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“The discovery of a central component of post-injury pain hypersensitivity ..

indicates that therapy directed only at the peripheral changes

. . 9%
may be inadequate fo prevent pain.””
Woolf C J. The role of NSAIDs in the management of postinjury pain, 1992
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GUEST EDITORIAL

Is exercise beneficial or harmful to the gastrointestinal tract?

~

It is well recognized that exercise has benefits for
the musculoskeletal, cardiovascular, pulmonary
and renal systems. However, risks and benefits of
exercise for the gastrointestinal tract have not
been well documented. This edition of the South
African Journal of Sports Medicine draws attention
to the relationship between exercise and the gas-
trointestinal tract (GIT). The frequency of lower
gastrointestinal symptoms during exercise varies
from 25% to 60%, and that of upper gastrointesti-
nal symptoms from 6% to 58%. Previously pub-
lished articles describing the frequency of gas-
trointestinal symptoms during exercise have only
focussed on one sport at a time.

dtilizing novel methodology Schwartz, Schwell-
nus and Koorts documented the true incidence of
GIT symptoms as expressed by symptoms/ath-
lete/1 000 exercise hours, in six different endu-
rance sports in South Africa. Their,findings show
that lower gastrointestinal symptoms in endurance
exercise are more common than upper gastroin-
testinal symptoms; that females have more symp-
toms than males; that younger (novice) athletes
are more likely to have symptoms than experi-
enced athletes; and that symptoms are more like-
ly to occur during hard exercise and competition
than in training. These authors also discuss a pos-
sible new mechanism for the development of GIT
distress in endurance sports. It appears that ath-
letes who have had a previous history of abdomi-
nal or gynaecological surgery are more likely to
develop gastrointestinal distress during exercise.
Furthermore, drug use appears to be a common
method to control gastrointestinal symptoms as
indicated in this study by Schwartz et el.

The article by Garisch and Schwartz, on the
Management of GIT Distress During Exercise, pro-
vides information for first aiders, coaches, trainers

and doctors, to assist athletes who present to them
with mild or severe forms of gastrointestinal dis-
tress during exercise.

What and how much to eat or drink during exer-
cise has confused some of us runners who have
been jogging since the early 1970’s. We have seen
the pendulum of advice swing from one extreme to
the other. One decade it was salt, the next decade
water and then only recently, the need to ingest
carbohydrate during prolonged exercise. Dennis,
Hawley and Noakes in their article on the Limits to
the Replacement of Fluid, Electrolyte and Energy
during Prolonged Exercise provide an interesting
historical perspective of how much fluid to ingest
during exercise. The first evidence of severe hypo-
glycaemia during athletic performance was docu-
mented in the 1924 Boston Marathon. Six runners
finished the race in a confused and disorientated
state. These same six runners were told to ingest
carbohydrates during their 1925 Boston Marathon
run. Not only did these athletes feel better after the
race, but also, their performance was enhanced.
The authors of this article give the athletic popula-
tion insight and understanding of the importance
of fluid and energy requirements during exercise.
Much of the confusion surrounding this subject is
clarified by their article.

This March 1995 edition of the South African
Journal of Sports Medicine coincides with the 6th
South African Sports Medicine Association
Gongress (The Pursuit of Excellence) in Durban
from March 22-24, 1995. For those of you who
attend, the Editorial Board wishes you a fruitful
and successful Congress.

Dr Peter Schwartz
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Limits to the replacement of fluid,
electrolytes and energy during
prolonged exercise

teven C. Dennis PhD
John A. Hawley PhD, FACSM

Timothy D Noakes MB ChB, MD, FACSM

Introduction
The first studies showing that carbohydrate (CHO)
ingestion during exercise lasting more than 90 min
enhanced performance by preventing hypoglycae-
mia were conducted in the 1920’s and 1930's.!23
However, these findings were largely ignored by
the athletic community, as too were the early in-
dustrial and military investigations showing the
importance of adequate fluid replacement during
prelonged exercise in the heat.*®

One of the first references to fluid replacement
during prolonged exercise was in the 1953 Inter-
national Amateur Athletic Federation (IAAF)
Handbook controlling marathon (42 km) foot
races (Figure 1.). The handbook stated that “re-
freshments shall (only) be provided by the organ-
isers of the race after 15 km. No refreshments may
be carried or taken by a competitor other than that
provided by the organisers.” As water was the only
drink available to runners, it was clear that the
IAAF had little knowledge of the benefits of CHO
ingestion during prolonged exercise.

1953 L Ho0 every 5 km after 15 km
197 [Ho0 every 5 km after {1 km
& 1977} |H,0 every 2.5 kn after 5 km

1990 Mic&neveryakn

5 10 15

DISTANCE FROM START (km)
Figure 1: Changes in the International Amateur
Athletics Federation rules on drinking in long dis-
tance running races over the past 40 years.

Over the next 20 years, water rather than CHO
ingestion was promoted during exercise, in part
because of studies showing that runners who were
the most dehydrated after distance races had the
highest post-race rectal temperatures.® This obser-
vation led to the belief that rises in rectal tempera-
ture and dehydration were causally related, so that

Address for correspondence:

Professor Steven C. Dennis

MRC/UCT Bioenergetics of Exercise Research Unit
Department of Physiology

University of Cape Town Medical School
Observatory 7925

South Africa

water, in large volumes, should be ingested to pre-
vent “heat-exhaustion”. However, this hypothesis
was only partially correct. The major determinant
of the rise in rectal temperature during exercise is
the metabolic rate, which determines sweat rate
and hence the level of dehydration. Levels of dehy-
dration have rather small, independent effects on
rises in core temperature during exercise, which
are described later.

Nevertheless the notion that fluid replacement
alone was of primary importance for optimising
performance during prolonged exercise was pro-
moted to such an extent that CHO ingestion was
discouraged because it was believed to slow the
rate of gastric emptying and hence the rate at
which fluid could be replaced during exercise.” In-
deed, in the ‘state-of-the-art’ proceedings of the
1976 New York Academy of Sciences conference
“The Marathon: Physiological, Medical, Epidemio-
logical, and Psychological Studies”, there was not
a single reference to CHO ingestion during pro-
longed exercise.?

The question of whether replacement or CHO
ingestion should be emphasised during prolonged
exercise was not fully resolved until the mid to late
1980’s, when American commercial interests re-
vived scientific research into the value of CHO
ingestion during exercise. Not surprising, those
studies confirmed the 50 year old findings in the
field**> and showed that the ingestion of CHO solu-
tions also enhanced exercise endurance in the lab-
oratory.®'® Hence, the IAAF currently advocates
the consumption of CHO-electrolyte beverages in
all races of 10km and longer (Figure 1).

Fluid changes during prolonged exercise
The exact amount of fluid, electrolytes and CHO
that should be consumed to replace sweat and
energy losses during exercise, however, remain to
be established. The losses of Na* and CI- ions in
sweat depend on an individual’s level of fitness and
heat acclimation: despite a 12% increase in overall
sweat rate after heat acclimation, Na* losses in
sweat decrease by almost 60%."

Estimated sweat rates in runners racing over
varying distances are shown in Table 1. These data
show that while the sweat rates of runners in races
lasting > 2 hr are ~ 1 I/hr, their rates of fluid intake
are usually < 0.6 1/hr.”? Such discrepancies result
in body mass losses of 2-3 kg and this loss of
weight appears to be independent of race duration.
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TABLE 1: Rates of fluid loss and fluid ingestion
during running races over various distances

Race Fluid intake Sweat rate Body
distance mass loss
(km) (i/hr) (1/hr) (kg)

32 0.2 1.4 2.4

42* 0.4 +£0.2 1.1£0.1 24z:03
56 0.5 0.9 2.0

67 04 0.8 2.4

90 0.5 0.9 3.5

Data are from Noakes.”” 42 km marathon are the
means = standard deviation of the average values
from 7 studies on male subjects. Female sweat
rates were lower than the males over 42 km (0.6

vs. 1.1 1/hr) and over 67 km (0.5 vs. 0.8 I/hr).

One explanation for the failure of most athletes
to meet their fluid requirement during exercise is
that they develop symptoms of abdominal ‘full-
ness’ when they attempt to drink fluid at high
rates.’* Distension of the bowel reduces the
desire to drink until the ingested fluid has been
absorbed. Feelings of abdominal ‘fullness’ are
probably due to limited rates of ingested fluid
absorption. Based on urine output, the maximum
rates of ingested water absorption are probably ~
0.8 I/hr.

Alternatively, humans may. dehydrate during
exercise because they lose up to 60 mEq of Na* for
each litre of sweat’” (Figure 2). As a result, the
equivalent of ~ 10 g of NaCl is lost over three
hours of exercise and serum osmolality does not
rise sufficiently to induce an adequate dipsogenic
drive. Thirst therefore ceases prematurely when
serum osmolality is returned to isotonicity by the
ingestion of either plain water or isotonic CHO +

kY

MAXIMUM Na* INTAKE
OVER 3 hr OF EXERACISE
IS 4 20 mEq/1 x 1.5 1

WHICH IS = 1.8 g NaCl TYPICAL SWEAT Nat LOSSES
v OVER 3 hr OF EXERCISE
ARE 60 mEg/1 x 31
WHICH IS = 10 g NaCl

N

Figure 2: Estimated balance of Na* intake and Na'
loss during 3 hr of exercise. Details of the calcula-
tions are given in the text.

NaCl solutions.” A complete restoration of the
fluid and electrolyte losses in three hours of exer-
cise can only be achieved by the consumption of
~10g of NaCl in food over a 24 hr period.
Drinking isotonic (280 mOsm) CHO + NaCl
solutions will net adequately replace sweat Na*
losses. For the maintenance plasma and interstitial
Na* ion concentrations and hence volumes, an
athlete would have to ingest one litre of a CHO
solution containing 60 mmol/l of NaCl every hour.
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Such a solution would not end up in the intestine;
it would end up on the side of the road! NaCl is
only palatable up to concentrations of 20 mmol/i
and most athletes can only drink ~ 0.5 I/hr. Hence,
whether the replacement of 10 of the ~ 60 mEq of
Na* lost in sweat per hr significantly helps to main-
tain plasma volume during prolonged exercise is
open to debate,

There is also a question as to whether adding
NaCl to CHO containing drinks. increases rates of
fluid absorption. While isotonic CHO + NaCl solu-
tions have been shown to be absorbed more rapid-
ly than water'” or isotonic NaCl," the effect of NaCl
on the absorption of CHO solutions has not been
reported. The omission of such an obvious study
suggests that NaCl probably has little influence on
the absorption of CHO solutions.

Certainly there is no physiological rationale for
adding NaCl to drinks to promote fluid absorption.
As ingested solutions empty from the stomach into
the duodenum, the gastric HCI secretions are neu-
tralised by the pancreatic secretion of high (140
mmol/l) concentrations of NaHCO: into the chyme
and the products of that neutralisation are CO: and
NaCl (Figure 3). This addition of isotonic NaCl to
the chyme ‘guards’ against major water and elec-
trolyte losses from the vascular compartment into
the bowel, that would otherwise occur through the
‘leaky’ junctions between the columnar epithelial
(absorptive) cells of the duodenojejunum. Hence,
any ingested solution eventually contains sufficient
NaCl for absorption.

GASTRIC
HC1 (pH 2)

%cnmxc

NaHCo, (140 mmo1/1)

\\> O,
H0

NaCl (pH 8)
|

Figure 3: Neutralisation of gastric HCl secretions
by pancreatic HaHCOs production. This figure
shows that manufacturers of ‘sports drinks’ do not
need to add NaCl to their products. That task can
be left to the stomach and the pancreas.

Effects of ‘voluntary’ dehydration during
exercise -
Absorption of fluid from the intestine mainly helps
to attenuate the progressive falls in plasma volume
after ~ 1 hr of exercise. During the first hr of exer-
cise, changes in plasma volume are unaffected by

drinking.” In the first 5-10 min of exercise, rises in
blood pressure ‘push’ fluid from the plasma into
the interstitium and plasma volume falls by ~ 8% at
55% of maximum oxygen uptake (VO2 max)® to ~
18% at 90% of VO max." Thereafter, plasma vol-
ume remains relatively constant until the loss of
fluid from the vascular compartment to sweat is no
longer replaced by fluid movements out of the
interstitium.

If no fluid is ingested during prolonged exercise,
serum Na* concentration, osmolality and anti
diuretic hormone activity all increase.?’ With
severe dehydration, rises in serum Na* concentra-
tion and osmolality correlate with the increase in
oesophageal temperature and may be a stimulus
for the reduction in skin blood flow and sweating
that develops at advanced levels of dehydration.?
An important goal of fluid ingestion during exer-
cise may therefore be to prevent rises in serum
osmolality and thereby maintain sufficient skin
blood flow for maximum evaporative and convec-
tive heat losses.

