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Simple Summary: The influence of rider weight on horse welfare, health and performance is often 
debated. We measured the effects of increasing the weight of the regular rider by 15% and 25% on 
horse behavior, gait symmetry and physiological responses in a standard dressage test. Cortisol 
levels increased in response to exercise, but we found no effect of the weight treatment, i.e., cortisol 
levels did not increase when the rider became heavier. Behavior, heart rate and gait symmetry also 
did not differ between treatments. We conclude that increasing the weight of the regular rider by 
15% and 25% did not result in significant short-term alterations in cortisol, heart rate, behavior and 
gait symmetry in horses during low-intensity exercise. Further studies are required to develop 
appropriate guidelines for rider weight. 

Abstract: Recent studies have reported significant alterations in horse physiological and gait 
parameters when exposed to increased rider weight during moderate to high intensity exercise. This 
study aimed to evaluate the effect of increased rider weight (+15% and +25% of the regular rider’s 
bodyweight) on horse behavioral, physiological and gait symmetry parameters during a standard 
dressage test. Twenty rider-horse equipages performed the same test three times in a randomized, 
crossover design. Salivary cortisol (SC), heart rate (HR), heart rate variability (HRV), behavior and 
gait symmetry (GS) were measured. SC concentrations increased from baseline (p < 0.001), but there 
was no significant treatment effect (difference from baseline (ng/mL): Control: 0.21 ± 0.1; +15%: 
0.37 ± 0.1; +25%: 0.45 ± 0.2, p = 0.52). Similarly, there were no overall treatment effects on HR or HRV 
variables (avg HR across treatments (bpm): 105.3 ± 1.3), nor on GS parameters. There was large 
individual variation in conflict behavior but no effect of weight treatment. We conclude that 
increasing the weight of the regular rider by 15% and 25% did not result in significant short-term 
alterations in the measured parameters. Maximum rider:horse weight ratios were 15–23% and the 
exercise intensity was relatively low; thus the results should not be extrapolated to other weight 
ratios and exercise intensities. 

Keywords: behavior; dressage horse; gait symmetry; rider weight; saliva cortisol; welfare 
 

1. Introduction 

The impact of rider weight on horse welfare, health and performance is frequently debated, 
especially as the human population gets heavier [1]. Previous studies have reported that horse 



Animals 2020, 10, 95 2 of 11 

behavioral, physiological and gait parameters can be negatively affected by increased rider weight [2–5]. 
However, the effects on horse welfare are likely influenced by many factors, such as horse fitness and 
muscle development, conformation, discipline (e.g., show jumping or dressage), exercise intensity, 
the rider’s fitness, skill and balance as well as equipment used, e.g., saddle fit [5]. Thus, multiple 
studies focusing on these aspects and targeting the issue of rider weight from different perspectives 
are needed before appropriate guidelines can be developed. The subject is relatively under-studied 
in warmblood horses as most studies have used other breeds, e.g., Icelandic horses, which are 
commonly subjected to higher rider:horse bodyweight ratios than that common for larger warmblood 
horses; and/or used exercise intensities that are higher than that to which many ordinary riding 
horses are usually exposed. In two of these studies on Icelandic horses, Stefánsdóttir et al. [2] and 
Gunnarsson et al. [3] explored the effects of increasing the rider:horse bodyweight ratio within the 
commonly experienced range by Icelandic horses (20% to 35%) on physiological and gait (tölt) 
parameters, during high intensity exercise. One rider rode eight horses in an incremental test, where 
the weight ratio increased for each phase. Average heart rates increased significantly from the 20% 
(187 bpm) to the 35% phase (199 bpm). Similarly, plasma lactate concentrations, rectal temperature 
and breathing frequencies increased with increasing weight ratio [2]. In addition, the weight 
increment decreased stride length whereas parameters such as beat, symmetry and height of front 
leg lift appeared unaffected [3]. Gait analysis was also used in a series of studies on native Japanese 
horses and ponies by Matsuura et al. [6–9]. The horses/ponies trotted a short (40 m) straight distance 
with weights up to 130 kg, and symmetry, regularity and stability of the locomotion rhythm were 
recorded. The authors reported that gait symmetry parameters were interrupted when the horses 
were carrying 29–43% of their bodyweight during this short, low-intensity exercise. Thus, small 
horses and ponies can be negatively affected by high rider:horse bodyweight ratios at both high and 
low exercise intensities. 

