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Abstract

The Correlation of Racing Performance
with Blood Values, Real Time Heart Rate
and Velocity during Training in

Thoroughbred Horses

By

Young-Woo Lee

Supervised by

Professor Kyoung-Kap Lee

Recently, the horse racing industry in Korea has developed rapidly with
good betting turnover. However, the study of equine sports medicine in Korea
is less popular than other countries. One of the most important elements in
enhancing the performance of racehorses is the study of equine exercise
physiology. This study 1is to investigate physiological characteristics of
racehorses during training and on raceday, and to find good parameters for

detecting athletic fitness for racing in Korea.



The first study was performed to analyze the results of pre-race blood test
on raceday and evaluate the correlation of the performance in Thoroughbred
racehorses. Twenty one healthy 3- to 6-year-old Thoroughbreds were used
to collect blood samples. Hematologic and biochemical measurements were
performed. Results were evaluated to the correlation of racing performance.
Red blood cell indices, RBC, Hb and PCV were elevated in hematological
profile, and AP, AST and GGT were also elevated in biochemical profile in
pre-race blood test on raceday. RBC, Hb and PCV of high performance of
racehorses were significantly lower than those of low class racehorses. There
were significant correlationships between rating, placing strike rate, prize
money per race, G3F and RBC, Hb, PCV. Also, AST value was significantly

correlated to prize money per race.

The Second study was to measure heart rate and velocity of Thoroughbred
racehorses during training and evaluate the correlation of performance of
racehorses with these parameters. Twelve healthy 2- to 6-year-old
Thoroughbreds were used in this study to measure real time heart rate and
velocity with GPS and heart monitoring system. The mean heart rate and
velocity in trot were 133.8 £ 28.1 beats/min, 124 £ 1.1 km/h, respectively.
The mean velocity and heart rate in canter were 1765 = 23.5 beats/min, 31.9
+ 79 km/h, respectively. The differences of mean heart rate and velocity

between high and low performance groups were not statistically significant.

Lastly, a study was performed to apply the measurement of heart rate and
velocity for assessing racing performance. Eleven healthy 2- to 6-year-old
Thoroughbreds were trained by the standard training program with gallop
speed using GPS and heart monitoring system. Regression analysis in heart
rate and velocity data were performed to calculate Vi, Viso, Vo, VHRpax-
The mean maximal heart rate in gallop was 214 = 11 bpm. The mean V4,

Vigo, Voo, VHR o Were 13.8 = 4.3 km/h, 375 £ 3.8 km/h, 493 + 4.3 km/h,



574 * 71 km/h respectively. Vi, of high performance of racehorses was
significantly higher than that of low performance of racehorses. There were
significant correlationships between Vii, Vig, VHR,.« and rating, prize money

per race. Also, V4 was significantly correlated to GIF.

These results revealed that the pre-race blood test results on raceday and
the measurement of heart rate and velocity during training could be useful
methods to assess fitness for races or performance potential. Especially, V4
is a good parameter to evaluate a performance of racehorses in Korea racing

industry.

Keywords : Heart rate, Velocity, Performance of Racehorse, Vi,
Thoroughbred Horse
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m. 2 3

Heugl 4Fvie 479 453 dfol og o) 2 I A

81 * 1.1 10/, RBC+= 11.0 + 1.0 105, Hb= 17.1 = 1.5 g/de, PCV
= 478 £ 4.0 %, Glucose= 100.0 £ 21.5 mg/df, Creatinine< 1.2 £ 0.1 mg/dl,
Uric-acidi= 04 £ 0.1 mg/d¢, T-protein< 5.8 = 0.3 g/d¢, Albumin< 2.9 £ 0.1

1

g/dl, A/G ratiov= 1.0 £ 0.1, T-bilirubin= 2.2 £ 0.5 mg/dl, APE 432.0 = 55.6
IU/L, AST+ 4237 £ 2581 IU/L, GGT+ 34.0 168 IU/L, CK+ 1175 £ 327
IU/L, BUN 159 £ 22 mg/dl, LDHE 2826 * 536 IU/L °]th. tiFie =
x50l Al AAAR RBC, PCV7E AR $IW(RBC : 6.0~11.0 10%x,
PCV : 32.0~480 %)olA =2 Fx& WeWlal, Hb, AP, AST, GGT7 4734
AHb - 11.0~17.0 g/di, AP : 143~395 IU/L, AST : 226~366 IU/L, GGT : 15
~31 IU/L)EY =4 YErs ok (Table 1).