With sufficient fluid ingestion, rises in rectal or
oesophageal temperatures are attenuated. How-
ever, the magnitude of this effect is not great. Most
studies indicate that a 2-4 1 fluid loss increases
rectal temperature by < 1°C, whereas the rise in
metabolic rate associated with high-intensity exer-
cise can increase the rectal temperature by 3-
4 ° C .22,23,24

Fluid deficits that develop during exercise also
proportionately reduce stroke volume and
increase heart rate. Falls in stroke volumes are
prevented when the rates of fluid ingestion are suf-
ficient to maintain euhydration,? but heart rates
continue to rise as catecholamine concentrations
increase during exercise, even when dehydration is
prevented.®

Perhaps the greatest effect of fluid ingestion is
on the perception of effort during prolonged exer-
cise, especially in the heat. Improvements in rat-
ings of perceived exertion with fluid ingestion cor-
relate better with increases in endurance than any
other physiological variable currently measured.*
We have recently shown that fluid replacement
during a 60 min cycle at 70% of VO: max signifi-
cantly improves the perception of effort and time
to exhaustion during a subsequent cycle at 90% of
VO: max at ambient temperatures of 32°C, even
with very modest (1.1-1.3]; 1.8% of starting body
mass) levels of dehydration.

In contrast, there is probably no advantage in
trying to replace fluid losses during intense exer-
cise in a thermoneutral environment. Our recent
data show that high rates of fluid ingestion (>1.5
I/hr) impaired performance in a 40km cycling time
trial lasting ~ 60 min.* At these high (~ 85% of VO:
max) exercise intensities, sweat rates were ~ 1.7
1/hr and attempts to replace those fluid losses sim-
ply filled the small intestine with ~ 1.0l of water
and resulted in a feeling of abdominal discomfort.
Only 0.1-0.2] of the water delivered to the intestine
from the stomach was absorbed during the exer-
cise bout.
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Carbohydrate ingestion during exercise
Water absorption into the body largely results from
the intestinal re-absorption of NaCl and the co-
transport of glucose, galactose or amino acids with
Na* ions. As these solutes are actively absorbed,
an iso-osmotic equivalent of water simply follows
to keep the osmotic pressure of the small intestine
the same as that of the plasma. With the exception
of fructose which is only slowly absorbed in
humans, the ingestion of any non-hypertonic CHO
solution should increase rates of intestinal Na* re-
absorption and fluid uptake. Further the appear-
ance of hexose and some triose. molecules from
CHO digestion in the systemic circulation will pro-
vide fuel for prolonged exercise.?”

Originally, the rate of ingested CHO oxidation

was assumed to be limited by gastric emptying,

and therefore affected by factors such as the drink
osmolality and caloric content.?® More recent stud-
ies, however, have shown that the volume of the
drink is a more important determinant of its rate of
gastric emptying than its osmolality or caloric con-
tent. When CHO solutions with vastly different
osmolalities are repeatedly ingested in sufficient
volumes during exercise, their rates of gastric
emptying are quite similar.?’ Typically, we feed
subjects 400 ml at the start of exercise and, there-
after, 100 ml every 10-15 min. With such an inges-
tion protocol, the residual gastric fluid volume
remains constant at 300-400 ml and the delivery
of a 15 g/100ml glucose solution into the intestine
at a rate of 10 ml (1.5 g of CHO/min) exceeds the
peak rates of ingested glucose oxidation (Figure
4).% Irrespective of the ingestion regimen, rates of
ingested glucose oxidation only rise to ~ 1 g/min
after 60-90 min of exercise at intensities of »50%
of VOzmax.*” Hence, the rate of oxidation of glu-
cose ingested repeatedly during exercise is not
limited by gastric emptying, as originally pro-
posed.”

INGESTED

[
)

190r -~ EMPTIED

100f ]

50f __’J_J:__T‘ -5 OKIDIZED
o

of i e

i L

0 60 120
EXERCISE (mins)

Figure 4: Fate ofa 15 g/100 mi carbohydrate solu-
tion repeatedly ingested during 120 min of cycling
at 70% of VO: max. Note that far more carbohydrate
is emptied from the stomach than is oxidised. An
excessive accumulation of glucose in the bowel
may impair fluid absorption.

CARBOHYDRATE (g)

Instead, these and other data suggest that the
oxidation of ingested CHO after 60-90 min of exer-
cise is limited either by its rate of appearance in
the systemic blood supply or by the rate of muscle
glucose oxidation. Comparisons of the oxidation

rates of ingested sucrose, maltose, varying chain
length glucose-polymers and even complex
starches during exercise have shown that ingested
CHO oxidation is not limited by digestion.?” With
the exception of fructose, which is absorbed 50-
60% more slowly than glucose,®* all of the above
ingested CHO’s were oxidised at peak rates of ~ 1
g/min after 60-90 min of exercise.?’

After ~ 1 hr of exercise, ingested CHO oxidation
is also not limited by its rate of appearance in the
systemic blood supply. We recently showed that an
intravenous glucose infusion, which could theoret-
ically supply an unlimited rate of U-"C labelled
glucose into the systemic circulation, did not elicit
> 1 g/min rates of glucose oxidation in cyclists rid-
ing for 2 hr at 70% of VO:max than when they
ingested the U-“C glucose.” The only difference
was that the higher plasma insulin concentrations
with glucose ingestion reduced the final contribu-
tion to energy production from fat oxidation from
51+10% to 18+4% and thereby increased muscle
glycogen oxidation.

Instead, the eventual rates of ingested CHO oxi-
dation are more likely to be regulated by the pre-
vailing concentrations of plasma glucose (5
mmol/l) and insulin (10 mdU/1) during exercise.
When we intravenously infused U-"C glucose into
six cyclists during-2 hr of moderate-intensity exer-
cise to increase their plasma glucose and insulin
concentrations. from 5 to 10 mmol/I and from 10
to 25 mU/l, respectively, their peak rates of plas-
ma glucose oxidation rose from 1.0 to 1.8 g/min.*
Thus, the maximum rates of ingested CHO oxida-
tion during exercise are probably limited by the
rate at which physiological concentrations of glu-
cose can be oxidised by the working muscles.

Fat ingestion during exercise

Because muscle glucose utilisation is limited, it is
still important for endurance athletes to maximise
their starting working muscle glycogen stores by
‘CHO-loading’. Ideally, it would also be desirable to
slow muscle glycogen depletion by promoting the
utilisation of fat. Unfortunately, most fat is ingest-
ed as long-chain (Cisz2) triacyglycerols and their
rates of digestion and absorption via the lymphat-
ic system are too slow to be of any advantage to
the athlete during exercise. Lipaemia only devel-
ops several hours after a meal containing fat and,
when it does occur, the circulating triacyglycerols
‘packaged’ in chylomicrons are mainly stored
rather than directly oxidised.

In contrast, ingested medium-chain (~Ce-10) tria-
cylglycerols are metabolised as rapidly as glu-
cose.* In this case, the products of pancreatic
lipase activity are not re-assembled’ into triacyl-
glycerols for incorporation into chylomicrons for
transport via the lymph. Because medium-chain
fatty acids are more water-soluble than long-chain
fatty acids, they diffuse across the enterocytes and
enter the systemic blood supply via the hepatic
portal system. Once in the blood supply, medium-
chain fatty acids diffuse into muscle mitochondria
independently of the transport mechanism(s), that
limit the rates of long-chain fatty acid oxidation.

MADCCU 10nnE
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10% CHO + 4.3% MCT —

p <0.05 {n=g)

10X CHO

p < 0.001 {n = B)

4.3% MCT

1 i 1 1 1 i 1 i | 1 1

30 35 40
Average speed (km/hr)

Figure 5: 40 km cycling performances after 2
hours of exercise at 60% of VO: max. These data
show that the addition of medium chain triacyl-
glycerols (MCT) to carbohydrate (CHO) solutions
Ingested during exercise improve athletic perfor-
mance.

Hence, medium-chain triacylglycerols can be
rapidly oxidised and are currently attracting com-
mercial interest.

Our studies of adding 4.5% medium-chain tria-
cylglycerols to 10% glucose solutions ingested by
six cyclists during a 2 hr ride at 60% of VO: max
followed by a stimulated 40km time-trial showed
marked improvements in their athletic perfor-
mance (Figure 5).* Times to complete the 40km
rides were consistently decreased by ~ 2 min.

Optimal fluid replacement during
exercise

Based on the above information, the advantages of
adding electrolytes to drinks consumed during
exercise are probably not as great as their manu-
facturers would have us believe. However, there is
no doubt that some form of CHO (other than fruc-
tose) should be ingested during prolonged (> 90
min), moderate intensity exercise. Under these cir-
cumstances, liver glycogen depletion and hypo-
glycaemia can limit endurance.®

Whether an athlete should ingest a large amount
of CHO at the onset of exercise, however, is open
to question. As only 20 g of ingested CHO is
utilised in the first hour of exercise,” drinking more
than that amount of CHO may attenuate the fall in
insulin concentration and thereby delay fat mobili-
sation.” A resultant increased reliance on the lim-
ited working muscle glycogen stores early in exer-
cise could lead to a more rapid onset of muscle
fatigue.

High concentrations of CHO accumulating in the
small intestine may also impair fluid absorption.
While isotonic glucose polymer drinks enter the
stomach with an osmotic pressure of 280 mOsm,
the products of théir digestion can become very
hypertonic if they accumulate in the bowel. For
instance, a 10 g/100 ml concentration of unab-
sorbed glucose in the intestine would produce an
osmotic pressure of 555 mOsm. That osmotic
pressure, together with the osmotic pressure gen-
erated by the NaHCO: secreted into the chyme,
would be expected to ‘pull’ water into the bowel.

In the first 60-75 min of exercise, athletes

should therefore probably consume 100 ml every
10 min of a dilute (3-5 g/100 ml) CHO solution.
Only after 90 min of exercise should the ingested
CHO concentration perhaps be increased to ~ 10
g/100 ml to match the peak (~1 g/min) rates of
blood glucose oxidation.

Because the provision of medium-chain free
fatty acids slows the depletion of muscle glycogen
and provides a readily oxidisable alternative fuel
source to CHO,* it might also be advisable for en-
durance-athletes to ingest medium chain triacyl-
glycerols. We would recommend that they begin
ingesting 100 ml every 10 min of a ~ 4.5 g/100 ml
solution of medium-chain triacylglycerols 60-90
min before exercise and, thereafter, add the same
amount of medium-chain triacylglycerols to the
CHO solutions ingested during exercise. With this
drinking pattern, medium chain free fatty acids
would be available from the start of exercise and
the stomach would be filled to tolerable (~300 ml)
limits to promote gastric emptying.
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Clinical approach to the diagnosis
and management of
dgastrointestinal symptoms in
endurance athletes

PA Schwartz, MB ChB, BSc Sports Medicine (Hons)

JAM Garisch

Introduction

During the last decade there has been a prolifera-
tion of all types of enduro-sports amongst adults
and children both in the recreational or competi-
tive field. These enduro-sports include aerobic
dance workouts, canoeing, running, the triathlon,
cycling and swimming.!

Theré has been a recent upsurge of interest in
the research of the physiological effects of running
with prolific metabolic, renal, cardiovascular and
pulmonary responses to exercise have been well
researched.” However, alterations of gastrointesti-
nal (GIT) function during prolonged endurance
exercise, in particular the underlying mechanisms
and aetiology of GIT distress has largely been
ignored. This paucity of knowledge underlines the
need for further research in this neglected field.>*

The fact that physical activity can influence GIT
function has been recognized as far back as 1832.
Bell and Roche stated in the appendix of
Broussai’s “Treatise' on physiology”, that ingestion
is impaired by the exercise of the body meals.> Al-
though this observation had no scientific or experi-
mental backing, it has since been recognized that

-changes in bowel habits can occur when sedentary
individuals embark on an exercise programme.®

The reason why most athletes seek medical
advice is for musculoskeletal injuries. Injuries are
usually severe enough to cause pain which pre-
vents optimum performance. However, most GIT
symptoms are usually mild and do not cause
severe discomfort. Athletes are therefore often re-
luctant to obtain medical advice.

The severity of GIT distress experienced during
exercise can range from mild to severe. Mild com-
plaints of the upper GIT are dyspepsia, nausea,
vomiting, loss of appetite and flatulence. The com-
mon lower GIT complaints are abdominal cramp-
ing, urge to defeacate and diarrhoea.’®! In 1969
GIT bleeding (haematochezia) during exercise was
first reported in the Runner’s World Magazine.*? In
1982 the first case of a documented death due to
massive haemorrhagic gastritis was reported in a
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28 year old runner while jogging.”” Severe GIT dis-
tress has also recently received attention in South
Africa. The female winner of the 1990 Comrades
Marathon, had profuse vomiting at the end of her
96 km run. Bruce Fordyce, one of the greatest ul-
tramarathon runners and most successful consec-
utive winner in the history of the Comrade Mara-
thon, failed to obtain a gold medal during the 1991
event, due to numerous “pit stops” secondary ta
diarrhea.

