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Figure 1: KA VANAGH and SHEPHARD (see-next article)

Rehabilitation of post-coronary patients.
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MAINTENANCE OF HYDRATION IN "POST-CORONARY" MARATHON RUNNERS

T. KAVANAGH, M.D., D.Phys.Med.(Lond.), F.R.C.P. (C)
and

R. J. SHEPHARD, M.D., Ph.D.

Toronto Rehabilitation Centre, 345 Rumsey Road, Toronto, Ontario M4G 1R7
and

Dept. of Environmental Health, School of Hygiene, University of Toronto

ABSTRACT

Three post-coronary patients participated in the Hawaiian Marathon race in December 1973, covering the 261h miles
in 250-259 minutes at an average speed of 6.1-6.3 mph. Preloading with 850 ml. of a proprietary electrolyte/glucose
solution "Erg", and further 300 ml. drinks of the same fluid every 30 min. were sufficient to maintain a state of
hyperhydration, as evidenced both by calculations of water balance and objective measures of red cell count and
haematocrit; it is argued that substantial dehydration need not be incurred even in younger runners with much higher
sweat rates. The "Erg" preparation provided good stabilisation of plasma sodium ion concentrations, but potassium
ions rose by the end of the race. Substantial increments of L.D.H. and S.G.O.T. persisted three hours after a race,
making a careful exercise history important to the diagnosis of myocardial infarction. Glucose levels had reached the
lower limit of normal by the end of the race, and rises of blood urea suggested some protein catabolism; however,
cholesterol levels remained substantially unchanged. A small increase of blood bilirubin was noted during and after the
race.

INTRODUCTION

It is well recognized that dehydration is an important
problem in the healthy young marathon runner
(Wyndham and Strydom, 1969; Wyndham and Strydom,
1972; Costill, 1972). Recently, we have shown that the
older, "post-coronary" patient is by no means immune
from such problems if he engages in distance running as
a part of his rehabilitation programme (Kavanagh and
Shephard, 1974). Opportunity to gauge the possibility
of averting such dehydration was presented when three
of our "post-coronary" patients elected to participate in
a second marathon event in Hawaii.

METHODS

Clinical Material: Characteristics of the three runners are
presented in Table I; all observations were made during
the week prior to departure from Toronto. All three had
sustained well-documented myocardial infarcts, 65, 48
and 43 months prior to the Hawaiian marathon (Decem-
ber 1973) and over the intervening period had under-
gone a programme of long and slow distance training at
the Toronto Rehabilitation Centre. Direct treadmill
measurements of maximum oxygen in the week prior to
departure (Table I) showed that in the case of B and Ro
there was a continuing development of endurance fitness
relative to their status in April 1973 (B, 38.0 ml.kg.-1
min.-1; Ro, 50.0 ml.kg.-1 min.-1); C improved the least
(44.7 ml.kg.-1 min.-1 in April), possibly because of a 5
week interruption of running training in the Autumn
due to a metatarsal stress fracture.

Their final figures were thus well above the average
age-related normal value of 34.7 ± 8.2 ml/kg.min.
(Shephard, 1969). However, it should be stressed that
when they first joined the programme all were markedly
inferior to sedentary men of the same age (B, 23.96
ml.kg-1.min.-1, C. 21.37 ml.kg-1.min.-1, Ro, 26.35
ml.kg-1.min.-1. Two of the three men (B & C) also ran
more economically than would have been predicted
(Shephard 1969) for the steady-state oxygen cost of
their treadmill exercise (A 5.5 and t11.0 ml.kg-1.min.-1
STPD respectively); however, this may reflect a rapid
build-up of oxygen debt during the maximum effort test
rather than a true efficiency of running. The electrocar-
diogram showed no abnormalities of rhythm or con-
figuration during or following maximum effort in any of
the three men.

7he Race: The race took place along the coast road of
Hawaii from Honolulu to Diamond Head on December
16th, 1973. On this occasion all three men were official
entrants. The event commenced in the dark at 6:30 a.m.,
when the temperature was around 140C. The sun rose at
about 7:00 a.m. and by 10:00 a.m. the temperature was
about 260C, with moderate humidity; trade winds of 10
to 15 mph helped to keep the competitors cool.