Three studies investigated effects of rider weight in warmblood horses. One of these studies was 
a treadmill study [10], where nine warmblood horses were exercised unmounted and mounted with 
a 90 kg rider or 90 kg of dead lead weight (mount:horse bodyweight ratios: 13–16%). Peak heart rates 
and plasma lactate concentrations were significantly lower in unloaded horses, with no differences 
between mounted and lead-loaded horses. Stride parameters were also affected in that, e.g., the 
relative stance duration in trot increased when mounted and loaded [10]. In another study, Powell et 
al. [4] exposed eight horses—described as light type riding horses—to a riding test of a relatively high 
intensity where they carried 15%, 20%, 25% and 30% of their own bodyweight in a crossover study. 
The horses were ridden by one of three experienced riders, and additional weight was attached to 
the saddle. The horses had increased heart rates, respiration rates and rectal temperatures post-exercise 
in the 25% and 30% treatment, as well as increased lactate concentrations and muscle soreness after 
the 30% treatment [4]. Finally, in a recent pilot study, Dyson et al. [5] exposed six warmblood horses 
to four riders of different weights (61–142 kg). The riders were classified as light to very heavy based 
on the rider:horse bodyweight ratios (Light: 10–12%; Moderate: 13–15%; Heavy: 15–18%; Very heavy: 
24–28%). Based on a subjective scoring of lameness and behavioral markers of pain, all riding tests 
with the heavy and very heavy riders were abandoned on welfare grounds. However, since four 
different riders comprised the treatment, the results may relate to differences in riding style or level, 
rather than increased rider weight per se. It should also be noted that the previous studies have 
included a limited number of horses (n = 6–10 horses). Thus, although some evidence exists for 
negative effects of increased rider weight at high rider:horse bodyweight ratios (25–30%) at relatively 
high exercise intensities, it is relevant to gain more knowledge of how rider weight influences horse 
welfare at ratios and exercise intensities typical for warmblood leisure horses. In Scandinavia, the 
average bodyweight of adult women is 67–73 kg and men: 82–88 kg [2]. Consequently, for warmblood 
horses with a bodyweight of 500–600 kg and with a tack weight of 10–15 kg, rider:horse bodyweight 
ratios of 14–18% are common.  

The aim of the present study was to investigate the effect of acute increases in rider weight on 
behavioral, physiological and gait parameters in horses during a standard, low-intensity riding 
situation. We used a randomized and balanced crossover design, where 20 riders rode their own 
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horse in a standard dressage test with either no added weight, extra 15% or extra 25% of their 
bodyweight. Thus, we were able to isolate the effect of increased rider weight while keeping other 
factors identical. We hypothesized that added weight would lead to increased salivary cortisol and 
heart rate responses, more conflict behavior and increased gait asymmetry. 

2. Materials and Methods 

Twenty female riders and their horses (6 mares, 12 geldings and 2 stallions) were included in 
the study (Table 1). All horses were active riding and competition horses. We initially aimed to 
include an equal number of horses and ponies but due to safety issues with attaching lead weight to 
the upper body of children, we had to cut down on the number of participating ponies. The initial 
average rider:horse bodyweight ratio was 15.3% ± 0.4 (range 12–19%); with added 15%: 17.2% ± 0.5 
(range 14–21%); and with added 25%: 18.5% ± 0.5 (range 15–23%). Rider weight included tack for the 
calculation of rider:horse bodyweight ratios. 

Table 1. Conformation and weight of the horses/ponies and their riders. 

Parameter Horses Ponies 
Number 17 3 

Height (cm), mean ± se (range) 168 ± 1.1 (160–177) 144 ± 4.2 (136–148) 
Weight (kg) 577 ± 11.5 (500–650) 349 ± 29.4 (290–380) 

Body Condition Score 1 5.8 ± 0.8 (5–7.5) 5.7 ± 0.3 (5–6) 
Chest circumference (cm) 198 ± 1.7 (182–210) 166 ±5.4 (155–172) 

Age (yrs) 8.4 ± 0.5 (5–14) 14.7 ± 3.2 (11–21) 
Cannon bone circumference (cm) 21.6 ± 0.2 (21–23) 18 ± 0.8 (17–19) 

Loin width (cm) 55.6 ± 0.9 (50–63) 45.3 ± 1.9 (43–49) 
Rider weight (kg) 70.4 ± 2.1 (55–83) 49.7 ± 5.3 (39–56) 

Rider weight incl. tack (kg) 85.5 ± 2.3 (68–100) 63.4 ± 5.8 (52–71) 
Rider age (years) 35.9 ± 2.5 (20–54) 12.0 ± 0.6 (11–13) 

Rider:Horse bodyweight ratio (%) 2 14.8 ± 0.37 (12.4–18.1) 18.2 ± 0.40 (17.6–18.9) 
1 Henneke Body Condition Score, scale 1–9 [11]; 2 Rider weight includes tack. 

