
 

 

 

Elite Kenyan Endurance Runners are Hydrated Day-
To-Day with Ad Libitum Fluid Intake
Citation for published version (APA):

Fudge, B. W., Easton, C., Kingsmore, D., Kiplamai, F. K., Onywera, V. O., Westerterp, K. R., Kayser, B.,
Noakes, T. D., & Pitsiladis, Y. P. (2008). Elite Kenyan Endurance Runners are Hydrated Day-To-Day with
Ad Libitum Fluid Intake. Medicine and Science in Sports and Exercise, 40(6), 1171-1179.
https://doi.org/10.1249/MSS.0b013e318169cdda

Document status and date:
Published: 01/01/2008

DOI:
10.1249/MSS.0b013e318169cdda

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.1249/MSS.0b013e318169cdda
https://doi.org/10.1249/MSS.0b013e318169cdda
https://cris.maastrichtuniversity.nl/en/publications/b2fcc9d5-dc67-4d00-8ddc-4af668b75195


D
ow

nloaded
from

http://journals.lw
w
.com

/acsm
-m
sse

by
BhD

M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

1y0abggQ
ZXdgG

j2M
w
lZLeI=

on
09/29/2021

Downloadedfromhttp://journals.lww.com/acsm-mssebyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC1y0abggQZXdgGj2MwlZLeI=on09/29/2021

Copyright @ 200  by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.8

Elite Kenyan Endurance Runners are Hydrated
Day-To-Day with Ad Libitum Fluid Intake

BARRY W. FUDGE1,2, CHRIS EASTON1,2, DAVID KINGSMORE1,3, FESTUS K. KIPLAMAI1,4,
VINCENT O. ONYWERA1,4, KLAAS R. WESTERTERP1,5, BENGT KAYSER1,6, TIMOTHY D. NOAKES1,7,
and YANNIS P. PITSILADIS1,2

1International Centre for East African Running Science (ICEARS); 2Institute of Biomedical & Life Sciences (IBLS),
University of Glasgow, Glasgow, UNITED KINGDOM; 3Department of Surgery, Gartnavel General Hospital, Glasgow,
UNITED KINGDOM; 4Department of Exercise and Sports Science, Kenyatta University, Nairobi, KENYA; 5Department of
Human Biology, Maastricht University, Maastricht, THE NETHERLANDS; 6School of Physical Education and Sports,
Institute of Movement Sciences and Sports Medicine, Faculty of Medicine, University of Geneva, SWITZERLAND;
and 7UCT/MRC Research Unit for Exercise Science and Sports Medicine, Department of Human Biology, University of Cape
Town and Sports Science Institute of South Africa, Newlands, SOUTH AFRICA

ABSTRACT

FUDGE, B. W., C. EASTON, D. KINGSMORE, F. K. KIPLAMAI, V. O. ONYWERA, K. R. WESTERTERP, B. KAYSER,

T. D. NOAKES, and Y. P. PITSILADIS. Elite Kenyan Endurance Runners are Hydrated Day-To-Day with Ad Libitum Fluid Intake.

Med. Sci. Sports Exerc., Vol. 40, No. 6, pp. 1171–1179, 2008. Previous studies of elite Kenyan endurance runners reported that athletes

did not consume liquids before or during training and infrequently consumed modest amounts of liquids after training that contributed

to low daily fluid intake. Purpose: To assess hydration status of elite Kenyan endurance runners during an important training period.

Methods: Hydration status was monitored in fourteen elite Kenyan endurance runners over a 5-d training period 1 wk prior to the

Kenyan national trials for the 2005 IAAF Athletics World Championships by measuring body mass, urine osmolality, total body water,

and daily fluid intake. Dietary sodium (Na) intake was estimated using a 5-d nutritional diary and biochemical analysis, whilst [Na] was

determined in urine and sweat. Intestinal temperature was monitored continuously during training sessions. Results: Daily fluid intake

was consistent with previous observations. There was a significant body mass loss during the morning, interval, and afternoon training

sessions (P G 0.05). Nevertheless, mean total body water and pretraining body mass were well maintained day-to-day throughout the

5-d recording period (P = 0.194 and P = 0.302, respectively). Furthermore, there was no significant difference between the osmolality

of the morning urine sample and the evening sample (P = 0.685). Mean Na intake was not significantly different to Na loss in sweat and

urine (P = 0.975). No athlete showed signs or symptoms of heat strain at any time. Conclusions: These results demonstrate that elite

Kenyan endurance runners remain well hydrated day-to-day with an ad libitum fluid intake; a pattern and volume of fluid intake that is

consistent with previous observations of elite Kenyan endurance runners. Key Words: DIET COMPOSITION, SWEAT RATE AND

COMPOSITION, URINE OSMOLALITY, ELITE KENYAN RUNNERS

K
enya has enjoyed increasing success in interna-
tional racing over the last four decades since its
emergence in world athletics in the 1960s. For

example, in 2004, the majority (51%) of top ten yearly
performances from 800 m to marathon were from male
Kenyan athletes. Considering the success of these runners
and the importance of diet and lifestyle for optimum endur-

ance running performance (3), the diet and lifestyle prac-
tices of this unique group of runners warrant examination.
Two recent investigations (17,30) reporting the nutritional
and lifestyle practices of elite Kenyan endurance runners
whilst preparing for major competition (Kenyan National
Championships 2003 and Athens Olympic games 2004
national trials, respectively) found athletes did not consume
fluids before or during training, and only infrequently
consumed modest amounts of fluids immediately after
training. This contributed to low daily fluid intake, mainly
water (1.1 T 0.3; 0.9 T 0.5 LIdj1, from references 30 and
17, respectively) and milky tea (1.2 T 0.3; 0.9 T 0.3 LIdj1,
respectively). These fluid intake and drinking habits were
substantially less than previous recommendations of the
American College of Sports Medicine (ACSM) (10), which
were 0.4–0.6 L of fluid 2–3 h before exercise, 0.6–1.2 LIhj1

