).

A “regular” menstrual cycle (i.e., 28 d long) does not
necessarily imply the presence of either ovulation or a
normal luteal phase (35). Basal body temperature (BBT)
patterns can be used to estimate cycle phases. A midcycle
elevation of 0.2°-0.3°C reflects the thermogenic action
of increased progesterone levels and strongly suggests
that ovulation has occurred (41). Limitations to this
method have been described (2), but accurate recording
techniques and computer analysis of temperature graphs
can greatly increase reliability (36). Nevertheless, hor-
monal levels are still the most valid criteria for absolute
documentation of cycle phase (22). Most studies utilizing
serum progesterone for confirmation have not found any
significant menstrual cycle effects on either maximal or
submaximal cardiorespiratory  exercise  responses
(8,10,32,38), with the exception of a possible luteal phase
enhancement of endurance time (18,28). One group (38)
demonstrated changes in nonathletes only, suggesting
that some effects on exercise performance can be over-
come voluntarily and with training. In contrast, others
have shown an increased oxygen consumption and de-
creased net efficiency for exercise of shorter duration
(16), as well as a greater degree of circulatory strain
(16,32,38) during the luteal phase, possibly due to the
progesterone-induced increase in core body temperature
and metabolic rate.

Subsequent work has focused on various aspects of
substrate metabolism (3,21,23). Estradiol enhances gly-
cogen uptake and storage in both liver and muscle, in
animals (1,20,27) and in humans (13,28). Other meta-
bolic actions of estradiol with the potential to improve
endurance performance include an increase in lipid avail-
ability and utilization, and enhanced gluconeogenesis
(for review see 4).
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Researchers have also examined the influence of cycle
phase on resting and exercise ventilation. Progesterone
acts to stimulate respiration during the luteal phase (11),
and during pregnancy. Increases in both hypoxic and
hypercapnic respiratory drives (10,38) as well as in
minute ventilation (11,16,18,38) also occur during the
luteal phase. Nevertheless, there have been no associated
alterations in VO,,,, or endurance performance. Cyclic
hormonally mediated fluctuations in plasma volume and
hemoglobin concentration (10,18), and in body temper-
ature (15,16) have also been documented, but without
any corresponding impact on performance.

Little accurate information exists with regard to muscle
strength and the menstrual cycle. Some investigators
have measured detrimental effects during the luteal phase
(31,42), potentially in response to the increase in deep
muscle temperature (31), while others (9,37) have failed
to demonstrate any meaningful changes across the men-
strual cycle.

While some of these investigations have used moder-
ately trained women, relatively few (8,38) have studied
more highly trained athletes, who are the individuals
most likely to be affected by subtle changes in perfor-
mance. The complex metabolic actions of the female
steroid hormones may alter various components of sports
performance in different ways during the course of an
ovulatory menstrual cycle. This study was therefore un-
dertaken to test this hypothesis in a group of trained
female athletes during the follicular and luteal phases,
and to control for many of the variables that may have
influenced the outcome of previous studies. Four com-
mon physiological measures were utilized: aerobic ca-
pacity (maximum oxygen consumption or VO,...),
anaerobic capacity, high intensity endurance (at 90% of
VO,a), and isokinetic strength. The purpose was to
examine the effect of the endogenous fluctuations in
steroid hormone concentrations on these tests of perfor-
mance.

METHODS AND MATERIALS
Subjects

Female subjects between the ages of 18 and 40 were
recruited by means of advertisement and word of mouth.
Ethical approval was obtained from the Committee on
Human Experimentation of the University of British Co-
lumbia, and all subjects signed a written informed con-
sent. All of the women by history were having regular
menstrual cycles (24-35 d in length) and had not taken
oral contraceptives for at least 6 months before entering
the study. Supportive evidence for ovulatory cycles was
initially obtained by a menstrual history questionnaire
determining the existence of symptoms such as breast
tenderness, fluid retention, appetite change, and mood
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swings in the 1-2 wk preceding a normal menstrual flow.
The presence of such symptoms has been shown to be an
indicator of the luteal phase elevations in estrogen and
progesterone (33).

