
ABSTRACT 

MUNJIZUN, AHMAD. The Effect of Adiposity and Excessive Weight Carriage on Exercise 

Performance in Horses. (Under the direction of Dr. Shannon Pratt-Phillips). 

 

Excessive adiposity is associated with equine metabolic issues and decreased 

performance. In sport horses, prevalence of over conditioning in equine sports could have been 

caused by judges favoring overweight animals. Therefore, in study 1, the perceptions of equine 

judges on adiposity were investigated. A Qualtrics survey was sent to 1209 judges of various 

equine sports. The judges were asked about their background experience, their perception on thin 

and fat horses, and their ability to determine body conditions of horses through pictures. Pictures 

of horses with different body conditions were included in the survey.  Judges’ opinion was then 

compared with opinion of experts. The results from 211 respondents (17.4% from judges 

contacted) suggest that the judges participating in the survey were more lenient towards 

overweight horses than thin horses. Fair agreement with the experts showed that they had 

difficulties to identify overweight animals through pictures. 

Excessive adiposity is linked to metabolic issues such as insulin dysregulation. Study 2 

aimed to assess the relationship between adiposity (represented by BCS and cresty neck scores 

[CNS]) and blood parameters (insulin and glucose concentrations) in competition ponies. Fifty-

eight ponies competing in a national championship were signed up. The BCS and CNS were 

assessed, and jugular blood was collected. Glucose concentrations were tested using hand-held 

glucometer. Serum insulin concentrations were analyzed using radioimmunoassay. The results 

suggest that higher BCS and CNS were associated with higher odds of hyperinsulinemia within 

the population of ponies that were studied. However, absence of strong Pearson’s correlation 

coefficient suggested that the adverse effect of adiposity may have been lessened by the animals’ 

exercise regimes.  
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Excessive adiposity also exerts physical impacts due to weight load. Therefore, Study 3 

aimed to determine the effect of additional weight carriage on work efforts in horses. Eight 

stock-type horses were used in a crossover study. Each day tested a pair of horses with one being 

treatment and the other being a control. The weight treatment (comprising 15% the horse 

bodyweight) consisted of a set of saddle, water bags, and hand weights. After weight was 

installed, heart rate was recorded, and the horses were allowed to rest in stalls for two hours, 

followed by a 34-min exercise. Heart rate and rectal temperature were recorded prior to and 

immediately after the exercise. The results showed that heart rate increased with exercise, and 

the treatment group had higher heart rates and greater changes in body temperature following the 

exercise. This showed that additional weight of 15% bodyweight resulted in higher work efforts 

in horses. 

While over conditioning of ponies in sports that are judged such as hunter competitions is 

common, Study 4 aimed to investigate owners’ perception on equine BCS, ponies’ BCS, 

feedstuff, and estimated nutrient intake of ponies in a pony racing population. A survey was sent 

to 270 pony owners, from which 52 responses were obtained, and 54 ponies were signed up. 

Research procedures consisted of recording BCS and CNS, weighing and identifying feedstuff, 

sending representative samples for composition lab analysis, estimation of bodyweight and 

digestible energy (DE), estimation of nutrient requirements, and determining requirements vs. 

intake. The results suggest that owners prefer moderate BCS for pony racing. Overall, BCS and 

CNS were considered ideal. Naturally grown forages (such as Cynodon dactylon) were used as 

roughage with rice bran as the main concentrate. Nutrient intake for DE and CP was sufficient, 

but the estimated calcium intake and calcium to phosphorus ratio did not meet the requirements.  
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While this study showing negative impact of adiposity on health and performance, further 

research addressing adiposity-related equine welfare and calcium intake sufficiency in the pony 

population is required. 
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CHAPTER 1 

LITERATURE REVIEW 

1.1.  Introduction 

Adipose tissue is a metabolic organ that is central to the regulation of the body’s energy 

homeostasis. It acts as an endocrine organ and energy reservoir. Adipose tissue stores excess 

dietary energetic substrates (carbohydrates and fat) as lipids. During energy deficiency, it 

undergoes lipolysis (the breakdown of stored lipids) to supply energy fuels to target tissues 

(Choe et al., 2016). Therefore, continuous excess in calorie intake can ultimately cause 

unnecessary excess bodyweight as fat. For decades, there has been a great attention to the 

adverse impact of excess body fat in humans (Chen, 1986; Bosello and Zamboni, 2000; Engin, 

2017). However, attention to excessive adiposity in companion animals such as horses and 

ponies is still gradually increasing (Carter et al., 2009b; Ragno et al., 2019).  

1.2.  Methods of Assessing Adiposity in Horses 

There are two types of methods in assessing adiposity in horses, objective assessment and 

subjective assessment. Objective assessments include carcass evaluation, which is the gold 

standard in adiposity assessment because it directly measures the amount of the adipose tissue 

through dissection. Other objective assessments include ultrasonography, total body water, and 

morphometric measurements. Meanwhile subjective assessments include body condition scores 

and cresty neck scores. Carcass fat dissection has been used to validate the other methods such as 

body condition scores and doubly labeled water (Dugdale et al., 2011a; Dugdale et al., 2011b; 

Baker et al., 2020). 
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1.2.1. Carcass Fat Dissection 

Carcass dissection allows for direct measurement of body fat in horses to quantify 

adiposity. White adipose tissue and chemical analysis of gross fat content from recovered soft 

tissue have been described in horses (Dugdale et al., 2011a; Ferjak et al., 2017b). Dugdale et al. 

(2011a) dissected the cadavers of 7 ponies and categorized them into 8 categories, including 3 

soft tissues of which the white adipose tissue was isolated from (soft tissues of carcass, head and 

lower limb, and viscera). This, however, did not include intramuscular white adipose tissue due 

to technical difficulty in its manual separation. Live body mass was recorded before euthanasia. 

The difference between live bodyweight and weight of all recovered tissues and all contents in 

the abdominal cavity was considered water lost through evaporation or gained through 

condensation during dissection. Tissue samples from half carcass (left of or right) were were 

analyzed through bomb calorimetry for gross energy and subsequent chemical proportion 

including fat could be obtained from proximate analysis for samples for the other half (Horowitz 

and Latimer, 2006).  

1.2.2. Body Condition Scores 

Monitoring energy status is crucial for horse owners or managers. Changes in 

bodyweight can be helpful to determine the appropriate management for the animals to ensure 

their ideal body conditions. This management includes weight loss program for over conditioned 

animals, maintaining weight for ideal animals, and increasing weight for underweight animals. 

True live weight measurement is not always possible without an equine weight scale. Also, the 

ideal bodyweight of a particular height or size of a horse must also be known. Therefore, a more 

practical way to assess adiposity in horses has been developed. 
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Body condition scoring (BCS) assigns scores to horses to represent the level of 

subcutaneous fat, which is assessed both visually and/or physically (by palpating) on several parts 

of the horse body (Figure 1.1) (Henneke et al., 1983).   

A number of body condition scoring methods have been developed. The first BCS with a 

scale 0 – 5 was developed by Leighton-Hardman (1980), which was further adapted by Carroll 

and Huntington (1988). This system assessed three areas in the horse body, including the neck, 

back and ribs, and pelvis. The score 0 represents extremely poor condition while the score 5 

represents extreme fat.  

In the same decade, Henneke et al. (1983) developed a wider range of numerical scoring, 

encompassing more areas of the body for the assessment. This system evaluates fat deposition in 

six body areas of the horse (neck, withers, behind the shoulders, ribs, and tailhead, categorizing 

each from score 1 (extremely poor) to 9 (extremely fat) (Table 1.1). Body condition scores are 

intended to be an estimation tool for body fat content in a horse. As Henneke et al. (1983) 

applied this BCS system on Quarter horse broodmares, this would question its applicability to a 

wider type or breed of horses. This system has now been applied to a wider range of breeds (and 

class) of horses such as Arabian endurance horses (Garlinghouse and Burrill, 1999), 

Thoroughbred geldings and mares (Suagee et al., 2008; Fowler et al., 2020), Icelandic and 

Warmblood horses (Jensen et al., 2016; Jensen et al., 2019), and ponies (Dugdale et al., 2011a). 

Body condition scoring is a subjective assessment, meaning that it is highly dependent on 

personal experiences. Suagee et al. (2008) identified three qualifications for a BCS system to be 

acceptable; these are repeatability, reproducibility, and predictability.  Repeatability indicates the 

precision of the assessment by which similar results are obtained from repeated assessments over 

one animal by the same judge. Reproducibility refers to a precision of similarity in scoring 
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results between two or more judges over the same animal. Meanwhile, predictability is defined 

as the accuracy of the predicted levels of fat deposition as reflected by a BCS system. For 

example, body fat equations developed by Westervelt et al. (1976) were used to determine the 

predictability of Henneke’s system (Henneke et al., 1983).  

1.2.3. Ultrasonography  

Ultrasonography measures the difference in tissue density between muscle and 

subcutaneous adipose tissue (Carter and Dugdale, 2013). Denser tissue appears as white and less 

dense tissue appears as dark or black. Therefore, subcutaneous fat will appear underneath the 

skin and looks white on top side of ultrasound screen all the way to the edge of dark region next 

to the muscle tissue that appears as solid white (Carter and Dugdale, 2013). A probe is required 

for the ultrasound reading to be attached to the region being assessed. Clipping the hair in the 

region may be necessary and the procedure also requires the use of lubricant such as gel or 

alcohol as a signal conductor. 

Subcutaneous fat thickness is used to generalize the percentage of body fat, assuming that 

the depth of subcutaneous fat at a specific region of the body (usually the rump) is proportional 

to total body fat. Westervelt et al. (1976) studied ultrasound fat thickness on eight horses and 

eight ponies and found strong correlation between ultrasound subcutaneous fat and actual rump 

fat thickness after dissection (r = 0.85). The location for the ultrasound measurement in both 

horses and ponies was over the rump 5 cm aside from the midline at the center of the pelvic 

bone. Westervelt performed analysis on ultrasound rump fat thickness and the extractable fat and 

generated equations for total body fat. For horses, the equation was described to be Y = 8.64 + 

4.70 X (r2 = 0.86) and for ponies, Y = 3.83 + 5.58 X (r2 = 0.64), while Y is % body fat and X is 
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fat depth. This indicates a linear increase in the total body fat, where in every one unit increase in 

ramp fat, percent body fat increases by at least 4.7.  

Other studies used Westervelt’s equation to derive fat mass and fat-free mass from 

bodyweight (Henneke et al., 1983), assuming that the rump subcutaneous fat thickness has a 

constant proportion of total body fat, hence the changes in bodyweight when subcutaneous fat 

thickness remains steady is due to changes in fat-free mass. Meanwhile, other than underneath 

the skin, fat is also deposited in form of intramuscular and visceral adipose, which is not 

considered in Westervelt’s equation. Also, each of these fat locations may have different 

characteristics and distribution pattern during the bodyweight changes attributable to factors 

including nutritional intake, physiological status, or seasonal changes (Gentry et al., 2004; 

Dugdale et al., 2010; Dugdale et al., 2011a).  

