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Sweat losses during tennis can be considerable. And while most players make a 
genuine effort to stay well hydrated to maintain performance and reduce the risk of 
heat illness, regular and copious water intake is often not enough. Besides an 
extraordinary water loss, extensive sweating can lead to a concomitant large 
electrolyte deficit too - particularly for sodium. Although a variety of other mineral 
deficiencies and physiological conditions are purported to cause muscle cramps, 
evidence suggests that, when a tennis player cramps in warm to hot weather, 
extensive and repeated sweating during the current and previous matches and a 
consequent sodium deficit are usually the primary contributing factors. Heat cramps 
often begin as subtle "twitches" or fasciculations in one or more voluntary muscles 
and, unless treated, can rapidly progress to widespread debilitating muscle spasms 
that leave an afflicted player on the court writhing in pain. If sufficient preventive 
measures are taken well before and during play, such cramping is avoidable in most 
cases. Appropriate and sufficient salt and fluid intake will enhance rehydration and 
fluid distribution throughout a player's body, so that heat cramps can be completely 
averted, even during long matches in the most challenging environments. 

Introduction 
Playing t e n n i s  i n  the  hea t  p r e s e n t s  a formidable  chal lenge,  even to the  mos t  fit 
players .  C o m m e n t s  s u c h  as 'It 's so hot,  i t 's  a joke' ,  'My feet were on  fire', a n d  
'I h a d  the  feeling t ha t  my  b r a i n  was  cooking '  are  n o t  u n c o m m o n  at  no to r ious ly  
ext reme ho t -wea the r  events  s u c h  as  the  A u s t r a l i a n  Open  in  Me lbourne  (1}. A nd  
t h r o u g h o u t  the  world, m a n y  other  t o u r n a m e n t s  are equal ly  or more  chal leng-  
ing, especial ly  w h e n  the  hea t  is combined  wi th  h igh  humid i ty .  

T h r o u g h  the  efforts a n d  e m p h a s e s  of t e n n i s  govern ing  bodies  (2-4) a n d  a 
n u m b e r  of p r o m i n e n t  n a t i o n a l  o rgan i sa t i ons  (5-7), mos t  players,  coaches,  a n d  
t r a ine r s  acknowledge  the  i m p o r t a n c e  of s t ay ing  well hydra ted  in  order  to 
m a i n t a i n  pe r fo rmance  a n d  reduce  the  r i sk  of hea t  i l lness  (S-ll). However, 
r egu la r  a n d  copious  water  i n t ake  is often no t  e n o u g h  - in  fact, excessive wa te r  
i n t ake  c a n  even be d a n g e r o u s  to a p layer ' s  hea l t h  (12-14). 

FlUid losses 
Adul t  a n d  older ado lescen t  t e n n i s  p layers  genera l ly  lose be tween  1.0 a n d  2.5 
l i t res of sweat  d u r i n g  each h o u r  of compet i t ive  s ingles  play in  w a r m  to ho t  
e n v i r o n m e n t s  (la). As ind ica ted  in  Tab le  1, o n - c o u r t  sweat ing  ra tes  c a n  often 
be even m u c h  h igher  i n  fit, acc l imat i sed  players .  With a very h igh  rate  of 
sweat ing,  a p layer  could readi ly i n c u r  a s igni f icant  fluid deficit in  a long ma tch ,  
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even if s / h e  drinks considerably on each changeover. For example, a sweat loss 
of 3.0 or more litres per hour  would likely lead to an accumulat ing body water 
deficit of at least 1.0 litre per hour  (i.e., a loss of about  1.0% or more of 
prematch body weight per hour). If this continued over the course of a 4-hour  
match, this player would be facing a 4.0+-litre fluid deficit, even if on-court  
fluid intake was 2.0 litres per hour, which may be close to the upper  limit for 
most  adults with respect to tolerance and fluid absorption rate (16). Because, 
to fully rehydrate, one needs to ingest more than what  is remaining as a post- 
exercise fluid deficit (17), an additional 6 litres or more of fluid (via drinking and 
food) would need to be consumed,  in order to restore the 4.0-litre deficit. Such 
a requirement might seem to be a daunting task, if one expected to begin the 
subsequent  match  in a euhydrated condition, especially if the next match  is 
scheduled for later that  same day. This is often a perspective that  many  players 
do not fully appreciate - the extensive volume of fluid that  mus t  be replaced in 
a relatively short  period. Which may help to explain why many  tennis players 
begin a match  with a significant fluid deficit (Bergeron, unpubl i shed  
observations). 