Coaches, trainers, doctors and first aiders at
enduro-competitions must be made aware of these
complaints so that they are able to assist athletes
who present with the severe forms of GIT distress.

Gastrointestinal tract function at rest has been
well studied, but little data are available on the
effects of acute exercise and training on the GIT.
In particular, little information is available on the
exact mechanisms associated with upper and
lower GIT distress during prolonged exercise.

The aim of this article is to briefly review the risk
factors and postulated mechanisms for GIT dis-
tress in endurance athletes. The clinical approach
and management of common gastrointestinal
symptoms in endurance athletes will also be dis-
cussed.

Risk factors for GIT symptoms in

endurance athletes

In the last decade a number of surveys have been
conducted to document the frequency of GIT
symptoms during or after exercise in several diffe-
rent sports.'®!"* The true incidence of GIT symp-
toms (symptoms/athlete/time) has only recently
been studied and the results are published in
another article in the journal. The results from pre-
vious studies are mostly surveys of the frequency
of symptoms occurrence in a population.

The frequency of occurrence of GIT symptoms
in athletes depends on a number of factors. These
include the site of origin of the symptoms (upper
or lower GIT), type of symptom, gender, exercise
intensity, type of sport, age and training.

Site of origin of the symptom

It has consistently been shown that symptoms of
the lower gastrointestinal tract (abdominal
cramps, urge to have a bowel movement and diar-
rhoea) are more frequently reported by athletes
than upper gastrointestinal symptoms (dyspepsia,
nausea and vomiting).“*'4 The frequency of
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lower gastrointestinal symptoms varies from 25%
to 60%*" and that of upper gastrointestinal symp-
toms from 6% to 58%.%1%6

Type of symptom

In the upper GIT the most common symptoms are
nausea and dyspepsia, while in the lower GIT the
urge for a bowel movement and abdominal
cramps are common.

Gender

The frequency of gastrointestinal symptoms
appears to be more common in females (40%)
than males (22%). Both upper and lower GIT
symptoms aré reported more frequently in females
(31% — upper, 50% — lower) than males (15% -
upper, 30% — lower).!*

Exercise intensity

Symptoms appear to be more common during
“hard” runs (high intensity) 24% than during
“easy” runs (low intensity) 8%.>'°

Type of sport

A greater prevalence of GIT symptoms in triath-
letes has been reported in the running leg com-
pared to the cycling or swimming leg.” It is sug-
gested that mechanical jarring associated with
running is associated with GIT symptoms. In
sports such as cycling, skating or skiing, which are
characterized by more gliding movement, a lower
frequency of GIT symptoms is reported.” The dif-
ference in the incidence of GIT symptoms in
endurance sports is well documented in another
article in this journal.

Age
GIT symptoms during exercise are reported more
frequently in younger than older athletes.!®™

Training

It has been observed that runners are more likely
to develop symptoms after either .an episode of
particularly severe exercise to which they are not
accustomed or during a period of rapid increased
training mileage. Once the increased training has
been maintained for a few weeks, symptoms
appear to decrease.’

Mechanisms of GIT symptoms in

endurance sports
The precise aetiology and pathology of gastroin-
testinal distress during endurance exercise is not
clear. Several researchers have given attention to
this topic but there are no conclusive findings.'®
A number of mechanisms have been proposed
in the literature to explain the aetiology and path-
ology of gastrointestinal distress in endurance
exercise. A detailed discussion of all the mecha-
nisms is beyond the scope of this article. A brief
list of the postulated mechanisms for GIT distress
in endurance athletes is as follows:
— A decrease in blood flow to the viscera during
exercise which is related to exercisé intensity
- Mechanical movement of the abdominal viscera
during exercise
-~ Hormonal changes associated with exercise

intensity affecting gastric motility
— Psychomotor stress associated with competition
— Other mechanisms such as diet, drugs, and in-
fections

Clinical approach to GIT problems in

endurance athletes
The endurance athlete achieves a level of competi-
tive ability through a training and conditioning pro-
cess which involves all the physical, mental and
psychological factors which normally would func-
tion to protect the body against sustained endeav-
or at this level. It is therefore possible that health-
related problems will be “unmasked” and manifest
as symptoms which relate to physical effort and in
particular the digestive system.

The clinician should therefore adhere to the
time-honoured principles of a detailed history
which includes a rigorous family history, birth and
childhood details with particular reference to feed-
ing problems, allergies and developmental mile-
stones.

Particular attention should be paid to surgical
history with reference to pelvic and abdominal
surgery, especially in the female athletes, whereby
severe functional symptoms may ultimately result
under the conditions of endurance performance.

A medical history should include details about
various vitamin, mineral and trace element sup-
plements as self-medication and inadvertent
“overdosing” may add to the “stress related symp-
toms”. A detailed dietary history should include
the “daily menu” for training periods as well as the
pre-competition diet.

The general physical examination may fre-
quently provide a useful clue to an underlying
problem or disorder which has not become clini-
cally manifest:

— A tinge of scleral discoloration may point to one
of the congenital disorders of bilirubin metabo-
lism so often associated with “effort fatigue syn-
drome” such as Gilbert's syndrome.

- Discoloration or coating of the tongue may point
to bile reflux, chronic constipation or irritable
bowel syndrome.

— Examination of the finger nails may demon-
strate the classical changes of low grade iron
deficiency of liver disease in the absence of
other manifestations.

In sports where the body is relatively stable or in
the horizontal position like cycling and swimming,
gastrointestinal symptoms seem to be less fre-
quent and troublesome than in sports which in-
volve upright position and mechanical pounding
(marathon running) according to the postulated
mechanical mechanism.!>'"#?

Education and enlightenment to this possible
effect should be told to the athlete. For example, in
the triathlon, the athlete would be more troubled
with gastrointestinal symptoms during the running
leg as compared to the cycling and swimming
legs.?

Experienced athletes seem to have less symp-
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toms than novice endurance athletes. A number of
investigators have found a higher incidence of gas-
trointestinal symptoms in younger athletes com-
pared to older athletes; that faster times due to in-
creased intensity; and that “harder” runs com-
pared to “easier” runs were associated with more
symptoms. Also, females experience more gastro-
intestinal .symptoms than rhales, of which lower
dastrointestinal symptoms were more common
and troublesome than upper gastrointestinal
symptoms.'°

Training over a period of time allows for gastro-
intestinal adaptation to take place. This is evident
from studies demonstrating that physiological
changes that occur after training are associated
with decreased gastrointestinal symptoms during
exercise, a smaller increase in sympathetic activi-
ty and a smaller decrease in parasympathetic
activity which would affect gastric emptying, hor-
monal secretion and gastric motility.

Relative GIT ischaemia due to splanchic vaso-
constriction during exercise has been a proposed
mechanism.'? However, when combined with de-
hydration, there seems to be an increase of gastro-
intestinal symptoms.? A combination of decreased
blood flow, decreased blood volume, a rising core
body temperature associated with decreased
sweat response at high levels of dehydration could
disrupt gastrointestinal secretions, absorptions
and effect gastric emptying. The athlete should be
advised on fluid requirements during exercise
based on a number of factors. These include the
type, intensity and duration of exercise. The
amount of fluid (osmolality), the drinking pattern
(being most important), temperature of fluid must
be discussed with the athlete. Furthermore, the
ambient temperature of the day will influence the
volume and frequency of fluid intakes.

There is much confusion amongst the athletic
population, coaches, trainers and physicians on
the pre-competitive meal and the amount to drink
and consume during an endurance event. In gene-
ral it would be wise not to eat 3-5 hours prior to
exercise. The composition of this meal should be
devoid of protein and fat which could delay gastric
emptying. From a practical point of view it should
be realized that carbohydrate and water needs
vary under different conditions. Humans perform-
ing mild exercise in the heat have a greater need
for fluid replacement than for carbohydrate sup-
plementation. On the other hand, an endurance
athlete exercising in a cool environment may
experience only moderate levels of dehydration,
but could benefit significantly from carbohydrate
feeding. For this reason, the composition of glu-
cose-water solution administered during prolonged
exercise should be determined on the basis of indi-
vidual needs and potential benefits.

The rate of liver glycogen utilization to that of
muscle glycogen utilization is influenced by exer-
cise intensity. In brief, muscle glycogen utilization
is increased at exercise intensity of 85% VO2 max
or greater. Muscle glycogen depletion would occur
within approximately 2 hours of exercise. An

example of an intensity of 85% VO2 max is the
standard marathon. In contrast, at exercise inten-
sities of less than 70% VOZ2 max, such as the Com-
rades Marathon, liver glycogen is more likely to be
depleted before muscle glycogen with the conse-
quence development of hypoglycaemia. Present
evidence suggests that optimum carbohydrate
source to prevent hypoglycaemia during ultra-
marathon running would seem to be a 15% glu-
cose polymer or starch solution.

As fluid requirements during exercise are about
500 ml/hr, the key in developing the optimum re-
placement fluid for exercise is to develop a solu-
tion that will provide maximal carbohydrate re-
placement at a gastric emptying rate of 500 ml/hr.

A 10-15% glucose polymer or starch solution is
the greatest concentration that achieves this.
When drunk during exercise a 10% polymer or
starch solution would, at a gastric emptying rate of
500 ml/hr provide 50g of carbohydrate per hour,
or about 35% of the total carbohydrate utilized at
ultra-marathon record pace, or nearly all of the
liver glycogen utilization.

Furthermore, if the fluid content is too hyper-
tonic this could delay gastric emptying by causing
nausea and upper abdominal distension due to
water flux into the stomach. This distension could
lead to an unwillingness to drink during an event,
which could compound dehydration. The con-
sumption of simple carbohydrates and sugars
within several hours before exercise should be dis-
couraged because of rebound hypoglycaemia due
to insulin release from the pancreas.

Athletes are known to consume high fibre and
roughage diets. Excessively high fibre diets may
cause difficulties because of the resultant increase
in stool volume and excessive fluid loads. These
athletes should consult a dietician on the compo-
sition of their meals.

Athletes should attempt to defeacate at a rela-
tive set time daily by taking advantage of the
morning gastrocolic reflex.

Athletes should stimulate peristalsis and defeca-
tion before an event in whatever fashion they find
helpful, such as drinking coffee or tea, performing
a light morning warm up or workout.

There is a high incidence of musculo-skeletal
over-use and overload injuries in endurance ath-
letes especially the lower limbs as in marathon
runners. These athletes should avoid taking non-
steroidal anti-inflammatory drugs (NSAID) and
aspirin 12-24 hours before competing, as these
drugs aggravate certain gastrointestinal symptoms
of dyspepsia and gastrointestinal bleeding. The
effects of certain drugs acting on the -gastrointesti-
nal tract during prolonged endurance exercise are
unknown. The use of drugs should only be used as
a last resort.

Athletes, coaches, and physicians must be
made aware of the rules and regulations governing
the use of medications according to those laid
down by the International Olympic Committee. A
number of simple drugs are allowable, but certain
drugs that have been used for “runner’s diarrhoea”

12

SPORTS MEDICINE = MARCH 1995



eg. codeine phosphate, are banned.

Psychomotor stress prior to competition is a
possible mechanism of increased gastric motility
and hormonal secretions causing gastrointestinal
distress. Athletes should undergo mental pre-
paredness of the event prior to competition. Cer-
tain athletes might need psychological interven-
tion and support to alleviate pre-competition
stress. Referral to a sport psychologist is recom-
mended.

For endurance athletes with chronic refractory
problems lactose intolerance should be ruled out
either through-an elimination diet or a lactose tol-
erance test. Milk intolerance may cause specific
problems, in particular “runner’s trots” and irrita-
ble bowel syndrome in susceptible persons. The
same findings have been described in persons
unable to absorb gluten, a protein found in all grain
foods except maize and rice. This condition,
known as coeliac disease or gluten enteropathy, is
completely cured by avoiding all gluten-containing
foods. So the paradox is that the staple foods of life
— bread and milk — may be just the foods that some
endurance athletes would do best to avoid.

Management of common GIT symptoms

in endurance athletes

The principles of management of the following
common GIT symptoms in endurance athletes will
- be discussed: dyspepsia, nausea, vomiting, loss of
appetite, abdominal cramps, urge for a bowel
movement and/or diarrhoea, and gastrointestinal
bleeding.

