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Abstract

Introduction:  This  study  was  aimed  to  investigated  and  compare  the  cardiorespiratory  resis-
tance of  futsal  players  during  the  follicular  and  luteal  phases  of  the  menstrual  cycle.
Material  and  methods:  Fourteen  female  players  (age:  24.1  ±  4.1  years;  body  mass:
59.6  ±  9.1  kg;  height:  1.64  ±  0.06  m;  index  body  mass:  22.1  ±  2.8  kg/m2) were  submitted
to a  cardiorespiratory  resistance  test,  that  was  performed  in a  calibrated  treadmill,  where  we
had as  reference  for  the  calculation  of  VO2max.  Each  subject  also performed  two  evaluations
of the  intended  test,  corresponding  to  the  phases  of  the  menstrual  cycle:  folicular  phase  (day
8 ±  3) and  luteal  phase  (day  20  ±  2).
Results:  The  results  of  the  present  research  showed  that  there  were  significant
changes, showing  higher  values  of  the  cardiorespiratory  resistance  in  luteal  phase
(VO2max  =  41.199  ml/kg/min)  compared  to  folicular  phase  of  the  menstrual  cycle
(VO2max  =  39.030  ml/kg/min),  where  p  =  0.043.  There  is still  a  great  deal  of  controversy
in the  existing  literature  when  considering  a  relationship  of  menstrual  cycle  phases  to  physical
exercise.
Conclusion:  The  cardiorespiratory  resistance  of  futsal  players  was  increased  in  luteal  phase
compared  to  follicular  phase,  and  management  of  the training  is advisable,  namely  in  type  and
volume.
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Introduction

Over  time,  women  have embarked  on  the world  of competi-
tion  in  various  sports.1---3 As  women  are increasingly  involved
in  physical  activity,  from  light regular  exercise  to  highly  com-
petitive  performance,  more  intense  and strenuous  training
and methods  are required.4 Thus,  it  is  documented  that  the
female  reproductive  system  is  highly  sensitive  to  changes
in  relation  to  intrinsic  and  extrinsic  factors,  with  large hor-
monal  fluctuations  and,  therefore,  it is  extremely  important
to  realize  about  its  influence  on  performance.1,2,4,5 Due  to
the  short  and  cautious  reproductive  age  in  women,  there  is
a  greater  vulnerability  to  physical  changes  during the differ-
ent  phases  of  the  menstrual  cycle.6 Fluctuations  in  some  of
the  physiological  parameters  of  the various  systems  may  be
related  to  fluctuations  in  hormone  levels  in the cycle  phases,
which  may  affect sports  performance.1,3,5,7---9

Menstrual  cycle  (MC)  is  an important  biological  event  in
women  where  several  hormones  interact,  being  responsible
for  changes,  both  reproductive  and physical.  The  follicu-
lar  phase,  which is  the proliferative  phase, is  characterized
by  having  a  duration  of  about  nine  days  and  there  is  an
increase  in  endometrium  thickness  and  in water  content.10

The  luteal  phase,  which is  the secretory  phase,  begins  after
ovulation  and  lasts  about  thirteen  days.  At  the  end  of  these
days  a  new  MC begins,  which  is  when  the formation,  action
and  growth  of the yellow  body  takes  place.10 Following  the
expulsion  of follicular  cells, hormones  (progesterone  and
estrogen)  are  produced  from  the  corpus  luteum  and  later  the
endometrium  enters the progestational  or  secretory  phase
where,  through  hormonal  actions,  a  nutritive  site  is  cre-
ated  for  the fertilized  egg  safely  implant  itself  in  case  of
fertilization.11

The  effect  of exercise  on  hormone  concentrations
and  the  regulation  of MC may  be  fundamental  to  the
understanding  of  sports  physiology.12 Significant  effects
on  exercise  response  and  athletic  performance  were
showed  by hormonal  variations  especially  in estrogen  and
progesterone.7,13---15