The runners were "pre-loaded" with 11/2 pints of
"Erg" (an isotonic solution containing glucose and ap-
propriate mineral ions) to compensate for sweat loss
immediately prior to the race.* A further measured
*Erg" is a proprietary glucose/electrolyte, solution with the
composition Na 19 mEq./1, K 10.7 mEq./1, Glucose 5.3 g/100
ml.
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quantity (1/2 pint, 284 ml.) of this same fluid was taken
every 30 min. during the race and one orange was eaten;
on this regimen all three men found it necessary to
urinate once, passing what they judged as between a half
and one pint of urine. After the race arid the immediate
post-race blood sampling, a further 11/2 - 2 pints of
various fluids were taken. Final blood samples were
collected some three hours after competition. All blood
analyses used standard clinical laboratory techniques,
and thus will not be detailed. Since weighing was carried
out on the start and finish lines, a bathroom type scale
was used and checked for accuracy against a balance
scale before and after use; running clothing was weighed
at the beginning and end of the race in order to allow for
a change due to sweat absorption.

in Boston. Three hours after the race, potassium levels
had returned to normal figures. Both calcium and phos-
phate ion concentrations increased slightly during the
race; calcium readings returned towards normal after the
race, but phosphate levels continued to rise.

Table IlIl

Values for serum iron, total iron binding compounds,
andpercentage saturation with iron. Datd (1) day

preceding race, and (2) 3-hours after the
Hawaiian Marathon

Serum Iron
pg./100 ml.

RESULTS

Total Iron Binding
Compounds

jug/100 ml.

Percent
Saturation

Performance: All three men improved substantially on
their performance in the Boston Marathon. Times were
250 min. (6.3 mph) for Ro, and 259 min. (6.1 mph) for
B & C, compared with 272, 299 and 283 min. res-
pectively. All three men commented that despite their
better times, they felt much better during and after the
Hawaii race than when in Boston.

Weight Loss: Some weight loss was incurred over the
race, 1.1 kg. in C and Ro, and 1.6 kg. in B; however, this
was small relative to the losses in Boston (3.2, 4.6 and
4.8 kg. respectively).

Blood Studies: Immediately following exercise, there
was a substantial decrease of haematrocrit and (in the
one subject where this was measured) red cell count and
haemoglobin level, without change of mean corpuscular
volume (Table II). Three hours after exercise, these
changes were largely reversed, but the white cell count
was almost doubled. The latter change apparently com-
menced during exercise, but developed during the re-
covery period.

Iron Loss: All three measures of iron status indicated a
substantial loss of iron was incurred over the course of
the race. The second sampes were obtained after re-
hydration had occurred. The likely basis of iron loss is
sweating, and it is thus significant that subject B (with
the largest change of unbound iron) sweated the most,
while C & Ro (with less change) sweated the least.

Mineral Ions: During the Boston Marathon, the secretion
of sweat with a relatively low sodium content led to an
increase in plasma sodium ion concentrations (Table IV).
However, the combination of greater fluid intake and
more temperate weather conditions in Hawaii was associ-
ated with maintenance of normal plasma sodium values.
The fluid provided in Hawaii had a substantial potassium
ion content, and probably for this reason, the increase of
potassium ion concentration over the race was much as

(1) (2)

B 112 60
C 74 50
Ro 80 77

Mean 89 62

(1) (2)

400 384
436 400
416 448

417 411

(1) (2)

28 17
17 13
19 17

21 16

Serum Enzymes: Substantial increases in both L.D.H.
and S.G.O.T. were seen immediately after the race
(Table V); values were still outside the normal range for
the laboratory three hours after completing the race.
There was also a small but consistent increase in alkaline
phosphatase levels, despite the evidence suggestive of
haemodi lution.

Metabolite Levels: Blood glucose declined in all three
subjects over the race, and in two of the three final
readings were towards the lower limit of normal (Tables
VI and VII); this is in contrast with the substantial
elevation found a few minutes after the Boston Mara-
thon, and in the present series sustained three hours
after the event. Cholesterol readings were initially to-
wards the upper limit of normal, and changed relatively
little during and following the race. Changes of plasma
total protein and albumin were also small and incon-
sistent. As at Boston, there was an increase of blood urea
nitrogen immediately following the race, and this was
sustained three hours after running. Uric acid levels were
normal in all samples. Total bilirubin showed a small but
consistent increase after the race, and this had developed
further three hours after running.

DISCUSSION

1. Hydration: In view of the relatively low blood glu-
cose readings at the end of the Hawaii Marathon, it is
likely that much of the tissue reserves of glycogen were
metabolized over the race; this could in itself liberate up
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Table I

Characteristics of three post-coronary patients,
as measured immediately prior to departure for Hawaii *

Age Weight Height
(yr) (kg) (cm)

42 62.1
43 64.4
32 61.2

V02 (max.)
1.min-1 ml.kg.-1 min-1
STPD STPD

170.2 2.89
166.4 3.16
170.2 3.67

46.5
49.0
59.9

R (max.) VE (max.) fh (rest) fh (max.)
1.min-1 min1 min1
BTPS

1.13
1.10
1.15

107.4 65
96.0 62
136.8 75

180
175
185

*The characteristics immediately prior to the Boston Marathon have been published in a previous report (Kavanagh and
Shephard 1974).

