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Summary: The objective of this study was to describe the training and changes in biophysical variables of 2-, 3-, and 4-year-old Standardbred
racehorses trained by a successful trainer during a racing season. Methods: The horses were regularly weighed and submitted to standardised
exercise tests (SETs) fo determine v, (velocity run under defined conditions inducing 4 mmol/L blood lactate concentration). The training of the
horses was protocolled and related to changes in v,. The effect of the age of horses on their v, and body weight (BW) was analysed using
ANOVA for repeated measures and on training parameters using an univariate ANOVA. The relationship between the changes in v, and
training parameters was examined by means of linear and exponential regressions. Results: The BW of the 3- and 4-year-old horses remained
constant during the observation period, whereas it increased for the 2-year-olds (P=0.0033). Overall, the v, of the 2-year-olds increased
during the racing season (P =0.043), whereas it remained constant for the 3- and 4-year-olds. The only differences in the training parameters
among the age groups were that the 3-year-olds were started more frequently than the 2- and 4-year-olds (P =0.037), and 2-year-olds were
more often exercised fast than the older horses (P =0.029). The v, changes between consecutive SETs were not atfributable to training para-
meters. The conclusion of this study is that the data collected in a remarkably successful racing stable provides a basis to introduce changes

to further optimise the training of Standardbreds.
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Introduction

The objective of training is to enhance the performance of
athletes, however, most horses used in sports are trained
empirically, including Standardbred racehorses (Lovell
1994, Pringle et al. 1999). The training of Standardbred
racehorses has been described in some detail in several
studies (Unger 1991, Brook 1992, Couroucé 1993, Pon-
chard 1998, Stahel 2004, Leleu and Haentiens 2010,
Fortier et al. 2014), without examining the efficiency of the
programmes. Stahel (2004) and Couroucé et al. (2002)
only measured the performance parameters v, (velocity run
under defined conditions inducing a blood lactate concen-
tration of 4 mmol/L lactate) and v, (velocity run under de-
fined conditions inducing a heart rate of 200 beats/min)
during a racing season but did not relate training parame-
ters to the changes in the values.

Before changes are introduced in a successful training system
evolved over time, an evaluation of the efficiency of the train-
ing should be performed. Therefore, in this study, 2-, 3- and
4-year-old Standardbred racehorses of a very successful train-
er (Wegener 2000, Wegener et al. 2012) were monitored
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during a racing season. It was hypothesised that: 1) the body
weight and v, of horses would change over time; 2) training
differs among 2-, 3- and 4-year-olds; and 3) training param-
eters are related to changes in v,.

Material and Methods

Data for this study was collected during routine commercial
exercise testing to monitor the fitness of horses. The horse
owner consented to all procedures.

Trainer

The trainer was one of the most successful in Germany in
the decade 1990 to 2000. He allowed a full insight into his
training. Several of his horses won the German Derby and
competed at the highest international levels. From 1997 to
2000, between 25% and 30% of his starters won the race
in which they were started (Hauptverband fir Traber-Zucht
1997-2000). The data of this study was obtained in the year
1999 (Wegener 2000).
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Horses

The health and performance of the horses was monitored
continuously by veterinary surgeons. The monitoring involved
weighing the horses every second week and determining as
regularly as possible their v, (velocity run under defined con-
ditions inducing 4 mmol/L blood lactate concentration [LA]).
The aim was to test each horse in intervals of about 2 months.

The number of horses used to test the different hypotheses of
this study varied. To evaluate changes in body weight (BW),
horses were weighed every 2 weeks between mid-January and
the end of July. There were available the data for six 2-year
olds, 12 3-year-olds and eight 4-year-olds for this evaluation.

The change in v, during the observation period was examined
testing four 2-year-olds, five 3-year-olds, and four 4-year-olds
every 2 months. Other five 2-year-old horses had been test-
ed twice the year before the study and were tested two more
times as 3-year-olds to describe the development of their v,
between 2 seasons.

The training was protocolled for three 2-year-olds, three
3-year-olds, and two 4-year-olds. The effect of training pa-
rameters on v, changes was investigated using these horses
only.

Training

From 10th May until 30th September, the duration of the
daily exercise for three 2-year-old, three 3-year-old, and two
4-year-old horses was measured by an observer with a stop-
watch and the distance covered recorded (Wegener et al.
2012). The horses were exercised fast on an 800 m sandy
track. Slow work was done on an 1,800 m sandy track. The
v, of these horses was determined three times at intervals of
2 months during the observation period and changes in the
values related to the following training parameters between
consecutive SETs: the number of days with fast work, the num-
ber of days with slow work, the number of days with a start,
the number of days without training (horse was not exercised
on either track), the % of days with fast work, the % of days
with slow work, the % of days with a start, and the % of days
without training, as well as the total duration of fast work,
the total duration of sprinting during fast work, and the total
duration of slow work.

