
International Journal of Sports Science 2025, 15(1): 11-20 

DOI: 10.5923/j.sports.20251501.02 

 

Cardiorespiratory Relationships during  

Simulated Horse Galloping and Racing 

Michaela M. Keener
*
, Gavin C. Vice, Kimberly I. Tumlin, Nicholas R. Heebner

 

Sports Medicine Research Institute, College of Health Sciences, University of Kentucky, Lexington, USA 

 

Abstract  Heart rate (HR) is commonly used to estimate energy expenditure (EE) based on the assumption of a linear 

cardiorespiratory relationship between HR and volume of oxygen consumption (VO2). However, activities with increased 

upper body movement, such as arm cranking, have a disproportionate increase in HR compared to VO2 when compared to 

whole body exercise, such as running. Race riding (RR) requires the rider to pump their arms at a high rate and thus may 

require a more specific EE and VO2 estimation. Therefore, the purpose of this study was to compare the cardiorespiratory 

response between running and simulated galloping and assess if HR is an appropriate predictor of VO2 in RR activities. It was 

hypothesized that 1) HR would be significantly higher during simulated RR activities than running at equivalent VO2 levels 

and that 2) HR would not contribute significant information to a model to predict VO2 during simulated RR activities. 

Thirteen race riders (31% females) completed a graded exercise test (GXT) on a treadmill and performed simulated races and 

three steady-paced gallops on a motorized galloping simulator. HR and VO2 were continuously measured during all phases. 

Individual trendlines from the GXT were used to calculate equivalent VO2 values between the galloping and running phases. 

Paired t-tests evaluated for differences between running and simulated galloping phases. Generalized estimating equations 

(GEE) were used to assess if HR contributed to predicting VO2 between running, simulated steady-paced galloping, and 

simulated racing. Results showed that HR was significantly higher (p<0.05) during all galloping conditions compared to 

running at an equivalent VO2, with average differences ranging from 14-35 bpm. HR contributed significantly (p<0.05) to 

GEE to predict VO2 for all conditions, but the slope of the relationship was significantly lower (p<0.05) during steady-paced 

galloping than treadmill running or simulated racing. The current study suggest that HR is a reliable predictor of EE during 

simulated galloping activities, but that HR is influenced by the specialized movement patterns RR utilize while galloping. 

Future research should explore cumulative EE across a workday, incorporate excess post-exercise oxygen consumption 

(EPOC), and evaluate live riding conditions to better understand the physiological demands of RR activities to inform 

tailored exercise regiments and nutritional guidelines for this population.  
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1. Introduction 

Heart rate (HR) is a fundamental parameter in the estimation 

of energy expenditure (EE) based on the widely accepted 

assumption of a linear relationship between HR and the 

volume of oxygen consumption (VO2) [1]. This linear 

relationship is the foundation for models of estimating EE 

in numerous physical activities and submaximal VO2 testing, 

such as running and cycling [2-5]. The cardiorespiratory 

relationship for each physical activity depends on the activity's 

movement pattern. Previous data reports a high correlation 

between heart rate and VO2 in whole-body exercises, such 

as running and using an elliptical [6-8]. Activities involving 

greater upper body movement, such as arm cranking, lead to 
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a disproportionate increase in HR relative to VO2 [1, 9-11]. 

This discrepancy arises from differences in muscle mass, 

muscle fibre composition, blood pressure, oxygen extraction, 

and hemodynamic afterload [3,9-14]. 

Equestrians who ride thoroughbreds in the horse racing 

industry are classified mainly as race riders (RR) and can 

fall into subcategories of licensed jockeys, apprentice jockeys, 

and exercise riders. Exercise riders work with horses during 

daily training but do not ride in sanctioned races. Licensed 

and apprentice jockeys are primarily hired to ride in sanctioned 

races but often exercise horses to make additional income, 

network with trainers, and prepare for upcoming races. All 

RRs can experience weight restrictions from race jurisdictions 

or trainers. Jockeys (licensed and apprentice) commonly 

restrict their caloric and fluid intake rather than exercising 

and eating a balanced diet to maintain weight [15-19].  

Uses of weight-making habits such as chronic dehydration 

and caloric restriction can result in imbalanced hormones, 

weakened bone health, and decreased mental health. Such 
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behaviours are detrimental to the immediate and long-term 

health and quality of life of RRs [16,20-26]. One challenge 

in developing healthier weight-management practices stems 

from the limited availability of data on EE associated with 

individual RR activities, such as racing and exercising horses. 