In  addition  to  reproductive  function,  female  sex  hor-
mones  are  best  known  to  affect numerous  cardiovascular,
respiratory,  thermoregulatory,  and  metabolic  parameters,
and  may  affect  performance  throughout  the  phases  of
MC.5,8,16 In the study  carried  out,  the  parameter  investigated
is  the  change,  all the  MC long,  of the  cardiorespiratory  resis-
tance  in futsal  players.  Cardiorespiratory  resistance  is  the
ability  to  perform  from  moderate  to  high  intensity  dynamic
exercises  involving  large  muscle  groups  for  long  periods  of
time  and  it is  measured  by the maximum  oxygen  uptake
(VO2max),  which  refers  to  the  maximum  amount  of oxy-
gen  that  can  be  captured  (by the respiratory  system),  fixed
(in  the  pulmonary  alveoli),  transported  (through  the  cir-
culatory  system)  and  used (by the  muscles)  by  our  body
in  a  maximal  effort  of  general  characteristics.17 VO2max
has  several  factors  that  can  be  affected  by  estrogen  and
progesterone  fluctuations  during  MC.5,7 The  three  main  phys-
iological  factors  involved  are fuel availability,  circulation
and  respiration.7

Most  studies  have  reported  no  changes  over the  men-
strual  cycle  in oxygen  uptake  (VO2

•), ventilation  (VE),
and heart  rate  (HR)  during  maximal  or  submaximal
exercise.14,18,19 However,  other  studies  have  found higher

VO2
•,  HR, or  VE  during  the luteal  phase  indicating  a higher

cardiorespiratory  strain.7,15,20,21

In  the present  research  the approached  sport  is  fut-
sal,  characterized  as  a sport  of  intermit-tent  efforts,  with
changes  in intensity  over the course  of  the game,  pre-
dominating  high  intensity  efforts  in short  intervals,  with
constant  changes  of direction,  sudden  accelerations  and  var-
ious  displacements.22 Futsal,  being a  complex  and  highly
demanding  sport,  is  a  sport  of  great  research  interest,  par-
ticularly  in  the physiological  domain.  In addition  to  the type
of  sport and  all  modifiable  factors,  it is  important  to  take
into  account  the conditions  under which  physical  activity
is  performed  (at  high  altitude,  in  high  temperature,  among
others),  as  it  may  cause  physiological  changes  (not  only with
the  MC).

Therefore,  is  still  a  controversy  and  conflict  findings  in
the  current  research  regarding  the  changes  over  the men-
strual  cycle  in  cardiorespiratory  variables  during  exercise.
Thus,  the purpose  of  this study  was  to  verify  the influence
of  the  different  phases  of menstrual  cycle, in futsal  players,
on  cardiorespiratory  resistance.

Material  and methods

Participants

A voluntary  sample  of  14  players  was  analyzed,  coming  from
the  1st  national  futsal  league,  (age: 24.1  ±  4.1  years;  body
mass:  59.6  ±  9.1  kg; height:  1.64  ±  0.06  m;  index body  mass:
22.1  ±  2.8  kg/m2) all  healthy.  As  an inclusion  criterion,  the
players  should  have a  regular  MC  (twenty-eight  to  forty
days).  The  exclusion  criterion  was  to  use  contraceptive  drugs
(pills  or  other  hormonal  contraceptive  means)  or  to  present
injuries  with  deprivation  of  maximum  force  production.

Each  participant  was  informed  of  the test  and  possible
risks  and  signed  an  informed  con-sent  obtained  prior  to  the
study,  following  the principles  of the Helsinki  Declaration.
This  investigation  was  approved  by  the  University  of  Évora
Ethics  Committee  (n◦ 9732)  and  complied  with  current  eth-
ical regulations  for  a  research.23

Test  protocol

Height  (cm),  body mass  (kg)  and index  body max  (kg/m2)
were  measured  prior  to  performing  the  test.  Participants
attended  to  the  laboratory  after  3 h  eating a meal,  and
before  the test and  were  instructed  to  abstain  from  alcohol,
caffeine,  and  exercise  for 24  h  before  the test.