The 20 equipages were tested in two blocks of 10, with each block lasting four days (two 
successive weekends). All days followed the procedure illustrated in Figure 1, except the first day, 
where baseline data were collected and the horses were habituated to the experimental set-up and 
equipment. On this first day, a standard (pre-purchase) clinical examination was performed by an 
experienced equine vet after collection of the baseline saliva sample, ensuring that the horses were 
sound for the experiment. Heart rate monitoring equipment (see Section 2.1) was then fitted and the 
horse performed a baseline lunge test with the same amount of physical exercise as the riding test on 
Days 2–4 (5:20 min: 10 s walk, 1 min trot, 1 min canter, 1 min walk incl. change of direction, 1 min 
trot, 1 min canter, 10 s walk). Saliva samples were collected at 0 and 5 min after the test, in accordance 
with Christensen et al. [12] where saliva cortisol peaked at these times (see also Section 2.2). The lunge 
test was followed by a gait symmetry test (see Section 2.3) where the horse trotted on a straight line, 
by hand (6 × 40 m). A fourth saliva sample was taken immediately after the gait symmetry test 
(Equinosis: EQ), and the horse was walked by hand until collection of the final saliva sample (30 min 
after completion of the lunge test). After these tests, the horse was measured (height, loin width, chest 
and cannon bone circumference) and its body condition score was determined using the Henneke 
BCS 1–9 scale [11]. Weighing of horses was done by loading it into a horse trailer, placed on weight 
cells (capacity: 6000 kg, precision 0.5 kg, Kern & Sohn, Balingen, Germany), and riders were weighed 
both without and with equipment (saddle, bridle, saddle mat, boots, helmet, etc.) on a standard 
bathroom scale (capacity: 150 kg, Beurer, BG13). Finally, rider mobility and balance tests were 
conducted on the first test day (Table 2; see [13] for further description). 
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Figure 1. Daily procedure for the riding tests on Test Days 2–4. Five saliva samples were collected 
from each horse per day: B: Baseline; 0: Just after the dressage test; 5: 5 min after dressage test, EQ: 
Just after the saddle pressure/gait symmetry test, 30: 30 min after the dressage test. 

On Test Days 2–4, each rider rode their horse in a standard dressage test in a balanced, crossover 
design (Figure 1). The riders were fitted with a weight vest, where 1 kg lead blocks could be added 
to small pockets. The weight was distributed in a balanced way on the rider and a 10 cm wide and 2 m 
long elastic belt was tightened around the vest to ensure that the vest was firmly attached to the rider 
and did not move during riding. The treatment order was drawn at random for each rider, while 
ensuring that all six possible orders were used in each block. The riders were instructed to use the 
same equipment and ride their horse in the same way on all days. Nosebands were fitted according 
to national rules, using the official taper gauge from the Danish Riding Organization to ensure a 1.5 cm 
gap between the nasal bone and the noseband. Saddle and bridle fit were checked manually to ensure 
that responses would not be caused by ill-fitting equipment. After the warm-up, the rider performed 
the 5:20 min dressage test, sitting in all gaits. The rider then dismounted and the horse was prepared 
for the next part, where saddle pressure and gait symmetry were measured (for saddle pressure 
results, see [13]). These measures were taken separately due to a pilot study where some horses 
reacted nervously towards the pressure mat and gait symmetry sensors; hence any influence on 
HR/HRV and cortisol responses to the dressage test was avoided. The rider then re-mounted and 
rode the horse in two 20 m circles in sitting trot on each rein and finally six straight 40 m lines along 
the midline of the arena to measure gait symmetry. 

Table 2. Overview of Tests and Test Days. 

Day 1 2 3 4 

Activities 

Clinical examination 
Baseline lunging test 

Baseline gait symmetry test 
Weighing of horse and rider 

Horse conformation 
Rider mobility and balance 

tests (on-ground) 

Dressage and 
gait symmetry; 
Test 1: control 
(0%), +15% or 

+25% 

Dressage and 
gait symmetry; 
Test 2: control 
(0%), +15% or 

+25% 

Dressage and 
gait symmetry; 
Test 3: control 
(0%), +15% or 

+25% 
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2.1. Behavior and Heart Rate 

