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Female work capacity during the menstrual cycle

Physiological and psychological reactions

by FRANCESCO GAMBERALE, psychologd.st, LOTTEN STRINDBERG, engliJl1Jeer,
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GAMBERALE, F., STRINDBERG, L. and WAHLBERG, 1. Female work capacity
during the menstrual cycle: Physiological and psychological reactions. Scand. j. work
environ. & health 1 (1975) 120-127. Changes in physical and mental work capacity
during the menstrual cycle were studied in 12 healthy women with severe menstrual
distress. Physiological and psychological tests were performed before, during, and
after me11JStruation. Heart rate, pulmonary ventilation, oxygen uptake, blood lactate
concentration, and perceived exertion were measured during work on a bicycle ergo­
meter at two 'Submaximal work loads corresponding to 40 and 70 0/0, respectively, of
individual maximal oxygen uptake. Mental work capacity was studied with the aid
of performance tests of psychological functions such as attention, short-term memory,
perceptual speed, perception of time, and reaction time. No change in heart rate
or oxygen uptake could be observed over the three phases of the menstrual cycle.
However, pulmonary ventilation during work varied significantly. It was highest
in the menstrual phase. At the same heart rate exercise on the bicycle ergometer
was perceived as more exerting in the menstrual phase than in either the pre­
menstrual or postmenstrual phase. Among the performance tests significanJt results
were obtained only in a test of reaction time, which was slightly impaired during
the menstrual phase. The results of the performance tests do not however support
the assumption that menstruation affects a woman's mental work capacity.
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Female physical work capaJCity during dif­
ferent phases of the menstrual cycle has
been the subject of study and discussion.
In a study of participants in the Helsin­
ki Olympics, Bausenwein (2) found that
most of the female competitors produced
their poorest results immediately prior to
menstruation. This finding led to the
conclusion that women should refrain
from hard tI1aining a few days before
menstruation. Similar results have been
obtained in other studies. Thus in exami-
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nations of iSports performances Erdelyi (8)
and Wearing et al. (20) found that poorer
results wer,e attained immediately prior to
or dur,ing menstruation tham. ,a~telr men­
£Itrua,t~on.

However, these studies applied to max­
imal spor,ts performances in whioh non­
physical factors, such ,as motivation, may
have had an effect on the results attained.
Very little is known about the possible
fluctuations in the circulatory and venti­
,1atory Ll'espCnl!se at the <submaximal wo'rk
imrteIlisities to which peloiple ma~ be ,exposed
during their daily work.

It has long been assumed that a wo­
man's mental performance capacity is im­
paired prior to and during menstruation.
Extensive research has been devoted to
studies of emot~onal changes during the
menstrual cycle. Cyclical chang.es in
anxiety,ag.gression, depr,ession, and sub-



jedive wlell-being were reported by, e.g.,
Moos et a1. (13) in a recently performed
study. However, the assumption of con­
oomitant ,chang,es in intellectual capacity
has yet to be oonfirmed (17, 21).

Kopell ,et ,a[. (11) ,advanoed ,the hyp.othe­
sis that the nervous system's ,arous,al level
may be altered during the menstrual cycle
as a consequence of chang,es in estrogen
and pro~esterQne secretion. In support
of this hypothesis the authors r,eported
changes in the perception of tiJIne and the
two ffia~h fusion (TFF) threshold during
the menstruation cycle. A Ilow ,arousal
level before and during the menstrual
period has been iSuggested, ,in accordance
with the a£orementLoned hypothesis, as
the 'cause of, le.g., the results obtained by
Dalton (5), i.e., a higher accident rate
during ,this period of tim€.

In view of the consequences which any
such fluctua'tions would have on the
suitability of women for certain occupa­
tions, further reseaI1ch would appear to be
greatly justified. However, support for
the hypothesis cited has been we,ak to
date. Adrenalin,e secretion, which has
been as.sumed to be an indicator of ,aTouslal
level, has not proved to vary systemati­
cally during the menstrual cyde (14).
DeMarchi and Tong (6) showed that
changes in ithe TFF ,thr6Slholld durilngrthe
menstrual cycle were the result of a more
cautious attitude on the part of subjects
and not the r,esult of ohanges in sensory
sensitivity, lalS KopeU's hYPoithesis sug­
gested. No systematic ohange in simple
reaction twe has yet been lin:ked to the
menstrual cycle (11, 15).