while exercising, aiming at total replacement of all fluid lost
during exercise, or at least up to the maximal amount
tolerated; a pattern and volume of fluid replacement similar
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to that recommended by the National Association of Athletic
Trainers (NAAT) (5), and the US Army (25). The drinking
behaviours (i.e., ad libitum) reported previously in elite
Kenyan endurance runners (17,30) are consistent with
empirical observations that elite athletes typically do not
adhere to prevailing fluid intake recommendations (for a
review, see reference (9)). Recently, the ACSM has replaced
their prior Position Stand (10) with an updated one on
exercise and fluid replacement (4) that advocates drinking ad
libitum (0.4–0.8 LIhj1) during exercise (with the lower value
for slower lighter individuals competing in cooler environ-
ments, and the higher value for faster larger individuals
competing in warmer environments) in order to prevent
excessive dehydration (i.e., G 2% body mass loss), and only
aggressively ingest fluid and electrolytes before/after exercise
if time does not permit consumption of normal meals and
beverages to replace exercise induced fluid and electrolyte
losses. These new recommendations (4) appear to be more in
keeping with previous observations of elite Kenyan endur-
ance runners (17,30). However, their hydration status day-to-
day during an important training period remains to be
determined.

Therefore, the main aim of the present investigation was
to assess the hydration status of elite Kenyan endurance
runners during an important training period given their
previously reported drinking behaviors (17,30) that appear
more in line with recent recommendations (4). This
investigation also provides a rare insight into the lifestyle,
training and nutritional practices of some of the most
successful endurance runners in the world 1 wk prior to
major competition.

METHODS

Subjects. Fourteen elite Kenyan endurance runners
(range of athletic discipline: 800 m to marathon) were
invited to participate in this study (Table 1A). All athletes
gave their written informed consent prior to participating in
the study. The experimental procedures were in accordance
with the Helsinki declaration and were approved by the
local ethics committee at Kenyatta University, Nairobi,
Kenya. The athletes were highly trained and included
World, Olympic and Junior Champions frequently
competing in major national and international middle- and
long-distance running events. Athletes were based at a high
altitude training camp (Global Sports Training Camp,
Kaptagat, Eldoret, Kenya) situated in the North Rift Valley
(altitude: 2400 m a.s.l., daytime ambient temperature: 8–24-C,
RH: 31–100%) and were all heat and altitude acclimatised
at the time of testing. The athletes were in a 10-d taper
phase of their training cycle as the investigation was
undertaken 1 wk prior to the Kenyan national trials for the
2005 IAAF Athletics World Championships.

Experimental design. Subjects were monitored for a
period of 5 training days during the course of a standard
training wk prior to major competition. Organized training

runs were carried out mostly in groups that were influenced
by athletic discipline and instructions from coach/manager.
Training schedules typically incorporated up to two variable
distance-training sessions per day (i.e., a morning run and a
noncompulsory afternoon run) and two interval-training
sessions per week (i.e., midmorning run).

Procedures and protocols. Body water compartments,
urine osmolality and specific gravity, body mass, and body
fat were measured each morning as follows. Body water
compartments were estimated using a multifrequency
bioimpedance analyser (Bodystat Multiscan 5000
Bioimpedance analyser, Bodystat Ltd, Isle of Man).
Multifrequency bioimpedance allows total body water and
extracellular water to be estimated; from these measurements
intracellular water can also be deduced (39). The
multifrequency bioimpedance measurements were taken after
the subjects woke while they lay comfortably in a supine
position for at least 10 min on a nonconductive surface with
their arms and legs slightly abducted, ensuring consistent
distribution of body water. Following this, subjects were
asked to supply a 20-mL urine sample, which was analysed
for osmolality by freezing point depression (Micro-
osmometer 3300, Vitech Scientific, West Sussex, UK) and
specific gravity (Combur test strips, Roche Diagnostics, East
Sussex, UK) within 15 min to give an index of pretraining
hydration status (36); subjects also provided a 20-mL urine
sample before going to sleep each night. Body mass and
percent body fat measurements were then made
simultaneously after subjects had voided and before the
consumption of any food or fluid using a leg–leg
bioimpedance system equipped with a digital scale (Tanita
Body Fat Analyzer, TBF 521, Tanita Corporation of
America, Inc., Arlington Heights, IL). The estimates of
percent body fat provided by the manufacturer`s software
were reported (the prediction equation used by the Tanita
system is not disclosed by the manufacturer so the equation
used cannot be presented). Although the leg–leg
bioimpedance system has been shown to reliably measure
percent body fat in males when compared to underwater

TABLE 1. A Physical and anthropometric characteristics of elite Kenyan endurance
runners (n = 14). B. Sweat electrolyte concentration during training sessions calculated
from four collection sites and 24-h urinary losses (n = 9). Mean T SD is shown.

Mean SD

A
Age (yr) 22 3
Height (cm) 170 5
Body mass (kg) 54.8 6.3
Body mass index (kgImj2) 19 2
AD (m2) 1.6 0.1
ADIkg

j1 (cm2Ikgj1) 300 19
Body fat (%) 7.5 1.4

B
Sweat [Na] (mmol.Lj1) 37.0 8.0
Sweat [K] (mmol.Lj1) 4.6 1.1
Urine Na loss (gIdj1) 2.3 1.2
Urine K loss (gIdj1) 2.1 0.9

Key: body surface area (AD); Surface area to mass ratio (ADIkg
j1 ); Sodium (Na);

Potassium (K).
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weighing (7), validation studies have not been carried out in
this specific population.

