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a b s t r a c t

During competition, stress may affect riders and horses. This stress can affect health,
welfare, and/or performance. Our aim was to quantify stress levels during competition in
horses and riders. We also searched relationships between these stress levels and
performance. Twenty riders and 23 horses were followed up during a show-jumping
event (26 courses) held at a riding school. Regular saliva samples taken from horses
and riders were assayed to evaluate cortisol levels. We studied salivary cortisol evolution
during the days of competition. There was no correlation between instantaneous
sampling on horses and their riders. However, we did find a parallel between horse and
rider salivary cortisol evolution curves, with a similar peak, reached 20 minutes after the
course. The increase was stronger in riders than in horses. Correlations appeared
between salivary cortisol concentration and performance, but stress in both partners
seems to have an opposite influence on performance. Riders who showed a higher
salivary cortisol increase were awarded more penalties, whereas horses that showed
a higher increase in salivary cortisol performed better. Stress level measurement in
riderehorse pairs would thus lead to improvement in competition conditions and
performance, for horses as well as for riders.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

In every sport, competition induces stress. This also
occurs in equestrian sports. Riders and horses can be
affected by stress at various levels. Stress is not always
harmful. Positive stress, called “eustress,” is even necessary
for environmental adaptation. It is thus important for
raising resources, for example, to perform in competition.
Stress may become negative when it causes deleterious
effects on health, welfare, and/or performance. Stress is
then called “distress.” Distress can appear when an indi-
vidual is confronted with an acute or a chronic stressor,
which surpasses his adaptation capacities [1].
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Competition is a mixture of various stressors (stabling,
transport, novelty, rider stress, noisy public, and music).
Nevertheless, only a few stress studies have been carried
out in equestrian sports. One of them examined the effects
of show-jumping competition on horse stress levels.
Researchers took blood samples at the horse show and at
home for plasma cortisol assessment. They found that
competition experience had an effect on physiological
stress: less experienced horses displayed higher plasma
cortisol values when at rest at the show than at home [2].
Another study examined the effect of show-jumping as
well as dressage on stress levels by comparing horses’
stress response at a horse show and at home. They found
that competition induced a significant increase in blood
cortisol response in both jumping and dressage horses.
They conclude that competition elicits a classic physiolog-
ical stress response in horses [3].

Other researchers measured plasma cortisol concen-
trations before and after show-jumping competitions.
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Horses were separated, according to their competition
experience and if they were transported or not just before
competition. They found significant increases relative to
the basal values in cortisol concentrations of all groups of
horses [4]. In a preliminary study, blood samples were
taken before and after an international cross event. Results
showed that serum cortisol concentrations were higher
after than before the cross event [5].

As largely accepted, saliva sampling is a noninvasive
alternative technique for assessment of cortisol levels in
horses. This method is more appropriate for physiological
stress assessment in horses, even more so in competition.
Saliva sampling can be performed anywhere, by every
horseman on every domesticated horse, after only a short
period of training. Sampling is easy and stress and pain free
[6]. Therefore, we preferred to collect saliva than blood to
measure the activity of the hypothalamo-pituitary-adrenal
axis (HPAA). This salivary corticosteroid is largely used as
a stress hormone in humans [7] as well as in horses [5,8,9].
A cortisol concentration increase is observed in saliva with
a delay of approximately 20-30 minutes before it is
observed in blood. This has been observed in horses [6,10]
as well as in humans [11].

Saliva cortisol concentrations have already been used in
stress studies involving horses exposed to stressors such as
a new environment [12], transport [9,13], and competition
[5]. Horses’ salivary cortisol basal values differed largely
between individuals [5]. It was recommended to measure
basal values for each individual before measuring concen-
trations during stress events [13].

Salivary cortisol is frequently used as a biomarker in
human stress research [14]. As in horses, it reflects HPAA
activity. Salivary cortisol level can express stress, but it can
also be affected by different factors, such as age, gender,
oral contraceptive, or medical conditions. These variables
can affect cortisol binding and HPAA response [14]. To be
able to relate salivary cortisol level with stress, we need to
control for these variables as well as possible.

Basal values for salivary cortisol in humans are well
described in the literature [7,15]. Daily cortisol secretion
can be divided into two distinct phases: the cortisol
awaking response and a subsequent period of decline
throughout the rest of the day (Edwards et al. [2001] in
[15]). Oskis et al. found a cortisol awakening response and
a subsequent daytime decline period in female adolescents
[15]. The mean (� standard deviation) cortisol concentra-
tion of four saliva samples collected from 3 to 12 hours after
awakening was 4.17 � 2.05 nmol/L [15].