Dyspepsia

a. Recency of meals:

Recency of meals aggravate dyspepsia. The last
pre-competition meal should be 3-4 hours before
the event. It should consist of easily absorbable
carbohydrates eg, fruit and fruit juices, cereals,
pasta, bread. It should be low/devoid in protein
and fat which could delay gastric emptying.

b. Dietary fibre:

Roughage and high fibre diets should be discour-
aged in those athletes with the symptoms of dys-
pepsia.

c. Antacid use:

Simple surface antacids before a competition or
during rest periods in an event can be prescribed.
However, large doses of antacids may cause
cramping in cases. After having excluded organic
gastrointestinal disease (special investigations and
referral to a gastroenterologist) the empirical use
of H2-Receptor antagonists the evening before an
event, and 4 hours prior to the event can be con-
sidered. However, it must be stated that the effects
of H2 blockers on exercise tolerance are not
known.

d. Other pathology

It is very important to remember that chest pain
due to ischaemic heart disease could be confused
with dyspepsia secondary to diffuse oesophageal
spasm. As many as 18-76% of patients with angi-

na pectoris and normal coronary angiograms have
oesophageal dysfunction, including abnormal gas-
tro-oesophageal reflux and oesophageal motility
disorders. Further investigations are necessary
and include a progressive exercise treadmill test
with electro-cardiac monitoring, barium swallow
and follow through, endoscopy and oesophageal
sphincter pressure studies.

Nausea and vomiting

a. Recency of meals:

Recency of meals can aggravate nausea and vom-
iting. A change in the eating time of the precom-
petitive meal to at least 3 to 4 hours prior to exer-
cise is advisable.

b. Nature of diet:

The composition of food and fluid entering the
stomach has to be considered. The correct bal-
ance between the amount, type, volume and tem-
perature of food and fluid entering the stomach
must be determined. It is advisable that athletes
discuss their diet with a dietician or a sports physi-
cian.

c. Associated symptoms:

Associated symptoms such as unexplained nau-
sea, vomiting and chest pain must be investigated
further. Stress electrocardiography, oesophageal
pH monitoring and pressure studies during exer-
cise testing on a treadmill can differentiate those
athletes or individuals who develop angina-like
chest pain secondary to oesophageal spasm as
opposed to the angina secondary to poor coronary
perfusion of ischaemic heart disease.

d. Drugs:

Athletes must be advised to avoid taking aspirin
and non-steroidal anti-inflammatory drugs as
these can cause nausea and vomiting.

e. Pharmacological management:

Once organic disease has been excluded and all
possible causes have been identified and treated,
can the use of drugs are motility modifying agents
(prokinetics), secretory modifying agents or cen-
trally acting agents be considered (Table 1).

Loss of appetite
[t is well known that athletes have a loss of appetite
after severe prolonged exercise. It appears to be
more common in younger athletes and female ath-
letes. There is usually a positive relationship with
the symptom and the intensity of the exercise.
Furthermore, as gastrointestinal adaptation to
endurance training occurs, the untrained athlete
with the symptom can usually be reassured that,
as training progresses, the symptoms will improve,

[t has been shown that with intense physical
activity carried out repeatedly every hour, the
appetite of the person tested decreased sharply so
that the next meal was postponed until late
evening. However, athletes should be made aware
that the desire to drink also decreases or can be
suppressed as exhaustion sets in.

In summary, the sports physician should there-
fore educate the athlete to decrease exercise inten-
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TABLE 1: Drugs acting on the gastrointestinal
system

1. Surface active or locally acting preparations
eg. antacids
2. Motility modifying agents
— prokinetics (Maxolon, Motilium)
- anti-diarrheals (Immodium, Lomotil)
3. Secretory modifying agents
- specific receptor antagonists (Tagamet,
Zantac)
— anti-cholinergic
Avafortan)
4. Centrally acting agents
- specific central action (Valoid, Stemetil)
- dominant central and secondary peripheral
activity (Codeine phosphate)

agents (Buscopan,

sity and duration until the adaptive gastrointestinal
training effect has occurred.

Again it must be emphasized that organic dis-
ease must be excluded. Further investigation is
advised if the symptoms do not decrease after al-
tering exercise intensity.

Abdominal cramps

The causes of abdominal cramps during exercise
are related to recency of meals, composition of
food and exercise intensity. Consequently, faster
runners and novice runners experience more
abdominal cramps than the more experienced
older athletes. The basis of the abdominal cramps
can be related to the pharmacological concentra-
tions of gastrointestinal hormones.?

Athletes can be advised either exercise only 3-4
hours after meals, or to have a bowel action prior
to exercise. If this is not successful and provided
organic disease has been excluded, the use of
medication can be considered. The more com-
monly used drugs would be the motility modifying
agents or anticholinergic agents (Table 1).

Urge for a bowel movement and/or diarrhoea
These two symptoms represent the most common
problem of gastrointestinal distress in endurance
athletes 3*10111416 Many athletes suffer from “Tra-
veller's diarrhoea”. The aetiology is one of viral or
bacterial infective origin. This is not the same as
“runner’s diarrhoea” which should be treated with
hydration and medication.
The clinical characteristics of “Runner’s diar-
rhoea” (RD) are: "
- passage of semi-formed or watery stools
—~ can be associated with abdominal pain below
umbilicus
~ rectal urgency
— multiple stools
— large volume stools
— abdominal pain and rectal urgency relieved by
defecation
— diarrheal cramps after completion of exercise
- faecal incontinence with soilage during exercise
- ‘“irritable bowel syndrome” when not exercising
Advice to athletes with “runner’s diarrhoea”
would include the following:

— to eat a pre-competition meal 4 hours prior to
exercise

- to exercise in a fasted state

~ to decrease fibre in diet

- practice relaxation therapy to reduce stress

- encourage a bowel movement prior to an athlet-
ic event by drinking coffee or tea

— gentle warm up prior to exercise

— encourage the gastro-colic evacuation reflex
when first getting up in the morning.

Before resorting to drug therapy, it would be
wise to exclude lactose intolerance and to exclude
any other bowel pathology such as Crohn’s
Disease, ulcerative colitis, diverticular disease or
colonic cancer. The appropriate investigations
(blood, urine, stool, x rays, celonoscopy, biopsy
and histology) should be done by a gastroenterol-
ogist who preferably has an interest in Sports
Medicine.

The most common medication that can be used
to treat this symptom are the motility modifying
agents and secretory modifying agents (Table 1).

Gastrointestinal bleeding

Numerous anecdotal reports indicate that the pas-
sage of bloody stools (haematochezia) occurs oc-
casionally.”? There is a possible association be-
tween GIT bleeding and the development of “run-
ner’'s anaemia”.

Athletes should be evaluated with screening
methods such as the Haemoccult cards. Approxi-
mately six cards should be sufficient, using two for
light training and the normal daily regime, two for
periods of heavy training, and two for post-race
testing.

If the bleeding occurs only after completion in a
person under 35 years of age, no further evalua-
tion is necessary unless the bleeding is massive,
causes persistent anaemia or other symptoms, or
the athlete requests further evaluation. If the bleed-
ing occurs chronically, even during light training
then a thorough evaluation is necessary for ath-
letes in all age groups.

Those older than 35 to 40 years should proba-
bly have roentgenologic and/or endoscopic evalu-
ation if their haemoccults are positive during
heavy training, even if they do not bleed when they
are less active. A rectal examination and flexible
sigmoidoscopy or colonoscopy should be per-
formed if they have not been done within the pre-
vious year in athletes over the age of 40. Reports
of small amounts of bright red blood with a nega-
tive haemoccult and a positive rectal examination
for haemorrhoids might obviate the need for inten-
sive further investigation in borderling cases.

Other specific gastrointestinal diseases

There is evidence that patients with duodenal
ulcers who undertake mild exercise have an in-
creased secretion of acid and an increased volume
of stomach fluid after exercise which would make
these athletes more susceptible to progressive
ulcer pathology. The possible mechanism is an in-
creased autonomic nervous system response. This
raises the question of whether strenuous exercise
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in patients with active duodenal ulcer should be
discouraged.
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Abstract

Gastrointestinal (GIT) symptoms appear to be very
common in endurance athletes. Previous studies
have only documented frequency rates of GIT
symptoms during sports events, and usually only
in a single sport. Differences in methodology be-
tween studies make comparisons on the incidence
and risk factors of GIT symptoms in different sports
difficult. The aims of this study were to document
the true incidence (symptoms/1 000 hours of par-
ticipation) and risk factors of gastrointestinal
symptoms in six endurance sports. Data on the in-
cidence and risk factors pertaining to six common
GIT symptoms were obtained on 1 158 athletes in
six endurance sports: (canoeing (n = 205), aerobic
dancing (n = 109), running (n = 321), triathlons (n
= 68), cycling (n = 226) and swimming ( n = 224).
The significant (p < 0.05) findings of this study
were that there was a higher incidence of lower
GIT symptoms than upper GIT symptoms; younger
athletes have a higher incidence of symptoms;
female athletes have a higher incidence than male
athletes; that the urge for a bowel movement was
the most common lower GIT symptom; that nausea
was the most common upper GIT symptom; and
that symptoms were more likely to occur during
competition than in training. Furthermore, experi-
enced athletes had a lower incidence of symptoms
than novice athletes, and that GIT symptoms were
more common in vertical sports (running) com-
pared to gliding sports (cycling and swimming).

Introduction

During the last ten years there has been an up-
surge of interest in the physiology of endurance
sports such as aerobic dance workouts, canoeing,
running, the triathlon, cycling and swimming.! The
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metabolic, renal, cardiovascular and pulmonary
responses to endurance exercise have been well
researched.” However, alterations of gastrointesti-
nal (GIT) physiology during prolonged endurance
exercise, in particular the incidence and aetiology
of GIT distress has largely been ignored.

There are several anecdotal reports in the lay
press and the medical literature of endurance ath-
letes who experience GIT symptoms during exer-
cise. The severity of these symptoms can range
from mild (not affecting training or performance)
to severe (limiting training or performance). Com-
mon complaints of the upper GIT include heart-
burn, nausea, vomiting, loss of appetite and flatu-
lence. The common lower GIT complaints are ab-
dominal cramps, the urge for a bowel movement
and diarrhoea.?®** Recently, GIT bleeding after
exercise has been the focus of attention. Severe
rectal bleeding (haematochezia) during exercise
was first reported in the Runner’s World Magazine
in 1969.”" In 1982 the first case of documented
death due to massive haemorrhagic gastritis was
reported in a 28 year old runner.*

These observations have prompted researchers
to study the frequency of gastrointestinal symp-
toms during or after exercise in several different
sports.?*3% The studies that have been conduct-
ed to date have a number of limitations including
poor sample selection and documentation of the
frequency of symptoms rather than a true inci-
dence. Furthermore, differences in the methodolo-
gy between studies makes comparisons on the risk
of developing GIT symptoms between groups and
different sports difficult. Nevertheless, data ob-
tained from these surveys appear to have identi-
fied a number of trends.

It appears that the frequency of occurrence of
GIT symptoms in athletes differs and depends on
factors such as the site of origin of the symptoms
(upper or lower GIT), the type of symptom, the
gender of the athlete, exercise intensity, type of

sport, and training.'”®**° In most surveys, it has

been shown that symptoms of the lower GIT are
more common (25% to 60% of respondents) than
upper GIT symptoms (6% to 58% of respondents).
The most common upper GIT symptom appears to
be nausea (16%) followed by heartburn (13%). In
the lower GIT, the most common symptom ap-
pears to be the urge for a bowel movement (36%)
followed by abdominal cramps (30%).* The fre-
quency of symptoms appears to be more common
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in female (40%) compared to male (22%) ath-
letes.®* Symptoms appear to be more frequent
during “hard” runs (higher intensity) (24%) com-
pared to “easy” runs (lower intensity) (8%).”7% In
one study in triathletes, a greater frequency of GIT
symptoms has been reported in the running leg
compared to the cycling or swimming leg.* Data
from these surveys also appear to indicate that in
sports such as cycling, skating or skiing, which are
characterized by gliding movements, a lower fre-
quency of GIT symptoms is reported.”

Gastrointestinal symptoms during exercise have
also been reported more frequently in younger
than older athletes. The reason for this has beer
attributed to a higher intensity of exercise in
younger people. It has also been reported that
symptoms of GIT distress decrease with training.
In other words, GIT “adaptation” might take place
with training in endurance athletes.®* It has been
observed that runners are more likely to develop
symptoms after either an episode of high intensity
exercise to which they are not accustomed or dur-
ing a period of rapid increased training volume.
Once the increased training has been maintained
for a few weeks, symptoms appear to decrease.?

