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Multivariate Analysis of Exercise Parameters
Measured during an Incremental Treadmill Test
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ABSTRACT  The exercise fitness or poor performance of horses was investigated by
measuring parameters of the cardiovascular, muscular, metabolic and locomotor
systems. Fifteen Standardbred racchorses were tested on a high-speed treadmill
Heart rate, haematocrit, venous blood lactate, stride length and frequency were
measured at each step of an incremental test consisting of 10 min warm up, then
four 3 min steps of 1.5, 4, 7 and 9 m s~', with a 3% slope. Current exercise-related
parameters which describe aerobic and anaerobic capacities as well as the adapta-
tions of haematologic, cardiovascuiar and locomotor systems were defined using the
relationships between these measurements angd velocity. The results were analysed
by a multivariate procedure, i e the principal component analysis. This statistical
tool describes the relationships among parameters and compares the exercise adap-
tation of each horse by considering all the information obtained. It was possible to
discriminate horses with a better aptitude to sprint [rom those with a poorer
aptitude depending on one of the studied body systems. With increasing number of
horses tested, this method becomes a useful aid in the diagnosis of poor perfor-
mance
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INTRODUCTION

Exercise fitness depends on the integration
of several body systems. Cardiovascular, res-
piratory, haematological, biochemical and
muscular {actors have been investigated in-
dependently of each other.>$91216 There

have been studies of the relationships
between physiological adaptation, en-
ergy metabolism  and  stride  parame-

ters. 'GHHIBISATIB2) It was demonstrated’ that
at each speed the horse adopts the most eco-
nomical gait. Some studies'® have examined
the time relationship between the mb cycle
and the respiratory cycle.

In forming a comprehensive picture of
the interrelationships between the different
body systems, classical statistical procedures
were insufficient to synthesize all the infor-
mation obtained during a standard exercise
test. Therefore multivariate procedures such

ag principal component analysis (PCA) were
used in this study to explain the complex
behaviour of a system which is described by
several parameters.

MATERIALS AND METHODS

Horses

Fifteen Standardbred horses, aged from 2 to
9 years, were tested. Eleven of them were
normally trained for racing. All horses were
sound and were tested on the treadmill for
the first time without previous acclimatiza-
tion.

Exercise test

The standardized test consisted of 'a 10 min
warm up on the treadmill {Sato, Sweden)
followed by four 3 min steps of 1.5 (walk), 4,
7and 9 m s', with a 3% slope. Animals
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were allowed to rest for 2 min between each
step before the measurements.

Measurements

Heart 1ate During the incremental test, the
heart rate (HR) was recorded (Horse Tester
PEH 200, Polar Electro) every 15 seconds
and the data averaged at each of the 4 steps.

Blood analysis. Blood samples were taken
by jugular venepuncture at rest, during the
rest periods and after the recovery phase, A
sampie (0.5 ml} was immediately deprotein-
ized by adding | ml of ice cold 0.6 N perchlo-
ric acid and lactate concentration was meas-
ured by an LM2 Analyser (Analox Instru-
ment). The haematocrit (PCV) was meas-
ured by centrifugation in a vacuum tube
(Monovette, Sarstedt).

Gait analysis. The stride frequency (SF)
was determined at each step from the time
interval required for 40 strides. Velocity (V}
was measured by the treadmill electronic
equipment. The stride length {SL) was then
deduced from the equation: SL = V/SF

Definition of the derived exercise parameters
For each horse, the synthetic parameters
were calculated by means of regression equa-
tions. The relationships of HR, PCV and SF
vs velocity were studied by linear regression
These relationships were entirely described
by two characteristics, i.e. the slope and in-
tercept

The relationship between blood lactate
(LA) and V was analysed using the exponen-
tial model® which was closely correlated to
the experimental data:

LA =exp(A-V+B)+C

where A is a coefficient of curvilinearity and
B and C the constants; LA is expressed in
mmeol 17 and Vinm s~!

For each horse, the values of A, Band C
were found using a solver software (Eureka,
Borland International) by considering the
LA data at the first, third and fourth steps.