The  cardiorespiratory  resistance  test  was  performed  in  a
calibrated  treadmill  (Technogym  Run  Race  1200HC),  where
we  had  as  reference  for  the calculation  of  VO2max24 by
VO2max  (Women):  VO2max  (ml/kg/min)  = 1.38  (T-Time  in
minutes)  + 5.22,  which  is  considered  the indicator  of car-
diorespiratory  resistance  and essential  in the  assessment
of  the physical  condition  of individuals.  The  maximal  test
imply  that  the subject  achieves  volitional  fatigue,  which
may  require  the  presence  of a  physician  and  of an  emergency
equipment.  The  Heart  Rate  (HR)  was  continuously  mea-
sured  and  recorded  using  an  electronic  HR  monitor  (Polar,
Inc.).
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The  participants  began  the  test  with  a  5  min warm-up  at
60%  of  maximal  aerobic  speed,  followed  by  a  maximum  test.
The  maximal  test protocol  consisted  in running  in  treadmill
and  started  at  a velocity  of 3 miles/h  = 4.5 km/h,  with  0%
inclination,  with  increases  of  2.5%  every  3  min.  The  test  ends
when  Heart  Rate  max  or  fatigue  is  reached.

In  the  collection  and  treatment  of  data  the evaluations
of  the  futsal  players  were  performed  in  two  phases  of  their
MC:  (i)  folicular  phase  (day  8 ±  3) and 1 during  the luteal
phase  (LP)  (day  20  ±  2) of  the menstrual  cycle.25

Individually,  we  resorted  to  an  application  called
‘‘WomanLog  Calendar’’  (2019©womanlog.com,  ©Pro  Active
App)  whose  purpose  was,  through  the  first  day  of  menstrua-
tion, to  more  accurately  differentiate  the phases  of  the  MC
(follicular  and  luteal),  to  identify  the  day  of  ovulation  and
what  the  fertile  period  of  each  player  is.26

Statistical  analysis

In  the  statistical  analysis,  the software  used  was  IBM  SPSS
Statistics,  version  24.  To com-pare  the normality  of  the data,
the  Shapiro---Wilk  test  was  performed.  Considering  the varia-
bles  analyzed,  parametric  and  nonparametric  tests  were
performed,  based  on  variables  with  and without  normal  dis-
tribution,  respecting  a significance  of  p  <  0.05.  In assessing
the  degree  of  reliability  between  the two  tests  in the fol-
licular  phase  and  the luteal  phase,  we  used the intraclass
correlation  coefficient,  with  95%  confidence  intervals  in both
repetitions.

Absolute  reliability  was  assessed  by  calculating  the  stan-
dard  error  of  measurement  and the smallest  real difference.
A  T-test  was  also  performed  for paired  samples,  as  a  function
of  the  mean  and  standard  deviation  of  the  pairs  and  finally,
the  effect  size  was  calculated.  Cohen’s  d-statistic  is  calcu-
lated  by  determining  the  difference  between  two  average
values  (m)  and  dividing  it by  the  population  standard  devi-
ation  (SD):  Effect  Size  =  (m1---m2)/SD.  For Cohen’s  method,
an  effect  size of  0.2---0.4  is  considered  a ‘‘small’’  effect;
0.5---0.7 is  considered  a  ‘‘medium’’  effect;  and greater  than
or  equal  to  0.8  is  considered  a  ‘‘large’’  effect.27 For the
nonparametric  statistical  analysis,  the Mann---Whitney  U  test
was  used.

Results

The  results  of the  test  performed,  according  to  the phase
of  MC,  are  demonstrated  in Table 1,  where  the values  are
presented  by  Mean  and  SD.  In  this  evaluation,  significant
differences  in  time  (minutes)  and VO2max  (ml/kg/min)  were
observed  along the  MC and the  reliability  of  the method  used
was  verified  through  the ICC  values.  The  results  obtained
from  VO2max  showed  a good level of  confidence,  although
it  was  found  that  the players  had  a higher  value  in luteal
phase  (VO2max  = 41.2199  ml/kg/min)  than  follicular  phase
(VO2max  =  39.030  ml/kg/min)  (Table  1).

Discussion

The  aim  of this study  was  to  evaluate  if  the  different  phases
of  MC (folicular  and  luteal  phases)  have  an influence  in

cardiorespiratory  resistance  (VO2max)  in futsal  players.  The
results  of the present  research  showed  that there  were
significant  changes,  showing  higher  values  in  luteal  phase
(VO2max  =  41.199  ml/kg/min)  compared  to  folicular  phase.
(VO2max  =  39.030  ml/kg/min),  where  p =  0.043.