Table II

Changes in cellular composition of blood. Samples obtained
(1) on the preceding day, (2) immediately after and

(3) 3-hours after the Hawaiian Marathon

Red cells
x1 O.6 mm-3

(1) (2) (3)

B 4.87 4.26 4.71
C 4.84 - 4.44
Ro 5.16 - 5.26

White cells
x10.3 mm-3

(1) (2) (3)

7.5 8.7 13.1
6.8 - 12.0
7.2 - 14.0

Haemoglobin
g/loo ml.

Haematocrit

(1) (2) (3) (1) (2) (3)

15.8 13.4 15.0 46.9 41.5 45.5
14.5 - 13.9 44.5 39.5 41.0
15.6 - 15.9 46.4 41.1 47.6

Mean Corp.
Vol. P3

(1) (2) (3)

97.0 97.0 97.0
92.0 - 93.0
90.0 - 91.0

Mean 4.96 4.80 7.2 13.0 1 5.3 14.9 45.9 40.7 44.7

Table IV

Mineral ion composition of blood. Samples taken (1) on day
preceding race, (2) immediately after, and (3) 3-hours after

the Hawaii Marathon

Sodium mEq./1. Potassium mEq./1. Calcium mg/100 ml.

(1) (2) (3)

P04" mg/100 ml.

(1) (2) (3)

145 147 144 4.4 4.7 3.9 9.8 11.0 10.0 4.1 4.6 4.4
143 145 144 4.2 4.4 4.2 9.9 10.3 10.3 4.5 3.8 4.3
145 142 144 3.9 4.9 4.5 10.3 10.6 10.7 4.5 5.2 5.5

144.3 144.7 144.0 4.17 4.67 4.20 10.0 10.6 10.3 4.33 4.53 4.73

135-148 3.5-5.3 8.5-10.5 2.5-4.5

Boston
Marathon 145.0 153.3 - 4.20 4.65

B
RC
Ro

93.0 93.7

B
C
Ro

Mean

Laboratory
normals

(1) (2) (3) (1) (2) (3)
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Table V
Serum enzyme levels. Samples taken (1) day prior to race,

(2) immediately after and (3) 3-hours after Hawaii Marathon

Alkaline phosphatase
mU ml. 1

(1) (2) (3)

Lactate dehydrogenase
mU ml. 1
(1) (2) (3)

59 64 54
57 60 48
60 61 59

58.7 61.7 53.7

30-85

213 352 278
152 317 190
205 390 266

190 353 245

100-225

37 55 52
35 54 46
45 62 55

39 57 51

7-40

Table VI
Blood metabolite levels. Blood samples taken (1) one day prior
to the race, (2) immediately after, and (3) 3-hours after the

Hawaii Marathon
Cholesterol
mg/100 ml.

(3) (1) (2) (3)

Total Protein
g/100 ml.
(1) (2) (3)

Albumin
g/100 ml.
(1) (2) (3)

98 70 150 215 235 207 7.5 8.7 7.7
96 85 138 275 265 256 8.3 8.1 8.0
93 72 128 245 252 265 7.0 7.3 7.8

95.7 75.7 138.7 245 251 243 7.6 8.0 7.8

65-110 150-300 6-8

5.0 5.7 5.1
5.6 5.3 5.7
5.1 5.4 5.7

5.2 5.5 5.5

3.5-5.0

- 158

Table VII
Blood metabolite levels. Blood samples taken (1) one day
prior to the race, (2) immediately after, and (3) 3-hours

after the Hawaii Marathon

Blood urea nitrogen
mg/1 00 ml.
(1) (2) (3)

Uric acid
mg/i 00 ml.
(1) (2)

Total Bilirubin
mg/100 ml.

(3) (1) (2)

10 13 14
14 20 20
15 19 18

13 17 17

10-20

4.3 4.3 4.5
5.6 5.5 5.6
4.8 5.1 5.2

4.9 5.0 4.9

2.5-8.0

(3)

0.4 0.7 0.7
0.8 1.1 1.2
1.2 1.3 1.6

0.8 1.0 1.2

0.15-1.00

Boston
Marathon 18 26

B
C
Ro

Mean

Laboratory
normals

S.G.O.T./340
mU mi. 1

(1) (2)

Glucose
mg/1 00 ml.
(1) (2)

B
C
Ro

Mean

Laboratory
normals

Boston
Marathon

B
C
Ro

Mean

Laboratory
normals

5.7

(3)
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to 1.6 litres of water. Allowing also for the conversion of
0.5 kg. of food stores to CO2 and 0.3 kg. of water, a
weight loss of 2.1 kg. could be sustained over a mara-
thon event without dehydration (Kavanagh and
Shephard, 1974). In the Hawaii event, the average
weight loss of 1.3 kg. implies that the runners remained
somewhat hyperhydrated throughout the race. This view
is confirmed by the decreases in haematocrit and red cell
count.

