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affeine  (CAF)  is  a  methylxanthine  and  is  one  of  the  most
requently  consumed  psychostimulant  substances.1 It  occurs
aturally  in  coffee  beans,  tea  leaves,  cocoa  beans,  and  kola
uts,  and  is  also  added  to  foods  and  beverages,  including  caf-
einated  soda  (cola-type)  and  energy  drinks.2 North  America
ad  the  highest  average  country  annual  total  volume  sales
f  caffeine-per  capita  (348  L/capita),  followed  by  Europe
200  L/capita),  Latin  America  and  the  Caribbean  (153
/capita),  Asia  and  the  Pacific  (126  L/capita),  and  Africa
90  L/capita)  in  2017  according  to  the  Euromonitor  Passport
lobal  Market  Information  Database.2,3

Caffeine-containing  products  have  a  range  of  doses  per
erving,  from  1  mg  in  milk  chocolate  up  to  >300  mg  in
ome  dietary  supplements.3 It  is  argued  that  up  to  400  mg
AF/day  in  healthy  adults  is  not  associated  with  adverse
ffects.4 However,  this  should  be  reassessed.  Importantly,
affeine-containing  food  supplements  are  marketed  for
eight  loss  and  sports  performance.5 Moreover,  the  Inter-
ational  Olympic  Committee  in  its  consensus  statement  on
E-mail address: fredcp@ci.uc.pt

e
c

ttps://doi.org/10.1016/j.repc.2021.02.001
870-2551/© 2021 Sociedade Portuguesa de Cardiologia. Published by E
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
ietary  supplements  confirmed  the  ergogenic  properties  of
AF  across  a  broad  range  of  exercise  modalities.5,6 Caffeine
as  a  banned  substance  in  sports  and  its  use  was  prohib-

ted  in  competition  between  1984  and  2004.  However,  the
orld  Anti-Doping  Agency  decided  to  remove  CAF  from  the

ist  of  banned  substances  with  effect  from  January  1,  2004,
nd  moved  it  to  the  monitoring  program.  Despite  the  fact
hat  the  scientific  evidence  for  CAF  ergogenic  properties
as  been  increasing  over  the  years,  there  are  still  many
nanswered  questions  regarding  the  use  of  CAF  in  sports
ncluding  the  effects  of  CAF  on  post-exercise  recovery.7 It  is
oteworthy  that  the  recovery  of  cardiovascular  system  after
xercise  occurs  across  a  period  of  minutes  to  hours,  during
hich  many  characteristics  of  the  system,  even  how  it  is
ontrolled,  change  over  time.8 This  cardiovascular  recovery
ncludes  hemodynamic  adjustments  (e.g.,  regional  vascular
hanges),  autonomic  contributions  (e.g.,  baroreflex  reset-
ing)  and  histamine  signaling  pathway,  about  which  very
ittle  is  known.  Although  some  of  these  changes  may  be  nec-

ssary  for  long-term  adaptation  to  exercise  training,  some
an  lead  to  cardiovascular  instability  during  recovery.  These
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hanges  are  not  as  well  documented  following  resistance
xercise  as  they  are  for  aerobic  exercise.8

The  impact  of  CAF  on  recovery  of  the  cardiovascular  sys-
em  after  exercise  has  been  under  the  spotlight  as  CAF  has
ell  established  cardiovascular  effects.9 At  low  CAF  con-
entrations,  positive  chronotropic  and  ionotropic  effects
ppear  to  result  from  inhibition  of  presynaptic  adenosine
eceptors  in  sympathetic  nerves  increasing  catecholamine
elease  at  nerve  endings.9 Higher  concentrations  (>10  �M,  2
g/ml),  which  are  associated  with  phosphodiesterase  inhi-
ition  and  increase  in  cAMP,  may  result  in  increased  calcium
nflux.  Moreover,  at  even  higher  concentrations  (>100  �М)
he  sequestration  of  calcium  by  the  sarcoplasmic  reticu-
um  is  impaired.  Therefore,  ordinary  consumption  of  coffee
nd  caffeine-containing  beverages  usually  produces  slight
achycardia,  an  increase  in  cardiac  output  and  an  increase
n  peripheral  resistance,  raising  blood  pressure  slightly.  In
ensitive  individuals,  consumption  of  a  few  cups  of  coffee
ay  result  in  arrhythmias.  In  large  doses,  CAF  may  also

elax  vascular  smooth  muscle  with  the  exception  of  cerebral
lood  vessels.  Importantly,  caffeine  acts  as  a  sympathetic
timulus  during  exercise.10 However,  research  findings  are
ixed  on  the  impact  of  CAF  on  the  autonomic  recovery
ost-exercise.  For  example,  it  was  recently  shown  that  CAF
ncreases  resting  cardiac  autonomic  modulation  and  accel-
rates  post-exercise  autonomic  recovery  after  a  bout  of
naerobic  exercise  in  recreationally  active  young  men.10 No
ifferences  were  observed  between  CAF  doses  on  cardiac
utonomic  reactivity.10 However,  Benjamim  et  al.  (2021)
ublished  a  manuscript  entitled  ‘‘Caffeine  slows  heart  rate
utonomic  recovery  following  strength  exercise  in  healthy
ubjects’’  showing  that  CAF  delayed  recovery  of  heart  rate,
lood  pressure  and  heart  rate  variability  indices  following
trength  exercise.  This  suggests  that  CAF  delayed  parasym-
athetic  cardiac  control  following  exercise.  It  is  not  always
traightforward  to  compare  results  across  studies  because
f  differences  between  CAF  dosages,  physical  exercise  pro-
ocols  and  the  physical  status  of  the  subjects.  Nonetheless,
enjamim  et  al.  (2021)11 shed  further  light  on  the  impact  of
AF  on  cardiac  autonomic  control  in  physically  active  indi-
iduals,  which  needs  to  be  further  analyzed  within  active  or
thletic  populations.  This  paper  also  highlights  the  impor-

ance  of  assessing  the  benefits  of  cardiovascular  recovery
fter  exercise,  or  minimizing  the  vulnerabilities  of  this
tate.8 In  fact,  recovery  from  exercise  can  be  envisioned
s  a  vulnerable  period  in  which  individuals  are  at  increased
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isk  of  adverse  cardiovascular  events,  or  a  window  of  oppor-
unity  in  which  the  positive  adaptations  to  training  can  be
otentially  augmented.8 Finally,  it  is  of  utmost  importance
o  continuously  monitor  the  cardiovascular  safety  of  CAF
ntake  in  the  context  of  physical  activity  and  sports.
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