Player Age Wt. Temp. % rh Sweat Rate Fluid Intake Sweat [Na +] Na + loss Na + lOSS 
(y) (kg) (°C) (%) (L/hour) (L/hour) (mmol/L) (mEq/hour) (rag/hour) 

AJ 17 84.5 30.6 60 2.6 1.3 23.0 59.8 1375 
BJ 22 76.3 28.9 2.2 1.4 52.0 114.4 2630 
GK 22 79.4 32.2 62 3.1 1.8 23.6 73.2 1683 
GJ 21 85.7 32.2 62 2.9 1.4 53.4 154.9 3561 
HR 21 77.4 35.6 50 3.0 2.4 56.1 168.3 3869 
LC 17 80.7 33.3 58 2.5 1.4 83.0 207.5 4770 
LY 24 77.1 31.1 35 2.0 1.1 40.0 80.0 1839 
MC 18 77.1 29.4 - 2.1 1.0 32.3 67.8 1559 
MD 19 86.5 32.0 64 3.3 1.9 32.1 105.9 2435 
OA 24 85.6 33.9 55 3.4 2.3 60.8 206.7 4752 
RM 28 86.6 28.9 50 2.8 1.5 44.1 123.5 2839 
RR 15 90.4 29.4 - 2.0 1.4 44.9 89.8 2064 
SR 49 80.7 33.3 45 2.5 1.3 39.2 98.0 2253 
SJ 16 68.2 30.6 61 2.4 1.3 39.0 93.6 2152 
WA 17 81.4 32.2 61 2.5 1.8 35.9 89.8 2065 
WJ 20 80.8 35.6 50 2.8 1.9 48.0 134.4 3089 
WM 28 78.5 ° 33.3 58 2.9 2.3 48.2 139.8 3214 

Mean 22.2 81.0 31.9 55 2.6 1.6 44.5 118.1 2715 
_+SE +1.9 _+1.3 _+0.5 _+2 _+0.1 _+0.1 _+3.5 +11.0 _+252 

Table 1: Sweat rate, fluid intake, and forearm sweat sodium concentration ([Na+]) and total estimated 
rate of loss (in mEq/h and rag~h) during tennis singles play. Player age and body weight (Wt.), as 
well as ambient temperature (Temp.) and % relative humidity (% rh) are also shown (if known). 
All players (17 males) listed here had a history of heat cramps during tournament play (not in 
these evaluated matches). 
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Electrolyte Losses 
Again, the importance  of hydrat ion during tennis,  especially in the heat,  is well 
acknowledged; accordingly, mos t  players  make  an  effort to regularly consume  
fluids (albeit, somet imes  not  enough) on and off the court. Less emphas i sed  
and clarified, however, are guidelines to main ta in  electrolyte balance  and the 
associated consequences  of insufficient electrolyte intake. 

Besides an  extraordinary water  loss, extensive sweating can lead to a 
concomitant  large electrolyte deficit too. Tennis  players who sweat  profusely 
lose considerable electrolytes - part icularly sodium and chloride. Other min-  
erals in varying concentrat ions are also found in sweat  (18). But, for mos t  
players,  far more  sodium and chloride are lost via sweating than  any other  
electrolytes (e.g., potass ium,  magnes ium,  and calcium), even for players who 
are fit and  acclimatised to the hea t  (15,19,20). Moreover, as sweating ra te  
increases,  the concentrat ions of sodium and chloride in sweat  go up  as well 
{21). 

As implied by  Table 1, subs tant ia l  sodium losses can occur  during a long 
ma tch  in the heat.  Consequently, a sizable deficit in total body exchangeable  
sodium could readily develop over the course  of several matches ,  especially if 
the player follows prevalent  current  dietary guidelines designed to prevent  and  
t reat  high blood pressure  (22.23) and main ta ins  a low-salt diet (i.e., < 2400 mg 
of sodium intake per  day) when  playing in the heat.  However, ju s t  as a very 
high rate of sweating (e.g., > 2.0 L per  hour) can  be difficult (if not  impossible) 
to keep up  with, it is also impract ical  to a t t empt  to offset these accompanying  
high ra tes  of sodium loss during play. Therefore, appropriate  sodium and 
chloride (salt) intake to offset subs tan t ia l  losses and  deficits of these par t icular  
minerals  has  to be primarily emphas i sed  and  integrated into a player 's  post-  
ma tch  rehydrat ion plan (see Prevention below). Insufficient salt  rep len ishment  
and  a consequent  deficit of exchangeable  sodium increase the r isk for (and 
often lead to) heat-related muscle  c r am ps  (heat cramps) - a progressive 
condition tha t  can evolve from having merely  a neut ra l  effect on per formance  
to leaving an  afflicted player on the cour t  writhing in excruciating and 
debilitating pain. 