Standardised exercise test

The standardised exercise test (SET) prescription differed be-
tween the 2-year-olds and the older horses (Table 1), but for
five 2-year-old horses that were tested 2 more times when they
were 3-year-old with the SET prescription for the 2-year-olds
to be able to compare their results.

All horses were tested in intervals of about 2 months. During
the SET, the drivers constantly used a stop-watch to set the
prescribed pace. Before each SET, the track was groomed to
ensure regular lane conditions. The horses were warmed up
for between 10 and 15 min at a walk and slow trot before
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starting the SET. The increase in speed from interval to interval
was such that a continuous increase in the blood [LA] from the
concentration before exercise but after warm-up to > 4 mmol/L
was obtained in no less than four intervals of approximately 5
min each (Table 1). This was done to obtain at least four val-
ves to describe the blood lactate-running speed relationship
(BLRS) and to run the horses as slow as possible to obtain the
4mmol/L of blood [LA]. The SET was discontinued when the
blood [LA] of the horses was at or above 4 mmol/L (deter-
mined on site using Accusport, Boehringer Mannheim, Mann-
heim, Germany). The horses always started and finished an
interval at the same place. This place was near to the entrance
of the 800 m track, so that the horses could be taken out of the
track within seconds of finishing an inferval and blood samples
could be taken generally within 20's after an interval. This was
done to ensure that other horses exercising on the track would
not be disturbed. The intervals were separated by a period
of 3 min. This was sufficient time to walk the horses back to
the track to start the next interval. An independent observer
with a stop-watch accurate to 0.1s timed every lap of each
interval. With the measured blood [LA] and running speed for
each interval of the SET, v, was calculated from the BLRS rela-
tionship by an exponential regression analysis (Galloux 1991).
The mean heart rate (HR) during each inferval of a SET was
plotted linearly against the speed of each interval, and v,
was calculated from this relationship (Table 1).

Lactate

Blood (5 ml) was sampled by venipuncture from a jugular
vein after warm-up and before commencing the SET, and as
soon as possible after each interval of SET, normally within
20s, into Na-heparinised evacuated tubes (Becton Dickin-
son, Heidelberg, Germany) for the determination of blood
[LA]. The blood [LA] was measured on site with an Accusport.
The coefficient of variance between measurements was be-

low 5%.

Physical variables

The horses wore a commercial heart rate (HR) monitor at-
tached to the thorax during SET (Polar Sport Tester, Kempele,

Table 1 Standardised exercise test prescribed for 2-year-old and
older Standardbred racehorses. The sand-track was 800 m long |
Standardisierte Belastungstests fir 2-Jéhrige und éltere Trabrennpfer-
de. Die Lange der Sandbahn betrug 800 m

Interval 2-year-olds > 2-year-olds
Distance (m) v (m/s) Distance (m) v (m/s)

1. 2,400 6.00 2,400 6.67
2. 2,400 6.67 2,400 7.50
3. 2,400 7.33 2,400 8.33
4. 2,400 8.00 3,200 9.17
5, 2,400 8.67 3,200 10.00
6. 3,200 9.33 3,200 10.83

v=velocity
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Finland). The monitor recorded the HR every 5s. The mean
HR (HRmean) of each interval of the SET was calculated. The
body weight (BW) was obtained by weighing the horses on
a scale (Horse Weight, Wales, UK) every second week. The
accuracy of the scale was + 100g.

Data Analysis

The normality of the data was confirmed using the Kolmog-
orov-Smirnov test. Data are presented as mean = SD. The
changes over time in v, and BW were analysed using a two-
way ANOVA for repeated measures and the difference in
age categories on fraining parameters were analysed using a
univariate ANOVA. Fisher's exact test was applied when sig-
nificant effects were detected. The relationship between the
difference in v, values between SETs and the training, as well
as between the v, and v, of the horses, was examined by
means of linear and exponential regressions. The significance
level was set at P <0.05.

Results

The BW of the 3- and 4-year-old horses remained constant
during the observation period (P> 0.05; Fig.1), whereas it
increased for the 2-year-olds (P =0.0033). The increase be-
tween weighing dates was significant between day 115 and
all weighing days after day 150 and following (all P < 0.001).
The BW of the 2-year-old horses was lower than of the 4-year-
old horses during the observation period (P=0.039), how-
ever, there was no significant difference between the 2- and
3-year-old or the 3- and 4-year-old horses (P> 0.05).

