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:';t The popularity of the marathon has increased tremendously in the past

! decade. Recently, interest has also increased in the medical problems and
physiological responses associated with running this distance 1:2-  While
marathons are run under a variety of environmental conditions, the greatest
threat to the otherwise healthy runner is heat stress.3 Therefore, most of the
previous reports have indentified the physiological effects of running a marathon
in moderate to warm weather. 45,6 Although not at the same severity or
magnitude, marathons run during almost ideal weather conditions have a .
significant incidence of injury/illness associated with theml. Little is known
about the phvsiological responses of the average runner during a cool weather
marathon. This report presents data on normal physiological changes that
occurred in uninjured runners after running a marathon in a cool environment and
compares them with those reported in the literature for other marathons under

warmer conditions. This report provides a data base for medical personnel to

make comparisons between injured and uninjured runners in terms of post-race

b .
A R

heart rates and rectal temperatures (T¢).

WO |

METHODS

o
8k

Measurements were made on runners before and after the 1984 Boston

marathon. Subjects were recruited for the study by placing large signs at the

>

registration area the day before and on the day of the race. On race day, a -

A |

section of the gymnasium near the registration site, was scrcened off. Subjects -

—mpy
were intormed about the nature of the study and signed a consent form. Data :
collected on each subject included name, race number, age, sex, and estimated
training miles per week for the last 2 months. Subjects were then weighed to the
nearest 0.1 kg dressed in running shorts and T-shirts. Next, while sitting on a F )

folding metal chair, heart rate was measured. The heart rate was determined by
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w measuring, with a stop watch, the time for 15 pulses in the radial artery. Charts
ﬂ were readily available which converted time in the nearest 0.1 second to beats
per minute based on the following formula:
5 bts
X bts/min = ____ X 60 seconds/min.
i No. of seconds for 15 bts
N Finally, in those runners who were willing, a rectal temperature (T o) was taken
using a Yellow Springs electronic thermometer. Individuals were instructed on
- how to insert the thermometer and then went behind a cloth screen where they :
L inserted the probe and measurements were read by an investigator outside the
- screened area.
[9 After all pre-measurements were collected, the data collection team

moved to the finish line and set up in the Prudential garage near the medical
treatment and refeshment area. Runners had been requested to look for this
area and report as soon as possible after they finished the race. Runners who

participated in the pre-measurements had a bright orange dot placed on their

race number. Spotters were placed at the end of the finishing chutes to help
direct participants to the post-measurment site. At the end of the race, heart

rate, body weight, and Tre measurements were repeated as decribed above. In

L
3
i
)
<
«
t

addition, time for the race, estimated f{luid intake and tine of day were

recorded. Fluid intake was estimated by asking each runner to estimate the

number of cups of fluid they drank either along the route and this value was

multiplied by & ounces, which was the average volume of the cups used by race ‘

!

officials. The average fluid intake was estimated by converting ounces to
millifiters using the formula ! ounce = 26.9 milliliters. Time of day was recorded

in order to determine how long after finishing the race that the rneasures were

recorded. | S
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During the race, ambient temperature was monitored with a Reuter-Stokes
wet bulb globe temperature meter. Statistical analyses consisted of t-tests,

linear regression, and analysis of variance, as appropriate.

RESULTS

Ambient temperatures measured at 3 points on the race course are listed in
Table 1. Temperatures were lowest at the start and increased as the race
progressed. It should also to noted that there were intermittent rain showers
during the race.

Pre-race measurements were obtained on 109 runners. Of these, 67
reported for post-measurements. Comparison of the pre-values for those who did
and did.nc;t report for post-testing are listed in Table 2. There was no initial
difference between tho§e.w7ho did and did not report back. Table 3 summarizes
the data collected on all subjects both pre- and post-run. The average marathon
time of 3 hours and 12 minutes was similar to that reported in the 1983 Boston
marathon for a group aged 40-45 years’. Average fluid intake was estimated to
be 581 ml. per runner tested. Five of the runners reported 0 intake of fluid
during the race. If these five are dropped, the average estimated intake of
runners who actually took fluid during the race was 629 ml.