Heat Cramps 
A variety of mineral  deficiencies - namely  calcium, magnes ium,  and po ta s s ium 
- have been  proposed for causing musc le  c r amps  during exercise (24-33). No 
doubt,  any  player who has  a deficiency in one or more of these minerals  ~or 
some other  rare  cellular dysfunction or pathophysiology ta4) could certainly 
p r e sen t  wi th  musc le  c r a m p s  or va r ious  o ther  n e u r o m o t o r  p rob lems .  
Accordingly, calcium, magnes ium,  or po t a s s ium supplementa t ion  (or other  
prophylact ic  approach) may  be warranted.  However, when a tennis  player has  
musc le  c r amps  in the heat,  these par t icular  minerals  do not appea r  to be 
lacking in the diet or lost in great  quant i t ies  from sweating during training or 
play (Bergeron, unpubl i shed  findings). Insufficient conditioning and  fatigue 
can also cause  a muscle  c ramp in an  overworked musc le  {as,a6), bu t  the c ramp 
is usual ly  localised and often readily resolved by  a t rainer  us ing passive 
stretching, massage ,  or icing. With hea t  c ramps ,  the affected areas  are 
typically more  widespread across  a n u m b e r  of voluntary muscle  groups and  
these same  t rea tment  strategies are usua l ly  ineffective. 
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Alternatively, extensive water  and  sodium losses from profuse and repeated 
sweating have also been  often cited as pr imary  contr ibuting factors p rompt ing  
the onset  and development  of hea t  c ramps  (13,2o,24-26,28,32,37,38). Consis tent  
with these previous reports  and  suggested scenarios,  all of the players  listed in 
Table 1 had  a history of heat  c r am ps  occurring during t o u r n a m e n t  play, when  
concomitant  heavy and  repeated sweating was likely not  matched  with 
sufficient fluid and  sodium intake.  Severe hea t  c ramp episodes often occurred 
in later rounds  of play (particularly during second matches  of the day, with 
some of the junior  players), bu t  not  always. Moreover, certain players  in this 
group claimed tha t  hea t  c r amps  would somet imes  even occur  during indoor 
events or outdoors  when  the hea t  index was only moderate .  However, in all 
cases,  each player was reportedly sweating considerably and  previous ma tch  
play or a period of extensive t raining and practice closely preceded the 
cramping episode (c i rcumstances  tha t  could promote  significant cumulat ive  
fluid and sodium deficits). 

As progressive dehydrat ion continues,  the extracellular fluid c o m p a r t m e n t  
becomes increasingly contracted (39). A loss of interstitial volume can  cause  a 
mechanical  deformation of nerve endings and  increase the su r round ing  ionic 
and neuro t ransmi t t e r  concentrat ions.  This can, in turn,  cause  selected motor  
nerve terminals  to become hyperexcitable and spontaneous ly  discharge (37,40). 
A player 's  first indication of the onset  of heat  c ramps  is often very subtle,  
a lmost  undetectable  "twitches" or fasciculations in one or more voluntary  
muscles  (such as the calves or quadriceps). These in termit tent  muscle  twitches 
may  be part icularly evident while sitting during a changeover  period. Players 
with a history of hea t  c r amps  recognise tha t  soon (~20-30 minutes)  they may  
be facing full-blown, severe musc le  cramps,  unless  the m a t c h  ends  or 
something is done to address  the problem appropriately.  This is often the t ime 
when a perceptive player will reques t  a t ra iner  (if one is available). Even as the 
severity cont inues to evolve and  c ramps  become more widespread,  as a rule, 
only a limited n u m b e r  of localised muscle  bundles  at  a t ime contract  in a 
par t icular  muscle.  When certain muscle  fibres relax, adjacent  bundles  
subsequent ly  contract,  as  a c ramp  seemingly "wanders" (41). Elec t romyography 
suppor ts  this notion, as periodic high-voltage discharges are shown to spread  
across  an  afflicted muscle ,  f rom one a rea  to another ,  with i r regular  
fasciculations occurring between c r am ps  (37). 