Prior to the morning training session on the first day of
the 5-d investigative period, height was recorded using a wall
mounted stadiometer. Body surface area (AD) was calculated
from body mass and height as described by (12); following
this, surface area to mass ratio (ADIkg

j1) was also calculated.
An HR monitor (Suunto t6, Suunto Oy, Vantaa, Finland)

was attached to record HR continuously throughout each
training run. The peak HR (HRPeak) was considered the
highest achieved HR in all training sessions completed
by individual subjects throughout the recording period.
Intestinal temperature (Ti) was monitored using a telemetric
pill system (CorTemp, HQ inc., Palmetto, Florida, USA)
that subjects consumed 8–10 h before the morning run (13).
Ti was recorded continuously during the exercise period
on the CorTempi receiver that was secured to the small of
the subject`s back in a neoprene running pack (Hybrid
music pak, NATHAN Human Propulsion Laboratories,
Philadelphia, USA). The Timex� Bodylinki system (Timex
Corporation, Middlebury, CT, USA) was used to determine
the distance, time and running speed of the training runs by
utilizing Global Positioning System (GPS) technology.
Athletes wore the Timex� Performance device during
individual and group runs. HR, Ti, and Timex� data were
recorded during all training sessions throughout the study
period. Body mass was measured before and after each
training session. Sweat loss and sweat rate were calculated
from the change in body mass (the relatively small changes
in body mass due to substrate oxidation and other sources
of water loss were ignored). RPE (6) was reported at the
end of each training run. Environmental conditions (i.e.,
ambient temperature (Ta) and RH) were recorded (C8600
10-channel microprocessor, Comark, Hertfordshire, UK)
each morning and before and after every training session.

The dietary intake of ten subjects was measured daily
during the 5-d investigative period. While at the training
camp, meals and snacks were served at standard times each
day: breakfast (08:00), midmorning snack (10:00), lunch
(13:00), afternoon snack (16:00), and dinner (19:00).
Athletes selected their portion sizes ad libitum from the
provided food. Samples of all foods and fluids consumed
were chemically analysed (Food Industrial Research and
Technological Development Company S.A., Athens,
Greece) for energy (calculated by Atwater energy factors
(24)), carbohydrate (calculated Fby difference`, i.e., carbo-
hydrate = 100jfatjproteinsjmoisturejash), fat (meas-
ured by petroleumether extraction according to the Soxhlet
method (18)), protein (calculated from analysis by Kjeldahl
titration method (18)), moisture (determined by oven drying
the sample at 105-C for 4 h (18)), and sodium (Na) and
potassium (K) content (both analysed by flame photo-
metry). During the study period, subjects were required to
weigh and record all food and drink consumed; individual
digital weighing scales readable to 1 g were used. All food
items were weighed before and after cooking and cooking

method noted. Subjects were also required to continue
weighing all food and drink when away from the camp
(e.g., athletes occasionally walked to the local shop for
snacks between training runs); samples of any food or
drinks consumed were collected for chemical analysis. The
weighed dietary intake data were used to determine energy
intake and diet composition using results of the chemical
analysis of foods. Metabolic water was determined by
multiplying estimated energy expenditure by the fraction of
energy in the diet from carbohydrate, protein, and fat (data
derived from chemical analysis of foods). The oxidation of
carbohydrate, protein and fat yields 0.60, 0.41, and 1.07 mL
waterIgj1, respectively (16). Athletes did not receive any
specific dietary recommendations from their coach/manager.
One subject consumed a daily multivitamin.

Energy expenditure was assessed by physical activity
ratio (2). Subjects were instructed to record in detail their
individual activities each day (including type, intensity and
duration of activity). The compendium of physical activities
(2) was used to assign specific activities with their
respective metabolic equivalent. The total energy cost is
expressed as a multiple of basal metabolic rate (BMR). In
the present study, BMR was calculated using the Schofield
equation (35).

Nine of the ten subjects who recorded dietary intake
during the 5-d investigative period also completed one 24-h
urine collection. The urine volume was measured and
mixed thoroughly before a representative 20-mL sample
was analysed for osmolality and specific gravity (as
described above) and [Na] and [K] by flame photometry
(Flame Photometer Model 410, Corning, Halstead, Essex,
UK). During the 24-h urine collection period sweat samples
were also collected during all training sessions from four
skin sites (chest, forearm, back, and thigh) by absorbent
sweat patches applied to the skin surface (Tagaderm+Pad,
3M, Loughborough, UK). The gauze patches were covered
with an adhesive nonporous film that held them in place
and prevented evaporation of sweat. The patches were
positioned before the start of each training session and
remained in place throughout the session. All patches were
placed on the right hand side of the body after preparation
of the skin site by washing with deionised water and drying
with a clean electrolyte-free gauze swab. The patches were
removed after each training session and placed in sealed
sterile containers until they were analysed. After weighing
of the patches and elution of sweat with distilled water, the
sweat collected was analysed for [Na] and [K] by flame
photometry (as previously described). The [Na] and [K]
were used to calculate total Na and K loss from sweat loss
(i.e., body mass loss) during training runs. The total
quantity of Na and K lost in the sweat and urine over the
24-h period was used to calculate an estimate of total Na
and K lost from the body over the course of a single day
and compared to the total Na and K intake of the diet
assessed by chemical analysis of all food and fluids
consumed during the 24-h period.
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Data analysis. Data are expressed as the mean T SD or
median (range) as appropriate following a test for the
normality of distribution. Paired t-tests were used to
compare body mass loss during training sessions, pre-
training body mass in the morning vs preinterval training
body mass, pretraining body mass in the morning vs
pretraining body mass in the afternoon, preinterval training
body mass vs pretraining body mass in the afternoon, initial
body mass vs final body mass, energy intake vs energy
expenditure, morning urine osmolality vs evening urine
osmolality, morning urine specific gravity vs evening urine
specific gravity, Na intake vs Na loss, and K intake vs loss.
A one-way ANOVA for repeated measures was used to
determine whether there was a significant difference in
daily total body water, extracellular water and intracellular
water compartments and body mass measured in the
morning before training. Statistical significance was set at
P G 0.05.