One of the difficulties associated with a study of this type is that the time
between finishing the race and actually "taking the imeasurements varies
considerably. Figures 1 & 2 illustrate how heart rate and rectal temperature
decreased as the time between finishing the race and taking of the measurement
increased. However, it should be noted that the speed with which an individual
completed the race and age of the runners are also factors that may affect post-
race heart rate. In 28 runners whose heart rate was measured within 10 minutes

of finishing, 15 finished in less than 3 hours while the other 13 completed the
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course in over three hours. Table 4 compares age and pre- and post-heart rates
in this group. Similar results can be seen in the Tye for runners. Table 3 shows
that the overall group did not show any significant change in Tre. However,
when comparing 12 runners whose Tpe was taken within 15 minutes of the finish,
there is a marked difference between the post- Tye of these and those whose Tre
was measured later (Figure 2). Table 5 is a correlation matrix which lists the
results obtained on 33 runners cn whom complete data was collected. The
results of this analysis showed a significant correlation between average speed
and age (r = -.507), post heart rate (r = .436), A heart rate {r = .4:30), post-Tpe (r

= .469), A Tre (r =.599) and average weekly mileage (r = .466).

L DISCUSSION

Ambient temperature is much cooler in the present study than in previous
reports dealing with physiologic responses during marathon running. The results
of this study differ somewhat from those previously reported primarily because
of the differences in ambient temperature. Table 2 suggests that there is no
difference between runners who did and did not return for post- race measures.
However, only 65% of those who pre-tested were able to be post-tested. We feel
that a large part of this is due to the fact that this is a point to point race. Our
suggestion would be that future studies be don'é at races which start and finish at
the same point. Some of the delay in runners reporting to the post-test site was
due to the fact that they had difficulty finding it because of the crowded
conditions in the garage after the race.

In 1967, Pugh et al6 reported an average weight loss of 2.85 kg in 77

marathoners at an anbient temperature of 23°C. Maron et al3 reported similar

results under similar weather conditions (21.7°C) in six highly trained
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marathoners. In the present study, runners averaged a l.6 kg weight loss with a
range of 0.4 -4.1 kg. This difference is probably due to the fact that the lower
ambient temperature resulted in less sweating. Fluid intake estimates in the
present study were similar to, or lower than, those previously reported (6,8,9).
Therefore, it seems unlikely that increased fluid uptake accounted for the lack
of weight loss. It must be kept in mind that the present values of fluid intake
are based upon the runners recall not on any actual measurements. Runners
estimated their intake to be 581 mls in the present study. This is very similar to
the 520 mis that Maron et al® measured in six runners. Pugh et al6 estiinated an
average fluid intake of 420 ml in 75 runners in 1967. However, both of these
values are substantially lower than the 1379 ml that was consumed by three
runners in a 1982 report.9 The fact that the lowest fluid intake is reported in
1967 may reflect the increased emphasis that has been put on fluid intake during
long races since then. We were particularily surprised to find 5 out of the 67
runners reported drinking no fluid during the race. None of these individuals
showed significant signs of dehydration. Body weight loss during the race ranged
from 0.7 to 1.7 kg in these 5 runners. While these runners did not appear to be
significatnly dehydrated, it is interesting to note that 4 of there 5 had a race
pace slower than the group average of 219.1 m/min.

In 1967, Pugh® suggested that "tolerance of a high body temperature is a
necessary condition of success in marathon r'(mning.“ Maron et ald reported a
significant correlation between post race rectal temperature and time. Both
reports found the highest rectal temperature in the fastest runner,

In the present study we found a significant correlation between race pace
and ATre. However, post- Tpe was affected considerably by how soon after
finishing the marathon that the measurement was taken (Figure 3). In fact, the

correlation between ATpe and the tiine after finishing that it was taken was

S

s

g DR X

AR

PR

A
e =

-

- N ¢
tooal e ety g

el beucauanal”

-ad




VWY LTy T Ty T o LT Te T T

- v i . stk S e e st SIS e S Y
i Pttt i AL
L - aceh e 2 Sk el T Mg Ml

significant (p< 0.05; r = -.375). In an effort to eliminate the effect of time on
post-race measurement, we repeated the correlation between race pace and
post- Tre and ATpe on the 12 runners who were measured withing 15 minutes of
finishing. Correlations were not significant for the 12 runners, (r=.286 and .39%
for post Tre and ATpe respectively). Interestingly, the highest Tre which we
recorded (39.5°C) was in our fastest female runner, 10 minutes after she
finished. This compares favorably with the reports by Pugh et alé and Maron et
al® who found the highest Tpe in their fastest runners. However, in our male
runners this was not the case. The high correlation reported by Maron et al8
between time and post-race Tre did not occur in our 12 runners. The reason for
this is_.‘not clear but several explanations are plausible. It may be due to the
small number of subjects and the similar degree of fitness exhibited by Maron et

al's® subjects. All their subjects finished within 11 minutes of one another. In

the present study, finishing times for these 12 runners varied considerably more.