The obj,ective of the present study was
to eXiamine female physical and mentlal
work ,capacity during the menstrual cyde.
The physical aspects covered the circula­
tory and ventilla1Jory response to submaxi­
mal work loads. Moreover, subjee,tive
perception of physical exertion was also
examined. The mental aspects covered
those ·components whidh were believ,ed to
be affected by chang.es in the arousal
level of the nervous system.

All subjects ohosen f'Or the study suf­
fered from severe menstrual distr,ess. The
idea was Ithat no 1mpairment in work
capacity during menstrua'tion would be
assumed for women 'in g,eneral unless im­
pairment was found in this group before
or during menstruation.

PHYSIOLOGICAL REACTIONS

Subjects and methods

Twelv,e healthy women from 20 to 34
years of age (mean ,age: 27 years) partici­
pated in the study. All had regular
menstrual cycles. None used ODail con­
traceptives. All had severe menstrual
distress such ,as nausea, heada,che, and/or
pain leading to the use of analgesics and
,an occasional absence from work. No
analgesics were permitted during the
study.

The subjects w,ere carefully examined
with conv,entional dinical ,examination
techniques. All proved to be healthy.
Subjects participated in experiments on
three diff,er,ent days of the menstrual
cyde, i.e., on ,the first or second day of
menstruation, 10 to 18 days after the start
of menstruation (postmenstruation) and 6
to 2 days prio,r to the ,estimated start of
msnslt,I'ua\tiolll (plI1emooSitrualtion). Sub1lrials
for each individual subject took place at
the same tLme of day. Subjects were asked
not to alter their usual prOigI1am of physi­
cal activity during the course of the
examination. In order to counterbalance
tr.aining effects, foU!r :subjeds began the
series of eXpeI'Lments during the pre­
men&trual phase, four began during the
menstruaU phase, and four began during
the postmenstrual phase.

Body weight and hemoglobin content
were measur,ed ateadh subtI1Lal. Blood
pressure, heart rate, pulmOillary ventila­
tion, and oxygen uptake aJt rest were also
measured.

Sub}ects then exercised on a bicycle
ergometer £or 6 min at each of the two
loads calling for 40 0/0 and 70 % olf their
individual maximal oxygen uptakes, r,e­
specbvely. These work intensities repre­
sented the exertion to which ,a person may
be exposed on the job. In order to
establish the .loads cited, each subj>ect
performed a maximal eXiercise test (1)
before the study began. Their maximal
oxygen uptak'es v,aried from 1.7 l/min to
2.5 l/minaround a mean value of 2.18
l/min. 'TIhe submaximal work ,Loads var­
ied £rom 37 to 58 Wand 87 and 112 W,
r,espectively, so as to oorrespond Ito the
demand for 40 and 70 % of indivLdual
oxygen uptake, respectively.

121



Heart I1ate, oxygen uptake, blood Lactate
concentration, pulmonary ventila,tion, and
blood pressure were determined in the
final two minutes at each load. Heart
rate was recorded by means of an ECG.
The v.alues used were the mean v·alues
for heart rate in the final 2 min.

Expiratory air w,as collected in Douglas
bags in the final minutes at each load,
and its volume was measured in a balanced
spiromete,r. The oxygen and caLl"bon diox­
ide content in expiratory air was analyzed
according to the method of Haldane, and
oxyg,en uptake was calculated. Blood
samples for Lactic acid determinations
wer·e taken immediately after the end of
work at each load. The analysis was
perfoI1med aocording to Strom's modifica­
tion (18) of the Barker and Summerson
technique. Hemoglobin content was deter­
mined with a spectrophotometer and the
cyanmethemogl'OIbin method.

Results

A two-w,ay .analysis of v,a,ria~noe (22), in
which the individuals and the phases
constiJtuted the two dimensions of classi­
fication, was used for the statistical testing
of the significance of differences between
values obtained in the three diff.erent
phases of ,the menstrual cycle. There were
no significant diffeI1ences at rest between
the three phases of the cycle with respect
to body we~ght, hemoglobin oontent, blood
pressure, heart mte, and 'oxygen uptake
(table 1). However, pulmonary ventila­
tion tended to be somewh!lJt higher during
the menstrual phase than during the other
two phases [F (2,22) = 3.00; p < 0.10].