Another potential limitation from the equation is the population from which the equation 

was derived; the equation was generated only from eight horses and eleven ponies (Westervelt et 

al., 1976). Moreover, the difference in the results for horses and ponies, which indicates ponies 

having more fat proportion than horses, would reflect possible variations on the same subject due 

to a broader range of factors such as age, sex, and breed. Although, assessing subcutaneous fat 

thickness can be useful when there is a change in the overall body condition as complement of 

BCS, which is less sensitive to a smaller degree of body fat changes. 

1.2.4. Morphometric Measurements 

The idea of measuring morphometric parameters in the horses or ponies comes from the 

need to estimate normal bodyweight that is relative to the measurements of body size parameters. 

Having similar bodyweight does not mean that two individuals are both in an ideal condition, 

because one of them could be taller or shorter than the other. For this reason, body mass index 
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(BMI) has been used. Body mass index is generated by dividing total body mass by total body 

size. In humans, the calculation is conducted by dividing bodyweight by the square of 

height (BW (kg)/[height (m)]2). In horses, BMI has been applied and was found to be positively 

correlated with body condition scores (Donaldson et al., 2004; Thatcher et al., 2008). A simple 

ratio of bodyweight to height was also found to correlate with BCS (R=0.58) and percentage of 

body fat (Henneke et al., 1983). However, correlations based on one measurement would not 

necessarily give precise and accurate prediction of the actual adiposity level (Carter and 

Dugdale, 2013).  

Further morphometric measurements were developed to predict equine body fat content. 

For example, a ratio of girth circumference to height had a positive correlation with BCS and 

percentage of body fat (Henneke et al., 1983).  Carter et al. (2009a) conducted a study measuring 

different measurements including bodyweight, body length, height (withers), girth 

circumference, waist (abdominal circumference), neck length, height of neck crest, and neck 

circumference at 0.25, 0.50, 0.75 of neck length. It was found that the ratio of girth to height had 

the highest correlation with the BCS both in horses (R=0.64) and ponies (R=0.83). These 

correlations were also higher than BMI from two equations; BMI1 was calculated with (BW 

(kg)/[height (m)]) and BMI2 calculated with (BW (kg)/[length (m) × height (m)]) (Carter et al., 

2009a).  

1.2.5. Cresty Neck Scores 

Cresty Neck score describes fat deposits along the neck crest of an equid. The initial goal 

was to investigate a specific regional fat deposit that would correlate to risks of certain diseases. 

In humans for example, visceral (intra-abdominal) fat is positively correlated with increased risk 

of diabetes and cardiovascular diseases more than the general obesity, and waist circumference is 
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often usually used to assess visceral adiposity, better than BMI (Carroll et al., 2008; Kurniawan 

et al., 2018).  Carter et al. (2009a) was inspired by previous research that adiposity along the 

neck crest was suggested to have an association with compromised metabolic status, such as 

insulin dysregulation and risk of developing laminitis (Johnson, 2002; Treiber et al., 2006). 

Therefore, Carter et al. (2009a) developed CNS system to assess this specific fat deposition. This 

method scores the crest fat from 0 to 5 with 0 as the thinnest with no palpable crest and 5 for the 

neck with the most bulging crest, usually dropping to either side. Based on this system, CNS ≥3 

is considered to be concerning as it was found to correlate with insulin dysregulation.  The 

scoring is carried out based on the criteria listed in Table 1.2.  

Carter’s CNS system have been applied in many studies in various equine populations, 

including donkeys (Pritchard et al., 2019). Modification on Carter’s CNS system was also made 

by Sánchez et al. (2017), who studied a population of Pura Raza Espanol horses. They modified 

the CNS scoring system into scales 1 to 9, with score 5 as serious, 6 as very serious, and ≥7 to be 

disqualifying defects.  

1.2.6. Total Body Water 

Total body water is considered a very accurate method for estimating body fat content as 

it accounts for all types of fat in the body. In horses, total body water assessment has been 

conducted through deuterium oxide (D2O) dilution (Andrews et al., 1997; Ferjak et al., 2017a) 

and bioelectrical impedance analysis (BIA) (Forro et al., 2000; Pearson et al., 2018; Greco-Otto 

and Léguillette, 2019).  

Deuterium oxide dilution was performed through administration of 0.14 g/kg bodyweight 

of deuterium oxide through nasogastric tube or 0.11–0.4 g/kg bodyweight through jugular vein 

(Andrews et al., 1997; Carter and Dugdale, 2013). Blood samples are collected prior to and at 2-
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7 hours post administration. Stable isotopes of deuterium oxide in the plasma are then analyzed 

with gas isotope ratio mass spectrometry (Carter and Dugdale, 2013). The basic principle of total 

body water method is the theory that all parts of body, except fat, contains water. The deuterium 

isotope will equilibrate to all watery parts of the body and not to the fat. After the water 

equilibration, the concentration of plasma deuterium isotope will be a representation of the total 

water of the body, hence the calculation of body water is based on the amount of administration 

and the plasma isotope concentration. As the total lean tissue of the body is estimated to be 

73.2%, the total lean (non-fat) mass can be calculated as 0.732/total body water and the 

subtraction of this from the total body water is the amount of the total body fat mass (Carter and 

Dugdale, 2013). 

Meanwhile, BIA is performed by placing pairs of electrodes at certain areas of the body 

and measuring the current across them. BIA measures body resistivity to a current, allowing the 

assessment of total body water, extracellular water, and intracellular water (Greco-Otto and 

Léguillette, 2019). Fat has low conductivity (high conductivity), while water has high 

conductivity to a low frequency electric current (Carter and Dugdale, 2013; Greco-Otto and 

Léguillette, 2019). Pairs of electrodes may be placed below and above the ipsilateral knee and 

hock and at poll or neck and dock or rump; the placement varies between studies (Forro et al., 

2000; Gee et al., 2003; Fielding et al., 2004; Latman et al., 2011). Each pair consists of a 

detecting electrode and transmitting electrode, and their placement locations are crucial because 

they can be subject to disconnection when the horses move the legs (Latman et al., 2011), which 

occurred as reported by McKeen (McKeen and Lindinger, 2004).  

Both deuterium oxide (D2O) dilution and BIA have now been validated in horses 

(Dugdale et al., 2011b; Ward et al., 2016). Dugdale et al. (2011b) found a very strong correlation 
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between body fat derived from (D2O) dilution and body fat content derived from proximate 

analysis and dissection. Ferjak et al. (2017b) also concluded that D2O is a better predictor of 

body fat content than rump fat thickness of stock-type horses after validation with near-infrared 

spectroscopy (NIRS) on dissected cadaver. Meanwhile, Ward et al. (2016) validated BIA by 

comparing body fat estimation from BIA and D2O dilution, between which they found no 

significant difference. However, double labeled water is not always feasible due to its high cost.  

1.2.7. EQUIFAT 

EQUIFAT is a system to assess regional adipose tissue depots that was developed by 

Morrison and colleagues (Morrison et al., 2017a). The assessment involves two gradings, 

subjective and objective gradings. The subjective grading is the grading of fat depots from 

several regions such as rump, epicardial, omental, and mesenteric) against specific descriptors (1 

= no visibility of fat; 5 = excessive adiposity). Meanwhile, the objective grading is the 

assessment of the thickness scores of adipose tissue depots in nuchal crest and ventro-abdominal 

retroperitoneum, in which the depth range is stratified uniformly to classify them into categorical 

scores ranging from 1 to 5 (exp: 1 = 0 – 2.99 cm; 2 = 3 – 5.99 cm, etc.). This method was 

developed to perform studies on the association between adiposity and the risk of some clinical 

conditions in live animals, during surgery or in post-mortem conditions.  

The publication on EQUIFAT presented the test on the repeatability and reliability of the 

method and its association with body condition score (BCS) in 207 horses (Morrison et al., 

2017a). The repeatability test using Kappa analysis that involved 24 observers showed perfect 

agreement on scores for mesenteric and omental fats, and substantial agreement on rump and 

epicardial fat scores. Meanwhile, inter-observer agreement was found to be substantial for rump 

and epicardial fats, and moderate to substantial for mesenteric and omental fats. According to the 
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researchers, these differences was because mesenteric and omental adipose tissue was more 

distinguishable in photographs than rump and epicardial fats.  

According to Morrison et al. (2017a), among the fat depots assessed using EQUIFAT, 

only retroperitoneal and omental fat scores had strong positive correlation with BCS. This agrees 

with the finding of Dugdale et al. (2012) that presented positive correlation between 

retroperitoneal fat and percentage body fat from a larger group of equines (77 horses and ponies). 

Morrison et al. (2017a) suggested that intra-abdominal adipose tissue may serve as long-term fat 

storage although it is not clear yet whether retroperitoneal fat is classified as “visceral fat.”  

1.2.8. The Relationship between Different Methods of Assessing Adiposity 

A number of studies were conducted to compare BCS to subcutaneous fat derived from 

ultrasonographic images. Gentry et al. (2004) assigned twenty-four light horse mares to either 

weight loss or weight gain and monitored BCS and subcutaneous fat at four sites in the body 

(withers, 13th rib, rump, and tailhead) over the course of 9 months. BCS was found to be positively 

correlated with subcutaneous fat at the four locations. Subcutaneous fat in the tailhead accounted 

for the greatest correlation with BCS, and the change during both weight loss and weight gain was 

significantly more than that in the other three locations. Therefore, tailhead was considered to be 

a good predictor of adiposity (Gentry et al., 2004), in agreement with previous studies in 

Andalusian horses (Martin-Gimenez et al., 2016), Thoroughbred, Quarter horses, Arabian horses 

(Gobesso et al., 2012), and ponies (Dugdale et al., 2011a). In addition, subcutaneous fat in the 

tailhead was also found to be positively correlated with morphometric ratios including belly girth, 

heart girth circumference, and G/H ratio (Fowler et al., 2020) 

According to Superchi et al. (2014), the correlation coefficient between BCS and 

subcutaneous fat thickness is influenced by breed, gender and the horse class. The highest 
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correlation among breeds was found in Italian Saddler (R=0.55), followed by Standardbred 

(R=0.53) and Thoroughbred (R=0.17) (Superchi et al., 2014). Among genders, significant 

correlation was found in mares and stallions, but not geldings (Superchi et al., 2014).  With age-

class, the correlation decreases in older horses (Superchi et al., 2014).  

In contrast, a study on 14 mature Thoroughbred horses (8 geldings and 6 mares) found no 

significant correlation between BCS and individual measurement of ultrasonic fat thickness at 

the neck, shoulder, ribs, rump, and tailhead (Fowler et al., 2020). Non-significant correlation 

between BCS and estimated body fat using rump fat thickness was also found in another study 

(Wärnsberg, 2020). It is noted that in Fowler’s study, the BCS ranged only from 4.5 to 6.5 

(Fowler et al., 2020), compared to the other studies with ranges of 8 – 8.5 and 3 – 3.5 (Gentry et 

al., 2004) and 3 – 9 (Martin-Gimenez et al., 2016). Therefore, it can be assumed that 

subcutaneous fat in the tailhead does not account for much variation in athletic horses (Fowler et 

al., 2020). 