The riding tests were recorded on video for later behavioral analysis (Table 3). The riders rode 
with the empty weight vest in the control treatment to hide the treatment to the video observer. Heart 
rate (R-R-recordings) was recorded with Polar Equine RS800 CX, consisting of two electrodes, a 
transmitter and a wristwatch receiver. Water and gel were used to enhance conduction and the 
electrodes were fitted under the saddle and girth while the transmitter and watch were attached to 
the saddle. Data were downloaded from the receiver to a computer, using the software Polar 
ProTrainer 5, Equine Edition. Artefacts in the data were rare, but if they occurred (i.e., apparent as 
high spikes in the data graph), they were corrected using the error correction function in the software 
program. A few files were lost due to the rider accidently pushing the stop button during the test ride 
or an electrode falling off (two in the +25% and one in the +15% treatment). Average and maximum 
HR (presented as beats per minute (bpm)) were determined for each horse for each test. For the 
analysis of heart rate variability (HRV), the most informative time and frequency domain parameters 
were used [14]: RMSSD (ms; root mean square of successive differences between normal heart beats) 
and LF/HF ratio (%; power of low frequency bands (LF) divided by power of high frequency bands (HF)). 

Table 3. Ethogram of recorded behavior. 

Behavioral Category (Freq) Description 
Gait change The horse makes an undesired gait change, e.g., from canter to trot 

during the 1 min canter sequence, or from walk to trot during the 1 
min walk sequence 

Other undesired body 
movements 

Bucking, kicking 

Head movements Head tossing, shaking or raising (i.e., movements of the head away 
from the usual head-and-neck position) 

Tail movements Lateral, dorsoventral or circular motion of the tail that interrupts 
the rhythmical waving motion of the tail corresponding to the gait 

Open mouth Mouth clearly opened; lower or upper teeth are visible 

2.2. Salivary Cortisol 

Saliva was collected with Salivette® (Sarstedt, Nümbrecht, Germany) cotton rolls placed loosely 
onto the tongue of the horse with forceps for 1 min or until the swab was well soaked. The samples 
were immediately frozen at −18 °C and were later defrosted and centrifuged for 10 min at 1000× g. 
Concentrations of cortisol were determined using a direct enzyme immunoassay without extraction 
[15] validated for equine saliva [16]. In this method, the antiserum cross-reacts with cortisol and some 
cortisol metabolites, and values have to be interpreted as cortisol immunoreactivity. The intra-assay 
coefficient of variation was 5.0%, the inter-assay variation was 6.7% and the minimal detectable 
concentration was 0.3 pg/well. All samples were analyzed at the Institute of Animal Science, Aarhus 
University, Denmark. A total of five samples were lost (4 in the lunge test and one in a +15% riding 
test, at 5 min). 

2.3. Gait Symmetry 

Gait symmetry was measured and analyzed using the Equinosis Q Lameness Locator with 
sensors placed on the right forelimb pastern, head and between the tubera sacrale on pelvis. For each 
horse, vertical head and pelvic movement were measured by uniaxial accelerometers. Differences 
between the two vertical maximum and minimum head (HDmax, HDmin) and pelvic (PDmax, 
PDmin) heights between left and right forelimb and hindlimb in trot on a straight line were analyzed 
as described in [17]. Outliers of the head movement were automatically removed in the software 
package. The thresholds for asymmetry and corresponding categories are recommendations for 
clinical use of the system [17]. For the forelimbs, symmetry thresholds values (HDmin, HDmax) were 
±6 mm and for hind limbs (PDmin, PDmax) ±3 mm. The resulting categories had thresholds for front 
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limb/hind limb in mm as follows: No asymmetry: 0–6/0–3, mild asymmetry: 6–12/3–6, mild-moderate: 
12–18/6–9, moderate: 18–24/9–12, moderate-severe: 24–30/12–15, and severe asymmetry: >30/>15. The 
levels of evidence of the categories were presented from the software as ‘weak evidence’ (trials with 
SD > 120% of asymmetry mean); ‘moderate evidence’ (trials with SD > 50% and < 120% of asymmetry 
mean) and ‘strong evidence’ (trials with SD < 50% of asymmetry mean). For the statistical analysis, 
recordings of ‘no asymmetry’ and ‘weak evidence of asymmetry’ were categorized as 0 (9% of the 
recordings were presented as weak evidence). Moderate to strong evidence of mild asymmetry was 
scored as 1, mild-moderate and moderate asymmetry as 2, and moderate-severe and severe 
asymmetry was scored as 3. Based on these data, we calculated the sum of the asymmetry scores 
(total asymmetry score) and the number of affected legs (0–4) for each horse in each treatment. 