For each horse, 12 derived parameters

were calculated and constituted quantitative
variables (Table 1). The :elationship be-
{ween LA and V was described by the follow-
ing five criteria: the intercept (LAy), the coef-
ficient of curvilinearity {A), the velocity
which increased blood lactate to 2 mmol 1!
{V[a2), the velocity at which the mean vari-
ation of blood lactate was 0.2 mmol |~! for
an increasing velocity of 1 m $7'"(Vyuuia)
and the corresponding blood lactate thresh-
old (LAT). The Va1, Vyeara and LAT para-
meters were estimates of the onset of blood
lactate accumulation {OBLA)*?® The rela-
tionship between HR and V was described
by the slope (HR,), velocity at 150 beats m ™!
(Vis50) and heart rate at Vi (HRA0). The
relationship between SL and V was de-
scribed by the slope (SL,) and stride length at
Viaa(SL,). The relationship between PCV
and V was described by the intercept (PCVy)
and the siope (PCV,)

Multivariate analysis

The data were studied by means of the
{(PCA) (Factor procedure, SAS STAT soft-
ware). This statistical method describes the
relationships between parameters and com-
pares the exercise adaptation of each horse
by considering all the quantitative exercise
data obtained. This method was previously
applied to equine biomechanical studies'
and in exercise fitness evaluation.®!?

The PCA procedure consists of creating
new variabies called principal components,
which result from a linear combination of
the studied variabies. The principal compo-
nents {(1,2,3,. , N} were calculated by the
software to maximize the variance of the
observations in the multidimensional space.
The first component explains the highest
percentage of the variance and the next com-
ponent numbers indicate their rank order.
Analysis of the correlation between the stud-
ted characters and the individuals can be
shown in a two-dimensional approximation
(first two component axes) of the multidi-
mensional plot. For further details on this
statistical procedure, sce the SAS STATE
guide.
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Table 1. Derived exercise parameters obtained in horses

Variable

Horse A LA,  Vu. V.. LAT  HRL. V., HR, Si, SL_. PCV, PCV, AGE

l 34.1 025 7.10 800 085 171 6.70 158 504 472 260 222 3
2 163 040 740 785 165 205 500 193 359 398 190 312 3
3 17.1 040 810 863 1.55 189 620 160 409 4350 190 281 5
4 161 1.10 7.15 6.55 2.40 162 580 161 401 371 230 237 3
5 g9 030 1055 980 245 202 655 158 411 489 1.25 441 35
6 215 070 615 660 1.60 188 480 211 426 380 195 394 5
7 624 135 405 435 1.65 140 480 222 359 280 095 330 2
8 161 100 830795 220 171 660 156 360 421 195 380 4
9 17.8 1.00 6.70 655 210 181 5.08 203 427 381 225 413 6
10 154 093 705 670 2.20 157 630 i85 432 385 225 375 6
11 12,1 1.30 535340 295 106 580 181 438 232 195 404 9
12 163 150 535385 275 il4 575 191 387 271 300 347 8
13 273 050 685 7.55 1.23 170 640 175 354 394 .85 268 7
14 417 040 405 485 090 145 515 159 398 283 195 303 35
15 23.8 030 660 7.15 145 173 580 171 441 423 L5 315 5
Means 23.F 0.80 6.70 665 183 165 580 179 407 376 195 335 -
SD 133 040 160 1.75 0.60 28 065 20 39 074 030 64 -

(Units) mmoll~'ms™! ms™' mmoli~'beatsm™' m s~ m p. 160
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RESULTS

The PCA shows (Fig. 1) the relationships
between the exercise parameters. The first
and second component axes explained 41.8
and 21 0%, respectively, of the total vari-
ation and hence, the first two component
axes represented 62 8% of the total variance.

The first component axis included the
most significant parameters, Vi, Viesaras
LAg, SL o1 describing the energy metabolism
and V5. HR,, HR 1, the cardiac response.
The second component axis distinguished
the horses according to the lactate threshold
parameters, LAT and A. The third compo-
nent axis explained 15.4% of the variance
and included the haematocrit parameters,
PCV,and PCV,. The fourth component axis
explained 8.2% of the variance (SL,).

There was a good correlation between
Vi and Vagaea (0=0.89), which gave the
same type of information. V., was correlat-
ed with HR, 1, (r=0.90) and SL 5, (r=0.97).

Vaeara was correlated with HR 42 (r=0.70)
and SL, 4, (r=0.84). There was a poor corre-
lation between PCVy, PCV, plus SL,, and the
other parameters. The lactate threshoid pa-
rameters, LAT and A, were negatively corre-
lated {r= —(.39).