Notably, a deficit in total  body exchangeable  sodium often cannot  be  detected 
by jus t  measur ing  s e rum or p l a s m a  levels (42/. In fact, a c ramping  tennis  player 
will often present  with normal  or slightly elevated p l a sma  sodium, prior to 
receiving oral or in t ravenous  fluids. This can mis takenly  lead one to "confirm" 
the absence  of a sodium deficit. Because  sweat  is hypotonic (compared to 
plasma), dehydrat ion (within limits) will cause  a proport ionate  ad jus tmen t  in 
total body water  (~ia each fluid subcompar tment ) ,  with an  initial p r imary  
emphas is  on "borrowing from" (decreasing) the interstitial fluid volume (43L so 
tha t  normal  p l a sma  osmolality is maintained.  Thus,  to a point, p l a sma  volume 
is partially "defended", part icular ly during an in termit tent  spor t  such  as 
tennis.  Moreover, even a p r ema tch  a s s e s s m e n t  of p l a sma  sod ium m a y  not be 
a valid predictor of an individual 's  susceptibil i ty to hea t  c ramps .  Alternatively, 
a 24-hour  urine collection indicating extreme renal  sodium conservat ion would 
be more indicative of a significant exchangeable  sodium deficit. 
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Table 1 indicates tha t  players can  have considerable variat ion in sweat  
sodium concentration.  Sweat was collected from the forearm during play, 
using a regional sweat  collection pa tch  (Pacific Biometrics, Inc., Irvine, CA) and  
calculating sweat  and mineral  loss ra tes  us ing previously described methods  
(20,44). Of course,  with a high sweat  ra te  and  a concomitant  high sweat  sodium 
concentra t ion (e.g., player LC), it 's easy  to appreciate  the potential  for an  
extensive deficit in total body exchangeable  sodium from a long match.  
However, even with a relatively low level of sodium in sweat  (characteristic of a 
fit, heat-accl imatised player), one can  still incur  a subs tant ia l  mineral  deficit 
when  the sweating rate  is high, given the opportuni ty  (i.e., long-duration, 
repeated play on successive days and insufficient salt  intake) to do so. Which 
is why m a n y  players who live and t rain in hot  and  humid  climates are often 
surpr ised by  their  susceptibil i ty to hea t  c ramps .  Notably, all players  listed in 
Table 1 were acclimatised to the heat,  at  the t imes tha t  these  on-court  
evaluat ions were conducted. 

Treatment 
At the first signs of muscle  twitching, a tennis  player can avert  or at  least  avoid 
a serious episode of hea t  c ramps  by  consuming  an  appropriate  salt  solution - 
for example,  3 g (0.5 tsp.) of salt  dissolved in 16-20 ounces  of Gatorade ®. 
Drinking half  of this mixture  on the cur rent  or next  changeover (along with a 
little water), and  the res t  on the subsequen t  changeover, has  been  a proven 
effective s t ra tegy for m a n y  players in an  effort to prevent  fur ther  development  
of or relieve such  cramping, so tha t  play cont inues  without  interruption. If the 
s i tuat ion is more  urgent, in t ravenous  rehydrat ion (e.g., 0.5-1.0 L of normal  
saline) m a y  be necessary  and  more prompt ly  effective. Oftentimes, a player 
readily recovers, without  any  apparen t  detr imental  effects and  is able to 
per form well the next day. 

Quinine adminis t ra t ion continues to be regarded as an appropr ia te  and  
favored option by some on-site t ra iners  for t reat ing hea t  cramps.  Reportedly, 
quinine lessens  motor  end plate excitability, while increasing the musc le  
m e m b r a n e  refractory period; although, empirical  evidence suggests  bo th  
efficacy and  no benefit (45). Besides a possible consequent  decrease in 
per formance  related to such  neuromotor  changes,  other potential  adverse 
effects (e.g., hypoglycaemia, nausea ,  vomiting, and  disturbed vision) should 
also be considered before administer ing or taking quinine on court. 

Prevention 
Prevention of hea t  c ramps  is clearly the preferred option for tennis  players over 
t rea tment .  Unfortunately, a variety of ineffective "remedies" are often pre- 
scribed to players  (e.g., t race minerals,  amino acids, quinine, bananas ,  water, 
and  even pickle juice). Notably, all players  listed in Table 1 (and myriad others) 
have been  able to avoid hea t  c ramps  during competi t ion and training, by 
appropr ia te ly  increasing their  daily salt  and  fluid intake in accordance with 
their  individual respective losses incurred from previous play - even during 
events when  the incidence of heat  c r amps  (for other  part icipating players) was  
high. 