These 12 runners, whose Tpe was measured within 15 minutes had race times

e

varying from 2:31 to 3:55. Thus, it is not clear whether the difference in

cre L.

relation between post race Tpe reported by Maron et al® and the present study is
due to the wider range of capabilities or the lower ambient temperature in the .
present study. Obviously, more research is required. Qur experience indicates »
that it would be preferrable to select a race where runners would be able to =

. -
report to the same site for pre and post measures. -

The present study provides some useful information for inarathon medical
personnel by providing guidelines for the types of decrease in post-race T;. and
heart rate. Figures | and 2 illustrate these values. At this ambient -
teinperature, post-race Tpe will return to pre-race levels in approximately 30
minutes. Maron et al” also reported rapid declines in Tre in two runners under

warrner conditions. The present results indicate that race officials and race
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medical personnel should be prepared to provide shelter and rapid access to
warm clothing (e.g., space blankets or runner's own apparel) in cool weather
marathons. None of the runners in our study reported for medical treatment
after the marathon. However, information collected by one of the authors (BHJ)
revealed that 18.3% of those reporting for medical treatment suffered symptoms
of hypothermia.

Figure 1 also provides medical personnel with important information
regarding post- race heart rate decline. While the results shown in Figure 1 may
be somewhat specific to ambient temperature, they provide a general guide as to
the decline in heart rates seen in runners who have no medical problems after
the race. Little information is available in the literature on the normal recovery
of the average runner from the marathon stress. Obviously, a runner who fails to
exhibit a decline in heart rate as post-race tiime increases or who shows a very
marked drop below 60 beat/minute deserve careful attention. Table 4 also
indicates that younger runners are more likely to be faster and to have higher
heart rates immediately after the race (i.e. within 10 minutes of finishing.) than
their older counterparts.

In summary, although post-race heart rate and T correlated significatly
with average racing speed (Table 5), the physiological meaning of this
relationship is difficult to assess under the present conditions because heart rate
and Tpe were affected by how soon after the r;cc they were measured. Thus the
two most unportant factors in determining perforinance in the present study
become age and average weekly mileage. Both these factors were important
variables in the equation developed by Hagan ct alll for predicting marathon
tirne. Qur results with heart rate and Tye provide medical personnel with some
guidance on the effect of the marathon on these easily measured parameters. In

order to gain a complete picture of the physiological reponses to mnarathon
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running, future assessments should be perfermed at a variety of ambient ==

temperatures. '
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TABLE 1. WBGT(OC) during 1984 Roston Marathon.

Place Time
Hopkinton (Start) 12:00
Natick 12:30
(10.5 miles) 12:50%
13:00
13:20
Boston 14:00
(Finish)** 14:30
15:00
16:25

* Ist Runner
** Winning Time: 2:10:34.
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TABLE 2. Comparison of Pre-race values of subjects who completed only pre vs.
both phases of testing.

L2am ¥ 1107'"1'_“

- WT(kg) HR(bts/min)  Tre( °C)

Only 67.5
Pre-Tested(n=42) +17.8

)+
)
N
* .
0w

36.7%
: 003

Both Pre-~ 67.

7.3 36.5%%
and Post (N=67) +9.2

+0.5

i+
—
52
~N W

* n=25
** n=34
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TABLE 3. Summary of Data Collected on All Subjects.

Pr.
Heart Rate (n=67) 6.3
(bts/min) +10.7
Body Weight (n=67) 67.3
(kg) +9.2
Rectal Temperature (=34) 36.5
©C) + 0.5

Average Marathon Time (n=67) -
Average fluid intake (estimated) -
Average Age (range) -
Males (n=57)

Females (n=10)

Post p-value
91.2
+17.0 > 0.005
65.7 > 0.005
+ 8.9
37.0 N.S
+ 1.9

3:12:36 (219.lm/min)
58! tnls. (19.63 0z)
40.5 yrs (22-61)
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o TABLE 4 Comparison of Sub 3 hour and Over 3 hour marathoners by age and post- 4
n heart rates measured within 10 minutes of finish. 4
h

Race Time Under 3-hours Over 3 hours 3

PITY T VL PP

i Age (years) 34.0 + 6.1 44.3 + 10.1%*
3 Heart Rate (pre) 63.1 + 13.3 61.7 + 10.1 X

Heart Rate (post) 107.2 +17.7 94.2 + 11.9* :
o
n 15 13 . i

*p>0.05 .
**p > 0.0l

—_— e = E

.........