2.4. Data Analysis 

The response variables (cortisol concentration; HR (mean), HRV (RMSSD, LF/HF ratio), 
frequency of conflict behavior (head, mouth, body, tail) and gait symmetry (number of lame legs, 
total asymmetry score)) were analyzed for an effect of treatment (control (0%), +15% and +25%) in a 
one-way repeated measures ANOVA (RM ANOVA, SigmaPlot14). A two-way ANOVA was used 
when appropriate, e.g., to investigate the effect of sampling time and treatment on cortisol responses. 
Normality of the data was assessed using the Shapiro–Wilk test and variance homogeneity using the 
Brown–Forsythe test. If data did not meet the assumptions for the model, the Friedman RM ANOVA 
on ranks was used. In case of significance, the post-hoc tests Bonferroni t-test or Tukey test were used 
for pairwise multiple comparisons. Data are presented as mean ± se or median [25;75% quartiles]. 
Data are available as Supplementary Material (Table S1). 

2.5. Animal Welfare and Ethics 

This study was conducted in accordance with national legislation on animal experimentation by 
the Danish Ministry of Justice, Act. no. 253 (8 March 2013) and § 12 in Act. no. 1459 (17 December 
2013), and complies with the EU Directive 2010/63/EU on the use of experimental animals. The study 
meets the guidelines for ethical treatment of animals in applied animal behavior research by the 
International Society for Applied Ethology. Riders and horse owners (parents on behalf of minors) 
gave written consent for their own and their animals’ inclusion in the study. 

3. Results 

As expected, salivary cortisol concentrations increased in response to exercise, regardless of 
treatment (two-way RM ANOVA, F4 = 10.2, p < 0.001; Figure 2), whereas there was no effect of 
treatment. Due to problems with interference between the lameness detector and the saddle pressure 
measurements, the duration of the gait symmetry test varied. Thus, the two last saliva samples are 
less informative (EQ and 30 min). 
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Figure 2. Salivary cortisol concentrations (ng/mL) from the 20 horses (mean ± se) in each treatment, 
incl. the baseline lunge test. The amount of exercise (warm-up and test) was the same in all treatments. 
0% (control): The rider rode without additional weight; 15% and 25%: The rider rode with additional 
15% or 25% of her bodyweight, respectively, in a balanced order across three test days. Five saliva 
samples were collected from each horse per day: B: Baseline, 0 min: Just after the lunge/dressage test, 
5 min: 5 min after the lunge/dressage test, EQ: Just after the saddle pressure/gait symmetry test, 30 
min: 30 min after the lunge/dressage test. Due to technical issues with the equipment, the duration of 
the gait symmetry test varied and the EQ and 30 min samples are less informative. Different letters 
indicate a significant effect of sampling time. 

Differences in baseline concentrations between horses further necessitates an analysis of the 
responses as a difference from baseline values. Although salivary cortisol concentrations appeared 
to be slightly higher in the +15% and +25% treatment, there was a large individual variation and the 
difference was not significant (Figure 3). 

 
Figure 3. Salivary cortisol concentrations of the 20 horses (ng/mL, mean ± se) calculated as the 
difference from baseline. 0% (control): The rider rode without additional weight; 15% and 25%: The 



Animals 2020, 10, 95 8 of 11 

rider rode with additional 15% or 25% of her bodyweight, respectively, in a balanced order across 
three test days. 0 and 5 min refer to the sampling time after the dressage test (0 min: F2 = 0.58, p = 0.56, 
5 min: F2 = 0.66, p = 0.52). 

There were no overall treatment effects on HR (F2 = 0.34, p = 0.72; Figure 4), or HRV variables 
(LF/HF and RMSSD; p = 0.70 and p = 0.72, respectively). It could be hypothesized that the initial 
rider:horse bodyweight ratio would affect heart rate responses to the increase in rider weight, i.e., 
horses with an initially light rider would not respond to the +15 and +25% increase in rider weight 
but horses with an initially heavier rider would show a response. Thus, to investigate the potential 
effect of the initial ratio, we added three weight ratio groups based on the 25 and 75% quartiles; 
Group 1: Initial rider:horse bodyweight ratio <13.8%, Group 2: 13.8–17.1%, Group 3: >17.1%. 
Surprisingly, horses in the lower rider:horse ratio group (<13.8%) had higher heart rates (two-way 
RM ANOVA, mean ± se, bpm: Group 1: 116 ± 3.4, Group 2: 102 ± 2.4, Group 3: 104 ± 3.4, F2 = 6.25, p 
= 0.009, and no interaction). However, the horses in Group 1 also appeared to have somewhat higher 
heart rates in the baseline lunge test (one-way ANOVA, Weight Group 1: 114 ± 1.8, Group 2: 107 ± 
3.3, Group 3: 105 ± 6.5, p = 0.35), suggesting that other factors such as baseline fitness may be involved. 