Through  the use  of  a  progressive  and  continuous  treadmill
running  test,  the results  obtained  indicated  that  the maxi-
mum  resistance  capacity  was  reduced  in  luteal  phase,8,28,29

contrary  to  the  values  achieved  in our  study.  In  another
study,  with  rowing  women,  classified  according  to  their  level
of  training  and competitive  level,  an incremental  test  to
exhaustion  was  performed,  using  a  rowing  ergometer,  during
the  follicular  phase  and luteal  phase  of  the  MC,  where  the
HR  and the VO2max25 were  evaluated.  The  results  obtained
also  showed  no  significant  differences  between  the  two
phases  of  MC  and, therefore,  the resistance  exercise  for
this  sport  is  not influenced  by  the normal  MC phases.25

Inversely,  it has  been  shown  in previous  research  that  exer-
cise  time  to  exhaustion  is  improved  during  luteal  phase,30

as  reported  in the study  (Table  1).  Consideration  should
be  given  to  the  type  of  sport  practiced  to  validly  assess
whether  and  how  the phase  of MC can  affect  athletes’
performance.  For  example,  in soccer  (which  is  also  an inter-
mittent  sport),  there  is  a  special  challenge  to  assess  physical
performance  due  to  the current  difficulty  in  establishing
valid  and  reliable  tests  for this  sport,  unlike  other  endurance
sports.  In  this  approach,  as  previously  mentioned,  it is
indicated  that  there  is  a reduction  in  the maximum  resis-
tance  performance  during  luteal  phase.8 In  previous  other
studies,  the  aerobic  performance  as  measured  by  VO2max
does  not  appear  to  be significantly  altered  during  a  regular
ovulatory  MC.5,7 These  results  do  not  corroborate  the  mea-
surements  obtained  in the  study,  since  the  values  achieved
indicate  that VO2max is  significantly  improved  in luteal
phase.

In  MC,  folicular  phase  is  characterized  by  low  concentra-
tions  of  female  hormones,  thus  developing  ovarian  follicle
and  luteal  phase  is  characterized  by  high  concentrations  of
estrogen  and  progesterone.4 Estrogen  promotes  the prolif-
eration  and growth  of  specific  body  cells  responsible  for  the
development  of  most  female  sexual  characteristics.  Regard-
ing  the  referenced  modality,  futsal,  the specific  motor
actions  of  the  game are:  varied  displacements,  sudden
stops,  accelerations,  decelerations,  fast  exits  and  changes
of  direction  at high  speed, evidencing  the  great  demand
on the  power  capacity,  especially  of  fast  strength  and
endurance.  Muscle  endurance,  lower  limb  strength/power,
agility,  speed  and flexibility  are the physical  abilities  con-
sidered  essential  for  this practice.22 Thus,  as  it  is  an
intermittent,  complex  and  physically  demanding  sport,  it
becomes  clear  the  importance  of  focusing  on  the  physio-
logical  level  and  the changes  that  may  occur,  in  this case,
during  the players’  MC.  Consideration  should be given  to  all
parameters  evaluated  in this  research,  as  excellent  physical
preparation  is  required  to  achieve  the  best  possible  perfor-
mance.

Some  research  into  female  steroid  hormone  fluctuations
has  shown  that  both  estrogen  and  progesterone  can  cause
many  physiological  effects,  including  changes  in the ther-
moregulatory,  respiratory  and renal  system.  These  estrogen
and progesterone  side  effects  and their  inter-action  can in
turn  influence  exercise  performance.  Estrogen  may  increase
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Table  1  Cardiorespiratory  resistance  results  of  futsal  players  (n = 14)  in  follicular  and  luteal  phases  of  menstrual  cycle  using
the Balke  Maximal  test  on  the treadmill.

FP
Mean  (SD)

LP
Mean  (SD)

p  ICC (95%  CI)  ES  SEM  %SEM SRD  %SRD

T  (min)  24.5  (3.5)  26.1  (3.3) 0.04*  0.7  (0.3  a 0.9)  −0.5  1.9  7.3  5.1  20.3
HR (bpm)  183.1  (9.8)  184.0  (8.1) 0.6  0.8  (0.4  a 0.9)  −0.1  4.3  2.3  11.8  6.4
VO2max  (ml/kg/min)  39.0  (4.8)  41.2  (4.6) 0.04*  0.7  (0.3  a 0.9)  −0.5  2.6  6.4  7.1  17.7

n, sample; m, mean; SD, standard deviation; FP, follicular phase; LP, luteal phase; ICC, intraclass correlation coefficient; CI,  confidence
interval; ES-effect size; SEM, standard error of the mean; %SEM, standard error of the mean (%); SRD, smallest real difference; %SRD,
smallest real difference (%); T,  time; HR, heart rate; VO2max, maximum oxygen consumption.