The essence of the competition model is that to win, the
competitor must out-stress the opponent [16]. Stress,
measured by cortisol, is important for the preparation of
the competition, during and after the stressful situation.
Most studies detect an anticipatory rise in cortisol when
they collect pre-event samples (15-30 minutes before the
competition) [16]. Increasing cortisol level might be
important in preparing for mental and physiological
demands, andmight affect performance. Amoderate rise in
cortisol helps individuals deal with challenges in compe-
tition (Stansbury and Gunnar [1994] in [16]). “First, it
marshals resources needed for physical activity. Second, it
positively affects memory, learning and emotion and
thirdly, cortisol serves a homeostatic function by regulating
other stress sensitive systems” [16]. Some studies have
found that extreme elevations in cortisol lead to poor
performance (Erickson et al. [2003] and Cumming et al.
[1983] in [16]). Kivlighan et al. [16] found that endocrine
response to stress varied by gender and by experience of
competition. Responses were also different depending on
when samples are taken in anticipation of, in response to,
or after the competitive event. Another study, performed
on judoists, shows an anticipatory rise in serum cortisol
[17]. They also found significantly higher serum cortisol
levels in winners in comparison with losers.

The neuroendocrine response to competition is thus
complex and depends on subjective factors related to the
cognitive evaluation of the situation rather than on the
outcome itself [18]. Exercise leads to an increase in cortisol,
in humans as well as in horses [19-24]. However, by taking
saliva samples during a board game competition in Japan,
researchers found that changes in salivary cortisol after
competition are associated with winning and losing, even if
this game does not need physical exercise [25]. Some
studies have found that salivary cortisol is increased in
current smokers, compared with nonsmokers [26]. Other
studies also found that smoking a cigarette activates the
HPAA in habitual smokers [27,28].

Our aims were to quantify stress levels in competition
using salivary cortisol levels, following their kinetics in
horses and riders, and comparing these stress levels with
the performances achieved.

2. Material and Methods

In the present study, we tried to standardize external
factors that could influence rider and horse stress. We
observed horses and riders at the same place, during the
same competition, and with the same experimental
protocol.

We observed 20 riders and 23Warmblood horses before
and during a jumping event, organized by a riding school.
The riders’ school is the “Ecole provinciale d’élevage et
d’équitation de Gesves” (EPEEG) in Belgium. We followed
26 jump courses spread over two consecutive days. The six
riders and three horses followed twice were observed on
two different days.

Riders were young women between 17 and 20 years of
age, all students at this school. Participants were thus
a relatively homogeneous set of female adolescents; they
lived 5 days a week at the school, where they followed the
same daily routine (horse riding training and classroom
lessons). They had ridden 6 d/wk for at least 2 years. They
all have previous competition experience. They were also
all postmenarcheal. Four of them (20%) were regular
smokers. All participants provided written informed
consent.

Horses were 12 mares and 11 geldings whose ages
ranged from6 to 11 years. Horses had all been stabled at the
school for at least 1 year. They had been trained 6 d/wk
(jumping and dressage lessons) for at least 2 years. Riders
were the horses’ owners, and pairs were used to working
together.

Pairs performed over fences between 90 and 110 cm in
height. During the 2 days of competition, we took saliva
samples from riders and horses, following accurate timing:



Fig. 1. Mean horse salivary cortisol level evolution in competition. *P < .05;
**P < .01.
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before warm-up (at 9 AM), just before entering the
competition ring, and 20, 40, and 60 minutes after the
competition.

Saliva was sampled using Salivettes (Sarstedt, Nüm-
brecht, Germany). A swab on a metal clamp was main-
tained in the horse’s mouth for 30-40 seconds, above and
below the tongue and placed in Salivettes. Riders could
choose between chewing the swab or directly spitting
saliva into the Salivette.

Salivary samples were stored at 4�C. After the 2 days,
Salivettes were centrifuged for 10 minutes at 1,500 �g.
Saliva samples were stored at �20�C until assayed. Cortisol
concentrations were measured by radioimmunoassay, as
previously described [6]. All samples were assayed in four
replicates. Means of these replicates were used in the
analysis. To minimize variation, all samples from one rider
or from one horse were tested in the same assay batch.

We took four salivary samples from horses during a rest
morning at the school, as suggested in the article by
Schmidt et al. [9]. Mean salivary cortisol obtained with
these four samples was used as the individual horse basal
salivary cortisol concentration (SCC). These four samples
could not be taken from one horse (away from the school
because of injury). This horse was included in show-
jumping measurements but excluded from baseline
measurement.

Performances were scored by penalty addition during
the jump course. Penalties were given by jump competition
judges.