-+

2 e AW Table 2), 5ol B el e SFe] FelA RBC, Hb,
PCV 7}7+ 102 + 1.1 105/, 158 + 1.4 g/de, 443 + 37 % ©]QaL,

T A= 115 £ 06 105w, 178 £ 09 g/dl, 50.0 £ 23 %oz F w3t T
Hom fol3 Aolzk i Ao hEth(P < 001, Table 3),
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Table 1. The results of hematologic and biochemical blood analysis before

the race in Thoroughbred Horses

Unit Mean * SD Reference
WBC 10%/ 81 * 1.1 7.0~11.0
RBC 105/4b 11.0 = 1.0 6.0~11.0
Hb g/de 171 £ 15 11.0~17.0
PCV % 478 £ 4.0 32.0~48.0
Glucose mg/ de 100.0 = 215 75~115
Creatinine mg/ d 1.2 £ 0.1 1.2~19
Uric-acid mg/dl 04 £ 0.1 0~1.0
T-protein g/dl 58 = 0.3 52~79
Albumin g/de 29 * 01 2.6~37
A/G ratio - 1.0 £ 0.1 09~1.3
T-Bilirubin mg/dl 22 £ 05 1.7~3.1
AP IU/L 4320 * 556 143~395
AST IU/L 4237 + 258.1 226~ 366
GGT IU/L 340 £ 16.8 15~31
CK IU/L 1175 + 32.7 28~134
BUN mg/dl 159 £ 2.2 10~21
LDH IU/L 282.6 = 53.6 162~412

Data from reference intervals established at the Equine Hospital of

Racing Authority (Nicholas et al 2000)

_11_
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Table 2. The difference of means in hematologic and biochemical results

between Good and Bad Result Groups

(Mean * SD)

Unit Good I?Ielililgc) Group Bad R(enszull‘; )Group P value
RBC 105/ 10 107 £ 1.3 114 = 06 0.1486
Hb g/de 165 = 1.5 176 £ 1.3 0.1294
PCV % 46.3 £ 4.3 492 £ 33 0.1485
AP IU/L 4226 * 67.0 4406 + 444 0.4173
AST IU/L 4955 * 3559 410.8 = 201.0 0.9159
GGT IU/L 36.0 = 152 32.3 £ 186 0.4375
CK IU/L 1189 *+ 34.0 116.2 + 33.1 0.9438
LDH IU/L 2739 = 626 2905 +£ 456 0.4597

_12_



Table 3. The difference of means in hematologic and biochemical results

between High and Low Class Groups

(Mean * SD)

Unit High (é?:s;) Group Low ?La:slss )Group P value
RBC 109/ 42 102 = 11 115 £ 06 ™ 0.0073
Hb g/de 158 = 14 178 £ 09 ™ 0.0037
PCV % 443 = 37 500 £ 23 ™ 0.0030
AP IU/L 4149 * 57.0 4426 + 542 0.2458
AST IU/L 536.5 * 389.3 3986 = 1886 0.7999
GGT IU/L 299 = 119 36.6 £ 19.2 0.4460
CK IU/L 1145 + 38.8 119.3 = 299 0.2613
LDH IU/L 2765 * 66.3 286.3 £ 46.8 0.5870

Kk

indicates significance (2 < 0.01)

_13_



Table 4. The Pearson correlation coefficients between hematologic results and

race perfornlance parameters

Prize
Rating Placing Money SIF G3F GIF

Rate per a

race
RBC - 0.78 ** - 042 * - 0.5 ™ 0.09 0.35 0.22
Hb - 073 * - 056 ** - 07 ™ 0.18 0.38 0.27
PCV - 078 ** - 058 * - 079 ™ 0.13 0.44 * 0.32