Plotting the parameters relative to the first
two component axes shows the relationships
between the variables and principal compo-
nents {Fig. 1)} Part of the diagram corre-
sponds to the good exercise ability, with
higher values for LAT, Va1, Vaauras Visos
SL, 2 and HR; and the other part to the poor
exercise ability, with higher values for HR,
and A. Near the circumference, the closer
the parameters the more correlated they are,
For example, Va2 and SL,, are positively
correlated, while A and LAT are negatively
correlated. The parameters situated close to
the centre of Fig. 1, such as SL, PCV,,
PCV,, are not clearly explained by the Ist
and 2nd components.
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Table 2. Coordinates of horses on the principal component axes

Horses Axis | Axis 2 Axis 3 Axis 4 Axis 5
! —2.59 —1.59 —1.09 1.32 0.44
2 —~0.97 —0.86 1,59 0.10 —1.69
3 —2.56 —0.38 -{1.37 —-0.34 -0.31
4 —0.03 078 —1.20 —0.74 —0.95
5 -3 89 1.74 1.86 —0.37 1.23
6 0.49 —0.59 1 56 190 —0.44
7 412 - 2,60 1.74 —-{92 0.80
8 - .36 152 034 —1.58 - (.06
9 067 0.73 1.21 1 67 —0.51

10 —0.06 1.37 —033 0.55 0.26

11 329 2.40 -073 0.16 1.35

12 3135 218 - 1,30 —0.14 —1.06

13 —1.01 —1.19 -~0.31 —~147 —0.63

14 1.58 w2 48 —1.18 —-032 0.31

15 ) ~1.03 0.21 018 1.26

Plotting the horses relative to the first two
components (Fig. 2, Table 2) gave an overall
view of their exercise ability. Away from the
origin, the nearer the horses to one another
the more similar their traits. Horses situated
close to the centre of this diagram are not
clearly explained by the Ist and 2nd compo-
nents. The fit horses are situated in the top
left-hand corner of the diagram, while the
unfit horses are located in the bottom right-
hand corner. Horses 3, 5, 8, and 10 were
better than the others. Horses 7 and 14 ex-
hibited poor exercise abilities. The two inac-
tive older horses (11 and 12) showed the
same response to the exercising test and were
limited by their acrobic capacity. The other
horses were located between these two
2roups.

DISCUSSION

Multivariate analysis takes into account all
information available in a table of quantita-
tive data and aims at synthesizing the results
in a diagram. The procedure reveals the
most efficient factors to be used to distin-
guish between individuals.

The coefficient of curvilinearity A, nega-

23909067 ICEEP

tively correlated with LAT, indicated wheth-
er the shape of the lactate-velocity curve was
regular and moderate (low value of A and
high value of LAT) or dramatically near the
threshold (high value of A and low value of
LAT).

The it horse (i.e. Horses 3, 5, 8, 10),
should have low A, HR, and LA, values and
high values for the other parameters. On the
other hand, Horses 7 and 14 had poor exer-
cise abilities. Horse 7 was young and in its
pre-training phase. Horse 14 was untrained
and its aerobic capacity was not developed.
This horse also had a short stride length and
a high stride frequency. Horses 1, 4 and 15
were not sufficiently trained. The exercise
ability of horses 2, 6 and 9 was not clearly
explained by the body systems examined.
Horses 11 and 12 were old Standardbred
trotters which had raced in the past. They
were inactive and limited by the cardiovas-
cular response to ecxercise. Their lactate
threshold was high even if the V.. was
fow. Horse [ 3 exhibited a good physiological
adaptation to exercise, but did not increase
its stride length.

According to the present results and pre-
vious studies,”* the principal component is a
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valuable tool for comparing the exercise abil-
ity of horses in a standardized test, The in-
troduction of additional reference values ob-
tained in top level horses might increase the
accuracy of this analysis. With increasing
number of horses tested, this method could
become a useful aid in the detection of exer-
cise abilities and poor performance.

ACKNOWLEDGEMENTS

Funding for this project was provided jointly
by the National Studs and National Institute
of Agricultural Research (INRA). We grate-
fully acknowledge the cooperation of Mr W.
Martin-Rosset from Inra-Theix, and also Dr
Corde and the trainers from the Grosbois
Centre. English revision by Kirsten Rerat,
Unité centrale de documentation INRA-
JOUY-EN-JOSAS.

REFERENCES

1. Attenburrow, . P. (1983). Respiration and locomo-
tion. fn. Snow, . H, Persson, S. G. B. and Rose, R.
1 {eds.): Equine Exercise Physiology, Granta Edi-
tions, Cambridge, pp. 17-22.

2 Barrye, E, Valette, J. P. and Walter, R (1989}
Ftude multifactorielle de l'aptitude & Peffort chez le
cheval de selle. Ann. Zootech. 38, 157-169.