Statistical analysis was performed using correlation
analysis. Spearman correlation (P< .05) was chosen because
most variables did not follow a normal distribution. Student
t test (paired data) was used to compare SCC means.

3. Results

3.1. SCC Evolution in Horses

We sampled 23 horses during competition. Three of
these horses were sampled during two jump courses, on
two successive days. So, we took saliva samples during 26
jump courses (126 saliva samples). Four samples were
missing, owing to sampling problems (not enough saliva in
the Salivette) or difficulties to find the horse after compe-
tition (walking outside). Horses’ mean SCCs are presented
in Table 1.

Morning SCCs did not differ significantly from baseline
SCCs (paired t test; P ¼ .20).

During the competition, SCC increased from the
morning sample to 20 minutes after the start of the jump
course, and then decreased until 60 minutes after the start
of the jump course. Values at 20 minutes after start of jump
Table 1
Mean SCCs of horses at rest and during show-jumping

Horse Saliva Sampling Baseline Jumping Day

Timing At Rest Whole Day of Competition M

Number of observations 22 horses 23 horses and 26 jump courses
Number of saliva samples 88 126 2
Mean SCC � SD (nmol/L) 1.01 � 0.62 1.56 � 1.18 1

SCC, salivary cortisol concentration.
course were higher than morning SCC (paired t test; P ¼
.009). SCC was still higher after 40 minutes (paired t test;
P ¼ .03), and it returned to SCC morning levels 60 minutes
after the beginning of the jump course (paired t test; P ¼
.88). This reversed “U” curve is shown in Figure 1. Mean SCC
during the whole day of jumping was significantly higher
than baseline (paired t test; P ¼ .002).

SCC measured at the course start was positively corre-
lated to all-day mean SCC (rs ¼ 0.69) and to SCC measured
20 minutes (rs ¼ 0.70), 40 minutes (rs ¼ 0.50), and 60
minutes (rs ¼ 0.55) after the start of jumping (Spearman
correlation; P < .05). SCC measured at rest was only
correlated to SCC measured 40 minutes after the start of
jumping (rs ¼ 0.50).

We also did not find any difference between geldings
and mares in SCC at rest and during competition (t test;
P < .05).

3.2. SCC Evolution in Riders during Competition

Mean rider SCCs are reported in Table 2. A morning
sample was taken at least 3 hours after waking time in our
study. Morning SCC agreed with “post-menarcheal adoles-
cent female” SCC levels found byOskis et al. [15] (4.17�2.05
nmol/L), which were calculated on four samples collected
from 3 hours to 12 hours after awakening. The increase
between morning SCC andþ20 minutes SCC was faster and
stronger (approximately 230%) than observed in horses
(approximately 60%) (t test; P < .001).

Mean SCC for the day of competition was correlated to
the start of the jump course (rs ¼ 0.75), þ20 minutes (rs ¼
0.92), þ40 minutes (rs ¼ 0.89), and þ60 minutes (rs ¼
0.79) SCC.

Riders who smoke (n ¼ 4, five jump courses) showed
a significantly higher SCC than those who do not (n ¼ 16,
21 jump courses) at þ20 minutes (unpaired t test; P ¼ .005),
orning Event Start þ20 Minutes þ40 Minutes þ60 Minutes

6 26 24 26 24
.18 � 0.38 1.63 � 1.34 1.92 � 1.33 1.53 � 0.62 1.18 � 0.57



Table 2
Mean SCCs of riders during show jumping

Rider Saliva Sampling Jumping Day

Timing Whole Day of Competition Morning Event Start þ20 Minutes þ40 Minutes þ60 Minutes

Number of observations 20 riders and 26 jump courses
Number of saliva samples 120 26 26 23 21 24
Mean SCC � SD (nmol/L) 8.28 � 4.99 5.51 � 2.34 7.43 � 3.61 12.64 � 6.39 9.33 � 5.50 7.10 � 3.06

Fig. 2. Mean rider salivary cortisol levels and hiorse salivary cortisol
discharge evolution. eeeee, mean rider SCC (nmol/L); ——————, mean
discharge of horse SCC. *P < .05; **P < .01; ***P < .001. SCC, salivary cortisol
concentration.

M. Peeters et al. / Journal of Equine Veterinary Science 33 (2013) 155-160158
þ40 minutes (P ¼ .002), and þ60 minutes (P ¼ .038), as
well as for mean SCC during the whole day of jumping
(P ¼ .002). But, they do not necessarily have more penal-
ties (P ¼ .099) during jumping competition.