RESULTS

Environmental conditions. Environmental conditions
(i.e., Ta and RH) during the morning (06:00), interval
(09:00), and afternoon training sessions (15:00) were
(mean T SD) 10.7 T 1.6-C and 75 T 3% RH, 17.9 T 1.1-C
and 68 T 4% RH, and 21.1 T 2.1-C and 43 T 11% RH,
respectively.

Body mass and fluid balance. No correction was
required for food and fluid intake during training sessions
as no fluid or food was consumed. On the days when
urinary losses were not recorded, body mass was not
corrected for any urinary losses during training runs. Any
body mass losses due to fecal losses during training runs
were not corrected for. On average there was a significant
body mass loss during the short, medium and long morning
training runs (0.5 T 0.4 kg, P G 0.001; 0.8 T 0.4 kg, P G
0.001; 1.1 T 0.4 kg, P G 0.001) as well as interval (0.7 T 0.3
kg; P G 0.001) and afternoon (0.5 T 0.4 kg; P G 0.001)
training runs. This was equivalent to 0.8 T 0.5, 1.5 T 0.5,
2.0 T 0.7, 1.3 T 0.5 and 1.0 T 0.6% body mass loss,
respectively, and mean sweat rates of 1.0 T 0.7, 1.0 T 0.4,
0.8 T 0.4, 1.0 T 0.4 and 0.9 T 0.6 LIhj1, respectively.
Despite significant loss in body mass, athletes that
completed a morning run and an afternoon run in the same
day, had no significant difference between pretraining body
mass in the morning and afternoon pretraining body mass
(56.1 T 4.4 kg vs 56.0 T 4.0 kg; P = 0.761). In contrast,
athletes that completed a morning run and an interval
training session in the same day, commenced interval
training with a significant loss in body mass (0.8 T 0.5 kg;
P G 0.001); postinterval training, athletes had a mean body
mass deficit of 1.5 T 0.6 kg, equivalent to 2.7 T 1.0% body
mass loss. Nevertheless, athletes that completed an interval
training session and an afternoon run in the same day, had
on average regained all water lost via sweating and more
as evidenced by a significant positive difference between

pretraining body mass prior to interval training and
afternoon pretraining body mass (53.5 T 2.1 kg vs 54.1 T
2.4 kg; P = 0.007). Similarly, athletes that completed
a morning run, interval training and an afternoon run in
the same day had no significant difference between pre-
training body mass in the morning and afternoon
pretraining body mass (53.9 T 2.5 kg vs 53.6 T 2.6 kg;
P = 0.400). Mean total body water (31.4 T 3.4 L; P =
0.194), extracellular water (14.2 T 1.5 L; P = 0.564),
intracellular water (17.1 T 1.9 L; P = 0.557), and pretraining
body mass (53.6 T 6.8 kg; P = 0.302) were well maintained
day-to-day throughout the investigative period. Mean
osmolality and specific gravity of urine supplied by the
athletes in the morning was not significantly different from
the evening sample supplied before sleeping (osmolality:
522 T 117 vs 505 T 98 mOsmolIkgj1, respectively; P =
0.685; specific gravity: 1.017 T 0.004 vs 1.016 T 0.004,
respectively; P = 0.388).

Energy balance, physical activity and diet
composition. The reported energy intake assessed by
chemical analysis of all food and fluids consumed was not
significantly different from the estimated energy expenditure
assessed by physical activity ratio (12.3 T 1.5 MJIdj1 vs 13.6
T 2.2 MJIdj1; P = 0.154; n = 10). Body mass on day 1 and
day 5 did not differ significantly (55.9 T 6.1 kg vs 55.6 T 6.2
kg; P = 0.167; n = 10). Physical activity level was 2.1 T 0.3
(energy expenditure/BMR). The diet consisted mainly of
carbohydrate (79.0 T 2.6%, 9.8 gIkgj1 BMIdj1) compared
with protein (14.3 T 2.1%, 1.8 gIkgj1 BMIdj1) and fat
(6.6 T 1.0%, 0.8 gIkgj1 BMIdj1).

Mean Na intake assessed by chemical analysis of all food
and fluids consumed in a 24-h period was not significantly
different from Na loss during the same 24-h period in sweat
and urine assessed by 24-h urine and training run sweat
patch analysis (3245 T 901 vs 3254 T 1070 mgIdj1; P =
0.975; n = 9). In contrast, mean K intake was significantly
different from K loss in sweat and urine (3812 T 489 vs
2346 T 846 mgIdj1; P G 0.001; n = 9). All nine athletes
completed a morning run (17.4 T 2.8 km) with a further three
completing an additional afternoon run (5.0 T 1.0 km). Sweat
electrolyte concentration obtained from the four collection
sites and 24-h urinary losses are shown in Table 1B.

Daily fluid intake consisted mainly of water (0.7 T 0.5
LIdj1; 18.4%) and milky tea (1.2 T 0.4 LIdj1; 31.6%) with
a small contribution from the intake of other fluids such as
soft drinks and milk (0.4 T 0.2 LIdj1; 10.5%). Other
sources of daily fluid intake were water consumed as
moisture in food (1.0 T 0.1 LIdj1; 26.3%) and metabolic
water production as a result of oxidation of carbohydrate,
protein, and fat (0.5 T 0.1 LIdj1; 13.2%) resulting in a mean
total daily fluid intake of 3.8 T 0.8 LIdj1. Mean osmolality
of the tea regularly consumed by the athletes was 281 T 55
mOsmolIkgj1; composition of the tea was 0.2 MJI100 gj1

of energy, 1.0, 0.2 and 8.28 gI100 gj1 of protein, fat and
carbohydrate, respectively, and 16.98 and 28.77 mmol.Lj1

of [Na] and [K], respectively.
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Physiological response to running. Mean time,
distance, speed, RPE, and % HRPeak for morning runs,
interval training and afternoon runs is shown in Table 2.
Training distance achieved over the 5-d recording period
was 81.7 T 11.3 km. Mean Ti and HR at 5 min intervals
during morning and afternoon training sessions are shown
in Figure 1. Average peak Ti during interval training was
39.5 T 1.8-C.