*

indicates significance (P < 0.05)

&k

indicates significance (£ < 0.01)

_14_



Table 5. The Pearson correlation coefficients between biochemical results and

race perfornlance parameters

Prize
Rating Placing Money SIF G3F GIF

Rate per a

race
AP - 0.32 - 0.12 - 0.27 0.24 - 0.03 - 0.11
AST 0.40 0.05 0.46 * - 034 - 0.07 0.25
GGT - 0.21 - 0.27 - 0.28 0.20 0.07 - 0.01
CPK 0.00 0.02 0.05 - 0.20 - 0.07 - 0.12
LDH - 0.20 - 0.02 0.00 - 0.07 0.30 0.32

*

indicates significance (P < 0.05)

_15_
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AST &4 E7F 4273 £ 2581 TU/L=E B4HAS 226 ~ 366 IU/L BY =& <
A& yepEth ol Aol maw 2ol 1500 m FE &5 § AST 24 =7
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A2

The Measurement of Real Time Heart
Rate and Velocity by Mobile
Monitoring System in Thoroughbred

Horses
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Figure 1. The methods of measuring the heart rate and velocity during
trackwork. (A) Mobile phone, GPS device, Vetwave-EQ. (B) Pouch bag and
electrodes for Vetwave-EQ. (C) Attachment of pouch bag with Vetwave-EQ
at the left chest region of olecranon level. (D) The measurement of heart rate

and velocity on a mobile phone application in real time.
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Figure 2. The Graph of heart rate and velocity with time record.
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Table 6. The mean heart rate and velocity at trot and canter during

trackwork
(Mean * SD)
Trot Canter
Heart rate Velocity Heart rate Velocity
(bpm) (km/h) (bpm) (km/h)

Measurement 1338 = 281 124 = 1.1 1765 £ 235 319 £ 79
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Table 7. The difference of means in heart rate/velocity of trot and canter

between Good and Bad Result Groups

(Mean = SD)
Good Res_ult Group Bad Re31_11t Group P Value
(n=6) (n=6)
Trot HR 1314 + 257 1361 * 326 0.7877
(bpm)
Trot V
122 = 1. 127 £ 1.1 4
(km/h) 0 7 0.4338
Canter HR 181.7 £ 19.2 171.3 = 28.0 0.4691
(bpm)
Canter V
1.8 £ 11. 19 £ 2. 994
(km/h) 31.8 3 31.9 9 0.9945
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Table 8. The difference of means in heart rate/velocity of trot and canter

between High and Low Class Groups

(Mean *+ SD)
High Class Group Low Class Group P value
(n=3) (n=9)
Trot HR 1575 + 10.1 1259 + 279 0.0911
(bpm)
Trot V
114 = 0.8 12.8 = 09 0.0508
(kmm/h)
Canter HR 1949 = 66 1704 £ 24.1 0.1215
(bpm)
Canter V
332 £ 44 314 £ 89 0.7541
(kmm/h)
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The Application of the Measurement of
Heart Rate and Velocity during
Training to Assess Racing Performance

in Thoroughbred Horses
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Figure 3. Heart rates during a stepwise incremental treadmill exercise test in

a race fit Thoroughbred racehorse.
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HRmax

=

=i
19 tH(Gramkow$} Evans, 2006; Vermeulen®t Evans, 2006).
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1) Walk 100 m from the stable to sand track
2) Warm up for 10 mins by trotting using lunge line
3) Start to train at the racetrack

a. Trot 1000 m from the entrance of the track to the winning post
b. Canter 900 m from the winning post to the 3rd corner

c. Gallop 950 m from the 3rd corner to the winning post

d. Pull up and trot 900 m to the entrance of the track
4) Cool down by walk 100 m to the stable

B

Figure 4. The standard training program in “Galloping Day” . (A) The
structure of sand track in Seoul Racecourse. (B) The procedure of training at