Previous research reports that male Irish jockeys have an 

average EE of 2,546-2,587 kcal/day, with standard deviations 

ranging from 420-550 kcal/day that do not change significantly 

across seasons [27]. This estimate, derived from doubly 

labelled water, provides an overview of total daily EE but 

does not capture the EE of individual riding activities. Among 

American jockeys, the number of races ridden, and horses 

exercised varies widely day-to-day, leading to significant 

fluctuations in EE from RR activities [19]. Without precise 

EE for individual activities, interventions may fail to account 

for these daily variations, which could cause RRs to revert 

to unhealthy weight-making practices. Developing tailored 

interventions accounting for these dynamic workloads is 

essential in creating sustainable and health-protective weight 

-making practices for the RR community. Therefore, accurate 

EE assessments and estimations from HR are crucial to 

inform such future interventions.  

Few studies have evaluated EE across individual activities 

in which RRs participate regularly. The most common way 

to estimate EE during a single activity bout is by measuring 

VO2 through indirect calorimetry using portable metabolic 

units [28]. For safety and weight-making reasons, jockeys 

cannot wear portable metabolic units during live racing, and 

some trainers are concerned for the safety of their riders 

wearing them while training on young horses. Therefore, 

few studies have evaluated EE on live horses. One study 

successfully reported the average VO2 and HR data during 

various horse gaits used while exercising horses [29]. 

However, they do not report VO2 and HR values at a gallop, 

the horse's fastest gait often used during sprint exercise 

rides (breezing) and racing [28,29]. The limited ability to 

capture VO2 and EE during live riding leads researchers and 

practitioners to estimate EE from HR.  

Previous studies report elevated HR during live racing, 

exercising, and simulated riding [17,30-33]. Various racing 

simulators exist. Manual self-propelled models require the 

riders to use their arms to lift the simulator's head. In contrast, 

motorized models propel themselves and include multiple 

speeds and modes. Previous research indicates that the HR 

response while riding a galloping simulator is significantly 

lower than during galloping on a live horse [30-33]. Researchers 

presume the differences arise from the RR not having to 

interact with a live horse (i.e., restraining or coaxing the 

horse forward) and the differences in movement patterns of 

the two modalities. However, using a galloping simulator 

allows for consistency in speed, stride frequency, stride 

rhythm, and time ridden across research participants.  

Reported HR during live racing averages between 

160-180 bpm and peaks between 182-187 bpm, falling into 

the category of vigorous activity [30,31,34]. Although RR 

bouts are brief, it is common for RR to ride multiple horses 

a day for varying times, speeds, and distances. Relying on 

HR to estimate EE during these activities may be misleading 

when compared to other activities, such as running. RR 

movement patterns require crouching over the horse's back, 

using quasi-isometric muscle engagement, and maintaining 

their centre of mass near the horse's midline to reduce the 

horse's workload [35]. Simultaneously, while the RR holds this 

position with their lower body, their upper body helps drive 

the horse forward. Wilson and colleagues reported jockeys 

push the horse forward with their arms approximately 100 

times during a 3.2 km race, suggesting a significant component 

of upper body movement that could affect the linear 

cardiorespiratory relationship often used to estimate EE 

[27]. Based on previous research in similar modalities   

(i.e., arm cranking), understanding the relationship between 

HR and VO2 in RR activities is critical to ensure a solid 

foundation for future research and educational programs for 

improving weight maintenance practices in RRs.  

The current study's aim was to evaluate the cardiorespiratory 

response RR experiences between running on a treadmill 

and riding a galloping simulator. Our primary hypothesis 

was that due to the large recruitment of upper body movement, 

HR would be significantly higher during galloping conditions 

than when running on a treadmill at the same rate of VO2. 

Our secondary hypothesis was that when galloping on a 

horse simulator, HR would not significantly contribute to a 

model's ability to predict VO2 but would during running. 

We intended to determine if using HR is a good indicator of 

EE for RR activities. By enhancing our understanding of  

EE estimation from HR, this research can guide future 

interventions to establish sustainable weight-management 

and fuelling practices in the RR community. These efforts 

aim to improve the health and performance of RRs while 

enhancing their long-term health and quality of life.  

2. Methods 

The study was approved by the University of Kentucky’s 

Institutional Review Board (Protocol No. 56494). Verbal 

and written informed consent were completed in English 

prior to collecting any personal data besides the basic 

inclusion and exclusion criteria. All data was collected at a 

single sports medicine research institute location. 

2.1. Inclusion and Exclusion Criteria 

Recruitment was a convenience sample of RRs aged 18 to 

50 from July 2021 to April 2022 through word-of-mouth and 

social media posts. Eligible riders were required to currently 

work in the racing industry, ride at least twice per week over 

the past six months, and canter or gallop at least once a week. 