DISCUSSION

The main finding of the present investigation is that
despite low daily fluid intake, elite Kenyan endurance
runners remain well hydrated day-to-day during an impor-
tant training period. The pattern and volume of fluid intake
reported in the present study is consistent with previous
observations of elite Kenyan endurance runners (17,30),
and supports the principle of a daily ad libitum fluid and
food intake strategy for elite Kenyan endurance runners
during an important training period.

Fluid intake and hydration status. Body mass loss
as a result of sweating during running was fairly modest
during training runs. A contributing factor may have been
the relatively low body mass of the subjects in the present
study (Table 1A) that is similar to reported values of

African endurance runners but less than Caucasian
endurance runners (e.g., (32)). In contrast, body fat (Table
1A) is similar to values reported in the literature for both
African and Caucasian endurance runners (e.g., (32)).
Epstein et al. (14) suggest that thermoregulation is more
efficient the greater the AD available for evaporation per
unit of body mass; this is especially apparent when
exercising in a hot dry environment. The ADIkg

j1 of the
runners in the present study (Table 1A), is similar to values
previously reported in Kenyan runners but greater than
values reported in Caucasian endurance runners (e.g., (32)).
Therefore, a low body mass index coupled to a high AD

may have resulted in the modest sweat losses observed,
thus requiring relatively little fluid intake to compensate.
In addition, mild ambient conditions and/or relatively low
training duration/intensity (Table 2) may have also
contributed to the modest fluid losses in the present
investigation. Thus, sweat rate can be influenced by a
number of factors, including meteorological variables (e.g.,
Ta, wind speed, humidity), exercise intensity, state of fitness,
level of heat acclimation, and the amount of insulative
clothing worn. Indeed, it was found that sweat rates were
similar throughout all training sessions despite lower Ta
during the morning run compared to the midmorning and
afternoon runs (10.7 T 1.6-C vs 17.9 T 1.1-C and 21.1 T
2.1-C, respectively). This is likely explained by athletes
wearing insulative clothing during morning runs that resulted
in a greater than expected sweat loss for the Ta experienced.

Despite relatively low body mass loss during training
runs, athletes had greater losses during interval training
(2.7 T 1.0% body mass) as a result of accumulating a deficit
from the preceding morning run since athletes ingested no
fluid before and during training and infrequent and modest
amounts immediately after. However, these losses may still
arguably be within a tolerable range for dehydration that
will not negatively affect performance, especially in the
mild Ta, experienced by the runners during the present
investigative period (23). Nevertheless, even though body
mass loss was significant during training runs and irre-
spective of whether the elite Kenyan endurance runners had
completed 1, 2, or 3 training sessions over the course of a
training day, they remained on average well hydrated
throughout each day of the 5-d recording period with no
heat strain evident at any time during training sessions
(Fig. 1). Maintenance of hydration balance over the 5-d
recording period was evidenced by similar total body water
and body mass values recorded each morning before
training despite athletes incurring body mass deficits due
to training runs. Daily hydration balance was further
demonstrated by a similar pretraining body mass in the
morning and pretraining body mass in the afternoon. It was
also found that there was no significant difference in
osmolality and specific gravity of the urine supplied by
the athletes in the morning when compared to the evening
sample. During the 5-d recording period, mean osmolality
and specific gravity in the morning (519 T 203 mOsmolIkgj1;

TABLE 2. Training load and physiological response to running during morning
(i.e., AM), mid-morning (i.e., interval training) and afternoon (i.e., PM) training runs.
Mean T SD is shown.

Mean SD

Short run—AM
Time (min) 30.3 0.5
Distance (km) 6.4 0.5
Speed (kmIhj1) 12.6 0.9
RPE (6–20) 10 2
% HRpeak 71 9
Ti (-C) 37.2 0.4

Medium run—AM
Time (min) 63.2 7.4
Distance (km) 14.0 1.5
Speed (kmIhj1) 13.3 2.0
RPE (6–20) 13 2
% HRpeak 78 10
Ti (-C) 37.3 0.4

Long run—AM
Time (min) 63.6 5.4
Distance (km) 18.2 1.4
Speed (kmIhj1) 17.2 1.6
RPE (6–20) 13 1
% HRpeak 81 7
Ti (-C) 37.9 0.6

Interval training
Time (min) 49.5 17.4
Distance (km) 5.6 2.1
Peak Speed (kmIhj1) 25.7 2.3
RPE (6–20) 16 2
Peak % HRpeak 96 4
Ti (-C) 37.9 0.5

Run—PM
Time (min) 33.4 6.9
Distance (km) 5.9 1.1
Speed (kmIhj1) 10.5 2.2
RPE (6–20) 9 2
% HRpeak 66 7
Ti (-C) 37.6 0.5