It was also proposed fewer body areas determine BCS such as using neck, shoulder, ribs, 

and tailhead, excluding withers and loin (Suagee et al., 2008). The reason was to avoid 

underestimation of the apparent changes in the overall body condition when the slowly-changing 

scores of withers and loin are included, making the results more subjective (Suagee et al., 2008). 

Fowler et al. (2020) argued that BCS is a score for the overall adiposity of an equid rather than a 

score for a particular area of the body. This was confirmed that despite not having significant 

correlations with fat thickness in each body area observed, BCS had a significant positive 

correlation with total body fat measured with D2O dilution (Fowler et al., 2020). A positive 

correlation between BCS and total body fat was also reported by (Dugdale et al., 2011a), but the 

relationship was exponential, and the power of BCS to predict body fat content decreased when 
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BCS reached 6.83 (body fat >20%). Conversely, little change was observed in BCS despite 

considerable decrease in body fat through D2O dilution (Dugdale et al., 2011b).  

1.3. Body Condition and Performance 

1.3.1. Body Condition Scores and Horse Sport Performance 

The degree of adiposity may affect performance of horses. Lawrence et al. (1992) 

conducted a study on Thoroughbred horses competing in a 150-mile (241.4 km) endurance race. 

The horses participating had BCS of 3 (thin), 4 (moderately thin), and 5 (moderate). Out of 61 

horses at the start of the race, only 25 horses finished the race. The data suggest that top 

competitive horses tended to have lower BCS than the horses that failed to finish the race or 

finished too slowly, presumably because they carried less added weight as fat. Another study of 

360 horses competing in a 160-km endurance race showed a significant effect of BCS on the 

horses’ completion rates, however none of the horses with BCS less than 3 completed the race 

(Garlinghouse and Burrill, 1999). Those with BCS of 3 had a completion rate of 9.5%. 

Meanwhile, the horses with BCS of 5 and 5.5 had completion rates of 90.7 and 100% 

respectively (Garlinghouse and Burrill, 1999). The difference in BCS of horses that successfully 

finished the endurance race and those that did not finish indicated that there should be an optimal 

body condition that is suitable for endurance racing. However, there also seems to be some 

difference between the findings of Lawrence et al. (1992) and Garlinghouse and Burrill (1999) 

regarding the optimal body conditions for successful horses in endurance competition. This may 

be due to the population used in the study by Lawrence et al. (1992) that consisted of previously 

winning horses, and therefore can be considered elite population. Meanwhile, Garlinghouse and 

Burrill (1999) used a much higher number of horses that constituted a more random population.  
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The relationship between BCSs and endurance racing performance depend on a series of 

factors including bodyweight, percentage body fat, and muscle mass. Horses would have the best 

performance in a body condition where they have optimal levels of body fat and muscle mass. In 

the study by Lawrence et al. (1992), the estimated level of body fat for the top finishers was 

7.8%, while those that failed to finish the race was at 11.0%. This indicates that there was 

approximately 20 kg difference in the weight from body fat between the two groups. 

Garlinghouse and Burrill (1999) found that decreased performance in the horses with higher 

bodyweights was specifically because of lameness. However, in the same study, the researchers 

found that bodyweights did not have an impact on finish time or metabolic failure. Therefore, it 

was speculated that the lameness-related failure was associated with biomechanical loads in 

heavier horses.  

It is also noted that the thinnest horses (with BCS ≤3) had the lowest completion rates (0 

and 9.5% respectively). This was correlated with their finding that the horses that were eliminated 

for metabolic failure had an average BCS of 2.88 (out of 9). This could have been due to the 

availability of substrate required for submaximal exercise.  

1.3.2. Body Condition Scores and Exercise Physiological Parameters 

Heart rate, VO2max, and Plasma Lactate 

Heart rate, oxygen consumption (VO2), plasma lactate, and body temperature are often 

used as indicators of equine fitness. This is because they reflect the degree of the animal’s effort 

to perform an activity. The cardiovascular system allows distribution of oxygen, nutrients, and 

other important molecules or compounds throughout the body. Horse’s heart rate at rest ranges 

from 27 to 40 beats per minute (Marsland, 1968; Krzywanek et al., 1970; Physick‐Sheard et al., 

2000), and it increases along with exercise intensity due to the increased energy expenditure 
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(Evans and Rose, 1988; Jackson, 2022) up to 240 beats per minute (Vincent et al., 2006). The 

number of beats per minute in which heart rate can no longer go up under the maximum stress on 

heart is called maximum heart rate (HRmax). A fitter horse would have a lower heart rate than a 

less fit horse to carry out a similar-intensity exercise (Physick-Sheard, 1985; de Solis, 2019).  

The maximum volume of oxygen the body can utilize is termed VO2max. While aerobic 

capacity is reflected by VO2max, which represents the efficiency of oxygen transfer to 

mitochondria and its use by the muscles to produce ATP, lactate production reflects glycolytic 

capacity. Plasma lactate concentrations have also been used as an indicator of fitness, in which 

fitter horses would produce less lactate during submaximal exercise and will have a faster rate of 

clearing lactate from blood during and/after exercise (Evans et al., 1993; Davie and Evans, 

2000).  

Body fat content was found to have positive correlation with race time in elite 

Standardbred horses participating in a one-mile race  (Kearns et al., 2002b). In addition, Kearns 

et al. (2002a) found that body fat content had a negative correlation with VO2max. The data from 

this study also indicated a significant relation between fat-free mass and VO2max. Fat-free mass is 

very important for performance in mid-distance racing to generate strength and enhance oxygen 

utilization both in Thoroughbreds and Standardbreds (Kearns et al., 2002b; Fonseca et al., 2013). 

Kearns et al. (2002a) found that horses with average body fat content of 22.3% had an average 

VO2max of 114.4 ml/kg/min. The average percent body fat was lower in elite Standardbreds (8%), 

with winners had even lower (5%) (Kearns et al., 2002b). When extrapolated using the 

regression model from Kearns et al. (2002a), the average and the winners’ VO2max would be 

138.4  and 143.4 ml/kg/min respectively. These numbers are about similar to the numbers from a 

more recent study on Standardbreds, in which VO2max were 153.8 ml/kg/min in geldings and 
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141.8 ml/kg/min with average percent body fat of 10.4% and 13.9% in geldings and in mares at 

the start of the study (Klein et al., 2020).  

The effects of increased body fat content on physiological fitness and performance was 

recently studied in with nine Icelandic horses (Jansson et al., 2021). Horses were assigned and 

fed to achieve a positive (HA) or negative (RA) energy balance. Rump fat thickness, fat mass, 

and fat-free mass, and several variables in body condition and CNS were significantly higher in 

HA and RA. Body fat content was found to positively correlated with heart rate, plasma lactate 

concentration during exercise, respiration rate, and rectal temperature, and negatively correlated 

with lactate threshold, hematocrit, plasma glucose concentrations, and plasma non-esterified 

fatty acids (NEFA), suggesting higher workload with heavier weight. Lactate threshold is 

defined as the maximal intensity or efforts the horse can sustain with steady lactate 

concentrations, achieved due to equilibrium between lactate production, utilization and removal 

(Ferraz et al., 2008). Plasma lactate concentrations post exercise also returned to normal faster in 

RA than HA (Jansson et al., 2021). Lactate + H+ is the results of disassociation of lactic acid 

resulted from anaerobic glycolysis (Gomes et al., 2020), and prolonged accumulation of lactate 

can cause muscle soreness and decrease in performance (Valberg, 1996; McGowan, 2008). 

High resting blood lactate can be an indicator of lactic acidosis, where production of 

lactic acid exceeds lactic clearance (De Backer, 2003). A study found that resting blood lactate 

was negatively correlated with body condition scores and G/H ratio, that every 0.06 unit increase 

in G/H ratio, blood lactate decreases by 10% (Dunkel et al., 2019). Dunkel et al. (2019) also 

found that blood glucose concentrations were positively correlated with G/H ratio and neck to 

girth (N/G) ratio. In this study, ponies had a higher average body condition score (5.8/9) than 

horses (5.2/9), but ponies had lower blood lactate concentrations (Dunkel et al., 2019). This was 
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in contrast with previous findings, which suggested higher blood lactate in ponies than in horses 

(Dunkel et al., 2013). Jansson et al. (2021) on the other hand, found no difference between 

resting blood lactate between horses of different BCS. However, it should be noted that the range 

of BCS in the animals in Dunkel’s study was numerically greater than in Klein’s study. 

However, resting plasma concentrations are not of concern as long as they are still in a normal 

range of 0.5 to 1 mmol/L (Franklin and Allen, 2014). Therefore, the focus should be the response 

to exercise, rather than the initial blood lactate concentrations.  

Leleu and Cotrel (2006) found no correlation between body composition and certain 

characteristics in gaits. In contrast, a study on riding school horses in Sweden found that there 

was a tendency that more asymmetric movements in the hind limbs were corresponded to higher 

BCS (Wärnsberg, 2020). Moreover, according to Jansson et al. (2021), asymmetry in both front 

limbs and hind limbs was higher in horses with higher BCS. In a breed evaluation field test, for 

Icelandic horses, scores from judges were also significantly higher in RA than HA horses 

(Jansson et al., 2021).  

Leaner body condition scores (4 – 5 out of 9) are commonly maintained in horses 

performing in sprint-type racings, endurance racing, and polo pony competitions. However, 

equines performing in other sports that are judged  such as dressage, show hunter, and show 

jumping usually have higher body condition scores (more than 6 out of 9) (Pagan et al., 2009; 

Harker et al., 2011).  Pagan et al. (2009) found that dressage horses, show hunters and show 

jumpers had significantly higher body condition scores than polo ponies. It can be assumed that 

while being athletic, dressage horses, show hunters and show jumpers should work more to 

achieve a more ideal body condition. 
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1.3.3. Weight Carriage on Horse Efforts 

The National Research Council estimated that 16 to 20 kg of weight gain or loss in a 500-

kg horse corresponds to 1 unit of BCS (NRC, 2007). However, additional weight to increase 

BCS is relative to the horse height or size. However, as visceral tissue accumulation or depletion 

may occur earlier before subcutaneous fat, increased weight does not always coincide with 

increased BCS (Dugdale et al., 2010; Argo et al., 2012; Gill et al., 2017). An increase of 18 ± 

2 kg (in average) over three 42-day trial period in Quarter horses in moderate BCS (4.5–5) 

resulted in average increase in BCS of 0.5 ± 0.5 (Gill et al., 2017). It was also found that a gain 

of 32 kg in bodyweight was required to induce an increase of 1 unit BCS in a study in 

Thoroughbred gelding (Suagee et al., 2008).  Therefore, additional weight carriage from a 

change of one unit of BCS may be equal to or even more than what NRC (2007) suggested.  

Powell et al. (2008) compared the work efforts in horses carrying additional weight of four 

different percentages of bodyweight (15, 20, 25, and 30% of BW). These additional weights were 

in the form of a rider with different weights of tack. Heart rate and respiration rate were higher in 

the horses carrying 25% and 30% BW, and lactate concentrations post exercise were higher in 

horses carrying 30% BW than the other groups.  