The runners commented that they felt much better
than in the Boston Marathon, where larger weight losses
occurred. They also suggested that the volumes taken (1/2
pint every 30 minutes) were probably as large as they
could tolerate while running at this pace. Would this be
enough to maintain fluid balance under the more
rigorous conditions commonly encountered in Boston?
In the latter event, we found an average sweat rate of
0.71.hrl.; this could easily be covered by an hourly fluid
intake of 0.561. supplemented by 400 ml.hr.-1 released
from glycogen and 80 ml.kg.-1 released from meta-
bolized foods. There thus seems no reason why dehydra-
tion should be allowed to occur when the middle-aged
coronary patient performs sustained endurance exercise.

A younger marathon runner could produce as much
as 2 litres of sweat per hour, or a total of perhaps 5 litres
over a race. Assuming an equal pre-loading (0.85 1.), an
equal rate of fluid intake (0.56 l.hr.-1 ), and an equal
yield of water from glycogen and food (1.9 I.), a small
final deficit (0.85 1.) might be incurred; however, this
would be much more acceptable than commonly re-
ported figures (Wyndham and Strydom, 1969; Wyndham
and Strydom, 1972; Costill, 1972).

2. Cellular Changes in the Blood: The early decrease of
red cell count and haemoglobin demonstrated in patient
B seems an expression of hyperhydration rather than red
cell destruction. There was a substantial and sustained
increase of white cell count, as previously described by a
number of authors.

3. Iron Loss: Some authors have previously blamed the
hypo-aemia of the endurance athlete upon the loss of
substantial quantities of iron in the sweat (Vuori, Poi-
kolainen and Haartiala); others have doubted the signifi-
cance of such losses. The concentration in sweat has
been set at 20 pg./100 ml. (Haralambie, 1973), giving a
total loss of some 0.6 mg. over the course of a single
marathon event. Distributed over a plasma volume of 2.8
litres, this would account rather closely for the observed
plasma loss of 27pg./100 ml. Although the total quan-
tity of iron seems small relative to the dietary intake of
10-15 g., it must be stressed that much of the dietary
iron remains unabsorbed; certainly, if serum iron levels
are depressed to or even below the permitted normal
three hours after running, it is conceivable that athletes
could develop an iron deficiency hypo-aemia.

4. Mineral Ions: The composition of the fluid provided
for the runners seems ideal in terms of maintaining
sodium ion concentrations. It also permits rather precise
restoration of potassium ion levels three hours after the
race, at a time when athletes are liable to hypokalaemia
(Rougier, and Babin, 1969; Ulmeanu, Ciobanu, Gejan
and Moldoveauu, 1958). The rise of potassium ions
during effort reflects a leakage from both muscle and
liver (Haralambie, 1973) and is said to parallel the de-
crease of intracellular glycogen (Hultman, 1967); it is
possible the runners might be better served by two types
of drink - a low potassium mixture while running, and a
high potassium mixture as intracellular stores of potas-
sium are being restored.

The changes in calcium ion concentration may reflect
changes in alkaline phosphatase activity; however, the
phosphate ions are probably derived from the break-
down of muscle phosphagen (Barcroft, Foley and
McSwiney, 1971).

5. Enzyme Levels: The increased serum levels of L.D.H.
and S.G.O.T. are thought to reflect an increase of mem-
brane permeability in the active muscles; the tissue de-
ficiency in such enzymes may be even greater than
calculated from plasma concentrations, since there is a
substantial urinary elimination, and perhaps a dimin-
ished formation within the tissues (Doty, Bloor and
Sobel, 1970). The sustained elevation of serum enzyme
levels is not pathological - indeed, it may persist for 24
hours or more (Ahlborg and Brohult, 1967). Thus, a
careful exercise history is important to the accurate
diagnosis of myocardial infarction.

6. Blood Metabolites: The present results confirm our
earlier view that the high blood glucose levels found
after the Boston Marathon, were a "rebound" phenome-
non (Kavanagh and Shephard, 1974); if samples can be
collected soon enough after running, levels are quite low.
Blood urea nitrogen levels were lower than in Boston,
but the increments were of a similar order, confirming
our impression of substantial protein catabolism over the
run; others have also drawn attention to this (Chailley-
Bert, Plas and Pallardy, 1962; Haralambie, 1970) in
contradiction of earlier Scandinavian studies (Hedman,
1957). The increase of bilirubin, although small, may
have practical significance, since this compound can in-
hibit the enzyme glutamate dehydrogenase (Yamaguchi,
1970).
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