Key: Rating of perceived exertion (RPE (arbitrary units 6–20)); Percentage of peak heart
rate (% HRpeak); Intestinal temperature (Ti).
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1.017 T 0.006, respectively) and evening (502 T 229
mOsmolIkgj1; 1.015 T 0.007, respectively) were below
values suggested to correctly classify dehydration in individ-
uals (i.e., 9 700 mOsmolIkgj1 and a specific gravity = 1.020
(4)). Maintenance of hydration status, despite athletes loosing
body water during training, was achieved by water gained
from the diet and fluid ingested throughout the day ad

libitum. The pattern and volume of fluid intake reported in
the present study is consistent with previous observations of
elite Kenyan endurance runners (17,30) as fluid intake
consisted mainly of water (0.7 T 0.5 LIdj1; 18.4%) and
milky tea (1.2 T 0.4 LIdj1; 31.6%) with a small contribution
from the intake of other fluids such as soft drinks and milk
(0.4 T 0.2 LIdj1; 10.5%). Interestingly the mean osmolality

FIGURE 1—Mean intestinal temperature and heart rate at 5-min intervals for morning (short, medium, and long) and afternoon training runs.
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of the milky tea regularly consumed by the athletes was
isotonic (281 T 55 mOsmolIkgj1), high in energy (0.2
MJI100 gj1) and had a modest [Na] (16.98 mmol.lj1) that is
similar to conventional sports drinks. Furthermore, Shirreffs
et al. (37) found milk (a major constitute of the tea regularly
consumed by the athletes) was effective at replacing sweat
losses and maintaining euhydration following exercise
induced dehydration (approximately 2% body mass loss).
Other sources of daily fluid intake were water consumed as
moisture in food and metabolic water production resulting in
a mean total daily fluid intake of 3.8 T 0.8 LIdj1.

Daily total ad libitum water intake (0.29 T 0.1 LIMJj1) in
the present study was consistent with guidelines from the
National Research Council (US) (26) that suggest daily
water intake requirements of 0.24 LIMJj1 (1.0 mLIkcalj1)
for average energy expenditure and environmental exposure
and 0.36 LIMJj1 (1.5 mLIkcalj1) for higher levels of
physical activity, sweating and solute load and is similar to
measured water loss (0.28 T 0.03 LIMJj1) in healthy young
men observed in summer in North West Europe with a
temperate climate (40). Expressing daily fluid intake
relative to body mass, the runners in the present study
ingested 42.6 T 13.9 mL Ikgj1 Idj1 (68.4 T 14.9
mLIkgj1Idj1 when taking the water content of food into
consideration). Kirsch and von Ameln (21) reported that
13 European long distance runners (median body mass of
64.0 kg), training in similar environmental temperatures
(18–24-C; 20–40% RH), maintained daily fluid balance
with a mean fluid intake of 33 mLIkgj1Idj1. Runners in the
present study probably required greater daily fluid intake
due to a greater training volume as the runners in the study
by Kirsch and von Ameln (21) trained just once a day.
Drinking behaviours observed in the present study are
similar to the findings of Adolph and Dill (1) (i.e.,
‘‘ingestion lagged considerably behind output during
exercise and was largely made up at meals’’) and are
consistent with the ACSM Position Stand on Exercise and
fluid replacement (4). Thus in the present study, elite Kenyan
endurance runners seemed to perfectly adjust daily fluid intake
to daily fluid needs by relying on their sensation of thirst and
eating and drinking habits alone. However, it is undetermined
whether this would hold under increased heat stress.

During training runs, the athletes did not consume fluid.
This was likely the result of short duration training runs that
typically lasted less than or about 1 h (Table 2) and
therefore did not require fluid replacement (10). During
longer duration exercise, Noakes et al. (28) have proposed
that an ad libitum fluid intake strategy is all that is
necessary to offset any negative effects of dehydration.
This has since been corroborated in several studies that
have reported no benefit of drinking high rates of fluid
compared to ad libitum (e.g., (33)). The current ACSM
Position Stand for exercise and fluid replacement (4)
suggests fluid intake should be ad libitum from 0.4 to 0.8
LIhj1 with the lower value for slower, lighter individuals
competing in cooler environments, and, the higher value for

faster, larger individuals competing in warmer environ-
ments. This agrees with fluid intake guidelines previously
proposed by The International Marathon Medical Directors
Association (29) that suggests athletes should consume
fluid as dictated by thirst (i.e., ad libitum) but not more than
0.4 to 0.8 LIhj1. These guidelines have also been adopted
by other organizations such as USA Track and Field (8).
Similarly, the International Consensus Guidelines for the
Prevention of Exercise-Associated Hyponatraemia invoke
the same advice (19).

Diet composition and energy balance. The diet
fulfilled current recommendations for carbohydrate and
protein intake for endurance athletes, typically 55–58%
(6–10 gIkgj1 BMIdj1) of energy from carbohydrate, and
12–15% (1.2–1.4 gIkgj1 BMIdj1) of energy from protein
(3). In contrast, fat intake was very low (6.6 T 1.0%, 0.8
gIkgj1 BMIdj1) and did not comply with current
recommendations, i.e., typically 9 15% of energy from fat
(3). Such a low fat diet may compromise intramuscular
triacylglycerol concentration with presently unknown
consequences in endurance exercise performance (38).
Nevertheless, contrary to previous observations of elite
Kenyan endurance runners training prior to major
competition (17,30), the subjects in the present study
appeared in energy balance during the recording period. It
is likely this was due to the comparatively lower weekly
training distance achieved during the present recording
period compared to the earlier studies; this is illustrated by
the lower physical activity level (i.e., energy expenditure/
BMR) in the present study (2.1 vs 2.3 (30) and 2.3 (17)).