Another study in Dutch Warmblood horses (BW 550 – 740 kg) tested the effects of 

additional loads in the form of a rider or a lead (both were 90 kg) on the workload of the horses. 

Peak heart rates during the exercise, recovery heart rates after exercise and plasma lactate 

concentrations exercise were significantly higher in horses with both types of loads than in 

unloaded horses (Van Oldruitenborgh‐Oosterbaan et al., 1995). There was no difference in the 

parameters between the two types of loads. Furthermore, Stefánsdóttir et al. (2017) compared the 

effects of different ratios of weight loads to horses on the horse workload. The weight loads 
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consisted of a rider and additional loads such as saddle pads and extra heavy stirrups to make up 

20%, 25%, 30%, and 35% bodyweight. They found linear increases in the heart rates and 

respiration rates and exponential increases in lactate concentrations with the increase in the 

weight load ratio during a five-phase incremental exercise test.  

Another study was conducted by Christensen et al. (2020), testing the effects of 

additional 15% and 25% BW on the horse behavior, physiological parameters, and gait 

symmetry. Twenty different riders and twenty horses were involved in this study, and tack was 

added to make up the intended weight ratio between the rider and the horse BW. The authors 

found that lunging exercise caused increased cortisol levels, but there was no effect of heavier 

riders on the horse behavior, heart rate, cortisol levels, and gait symmetry. The absence of the 

effect of different rider weight could have been due to the effect of the variations between the 

riders and/or that the exercise intensity was not enough to induce the difference. Christensen et 

al. (2021) found a significant effect of rider on the increases in concentrations of saliva cortisol, 

heart rate, and rein tension. Therefore, the bias in the research on additional weight could be 

eliminated by removing the effects of rider variation and instead, only using dead weights.  

1.3.4. Body Condition Scores, Body Temperatures, and Lameness  

Excessive adiposity in horses could create additional weight load that is unnecessary to 

the horses. For a riding or sport horse with BCS 7, this extra-weight (~40 to 50 kg [2 BCS]), 

would be in addition to the rider.   An exercise test in Warmblood leisure horses showed that 

compared with a rider weight of 10% horse BW, a rider load of 20% BW resulted in significant 

increases in the superficial body temperature in some areas of the body including the neck and 

the trunk (front, middle, and back parts) (Wilk et al., 2020). There was no significant difference 

in the limb temperature between the two weights of rider. However, it is worth noting that this 
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study utilized a thermal infrared camera, which read the superficial or skin temperature. A horse 

regulates its body temperature by producing a considerably high amount of sweat during an 

exercise. This efficient body temperature regulation could have been obstacle to detect the 

difference in the limb temperatures. 

1.4.   Definition of Obesity  

Obesity can be defined as accumulation of excessive adipose tissue in the body to an 

extent that it exerts negative impacts to health (Carter and Dugdale, 2013). In horses, no 

universal definition of obesity exists. Based on the BCS system from Henneke et al. (1983), 

score 7 is considered overweight, while scores 8 to 9 are considered obese. Based on the body fat 

content analysis by (Dugdale et al., 2011a), in animals with BCS >6, it is likely that the body fat 

content would exceed the range ~20-25% from total body mass. The benchmarks for what are 

considered overweight, obese, and cresty neck for both horses and ponies are presented in Table 

1.3.  

Variety in body shapes between breeds and types of horses may give different degree of 

correlations (Carter and Dugdale, 2013). For example, Jensen et al. (2016) found that considering 

its correlation with BCS, a cut-off value for G/H representing obesity is ≥1.21. 

1.5.  Prevalence of Equine Obesity and Public Perception on Horse Body Fat  

The findings on obesity-related health issues have triggered researchers to conduct more 

studies on obesity. The number of overweight horses has been reported to reach 22 – 50% in 

USA (Pratt-Phillips et al., 2010; Thatcher et al., 2012; Gartland, 2020), 28.6% in Canada 

(Hitchens et al., 2015), 60% in Finland (Box et al., 2020), 23.1% in Australia (Potter et al., 

2016), 24% in Denmark (Jensen et al., 2015), 71.4% in Spain (Jaqueth et al., 2018), 47% in New 

Zealand (Fernandes et al., 2015), 31.2 – 62% in the United Kingdom (Harker et al., 2011). These 
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numbers would be subject to factors such as the population breed, seasons, and the use of horses 

(Giles et al., 2014; Potter et al., 2016). The details of the prevalence can be seen in Table 1.4. 

The high prevalence of obesity can be related to either the perception of horse owners on 

their horse adiposity or their inability to recognize overweight horses. A study on owners’ 

perception on horse adiposity was carried out in a population of leisure horses and ponies in 

Australia (Potter et al., 2016). They sent questionnaires to the owners and asked them to 

categorize their animals from “extremely thin” to “extremely fat”. They were also asked to 

categorize their horses as either thinner than ideal, moderate, or fatter than ideal.   Potter et al. 

(2016) found that around 40% of horse owners surveyed underestimated their horse body 

conditions, and only 16% overestimated the body conditions. This suggests that the majority of 

the owners perceive overweight horses as ideal body condition. A previous study in riding horses 

in Scotland also showed that there was only a fair agreement between the body condition scores 

assessed by the researchers and the owners, with only half of the owners able to identify the 

obese horses (Wyse et al., 2008). Stephenson et al. (2011) also conducted a survey to the owners 

of leisure horses in the UK, asking them to score their horses from 0 (emaciated) to 5 (extremely 

fat). According to the owners’ report, only 17.7% of the horses had a condition score of 4-4.5, 

with no horse was given a score of 5. There was a poor agreement between owners and 

researchers’ assessment of body condition scores (k=0.04). The researchers stated that if the 

underestimation of the BCS is taken into account and extrapolated to the questionnaire data, the 

overweight prevalence would reach 54.1%.  

Difficulties to recognize overweight in horses by the owners were shown from several 

studies (Ireland et al., 2012a; Robin et al., 2015; Morrison et al., 2017b). Horse owners do not 

have proper knowledge about the nutrients their animals require, and therefore found it difficult 
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to determine a proper weight management (Espley and Bowes, 2019). This is similar to findings 

in other species. Eastland-Jones et al. (2014) compared how accurate owners’ estimation of their 

dog’s body condition scores with and without body condition charts. Although 77% of the 

owners believed that the chart improved their estimation, most of them presented incorrect 

estimations, either with (64%) and without (65%) BCS chart. Most of these owners 

underestimated the BCS of their dogs (with chart = 89%, without chart = 92%) (Eastland-Jones 

et al., 2014). 

A more recent study also reported that horse owners find it difficult to detect if their 

horses are fat or fatter than what is considered normal or ideal condition (Furtado et al., 2021). 

However, with the questionnaire data from the UK leisure owners, the researchers explained that 

the words they used to describe their horse conditions indicated their awareness about their 

horses’ body shape, rather than their body fat. These words were for example, “chunky”, 

“podgy”, “blubber”, “beefy”, “porky”, “waddling” and many others to explain the shape of their 

horses, even though they would not necessarily think that their horses were technically 

overweight (Furtado et al., 2021). Therefore, the owners would refer their horses as, for example, 

a “big chunky cob” or “bigger cob”. The researchers stated that despite the owners describing 

their horses’ body shape with humor, euphemism and simile-related words, some owners did 

understand the danger of fat. For example, an owner expressed their concern about their horse 

getting laminitis when they realized their horse was fat. However, despite this concern, those 

owners did not know which levels of fat would put their horses at risk of serious health issues. 

Any improvement in the awareness of the danger of fat could have been the results of concerns 

that researchers as well as veterinarians have put into people’s education (Owers and Chubbock, 

2013).  
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Research by Furtado et al. (2021) highlighted the concept of “responsible ownership” as a 

key as to why horse owners tend to allow their horses gain unnecessary weight. This concept was 

originally used in studies in companion animals, where, for example, dog owners would establish 

some sense of duty, morality, and tolerance to ensure what they think is “best” for their dogs 

(Westgarth et al., 2019). In the study by Furtado et al. (2021), the owners indicated their deep 

involvement in performing rigorous care practices that allowed them to foster good relationship 

with their horses by ensuring that the horses were well-cared for and happy. A common 

manifestation of this was monitoring if the horses were underweight, but the owners were not 

concerned about their horses being overweight. Consequently, the owners’ intention to show 

their “responsibility”, body condition was left unmonitored until it reached health-threatening 

levels (Furtado et al. 2021). Therefore, intensive clinical care about weight loss only happens 

when the overweight or obese horses already presented problems such as laminitis (Argo et al., 

2012).  

Scientific studies have explained the risk factors that lead to obesity, and under the 

veterinarian care, weight loss for overweight horses is usually achievable. However, in the 

reality, owners usually do not have serious response against their animals being overweight or 

obese before obvious health issues appear. The number of leisure horses (horses for hobby) is 

increasing, and for these, the ownership is the center for care provision and the horse-human 

relationship.  The high prevalence of over conditioning among sport horses or show horses is 

evidence through a number of studies (Pagan et al., 2009; Harker et al., 2011; Brown et al., 2017; 

Morrison et al., 2017b). 

In competition horses or ponies, the owner or manager’s decision could have been 

influenced by what is considered as “desirable”, instead of just “normal” or “acceptable”, which 
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can be related to the judges’ scores. Therefore, the owner or manager’s decision would always 

try to favor what they think would give them the highest scores. For this reason, while a number 

of studies on owners’ perception on obesity have been conducted, research on judges’ 

perceptions on adiposity is important because their views would translate into scoring, which 

will aspire owners’ decision to act accordingly (Potter et al., 2016; Morrison et al., 2017b; 

Furtado et al., 2021). Overall, proper understanding on equine adiposity and its importance for 

the equine welfare is required among all elements of the equine society. Therefore, it is the task 

of researchers or academicians to help spread the knowledge to a wider scope of society.  

1.6.  Excessive Body Fat and Equine Diseases 

Adiposity in horses is linked to equine clinical conditions including metabolic syndrome 

(Morgan et al., 2015; Ragno et al., 2019; Harris et al., 2020), insulin dysregulation (Reynolds et 

al., 2019b; Box et al., 2020; d' Fonseca et al., 2020; Ribeiro et al., 2020; Van Den Wollenberg et 

al., 2020), adipose tissue dysfunction (Reynolds et al., 2019a; Daradics et al., 2021), low-grade 

inflammations (Vick et al., 2007; Adams et al., 2009; Zak et al., 2020) susceptibility of 

developing laminitis (Carter et al., 2009b; Lane et al., 2017; Coleman et al., 2018), reduced 

survival rate in laminitis cases (Alford et al., 2001; Luthersson et al., 2017), and a risk of arthritis 

(Jaqueth et al., 2018). Equine obesity was also found to cause accumulation of adipose tissue 

around key internal organs such as kidney and heart, which may interfere their functions 

(Burrows, 2017; Siwinska et al., 2022). Obesity may also interfere with thermoregulation during 

exercise, potentially resulting in heat stress (Cymbaluk and Christison, 1990). Foals from obese 

mares (BCS ≥4.25) were more likely to develop insulin dysregulation and osteochondrosis in the 

first 18 months of life than foals from non-obese mares (Robles et al., 2018). Despite the 
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pathophysiological mechanism still unknown, obesity was found to increase the risk of 

developing asthma in horses (Thomas et al., 2021).  