Beyond salt ing meals  and choosing food i tems with high levels of inherent  
sodium (e.g., tomato juice, sauce,  or paste,  sal ted pretzels, canned vegetables 
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or soups,  or pizza), it is somet imes  more effective, convenient, and certain to 
consume  appropr ia te  salt  containing beverage mixtures  (4,46) between 
matches .  For those players especially prone to heat  cramps,  a little salt  (e.g., 
1.5 g/L) can be added to their spor ts  drink tha t  is consumed on court  during 
play. Salt tablets  can also be effective, so long as they are ingested (perhaps 
after being crushed  and mixed) with enough fluid. Ideally, any  such  dietary 
approach  to offset sodium and fluid losses should be based  on tha t  player 's  
measured  specific ra tes  of sweating and electrolyte losses during competi t ion 
under  the par t icular  environmental  conditions. 

Hyponatremia 
In an  effort to avoid heat  cramps,  players  are often encouraged to "drink more 
water". Although per formance  and  r isk for heat  illness are directly related to 
hydrat ion s ta tus  (8-11), hea t  c r amps  can  still occur, even when  a player has  
been drinking plenty of water  or other low-sodium beverages.  Complete 
rehydrat ion and restorat ion of the extracellular fluid compar tmen t  requires 
sufficient fluid and sodium (47-49). Findings by Mitchell et al. {48) specifically 
highlighted tha t  higher levels of fluid and sodium intake were needed to obtain 
the greatest  recovery of the interstitial fluid compar tment .  In the presence  of a 
significant exchangeable sodium deficit, rapid or repeated consumpt ion  of too 
m u c h  water  (or other low-sodium or sodium-free drinks) will likely not  resolve 
or prevent  hea t  c ramps  (it m a y  actual ly exacerbate  the risk for heat  cramps)  
and may  readily promote  hypona t remia  - potentially, an  extremely dangerous  
clinical condition 15o). Early s tages of hypona t remia  may  p rompt  a tennis  player 
to feel nothing more t han  fatigue, slight nausea,  and  a headache;  bu t  it can  get 
m u c h  worse. Player LC (Table 1) was  feeling nauseous  and weak and  was  
cramping after winning a 4-h m a t c h  played in extreme heat  (~38°C). He was  
advised by on-site medical personnel  to drink as m u c h  water  as he  could 
tolerate and re tu rn  to his hotel and  rest. After leaving the t o u r n a m e n t  site and 
consuming a considerable a m o u n t  of water, he subsequent ly  had  a seizure in 
his hotel room and slipped into a coma. LC was classified as being severely 
hyponat remic  (with an initial s e r u m  sodium level of 118.0 mmol/L).  Given his 
tendency for a very high rate of sod ium loss during play (Table 1), LC's s tate  of 
severe hypona t remia  was  probably  has tened  by the combinat ion of water  
excess and an  extensive sweat- induced deficit of exchangeable  sodium from 
the prior very long match.  Notably, Vrijens and Rehrer  {51) demons t ra ted  tha t  
athletes do not necessari ly have to drink excessive a m o u n t s  of sodium-free 
fluid to become hyponatremic.  However, if a player is constant ly  ur inat ing (e.g., 
every 15-30 minutes),  s / h e  m a y  indeed be drinking too m u c h  (and consuming  
too little sodium). Moreover, f requent  ur inat ion should not  be  considered an  
absolute indication of sufficient rehydrat ion (i.e., complete res torat ion of all 
fluid compar tmentsI .  

Recommendations 
• Tennis players should arrive as early as possible to t o u r n a m e n t  being played 

in hot ter  a n d / o r  more humid  conditions, so tha t  they have the oppor tuni ty  
to acclimatise to the new envi ronment  (including conserving sodium). 

• Players should drink plenty of fluids (water, juice, spor t  drinks,  etc.) 
th roughout  the day; bu t  they should  also be careful to not  "over-hydrate".  
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• Players prone to heat cramps should add some salt to their diet and possibly 
include additional salt in their on-court  sports drink. 

* Certain players should consider having their sweat rate and sweat electrolyte 
losses measured,  so that  specific and effective strategies can be developed 
and applied for sufficiently and appropriately maintaining fluid and mineral 
balance. 

• If heat  cramps persist, players should consult  with their doctor about  
potential other causes related to medications, an underlying illness or 
metabolic disorder, or other predisposing factors. 
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