Riders were excluded if they had sustained injuries that 

prevented participation in practice or competition for more 

than one week in the past six months. Following a signed 

informed consent, participants completed the American College 

of Sports Medicine (ACSM) Risk Stratification Assessment 

to determine their suitability for high-intensity exercise without 

needing further medical evaluation. Participants requiring 

further medical evaluation were excluded. 
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2.2. Equipment 

Before the participants arrived, the Parvo metabolic cart 

(ParvoMedics, Salt Lake City, Utah, USA) was calibrated 

per the manufacturer's instructions. Participants were sized 

and fitted with a VO2 mask (Hans Rudolph, inc., Shawnee, 

Kansas, USA) and a Polar H10 Heart Rate Monitor (Polar, 

Kempele, Finland). Researchers tested the metabolic mask 

for leaks prior to each exercise bout. Participants completed 

a running graded exercise test (GXT) on a motorized flat 

Woodway treadmill (Woodway, Pewaukee, Wisconsin, USA). 

All participants rode the MK9 Racewood motorized galloping 

horse simulator (Racewood Ltd., Tarporley, United Kingdom) 

(Figure 1). The MK9 Simulator features five remote-controlled 

steady-galloping speeds and a “neck mode.” Neck mode 

allows riders to control the simulator by applying pressure to 

the neck to accelerate and applying pressure to both reins to 

decelerate.  

 

Figure 1.  Outline of the Racewood MK9 Simulator and location of the 

sensors for a participant to control the simulator’s speed when using “neck 

mode.” 

2.3. Testing Protocol 

Participants' age, height, weight, sex, RR cohort and 

resting HR were recorded prior to their warmup, which was a 

self-selected jog for 5 minutes. Following the warmup, the 

researchers explained the GXT protocol, the BORG 6-20 

rate of perceived effort (RPE) scale and the ACSM's scales 

for claudication, dyspnea, and angina [36]. The metabolic 

cart collected breath-by-breath VO2 data for all phases, and 

HR was collected at 60Hz for all conditions. 

Prior to starting the GXT protocol, heart rate and VO2 

were recorded for one minute. A staged GXT protocol was 

used, and started at a 0% incline, with participants self- 

selecting a jogging pace they felt they could maintain for the 

duration of the test. The treadmill incline was increased by 2% 

every two minutes. The test continued until the participants 

felt they could either 1) no longer continue or 2) not finish  

at least one minute of the next stage. Participants pointed   

at printed scales every minute to indicate their RPE and if 

they were experiencing any abnormal symptoms in the other 

ACSM scales. 

After a five-minute rest, participants completed a 

familiarization period on the galloping simulator. All participants 

rode in the same race saddle and were allowed to adjust their 

stirrups during the familiarization period. The familiarization 

period included riding for at least 30 seconds at three of the 

five remote-controlled steady-paced galloping speeds. These 

speeds simulate galloping at an estimated 20-24 mph (S1), 

28-32 mph (S3) and 36-40 mph (S5). Speed options S2 and 

S4 on the simulator were not used during this data collection. 

All jockeys (licensed and apprentice) rode for a minimum of 

one minute in the neck mode to familiarize themselves with 

controlling the simulators speed by applying pressure to the 

neck and reins. After completing the familiarization period, 

the participants rested for fifteen minutes.  

After the rest period, all jockeys rode two simulated  

races. Jockeys completed the simulated races in neck mode, 

enabling them to control the simulator’s speed. This setup 

mimics a live race, where the horse’s speed and the rider's 

exertion progressively increase throughout the race. There 

was a video from the jockey’s perspective from a dirt race 

that lasted 1:45.05 on a screen directly in front of the RRs to 

use for visual cues throughout the simulated race. Exercise 

riders did not complete simulated races as that is outside their 

occupational demand.  

All RR completed two-minute bouts at the three remoted 

controlled steady-state galloping speeds in a randomized 

order. Participants rested for fifteen minutes between each 

bout (races and steady-state galloping) on the galloping 

simulator with the metabolic mask removed. 

2.4. Data Processing 

HR and VO2 data were averaged in 15-second increments 

for all tests. Kcals were calculated for every 15-second 

average throughout the simulated races to estimate caloric 

expenditure. VO2Max values were compared to the ACSM's 

normative values. Based on these normative values, the 

percentile and fitness categories (superior, excellent, good, 

fair, poor) were recorded [36].  

 

Figure 2.  Results of an example participant’s GXT breath-by-breath VO2 

and synchronized HR data with a trendline and linear equation used to 

estimate HR equivalents while running to compare to HR while galloping at 

an equivalent VO2 
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Table 1.  An example of a participant’s individual trendline derived from 
their running GXT was utilized to calculate HR equivalents for comparative 
analysis of HR while running versus different simulated galloping activities 

Individual Linear Trendline from GXT HR =2.0 VO2 + 52.1 

Phase 
Galloping VO2 

(mL/kg/min) 

Calculated HR (bpm) 

Using Trendline 

(HR Equivalent) 

Recorded 

Average HR 

(bpm) 

S1 13.9 80 106 

S3 17.9 89 131 

S5 19.6 92 135 

SR 1 10.3 73 104 

SR 2 20.4 93 132 

SR 3 23.9 100 143 

SR 4 31.2 115 149 

SR 5 34.1 120 154 

SR 6 31.5 115 162 

SR 7 36.1 124 168 

S1, S3, and S5 represent the steady-paced galloping speeds. 