) ) ISR . T
et e e e amatacs
-

T S S T T AU SHAIE P PLPL
AN



Ty -~ TTe W A~ -

. . P e
, -
v s .
ove F Leee (nw/w)paads €1
£6L  F 696  abesyw Amsam abesony  Z4
1Ry F G608 (siw)axew) pini4 11
'L, F 60 ¥V oL
ot F 08 (J) M-1504 6
G0 * gg¢ (Do) j-314 g
; tgL ¥ 9¢€e ey PRV ¢
: lEp°<1'10°0>d Jo} 16l F 606 aey Leay-1s0d 9
! 0ve <4 '60°0>d 10} 08¢ F 695 sley LeayH-ald ¢
T 060 F 0v2 ssoybiomo ¥
90 F g91- (Bx)wbamv ¢
! 9, F 99 (63) wbiam-aid 2
i 06 F ey {s)h)aby 1
as F X
-
y 000t 99¢’ Yy~ 686G 69V 662 —  OfYy 9ty 691°— 90¢" 208~ G0’ 05- €1
. 000'} 162~ 808 €2V 88—  0OEC 992" 520 - 812 748 y91 - S60~ 21
g 000°1 661~ 1¥g'— 890~ 902 - €02 - 060° 682’ - 52 001 €22 1
' 00 o8 qlg’—  6GY 205" 10— 505’ FAL SHL G911~ 0l
000°t1 181 oSt 228 650'- Gye” 6vE~ €01 GiZ—- 6
R 000t  9¥0'- £00° ot 66— 6% €60~ 680~ 8
< 0007} 06 £66— 6v2 62— oz Gee'— ¢
000°1 261 - 802'- 202~ 260° v2s- 9
0001 6V’ — 262 0zv - gL- G
0001 896~ £20° 60— ¢
{ 0004 892~ ¥800 €
) 0003 §800- 2
L, 000t
3 (unuyw) abeapw  (w)axeu) 3y 3y 3 ojey Weay aley peay ey peay  SS07 im wbram  (Bx)ubam  eby
4 paads  Apiaam pinj4 v 1sod ad v 1sod 34 % v ad
: abesany
3 £l 2l ! 0l 6 8 L 9 S v £ 2 }
2
'.
i-
. o
3 "uol}odijod ejeqg o
o
g IlY P9}djdwo) Ooym sisuuny g¢ uo xfijely uoljejerio0d :§ 38VL




N L S i e A P e TIETIETT TR T T Te e T v e @ e W - W e W -
sa s b s i e A O ~ Tt
oo ol enie b Smat At PR I e )

[T O

ol

<
. ]
X ) K
- Acknowledgements =

The authors wish to thank the runners who participated for their

outstinding cooperation. We also want to thank the expert technical assistance

F W SR NN N £

o
a2y

of the staff of the U.S. Army Research Institute of Environmental Medicine who

A

participated: SSG David Burnell, III, SGT Bruce Ruscio, SP 5 Margaret A.

ek

Kinney, SP 5 Jorge Tejada, SP 4 Eric Bertrand and Ms. Denise McQuade. We also

s

want to thank the Boston Medical Marathon Team especially Dr. Marvin Adner ]

DO

for their support in carrying out this study.

) e i S i
. f

|
i |
el L

5
2l

ot
]
|
!
'
s ro.
ey

p
-
b~ Y
. .
- 1
, - -l
h
-
;; ';‘ -:
b ‘J
g
- ‘J
" A
“.A
g

B l.
A2 4

“-
- - '-w
b~ -
b - ."
e, ..
o ‘.-
. -
h.‘-~
|- -
.
-, t .
- ‘.
-

" I APRENCNEN

. . . ‘.

CRUNATE TR
]

’-

o

o

Y

>

,

h° -

b

- -
=, :

vy ;
<. . . e AR
/ - . R S e T el e T T \'\'-.\.'a}\'
T T e P o T I et A L e e ot ALY, 8 R
DR RN L N T I s R R T V. A N L T IR PSSR Y

F AT N ARSI FWVE R Nl A e "B L f AL Nal a .




———

oI vVov .