Mean dietary K intake was significantly different from
mean K loss in sweat and urine over a 24-h recording
period (3812 T 489 vs 2346 T 846 mgIdj1; P G 0.001)
equivalent to a mean difference of 1466 T 846 mgIdj1. The
finding of excess K intake when compared to K loss in
sweat and urine is likely due to faecal losses, which was
unfortunately not measured in the present investigation.
Holbrook et al. (20) reported that although the range of Na
faecal excretion was low in 28 healthy adults investigated
over a 1-yr period (10–125 mgIdj1), the range of K faecal
loss was greater (112–846 mgIdj1). The mean dietary
intake of Na in the present study was similar to that in the
study by Holbrook et al. (20) (3245 vs 3000 mgIdj1)
whereas, K intake in the present study was substantially
greater (3812 vs 2800 mgIdj1). This suggests subjects in
the present investigation may have excreted more K in
faeces than reported previously (20) and thus may explain
the apparent K excess, however, this remains to be
determined. In contrast, Na intake was not significantly
different from Na loss (3245 T 901 vs 3254 T 1070 mgIdj1;
P = 0.975). Thus, elite Kenyan endurance runners do not
require additional electrolyte supplementation above habit-
ual dietary intake. This is further supported by early work by
Pitts et al. (31) who noted that subjects marching in the heat
did not require further salt supplementation above that
consumed in their diet and is consistent with the new ACSM
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Position Stand (4). It is acknowledged however that the
determination of sweat electrolyte concentrations may have
been effected by the collection method used in the present
investigation as it has generally been observed that local
sweat electrolyte concentration using the enclosed patch
technique is higher than measurements using the whole-body
technique (e.g., (22)). Nevertheless, sweat [Na] and [K] in
the present investigation (Table 1B) are comparable to values
reported in heat acclimatised individuals (11,34).

Training load. Training distance achieved over the 5-d
recording period (81.7 T 11.3 km) was substantially lower
than that typically reported albeit over a 7-d training period
in other elite endurance runners (e.g., (27)). This was
because athletes were in a 10-d taper phase of their training
cycle as the investigation was undertaken 1 wk prior to the
Kenyan national trials for the 2005 IAAF Athletics World
Championships. Nevertheless, the 5-d training distance
achieved in the present investigation is similar to values
reported (27) for elite Kenyan athletes preparing for major
competition prior to the cross-country season in Kenya
(80–100 kmIwkj1). Indeed, similar to the current study,
Noakes (27) reported that during this period, athletes
typically ran an easy run (30 min) each morning, with the
final 800–1600 m being run at race pace, two interval
training sessions per wk and two long runs (60 min). This
resulted in ~25% of the training volume run at race pace
or greater; this value is comparable to the weekly training
load in the present investigation (i.e., 26% of total weekly
training time spent 9 80% HRpeak). Indeed, training sessions
in the present study were on average characterised by
moderate to low intensity running interspersed with high
intensity running such as interval training (Table 2). This
was also reflected in lower mean peak Ti during morning
and afternoon runs (Fig. 1) compared to interval training
sessions (38.6 T 0.9-C vs 39.5 T 1.8-C, respectively). These

findings corroborate previous investigations that indicate
low to moderate intensity training accounts for the majority
of training time in endurance athletes (e.g., (15)). Typical
examples of this type of training were the morning short
(completed by middle-distance runners) and medium
training runs (equivalent to a short run for long-distance
runners) as well as afternoon runs (all runners). These runs
typically served as a warm-up (for interval training) and/or a
recovery run that usually compromised periods of slow and
fast running with hopping and bouncing exercises that
resulted in a relatively low mean speed for the training
distance achieved (Table 2). Whether the findings of the
present investigation apply to elite Kenyan endurance
runners during a period of greater training load/intensity is
unknown and remains to be determined.

CONCLUSIONS

In conclusion, these results suggest habitual ad libitum
fluid and food intake is adequate to maintain hydration and
electrolyte balance on a daily basis in elite Kenyan
endurance runners under mild ambient conditions and
during a 10-d taper phase. The drinking and eating habits
of the elite Kenyan endurance runners in the present study
corroborate the new ACSM guidelines for fluid and
electrolyte replacement (4). However, this is a narrow
sample of athletes and our findings may not apply to all
athletes, in all sports or training scenarios.
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Palmetto, Florida, USA), Suunto Oy (Vantaa, Finland) and Global
Sports Communication (Nijmegen, The Netherlands).

REFERENCES

1. Adolph EF, Dill DB. Observations on water metabolism in the
desert. Am J Physiol. 1938;123:369–78.

2. Ainsworth BE, et al. Compendium of physical activities: an
update of activity codes and MET intensities. Med Sci Sports
Exerc. 2000;32(9 suppl):S498–S516.

3. American College of Sports Medicine. Joint Position Statement:
nutrition and athletic performance. Med Sci Sports Exerc. 2000;
32(12):2130–45.

4. American College of Sports Medicine. Position Stand: exercise
and fluid replacement. Med Sci Sports Exerc. 2007;39(2):377–90.

5. Binkley HM, et al. National Athletic Trainers’ Association
position statement: Exertional heat illnesses. J Athl Train. 2002;
37:329–43.

6. Borg G. Ratings of perceived exertion and heart-rates during
short-term cycle exercise and their use in a new cycling strength
test. Int J Sports Med. 1982;3:153–8.

7. Cable A, Nieman DC, Austin M, Hogen E, Utter AC. Validity of
leg-to-leg bioelectrical impedance measurement in males. J Sports
Med Phys Fit. 2001;41:411–4.

8. Casa, DJ. Proper hydration for distance running - Identifying

individual fluid needs. A USA Track and Field Advisory. Available
online at http://www.usatf.org/groups/Coaches/library/hydration/
ProperHydrationForDistanceRunning.pdf, 2003.

9. Cheuvront SN, Haymes EM. Thermoregulation and marathon
running biological and environmental influences. Sports Med.
2001;31:743–62.

10. Convertino VA, et al. American College of Sports Medicine
position stand—exercise and fluid replacement. Med Sci Sports
Exerc. 1996;28(1):i–vii.

11. Dill DB, Hall FG, Edwards HT. Changes in composition of sweat
during acclimitization to heat. Am J Physiol. 1938;123:412–9.