SR 1-7 represents the seven time points throughout the simulated races. 

To compare HR at the same VO2 between the treadmill 

and all galloping bouts, individual trendlines were calculated 

from each participant’s GXT breath-by-breath VO2 and 

synchronized HR data. Linear equations to estimate HR from 

VO2 were calculated for each trendline. For the steady-paced 

galloping phases, the average VO2 from the final 15-second 

increment from each speed was used to calculate an equivalent 

HR for running on the treadmill. For the simulated race that 

progressively gets faster throughout the race, the race data 

was broken into seven 15-second averages for VO2 and HR 

data. The seven average VO2 points were used to calculate 

seven HR equivalents throughout the simulated race. Examples 

of this process are in Figure 2 and Table 1. Only the data 

from the second simulated race was utilized for analysis to 

provide an additional familiarization to the simulator’s neck 

mode.  

2.5. Data Analysis 

Data from each GXT were evaluated to determine if    

the participants reached a “true” VO2Max value based on the 

following criteria: 1) Plateau of VO2 during the final two 

minutes of the test (change in VO2 ≤ 2 mL); 2) Reached 95% 

Age predicted maximal heart rate; 3) Final minute average 

Respiratory Exchange Ratio (RER) ≥ 1.05; 4). Reported an 

RPE ≥ 19. Participants had to meet at least two of the four 

criteria to achieve a “true” VO2Max.  

To evaluate if HR had a significant impact on a model to 

predict VO2 during steady-paced galloping and the simulated 

race compared to running, three data sets were created.  

Data set one included the final 15-second increment average 

VO2 and HR from each two-minute stage of the GXT for   

all participants. Data set two included the final 15-second 

increment average VO2 and HR from each two-minute 

steady-paced galloping bout for all participants. Data set 

three included the seven 15-second average VO2 and HR 

increments from the jockeys second simulated race.  

Data was imported into SAS (SAS Institute, Cary, North 

Carolina, US) for analysis. One participant’s HR data was 

lost during the S2 galloping phase. No other data was identified 

as missing. Shapiro-Wilks tests evaluated numerical data for 

normality, with alpha set to 0.05 for all statistical tests. All 

numerical data was normally distributed. A Pearson-correlation 

test was used to examine the relationships between age   

and VO2Max percentile with HR and VO2 from steady-paced 

galloping and simulated race data. No significant correlations 

were found. A point-biserial correlation test was used to 

analyze if there was a relationship between sex and steady- 

paced galloping and simulated race VO2 and HR data.    

No significant correlations existed in these relationships.   

A post-hoc power analysis was conducted using the observed 

effect size from the simulated race HR data and indicated 

that the study had a power of 0.999 with a significance level 

of 0.05.  

For the primary hypotheses, paired t-tests were used to 

evaluate differences in HR between the calculated treadmill 

HR equivalents and the recorded galloping HR data. Effect 

sizes were calculated using Cohen’s D to quantify the 

magnitude of differences between conditions.  

For the secondary hypothesis the three separate data sets 

from the treadmill, steady-paced galloping, and simulated 

race were imported into SAS. Generalized Estimating Equations 

(GEE) were calculated for each data set. This statistical 

approach accounts for the nature of correlated data from 

repeated measurements within participants. The GEE models 

were used to predict VO2 from HR data. Wald tests were used 

to evaluate difference between the slopes from the GEE models.  

3. Results 

Fourteen RR initially enrolled, but one RR was excluded 

as they experienced symptoms of claustrophobia when 

wearing the metabolic mask. No participants were excluded 

based on their response to the ACSM Risk Stratification 

Assessment. 