1.6.1. Insulin Dysregulation 

Insulin is a peptide hormone produced by β-cells of pancreas, and has a role in regulating 

glucose uptake to the tissues when blood sugar is abundant such as after eating (Wilcox, 2005). 

The major sites of glucose uptake regulated by insulin are skeletal muscles and adipose tissues. 

High blood sugar causes an increase in glucose uptake to the liver, where it is stored in the form 

of glycogen (Satake et al., 2002). In addition, insulin is responsible in stimulating the synthesis 

of triglycerides and fatty acids, and inhibiting lipolysis (Reaven et al., 1967; Chakrabarti et al., 

2013). This hormone is also important for cell growth, anabolism of protein, and survival, by 

regulating vascular endothelium and exerting anti-inflammatory reactions (Fryburg et al., 1995; 

Geor, 2008). The binding of insulin to its receptors in the plasma membrane surface triggers 

glucose-transporter proteins (GLUT4) to move to the surface of the cells, facilitating rapid 

uptake of glucose (Bryant et al., 2002). The important role of insulin is to allow energy storage 

by converting glucose into glycogen or fat.  

Insulin dysregulation (ID) or reduced insulin sensitivity (IS) is defined as the tissue 

failure to induce appropriate response to the level of insulin in the blood. The occurrence of ID 

can be caused through several mechanisms, including reduced density of insulin receptors on the 

surface of the cell, insulin receptor malfunction, interfered signaling pathways, or defects in 

GLUT4 proteins translocation or function (Frank, 2006; Patel et al., 2016).  

Insulin dysregulation and hyperinsulinemia are two of the several conditions that 

comprise equine metabolic syndrome (EMS), which is strongly associated with obesity. Horses 

with EMS are at a higher risk of developing laminitis, hyperlipidemia, and osteochondrosis in 
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younger horses (Johnson et al., 2012). Obesity was associated with ID in a number of studies 

(Reynolds et al., 2019b; Box et al., 2020; Ribeiro et al., 2020; Van Den Wollenberg et al., 2020). 

Insulin dysregulation was also found in horses with normal body condition, but these horses 

were also found to have abnormal fat distribution (Geor, 2008).  

Insulin dysregulation manifests in inability of insulin to exert glucose uptake to the tissue. 

At the beginning, to prevent a longer period of high concentrations of blood glucose, pancreas β-

cells allow compensation for ID by increasing the production and secretion of insulin, resulting 

in hyperinsulinemia. In horses, normal insulin concentration is below 20 µIU/L, and basal 

concentration of insulin above 30 µIU/L is categorized as hyperinsulinemia (Ralston, 2002; 

Ribeiro et al., 2020).  The systemic effect on functionality of insulin after a prolonged 

hyperinsulinemia is called insulin dysregulation (Frank and Tadros, 2014).  

1.6.2. Laminitis 

Laminitis is the inflammation of laminae, a structure of soft tissue that provides 

attachment of the coffin bone or pedal bone to the hoof wall. This inflammation can in turn lead 

to damage of the laminae, resulting in extreme pain and instability in the attachment of the coffin 

bone to the hoof wall. In severe cases, it can lead to a total physical separation of the hoof wall 

and a downward rotation and/or sinking of the coffin bone. This usually occurs in acute laminitis 

(founder) and often requires euthanasia. On the other hand, subtle, but progressive damage of 

laminae due to chronic metabolic and endocrinological abnormality is categorized as chronic 

laminitis. 

The association of obesity and laminitis may rely on physiological status 

(hyperinsulinemia) and mechanical load (bodyweight) associated with obesity. Clinical and 

histological evidence of laminitis was observed after a challenge with prolonged 
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hyperinsulinemia for 72 hours in ponies (Asplin et al., 2007) and for 48 hours in Standardbred 

horses (de Laat et al., 2010; de Laat et al., 2012). A risk of 10 times higher in insulin-

dysregulated ponies compared to the ponies without insulin dysregulation (Treiber et al., 2006).  

Laminitis is predicted when BCS (≥7), CNS (≥4), insulin (32mu/l), leptin (7.3 ng/ml), and NC/H 

ratio (>0.71) (Carter et al., 2009b).  

A study in the South of England, the highest prevalence in 6 years was recorded to be 

2.6% (Menzies‐Gow et al., 2010a). The majority (89/107 cases) of laminitis-affected animals 

were overweight/obese (Menzies‐Gow et al., 2010b). Ponies are more susceptible to laminitis 

since ponies are more prone to be obese, and they can ingest up to 5% of their bodyweight as dry 

matter from pasture (Longland et al., 2011). Females have been considered to have a greater risk 

(Alford et al., 2001; Menzies‐Gow et al., 2010a). However, Luthersson et al. (2017) found that 

sex or gender is not associated with laminitis.  

1.6.3. Pathways of Obesity-Induced Insulin Dysregulation 

In general, there are two main mechanisms as to how obesity induces IR: disrupted 

signaling pathways by cytokines and adipokines produced by adipose tissue and accumulated 

intracellular lipids in tissues sensitive to insulin or non-lipid tissue (Frank and Tadros, 2014). As 

an endocrine organ, adipose tissue produces and releases a number of hormones, metabolites, as 

well as factors regulating the balance of metabolic pathways, appetite, and inflammatory 

processes. These include leptin, adiponectin, angiotensin II, plasminogen activator inhibitor type 

1, TNF-α, resistin or vistafin, which have autocrine, paracrine, and endocrine effects (Guilherme 

et al., 2008; Tsatsoulis et al., 2013; Frank and Tadros, 2014). 

Horses have evolved to consume low fat high fiber diet. However, when the amount of 

non-structural carbohydrates (NSC) consumed exceed the amount required, it causes lipogenesis, 
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which is the conversion of the NSC to fat. Therefore, positive energy allowance such as high 

caloric intake and sedentary lifestyle favor the storage of fat as adipocytes to the extent 

exceeding its normal regulation and storage.  

Excessive loads of glucose in blood may eventually cause adipose tissue overload and 

hypertrophy, that can result in cell necrosis, hypoxia, and cell death, causing the infiltration of 

the adipose tissue by macrophages (Boutens and Stienstra, 2016). This can trigger the release of 

inflammatory cytokines (Mosser et al., 2021).  Accumulation of proinflammatory cytokines in 

the adipose tissue can cause disruption in the release and oxidation of free fatty acids (FFA). In 

obese horses, plasma FFA was found to be higher in obese horses than in non-obese horses 

(Coleman et al., 2019), and excess plasma FFA has been associated with incidence of type-2 

diabetes mellitus in humans (I. S. Sobczak et al., 2019).  

1.6.4. Excessive Adiposity, arthritis, and chronic pain 

Excessive adiposity has been documented to have association with a number of metabolic 

conditions, both physiologically and physically in humans and dogs. In humans, obesity is 

associated with risk of developing lower back pain, degenerative arthritis, and other chronic 

pains (Shiri et al., 2010; Okifuji and Hare, 2015).  Joint problems such as osteoarthritis have 

been associated with obesity in dogs and humans (Grotle et al., 2008; Marshall et al., 2010). 

Moreover, obesity has also been linked to migraine and depression (Jantaratnotai et al., 2017; 

Hatami et al., 2021). Tolusso et al. (2016) explained some possible roles that adipokines have in 

obese individuals in causing osteoarthritis. This includes the activation of macrophages to 

produce various proinflammatory cytokines that affects particularly synovial part of the joint.  

In horses, Jaqueth et al. (2018) reported that while laminitis was the most prevalent BCS-

related disorder in over conditioned ponies (24% [n=97]), arthritis was the most prevalent BCS-
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related disorder in over conditioned horses (31.8% [n=512]). The researchers stated that arthritis 

might have been more prevalent among the ponies as well in the survey because more adults 

were riding horses than ponies. Adult riders may have more awareness on any metabolic changes 

of their horses or ponies compared to younger riders. One of the most important biomarkers to 

predict the occurrence of osteoarthritis in horses is prostaglandin E2 (PGE2), which can initiate or 

propagate inflammation, and is continuously over-synthesized in arthritis (Van Loon et al., 2010; 

Van de Water et al., 2017). Prostaglandin E2 from synovial fluid (SF-PGE2), for example, has 

long been used as an excellent predictor for an equine joint disease (Bertone et al., 2001). A 

study by Pearson et al. (2018) showed that SF-PGE2 was not correlated with the horse body 

conditions. However, body condition score, bodyweight and percent body fat were positively 

correlated with systemic (plasma) PGE2. Therefore, the relationship between adiposity and the 

predisposition of horses and ponies remains unanswered.  

1.7. Does Athleticism Have a Protective Effect against Adiposity? 

Overweight horses or ponies are expected to be more susceptible to hyperinsulinemia. 

However, Pagan et al. (2009) found no difference in resting glucose and insulin concentrations 

among individuals in the sport equine population despite the apparent disparity in their BCS. In 

the study by Carter et al. (2009a), hyperinsulinemia was found in 50% of the equines with BCS 

≥7, compared to only 8% in Pagan’s study (Pagan et al., 2009). Moreover, while 43% of the 

horses and 50% of the ponies with cresty neck score (CNS) ≥3 in Carter’s study were found to be 

hyperinsulinemic, none of the equines with CNS ≥3 was hyperinsulinemic in Pagan’s study. It 

appears that the overweight sport equines had a lower tendency to be hyperinsulinemic than their 

sedentary counterparts. Would their athleticism provide them with protection against adiposity? 
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Physical conditioning was found to improve insulin sensitivity in over conditioned or 

obese equines (Powell et al., 2002; Carter et al., 2010; Moore et al., 2019; Cabrera et al., 2022) 

and in non-obese untrained horses (Pratt-Phillips et al., 2006; Turner et al., 2011). Insulin 

sensitivity was also improved after a one-month submaximal aqua training in Thoroughbred 

geldings (Bonelli et al., 2017). Improved insulin sensitivity after a 6 week of physical 

conditioning was observed in hyperinsulinemic ponies (Freestone et al., 1992). In obese horses, a 

12-week program of low intensity exercise with diet restriction (82.5% digestible energy [DE] 

requirement) resulted in a higher insulin sensitivity compared to horses with diet restriction only 

(Bamford et al., 2019). Another study in obese horses comparing a diet restriction program (85% 

DE requirement) with exercise (to expend ~15% DE, allowing 85% DE remaining) resulted in a 

higher insulin sensitivity in the exercise program (Moore et al., 2019). In overweight or obese 

horses with insulin dysregulation, low to moderate exercise regimes alone without sufficient diet 

restriction (weight loss) did not result in improved insulin sensitivity (Carter et al., 2010). 

However, Powell et al. (2002) found that in obese, insulin-resistant mares, a 30-minute 

submaximal exercise for 9 days resulted in improved insulin sensitivity without a change in 

bodyweights. In overweight Colombian Paso horses, a gradually-decreasing training program for 

4 months improved insulin sensitivity and resulted in lower body fat without any change in 

bodyweights (Cabrera et al., 2022).   