14 70 115 150 180 210 240
Day of the year

Fig. 1 Changes in body weight (kg; BW) of Standardbred horses
of different ages during a racing season (mean = SD; A = six 2-year-
olds; @= twelve 3-year-olds; X = eight 4-year-old; P=0.039 com-
paring the BW of 2-year-olds to that of 4-year-olds; P> 0.05 com-
paring the BW of 2- and 3-year-old and 3- and 4-year-old horses.
The BW of 3- and 4-year-old horses remained constant during the
observation period (P> 0.05), whereas it increased for the 2-year-
olds (P=0.0033)) | Entwicklung des Kérpergewichts (KGW) von
Trabrennpferden unterschiedlichen Alters wdahrend einer Rennsaison
(kg; Mittelwert = Standardabweichung; A =sechs 2-Jéhrige; @= 12
3-Jahrige; X = acht 4-Jahrige; P=0,039 zwischen dem KGW von
2- und 4-Jéhrigen; P> 0,05 zwischen dem KGW von 2- und 3-J&h-
rigen sowie dem KGW der 3- und 4-Jahrigen; Das KGW der 3- und
4-J&hrigen blieb konstant (P> 0,05) wéhrend das der 2-Jdhrigen im
Verlauf des Beobachtungszeitraums stieg (P = 0,0033))
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The v, of the 2-year-olds increased during the racing season
(Fig. 2; P=0.043 between April and August, P> 0.05 be-
tween April and June as well as between June and August)
but remained constant for the 3- and 4-year-olds (P=0.93
and P=0.27, respectively). The v, of 3- and 4-year-olds did
not differ (P>0.05). The v, of the 2-year-old horses was
lower than that of the older horses but values cannot be
compared statistically because the SET prescriptions were
different.

The mean v, of the five horses that were tested with the SET
prescribed for 2-year-olds in their 2- and 3-year-old racing
season increased significantly (P < 0.001). The v, values were
higher in both testing dates for the 3-year-olds than for the
2-year-olds (P<0.01 to 0.001). There were no differences
between the mean v, values determined when the horses were
2-year-old or when 3-year-old (P> 0.05 for the 2-year-olds
between May and September and P=0.07 for the 3-year-
olds between March and May) (Fig. 3).

There were few differences in the training parameters of the
Standardbreds of different ages (Table 2). Horses that were
3 years old started more frequently than 2- and 4-year-olds
(P=10.037; the latfter holds true for the 4-year-olds only for
the % of starting days between consecutive SETs: P =0.0026).
In addition, 2-year-olds were more often exercised fast than
the older horses (P =0.029).

The v, changes between consecutive SETs could not be at-
tributed to any of the training parameters examined (P > 0.05
for all).

The development of v, during the racing season could not
be examined because too often the HR monitors failed to re-
cord the HR during the SETs.

12 4

11 A

April June August

Time of the year when horses were tested

Fig. 2 Changes in v, (m/s; velocity run under defined conditions
inducing 4 mmol/L blood lactate concentration) of Standardbred
racehorses of differing ages during a racing season (mean = SD;
A =four 2-year-olds; @= five 3-year-olds; x= four 4-year-olds;
the v, of 2-year-olds during the racing season increased (P =0.043),
whereas the v, of 3- and 4-year-olds remained constant (P> 0.05))
Entwicklung der v, von Trabrennpferden unterschiedlichen Alters
wdhrend einer Rennsaison (v, = Geschwindigkeit bei der unter den
gegebenen Bedingungen die Laktatkonzentration im Blut 4mmol/I
betragt; Mittelwert = Standardabweichung; A =vier 2-J&hrige; @ =
funf 3-Jéhrige; X = vier 4-Jéhrige; Zunahme der v, von 2-Jéhrigen
wdahrend der Rennsaison (P=0,043) wdhrend es bei den 3- und
4-Jahrigen keine Anderung gab (P> 0,05))
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There was no relationship between the v, and v, of 2-year-
olds or of older horses (P> 0.05 for both; 7 2-year-olds and
15 older horses with a total of 10 and 20 SETs used to calcu-
late the relationship, respectively). The relationship between v,
and v,,, approached significance when the data were pooled

(?=0.12, P=0.06).

Discussion

The v, of the horses was regularly determined in this very suc-
cessful racing yard to monitor their response to the training
and to diagnose their likelihood of racing success (Wegener
2000, Wegener et al. 2012). Many authors have shown a
strong relationship between v, and the racing performance
of Standardbred racehorses (Casini and Greppi 1996, Cou-
roucé 1997, Couroucé et al. 1997, Ponchard 1998, Leleu
et al. 2004, 2005, Lindner 2010) and therefore, the aim of
training Standardbreds could be to increase their v,. There
was observed a significant increase of the v, of the 2-year-
olds during the racing season and between May of their year
as 2-year-olds and May of their year as 3-year-olds, whereas
the v, of the 3- and 4-year-olds remained constant from the
beginning of April to the end of August.