3.1. Demographics 

Table 2.  Demographics, and resting and maximal heart rate (HR) and 
oxygen consumption (VO2) values for the graded exercise test on the 
treadmill for all participants and for each race riding cohort 

 

Licensed 

Jockey 

Apprentice 

Jockey 

Exercise 

Rider 

N = 7 N = 2 N = 4 

Mean ± SD Mean ± SD Mean ± SD 

Age (y) 26.6 ± 4.6 26.0 ± 5.7 28.5 ± 5.4 

Height (cm) 167.4 ± 6.0 162.8 ± 1.0 170.6 ± 8.5 

Weight (kg) 54.0 ± 1.2 52.2 ± 5.4 68.1 ± 11.0 

BMI (kg/m2) 19.3 ± 1.3 19.7 ± 1.8 23.4 ± 3.7 

HRRest (bpm) 76 ± 14 77 ± 0 76 ± 10 

HRMax (bpm) 187 ± 11 185 ± 14 189 ± 6 

VO2Rest (mL/kg/min) 5.0 ± 2.2 5.4 ± 1.6 3.9 ± 0.4 

VO2Max (mL/kg/min) 53.6 ± 7.5 49.2 ± 3.1 45.0 ± 6.7 
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Of the thirteen RR who completed the protocol, four were 

female and the other nine were males. There were seven 

licensed jockeys, two apprentice jockeys, and four exercise 

riders. The average age was 27.1 ± 4.7 years old. Average 

anthropometric values were 167.7 ± 6.5 cm and 58.1 ± 9.1 

kg. Average BMI was calculated to be 20.6 ± 2.9 kg/m2. 

Cohort specific demographics are in Table 2.  

3.2. Maximal Exercise Tests Results 

Only one participant failed to meet a minimum of two of 

the four criteria for a “true” VO2Max during their GXT but had 

a VO2Max value that was categorized as superior. All thirteen 

participants (100%) met the VO2 plateau in the final two 

minutes of the test. Twelve (92.3%) reported an RPE ≥ 19. 

Six (46.2%) reached their 95% age predicted maximal heart 

rate, and five (38.5) had an average RER greater than 1.05 in 

the final minute of the test.  

The average VO2Max for all RR was 50.3 ± 7.5 mL/kg/min 

and ranged from 38.3 to 61.3 mL/kg/min. The average 

maximal HR attained was 187 ± 9 bpm and ranged from 

175-206 bpm. HR and VO2 data by RR cohort are in Table 2. 

Comparing the VO2Max results with the ACSM normative 

values, 46.2% of the RR had superior fitness, 23.1% 

excellent fitness, 7.7% good fitness, 15.4% fair fitness, and 

7.7% poor fitness. No abnormal symptoms were reported 

during the GXTs. 

3.3. Heart Rate Between Running and Galloping Phases 

Recorded and calculated heart rates using the individualized 

linear trendlines at an equivalent VO2 are in Table 3. The data 

shows significant differences between calculated treadmill HR 

equivalents and recorded HR during all galloping phases. 

HR during steady-paced galloping and simulated races were 

consistently higher than HR during running. The average 

difference between calculated and recorded heart rates 

during the steady-paced galloping ranged from 14 bpm at S1, 

to 26 bpm at S5. The average differences between calculated 

and recorded heart rate for the seven intervals across the 1:45 

minute simulated race ranged from 22 bpm in the first 

15-second increment up to 35 bpm in the final 15-second 

increment. All comparisons of HR yielded large effect sizes 

(Cohen’s d > 1.3) indicating substantial differences between 

the modalities across all conditions. 

Table 3.  Average heart rate (HR) recorded during galloping phases and 

calculated HR from running phases at an equivalent VO2 with Cohen D’s 

values for effect size 

Phase 

Galloping VO2 

(mL/kg/min) 

Mean ± SD 

Calculated  

Running HR 

(bpm)  

Mean ± SD 

Recorded 

Galloping HR 

(bpm) 

Mean ± SD 

Effe

ct 

Size 

S1 12.2 ± 2.5 102 ± 18* 116 ± 13 1.3 

S3 15.7 ± 3.9 110 ± 19* 129 ± 18 1.3 

S5 17.5 ± 4.5 114 ± 19* 140 ± 24 2.1 

SR 1 12.2 ± 2.5 99 ± 20* 121 ± 16 1.7 

SR 2 16.2 ± 4.1 107 ± 23* 130 ± 16 1.4 

SR 3 18.8 ± 4.6 113 ± 23* 136 ± 18 1.5 

SR 4 20.5 ± 5.8 117 ± 22* 141 ± 19 1.8 

SR 5 24.0 ± 7.6 125 ± 23* 148 ± 18 1.5 

SR 6 24.2 ± 6.6 126 ± 24* 157 ± 16 2.2 

SR 7 25.5 ± 5.6 129 ± 19* 163 ± 15 4.1 

*Indicates significant differences (p<0.01) between the recorded galloping and 

calculated treadmill heart rates. S1, S3, and S5 represent the steady-paced galloping 

speeds. SR 1-7 represents the seven time points throughout the simulated races. 

 

 

Figure 3.  General Estimating Equations (GEE) for predicting VO2 from HR during running on a treadmill, steady-paced galloping and riding a simulated 

race from all participants 
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3.4. Simulated Galloping Energy Expenditure  

and Metabolic Equivalents 

EE was calculated for the steady-paced galloping using 

the final 15-second increment from each two-minute bouts. 