As already mentioned, the data from different
surveys reported in the literature have to be inter-
preted with caution. Comparisons between the oc-
currence of GIT symptoms in different sports, gen-
ders or age groups can only be made if the true in-
cidence of symptoms is recorded in the groups.
Accordingly, the main aim of this present study
was to document the incidence (symptoms/ath-
lete/1 000 hours of physical activity) of GIT symp-
toms in endurance athletes in six different endu-
rance sports in South Africa. The study is novel in
that the true incidence of GIT symptoms in six
endurance sports (aerobic dancing, canoeing,
road running, triathlons, cycling and swimming)
have been surveyed at the same time.

Methods

Subjects
A survey by self-completed questionnaire was con-
ducted on 2 534 athletes from the six endurance
sports. Athletes from each sport were randomly
selected from those that entered for a major event
of that particular sport in the period 1990-1991 in
South Africa. At the event, a questionnaire was
handed to a randomly selected group of athletes in
each sport. The athletes were asked to complete
the questionnaire and return it in a self-addressed
envelope to the principal investigator for analysis.
Incentive schemes, in the form of prizes, were used
to improve the response rate. The overall response
rate to the questionnaire was 46% (n = 1 158),
The response rate for each individual sport and
the event during which subjects were identified is
indicated in Table 1. Of the respondents, 884
(76,3%) were males, 268 (23,1%) females and 6
(0,6%) did not give their sex. Of the 1 157 athletes
only one athlete did not indicate the sport he/she
was competing in. Incorrectly completed question-
naires were considered as non-responders and

TABLE 1: The response rate and events for each
of the endurance sports

Sport Event Rate(%)

Aerobics (n = 208) Dance classes 52
Canoeists (n = 418) 84 km race 50
Runners (n = 554) 42 km race 58
Triathletes (n = 105)  Std Triathlon 60
Cyclists (n = 750) 105 km tour 30

Swimmers (n = 501) 1 mile race 45

therefore omitted from the analysis.

Questionnaire

A questionnaire was compiled in two of the official
languages of South Africa (English and Afrikaans).
Each endurance athlete chose the language of his/
her own choice. The questionnaire was divided
into four subsections. These included an introduc-
tion letter, personal characteristics of the enduro-
athlete, questions relating to a number of possible
abdominal complaints whilst training or competing
in their particular sport, and a detailed analysis of
the athlete’s training profile. In addition, the ques-
tionnaire included questions about previous
abdominal surgery or any major medical abdomi-
nal complaint that the athlete may have had, as
well as information on the use of medication to
control GIT symptoms during exercise. In the
questionnaire, the term “surgery” referred to previ-
ous abdominal surgery (gynecological, abdominal
or urological) and a “major medical abdominal
complaint” referred to a previous major medical
illness (peptic ulcer disease, ulcerative colitis or
Crohn’s Disease).

Specific information was obtained on possible
symptoms relating to either the upper gastroin-
testinal tract (heartburn, nausea, vomiting or loss
of appetite) or the lower gastrointestinal tract
(abdominal cramps, urge to defecate or diar-
rhoea). Two questions relating to the urinary sys-
tem (urge to pass urine and darkened urine) were
also included in the questionnaire. The reason for
this was that some athletes are under the impres-
sion that urinary symptoms are part of the abdom-
inal system.

In athletes who complained of a specific abdom-
inal symptom the frequency of the symptoms in
the last ten successive training/competitive ses-
sions was obtained.

Statistical analysis

All the statistical analysis in this study were con-
ducted at the Department of Statistics of the Uni-
versity of Port Elizabeth using the statistical pack-
age BMDP (1990 PC-version). The Pearson Chi
Square test was used to analyze for differences in
the frequency of occurrence of GIT symptoms be-
tween groups (sport, gender, age) and between
different GIT symptoms within groups. The level of
statistical significance was established at p < 0.05.

Results

Incidence of GIT symptoms in all endurance sports
The incidence of upper and lower GIT symptoms
in the athletes from all six endurance sports is de-
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Figure 1: All Endurance Sports. Figure 2: Aerobics.

INCIDENCE/1000 HRS' INCIDENCE/1000 HRS
80 80

60 60

40

40

20

. %—-N\

20

: ¢ ALL MALES FEMALES
B HEARTBUAN T nausea 3 vomiting B HEARTBURN NAUSEA 3 vomiTiNg
XY aBpO cRAMP BOWE( URGE [ DIARRHEA ABDO CRAMP BOWEL URGE 7 DIARRHEA
picted in Figure 1. The GIT symptom with the Figure 3: Canoeists.
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There was a significantly higher incidence of lower 200
GIT symptoms (abdominal cramps, urge for bowel
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dence (occurrence/1 000 participant hours) was
the urge to defecate (118), followed by abdominal
cramps (85), diarrhoea (45), and nausea (37).
Upper GIT symptoms were more common in fe-
male compared to male triathletes, whereas lower
GIT symptoms were more common in male triath-
letes.

Cyclists

The incidence of GIT symptoms in cyclists (all,
males and females) is depicted in Figure 6. In gen-
eral, GIT symptoms were less common in cycling
than in other sports. The GIT symptom in all

cyclists with the highest incidence (occur-:

rence/1 000 participant hours) was abdominal
cramping (31), followed by the urge to defecate

(29), nausea (24) and heartburn (21). Female
cyclists tended to have GIT symptoms more fre-

quently than male cyclists. There appears to be no
difference in the incidence of upper and lower GIT
symptoms in cyclists.

Swimming

The incidence of GIT symptoms in swimmers (all,
males and females) is depicted in Figure 7. In gen-
eral, GIT symptoms were uncommon in swim-
mers. The GIT symptom in all swimmers with the
highest incidence (occurrence/1 000 participant
hours) was abdominal cramping (23), followed by
nausea (22), the urge to defecate (18), and heart-
burn (12). Except for nausea, female and male
swimmers appear to have the similar incidences of
GIT symptoms. As for cyclists, there appears to be
no difference in the incidence of upper and lower
GIT symptoms in swimmers.

Risk of GIT symptoms in endurance sports
Table 2 summarizes the risk of developing GIT
symptoms in the six endurance sports that were
studied. Sports associated with a high risk (inci-
dence of GIT symptoms > 100 occurrences/1 000
participant hours) are canoeing, road running and
triathlons. In all these sports the symptom associ-
ated with this high risk is the urge to defecate. Ab-
dominal cramps occur with a medium risk (inci-
dence of GIT symptoms of 50-100 occurrences/
1 000 participant hours) in aerobic dances, canoe-
ing, road running and triathlons. Heartburn and
diarrhoea occur with a medium risk in canoeists.
All the other sports have a relatively low risk (GIT
symptom risk of < 50 occurrences/1 000 partici-
pant hours) of developing GIT symptoms in endu-
rance sports.

Incidence of GIT symptoms in different age
groups

The incidence (occurrence/1 000 participant
hours) of upper GIT symptoms in males and fe-
males of different age groups in all the sports that
were surveyed is depicted in Figure 8.

There was a significantly lower incidence in
upper GIT symptoms in older compared to
younger age groups for both males and females (p
= 0.0463). The incidence (occurrence/1 000 par-
ticipant hours) of lower GIT symptoms in males
and females of different age groups is depicted in

Figure 6: Cyclists.
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Figure 9. There was a significantly lower incidence
in lower GIT symptoms in older compared to
younger age groups for both males and females (p
= 0.0004).

Incidence of GIT symptoms in male and female
endurance athletes
For the total population the incidence of lower gas-
trointestinal symptoms in females was significant-
ly higher than in males (Figures 2-7). For each of
the sports a similar trend was found in that females
had a higher incidence of lower gastrointestinal
symptoms than males (Figures 2-7). :

For the upper gastrointestinal tract, females had
a higher incidence of heartburn and nausea in
each sport. However, in most sports, with the
exception of cycling, males had a higher incidence
of vomiting than females. ’

TABLE 2: Risk of GIT symptoms in endurance
sports

Risk* Sport Symptoms

High Canoeing Urge to defecate

(> 100)  Road running Urge to defecate
Triathletes Urge to defecate

Medium  Aerobic dance Abdominal cramps,

(50-100) nausea
Canoeing Heartburn, diarrhoea,

abdominal cramps

Road running Abdominal cramps
Triathletes Abdominal cramps

Low Aerobic dance Urge to defecate

(< 50) Road running Diarrhoea, Heartburn

Triathletes Diarrhoea, nausea

Cycling Abdominal cramps,
Urge to defecate,
nausea

Swimming Abdominal cramps,

nausea, Urge to
defecate
*:High risk (Risk of symptom > 100 occur-
rences/1 000 participant hours)
Medium risk (Risk of symptoms between 50-
100 occurrences/1 000 participant hours)
Low risk (Risk of symptoms < 50 occurrences/

1 000 participant hours)

Incidence of GIT symptoms in athletes with
previous abdominal surgery or previous major
medical abdominal complaint

The prevalence of previous abdominal surgery or
a previous major medical abdominal complaint in
the entire population was 14%. There was a signifi-

cant association between previous abdominal
surgery and the development of an upper GIT
symptoms (p = 0.0471) but not lower GIT symp-
toms (p = 0.855) during endurance exercise for
the whole population.

The use of medication by endurance athletes to
control GIT symptoms

In the total population of endurance athletes, 17%
indicated that they use medication to control GIT
symptoms during training. The symptoms for
which medication was used by the total population
of athletes during training and competitions is indi-
cated in Table 3. The most common symptom for
which GIT medication was used by endurance ath-
letes during training was heartburn (33% of users),
followed by abdominal cramps (20% of users), the
urge to defecate (18% of users), and diarrhoea
(16% of users). During competition, the most com-
mon symptom for which GIT medication was used
was the urge to defecate (36% of users), followed
by diarrhoea (28% of users), and abdominal
cramps (14% of users).

TABLE 3: The frequency of use (% of users) of
GIT medication for different symptoms in the
total population of endurance athletes

Symptom Training Competition
Heartburn 33% 10%
Nausea 7% 6%
Vomiting - 1% 3%
Loss of appetite 5% 3%
Abdominal cramps 20% 14%
Urge to defecate 18% 36%
Diarrhoea 16% 28%

The frequency of GIT medication use by endu-
rance athletes during competition in each of the six
sports that were surveyed is indicated in Table 4.
The use of medication (as a % of users in each
sport) to control heartburn was common in
canoeists (29%), road runners (27%), and cyclists
(29%). For other upper GIT symptoms, canoeists
commonly used medication to control nausea
(20%) and vomiting (33%). GIT medication was
commonly used to control the urge to defecate in
canoeists (39%), road runners (33%), and triath-
letes (24%). The use of medication to control diar-
rhoea was common in canoeists (61%), cyclists
(40%), road runners (35%), and triathletes (19%).

The types of GIT medication that were used by
athletes are depicted in Table 5. Anti-diarrheals
followed by antacids were the most common med-
ications used by endurance athletes in this study.

during competition in six different sports

TABLE 4: The frequency (% of users) of medication use by endurance athletes to control GIT symptoms

Heartburn Nausea Vomiting Abdominal cramps Urge to defecate Diarrhoea

Aerobic dancing 11% 5% - 10% 8% -
Canoeing 29% 20% 33% 12% 39% 61%
Road running 27% 5% 7% 21% 33% 35%
Triathlon 9% 6% 12% 4% 24% 19%
Cycling 20% - - 7% 12% 40%
Swimming 7% - - - - -
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TABLE 5: The types of GIT medication used by
endurance athletes (expressed as a % of the
athletes using medication)

Medication % of use by athletes
Loperomide HCI 36
Diphenoxylate HCI 10
Rennies* - 10
Gaviscon* 4
Hyoscine butylbromide 4
Gelucil* 3
Ranitidine HCI 2
Mucaine* 2
Cyclizine HCI 2
Others 24

*. Generic names for combination antacids.