“Galloping Day”
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200
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100 w o= 1.82x + 118.41

S
Ly 10 b=l ] =1 St ] SOy SO T
Figure 5. Example of the regression equation for Vism, Viso, Vo, VHRpax X

axis is velocity(km/h). Y axis is heart rate(beats per minute). Vim, Viso, Voo,

VHR,,.« were calculated by putting 140, 180, 200, HRmax values in Y value.
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m. 2 3

FrolY FAL @ ARV 1ITE Yo AT B APAUE(HR,,)E

214 = 11 3]/Fo= QA

TUIE FHZRIYS 23T 1159 Avbeet £ dolHE dEd Hat
Vi, Viso, Voo, VHRpe= 2H2F 138 + 4.3 km/h, 375 £ 38 km/h, 493 + 4.3
km/h, 574 * 7.1 km/h= &1 1 vH(Table 9).

Azt gokd el Ml Hit Vi, Vise, Voo, VHRma 2H2F 136
km/h, 37.0 * 4.2 km/h, 487 * 4.6 km/h, 60.8 *+ 7.0 km/h= EFLIL, 7
7 2A @A ol B Vi Vig, Vao VERp® 27 14
379 £ 39 km/h, 49.8 £ 44 km/h, 545 * 6.3 km/h= eI SH F #7ke] 3
WA= e el FRlEA etk (Table 10).
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=& o7 wellAel B Vi, Visy, Vao, VHRpE 274 167
9.3 £ 452 km/h, 50.6 * 5.3 km/h, 595 * 89 km/h® YElGI, @2 S5 o
A Vi Vi Vo, VHRpw® 2H2E 104 + 2.7 km/h, 35.3 + 1.0

+ 23 km/h, 548 £ 3.0 knvh=® Yetston F 7He8] Jot £ FA A vl
M= Vil A Fo A AAIP < 0.05) kol 7k vh= Aol 1= At (Table 11).

EOJ

AEE FEY 255 FEY FBWAE B4 A dHelgH Ve &
o FAHPAE Hol: Aoz YeaP < 005, 5T FEFFH Vi,
VHR, = % A#aAE ol Aoz yepdom(P < 0.05), GIFS Vi
ATHP < 0.05) (Table 12).
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Table 9. The mean Vi, Vigy, Vooo, VHR,.x during trackwork

(Mean = SD)
Vig Viso Voo VHR s
km/h 13.8 = 4.3 375 £ 38 493 = 4.3 574 £ 71
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Table 10. The difference of means in Vi, Vi, Vo, VHRL.« between Good
and Bad Result Group
(Mean £ SD, km/h)

Good Result Group Bad Result Group

(n=5) (n=6) P value

Vigo 136 = 46 141 = 44 0.7842
Vigo 37.0 £ 42 379 £ 39 0.6473
Vaoo 487 = 46 498 + 44 0.5228
VHR max 60.8 + 7.0 545 * 6.3 0.1709
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Table 11. The difference of means in Vi, Vi, Voo, VHRL. between High
and Low Class Groups

(Mean = SD, km/h)

High class Group Low Class Group

(n=6) (n=5) P value

Vi 167 + 31 * 104 * 27 0.0225
Vigo 393 £ 45 353 £ 1.0 0.0996
Voo 506 £ 5.3 478 = 2.3 0.5228
VHR % 595 £ 89 548 £ 3.0 0.1709

*

indicates significance (P < 0.05)
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Table 12. The Pearson correlation coefficients between Vi,

VHR,,.x and race performance parameters

VlSOv VZOOy

Prize
Rating  acing  Money o G3F GIF

Rate per a

race
Vi 068 * 0.33 0.64 0.23 -0.54 -0.70 *
Vigo 0.29 0.17 067 * 0.03 -0.62 -0.55
Voo 0.03 0.06 0.59 -0.09 -0.57 -0.38
VHR..x 0.14 0.29 0.79 * 0.11 -0.31 -0.18

*

indicates significance (P < 0.05)
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