All subjects were participating in some type of inten-
sive aerobic activity on a regular basis. To more accu-
rately document small differences in performance attrib-
utable to the experimental conditions, the population
studied was limited to “trained” female athletes, defined
in this study by an entrance VO, equal to or greater
than 50 ml-kg ™! min~". Volunteers were recruited from
a variety of sports including running, cycling, triathion,
squash, cross-country skiing, ultimate Frisbee, and row-
ing. The level of training activities was screened at the
time of entrance into the study, and fitness levels were
confirmed at the time of the first testing.

A questionnaire was also administered to determine the
general health of the subjects. Subjects were excluded if
they were smokers, if they had any significant past med-
ical history, or if they were taking any medication that
might interfere with the exercise testing. Those who were
on vitamin supplements or iron therapy were asked to
maintain the exact dosage throughout the entire length of
the study.

Subjects were required to maintain a steady-state level
of aerobic training throughout the experimental period.
They kept a daily training log, as well as a record of their
basal body temperature, menstrual and ovulatory symp-
toms, resting heart rate, weight, and subjective sensations
of performance. Basal body temperature was taken
orally, before rising at the same time of day, and recorded
on a standard form, with concurrent comments in a sep-
arate column. The intensity and amount of training were
reviewed to ensure that there was no substantial training
stimulus over the duration of the study.

Physiological testing was carried out in the early fol-
licular phase (between days 3 and 8 of a normal cycle),
and in the midluteal phase (between days 4 and 9 after
“ovulation”). This was initially determined by a sustained
rise in basal body temperature of 0.2°-0.3°C (41), and
later confirmed by serum hormone measurements. By
BBT charting, not all cycles appeared to be “ovulatory”
in all subjects. Subjects who did not demonstrate a rise in
BBT to suggest ovulation following the initial follicular
phase testing were followed through the next cycle and
then tested after “ovulation.” If the BBT chart still did not
show a biphasic pattern during this second cycle, then the
follicular phase testing was repeated again before testing
during the subsequent luteal phase. The order of men-
strual phase in which testing was performed was random,
depending upon when subjects were enrolled in the
study. Estimated cycle phases were subsequently vali-
dated by measurement of serum ovarian hormones. A
serum progesterone level at rest greater than 16 nmol-1™*
was required for absolute confirmation of the luteal phase
(22).
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EXPERIMENTAL PROTOCOL

The experimental protocol was carried out on two
successive days and was identical for each test period.
Subjects were asked to refrain from any vigorous exer-
cise during the previous 24 h and to report to the labo-
ratory in a fasted, rested state. The height and weight of
each subject were measured. On the first day, venous
blood samples were taken before commencement of ex-
ercise, and subsequently analyzed for estradiol, proges-
terone, and a complete blood count. Methods for each
procedure are subsequently described.

AEROBIC CAPACITY

On the first day, measurement of VO,,,,, was carried
out on a Quinton 24-72 treadmill, following a 5- to
10-min warm-up at a speed between 2.2 ms~' and 2.7
m-s~'. The protocol utilized a continuous progressive
workload on a level grade, beginning at a speed of 2.2
m-s”~', and increasing by 0.22 m's™' each minute until
fatigue, as previously described (29). Heart rate was
monitored with either an ECG tracing on a Burdick
EK/5A electrocardiograph, or a Polar Vantage heart rate
monitor; and was recorded at 45 s into each stage. Ex-
pired gases were continuously sampled and analyzed
utilizing a Beckman Metabolic Measurement Cart
(OM-11 oxygen analyzer and LB-2 carbon dioxide ana-
lyzer), and tabulated by a data acquisition system
(Hewlett-Packard 3052A) that determined respiratory gas
exchange variables every 15 s. Calibration of the volume
transducer was performed utilizing a 1.0-1 syringe, and
both gas analyzers were calibrated with standardized
calibration gases and room air before each test.