 
Figure 4. Average heart rates (mean ± se) of the 20 horses did not differ when ridden in a standard 
dressage test by their usual rider with no additional weight (0%: control), and with additional 15% 
and 25% of the rider’s bodyweight, in a balanced order across three test days. 

The occurrence of conflict behavior varied largely between horses. Five horses never showed tail 
swishing during the three riding tests, whereas one horse showed 155 (control), 184 (+15%) and 137 
(+25%) tail swishes. Tail swishing was the most frequently recorded behavior (total 1196 recordings, 
shown by 15 horses), followed by open mouth (total 227 recordings, shown by 8 horses) and head 
movements (total 106 recordings, shown by 5 horses). The occurrence of the different types of conflict 
behavior did not correlate, e.g., horses that showed tail swishing were not more likely to show mouth 
or head movements (Spearman, all p > 0.05). Due to the many zeros in the data set, we created a joint 
variable with all the recorded behaviors (Table 3; conflict behavior, shown by 19 of the 20 horses) but 
found no effect of weight treatment (Friedman RM ANOVA on ranks, median [25,75%]: control: 9.0 [3,27], 
+15%: 8.5 [1,29], +25%: 8.0 [2,35], p = 0.61). 

The gait symmetry measures (number of affected legs, total asymmetry score) were unaffected 
by the weight increase, as well as whether the horse was ridden or not (one-way RM ANOVA; 
number of affected legs/horse: lunge: 1.20 ±0.20; control (0%): 1.20 ± 0.19; +15%: 0.90 ± 0.18; +25%: 
0.85 ± 0.13, F3 = 1.16, p = 0.33; and total asymmetry score: lunge: 1.40 ± 0.22; control (0%): 1.80 ± 0.36; 
+15%: 1.15 ± 0.29; +25%: 1.05 ± 0.22, F3 = 1.42, p = 0.24). There was also no effect of weight ratio class 
(1–3). 
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4. Discussion 

This study found no effect on behavioral, physiological and two gait symmetry parameters in 
horses exposed to an acute increase in rider weight by 15% and 25% of the regular rider’s bodyweight. 
Interestingly, the rider:horse bodyweight ratios in our study overlap with the ratios in Dyson et al. [5] 
where the heavy rider was 15.3–17.9% of the horse’s bodyweight. In that study, all riding tests with 
the heavy rider were abandoned on welfare grounds, based on a subjective scoring of lameness and 
behavioral markers of pain. The result was not replicated in our study, although the rider:horse 
bodyweight ratio was 15–23% in the +25% treatment. The duration of exercise (including warm-up, 
riding test and gait symmetry testing) appear to be similar in the two studies. However, we could not 
detect changes in gait symmetry in this study, which may relate to differences in the seat position of 
the riders, as the riders in the present study were sitting compared to rising trot in the study by Dyson 
et al. [5]. Rising trot is known to induce movement asymmetries in the horse that may not be related 
to pain [18]. Our study was a crossover study where each rider rode her own horse in each treatment, 
whereas four riders of different weight comprised the treatment in Dyson et al. [5]. Rider skill and 
balance as well as other factors, such as individual saddle fit, are likely to influence conflict behavior 
and weight bearing capacity in horses, and isolating the effect of rider weight while keeping other 
factors identical is necessary to gain knowledge of the effect of increased rider weight per se. In our 
study, the large individual variation in cortisol concentrations and especially in conflict behavior 
likely reflects individual rider style [12]. A larger study with a number of riders of the same weight, 
riding the same horses in a standardized test would enable an analysis of the effect of rider style. 