With a 40 and 70 0J0 utilization of max­
imail oxy.gen upt,ak,e, no diffeI1enoes in
heart .rate and oxygen uptake were re­
corded for the three phases. However,
blood lactate concentration tended to vary
between the three phases (table 2 and 3),
the highest conoentration being obtained
during the postmenstrual phase. At the
higher work load pulmonary ventilation
varied significantly between the phases
[F (2,22) = 5.64; p < 0.05]. Pulmonary ven­
tilation was higher during the menstrual
phase than during ,either the premenstrual
[F (1,11) = 5.69; p < 0.05] or the post­
menstrual phase [F (1,11) = 10.13; p <
0.01]. The differ,ences between the pre­
menstrual and postmenstrual phases were
not stabsttcaJlly ,significant [F (1,11) = 0.86;
P > 0.05].

PSYCHOLOGICAL REACTIONS

Subjects and methods

The same twelve, healthy subjeots were
used as in the physiological experiments.
Each subj,ect estimated the degree of
perceived exention with the aid o£ a scale
giving ratings of perceived exertion (RPE)
according to BOI1g (3, 4) in the final minute
of the two loads on the bicycle ergometer.
In previous studies using the RPE scale
estimates of perceived eXiertion displayed
a linear r.elationship to heart rate (4, 9).

Six psychological tests weI1e performed
in the follo,wing sequence prior to the
physical exercise tests.

Choice reaction time (CRT). A stimulus/
response panel was placed on a desk in

Table 1. Mean values for body weight, heart rate, blood pressure, hemoglobin content (Hb), oxy­
gen uptake (Y02), and pulmonary ventilation at rest on the three different measurement occa­
sions, along with F-values for the differences between measurement occasions.

Variables Pre- Menstruation Post- Fmenstruation menstruation

Body weight (kg) 59.5 60.1 59.3 0.21
Heart rate
(beats/min) 65 66 65 1.13
Blood pressure

0.75/0.63(mm Hg) 110/73 111/71 110/72
Hb (g 0/0) 13.9 13.9 14.2 1.31
Y02 (l/min) 0.26 0.27 0.26 0.52
Pulmonary

3.00ventilation (l/min) 8.3 9.1 8.3
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front .of the sub}ect. The subject's fing-
ertips rested 70 mm from three pressure
plates, each supplied with a stimulus
lamp. The subj ect was instructed to
respond to a signal from aJny of the lamps
by pressing the corresponding pressure
plate with her fingertips. She could
follow this instruction only by moving her
entire hand towards the pressure plate.
Stimulus administration followed a ran­
dom pattern, determined in advance, with
the number of visUJal signals ev,enly dis­
tributed among the lamps. Reaction time
was reoorded at about 8-8 intervals. An
acoustic w,arming signal was emitted 3 s
prior to the administraUon ·of each stimu­
lus. A total of 30 stimuli were provided
in each trial. PerroTmaJnce was measured
as the mean reaction time for the last 20
stimuli administered.

Time estimation (T 15 and T 30). The
subj,ect was asked to estimate tw.o periods
of time, 30 sand 15 s, with the aid of the
stimulus response panel described in the
preceding section. The start of each time
period was indicated by the lighting of
a lamp on the panel. This action started
an electronic timer. The subject could
stop the timer by pressing a pressure
plate when she felt a specific time period
had elapsed. The subject was instructed

not to oount to herself. The first ttme
estimate was for 30 s, and the seoond for
15 s. The procedure was r,epeated four
times, and the mean value was calculated
for an ,estimation of 30 8 and 15 s, r,espec­
tively.