In fit Standardbreds, Stewart-Hunt et al. (2006) found that the enhancement effect of a 

short-term training regime on insulin sensitivity remained until five-day period of no exercise. In 

untrained Standardbred horses, it was found that the improvement in insulin sensitivity did not 

remain more than three days after inactivity (de Graaf-Roelfsema et al., 2006). Therefore, 

continuity of the exercise would play an important role in maintaining normal glucose 
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metabolism. Being a sport horse or pony would allow the individual to have a continuous, 

regular exercise, which in turn, keeps them having insulin sensitivity within a normal range. 

1.8.   Conclusion 

From the above discussion, the following conclusion can be obtained:  

1. Excess body fat results in adverse impact on the horse health and performance, and excessive 

adiposity is prevalent in equine world populations. Unfortunately, owners are not 

knowledgeable about the conditions of their horses, therefore could have not been aiming to 

target a lower body condition for their animals.  

2. Judges, as individuals who determine the scores for competition animals, may be central to the 

decision or preference of competition horse owners regarding adiposity. 

3. Extra-weight a horse or pony has to carry may impair its ability to perform. Yet, the results of 

previous studies may have been influenced by the riders. 

4. High body condition scores and cresty neck scores are associated with tendency to be 

hyperinsulinemic in sedentary horses and ponies. One study showed that athleticism in ponies 

may be protective against adiposity 

Based on the above conclusion, the following are some research problems that should be 

addressed:  

1. How do judges perceive adiposity? Are they more lenient towards overweight horses than 

thinner ones? 

2. How does additional weight load impact physiological parameters in horses? 

3. Is there a correlation of BCS and CNS with blood parameters (insulin and glucose) in elite 

competition ponies? Would their athleticism protect them from hyperinsulinemia? 
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The objectives of this research are 1) to explore about equine judges’ perceptions about 

equine adiposity, 2) to determine the effect of additional weight carriage on horse workload, and 

3) to determine the relationship between adiposity and blood parameters (insulin and glucose 

concentrations).  
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Tables and Figures 

 

Table 1.1. Body condition scores and description of each score (adapted from Henneke et al. 

(1983)). 

Score  Condition  Description  

1 Poor  Extremely emaciated; visible ribs, vertebra, bone structure, 

points of hip and buttock protruding 

2 Very thin Emaciated, prominent points of hip and buttock, discernible 

shoulder and neck  

3 Thin Noticeable neck and withers, clear outline of ribs, prominent 

tailhead  

4 Lean Moderately thin, faint outline of ribs, neck and withers not too 

thin 

5 Moderate Neck and withers blending with body, ribs not visible but 

easily palpable, ribs faintly visible during movement, level 

back 

6 Over conditioned Moderately fleshy, discernible fat along neck, withers, 

shoulder, spongy fat over ribs, soft fat surrounding the 

tailhead 

7 Obese Fat along the neck, fat along withers and shoulder, ribs felt 

with pressure 

8 Very obese Thick neck, ribs difficult to palpate, shoulder filled with fat, 

fat surrounding the tailhead 

9 Extremely obese Grossly obese, clearly bulging fat along neck, withers and 

shoulders; crease down back 

  



 

33 

 

Table 1.2. Cresty neck scores (CNS) and description of each score (Carter et al., 2009a). 

Score Description 

0 No observable or palpable crest present (crest: tissue above 

the ligamentum nuchae) 

1 A crest not visible, but slightly felt with palpation 

2 A crest noticeable, fair fat deposition from poll to withers. One can 

cup the crest with one hand and bend from side to side 

3 Clear enlargement and thickening of crest, heavy fat deposition in 

mid-neck and toward poll and withers, appearing to be mounded. 

Crest already filling a cupped hand and begin losing flexibility 

4 Gross enlargement and thickening of crest, not fit in a cup of hand, 

losing flexibility. Crest wrinkles/creases maybe present perpendicular 

to topline 

5 Very large crest and already leaning to one side 

 

Table 1.3. Morphometric measurement ratio equivalence to BCS and CNS (Carter et al., 2009a) 

Levels of adiposity Equivalent BCS 
Girth circumference/height (G/H)* 

Horses Ponies 

Overweight >6 ≥ 1.26 ± 0.01 ≥1.33 ± 0.01 

Obese >7 ≥ 1.29 ± 0.01 ≥1.38 ± 0.01 

 Equivalent CNS 0.50 Neck circumference/height (NC/H) 

Cresty Neck  ≥3 ≥0.63 ± 0.01 ≥0.68 ± 0.01 
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Table 1.4. Prevalence of obesity  

Sources Location Time Breed 
Total 

population 

BCS Scale 

used 

Under-

conditioned 

Optimally 

Conditioned 

Over-

conditioned 
Obese 

BCS % BCS % BCS % BCS % 

Gartland 

(2020) 

Northern 

Florida, USA 

August 

2019  

Mixed breed 143 1 – 9 <4.5 23.8% 4.5 – 6 43.4% 6 – 7 13.2% >7 18.8% 

Box et al. 

(2020) 

Finland September 

– 

December 

2017 

Finn horses 128 1 – 9     7 27% 8 – 9 33% 

Thatcher et 

al. (2012) 

Southwest 

Virginia, USA 

Summer light breed 

horses 

300 1 – 9 <4 1.7% 4 – 6 47.3% 7 32.3% >7 18.7% 

Hitchens et 

al. (2015) 

Saskatchewan, 

Canada 

March to 

July 2014 

Mixed breed 290 1 – 9 <4  4 – 6 28.6% 7 20.3% >7 8.3% 

Robin et al. 

(2015) 

Great Britain  Mixed 

(horses and 

ponies) 

 1 – 6       5 – 6 31.2% 

Jensen et al. 

(2015) 

Denmark  Icelandic 

horses 

252 1 – 9 3 – 4 5.9% 5 – 6 70.1%   7 – 9 24% 

Harker et al. 

(2011) 

United 

Kingdom 

Summer 

(July) 

Mixed breed 331 1 – 9 <5 3% 5 35% 6 41% 7 – 9 21% 

Ireland et al. 

(2012b)  

United 

Kingdom 

Summer 

(June-

October) 

 200 1 – 5 <2 4.5% 2 – 3 69.5% >3 26%   
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Table 1.4 (Continued) 

Sources Location Time Breed 
Total 

population 

BCS 

Scale 

used 

Under-

conditioned 

Optimally 

Conditioned 

Over-

conditioned 
Obese 

BCS % BCS % BCS % BCS % 

Potter et al. 

(2016) 

Australia  Mixed 

(horses and 

ponies) 

229        7 – 9 23.1 

Sánchez-

Guerrero et 

al. (2019) 

Spain  Pura Raza 

Español 

horses 

  <4.5 0.73% 4.5 – 5.5 28.13% 6 – 6.5 58.6% 7 – 9 12.6% 

Jaqueth et al. 

(2018) 

Maryland  Mixed 

(horses and 

ponies) 

1528 0 – 5 0 – 2 7.3% 

 

3 52.5% 4 – 5 40.2% 

Wyse et al. 

(2008) 

Scotland Summer 

(June-

July) 

Horses 

(mixed 

breeds) 

319 1 – 6 1 – 2 2% 3 – 4 52% 5 35% 6 10% 

Stephenson 

et al. (2011) 

Leicestershire 

and 

Nottinghamsh

ire (England) 

Summer 

(August – 

September

) 

 160  0 – 2.5 15.8% 3 – 3.5 66.5% 4 – 4.5 17.7 5 0 

Pratt-Phillips 

et al. (2010) 

North 

Carolina 

(USA) 

Winter 

(August – 

December

) 

Mixed (30 

different 

breeds) 

      ≥6 48%   

 

 



 

36 

 

 

Figure 1.1.  Areas for determining body condition scores of horses (adapted from Henneke et al. 

(1983)) 
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CHAPTER 2: STUDY 2 

A Survey: Equine Judges’ Perceptions on Equine Adiposity 

2.1. Abstract 

Excessive fat in horses is associated with health problems such as insulin resistance and 

laminitis, and yet equine adiposity appears to be prevalent among many show horses.  This study 

aimed to determine equine judges’ views on level of adiposity in horses and ponies and to test 

the judges’ ability to distinguish different amounts of fat on a horse from pictures. The survey 

was created in Qualtrics and was sent out via email to judges from the United States Hunter 

Jumper Association (USHJA), American Quarter Horse Association, and Equine Canada. There 

were 211 respondents. Thirteen photographs of horses and ponies that were categorized as thin, 

average, overweight or obese were included in the questionnaire.  Almost all judges (95.7% 

[202/211]) agreed that the levels of fat coverage would compromise horse or pony’s scores in a 

show competition. A two-proportion z-test at 5% significance level, showed the percentage of 

judges who agreed on penalizing horses and ponies if they were too thin (95.7%, n1 = 207) was 

significantly higher than the percentage of those who would penalize the animals if they were too 

fat (89.7%, n2 = 204) (P = 0.012). When asked if the judges tolerated more fat coverage in a 

pony than a horse, 19.5% of respondents agreed, and 38% answered “maybe”. There was only a 

fair agreement between experts and judges’ categorization of the equine body conditions (Kappa 

coefficient = 0.34). The data suggest that judges may be more lenient on overweight horses than 

lean horses and were less able to identify some overweight and obese animals from photographs.  
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2.2. Introduction 

Excessive adiposity in equines is associated with several health problems including 

insulin dysregulation (Frank and Tadros, 2014), equine metabolic syndrome (McCue et al., 

2015), laminitis (de Laat et al., 2010; Menzies‐Gow et al., 2010), and many others. The number 

of equines that were either overweight or obese has been reported to reach 22 – 50% in USA 

(Pratt-Phillips et al., 2010; Thatcher et al., 2012; Gartland, 2020), 28.6% in Canada (Hitchens et 

al., 2015), 60% in Finland (Box et al., 2020), 23.1% in Australia (Potter et al., 2016), 71.4% in 

Spain (Jaqueth et al., 2018), 47% in New Zealand (Fernandes et al., 2015), and 31.2 – 62% in the 

United Kingdom (Harker et al., 2011).  

Recognition of an overweight or obese horse requires some knowledge about 

subcutaneous fat distribution. The Henneke body condition score (BCS) system has been 

developed as a practical way to assess adiposity of an individual horse or pony using graded, 

anatomical descriptions representing different levels of subcutaneous fat (Henneke et al., 1983). 

This method has been studied extensively and has been considered a useful method of assessing 

equine adiposity for decades (Garlinghouse and Burrill, 1999; Dugdale et al., 2012; Gill et al., 

2017; Fowler et al., 2020). However, studies have reported poor agreement between BCS 

determined by experts compared to horse owners, suggesting that owners either underestimate 

their horse’s level of adiposity, or they are not educated properly on how to do so. This could 

contribute to improper weight management (Wyse et al., 2008; Ireland et al., 2012; Fernandes et 

al., 2015; Potter et al., 2016).  