Discussion
This study is the first to document the true inci-
dence of GIT symptoms in athletes participating in
six common endurance sports. The main findings
of the study are that i) there is a high incidence of
GIT symptoms in endurance athletes, ii) the inci-
dence of lower GIT symptoms is higher than that
of upper GIT symptoms, iii) the incidence and pro-
file of GIT symptoms differs between the six
endurance sports that were surveyed, iv) the inci-
dence of upper and lower GIT symptoms is more
common in younger athietes, v) females have a
higher incidence of GIT symptoms compared to
males, vi) previous abdominal surgery is associat-
ed with upper GIT symptoms in endurance ath-
letes, and vii) medication is used frequently to
control GIT symptoms during competition.
Previous surveys have only documented the
prevalence and frequency of GIT symptoms in one
sport at a time.?** In this study, the documenta-
tion of the true incidence of GIT symptoms allowed
for a comparison to be made between the risk of
developing GIT symptoms in different endurance
sports. Based on the result of this study, endurance
sports could be classified as high, medium or low
risk for the development of different GIT symp-
toms (Table 2). These data confirm the hypothesis
that certain sports, such as road running and
triathlons, have a particular high risk for the de-
velopment of lower GIT symptoms. Road running
and the running leg of the triathlon are character-
ized by repetitive vertical oscillating movements.
The mechanical movement of the bowel during
these activities has been suggested as one of the
mechanisms for the development of lower GIT
symptoms in athletes.'®** Although the risk of GIT
symptoms in triathletes has not been documented
for each individual leg of the competition in our
study, it has previously been reported that triath-
letes have noted that GIT symptoms are more fre-
quent during the running leg of the competition.*
The relatively high incidence of GIT symptoms
in canoeists was surprising. Canoeing is a gliding
sport and the mechanical movement of the small
and large intestines can not be postulated as a
mechanism for the high incidence of GIT symp-
toms. It has however previously been reported that

canoeists are exposed to water borne gastro-intes-
tinal infections. Although this was not specifically
documented in our study, this may account for the
increased incidence of GIT symptoms experienced
by this group of athletes.

The results from this study confirm the observa-
tions of other researchers that, in endurance
sports, lower GIT symptoms are more common
than upper GIT symptoms.>** However, a novel
finding is that this apparently holds true only for
sports characterized by repetitive vertical oscillat-
ing movements (road running, triathlons, aerobic
dancing) but not for gliding sports (swimming,
cycling). This supports the hypothesis that the
predominant mechanism responsible for the deve-
lopment of lower GIT symptoms is related to
mechanical movement of the intestines. However,
evidence to support this “mechanical theory” is
still at best indirect.®

The results of this study also confirm the obser-
vations by other researchers that the incidence of
GIT symptoms is age and gender related, with the
groups at higher risk being younger and female.**
The mechanisms for the gender and age related
difference in risk of GIT symptoms are not known.

A further novel finding in this study was the doc-
umentation of an increased risk of GIT, in particu-
lar upper GIT, symptoms in athletes with a history
of previous abdominal surgery. The precise mech-
anism for this is not clear and requires further in-
vestigation. However, young athletes undergoing
abdominal surgery should perhaps be aware of
this potential side effect.

There has been a lot of anecdotal evidence that
the use of medication to control GIT symptoms in
endurance athletes is common. This study is the
first to document the frequency of use of medica-
tion to control symptoms. The nature of the medi-
cation used appears to be a reflection on the type
of symptoms commonly experienced. It is howev-
er important to note that, despite the frequent use
of medication by endurance athletes, the potential
negative effects of GIT medication on performance
and health during exercise has not been docu-
mented. This is an area that requires urgent inves-
tigation.

In summary, this study has shown that GIT
symptoms are common in- certain endurance
sports, and that the younger female athlete is at
particular risk to develop GIT symptoms. Further-

. more, athletes with a previous history of abdomi-

nal surgery are more likely to develop upper GIT
symptoms during exercise. Finally, although drug
use appears to be a common method to control

‘GIT symptoms, there are no data available for the

prescribing physician to indicate whether these
medications are safe and do not affect athletic per-
formance.
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plex soluble carbohydrates for endurance sport.
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endurance fuel to enhance performance, conserve
energy reserves and ensure rapid recovery after
exercise to maximise performance potential.
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lost energy, enhance performance and revitalise
the body. The isotonic formulation of the new
ISOSTAR LONG ENERGY ensures rapid absorp-
tion and optimal utilisation of three complex car-
bohydrates, vitamins and electrolytes. Energy
reserves are conserved through this rapid absorp-
tion during exercise resulting in delayed fatigue
and improved performance. Athletes are able to
recover more quickly as the energy reserves in
their muscles are restored after exercise and this in
turn maximises the recovery of the performance
potential. Another unique property of new
ISOSTAR LONG ENERGY is its antioxidant con-
tent which helps to prevent the build up of toxic
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oxidation products.

It should be taken before and during intensive
exercise. For endurance events, 150-300 ml
should be taken beforehand and 100-200 ml is
recommended every 15-20 minutes during the
race.

For further information about ISOSTAR products,
contact Mike Brown of Pharmaceutical Enterprises
(Pty) Ltd, Tel: (021) 531-1341 or Fax: (021) 531-
2692,




~ The effect of Protein
Supplementation on Muscle

Strength and Body Composition in
Body-builders

M.I. Lambert, E.V. Lambert, L. Bock, and T.D. Noakes

Summary

In spite of little scientific evidence, there is a belief
among bodybuilders and other sportspersons that
a diet high in protein promotes the development of
muscle hypertrophy and strength. To examine
whether this is indeed true we randomly assigned
22 body-builders, who trained 6 hours per week
and who ingested less than 2.0g protein.kg’.day,
to either an experimental group (n = 12) or a con-
trol group (n = 10). In a double-blind study design,
the experimental group received an additional 75g
protein per day for 8 weeks which increased their
daily intake to 2.7g protein.kg'.day. The control
group received an isoenergetic carbohydrate sup-
plement. Before starting the supplementation and
again 8 weeks later, the following were measured
in subjects; body composition, 24-hour urinary
urea and creatinine excretion and tests of muscle
function. Urinary urea and creatinine excretion
were also measured every 2 weeks. Although body
mass, relaxed arm, contracted arm and chest girth
increased significantly (p < 0.05) and equally in
both groups, none of the other anthropometric
variables changed significantly in either group dur-
ing the study. In both groups there'was a signifi-
cant increase in the bench press and squat exer-
cise strength, but isokinetic torque of the forearm
extensor and flexor and knee flexor and extensor
muscles did not change. Daily urea nitrogen
excretion was higher in the experimental group for
the duration of the study. We conclude that body-
builders who consume 175-200% of the protein
RDA, and who train about 6 hours per week, show
no additional gains in muscle size or strength if
they increase the protein content in their diets by
75g.

Introduction

It is commonly believed that a diet high in protein
promotes muscle hypertrophy and increases
strength.'* As a result sportspersons, particularly
resistance-trained athletes, often have habitual
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diets which exceed the recommended daily
allowance (RDA) for protein®* by 250%.2* In addi-
tion, they often boost their habitual protein intake
by ingesting protein supplements.? Indeed, a lucra-
tive commercial market exists for these supple-
ments.

Although many studies have examined the
effect of a high protein intake on muscle size and
strength the results are equivocal.®®’ In a recent
study,” Lemon et al.,, (1992) found that novice
bodybuilders needed about twice as much protein
to remain in a positive nitrogen balance compared
to sedentary men. However, the development of
muscle strength and hypertrophy did not increase
when this level of protein intake was increased to
about 300% of the recommended intake (2.6 g
protein.kg'.day').” This experiment was conduct-
ed over 4 weeks. A question arising from this study
was whether the findings would have differed had
the supplementation period been longer.

Therefore, the aim of the present study was to
determine the effects of an 8 week programme of
protein supplementation on muscle strength and
muscle mass in a group of amateur body-builders.
A double-blind experimental design was used and
care was taken to ensure that the two groups were
carefully matched for age, training volume, body
composition, and energy, protein and carbohy-
drate intake.

Methods

Subjects

Amateur, male body-builders who reported not
using anabolic steroids, volunteered to participate
in this study. Subjects were selected based on their
reported resistance training and their daily protein
intake. They were excluded from the study if their
protein intake exceeded 2.0g protein.kg.day" or if
they had been training for less than 2 years. All
subjects reported having reached a “plateau” in
muscle and strength development.

Twenty-two subjects were selected and random-
ly assigned to either the experimental or control
group after they had given written informed con-
sent. All procedures were approved by the Ethics
and Research Committee of the Faculty of
Medicine of the University of Cape Town.
Experimental design and supplementation
The experimental group received a protein powder
which, when mixed with 750ml skim milk, provid-
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ed 75g of protein per day (Health and Performance
Products International, Johannesburg, South
Africa).

The control group received an isoenergetic car-
bohydrate powder which was indistinguishable
from the supplement that the experimental group
received. They were instructed to mix their powder
with 750ml skim milk in an identical manner to the
experimental subjects. This supplied an extra 24g
of protein daily.

The supplements for both groups were coded so
that neither the researchers nor the subjects knew
their identity. Specific instructions were given to
each subject to ensure accurate supplement inges-
tion. Subjects were instructed to continue to ingest
either the supplement or placebo for the 8 weeks
of the study.

Prior to beginning the supplementation, the fol-
lowing were measured on all subjects; body com-
position, 24-hour urinary urea and creatinine
excretion and various tests of muscle function.
Each of these tests was repeated after the 8-week
period, except for urinary urea and creatinine
excretion which were measured every 2 weeks.

Experimental procedure

Subjects were asked to record all the food they
ingested for 7 days. They were requested to either
weigh their food or use standard household mea-
sures to describe portion sizes accurately. Diatery
composition was analyzed using the Floro Diet
Data Program (Nederlandse Unilever Bedrijven,
Rotterdam).

Body composition was assessed using an
anthropometric technique which fractionated the
body composition into muscle,® fat and lean body
mass.’ In our laboratory this technique of body
composition assessment has been shown to relate
well to assessments of body composition using
densitometry and bioelectrical impedance (r =
0.86 and r = 0.87 respectively) (ﬁ_mpublished).

Chest girth and relaxed and contracted arm
girth measurements were also recorded. The chest
measurement was recorded at the level of the nip-
ples after the subject had exhaled naturally. The
arm girth measurements were recorded on the
subject’s dominant side, at the mid-point between
the acromion process and the olecranon.

Subjects were given bottles in which they col-
lected urine for a complete 24 hour period. The
subjects were instructed to empty their bladders
upon rising on the day of collection. Thereafter all
urine voided, up to and including the sample void-
ed upon rising the next day, was collected in the
bottle. Samples of urine were frozen (-20°C) after

the total volume for the 24 hour period was mea-
sured. On completion of the study urinary urea
and creatinine concentrations were measured in
these samples (Astra 8, Beckman Instruments,
Brea, California).

Muscle function was assessed by determining
the single maximum repetition for a bench press
and squat exercise. Subjects performed this test
after a day of light training using the same weight
training technique they normally used in training.
This technique, and the warm up procedure, were
kept constant for the tests done both at the begin-
ning and the end of the study.

Peak torque for forearm flexion and extension
and knee flexion and extension were assessed on
a Cybex isokinetic dynamometer (Lumex,
Ronkonkama, NY) at a speed of 90°.s'. The sub-
jects were thoroughly familiarized with the dyna-
mometer before the assessment.

Each subject kept a diary in which he recorded
daily training details and a daily rating of perceived
exertion while training. The scale ranged from 1
(“very unpleasant”) to 6 (“fantastic”). Subjects
were requested to conform to their regular weight
training programme and eating habits for the dura-
tion of the study. Subjects were interviewed every
2 weeks to discuss whether changes had been
made to training and eating patterns. Supplement
to last the next 2 weeks was given to each subject
at this interview.

Statistical methods

All data are presented as means and standard
deviations. A two-way analysis of variance with
repeated measures was used to determine differ-
ences between groups and differences in the mea-
surements within groups which occurred over
time. Differences were accepted as being signifi-
cant when p < 0.05. A Scheffe’s post-hoc test was
used to determine differences between groups
when the overall F ratio was significant.

Results

Pre-trial

Subject characteristics

The age of the experimental subjects (26.9 + 7.5
years) was similar to the control subjects (24.9 =+
6.7 years).

The anthropometric characteristics of both
groups are presented in Table 1. There were no dif-
ferences between groups for any of these vari-
ables.
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TABLE 1: Anthropometric characteristics of the
experimental (n = 12) and control groups (n =
10) at the start and end of the 8 week study.
Experimental Control
- Pre Post Pre Post
Mass (kg) 753 76.2* 79.1 79.5*
+£10.7 +104 +9.7 9.8
Fat % 115 11.7 11.7 12.0
£39 £39 +42 :+38
Muscle Mass (kg) 42.3 43.0 46.6 47.1
+70 +£7.1 +£6.8 +£6.2
Relaxed arm- 32.8 33.3* 34.0 34.5*%
Girth (cm) £28 29 +£21 x£22
Contracted arm 365 37.2% 37.8 38.4*
Girth (cm) £3.0 30 +£22 +22
Chest girth 98.7 100.3* 101.5 102.9*
(cm) £83 269 +6.8 8.1

(p < 0.05 pre vs post)

(Values are expresed as means + SD).

There was also no difference in the amount of
resistance training done each week between the
experimental group (5.7 + 2.0 h.wk™) or the con-
trol group (6.2 + 3.4 h.wk'). At the beginning of
the study the index for the rating of perceived exer-
tion was 3.6 £ 0.5 and 4.1 + 0.9 for the experi-
mental and control groups respectively.