Our results add to the existing literature where higher rider:horse bodyweights have been 
investigated and often at higher exercise intensities e.g., [2–4] compared to the low exercise intensity 
in this study. For example, heart rates reached 187 bpm (20%) and 199 bpm (35%) in the study on 
Icelandic horses by Stefánsdóttir et al. [2]. In comparison, the average HR across treatments was 105 
bpm in this study on dressage horses. In a previous study, we measured HR of dressage horses in a 
riding test with different head-and-neck positions. In that study, the average HR was 116 in a 10-min 
dressage test consisting of 5 min trot, 4 min canter and 1 min walk [12]. However, the participating 
dressage riders remarked that the test was too long and they would not normally ride 9 min in trot 
and canter without a short break in walk, and we therefore decreased the exercise intensity in the 
present study. We aimed to mirror the daily training situation that many leisure horses are exposed 
to, in order to evaluate whether relatively small increases in rider weight influences acute responses 
in horses also at lower exercise intensities, as initially suggested by Dyson et al. [5]. Acute changes in 
gait symmetry may be a sign of orthopedic pain, caused by, e.g., overloading of anatomical structures 
or subclinical problems. Long-term effects of gait asymmetry, resulting in uneven loading of the 
limbs, can potentially lead to health issues [5,18]. Similarly, increased levels of conflict behavior can 
be indicative of discomfort or pain with negative impact on horse welfare, health and performance. 
Physiological responses, reflecting increased activity of the autonomic nervous system (HR/HRV) or 
the Hypothalamic-Pituitary-Adrenal (HPA)-axis (cortisol) are common when the physical workload 
increases, e.g., when the weight load increases, and may decrease as the individual adapts, unless 
related to other psychological or physical stressors. Thus, these parameters should be interpreted in 
combination with behavioral and gait symmetry data. The surprisingly similar heart rates of the 
horses in the different treatments in the present study suggest that the increased rider weight did not 
impose a significantly higher physical workload for the horses. The cortisol data may suggest an 
increase in response to higher weight loads but due to the high individual variation, further studies 
are needed to verify this. Previous experiments have found saliva cortisol to be more sensitive than 
HR/HRV data [12,19], and a new study even cautions against the use of HRV data measured with 
Polar monitors on horses due to lack of validation [20]. 

Given the low exercise intensity in the present study, one should not extrapolate the results to 
other exercise intensities and disciplines. It is possible that an acute increase in rider weight, even 
within the range of rider:horse bodyweight ratios applied in the present study, can lead to behavioral, 
physiological and gait parameter changes at higher exercise intensities and in other disciplines, e.g., 
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show jumping. Additionally, there may be long-term effects of an increased weight load, and further 
studies are required to study long-term effects on horse health and performance. 

5. Conclusions 

Increasing rider weight by 15% and 25% did not result in significant short-term alterations in 
heart rate, salivary cortisol, behavior and gait symmetry in dressage horses during a standard 
dressage test. Maximum horse:rider weight ratios were 15–23%. Thus, within this weight ratio range 
and during light exercise, acute increases in rider weight did not induce changes in these parameters. 
Further studies on the effect of rider weight in various equestrian disciplines as well as long-term 
effects are required before appropriate guidelines for rider weight can be developed. 

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1: Data table.  

Author Contributions: Conceptualization, J.W.C. and M.U.; Data curation, J.W.C.; Formal analysis, J.W.C.; 
Funding acquisition, J.W.C. and M.U.; Investigation, J.W.C., S.B. and M.U.; Methodology, J.W.C., S.B., M.R., R.P. 
and M.U.; Resources, J.W.C., R.P. and M.U.; Validation, J.W.C., M.R., R.P. and M.U.; Writing—original draft, 
J.W.C.; Writing—review & editing, J.W.C., S.B., M.R., R.P. and M.U. All authors have read and agreed to the 
published version of the manuscript. 

Funding: The study was funded by the Danish Horse Levy Foundation, The Danish Animal Protection Society 
and the KUSTOS Foundation. 

Acknowledgments: We would like to thank the following for their contributions: GB dressage for allowing us 
to conduct the experiment on their premises; the voluntary riders, their horses and their helpers; Christina Bye 
Winding, Louisa Lesté-Lasserre and Katja Ahrenfeldt for practical help and photography. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the 
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to 
publish the results. 

References 

1. Reilly, J.J.; El-Hamdouchi, A.; Diouf, A.; Monyeki, A.; Somda, S.A. Determining the worldwide prevalence 
of obesity. Lancet 2018, 391, 1773–1774. 

2. Stefánsdóttir, G.; Gunnarsson, V.; Roepstorff, L.; Ragnarsson, S.; Jansson, A. The effect of rider weight and 
additional weight in Icelandic horses in tolt: Part I. Physiological responses. Animal 2017, 11, 1558–1566. 

3. Gunnarsson, V.; Stefánsdóttir, G.; Jansson, A.; Roepstorff, L. The effect of rider weight and additional 
weight in Icelandic horses in tolt: Part II. Stride parameters responses. Animal 2017, 11, 1567–1572. 

4. Powell, D.; Bennett-Wimbush, K.; Peeples, A.; Duthie, M. Evaluation of indicators of weight-carrying 
ability of light riding horses. J. Equine Vet. Sci. 2008, 28, 28–33. 