A maximal test was defined by achievement of at least
two of the following three criteria: a plateau or decrease
in O, despite an increase in work load, a respiratory
exchange ratio (RER) greater than or equal to 1.1, or
attainment of at least 90% of predicted maximum heart
rate. If a subject did not complete a satisfactory maximal
test, the testing procedure was repeated, following a short
rest (to return cardiovascular and respiratory variables to
baseline), but starting at a velocity of 3.08 ms™'. The
raw data were subsequently individually analyzed by two
of the investigators. The maximal values for VO,, Vg,
and RER were taken as the average of the four highest
consecutive readings, discarding any outlier values.

ANAEROBIC PERFORMANCE

High intensity running performance was assessed by
the anaerobic speed test (AST) of Cunningham and
Faulkner (7) employing time in seconds to fatigue as the
performance index. (This test was chosen for its sport
specificity in these athletes, who were primarily trained
as runners.) Subjects rested for at least 1.5 h following
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the VO,,,.. test before measurement of their anaerobic
performance. Following an adequate warmup, subjects
performed the treadmill run at 8 mph (3.52 m's™') at a
20% incline until fatigue (defined as an inability of the
subject to continue at the set treadmill speed). Subjects
were aware of the elapsed time. The test-retest reliability
of this test has been documented as r = 0.76-0.91 (25).

ENDURANCE PERFORMANCE

On the second day of testing, high intensity endurance
capacity was assessed as running time in seconds to
fatigue at a treadmill load calculated to require approxi-
mately 90% of maximal oxygen uptake. This definition
of endurance performance has been utilized by previous
investigators (17). The workload was determined by tak-
ing 90% of the treadmill speed at which the subject
completed their last complete minute of running before
stopping the VO,,,..., test. Once set, this workload veloc-
ity remained constant for the next two testing sessions,
regardless of any subsequent variations in the actual
VO,,,.« Measurement.

ISOKINETIC STRENGTH

Isokinetic strength was measured as peak torque in
newton-meters (N-m) generated by knee fiexion and ex-
tension on a Cybex II isokinetic dynamometer at a ve-
locity of 30°-s™". The subjects were positioned on the
Cybex table so that the lateral femoral condyle was
aligned with the axis of rotation of the isokinetic dyna-
mometer. Subjects were secured to the backrest by a seat
belt at the waist, and the leg to be tested was stabilized
with a strap above the knee at midthigh. After a short
warmup at a velocity of 240°-s~", maximal knee flexion
and extension were measured. The best values of three
different attempts with each leg were taken. The coeffi-
cient of variation of this test performed at this velocity
has been reported as 5.9% (25).

BODY COMPOSITION

Anthropometric measurements included height and
weight (Detecto industrial scale), measurement of skin-
fold thickness at six different sites (biceps, triceps, sub-
scapular, suprailiac, anterior thigh, and medial calf) with
a Harpenden skinfold caliper (John Bull, British Indica-
tors Ltd.), and underwater densitometry using a hydro-
static weighing tank. Skinfold measurements were re-
ported as the sum of all values. Percentage of body fat
was calculated by the method of underwater densitometry
using the Siri formula (39).
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TABLE 1. Subject profiles and hormonal values.

MEDICINE AND SCIENCE IN SPORTS AND EXERCISE

Age Height Welght \'IO%,,,,,, Estradiol (pmol - 177) Progesterone (nmol - 1-7)
Subject (yn) (cm) (kg) (ml- kg~=' " min—?) F L F L
1 27 169.4 53.0 54.7 255 497 0.9 55.0
2 27 159.0 59.0 50.5 101 697 1.6 37.0
3 34 166.3 58.6 50.6 77 256 1.0 17.5
4 29 159.2 44.3 58.6 131 665 1.2 65.0
5 32 167.1 56.3 52.1 188 536 16 73.0
6 26 177.8 74.0 52.1 126 238 1.1 45.0
7 25 171.4 63.5 52.3 115 308 11 34.0
8 30 169.2 57.3 55.2 109 254 0.6 24.0
9 22 167.4 65.3 50.2 190 631 1.4 41.0
10 32 1725 64.7 51.3 47 437 1.3 25.0
11 23 172.9 61.1 55.2 178 558 1.5 40.0
12 26 169.2 60.1 514 154 433 2.0 34.0
13 22 159.9 51.8 52.4 280 414 1.2 46.0
14 25 1725 64.5 53.1 102 376 1.2 51.0
15 30 168.5 58.5 64.2 88 581 1.2 28.0
16 32 164.1 61.1 55.3 122 501 0.6 34.0
Mean + SE 276+38 167.9 =53 59.6 = 6.7 53.7+09 1414 = 15.8 461.4 =+ 36.9 1.22 = .09 406 = 3.7

F = follicular phase; L = luteal phase.