T .- - . -
Al amat L and aa i tn gL RS SL NP

T T TR T T TS

REFERENCES

1. Jones BH, Smith L, Rock P, et al: Medical complications following a

marathon run under nearly ideal weather conditions. Med. Sci Sports
Exercise 1984; 16 (April): 114.

2. Sherman WM, Armstrong LE, Murray TM, et al: Effect of a 42.2 km foot
race and subsequent rest or exercise on muscular strength and work

capacity. J Appl Physiol: Respirat. Environ Exercise Physiol 1984; 57
(December) 1668-1673.

3, Wyndham CH: Heat stroke and hyperthermia in marathon runners. In Milvy
P (editor): The marathon: Physiological, Medical, Epidemiological and
Psychological Studies. Ann NY Acad Sci 1977; 301: 128-138.

4. Magazinik A, Shapiro T, Meytes D, et al: Enzyme blood levels and water

balance during a marathon race. J Appl Physiol 1974; 36 (February): 214-
217.

5. Maron MB, Wagner JA, Horvath SM: Thermoregulatory responses during

competitive marathon running. J Appl Physiol: Respirat Environ Exercise
Physiol 1977; 42 (June): 909-914.

6. Pugh LGCE, Corbett JL, Johnson RH: Rectal temperatures weight losses and

sweat rates in marathon running. J Appl Physiol 1967; 23 (September):
347-352,

-

7. Times of '83 runners, by age. Boston Globe 1984 (April 13): 53.

8. Maron MB, Horvath SM, Wilkerson JE: Acute Blood Biochemical Alterations
in Response to Marathon Running. Europ J Appl Physiol 1975; 34: 173-181.

9. Kolka MA, Stephenson LA, Wilkerson JE: Erythrocyte indices during a

competitive marathon. J Appl Physiol: Respirat Environ Exercise Physiol
1982; 52 (January): 168-172.

............

.....
.t v e

. .."]1 [ Dy

Y
tatalala

.
o

NIPATPCATIN. S N

) OR

RIS AN

PR ig o7

T




el

N 1.
o

o

Feg 4
PN

Ty Ty
oL

b s et it bt Mt el ]

10. Hagan RD, Smith MG, Gettman LR:

maximal aerobic power and training indices.
1981; 13(3): 185-189.

e

- o LT Mo wmew e o -
S e S e A% & 4 A S Al R

Marathon performance in relation to

Med Sci Sports Exercise

IR M Wy Coiat

sl DDA

EEIEAE W SRR NN

"




(9€:g1:¢) uw/w/'8le

aoed X
gl=u

9€:12:¢) ulw/we a0z 9ded x

hdh St Ml ok Shet Stk Sy B o - i S EPE S S

e L St It -sesdt i AL irreid A

Ul /Weiee

Tt O WTETRT

G¢c=U

aoed X
g¢=1u

Pre Post
25-60

Pre Post
10-25

B S
e e T e e
. » . B -to. - ()

O et bl Bnndniod

Time After Finish (Minutes)

ol e
P -
PEAPIS VR S WS-y

Pre Post
< 10

(unw/sieaq) siey JesH



w..s....ﬂ: RIS BN AR TREIEN B RO ) o | iAo S A0S S S NG DI it R 77
1 ‘A
: 3
I ]
-” A - ‘
ﬁ. . . — ////// // 7 |
". (8:zh:6) Ww/Wy'6lg  8oed X N N €2
w g=u : A
w. a. K
;
o o .
{ S 5
3 = -4
3 A : 2. =
m (Z¥:12:€) ulw/w |60z 8%ed X =8 2 7
” b=t I e
4 = <
s
[eb) ‘-
"_ E
U 7 ....“\M
. o

, (8y:6G:2) Uw/wQ'Qpg 8%ed X £ .
w ¢k=u oV
4 o _‘..
m — -
. o) o
q. ™ 3] n
”_ %
1 s
. . oA .....u
Q B




- Candra - s ar e e £- sl el St aidt IR A SR T B S T T T
L a0l Il M Bl S dn i ra ane b ~a New pen gies 4 IR LR do i el e ‘sl N 4 ) : N

LEGENDS TO FIGURES.

W2 s Llld el

Figure 1. The effect of increasing time between finish of race and measurement

on post-race heart rates.
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Figure 2. The effect of increasing time between finish of race and measurement

on post-race rectal temperature (Tre)'
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Human subjects participated in these studies after giving their free and 1{
informed voluntary consent. Investigators adhered to AR 70-25 and USAMRDC ;j
Regulation 70-25 on Use of Volunteers in Research. ).
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