The reported energy intake and nutrient compo-
sition of the pre-trial diets are shown in Table 2.
There was no difference in the percent contribution
of any macro-nutrient group to the energy intake
of the groups.

Post-trial

The training was similar between dgroups and did
not change throughout the study. During the last
week the experimental group trained 5.1 + 2.2h
and control group 5.4 + 2.5h. The rating of per-
ceived exertion did not change throughout the
study. During the last week of training the rating of

perceived exertion was 4.1 + 0.9 and 4.3 + 1.1
(experimental and control).

We fried to repeat the 7-day diet record at the
end of the study, but were unable to analyze the
results because of poor subject compliance.
However, every 2 weeks we had detailed discus-
sions with each subject about his eating patterns.
Based on these discussions there was no reason to
believe that any subject made significant changes
to his eating patterns during the study. In addition,
all subjects reported that they had ingested all the
supplement they were given for that period.

The small increase in body mass in both groups
was statistically significant (p < 0.05) (Table 1). In
addition, relaxed arm girth, contracted arm girth
and chest girth increased significantly in both
groups (p < 0.05) (Table 1).

Protein intake and urinary urea excretion

The experimental group increased protein intake
by 63% to approximately 2.7 g protein.kg'. day"
after the start of the study. Subjects in the control
group ingested an additional 24g protein in the
skim milk (21% increase), increasing their daily
protein intake to 1.7 + 0.2g protein.kg'.day, but
which was nevertheless significantly lower than the
protein intake of the experimental group (p <
0.0001).

Daily urinary urea nitrogen excretion did not
change in the control group, but was higher in the
experimental group for the duration of the study (p
< 0.5; Table 3). This pattern remained the same
when the urinary urea excretion was divided by the
creatinine concentration to normalize for urine out-
put (figure 1).

TABLE 3: drinary urea nitrogen excretion
(g.24hr?) for the experimental (n = 12) and con-
trol groups (n = 10) for the duration of the 8
week study.

Experimental Control
0 weeks 116+ 4.6 11.3+ 2.9
2 weeks 18.2 + 3.7* 125 £ 25
4 weeks 19.8 + 5.0* 125+ 5.6
6 weeks 18.5 = 5.2* 14.1 + 6.0
8 weeks 164 + 4.0* 11.5 + 3.6

TABLE 2: Reported nutritional intake before
protein supplementation for the experimental (n
= 12) and control groups (n = 10).

Experimental  Control
Energy intake (kJ) 12 209 11 180
2742 + 1638
Carbohydrate (g) 330 287
+ 111 + 80
Fat (g) 109 109
+ 29 + 19
Protein (g.kg'.day™) 1.6 1.4
+ 0.4 + 0.2

Values are expressed as the mean = SD.

* p < 0.05 experimental vs control, and experi-
mental 2, 4, 6, 8 week vs'experimental 0 weeks.

Values are expressed as the mean + SD.

Muscle function
The maximal strength results are shown in Table 4.
Both groups had a significant but similar increase
in the bench press (7% and 6%; experimental and
control) and squat (12% vs 9%; experimental and
control) exercises over the 8 week period (p <
0.05).

Peak torque for forearm extension and flexion
and knee extension and flexion did not change as
a result of training or supplementation (Table 5).
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Figure 1: drinary urea/creatinine ratios for the
experimental and control groups over 8 weeks (* p
< 0.05).

TABLE 4: Maximal voluntary strength for the
experimental (n = 12) and control groups (n =
10) before and after 8 weeks of training and pro-
tein supplementation.

TABLE 5: Peak torque (N.m) for forearm exten-
sion and flexion and knee extension and flexion
measured on the Cybex isokinetic dynamometer
(at 900.58") for the experimental (n = 12) and
control groups ( n = 10) before and after 8
weeks of training and protein supplementation.

Experimental Control

Pre Post Pre Post

Isokinetic torque
(N.m)

Experimental Control

Pre Post Pre Post

98.1 105.2* 105.4 111.5*
+ 154 +13.0 +19.3z23.3
131.0 146.4* 138.5 151.3*
+37.1 + 319 £37.7+ 355

Bench Press (kg)

Squat (kg)

* p < 0.05, pre vs post

(Values are expresed as means + SD).

Discussion

The popular lay belief that resistance-trained ath-
letes need to consume more protein than the RDA
to remain in a positive nitrogen balance has been
supperted by several scientific studies.”'*" How-
ever, the belief that muscle size and strength may
be increased by ingesting protein in levels exceed-
ing the RDA has yet to be supported by firm sci-
entific evidence. A pitfall of the studies that have
examined this question is that they have either
lacked adequate dietary and exer¢ise control® or
were of short duration (4 weeks).’

Accordingly, in our study we placed special em-
phasis on the matching of the two groups for those
factors such as age, body composition, dietary in-
take and training (Table 1 and 2), all which may
influence the rate of adaptation to resistance train-
ing. Furthermore, the research protoeol was dou-

Forearm Flexion 72.0 774 76.9 82.8

+159 +16.3 +17.1+ 11.1
Forearm 69.6 75.7 80.7 76.7
Extension +13.3 +10.8 +14.9+11.5
Knee Extension 265.3 262.5 301.0 289.9

+44.6 +53.8 +17.8+ 25.2
Knee Flexion 141.5 144.7 180.9 165.3

+17.8 +25.2 +37.0+17.8
(Values are expresed as means = SD).

ble-blind and the energy intake of the two groups
was kept the same by increasing the carbohydrate
intake of the control group to match the increased
energy of the protein supplemented group. This is
important because differences in dietary energy
content may affect nitrogen balance'>'* which may
also influence the rate of adaptation to resistance
training.” Therefore, we believe that any differ-
ences between the groups at the end of the study
could have been attributed to the differences in
protein intake.

Therefore, this study shows that an 8 week peri-
od of resistance training resulted in a gain in
strength, body mass and girth measurements in
body-builders who were consuming about twice
the protein RDA.? This level of protein ingestion
has been shown to be comparable to the amount
of protein habitually ingested by body-builders.>*

The main finding of the present study, however,
is that no further change in muscle strength or
body composition resulted after increasing the
protein intake to 3-fold greater than the RDA. In
addition, it was shown in our study that increasing
the protein content in the diet of bodybuilders,
already ingesting twice the RDA for protein, did not
modify the perception of fatigue during training
and therefore did not offer any advantage to the
body-builders by allowing them to train harder.

_.The second important finding of this study was
that at least 60% of the increased nitrogen intake
was excreted as urinary urea nitrogen (Figure 1

(Continued on page 35)
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The efficacy of low power laser

irradiation in the treatment of

Chronic Tendonitis in Athletes.
A controlled clinical trial.

LM Jankelowitz, BSc (Physio), BSc (Med) (Hons) Exercise Science.
MP Schwellnus, MB BCh, MSc (Med) Sports Science, MD, FACSM.

TD Noakes, MB ChB, MD, FACSM.

Abstract

The purpose of this study was to investigate the
efficacy of low power infrared laser irradiation in
the treatment of chronic tendonitis (Achilles, semi-
membranosis, patella) in athletes. Twelve athletes
presenting with chronic tendonitis were matched
for injury site and severity and randomly allocated
to either an experimental or a control group.
Patients were instructed to avoid exercise for the
fourteen day duration of the study and both groups
received the same standard physiotherapy treat-
ment. Low power laser irradiation was adminis-
tered to both groups in a double blind fashion
using either an active or a sham laser. On days 1
and 14, patients performed a functional treadmill
running test during which they reported pain on a
scale of 0-10, for each minute run. Area under the
pain vs time curve, average pain per meter and
average pain per minute were calculated. Daily 24
hour pain recall scores at rest, walking and overall
pain were also recorded. Pain scores decreased
significantly (p < 0.5) for both groups during the
14 days of treatment, but no differences were
observed between the two groups. lsokinetic mus-
cle strength tests were conducted on days 1 and
14 and the percentage deficit between the injured
and uninjured muscles in peak torque was calcu-
lated. No significant improvements (p < 0.05)
were found. The results of this study indicate that
irradiation did not alter the pain reduction during
running in patients already receiving conventional
physiotherapy treatment for chronic tendonitis.

Key Words
laser, tendonitis, athletes.

Introduction

Laser is an acronym originating from Light Ampli-
fication by Stimulated Emission of Radiation.”*
The therapeutic effect of electromagnetic radiation
in the visible spectrum (sunlight) was recognized
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from as early as 400 BC.* Since the late 1960’s,
low power energy laser treatment has been advo-
cated as a new, safe and effective treatment for a
multitude of neurological, musculoskeletal and
soft tissue conditions.®> However, despite 20 years
of investigation and clinical use, the clinical effec-
tiveness of low power laser is still not well docu-
mented.’

Low power laser irradiation has been fund to be
of value in the treatment of pain, swelling and
haematomas.”!! The proposed mechanisms for
pain reduction are reduction of prostaglandin E
levels,'*?* increasing gate control,’ changing
nerve conduction thresholds?” and the stimulation
of central descending pain inhibitory systems.” It
has been proposed that swelling is reduced by
changes in cell membrane and capillary mem-
brane permeability.”’ Haematomas are more effec-
tively treated by low power irradiation because of
increasing vasodilation, mechanical action and by
causing an anti-aggregating effect on platelets.
Wound healing is also enhanced by low power
laser irradiation as a result of increased cellular
activity and collagen synthesis,**'%"" enhanced
immune cell activity and by phagocytosis of
debris."”

Published literature on the therapeutic use of
laser in chronic sports injuries is difficult to inter-
pret and only a few well controlled trials have been
published.”* In general, these clinical trials lack
details of treatment, double-blind controls, well
described statistical analysis and adequate follow
up data.” Despite this lack of adequate data, phys-
ical therapists use low power laser irradiation in
the treatment of chronic sports injuries.

The purpose of this study was to investigate the
effects of adding low power laser irradiation to a
standard physiotherapy treatment regime for

.chronic tendon injuries in athletes. The design of

this study is novel because it uses a double blind
controlled clinical trial design and a sensitive
method of determining clinical outcome.? The
goal of this study was to provide scientific infor-
mation to the therapist using low power laser irra-
diation in the treatment of sports injuries.

Methods

Subjects over the age of sixteen presenting with
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chronic Achilles, semimembranosis or patella ten-
donitis were recruited from the Sports Injury Clinic
of the University of Cape Town Sports Centre over
a period of 8 months (March 1990 - October
1990).

The diagnosis of chronic tendonitis was made
by a medical practitioner using the following diag-
nostic criteria:

- symptoms for more than 14 days

— pain in the area of the tendon during activity®?

— local tenderness over the tendon during pinch-
ing or palpation®*?' :

- thickening of the tendon

- crepitus®

— pain on repetitive resisted movement. .

Patients were excluded from the study if they had:

received medication or had physiotherapy within

the previous 7 days; a history of previous disorders

such as fractures or surgery in the area of the ten-

don, a medical history of rheumatoid arthritis,

sero-negative arthritis or Reiter’s syndrome, or any

clinical evidence of abnormal blood supply to the

area.

The severity of the condition was assessed by
grading the pain experienced during running as
follows:*

Grade 1: Pain experienced only after running and
therefore not affecting performance.

Grade 2: Pain experienced during running and not
affecting performance.

Grade 3: Pain experienced during running and
severe enough to affect performance.

Grade 4: Pain so severe that it prevents running.

Patients presenting with Grade 1 and 4 pain were

not included in the study.

Written informed consent was obtained from all
the patients. The study was approved by the Ethics
and Research Committee of the Faculty of Medi-
cine of the University of Cape Town. A running his-
tory was obtained from all the patients which
included: years of running, duration of symptoms,
weekly training distance and average training
speed.

Sixteen patients were initially entered into the
trial but four subjects were subsequently excluded.
The reasons for exclusion were either not comply-
ing with home instructions or not presenting them-
selves for treatment on the correct days. The final
number of patients included in the trial was, there-
fore, twelve.

Procedures

Subjects were matched for injury site and severity
and were randomly assigned to either the experi-
mental group (E) or the control group (C). Six
pairs were therefore studied. The tendons that
were involved in the six pairs were Achilles tendon

(3), semimembranosus (2) and patellar tendon’

(1).

Both Group E and C received six sessions of
standard physiotherapy treatment on days 1, 4, 6,
8,11 and 13 of a 14 day treatment trial. The stan-
dard physiotherapy included: rest, deep transverse

frictions (DTF), stretching, and icing.