3.3. Relationship between Rider SCC and Horse SCC
Discharges

Figure 2 shows the parallels between mean SCC kinetics
of riders and horses. Horses’ mean SCCs were strongly
correlated to riders’ mean SCCs during show jumping
(Spearman correlation; rs ¼ 0.96). However, we found no
significant correlation between SCCs of each rider and her
own horse.

3.4. Relationship between SCC and Performances

The number of penalties was positively correlated to
riders’ mean SCC at peak (rs ¼ 0.42), after 40 minutes (rs ¼
0.57), and after 60 minutes (rs ¼ 0.58). On the contrary, the
number of penalties was negatively correlated to mean
horse SCC at peak (rs ¼ �0.44).

4. Discussion

4.1. Evolution in Horses

Horses’ morning samples did not differ from baselines.
This indicates that there was no anticipation by the horse.
The fact that it is a competition performed at home could
explain this absence of the horses’ cortisol rise. The base-
line values found in this study agree with those reported in
previous studies [5,6,13,29].

Mean SCCs found during competition were difficult to
compare between studies because sampling protocols
differ. However, the peak we observed was not high
compared with increases found in other stress studies
[5,9,13]. Our SCC peak measured during competition was
approximately 190% of baseline and 160% compared with
morning samples. In a preliminary study, Peeters et al. [5]
found that mean SCC after cross-country events were
more than three times higher (340%) than just before
starting, and in another previous study, they found a rise of
360% for horses’ mean SCC during competition compared
with SCC when they were at home. Schmidt et al. [13]
found an increase of approximately 600% after a trailer
trip. In the present study, horses’ HPAA seemed not to be
stimulated as much as it has been stimulated during other
competitions. Nevertheless, the results of Covalesky et al.
suggested that conditioned jumpers that have previously
been exposed to horse show environments do not appear
stressed during acute show-jumping competitions [2]. In
our study, the show jumping was organized in a familiar
environment and horses were not transported.

The fact that cortisol levels at the start of the course
were positively correlated to different other-time sampling
after the start of jumping means that we could take only
some samples from around the area of competition to
assess HPAA activity.

4.2. Evolution in Riders during Competition

Correlations between SCC sampled at the start of jump
course and after þ20, þ40, and þ60 minutes allow us to
recommend future studies to take only one or two saliva
samples approximately 20 minutes (peak time) after the
start of the jump course to assess rider stress.

The effect of smoking on cortisol levels agrees with
previous findings [26-28].

4.3. Relationship between Rider SCC and Horse SCC
Discharges

Regrettably, we found no significant correlation
between SCCs of each rider and her own horse. We still
assume that rider’s stress level could influence horse’s
stress and vice versa. We suggest continuing to observe
these cortisol levels simultaneously in the horse and the
rider for future studies. It would be interesting to test this
relation in more professional riders, competing at higher
levels of show jumping.

4.4. Relationship between SCC and Performances

Correlations between penalties and rider SCC are
“moderate” and have been reported to lead to “substantial
relationships” [30]. A high rider stress level seems to be
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linked to poor performances. This stress can arise from
apprehension toward competition, but it can also be
maintained (þ60 minutes) by bad results obtained.
Compared with riders, horse stress seems to lead to better
results. However, we have to remember that horses’ SCC
increase (160%) was low compared with riders’ SCC
increase (230%). Horses’ SCC increase observed in this study
was lower than that observed in other stress studies, such
as transport studies. The stress induced during this
competition (without any transport or any change in
stabling) may be lower than the limit where stress should
become distress (see Introduction), negatively influencing
performance.
5. Conclusion

It is now possible to easily measure stress levels in
horse and rider couple during competition, by assessing
HPAA activity through cortisol measurement. Validation of
this stress-free method, saliva sampling, in show jumping
was also important. We showed that horse and rider free
cortisol increases at the same time, the increase being
stronger in riders than in horses. However, no correlation
between the stress levels of the rider and her own horse
was found. Stress of both partners seems to have an
opposite influence on performance during competition.
Riders who showed a higher salivary cortisol increase got
more penalties, whereas horses that showed a higher
salivary cortisol increase performed better. These obser-
vations were made during an internal competition, in
a well-known environment, requiring no transport.
According to the hypothesis that the stress/performance
relationship follows the inverted U-shaped curve, we
suggest the possibility that during this home competition,
horses were on the left-hand side of the curve (more
stress leading to enhanced performance) and riders on
the right-hand side (more stress leading to reduced
performance).

These results need to be confirmed by future studies,
especially in an unfamiliar competition environment. There
also needs to be studies of stress during sporting events of
longer duration, in which the relationship between horse
and rider is longer in time, as is the case of endurance.
Studying stress levels in equestrian sports will lead to
improving the performance and welfare of both riders and
horses.
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