The v, of the 2-year-old Standardbreds was lower than the v,
of the 3- and 4-year-olds due to their lower endurance and
not due to the different SET prescriptions for 2-year-olds and
older horses. If the SET prescription for the 2-year-olds had
been applied to the older horses, they would have reacted to
the lower speeds in the intervals with lower blood [LA], and
this would have made it necessary to have them run addi-
tional intervals at higher speed to raise their blood lactate
concentration above 4 mmol/L, without obtaining more infor-
mation on their endurance. This has been described before
using different SET prescriptions to fest Standardbred horses
of different ages (Couroucé 1997, Couroucé et al. 1997) or
the same SET prescription for all ages (Lindner 2010).

A. Lindner et al.

The changes in v, of the 2-year-olds could be due the training.
However, the assumption remains speculative since several
other factors besides the training program could have had an
influence. Changes in muscle enzyme activities and muscle
fibre morphology due to aging might have contributed to the
v, increase in the younger horses (Essen-Gustavsson et al.
1983, Henckel 1983, Roneus et al. 1987, Eto et al. 2003).
In addition, the growth reflected in the increase in the BW of
the 2-year-olds might have had an influence. Only one study
was found in the literature that described the changes in BW
of 2-year-old Standardbreds in France during an observation
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v4, m/s

May 2-years-old March 3-years-old
September 2-years-old May 3-years-old

Time of the year when horses were tested

Fig. 3  Changes in v, (m/s) of five Standardbred racehorses from
the year when they were 2 years old to the year when they were
3 years old (v, =velocity run under defined conditions inducing
4 mmol/L blood lactate concentration; mean+SD; P<0.001 be-
tween values when 2-year-old compared to values when 3-year-old,
but P> 0.05 between values when 2-year-old or when 3-year-old)
Entwicklung der v, (m/s) von funf Trabrennpferden, die zu Beginn der
Beobachtung 2-jéhrig und zum Ende 3-jéhrig waren (v, = Geschwin-
digkeit bei der unter den gegebenen Bedingungen die Laktatkonzen-
tration im Blut 4mmol/l betrdgt; Mittelwert = Standardabweichung;
Zunahme der v, zwischen den Terminen als 2-Jahrige und 3-Jéhrige
Pferde (P <0,001) aber keine Unterschiede zwischen den Werten
2-jéhrig oder 3-jéhrig (P> 0,05)

Table 2

3-year-olds, and two 4-year-olds; mean = SD; s =seconds). |

Training of Standardbred racehorses during the racing season between consecutive standardized exercise tests (three 2-year-olds, three
Training von Trabrennpferden wahrend der Rennsaison zwischen aufeinanderfolgen-

den Belastungstests (drei 2-Jé&hrige, drei 3-Jahrige und zwei 4-Jahrige; Mittelwert = Standardabweichung; s = Sekunden)

Training parameter 2-year-olds 3-year-olds 4-year-olds
Days between SET 52.5+175 470+25.5 63.5+20.5
Days with fast work 12.5+5.00 8.33+4.04 9.00+2.83
Days with slow work 15.8+6.34 15.0+10.8 22.5+10.6
Days with a start 0.50+0.58 a 3.67+1.53a 3.00+2.83
Days without training 21.0x=7.39 16.7+7.10 18.5+3.54
% of days with fast work 23.3+2.35qa,b 182+1.30a 142+0.13b
% of days with slow work 30.0 +4.69 30.4 = 6.44 34.5+5.55
% of days with a start 0.77+0.89qa, b 8.27+1.29aq, c 423+3.09b,c
% of days without training 40.0+4.71 37.4+5.46 29.8+4.05

Total duration of fast work, s
Total duration of sprinting during fast work, s

Total duration of slow work, s

24,350+ 9,740
4,938+1,975
41,816+16,563

16,083 +7,800 17,163 +5,394

3,333+1,617 3,682+1,126

50,295 + 36,268 75,600 = 35,638

Same lefters among age groups denote P < 0.05
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period of three months until mid-April (Leleu and Haentjens
2010). The BW of most of their horses increased, however, a
few lost BW. Leleu and Haentjens (2010) attributed the BW
loss of their horses to an energy imbalance due to excess
energy expenditure during exercise, rather than an insufficient
energy supply. The practical value of their results is unknown
since the data on the fitness parameters of the horses were
not published.