During S1, the average EE was 3.5 ± 0.6 kcals/min and had 

an average metabolic equivalent (MET) rate of 3.5 ± 0.7. 

During S3, the average EE was 4.4 ± 0.8 kcal/min with an 

average MET rate of 4.5 ± 1.1. During S5, the average EE 

was 5.0 ± 1.0 kcal/min with an average MET rate of 5.0 ± 1.3.  

For the simulated race, kcals were calculated for every 15 

second increment and summed. The 15-second increments 

for EE ranged from 0.8 – 1.7 kcals/15-seconds. The simulated 

race of 1:45 had a total EE of 9.4 ± 1.9 kcals with a final 

MET rate of 7.3 ± 1.6 in the final 15-second push.  

3.5. Cardiorespiratory Modelling  

Figure 3 shows the results of the GEE model analyses, 

which examined the contributions of HR to predict VO2 

across the different exercise modalities, including treadmill 

running, steady-paced galloping, and simulated racing.   

The analysis revealed that during treadmill running, HR 

significantly enhanced the model’s predictive capability for 

VO2, and HR was positively associated with VO2 (𝛽 = 0.36, 

SE = 0.02, 95% CI: 0.33–0.40, 𝑝 <0.0001). This model had 

an exchangeable working correlation of .93, suggesting 

strong correlation among repeated measures within clusters. 

The analysis revealed that during steady-paced galloping, 

HR significantly enhanced the model’s predictive capability 

for VO2 (p <0.0001). HR was positively associated with VO2 

(𝛽 = 0.15, SE = 0.03, 95% CI: 0.08–0.22, 𝑝 <0.0001). 

During the simulated race, HR significantly enhanced the 

model’s predictive capability for VO2 (p <0.0001). HR was 

positively associated with VO2 (𝛽 = 0.29, SE = 0.04, 95% CI: 

0.22–0.37, 𝑝 <0.0001).  

Wald tests revealed that the slope of HR to predict VO2 is 

significantly different between running and steady-paced 

galloping (Z = 5.55, p <0.001) and between steady-paced 

galloping and simulated racing (Z = 2.75, p = 0.006). 

However, there was no significant difference between the 

slopes for running versus riding a simulated race (Z = 1.77, p 

= 0.08). During treadmill running, for every increase of one 

bpm in HR, VO2 increases 0.36 mL/kg/min. During the 

simulated race, for every increase of one bpm in HR, VO2 

increase 0.29 mL/kg/min. The slope for steady-paced 

galloping is significantly lower, where every increase of one 

bpm represents an increase of 0.15 mL/kg/min. 

4. Discussion  

The current study’s primary focus was to compare the 

differences in cardiorespiratory responses between running 

and simulated galloping activities to determine if HR can 

serve as an appropriate indicator of EE during RR activities. 

The findings support that HR is significantly higher during 

RR activities than running but still contributed to predicting 

VO2 and, subsequently, EE across all activities.  

Our primary hypothesis was that recruitment of upper 

body movement would increase HR significantly higher 

during simulated galloping conditions than when running on 

a treadmill at the same rate of VO2. Average HR differences 

were between 14-35 bpm higher in galloping activities than 

running at an equivalent VO2, supporting the primary hypothesis. 

The current study is the first to evaluate steady-paced and a 

simulated race using the neck mode on a galloping simulator, 

allowing the participant to control the simulators speed. 

Table 4 compares our findings with previous research evaluating 

HR in simulated and live galloping conditions. 

Table 4.  Details of heart rate (HR) and VO2 reported in literature and the 
current study for RR activities 

Study 
Type of 

Riding 

N 

(RR Cohort) 

VO2Mean 

(mL/kg/min) 

Mean HR 

(bpm) 

Cullen 

(2015) 

[30] 

Simulated 

Race (M) 
18 (T) 39.9 ± 6.4 144 ± 15 

Live Race 8 (A) -- 180 ± 6 

Kiely 

(2018) 

[29] 

Walk 

11 (T) 

8.3 ± 2.1 91 ± 9 

Trot 21.7 ± 3.3 115 ± 11 

Canter 26.8 ± 5.0 135 ±15 

Quintana 

(2019) 

[31] 

Simulated 

Race (SP) 
15 (J) -- 134 ± 16 

Live Race 15 (J) -- 169 ± 10 

Kiely 

(2020) 

[28] 

Live Race 

(Short – 

Mean 78 s) 

10 (J) -- 172 ± 15 

Live Race 

(Long – 

Mean 157 s) 

10 (J) -- 151 ± 19 

Legg 

(2022) 

[34] 