BLOOD SAMPLES

Venous blood samples were taken before any warm-up
exercise and were kept cool (in cold water) until com-
pletion of the VO, and AST testing (a maximum of 2
h). One tube was then immediately taken to the Labora-
tory at the University Hospital, U.B.C. Site, for determi-
nation of an automated blood count (CoulterS + STKR).
(Variables analyzed were hemoglobin concentration, he-
matocrit, and mean cell volume.) The remaining blood
was spun in a refrigerated centrifuge (Damon/IEC Clini-
Cool) for 10 min at 3000 rpm. The plasma was stored in
separate aliquots in Venoject plain silicone-coated glass
tubes at —20°C until it was subsequently analyzed (ap-
proximately 3 months later) in the Endocrine Laboratory
at the Vancouver General Hospital, using commercially
available no-extraction solid-phase '*°I radioimmunoas-
says (Coat-A-Count Estradiol and Coat-A-Count Proges-~
terone, Diagnostic Products Corporation). Over the du-
ration of the study, blood samples were coded and
analyzed in three separate batches by an independent
observer. Both samples from each subject were analyzed
together. The intra-assay coefficients of variation (CV)
were 10.6% for estradiol and 10.3% for progesterone.
Interassay CVs ranged from 4.2% to 8.1% for estradiol
and from 7.2% to 10.0% for progesterone (Diagnostic
Products Corporation). The sensitivities of these assays
are 2.9 pmol-1™! for estradiol and 0.16 nmol-17"' for
progesterone.

STATISTICAL ANALYSIS

Before beginning the study, power calculations were
performed using predicted means and standard deviations
for each test. It was determined that with & = 0.05 and
power = 90%, an n of 16 was sufficient to detect phys-
iologically important variations. The data from the two
menstrual cycle tests were analyzed using paired Stu-

dent’s t-tests for dependent means. The dependent vari-
ables were maximum aerobic consumption (VO,,,..),
anacerobic capacity (AST), high intensity endurance (run-
ning time to exhaustion at 90% of VO,,,,,), and isoki-
netic strength (Cybex 11 measurement of peak torque of
knee flexion and extension). Cardiorespiratory variables
included maximal heart rate, maximum minute ventila-
tion, and maximal respiratory exchange ratio. Anthropo-
metric measurements of weight, sum of skin folds, and
percentage body fat were also analyzed for changes be-
tween cycle phases, as were the results for estradiol,
progesterone, hemoglobin concentration, and hematocrit.

The level of significance was set at P < 0.05. The
statistical package utilized was Systat version 5.01. All
values are expressed as means = SE.

RESULTS

A total of 16 subjects were determined to have ovu-
lated on the basis of luteal phase progesterone measure-
ments greater than 16 nmol-17' (22). The mean cycle
length was 28.3 * 0.4 d. Testing took place during the
early follicular phase (day = 5.7 = 0.5) and the midluteal
phase (day = 23.3 * 0.9) as determined by BBT charts,

Initial characteristics for all subjects during the follic-
ular phase, and plasma estradiol and progesterone levels
during both tests are presented in Table 1. The results of
body composition measurements, blood tests, and exer-
cise performance tests are presented in Tables 2 and 3.

BODY COMPOSITION

There were no significant differences between follic-
ular and luteal phases of the cycle in the same subject in
weight (P = 0.92), percent body fat (P = 0.80), or sum
of skinfolds (P = 0.61).
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TABLE 2. Effect of menstrual cycle phase on anthropometric, hormonal and hemato-
logical variables.

