Competition fluid intakes of elite level triathletes
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Despite having clear guidelines for carbohydrate and fluid intakes for athletes competing in high-intensity endurance sports (1), there are a lack of studies reporting actual food and fluid intake of elite level athletes during competition.  The American College of Sports Medicine recommend that athletes consume fluids during exercise to replace as much of their sweat losses as is practical and comfortable, in order to minimise the deleterious effects of dehydration.  ACSM also recommend athletes consume 30-60g of carbohydrate per hour of exercise to maintain blood glucose concentration and enhance carbohydrate oxidation.  

Athletes competing in high-intensity endurance competition that is continuous in nature (e.g. Olympic Distance Triathlon and Distance Running) face a number of challenges in meeting recommended nutrition guidelines during exercise.  Although many team sports are contested over a similar time (i.e. 2-2.5 hours), team sport athletes such as AFL players have numerous breaks in play to consume food and fluid throughout the course of a game.  Athletes competing in continuous, high-intensity endurance sports don’t have these luxuries and are required to consume food and fluid while exercising to meet recommended nutrition guidelines for carbohydrate and fluid.

The aim of this study was to investigate the fluid intake practices of elite level Triathletes competing in Olympic Distance draft-legal races to determine whether these athletes are meeting recommended fluid guidelines to optimise exercise performance.

What we did?

At three Olympic distance triathlons that formed part of the 2004 Accenture triathlon series (1st February – Perth, 21st February – Devonport, and the 28th of March – Mooloolaba) all elite male and female athletes entered to race were approached to participate as subjects for study.  Participation in the study was voluntary and all subjects were provided with an informed consent form.  Fifty-six male and female athletes participated as subjects in this study which enabled collection of 92 fluid balance assessments over the three races.

Each of the fluid balance assessments included:

Urine Specific Gravity

On the day prior to competition subjects were provided with a labelled urine collection vial at the pre-race briefing.  On waking the following day (race morning), subjects were required to collect a waking mid-stream urine sample.  Urine specific gravity was assessed using a refractometer in order to determine waking hydration status. 

Competition Fluid Balance

Subjects were weighed immediately before competition warm-up – approximately 1 hour before race start using a standardised protocol.  Subjects were weighed on Precision Health Scales UC 300 (A & D Company, Limited. Milpitas, California, USA.) or Wedderburn Scales BWB-620 (Tanita Corporation, Japan), both accurate to 50g.  All weighings were done in swimming costumes or race suits, without taping or footwear.  

Drink bottles were weighed on portable food scales (Salter Microtronic Electronic Kitchen Scale, Model 2001, Salter Housewares Limited., Kent, England.), accurate to 2g immediately before the start of the race once the bikes were racked for competition.  Total fluid intake and type of fluid were noted along with any food such as carbohydrate gels. No attempt was made to assess fluid intake on the run. 

Subjects and subject drink bottles were reweighed using the protocols as stated above immediately after the event before the consumption of any further fluid or food.

Changes in body mass over the event and weight of fluid consumed was used to calculate sweat loss and mean percent change in body weight (% dehydration) for each subject using the following formulas: 

Sweat loss(g) = [(Pre-exercise body mass(g) - Post-exercise body mass(g)) + fluid intake(g) - (urine(g) + faecal output(g))].  

No correction was made for respiratory water loss or metabolic fluid changes.  

Mean percent change in body weight = [(Post-exercise body mass(g) - Pre-exercise body mass(g)) / Pre-exercise body mass (g)] x 100.
Temperature and humidity was recorded at the start of each race (see Table 1) and details of the course (including the topography of the cycle and run courses) was collected when information was available.  

Table 1. Temperature and humidity readings.

	
	Perth

1st Feb, 2004
	Devonport

21st Feb, 2004
	Mooloolaba

28th March, 2004

	Temperature (oC)
	28.4
	17.2
	26.3

	Humidity (%)
	38.5
	44
	64


Study Findings

Urine Specific Gravity

Urine specific gravity (USG) is a measure of urine concentration.  On waking, USG accurately reflects blood measures of hydration status(2).  Casa and colleagues have demonstrated that a reading of 1.020 or less indicates a mild level of dehydration(3).  In this study athletes presented on the morning of the race with an average USG reading of 1.014.  USG values ranged from 1.002-1.024.  Only on ten occasions did athletes present with a USG reading equal to or above 1.020.    

Competition Fluid Balance

A summary of the key competition fluid balance findings from this study are outlined in Table 1.

Table 1. Wt loss, fluid consumed, sweat loss, percent of sweat replaced, percent dehydration and percent of carried fluid consumed (Average, maximum and minimum).

	
	Wt loss

(kg)
	Fluid Consumed

(ml)
	Sweat loss

(ml)
	Sweat Replaced

(%)
	Dehydration

(%)
	Carried Fluid Consumed

(%)

	Average
	1.9
	712
	2589
	29
	2.9
	74

	Maximum
	4.0
	1344
	5738
	66
	6.4
	99

	Minimum
	0.3
	134
	514
	5
	0.6
	24


Note:  Fluid consumed was calculated from pre/post exercise weights of drink bottles carried during the cycle leg. Assumption is that all fluid was consumed during the ride and none was spilt or used for cooling. No attempt was made to estimate fluid intakes during the run leg.