* p  ≤ 0.05.

endothelium-dependent  vasodilation,31 and  may  also  alter
cardiac  excitability,  possibly  caused  by  calcium  antagonism
or  inhibition  of  angio-tensin-converting  enzyme.  Estrogen
administration  promotes  vasodilation,  reduces  peripheral
resistance,  and increases  cardiac  output  and  heart  rate.32,33

In  addition,  this hormone  has  a beneficial  effect  on  the
cardiovascular  system,  lowers  cholesterol,  and  has  a  direct
action  on  blood  vessels,  which  cause  vasodilation  through
endothelial  nitric  oxide  synthase.34 Estrogens  play a pro-
tective  role  against  hypertension  by  inhibiting  sympathetic
nerve  activity.35 In contrast,  progesterone  favors  vasocon-
striction  and  decreases  estrogen  receptor  synthesis36,37 and,
by  direct  effect  on the  vascular  bed,  promotes  vasocon-
strictor  synthesis.36 This  hormone  may  increase  cardiac
excitability,  having  opposite  effects  to estrogen.  Through
progesterone,  there  is  an increase  in cardiovascular  pres-
sure  (a  higher  heart  rate),  at  the same  level  of  work,  during
follicular  and luteal  phases.38 Progesterone  receptors  have
also  been  located  in the  myocardium  and  therefore  may
have  an  effect  on  cardiac  contractility.39 This  hormone  leads
to  activation  of  the renin---angiotensin---aldosterone  system,
thereby  increasing  aldosterone  production  during the secre-
tory  phase.40

Still,  most  research  suggests  that  MC  does  not  signi-
ficantly  affect  VO2max.1,5,7,21,26,41---44 Aerobic  performance
and cardiorespiratory  adaptations  during  exercise  were  not
influenced  by  the phases  of  the MC,  which  was  not  observed
in  our  results,  since  VO2max  was  significantly  improved  in
luteal  phase  compared  to  folicular  phase. Performance  in
high  intensity  exercise  is  best  in luteal  phase  when pro-
gesterone  and estradiol  levels  are high.19 One  of  the most
important  actions  of  estrogen  during luteal  phase  is  its  effect
on the  cardiovascular  system,  as  it may  benefit  long-term,
submaximal  exercise  by increasing  synthesis  of  glycogen  and
intramuscular  and hepatic  lipids.45 These  effects  occur  due
to  increased  lipolysis  and increased  use  of  free  fatty  acids,
sparing  muscle  glycogen  both  at rest  and  during  exercise.5

In  our  study,  the  results  obtained  from  VO2max  may  be
related  to  fluctuations  in the  concentration  of estrogen  and
progesterone,  mainly  in the  luteal  phase,  where  proges-
terone  assumes  a relevant  role  with  respect  to  estrogen,
they  may  have  positively  influenced  the performance  of  fut-
sal  athletes.  According  to  all  studies  analyzed  and the results
presented  in this study,  it can  be  reported  that  the hor-
monal  approach  is  extremely  important  to  understand  what
happens  physiologically  and  physically  in  female  athletes.
The  well-trained  female  players  who  practice  futsal  should

demonstrate  great  physical  ability,  especially  in  terms  of
strength  (rapid  and  explosive)  and aerobic  endurance.  As  a
high-intensity  sport,  performance  is  likely  to be better  in
luteal  phase  when  hormone  levels  are high,  and  is corrobo-
rated by an  earlier study.19

The  cardiorespiratory  resistance  of futsal  players  was
increased  in  luteal  phase  compared  to  follicular  phase,  and
management  of  the training  is  advisable,  namely  in  type and
volume.  Further  research  is  needed  with  an increase  in sam-
ple  size  and  also  hormonal  monitoring  in  the different  phases
of  MC.  It  would  be  also  interesting  to  evaluate  more  than
one  MC and  have  a control  group  of  sedentary  women  in the
same  age group.
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