Paired
Phase of Cycle Tost
Variable Follicular Luteal (df = 15) Mean Difference
Weight (kg) 59.5 = 1.7 595+18 P=092 -0.02 = 0.24
Body fat (%) 174 +1.2 17309 P=080 +0.11 % 0.44
Sum of 752 =39 76138 P=061 -0.88 = 1.7
skinfolds
Estradiol 1414158 4614 +369 P<0.0001 -319.94 = 37.29*
{(pmol - 177)
Progesterone 122 =009 40637 P<00001 -39.38 +3.73*
(nmol - 1)
Hemoglobin 131415 1332x12 P=0.11 -1.87 +1.05
(@-17")
Hematocrit 385 =04 392+03 P=007 —0.69 * 0.35¢
(%)
MCV (iL) 91809 918+09 P=100 0.00 = 0.35
Values are means + SE (N = 186).
Sum of skinfolds = total in mm; MCV, mean cell volume.
*P < 0.05; 1P < 0.10.
No other significant differences observed.
TABLE 3. Effect of menstrual cycle phase on performance variables.
Ph f Cyel Palred
ase of Cycle frb
Variable Follicular Luteal (df = 15) Mean Difference
VOpmax (I min~1) 319009 313x008 P=004 +0.06=0.03"
V0,max 537+08 528+08 P=006 +0.93 =046t
{ml-kg~"-min™")
HR(max) (bpm) 1894 +23 189526 P=1092 -013+128
RER(max) 117001 115001 P=056  +0.01 =001
Ve(max) 1054 +23 1063=24 P=032 ~0.89=088
(I min=(BTPS))
AST (s) 285+22 284+23 P=092 +013x121

Endurance (s) 7538 £ 588 7693 +641 P=072 ~1550=44.44

R Quadriceps 1439+79 1425+62 P=078 +1.44+509
R Ifi,:r'n?tzmgs 806+44 833x49 P=027 -269x237
L C(lhla-dmeps 1419+84 1418+72 P=098 +013+£59%
L Iﬁgn'l%ings 825+56 836+44 P=066 —1.19x262

Values are means = SE (N = 16). i

VO, max = Maximum oxygen consumption; Vg(max) = maximum recorded minute
ventilation; HR(max) = maximum heart rate; RER(max) = maximum respiratory
exchange ratio; AST = anaerobic speed test; Endurance = at 90% VO,pq R =
right, L = left (measurements of muscle strength are peak torque, measured at
30°-s77, best of three trials).

*P < 0.05; tP < 0.10.

No other significant differences were observed.

BLOOD AND SERUM RESULTS

The levels of both estradiol and progesterone were
significantly different (P < 0.0001 for both hormones)
between phases, as would be expected. Mean red cell
volume was similar in both tests (P = 1.00). Hemoglobin
and hematocrit levels in the follicular and luteal phases
could not be distinguished (P = 0.11 and P = 0.07,
respectively).

EXERCISE PERFORMANCE

Analysis of the exercise performance results are pre-
sented in Table 3. A slightly higher absolute VO, (A
= 0.06 = 0.03:min~"', P = 0.04) was documented during
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Figure 1—The effect of menstrual cycle phase on aerobic capacity.

the follicular as compared to the luteal phase, but a higher
relative VO,,,,, was not detected (A = 0.93 * 0.46
ml-kg~'*min~", P = 0.06). These values are represented
graphically in Figure 1 for all subjects. In this group of 16
athletes with ovulatory cycles, absolute VO, was
lower during the luteal phase in 11 of 16 subjects, while
relative VO,,,.. was lower in 10 of 16. There was a large
degree of intersubject variability in this response. Exclu-
sion of the subject with the largest phase difference in
aerobic capacity reduced the achieved significant levels
for absolute and relative VO,,,,, to P = 0.06 and P =
0.12, respectively. None of the other statistical analyses,
including weight, were affected by this exclusion.
There were no significant alterations in maximum Vg
(highest recorded minute ventilation), maximal heart
rate, or maximum RER (respiratory exchange ratio) at-
tributable to phase of the cycle. The remainder of the tests
of performance: the anaerobic speed test (AST), the en-
durance run at 90% VO,,,,,, and the Cybex II measure-
ments of isokinetic strength of quadriceps and hamstrings
were also not influenced by the menstrual cycle phase.