In some equine competitions held in the United States, horses with BCS less than 4 are 

disqualified from competition, likely due to a concern for the horse’s welfare. However, there are 

no regulations regarding overweight horses, despite an increased risk for serious health 
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problems.  As a result, there is a high prevalence of equine over conditioning and/or obesity 

among many types of horses or ponies used for leisure riding, competition, and showing (Harker 

et al., 2011; Brown et al., 2017; Morrison et al., 2017). There also appears to be a tendency for 

horse owners to believe that horses may perform better in some competitions if they carry more 

fat (Morrison et al., 2017). This is compounded by concerns reported by some owners about peer 

pressure to avoid having leaner animals (Furtado et al., 2018; Furtado et al., 2021b). Therefore, it 

appears that fatter animals are not only freely competing in equestrian sporting events, but they 

may in fact be favored. Therefore, the aim of this research is to determine the perception by 

judges about equine obesity, and to survey judges’ ability to recognize different levels of equine 

adiposity. 

2.3. Materials and Methods 

North Carolina State University’s Institutional Review Board approved this research 

(IRB Protocol 21063). A survey was set up with Qualtrics and sent out via email to 1209 equine 

show judges (Appendix A). Contact information for judges was obtained from public database of 

the United States Hunter Jumper Association (USHJA), American Quarter Horse Association 

(AQHA), and Equine Canada. The survey was carried out from November 2020 to January 2021.  

The survey contained questions that included the background information of the judges 

such as years of judging experience, and the types of events they typically judge. They were also 

asked about their perception on thin and fat horses, how they recognized these conditions, and 

whether too thin or too much adiposity would compromise scores in show competitions in either 

halter, model, or conformation classes.  

The questionnaire also contained a set of 13 pictures of horses and ponies that were 

deemed to show horses that either thin, average, overweight or obese, by 3 equine health 
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professionals who were experienced in body condition scoring horses.  The body condition 

categorization from these experts was based on the BCS system developed by (Henneke et al., 

1983) where a thin horse had a body condition score less than 4, an average horse had a body 

condition score greater to or equal to 4 but less than 6, overweight if the horse’s body condition 

score was between a 6-7, and obese if the animal had a body condition score greater than 7. The 

pictures presented two horses as thin, three average, four overweight, and four obese. The order 

of BCS images were randomized to avoid bias. The judges were asked to categorize each horse 

or pony in the picture as either thin, average, overweight, or obese. The judges’ response was 

then compared with scoring results from the experts. 

The data were analyzed both statistically and descriptively. Two-proportion Z-test was 

performed using R software (R Core Team, 2021) to test the significance in the proportion of 

judges who agreed to penalize horses or ponies if they were too thin and the judges who would 

apply similar penalties if the animals were too fat. Statistical significance is defined if p-value is 

less than 0.05. The data on body condition categorization were analyzed descriptively as well as 

statistically using Cohen’s Kappa analysis using R software to determine the agreement between 

categorization from the judges and the experts. The coefficient values represent the agreement 

levels as follows: ≤0 representing no agreement, 0.01 – 0.2 (none to slight) 0.21 – 0.39 (fair), 0.4 

– 0.59 (moderate), 0.6 – 0.79 (substantial), 0.8 – 1 (almost perfect agree) (McHugh, 2012). 

2.4. Results 

Two hundred and eleven respondents completed the survey (17.4% of total judges), with 

the majority (76.8% [162/211]) being judges with the USHJA and the remainder (23.2% 

[49/211]) were judges in either American Quarter Horse Association, American Paint Horse 

Association (APHA), American Paint Horse Association (APHA), Equine Canada, and other US 
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Equestrians. As many as 48.8% (103/211) of the respondents indicated that they had more than 

20 years of judging experience, followed by those with experience of 10 – 20 years (24.2% 

[51/211]), 5 – 10 years (16.6% [35/211]), 3 – 5 years (8.5% [18/211]), and 0 – 2 years (1.9% 

[4/211]). The majority of the judges said that they were very experienced at judging 

conformation/ model/ in-hand/ halter classes both in horses (45% [95/211]) and ponies (38.6% 

[81/211]). Only 5% and 9% said that they had little to no experience in judging horses and 

ponies respectively (Figure 2.1).  

The majority of the judges (95.7% [202/211]) agreed that either too much or too little fat 

coverage would compromise the animal’s score in show competitions. Of these, 36.7% (74/202) 

said that the compromise is “a lot”, while 63.4% (128/202) said “a little”. However, the 

proportion of judges who agreed to penalize a horse or pony if they were too thin was 

statistically greater (95.7%, n1 = 207) than the proportion of those who would apply similar 

penalty for the animals being too fat (89.7%, n2 = 204, P = 0.012) (Figure 2.2). On the other 

hand, 4% and 10% of the judges said that they would not give any penalty to either too thin or 

too fat animals respectively. Furthermore, 158/210 (75.2%) judges agreed that a little overweight 

or “chubby” is expected in a pony. However, when asked whether slightly more fat coverage 

should be more acceptable in ponies than in horses, the majority (89/211 [42.4%]) disagreed, 

80/211 (38.1%) said “maybe”, and 41/211 judges (19.5%) chose “yes”.   

There was only a fair agreement on the categorization of equine body conditions between 

the judges and the experts (Cohen’s Kappa coefficient [κ] = 0.34). Among the equine pictures, 

experts categorized two animals as thin (horse 1 and 2, Figure 2.3), three average (horse 3, 4, and 

5), four overweight (horse 6, 7, 8, and 9), and four obese (horse 10, 11, 12, and 13). Out of 13 

pictures, there were seven pictures where the majority of judges showed agreement with the 
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experts’ results (Figure 2.3). Of the four obese horses, most judges (56.6% [116/205] and 57.6% 

[118/205]) deemed two of them (horse 11 and 12) as overweight. While the majority (58.3% 

[120/206] and 67.3% [136/202]) could identify two of the obese horses (horse 10 and 13), 38.5% 

(79/205) judges categorized one of them (horse 10) as overweight. Furthermore, with four horses 

that experts categorized as overweight, three of them (horse 6, 7, and 8) were deemed average by 

the majority of judges (89.3% [183/205], 87.3% [179/205], and 76.6% [157/205] respectively) 

and no more than 23.4% (48/205) judges could identify them as overweight. Meanwhile, 57.1% 

(117/205) judges could identify the other overweight horse (horse 9) as overweight, although 

40% (982/205) chose obese for this horse. The majority of the judges (97.1% [200/206] and 

86.9% [179/206]) also figured out two horses that experts categorized as average (horse 3 and 5). 

However, 91.3% [188/206] judges considered an average horse as thin. In addition, almost all 

judges could easily identify two thin horses (horse 1 and 2) presented in the pictures. 

When the judges were asked about “overweight/chubby” in comparison to “fat/obese” 

horses or ponies, their explanation was centered in the degree of adipose tissue accumulation 

between the two categories. This is shown for example in the following expressions:  

“A chubby pony might have a cresty neck, large barrel and haunches but not be flabby.”  

“Slightly overweight is a pony that has a ‘full’ looking flank and a little ‘crest’ to their 

neck. Obese is where they lose body shape through hips, have visible fat pads and/or a very 

cresty neck.” 

Furthermore, some judges stated that the overweight or chubby horses are more 

acceptable than the obese ones in the show. For example:  

“Chubby is still athletic enough to jump well and cover the ground nicely. Obese looks 

like it struggles off the ground and around the ring.” 
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“I would rather see a horse too fat than too thin.”  

“….. If the performance was identical to one of the more healthy horses, the average or 

overweight ones win. I would be more forgiving of too fat versus too thin.” 

“We must penalize horses with health problems (lameness, sound). Too thin also for me, 

but I don’t penalize those with more weight. We must promote healthy horses as winners.”  

“I am harder on thin than obese.”  

“I would penalize thin before fat, personal preference.” 

2.5. Discussion  

This is the first study to describe the perception of horse show judges on equine 

adiposity. According to their response, the majority of the judges were aware that both excessive 

levels of adiposity and too little fat coverage would comprise scores in show competitions.  

The results show that the proportion of judges who agreed to penalize horses that were 

too thin was significantly higher than those agreeing to penalize the equines for being too fat. 

Judges are more lenient towards overweight horses than lean horses. This is also reflected from a 

number of comments from the judges who clearly stated that they would be “more forgiving” 

towards fat equines than the thin ones.  

Fair agreement between the judges and the experts on body conditions of the horses in 

the photographs in this study reflect judges’ inability to accurately assess equine body 

conditions. The majority of judges failed to identify three out of four overweight horses, two out 

of four obese horses, and one out of three average horses. Previous studies reported 

underestimation of equine body condition scores by the owners (Wyse et al., 2008; Ireland et al., 

2012; Fernandes et al., 2015; Potter et al., 2016). Similar underestimation also occurred among 

the other companion animals such as dogs and cats (Courcier et al., 2011; Yam et al., 2017; 
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Teixeira et al., 2020). In humans, the perception about adiposity has been documented to have 

shifted especially in the last two decades. For example, there was a lower probability (by 26%) 

of self-perception as “overweight” among overweight/obese adolescents (age 12 – 16) who were 

interviewed in 1988 – 1994, compared to those with similar body mass index (BMI) z-scores but 

were interviewed in 2007 – 2012 (Lu et al., 2015). However, with regards to equine adiposity, 

whether the prevalence of over conditioning among show horses have shifted judges’ perception 

about what is considered normal remains unclear.  

The tendency of judges to be more lenient towards the overweight than leaner equines 

along with underestimation of their body condition reflect their views as professionals. This may 

have contributed to the lack of “need” or “motivation” to apply a weight loss program among 

owners of overweight equines in showing classes, contributing to high prevalence of over 

conditioning within the classes (Harker et al., 2011; Brown et al., 2017). Judge’s attitude towards 

overweight horses or ponies, therefore, maybe among contributing factors towards the 

prevalence of equine overweight or obesity, described as obesogenic environments (Furtado et 

al., 2021a). Underestimation of body conditions and lack of urge for their animals’ proper weight 

management may also have contributed to the prevalence of equine over conditioning and 

obesity around the world  (Pratt-Phillips et al., 2010; Harker et al., 2011; Thatcher et al., 2012; 

Fernandes et al., 2015; Hitchens et al., 2015; Potter et al., 2016; Jaqueth et al., 2018; Box et al., 

2020; Gartland, 2020).  

Ponies are three times more likely to be overweight or obese than horses (Potter et al., 

2016). Other studies also reported that ponies are at greater risk of obesity (Carter et al., 2009; 

Pratt-Phillips et al., 2010; Robin et al., 2015). Ponies were also found to have a greater risk of 

being hyperinsulinemic (Jeffcott et al., 1986; Carter et al., 2009; Bamford et al., 2014) and a 
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greater risk of developing laminitis than horses (Alford et al., 2001; Treiber et al., 2007; 

Karikoski et al., 2011; Potter et al., 2017; de Laat et al., 2019).  In the present study, the majority 

of judges agreed that ponies are expected to be a little overweight or “chubby”. This belief by the 

judges may have dire consequences for these animals.  

It is possible that the photos used in this study were not representative of a typical show 

animal that these judges may be more likely to see at competition. The photos were collected by 

the investigators to reflect different levels of adiposity, rather than ensuring the animals were in 

“show quality”. It is possible that if photos of real competition animals had been used the results 

would have been different, however the investigators were unable to find sufficient show quality 

photos of thin horses within their personal collection of photos to avoid the use of photos from 

the internet. Therefore, photos were selected with effort to highlight level of adiposity, rather 

than “show quality”.   