3 Dalin G. and Jeffeott, L. B, (1985). Locomotion and
gait analysis. Vet. Clin. North Am.: Equine Pract 1,
549-572,

4. Demonceau, T. (1989). Appréciation de 'aptitude
physique du cheval d’endurance; intérét du seuil an-
aérobie lactique. Veterinary Thesis, Alfort.

5. Demonceay, T., Barrey, E. and Valette, J. P (1989)
Détermination de 1a zone de transition aéro-anaéro-
bie par modélisation de ia relation lactatémie-vitesse
chez le cheval d’endurance. Sci. Sports 4, 346.

6. Hornicke, H., Meixneir, R. and Pollmann, U (1983).
Respiration in exercising horses. In- Snow, D H.|
Persson, S, G. B. and Rose, R. 1. {eds.): Eguine
Exercise Physiology, Granta Editions, Cambridge,
pp. 7-16.

7. Hoyt, D. F. and Taylor, C. R. (1981} Gait and the
energetics of lecomotion in horses Nature 292,
239-240.

8. Leach, D. H. and Dagg, A. [ (1983} A review on
equinc locomotion and biomechanics. Equine Vet ]
15, 93-102.

19.

20

21

McMiken, D. (1983} An energetic basis of equine
performance Equine Vet J. 13, 122-133.

Pagan, J. D and Hintz, H. F.{1986). Equine energet-
ics. 1. Relationship between bodyweight and energy
requirements in horses. J. Anim. Sci. 63, §12-821

. Pagan, 1. D and Hintz, H F. (1986} Equine energet-

ics. 2. Energy expenditure in horses during submax-
mal exercise, 1. Anim, Sci. 63, 822830,

. Persson, 8. G. B (1983). Evaluation of exercise toler-

ance and fitness in the performance horses. fn. Snow,
I H., Persson, § G. B and Rose, R. J ({eds}:
Equine Exercise Physiology, Granta Edilions, Cam-
bridge, pp 441457,

Persson, 8. G B, Essén-Gustavsson, B, Lindholm,
A, McMiken, D. and Thornton, J. R (1983} Car-
diorespiratory and metabolic effects of training on
Standardbred yearling, fi: Snow, [ H., Persson, 8.
G. B. and Rose, R. J. {eds.): Equine fxercive Physio-
fogy, Granta Editions, Cambridge, pp. 458-469

. Silver, L. A, Brown, P. N. and Goodship, A E.

(1983) Biomechanical assessment of locomotor per-
formance in the horse Equine Vet 1., Suppl I,
23-25.

. Thiel, M., Tolkmit, G. and Hornicke, H. (1987).

Body temperature change in horses during riding
time course and effects on heart rate and respiratory
frequency. In' Gillespie, J. R. and Robinson, N. E
{eds ): Equine Exercise Physiology 2 WCEEP Publica-
tions, Davis, CA, pp. 183-193

. Thornton, J. R {1985} Exercise testing Vet Chn.

MNorth Am.: Equine Pract 1, 573-595

Thornton, I. R, Papan ! and Persson, § G B
{1987y The oxygen cost of weight loading and in-
clined treadmill exercise in the horse fn- Gillespie, }.
R. and Robinson, N. E (eds ): Equine Exercise Physi-
ology 2. ICEEP Publications, Davis, CA, pp.
206-215.

. Valberg, S, Essén-Gustavsson, B , Lindholm, A. and

Persson, 8. G B (1985). Energy metabolism in rcla-
tion to skeletal muscle fibre propertics during tread-
mill exercise Equine Vet J. 17, 439444,

Valette, J. P and Woiter, R. (1988). Intérét de me-
sures de lactatémic ot de fréquence cardiaque comme
critéres d'aptitudes sportives. I 14éme Journée
d'étude. quoi de newf en matiére d éude et de recher-
ehe sur le cheval?, Cereopa, Paris, pp. 1-16.

Valette, J. P, Basrey, E., Garbasi, C. and Wolter, R.
(1989), Estimation du seuil anadrobie chez e poney.
Ann. Zootech. 38, 229..236.

Wilson, R. G, Isler, R B. and Thoraton, J. R.
(1983). Heart rate, lactic acid production and speed
during a standardized exercise test in Standardbred
horses. fn” Snow, D. H., Persson, S. G. B. and Rose,
R. ). {eds.): Equine Exercise Physiology. Granta Edi-
tions, Cambridge, pp. 487-496.