DISCUSSION

In contrast to the majority of investigations to date, in
this group of 16 athletes with ovulatory cycles, both
absolute and relative VO,,,,, appeared to be slightly
lower during the luteal phase of the menstrual cycle, (P
= 0.04 and 0.06, respectively). Given the limitations of
the statistical analysis, and the ranges of equipment error
in measurement, this change in aerobic capacity is of
borderline statistical significance. Because of the multi-
ple analyses performed, there is an increased risk of Type
I error. It should be noted, however, that several of the
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women had a lower VO,,,,,, by almost 4 ml-kg™'-min ™"
during the luteal phase. While aerobic capacity is not the
only determinant of performance and athletic success
(40), it nevertheless contributes in a substantial fashion.
For the individual athlete in whom all other variables
remain constant, a cyclic change in acrobic capacity of
this magnitude may still have potentially meaningful
implications for elite level competition, where the differ-
ence between first and second place finish is often mea-
sured in tenths of a second.

Other important factors affecting performance in dis-
tance running are running cfficiency or economy, as well
as the ability to sustain a high fractional utilization of
VO,,..« for a prolonged period of time (30). This “en-
durance capacity” has been linked to a high percentage of
Type I muscle fibers, the capacity to store large amounts
of muscle and/or liver glycogen; the capacity to spare
carbohydrate rescrves by preferential use of free fatty
acids; and the capacity to efficiently dissipate heat (30).
As already discussed, the last threc variables may be
affected by changing hormonal status throughout the
menstrual cycle. During the luteal phase there is at least
a theoretical metabolic advantage, as well as a potential
thermoregulatory disadvantage.

In the present study, high intensity endurance perfor-
mance was not significantly increased during the luteal
phase (A = 15.5 + 44.44 5, P = 0.72). It should be noted,
however, that the observed standard error for this test was
higher than predicted. In contrast, one group (18) found
a luteal phase doubling in endurance time, in association
with lower lactate levels. Luteal phase decreases in blood
lactate and respiratory exchange ratio during maximal
(10) and submaximal (23) exercise have also been dem-
onstrated by other investigators. However, carlier studies
(3,15,16,21) and morc recent work (8,19,28) have not
substantiated these findings.

Initial muscle fucl stores are also important for optimal
endurance performance. Studies with (28) and without
hormonal documentation (13) have shown higher muscle
glycogen levels during the luteal phase. One group (28)
also found a trend (P < 0.07) toward an associated
increase in muscle endurance, but no difference in actual
glycogen utilization during exercise in the two phases.
Other authors have found ecither no phase difference in
endurance performance (10), or even a longer work time
during the follicular phase, albeit in nonathletes only
(38).

This inconsistency in results can possibly be explained
by differences in the testing procedures used. One study
(18) used a continuous progressive incremental protocol
on a bicycle ergometer (20 min successively at workloads
of 33% and 66% of VO,,,,, followed by a test to ex-
haustion at 90% VO.,,,..), while another employed steady
state cycling at 70% of VO,,,.. (28). In the present
protocol, the endurance run was performed on the tread-
mill on the second day of testing, after completion of the
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strength tests and a short warm-up run. At an intensity of
90% of VO, the subjects likely all exceeded their
anaerobic threshold; however, they were able to maintain
an output of at least 90% of VO, for anywhere from
4.5 to 22 min, independent of menstrual cycle phase. The
ability to sustain performance at such a high intensity
may be a more important overall determinant of athletic
prowess than absolute VO,,,.. (30).