Concerning the possible effect of training, the higher number
of days with fast work for the 2-year-olds appeared to have
had a positive effect on the v,. However, the general training
alone might have produced the effect, despite the significant
finding for singular training parameters. The level of v, needs
to be considered too, since it is easier to increase a low v
than a high v,, regardless of the type of exercise used. Finally,
the racing season has periods with an accumulation of im-
portant races for horses of certain age groups. The 4-year-
olds can start during most of the year. In contrast, 3-year-olds
will receive more attention in training to get them race fit
during June to early September of a year in Germany, and
2-year-olds will start to race more frequently only in August.
Thus, the racing system dictates a periodisation of the train-
ing for horses of different ages, although this was not very
evident in this study, except for the number of races and days
with fast work. It is possible that the trainer might have aimed
to keep his 3- and 4-year-old horses sound during their main
racing season and, thus, the training was kept at a constant
level that did not increase v, to higher levels than those mea-
sured at the beginning of the study. Similar results have been
described by Couroucé (1993). Stahel (2004) also observed
that the v, and v,, of Standardbreds older than 2 years of
age trained by an amateur trainer did not change much
during a racing season.

In general, the training followed was quite similar for the
horses in all age groups. The main difference was found for
the number and percentage of days with a start between two
consecutive SET. Not surprisingly, it was lowest for the 2-year-
olds and highest for the 3-year-olds. The German Derby is
always at the beginning of August and, therefore, the trainer
favoured racing his 3-year-olds during the period in which the
training was documented in detail. The other significant dif-
ference among the age groups was that the 2-year-olds were
more often worked fast than the older horses.

The training parameters examined in this study had no sig-
nificant effect on the v, values of horses between consecutive
SETs. This finding is likely to be due to the limited number of
horses evaluated and the moderate changes in v,. The number
of studies on the relationship between training in practice and
parameters of fitness such as v,, v,,, or peak oxygen uptake is
very limited. Couroucé et al. (2002) only showed that v, and
Voo Were related to the training state of Standardbred racehors-
es over 2 years of age when horses were already competing,
and not when they were still being prepared for competition.

A few authors have demonstrated that v, also has some
value in estimating the performance of Standardbreds (Leleu
et al. 2005), however, most were unable to show this (Cou-
roucé 1997, Ponchard 1998, leleu et al. 2004, Lindner
2010). The trainer involved in this study was not very fond
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of using heart rate monitors on his horses due to the time
required to set them up, the number of occasions when the
data could not be recorded, and the reduced practical value
of the information. Ponchard (1998) encountered the same
situation with the trainers involved in his study. Thus, it was
not possible to collect data of sufficient horses with consec-
utive recordings of their v, to describe the development
during the racing season and study the effects of the training
parameters.

In this study, no relationship was found between the v, and v,
of 2-year-olds and of older horses. By pooling the data, a trend
for these parameters to be positively related was shown. Pon-
chard (1998) observed the same, whereas Persson (1983) and
Couroucé (1997) described a good relationship between the
v, and v, of trotters. Couroucé (1997) determined the rela-
tionship between the v, and v, values with 290 SETs of 211
trofters of all ages using different SET prescriptions for horses
of different ages. The different SET prescriptions among age
groups produced a wider spread of v, and v, values than in
this study and the study by Ponchard (1998). This, combined
with the large number of comparisons, increases the likelihood
of determining a significant relationship. It is also possible that
the different SET prescriptions contribute to the divergence of
results among studies. The speed and duration of exercise affect
the blood [LA], whereas heart rate is influenced by speed only
and not by duration, at least within the range of time that is
normally used to run SETs. In addition, the blood [LA] is expo-
nentially related to the speed of exercise, whereas heart rate is
related linearly to it (Persson 1983). Therefore, it seems plausi-
ble that there is no relationship between these two parameters.

In conclusion, despite of the low number of horses involved in
the study, the data collected in a remarkably successful racing
stable (Wegener 2000, Wegener et al. 2012) provides a basis
to optimise the training of Standardbreds by examining the ef-
fect of diverse exercises, for example of blood lactate-guided
exercises (Werkmann et al. 1996, Gansen et al. 1999, Trilk
et al. 2002, Rivero et al. 2006, 2007, Lindner et al. 2009q,
2009b, 2010, 2013), and frequencies on their v,, the param-
eter most often shown to be related with racing performance
of Standardbred racehorses (Casini and Greppi 1996, Cou-
roucé 1997, Couroucé et al. 1997, Ponchard 1998, Leleu et
al. 2004, 2005, Lindner 2010).
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