12. DuBois D, DuBois EF. A formula to estimate the approximate
surface area if height and weight be known. Am J Physiol. 1916;
123:412–9.

13. Easton C, Fudge BW, Pitsiladis YP. Rectal, telemetry, and
tympanic membrane thermometry during exercise heat stress.
J Thermal Biol. 2007;32:78–86.

14. Epstein Y, Shapiro Y, Brill S. Role of surface area-to-mass ratio
and work efficiency in heat intolerance. J Appl Physiol. 1983;54:
831–6.

http://www.acsm-msse.org1178 Official Journal of the American College of Sports Medicine

A
PP

LI
ED

SC
IE
N
C
ES



Copyright @ 200  by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.8

15. Esteve-Lanao J, San Juan AF, Earnest CP, Foster C, Lucia A.
How do endurance runners actually train? Relationship with
competition performance. Med Sci Sports Exerc. 2005;37:496–504.

16. Fjeld CR, Brown KH, Schoeller DA. Validation of the deuterium-
oxide method for measuring average daily milk intake in infants.
Am J Clin Nutr. 1988;48:671–9.

17. Fudge BW, Westerterp KR, Kiplamai FK, et al. Evidence of
negative energy balance using doubly labelled water in elite
Kenyan endurance runners prior to competition. Br J Nutr. 2006;
95:59–66.

18. Helrich K. Official Methods of Analysis of the Association of
Official Analytical Chemists. Arlington, Virginia: Association of
Official Analytical Chemists, Inc; 1990. p. 1298.

19. Hew-Butler T, Almond C, Ayus JC, et al. Consensus statement of
the 1st International Exercise-Associated Hyponatremia Consen-
sus Development Conference, Cape Town, South Africa 2005.
Clin J Sports Med. 2005;15:206–11.

20. Holbrook JT, Patterson KY, Bodner JE, et al. Sodium and
potassium intake and balance in adults consuming self-selected
diets. Am J Clin Nutr. 1984;40:786–93.

21. Kirsch KA, von Ameln H. Feeding patterns of endurance athletes.
Eur J Appl Physiol. 1981;47:197–208.

22. Lemon PW, Yarasheski KE, Dolny DG. Validity/reliability of
sweat analysis by whole-body washdown vs. regional collections.
J Appl Physiol. 1986;61:1967–71.

23. Maughan RJ, Burke LM, Coyle EF. Food Nutrition and Sports
Performance II. The International Olympic Committee Consensus
on Sports Nutrition. London: Routledge; 2004. p. 1–239.

24. Merrill AL, Watt BK. Energy Values of Foods—Basis and
Derivation. Agriculture Handbook no. 74. Washington, DC:
Department of Agriculture; 1973. p. 1–7.

25. Montain SJ, Latzka WA, Sawka MN. Fluid replacement recom-
mendations for training in hot weather. Mil Med. 1999;164:502–8.

26. National Research Council. In: Recommended Dietary Allowan-
ces. Washington, DC Press: National Academy; 1989. p. 247–50.

27. Noakes TD. Lore of Running. Champaign, IL: Leisure Press;
2001. p. 361–484.

28. Noakes TD, Adams BA, Myburgh KH, Greeff C, Lotz T, Nathan M.

The danger of an inadequate water intake during prolonged exercise.
A novel concept re-visited. Eur J Appl Physiol Occup Physiol. 1988;
57:210–9.

29. Noakes TD, Martin DE. IMMDA-AIMS Advisory statement on
guidelines for fluid replacement during marathon running. New
Stud Athlet. 2002;17:13–24.

30. Onywera VO, Kiplamai FK, Boit MK, Pitsiladis YP. Food and
macronutrient intake of elite kenyan distance runners. Int J Sport
Nutr Exerc Metab. 2004;14:709–19.

31. Pitts GC, Johnson RE, Consolazio FC. Work in the heat as
affected by intake of water, salt and glucose. Am J Physiol. 1944;
142:253–59.

32. Saltin B, Larsen H, Terrados N, et al. Aerobic exercise capacity at
sea level and at altitude in Kenyan boys, junior and senior runners
compared with Scandinavian runners. Scand J Med Sci Sports.
1995;5:209–21.

33. Saunders AG, Dugas JP, Tucker P, Lambert MI, Noakes TD. The
effects of different air velocities on heat storage and body temper-
ature in humans cycling in a hot, humid environment. Acta Physiol
Scand. 2005;183:241–55.

34. Sawka MN, Montain SJ. Fluid and electrolyte supplementation for
exercise heat stress. Am J Clin Nutr. 2000;72:564S–72S.

35. Schofield WN. Predicting basal metabolic rate, new standards and
review of previous work. Hum Nutr Clin Nutr. 1985;39(Suppl 1):
5–41.

36. Shirreffs SM, Maughan RJ. Urine osmolality and conductivity as
indices of hydration status in athletes in the heat. Med Sci Sports
Exerc. 1998;30(11):1598–602.

37. Shirreffs SM, Watson P, Maughan RJ. Milk as an effective post-
exercise rehydration drink. Brit J Nutr. 2007;98:173–80.

38. Spriet LL, Gibala MJ. Nutritional strategies to influence adapta-
tions to training. J Sports Sci. 2004;22:127–41.

39. Vanloan MD. Bioelectrical impedance analysis to determine fat-
free mass, total-body water and body-fat. Sports Med. 1990;10:
205–17.

40. Westerterp KR, Plasqui G, Goris AHC. Water loss as a function of
energy intake, physical activity and season. Brit J Nutr. 2005;93:
199–203.

HYDRATION DURING ENDURANCE RUNNING Medicine & Science in Sports & Exercised 1179

A
PPLIED

SC
IEN

C
ES