In the current study, acrobic capacity was not mea-
sured at midcycle when estradiol levels are very high and
progesteronc levels are still low. Some investigators have
shown an increased perception of cffort, and a higher fat
utilization during the time of ovulation (14). Acrobic
capacity and/or endurance performance might be altered
in a different fashion during this time. Nonc of the other
physiologic or performance measurements taken during
exercise in the present study showed any significant
variation between the follicular and luteal phases. Again,
these findings are in accordance with the conclusions
rcached by the majority of previous rescarchers. Both
early studies without hormonal measurements (see 24 for
review) and more recent work utilizing progesterone and
estradiol levels for confirmation of cycle phase have
failed to demonstrate any significant alterations in max-
imum heart rate (8,10,18,28) or respiratory cxchange
ratio (8,16,19,21,28) in athletes related to phase of the
cycle. A few authors (15,32,38) have documented a
higher heart rate during submaximal and maximal exer-
cise in the luteal phase, and postulated (32) adverse
implications for prolonged exercise at high ambient tem-
peratures.

The lack of change in maximum minute ventilation in
this study is also in agreement with most previous results
(8,10,21,38), although some studies (16,18) have found a
luteal phase increase in minute ventilation. One group
(38) found changes in normally menstruating nonath-
letes, but not in normally menstruating athletes or amen-
orrheic controls, suggesting a possible effect of a subjec-
tive sensation of dyspnea in limiting exercise
performance. The lack of a significant progesterone ef-
fect on ventilation in athletes, however, is consistent with
the observation that outstanding endurance athletes have
decreased ventilatory drives in response to hypoxia and
hypercapnia (6,26) with beneficial effects for perfor-
mance. Although the increased sensitivity of these respi-
ratory drives seen during the luteal phase could poten-
tially cause a performance decrement, this has not been
substantiated to date (10,38).

There have been few studies using serum progesterone
measurements that have specifically examined the effects
of cycle phase on anacrobic performance. The metabolic
effects of estradiol and progesterone on substrate utiliza-
tion during excrcise mostly come into play in prolonged
exercise, whereas short-term anaerobic metabolism relies
more on ATP and creatine phosphate (7). Hormonally
mediated differences in preexercisc glycogen levels
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could theoretically influence the proportion of energy
derived from acrobic sources, but during the first 30 s of
exercise, the contribution from aerobic glycolysis is so
small that any potential impact would be minimal. In the
current study, there were no significant phase differences
found in the anacrobic speed test (AST). The variation
and the range of values seen was likely due to the sport-
specific training of these subjects (i.c., the squash players
had the highest values at 35—-40 s). These AST values are
only indicative of their anaerobic capacity, and do not
reflect their aerobic fitness. In actual fact, low anaerobic
performance is common in acrobically or endurance-
trained athletes.

Studies on strength performance throughout the men-
strual cycle are sparse, conflicting, and generally lack
hormonal documentation. Some have shown lower iso-
metric strength and endurance (42) and maximal volun-
tary contraction of forearm muscles (31) during the lutcal
phase, while others have not measured any menstrual
phase differences in performance in bench and leg press
(37) or in knee extension and flexion strength or endur-
ance as tested on a Cybex 1l dynamometer at 60, 180, and
240°s™" (9). In the present protocol, there were no
differences in isokinetic strength of knee flexion or ex-
tension between the two cycle phases.

Neither hemoglobin concentration nor hematocrit var-
ied significantly betwcen phases. Other investigators
have noted both slight decreases (10) or increases in
resting hemoglobin concentration (18) and hematocrit
during the luteal phase, without any associated alteration
in performance. A lower hematocrit and hemoglobin
concentration may simply reflect plasma volume shifts
occurring from the physiological actions of estradiol.
Another author (12) has suggested that blood progester-
one levels must be low in order to see this estrogenic
effect. In the present study, both estradiol and progester-
one levels were high during the luteal phase.

There were no significant differences in body weight,
percentage body fat, or sum of skinfolds between the
follicular and luteal phases in this group of 16 subjects.
Many women complain of a subjective feeling of weight
gain in the premenstrual phase but there is evidence (34)
that regular physical exercise can ameliorate some pre-
menstrual symptoms, including fluid retention. This fac-
tor may have accounted for the lack of variation in body
weight in the athletes in the present study. Recent work
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