Serial Color Word Test (SCWT 1 and
2). A perceptual conflict test, the Serial
Color Word Test (SCWT) according to
Smith et al. (16), w,as used. SCWT is a
modiftcation of the Stroop test (19). It
consisted of two parts, SCWT 1 without
perceptual conflict and SCWT 2 with
perceptual conflict. In SCWT 1 a full
sheet of paper (210 X 297 mm) was used
on which a number of groups of crosses
were printed, each .group of crosses being
either yellow, blue, red, or green. The
subject was iIliStructed to indicate the
color of each group of crosses as quickly
as possible. In the SCWT 2 the cr,osses
on the sheet were replaced by the letters
"yellow," "blue," "red," and "green." How­
ever, the words were printed in colors
other than the colors indicated by the
words. The task of the subject was the
same as in SCWT 1, i.e., to indicate as
quickly as possible the color in which
each word was printed. The time requir,ed
to accomplish this task was measured.

Table 2. Mean values for heart rate, blood lactate concentration (Hla) , oxygen uptake Cil02) ,
and pulmonary ventilation at a 40 % work load, along with F-values for the differences be­
tween measurement occasions.

Variables Pre- Menstruation Post- Fmenstruation menstruation

Heart rate
(beats/min) 105 106 105 0.11
Hla (mmol/l) 1.8 1.8 2.1 2.75
V02 (l/min) 0.88 0.86 0.88 0.37
Pulmonary
ventilation (l/min) 22.7 22.9 22.2 0.96

Table 3. Mean values for heart rate, blood lactate concentration (HIa), oxygen uptake (V02),
and pulmonary ventilation at a 70 0/0 work load, along with F-values for the differences be­
tween measurement occasions.

Variables Pre- Menstruation Post- Fmenstruation menstruation

Heart rate
(beats/min) 148 145 146 2.38
Hla (mmol/l) 4.4 4.1 5.0 3.30
V02 (l/min) 1.51 1.50 1.52 1.11
Pulmonary
ventilation (l/min) 42.1 43.5 41.6 5.64 a

ap < 0.05; df = 2,22.
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Table 4. The analysis of variance of the rating of perceived exertion in exercise on a bicycle
ergometer during premenstrual, menstrual, and postmenstrual phases of the meMtrual cycle.

Source of variation df MS F p

Menstrual cycle (M) 2 6.77 4.57 <0.05
Work intensity (I) 1 485.68 162.98 < 0.001
Subjects (S) 11 6.62
M X 1 2 0.03 0.06
MX S 22 1.48
IXS 11 2.98
M X 1 X S 22 0.54

Search test (S 1 and S 2). TWlo versions
of the teSlt were used with differing
dema,nds on short...term memory (12). The
test material consisted of a matrix (7 X 7)
in which ·each square contained ·a letter
of the alphabet and a number. In S 1
the subject was Shown combinations of
letters and numbers which she then had
to find in the matrix. The other search
task, S 2, consisted of a1pham~ric groups
w1th three oombinations of a fetter and
a number in eaoh group. One of the
oombinations in each group could be found
in the matrix. The subject's task was to
identify ,this oombination a,ID01I1g the three
combinations. Twenty combinations were
provided in each version. P,erformance
was measured as th,e mean time required
to looate a ·combination.

Letter elimination. This test, which was
similar in nature to ordinary tests of
perceptual speed, imposed severe demands
on short-term memory. The test material
consisted of ·a full page (210 X 297 mm)
containing 20 Lines with 30 conwnants in
each line. Six of the consonants were
specifLed as search letters which could be
found repeatedly anywhere in the matrix.
The task of the subject was to mark as
quickly as possible all the letters in the
matrix which were identical to any of the
search letters. Thus the subject w.as forced
to keep the search letters in mind in order
to perform the task efficiently. The time
needed to complete the test and the
number of errors were recorded.

Perceptual speed: Bourdon-Wiersma. A
modified version of the Bourdon-Wiersma
Vigilance Test was used (10). The test
materiaJ. consisted of a full page (210 X
297 mm) with groups of dots arrayed in
20 lines with 25 groups of dots on each
line. Each group of dots consisted of
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three, four, or five dots. The subject's
task was to cross out each group wi·th four
dots as quic~ly as possible, starting from
left to right, line by line. The time needed
to complete the test and the number of
errors made were recorded.

Results

Estimates of perceived exertion in exercise
on the bicycle ergom~ter were subjected
to ·an analysis of variance. The model
for the analysis of variance corresponded
to ,a model for a 32 factorial design with
repeated measurem~nts (22). The two
sources of variation in the analysis con­
sisted of the phases in the menstrual cycle
a,nd the work loads in the exercise on the
bicycle .ergometer.