Live Mock 

Race 
8 (A), 4 (J) -- 160 ± 17 

Live Race 4 (J) -- 166 ± 10 

Current 

Study 

S1 (M) 
7 (J), 2 (A), 

4 (E) 

12.2 ± 2.5 116 ± 13 

S3 (M) 15.7 ± 3.9 129 ± 18 

S5 (M) 17.5 ± 4.5 140 ± 24 

SR 1 (M) 

7 (J), 2 (A) 

12.2 ± 2.5 121 ± 16 

SR 2 (M) 16.2 ± 4.1 130 ± 16 

SR 3 (M) 18.8 ± 4.6 136 ± 18 

SR 4 (M) 20.5 ± 5.8 141 ± 19 

SR 5 (M) 24.0 ± 7.6 148 ± 18 

SR 6 (M) 24.2 ± 6.6 157 ± 16 

SR 7 (M) 25.5 ± 5.6 163 ± 15 

(M) refers to motorized simulators, and (SP) refers to self-propelled 

/manual simulators; S1, S3, and S5 represent the steady-paced galloping 

speeds and SR 1-7 represents the seven time points throughout the 

simulated races; RR: Race Rider; (J) Refers to a licensed jockey, (A) 

apprentice rider, (E). exercise rider, and (T) refers to a trainee who is  

a rider in training to become a jockey who has not raced before. 

Cullen’s study is the only other that utilizes the same galloping 

simulator as the current study, providing a valuable point of 

comparison [30]. The main difference in the current study’s 

protocol and Cullen’s protocol was in the simulated race. 

Cullen’s study utilized a single remote controlled steady pace 
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for the entire race, whereas the current study used the neck 

mode, allowing the participants to control the simulator’s 

speed [30]. This key difference makes the data between our 

steady-paced S5 and Cullen’s study more comparable than 

the data from our simulated race. The mean HR between the 

studies was similar while the mean VO2 was significantly 

different [30]. This difference may be due to variations in the 

participants. 

Cullen’s participants for the simulated race involved 18 

trainee jockeys, whereas the current study included a broader 

group of RRs, primarily licensed jockeys [30]. Unlike licensed 

jockeys, trainees have not yet participated in sanctioned 

races, and may lack the sports expertise in their fine motor 

skills and gross movement patterns. Research indicates that 

experienced riders in other disciplines maintain their centre 

of mass closer to the horse’s midline, enhancing stability  

and reducing excessive movement compared to novice riders 

[33,37,38]. To the author’s knowledge, no research has evaluated 

movement optimization and efficiency in the RR population. 

However, looking at other athletic populations, experienced 

runners often find an optimal stride frequency and length   

to improve energy efficiency [39-42]. It is possible that the 

experienced RR in the current study have optimized their 

riding patterns to decrease their EE, contributing to the observed 

differences in VO2 between the studies at similar settings.  

Additional differences arise from the variation in the 

maximal aerobic capacity between the trainee jockeys and 

experienced RR. Cullen’s study reported a VO2Peak of 42.74 

± 5.6 mL/kg/min from a cycling ergometer GXT [30]. These 

values are significantly lower than the VO2Max observed in 

the current study’s participants with an average of 50.3 ± 7.5 

mL/kg/min. Notably, the average body weight between studies 

is similar, suggesting the RR in the current study have 

greater aerobic capacity and aerobic fitness likely attributing 

to the differences between studies reported VO2.  

Evaluating mean and peak HR across an entire race offers 

valuable insights into broad patterns, protocol comparisons, 

and total exercise stress; however, it may also introduce 

averaging bias, obscuring dynamic HR changes and stage- 

specific responses during progressive intensity activities. If 

the current study only reported average HR across the entire 

simulated race, it would be 142 ± 21 bpm. These values are 

comparable to that of Cullen’s and Quintana’s simulated 

races [30,31]. However, by segmenting the data into phases, 

we can evaluate intensity-specific responses as the race 

progresses. This approach permitted a clearer snapshot of 

HR in the final 15-second increment (SR 7) of the simulated 

race in the current study, which distinctly, aligns with those 

values previously reported in live and practice (mock) races 

[28,29].  

This study evaluated RR from a resting state when 

conducting the simulated race. Differences in HR and VO2 

may be explained by this limiting factor in conducting 

research on a mechanical simulator. For instance, in live 

racing, riders spend 10-15 minutes on the horse for a pre-race 

parade in front of the stands, followed by a brief warm-up 

before entering the starting gates. A concurrent example of 

pre-riding activity and potential effects on measures includes 

exercise riders who often prepare the horse- saddling the 

horse and riding the horse to the exercise track. This additional 

time before a race or exercise bout were not duplicated in   

the current study. Additionally, riders on live horses must 

maintain speed, either pushing or restraining their horse, 

while in this study, speed was set on a pre-determined level. 