As can be seen from Table 1, athletes incurred significant weight loss as a consequence of failing to adequately replace sweat losses during Olympic distance triathlon events.  Athletes only managed to replace 29% of total sweat loss throughout the race with some athletes replacing as little as 5% of their total sweat losses.  

Average percent dehydration was 2.9% however some athletes incurred levels of dehydration as high as 6.4% over the course on an Olympic distance triathlon event.  Athletes managed to consume about 74% of the total amount of fluid they carried with them during the cycle leg.  Interestingly, some athletes consumed only a small amount of fluid despite carrying adequate fluid with them during the cycle leg.  This likely reflects a lack of opportunity, awareness and proper planning to ensure a better attempt was made to match sweat losses.

No statistical analysis has been conducted, however our findings suggest that athletes fail to manipulate their competition fluid intakes in anticipation of the environmental conditions or the opportunities to consume fluid during the race.

It is likely that fluid and carbohydrate intakes during competition are heavily influenced by:

· Opportunity – obviously, no opportunity during the swim, minimal opportunity during the run and, varying opportunity during the cycle.  Fluid intakes during the cycle are largely determined by the difficulty of the cycle course – the intensity, the course profile and the technical difficulty of the cycle

· Perceived importance of maintaining fluid balance during exercise by the athlete.  At times when athletes reported having ample opportunity, little attempt was made to maximise their fluid intakes during exercise.

Athletes competing in continuous endurance events need to create sufficient opportunities for fluid intake during exercise in order to better match sweat losses.  The intensity of the exercise and the profile of the course, particularly the topography of the cycle, is likely to impact on an athlete’s ability to meet suggested guidelines.

As a result of conducting this preliminary data we were able to road test a software fluid balance database that is currently under development.  We were also able to develop a sports specific fact sheet for triathletes competing Olympic distance triathlons – see attached.
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	Hydration for Triathlon


Urine Specific Gravity (USG) and morning weights

· On waking USG measurements over consecutive mornings, combined with morning weights give an indication of hydration practices of the previous day.  Assuming all conditions remain similar (e.g. drinking practices, environmental conditions and activity) this assessment will be reflective of pre-exercise hydration status.

· Morning weight variations of > 0.5 kg may indicate athletes are dehydrated if other factors affecting weight (e.g. clothing, emptying bladder/bowel, standardised scales and time of day) are the same each day.  This can be confirmed if USG is > 1.020.

Competition

Issues:
· Given the difficulties in assessing fluid intake during the run, it is likely that fluid intake and therefore fluid loss/sweat loss are underestimated in the assessment.

Advice for athletes:

· You should not drink excessively on the final days leading into competition.  If you plan to undertake hyperhydration strategies in your final preparation for competition, these strategies should be undertaken with the supervision of a suitably qualified sports deititian or sports scientist.

· Including fluid with a meal/snack 1½-2 hours before race will assist you to top-up fluid stores and allow time for excretion of excess ingested fluid. As a general guide include 400-600ml of fluid with your pre-event meal/snack.  The exact amount you include however, will vary according to your individual tolerance, the environmental conditions and the race you are about to complete.

· In shorter events when opportunities for fluid intake are limited, consider consuming a bolus of fluid (e.g. 200-400ml) immediately before race start to further top-up fluid stores and assist gastric emptying during the race.

· Optimise your opportunities on the cycle leg as this presents more opportunity to consume fluid during a triathlon than the swim and run.  Take cues from other athletes drinking, or use a count down timer to remind you to drink regularly during the cycle.

· Customise the quantity of fluid carried on your bike to suit the environmental conditions and the likely duration of the cycle leg.  Carrying additional fluid that you are unlikely to consume only adds weight to your bike.

· In longer races, familiarise yourself with fluids and foods offered by race organisers if you plan to rely on these during the race.

· Sports drinks (e.g. Gatorade) offer the specific benefit of providing fluid, carbohydrate and electrolytes simultaneously.  Research has shown that consuming carbohydrate and fluid simultaneously enhances performance of endurance exercise.

Training

Advice for athletes:

· Be well prepared for training by having fluid available during all training sessions – this includes swimming, cycling and running sessions.

· Always have a drink bottle with you during swim sessions.  It can be conveniently left on pool side for easy access when you have a break between sets.

· In you are cycling in hot conditions and/or for extended periods, ensure you have two drink bottle cages attached to your bike.  Rear seat bottle cages offer you additional water bottle storage for long cycle sessions.

· Take a drink bottle to track running sessions.  For long runs, particularly in hot conditions, consider consuming a bolus of fluid (200-400ml) immediately before you start.  Also consider using a drink bottle carrier or plan your run to ensure you have access to taps and drinking fountains.

· Given you have limited time between training sessions, carry a drink bottle with you throughout the day in order to assist you in meeting daily fluid losses.