The results from each of the psycho­
logioal tests were submitted to an ,analysis
of variance. The model for the .analysis
of variance corresponded toa 32 Latin
square with repeated measurements (22).
The two dimensions in the classification
consisted of ,the phases in the menstrual
cycle and the measurement sequences. The
lattelr classification was used in o.rder to
anaJ.yze the training effect which occurred
fmmthe ,repeated testing.

The results of the analysis of variance
of the estimates of perceived physical
exertion are shown in table 4. The degree
of perceived ex;ertion varied significantly
with the phase in the menstrual cycle
[F (2,22) = 4.57; p < 0.05]. F1g. 1 shows
that the same exercise 1ntensity was found
to be more tiring during the menstrual
phase than in the pre- and postmenstrual
phases. Fig. 2 shows that lower esti­
mates of perceived exertion at the same
heart rate were obtained during the pre-
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Fig. 1. Rating of perceived exertion (RPE) at
different phases of the menstrual cycle. Ratings
obtained after 5 min of work on the bicycle
ergometer at two submaximal intensities cor­
responding to 40 (e - - - - - e) and 70 0/0

(0 - - - - - 0) of each subject's maximal oxygen
uptake, respectively. The circles in the figure
indicate' mean values for 12 subjects.

P~e-
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I
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Fig. 2. Relation between the rating of perceived
exertion (RPE) and heart rate during work
on the bicycle ergometer at different phases
of the menstrual cycle. The regression lines
were calculated for values of two work loads
corresponding to 40 and 70 % of each sub­
ject's maximal oxygen uptake, respectively.
(e --- = premenstruation, y = 0.106 'x
- 0.870, r = 0.850; 0 - - - - - = menstruation,
y = 0.111 x - 0.459, r = 0.846; o ..... = post­
menstruation, y = 0.098 x-0.217, r = 0.785)

and postmenstruaJl phases than during the
menstrual phase.

The results of the analysis of variance of
performance on the psychological tests are
summarized in table 5. Only the test of
of choice reaction time varied significant­
ly in the three different phases of the
menstrual cycle [F (2,18) = 5.04; p < 0.05].
Reaction time tended to be longer during
the menstruaJl phase than during the pl"e­
and postmenstrual phases (see table 6).
Performance was affected significant,ly by
training on four of the six tests, i.e., choice
reaction time, SCWT, Letter elimination
and Bourdon-Wiel'\sma. No significant in­
teraction was observed between training
and phases of the menstrual cycle.

DISCUSSION

The objeotive of the physiological part of
the study was ,to examine whether the
circulatory and ventilatory response to
physical work varied during the menstrual
cycle. There were no differences in heart
rate or oxygen uptake, either at rest or
at the two submaximal work intensities,
during the three phases. On the other

hand, pulmonary ventilation varied. It
was at 'a maximum during menstruation,
both at rest ,and at one submaximaJ work
intensity. The increased ventilation, which
was not oaused by im:reased oxygen up­
take, may have been due to pain during
menstruation. However, this hyperventiloa­
tioo did not appear to have had any major
effect on car'Cl,lorespir,atory adaptation
during 'Submaximal work.

Thus no results were obtained pointing
to any real differences in cardiorespira­
tory adaptation during submaximal work,
measured on the basis of heart rate and
oxygen uptake, during the menstrual
cycle, even though the study comprised
women with seViere menstrual distress.
Similar results were obtained by Doo­
little & Engebretsen (7) in a study of 16
female university students. As already
mentioned, however, Bausenwein (2) and
Erdelyi (8) both found that physical work
capacity varied during the menstrual cy­
cle. These studies r-eferred to maximal
performances by top women athletes. In
maximal perfor,mances, however, f.actors
such as motivation and perceived exer­
tion are pr,obably very important to re­
sults. This view was supported, e.g., by our
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results, which indicated that subjectively
perceived exertion was greater during
menstruation when work was performed
at submaximal int-ensities. Thus our re­
sults do not confLict with results obtained
in earHer studies.