All the patients were instructed to rest during the
treatment period. This meant that they refrained
from participating in all sporting activities for the
duration of the study. Deep transverse frictions
were applied to the most tender region of the ten-
don for 10 minutes. The same therapist adminis-
tered the DTF treatment to all the patients. The
pressure was light for the first 3 minutes and then
progressively increased but remained within the
pain tolerance of the patients. The tendon was
kept in an accessible position and frictions were
applied at right angles to the tendon.?* The DTF
treatment was followed by a static 30 second
stretch.’ Patients stretched into discomfort but not
into pain and were requested to repeat the stretch
each morning and evening at home. Crushed ice in
a damp towel was applied to the area for a period
of 15 minutes following treatment.

At the end of the standard physiotherapy treat-
ment session, laser treatment by the same physio-
therapist was administered to both groups in a
double blind placebo controlled fashion on days 1,
4, 6, 8, 11 and 13 of the study. Group E received
active laser treatment while Group C received
treatment from a sham laser. Two Mesolaser IRO1
generators were supplied by Medico Electronics
(Belgium) and Medical Distributors (South Africa).
One of these'machines was altered by the techni-
cal staff of the local distributors so that no irradia-
tion took place when the laser was switched on.
This machine was coded as the sham laser. The
active machine was calibrated every six weeks for
the duration of the study. The codes for the active
and sham lasers were only revealed once the sta-
tistical analysis was complete.

Prior to the laser treatment both the laser head
and the area of the injured tendon were cleaned
with isopropyl alcohol. The treatment area was
then divided into blocks of 1 cm? and laser irradia-
tion was then applied in a “grid” technique.
Patients received 40 seconds of laser irradiation
per 1 cm?® at a peak power of 30 Watts and a fre-
quency of 5 000 Hz. The infrared beam applied to
the tendon had a wavelength of 904 nm and a
pulse-width of 200 n secs. The infrared laser was
chosen because it has a greater depth of penetra-
tion than the HeNe (Helium-Neon) laser. Research
indicates that the infrared laser would be more
useful in the treatment of tendon injuries,”1222427.28
The laser was kept in a stationary position on the
surface of the skin for each 40 second bout. The
laser probe was then lifted and transferred to the
adjacent 1 cm? block for the next 40 seconds. In
this fashion, 4J of energy was delivered to each
cm? of the tender area.

The efficacy of the treatment was assessed by a
functional treadmill test, a conventional daily
recall on a pain scale and an isokinetic muscle
strength test,

The functional treadmill test® was performed on
Day 1 and Day 14. The subjects were dressed in
running shorts and vests and wore the same run-
ning shoes for both tests. A Powerjog treadmill

N
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(Sport Engineering Ltd, Birmingham, UK) which
had been calibrated prior to the onset of the study
was used. The gradient was set at 0° and the sub-
jects started with a one minute warm-up. The test
was then started and a running speed was chosen
which corresponded to the subject’s normal train-
ing speed. The identical running speeds were used
during the second test on Day 14. During the test,
patients were asked to report the degree of pain
they experienced each minute while running. The
pain scale was a visual analogue scale ranging
from O to 10 where O represented no pain and 10
unbearable pain. Subjects were free to stop the test
at any time. The speed and distance run was
recorded every minute. The test was discontinued
if the patients experienced pain equivalent to 8 on
the pain scale, or after 30 minutes of running.

The pain grading, which was reported every
minute, was plotted against time (min) for each
subject on Day 1 and Day 14.

The following parameters were calculated from
the pain vs time graph.

— Total pain experienced which was calculated as
the area under the pain vs time curve for that
test.

— Maximum pain, which is the time run multiplied
by 10 (the maximum pain that can be record-
ed).

- Percentage maximum pain which is the total
pain experienced divided by the maximum pain
(expressed as a percentage).

- Pain per minute which is the total pain experi-
enced divided by the duration (min) of the test.

- Pain per kilometer run which is the total pain
experienced divided by the distance (km) run
during the test.

The percentage maximum pain, pain per minute
and pain per kilometer were compared between
the two groups and over the 14 day period.

On the first visit the patient was familiarized with
the pain scale that was used for both the daily pain
recall and the treadmill running test. Patients were
instructed to record their pain experienced at rest,
during walking and overall pain at the end of every
day on a daily pain report form. The changes in
reported pain over the 14 days were then com-
pared between the two groups.

The Isokinetic muscle strength test was per-
formed on Day 1 and Day 14 on a Cybex Il isoki-
netic dynamometer (Cybex, Division of Lumex Inc,
New York, USA). The ankle plantar and dorsiflex-
ion torque was measured at a speed of 30°/sec in
patients presenting with Achilles tendonitis. The
knee flexion and extension torque was measured
at a speed of 60°/sec in patients presenting with
patella or semimembranosis tendonitis. Patients
were strapped to the chair in a standard fashion®
and were asked to perform five warm-up repeti-
tions at the designated speed. This was followed
by five maximum repetitions through the full range
of movement. Peak torque (Nm) was measured for
the muscle on the injured and the uninjured side.

The deficit (%) between the injured and the corre-
sponding uninjured muscle was taken as the per-
centage peak torque deficit. The percentage peak
torque deficit (%) was then compared between the
two treatment groups before and after the treat-
ment period.

Data Analysis

Statistical analysis was performed on all the
dependent variables using a two-way analysis of
variance (Groups by time). The independent stu-
dent t-test was used to determine differences in the
physical characteristics and running history vari-
ables between the groups. The level of statistical
significance was established at p<0.05.

Results
The physical characteristics and running history of
the subjects in the two groups are listed in Table 1.

Functional treadmill test: The results (Table 2)
of pain during the treadmill running test are depict-
ed in Figures 1, 2 and 3. Although there was a sig-
nificant decrease in all three variables over the
treatment period, the changes in percentage max-
imum pain, pain experienced per kilometer run
and pain per minute were not significantly different
(ANOVA test) between the groups.

Daily pain recall: The mean daily pain scores
recorded for rest, walking and overall pain over the
treatment period in each group showed no signifi-

TABLE 1: Physical characteristics and training
history in the experimental (E) and control (C)

group

E Group C Group
Age (years) 28.0+8.0 26.0<+10.0
Weight (kg) 66.5+99 658=11.1
Years of running 5.0+5.0 9.0 + 3.0
(years)
Running distance/ 40.0 + 21.0 51.0 £ 40.0
weeks (km)
Training speed 49+ 04 425+06
(min/km)
Duration of 59+9.0 28.6zx356
symptoms (months)
Injury grade at 3.0+£09 3.0+ 0.9

presentation

No significant differences ( p < 0.05) were
observed between the groups using the indepen-

dent t-test. Values are means = SD.

cant difference between the two groups over the
14 days. However, there was a significant reduc-
tion in pain during rest, walking and overall pain
for the two groups over the 14 days. The patterns
of decrease in pain was similar for pain at rest,
during walking and overall pain. The pattern for
overall pain is shown in Figure 4,

Isokinetic muscle strength test: The results of
the isokinetic muscle strength testing are listed in
Table 3. The percentage change in peak torque
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deficit between the injured and uninjured limbs
was not significantly different between the groups

or over the treatment period.

TABLE 2: A comparison of parameters obtained
during the treadmill running test for the experi-
mental (E) and control (C) groups

E Group C Group
Percentage maximum pain (%)
Before 246 £10.7 23.3+17.8
After 6.0 + 8.9* 7.5 + 8.5*
Treadmill pain per kilometer (units/kilometer)
Before 13.6 + 4.5 147 + 13.3
After 4.8 + 4.4* 4,7 + 5.4%
Treadmill pain per minute (units/min)
Before 25=x+1.1 23+ 18
After 0.9 + 0.9* 0.8 =+ 0.9*
No significant differences ( p < 0.05) were

observed between the E and C groups. Values are
means = SD.

* Indicates significant difference before and after
the 14 days of treatment (p < 0.05).

TABLE 3: Percentage change in peak torque
deficit for the experimental (E) and control (C)
groups

E Group C Group
Before 8.0z 13.6 1.3+11.8
After -1.5 + 8.7 9.0 + 12.2

No significant differences ( p < 0.05) were
observed between the groups or for the groups
over the 14 day treatment period. Values are
means = SD.

% MAX PAIN

30

Experimental group
Control group

20

Before After

Figure 1. The percentage maximum pain experi-
enced during running in each group before and
after treatment for 14 days. Values are mean =+
SEM.

*: indicates significant differences (p < 0.05) before
and after treatment.

.. PAIN/KM (UNITS/KM)

[ ] Experimental group
EZ Control group
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Before After

Figure 2. The pain experienced per kilometer, dur-
ing running by each group before and after treat-
ment for 14 days. Values are mean + SEM.

*: indicates significant differences (p < 0.05) before
and after treatment.
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Figure 3. The pain experienced, per minute, during ~
running by each group before and after treatment
for 14 days. Values are mean + SEM.

*: indicates significant differences (p < 0.05) before
and after treatment. '
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Figure 4. The mean daily overall pain recorded in
each group over 14 days of treatment. Values are
mean = SEM.

*: indicates significant difference (p < 0.05) over 14
days of treatment.
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Discussion

The principle finding of this study was that rest,
DTF, ice and stretching improve pain during run-
ning in athletes with chronic tendonitis. The addi-
tion of low power laser irradiation did not result in
a further reduction of pain.

In this study, a functional treadmill running test
showed significant decreases in pain for both
groups over the 14 days of treatment. An addi-
tional finding was that percentage peak torque
deficit did not change in either group with treat-
ment.

The failure of the treatment to bring about
changes in peak torque deficit can be attributed to
the fact that injured tendons are not necessarily
associated with weak muscles; in fact in this study
the muscles on the injured side were often stronger
than the uninjured side. Furthermore, treatment
would not necessarily have resulted in an improve-
ment in muscle strength particularly because
strength training was not specifically included in
this treatment regime. The duration of treatment
(14 days) was also too short to result in dramatic
increases in muscle strength.

The failure to demonstrate any additional clini-
cal improvement with low power laser irradiation
to the treatment programme in these athletes
could be attributed to any one of the following:

~ the methods of determining pain reduction were
not sensitive enough;

- low power laser irradiation does not provide any
therapeutic benefit;

- an incorrect laser treatment regime was used;

- standard physiotherapy negated any additional
effects of laser treatment;

~ different pain grades at the onset of the study.

A subjective method of determining clinical
improvement is not always ideal, but the function-
al treadmill running test used in this study is a
direct measure of pain during the specific activity
that elicited pain. This test has been shown to be a
sensitive indicator of therapeutic outcome in clini-
cal trials.? It is therefore not likely that this test was
not sensitive enough to highlight small differences
in clinical improvement between the two groups.

A definite protocol for effective laser treatment
in chronic injuries has not yet been established.
The laser treatment regime used in this study was
based on protocols in the existing literature. Laser
irradiation at higher intensities or for longer dura-
tions may have influenced the clinical outcome.

The possibility that low power laser irradiation
does not offer any benefit in the treatment of
chronic injuries must be considered. Although pre-
vious researchers have described benefits in the
use of low power laser irradiation in the treatment
of chronic injuries®*'® this study can not substan-
tiate these observations.

The pain reduction that our subjects experi-
enced may have been the result of receiving ade-
quate standard physiotherapy. A group receiving
no treatment was not studied and it can therefore

not be concluded that the standard physiotherapy
was responsible for the improvement in pain. The
standard treatment may have negated or masked
the effects of adding low power laser irradiation.

In summary rest, DTF, ice and stretching signif-
icantly reduce pain during running in athletes with
chronic tendon injuries. The addition of low power
laser irradiation in the dose and frequency as
described in this study did not influence this reduc-
tion of pain.
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ﬁ

¥

I

‘l (iv) be prepared to assist in lecturing to post graduate students.
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i (i) have an established track record in providing services to sportspersons;
|
|
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The Sports Science Institute of South Africa will commence its activities during July 1995.
All interested persons are invited to forward their curriculum vitae and proposals in writing to

Mr A Donovan, c/o Sports Science Institute of South Africa, PO Box 2593 Clareinch, 7740 or
fax number (021) 472735. Applications to reach this office by 26 April 1995.
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and Table 3), which is similar to the findings of
Lemon et al (1992).” The urinary urea nitrogen
excretion remained elevated for the duration of the
study (Figure 1 and Table 3). Based on the nitro-
gen balance data from the study of Lemon et al.,
(1992)" we can assume that each subject in the
high protein group retained about 7g nitrogen per
day. Had this nitrogen been directed at the myofib-
rillar protein pool, the subjects in the high protein
group would have had an increase of about 12kg
in muscle mass (assuming muscle consists of
about 20% protein and protein consists of 16%
nitrogen). Clearly this was not the case (table 1),
which suggests that the additional protein was
metabolized, as also found by Zaragoza et al.,
(1987)15 and that protein synthesis does not
increase.’

In summary, the findings of this study add to the
findings of Lemon et al (1992)" and show that
there is no advantage for bodybuilders to supple-
ment their diets with protein if they are already
consuming about twice the RDA for protein.
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