Given these activity level differences, we would expect that 

VO2 and HR are different when compared with steady-paced 

simulated galloping and live cantering reported by Kiely  

and colleagues [29]. Finally, duration of data collection may 

explain differences from previously reported results. For instance, 

we sampled for two minutes, and Kiely’s study sampled for 

three minutes, potentially affecting VO2 comparisons (14), 

and on differing populations as Kiely also used trainee jockeys.  

Simulated race conditions showed lower HR values at  

the beginning (S1) in this study, while the final 15-second 

increment (S7) mean HR are like those reported in live and 

practice races. This finding suggests that use of neck mode 

more realistically mimics physiological demand on the rider 

than using a steady-paced remote setting on a simulator. Thus, 

future use of mechanical simulators to improve training and 

rehabilitation are indicated as HR demands are like live riding. 

A major advantage of mechanical simulator use is that inherent 

risks of riding live horses are removed, without sacrificing 

physical benefits of the riding activity.  

Our secondary hypothesis was that when galloping on    

a horse simulator, HR would not significantly contribute to  

a model’s ability to predict VO2 but would during running. 

This hypothesis was not supported, as HR contributed 

significantly to all GEE models. However, the slope of the 

GEE model for steady-paced galloping was lower than that 

of the models for treadmill running and riding a simulated 

race. These findings underscore that HRs influence on VO2 is 

less pronounced during steady-paced galloping than during 

simulated racing and a running GXT. Differences between 

the activities were realized in the simulated race and running 

GXT, with the intensity of the exercise continuing to increase 

throughout the exercise session. During the simulated race, 

the participants had to control the mechanical horse’s speed. 

This speed modulation was achieved either by pushing on 

the neck or reducing speed by pulling on the reins. During 

the steady-paced galloping participants placed their arms on 

the simulator’s neck and rode the set speed. This observation 

was interpreted as a means of riding passively and may reduce 

muscular engagement compared to the full-body coordination 

required during the simulated racing and running conditions 

[34]. Reduced muscle engagement automatically reduces 

oxygen demand during activity. HR differences between 

steady-paced galloping and running at the same VO2   

likely stems from an increased afterload from isometric 

contractions that occur in the passive riding positioning 

[43,44]. Increased vascular resistance and afterload lead    

to elevated HR disproportionate to VO2 [13,44]. Therefore,  

it should be considered that the HR may not accurately 

reflect the VO2 and EE during RR activities that occur during 

steady-paced bouts.  
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A limitation of these findings can be explained through  

the lack of measures around cumulative effects of multiple 

riding sessions which RR normally engage in throughout a 

workday. Average MET values observed during steady- 

paced galloping fall within a moderate physical activity rate. 

These increase to vigorous physical activity at the ending 

phases of the simulated race. Therefore, although the EE 

may appear low, repetitive engagement in these activities 

across a workday cumulatively provides sufficient physical 

activity to meet guidelines. Additionally, EE from the excess 

post-exercise oxygen consumption (EPOC) phase was neither 

measured nor used in the predictive model. Understanding 

EPOC following RR activities and how it varies between 

types, distances and speed of rides would provide additional 

critical information for evaluating total EE across a workday 

for RR.  

The findings of the current study provide valuable insights 

into the physiological demands of RR activities, although the 

generalizability of the results may be limited due to the small 

convenience sample and use of a galloping simulator. Using 

a galloping simulator allows for a more controlled environment 

and improves the rider’s safety during test protocols. The 

current study supports use of the neck-mode to stimulate 

racing conditions. Based on previous findings that demonstrate 

lower HR than VO2 while riding a live horse at a walk, trot, 

and canter, it is likely that these differences also occur at a 

gallop. Therefore, supplemental exercise is recommended to 

improve weight-making practices in RR.  

5. Conclusions 

HR remains a valuable predictor of VO₂ when assessing 

simulated RR, despite higher HR at equivalent VO2 levels 

than running activity. Elevated HR observed during simulated 

galloping is attributable to the increased involvement of 

upper body muscles required for the specialized movement 

patterns of galloping. Despite reporting relatively low EE 

during simulated races, galloping activities achieved MET 

values consistent with moderate to vigorous physical activity 

levels as defined by ACSM guidelines. This study is the first 

to the authors’ knowledge to provide an equation to predict 

EE from HR during simulated galloping at steady-paced 

speeds and during simulated races. These findings contribute 

to a foundation for estimating EE from HR in the RR community 

to guide future tailored weight-making based on daily EE. 

Future research should explore the EE-HR relationship more 

in-depth on live horses, the cumulative EE across a RRs 

workday, how EE is different based on horse characteristics, 

environmental conditions, and varying intensities of live riding, 

and the impact EPOC has on EE of various RR activities. 
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