The results of this study failed to sup­
port the hypothesis that a woman's ability
to perform mentally demanding tasks is
altered during the menstrual cycle. Sta­
tisbcally significant results wer-e obtained
for only one of ihe six tests used, i.e.,
choice reaction time, which increased
during menstruation. The differences be-

tween the three measur,ement occasions
during the menstrual cycles were entirely
within the realm of chmce for the re­
maining tests. Thus the present study was
unable to confkm the results of Kopell
et al. {ll) on cyolical changes in the per­
ception of time. The results were unex­
pected, since we used the same technique
in the testing of time peroeption as these
authors. The results from the choice reac­
tion time test should be interpreted with
great caution. The training effect in this
test was found to be somewhat greater
than expected on the basis of results ob-

TaMe 5. Summary of the analyses of variance of results from different tests performed dur­
ing the three phases of the menstrual cycle, along with F-values for the effects of the mens­
trual cycle (M), training (T) and interaction between the two (M x T).

Performance test Source of variation
M T MxT

Choice reaction time 5.04a 15.97b 0.78
Time estimation 15 s 1.49 2.12 0.44
Time estimation 30 s 0.05 1.62 1.15
SCWT 1 1.17 20.26b 1.48
SCWT 2 0.40 24.63b 0.17
Search test 1 0.33 2.24 0.52
Search test 2 0.22 1.73 0.05
Letter elimination (time) 0.65 26.87b 1.07
Letter elimination (no of errors) 0.81 ll.llb 0.05
Letter elimination (time and
no. of errors)C 0.86 26.68b 0.23
Bourdon-Wiersma (time) 1.17 28.56b 1.12
Bourdon-Wiersma (no. of errors) 0.01 5.14a 0.50
Bourdon-Wiersma (time and
no. of errors) 0.22 25.72b 0.01

a p < 0.05; df = 2.18,
b P < 0.01; df = 2.18
C The analysis was performed on a combination of time (speed) and number of errors (accu­

racy) after transformation into z values.

Table 6. Mean values (M) and standard deviations (SD) for the performance of 12 subjects on
different tests performed during the three phases of the menstrual cycle.

Premenstruation Menstruation Post-
Performance test M SD M SD menstruation

M SD

Choice reaction time (m sec) 460 69.4 490 71.9 464 70.4
Time estimation 15 s (sec) 16.0 6.3 16.8 7.7 14.7 5.4
Time estimation 30 s (sec) 26.8 10.2 27.0 12.4 27.5 11.9
SCWT 1 (sec) 50.9 7.7 52.3 5.3 52.0 7.7
SCWT 2 (sec) 79.7 20.3 81.5 14.8 80.4 20.4
Search test 1 (sec) 2.49 0.43 2.44 0.62 2.57 0.42
Search test 2 (sec) 9.33 3.97 9.64 2.78 9.00 2.22
Letter elimination (min) 4.31 1.14 4.52 1.17 4.28 0.92
Letter elimination (no. of errors) 6.32 5.21 9.20 6.39 8.30 8.40
Bourdon-Wiersma (min) 6.22 0.71 6.35 0.40 6.25 0.76
Bourdon-Wiersma (no. of errors) 15.0 11.0 14.6 8.4 15.1 17.7
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ta.tned by authors in previKms iUlVIestiga­
tions.

Certain li;m~tations should be !kept in
mind when genenaJ1iZ:ing these oreswts for
the iJmplicattions to ordinary work situa­
tions outside :the 1abomtory. The effect of
the menstrUial cycle on peI'fortmalIliC€ in
mentally demanding work was studied in
a situation in which the sUlbjects w,orked
with max,imal effort during ILmited peri­
ods of time. The tests used, li'ke the iJn­
structiorus and pauses, were especially se­
lected so as to reduce to the greaJtest pos­
sibl,e eX!tent the e£f.ect of mental f,atigue
and fluctuations in motivation. The .pos­
sibility of cydioa:l chaJllges in per.formance
oapacity, owing to the jomt actioo of
adverse factol'S, suoh as mental fatigue
and decLining motivation, can therefore
not be precl:Ulded. There is every reason
to assUJrne 1Jhatl1eJ.evant kIlJOIWled,ge of the
~fects of the menstrual cyClle 0IIl both
meI1ltal ,and physical lPemof1ffiaJIl;ce capac,ity
can be obtaiI1led if attention is deV'Oted to
an elUJcidation. of motivatioo,al aspects.
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