5. Dyson, S.; Ellis, A.D.; Mackechnie-Guire, R.; Douglas, J.; Bondi, A.; Harris, P. The influence of rider:horse 
bodyweight ratio and rider-horse-saddle fit on equine gait and behaviour: A pilot study. Equine Vet. Educ. 
2019, 13085, doi:10.1111/eve.13085. 

6. Matsuura, A.; Irimajiri, M.; Matsuzaki, K.; Hiraguri, Y.; Nakanowatari, T.; Yamazaki, A.; Hodate, K. 
Method for estimating maximum permissible load weight for Japanese native horses using accelerometer-
based gait analysis. Anim. Sci. J. 2013, 84, 75–81. 

7. Matsuura, A.; Sakuma, S.; Irimajiri, M.; Hodate, K. Maximum permissible load weight of a Taishuh pony 
at a trot. J. Anim. Sci. 2013, 91, 3989–3996. 

8. Matsuura, A.; Mano, H.; Irimajiri, M.; Hodate, K. Maximum permissible load for Yonaguni ponies 
(Japanese landrace horses) trotting over a short, straight course. Anim. Welf. 2016, 25, 151–156. 

9. Matsuura, A.; Inoue, S.; Irimajiri, M.; Hodate, K. Maximum permissible load for Kiso horses trotting over 
a short, straight course. Anim. Sci. J. 2018, 89, 232–236. 

10. van Oldruitenborgh-Oosterbaan, M.M.S.; Barneveld, A.; Schamhardt, H.C. Effects of weight and riding on 
workload and locomotion during treadmill exercise. Equine Vet. J. 1995, 27, 413–417. 

11. Henneke, D.R.; Potter, G.D.; Kreider, J.L.; Yeates, B.F. Relationship between condition score, physical 
measurements and body fat percentage in mares. Equine Vet. J. 1983, 15, 371–372. 

12. Christensen, J.W.; Beekmans, M.; van Dalum, M.; VanDierendonck, M. Effects of hyperflexion on acute 
stress responses in ridden dressage horses. Physiol. Behav. 2014, 128, 39–45. 



Animals 2020, 10, 95 11 of 11 

13. Uldahl, M.; Christensen, J.W. On-ground rider weight symmetry mirrors balance in the saddle. In 
Proceedings of the 15th International Equitation Science Conference, Guelph, ON, Canada, 19–21 August 
2019; p. 34. 

14. Von Borell, E.; Langbein, J.; Després, G.; Hansen, S.; Leterrier, C.; Marchant-Forde, J.; Marchant-Forde, R.; 
Minero, M.; Mohr, E.; Prunier, A.; et al. Heart rate variability as a measure of autonomic regulation of 
cardiac activity for assessing stress and welfare in farm animals—A review. Physiol. Behav. 2007, 92, 293–
316. 

15. Palme, R.; Möstl, E. Measurement of cortisol metabolites in faeces of sheep as a parameter of cortisol 
concentration in blood. Int. J. Mamm. Biol. 1997, 62, (Suppl. II), 192–197. 

16. Schmidt, A.; Möstl, E.; Aurich, J.; Neuhauser, S.; Aurich, C. Comparison of cortisol and cortisone levels in 
blood plasma and saliva and cortisol metabolite concentrations in faeces for stress analysis in horses. In 
Proceedings of the 5th International Conference of the International Society for Equitation Science, Sydney, 
Australia, 12–14 July 2009; p. 53. 

17. Keegan, K.G.; Kramer, J.; Yonezawa, Y.; Maki, H.; Pai, P.F.; Dent, E.V.; Kellerman, T.E.; Wilson, D.A.; Reed, 
S.K. Assessment of repeatability of a wireless, inertial sensor-based lameness evaluation system for horses. 
Am. J. Vet. Res. 2011, 72, 1156–1163. 

18. Persson-Sjodin, E.; Hernlund, E.; Pfau, T.; Haubro Andersen, P.; Rhodin, M. Influence of seating styles on 
head and pelvic vertical movement symmetry in horses ridden at trot. PLoS ONE 2018, 13, e019534. 

19. Zebisch, A.; May, A.; Reese, S.; Gehlen, H. Effect of different head-neck positions on physical and 
psychological stress parameters in the ridden horse. J. Anim. Physiol. An. N. 2014, 98, 901-907. 

20. Pearson, G.; Reardon, R.; Keen, J.; Dwyer, C.; Waran, N. The methodological challenges associated with 
measuring the equine stress response in real life scenarios. In Proceedings of the 15th International 
Equitation Science Conference, Guelph, ON, Canada, 19–21 August 2019; p. 46. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