2.6. Conclusion 

The findings of this work suggest that the judges participating at this study appear to be 

more lenient towards overweight horses and ponies in competition. Some judges also had 

difficulties recognizing an obese animal based on photographs. Together, this work supports the 

need to educate judges regarding the ability to accurately assess body condition in horses, and 

the significant health risks associated with obesity. This increased awareness may help judges to 

reward healthier horses and ponies and could potentially decrease the incidence of laminitis in 

our animals.  
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Tables and Figures 

 

Figure 2.1. Percentages of judges with each period and level of experience. Most judges had 

more than 20 years of judging experience, and fewer years of experience corresponded to fewer 

judges. A similar pattern was shown in the magnitude of experience judges had, with the least 

number of judges having little to no experience, and the state of being more experienced 

corresponded to a higher number of judges. 

 

Figure 2.2. Percentages of judges who agreed to penalize a pony due to either being too fat or 

too thin. The percentage of judges who agreed to penalize a pony for being too fat was 
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significantly higher than the percentage of judges who agreed to penalize the animal for being 

too thin (P = 0.012). 

 

Figure 2.3. Judges’ interpretation on horse-pony body conditions based on pictures. Light green 

bar represents the percentage of judges that chose “thin” for the horses in the pictures. 

Meanwhile, dark green bar, blue bar, and orange bar represent the percentage of judges that 

chose “average”, “overweight”, and “obese” respectively. At the top are the experts’ opinion 

about body conditions of the horses in the pictures. The white arrow showed the number of 

judges whose opinion about the horse body condition matched with experts’ opinion. 
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CHAPTER 3: STUDY 2 

Relationship between Body Condition Scores and Cresty Neck Score with Blood Glucose 

and Serum Insulin Concentrations in Competition Ponies 

(Submitted to Comparative Exercise Physiology [Journal]) 

3.1. Abstract 

Excessive adiposity has adverse impacts on equine health and athletic performance. This 

research aims to confirm the earlier findings on the relationship between levels of adiposity and 

blood parameters including glucose and insulin concentrations. As many as 58 horses 

participating in a national pony competition were signed up for this study. Body condition scores 

(BCS) and cresty neck scores (CNS) were assessed, and neck circumference (NC), age, and 

height were also recorded. Jugular blood was collected in the morning on the day after the 

competition. Following this, blood glucose was measured using a hand-held glucometer. Serum 

was collected, and serum insulin concentrations were measured using radioimmunoassay. Ponies 

were categorized into different groups based on BCS (BCG), CNS (CNG), height (HG) and 

insulin concentrations. Mean BCS was 6.8 ± 0.6 (range 5.25 – 8.0), and mean CNS was 3.0 ± 0.6 

(range 1.5 – 4). Mean glucose concentrations were 5.13 ± 0.66 mmol/L (range 4.11 – 7.49 

mmol/L), and mean insulin concentrations was 157.1 ± 236.34 pmol/L (range Undetectable – 

1477.41 pmol/L). Based on Pearson’s correlation, there was a small, positive correlation between 

CNS and insulin concentrations (R=0.29, P=0.03). There was no relationship between blood 

glucose or insulin concentrations with BCS, neck circumference, age, and height. There was a 

small, negative correlation between CNS and height (R=0.29, P=0.029). The BCG, CNG, and 

HG were associated with the odds of ponies being hyperinsulinemic. Multiple logistic regression 

showed that CNG outweighed the effect of BCG and HG on the odds of hyperinsulinemia. There 
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appeared to be some inconsistency in the effect of adiposity on the odds of hyperinsulinemia in 

the ponies across HG, which could have been due to the effect of their exercise regimes. Though, 

with the occurrence of hyperinsulinemia and hyperglicemia in this population, athlete ponies 

demand closer attention about their adiposity.  

3.2.  Introduction 

Adipose tissue plays important roles in the body as energy storage, insulation, and as an 

endocrine organ. However, excessive body fat has been found to have negative impacts on the 

equine health and performance. Excessive levels of adipose tissue were associated with a number 

of health issues in horses and ponies such as insulin dysregulations (Box et al., 2020; Fitzgerald 

et al., 2019; Frank and Tadros, 2014), equine metabolic syndrome (Harris et al., 2020; Ragno et 

al., 2019), and laminitis (Geor, 2008; Luthersson et al., 2017). A higher body fat content resulted 

in a higher heart rate, plasma lactate concentrations, respiration rates, and rectal temperatures 

(Jansson et al., 2021). A greater tendency for abnormal gait movement in horses with higher 

body condition scores was also documented (Jansson et al., 2021; Wärnsberg, 2020). 

Body condition scores have been widely used as a tool to assess adiposity in horses and 

ponies (Buckley et al., 2018; Silva et al., 2016). Henneke’s body condition scoring system 

assesses regional adiposity around neck, withers, behind the shoulder, ribs, loin, and tailhead 

(Henneke et al., 1983). The scores range from 1 (fully emaciated) to 9 (grossly obese). 

Meanwhile, the cresty neck score (CNS) method was developed by Carter et al. (2009) to assess 

adipose tissue depots along the neck with the scores ranging from 0 (no fat apparent) to 5 

(bulging fat along the neck).  

Studies have highlighted linear correlation between equine adiposity (BCS and CNS) 

with blood glucose and insulin concentrations (Bamford et al., 2016; Carter et al., 2009; Jansson 
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et al., 2016; Pagan et al., 2009). Hyperinsulinemia, an excessive concentration of circulating 

insulin in the blood, was associated with excessive adiposity in ponies and horses (Carter et al., 

2009; Ragno et al., 2019). Studies found that prolonged hyperinsulinemia can induce laminitis in 

horses and ponies (Asplin et al., 2007; de Laat et al., 2012; de Laat et al., 2010). Besides 

predisposition of horses or ponies to metabolic issues, excessive adiposity is also associated with 

additional management costs. Jaqueth et al. (2018) found that the extra cost to manage an over 

conditioned equid per year is estimated to be approximately $434. Despite this, prevalence of 

equine over conditioning was still high. A study in North Carolina, USA found 48% from 366 

horses and ponies were over conditioned (BCS≥6), with 8% found to be hyperinsulinemic (Pratt-

Phillips et al., 2010).  

Horses and ponies used for sports that are judged such as dressage, show hunters, and 

show jumping typically have higher body condition scores than horses used for sprinting, 

endurance, or polo competitions (Harker et al., 2011; Pagan et al., 2009). Studies documented 

the prevalence of over conditioning or obesity to be 45% in a riding horse population (Wyse et 

al., 2008) and 62% in horses and ponies competing in national show championships (Harker et 

al., 2011).   

The study by Pagan et al. (2009) showed that despite their high BCS and CNS, sport 

horses were able to maintain their blood glucose and insulin concentrations in normal levels. The 

researchers speculated that the ability to control their blood glucose and insulin was due to the 

animals’ regular exercise regimes. Several studies also showed that conditioning helped improve 

insulin sensitivity in both obese and non-obese horses (Powell et al., 2002; Pratt-Phillips et al., 

2006; Stewart-Hunt et al., 2006).  
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Studies found that ponies were more likely to have higher BCS than horses (Adolph et 

al., 2019; Giles et al., 2014; Jaqueth et al., 2018; Potter et al., 2016; Pratt-Phillips et al., 2010; 

Schedlbauer et al., 2019). Ponies were also found to have a greater likelihood to be 

hyperinsulinemic than horses (Bamford et al., 2014; Carter et al., 2009; Jeffcott et al., 1986). 

The risk for laminitis were also found to be higher in ponies than in horses (Alford et al., 2001; 

de Laat et al., 2019; Karikoski et al., 2011; Potter et al., 2017; Treiber et al., 2007).  

With a high prevalence of overweight or obesity in sport ponies, the ability of these 

ponies to maintain blood glucose or insulin concentrations is not yet confirmed. Therefore, this 

study aimed to determine the relationship between adiposity (BCS and CNS) and blood 

parameters (blood glucose and insulin concentrations) in an elite population of sport ponies.  

3.3. Materials and Methods 

3.3.1. Animals 

This study was conducted at a national pony hunter competition. Participants were 

recruited via emails sent to the competitors and via onsite solicitation for volunteers. 

Owners/representatives signed a waiver allowing the researchers to use their ponies. In total, 58 

ponies were included in this study.   

Ponies were accessed the day after a pony’s final competition. Two experienced 

researchers assessed the ponies’ body condition scores (BCS) and cresty neck scores (CNS) 

using the systems developed by Henneke et al. (1983) and Carter et al. (2009) respectively, both 

by visual and palpation. 
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3.3.2. Neck Circumference and Height 

Neck circumference was measured perpendicular to the line between withers and poll at 

midpoint of this line (Moore et al., 2019).  Additional data on heights, age, and breeds of each 

horse were obtained from the publicly available online database for the competition. 

3.3.3. Blood Collection and Glucose Measurement 

Owners and representatives were asked to not feed their ponies grain prior to assessment.  

Evacuated tubes containing no anticoagulant were used to collect blood samples from the pony’s 

jugular vein. Blood collection was performed following the assessment of BCS and CNS. Blood 

glucose measurement was performed using a hand-held glucometer (One-Touch Ultra 2, 

LifeScan, Inc., Milpitas, CA). The use of a hand-held glucometer on horses was validated 

previously (Hackett and McCue, 2010). Following the glucose measurement, blood was allowed 

to clot. Centrifugation was performed at 1200 rpm for 15 minutes, and then serum was collected 

into microtubes. Serum samples were stored at -4O C for a latter use.  

3.3.4. Radioimmunoassay  

Measurement of insulin concentrations was performed on the serum samples. Insulin 

concentrations were measured using a commercial Kit (Kit #HI-14K, EMD Millipore 

Corporation, Billerica, MA), a Human Insulin Kit that has been validated for equine insulin 

analysis (Spears et al., 2020). Samples were analyzed in duplicates with intra-assay CV 1.6%.  

3.3.5. Statistical Analysis 

Statistical analysis was conducted in using JMP® Pro 16.2.0. Outliers were identified 

using JMP Outlier Box Plot. Based on this plot, insulin data from two ponies were considered 

outliers, and therefore, were removed to improve the accuracy of correlation analysis between 

the variables. The BCS and CNS data were obtained from the average scores from the two 
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observers. Pearson’s correlation analysis was performed on BCS, CNS, blood glucose, serum 

insulin concentrations, age, height, and neck circumference.  The association between variables 

were determined based on the correlation coefficient and P-value at significance level (α) 0.05.  

The ponies were grouped based on BCS (BCG) as moderate to fleshy (BCS 5 – 7) and 

obese (BCS>7). The ponies were also categorized into ponies with cresty neck (CNS≥3) and 

ponies with an ideal neck (CNS<3) (group CNS [CNG]). Based on their height (group height 

[GH]), ponies were classified into small ponies (height <130 cm), medium ponies (height 130 – 

137 cm), and large ponies (height 138 – 147 cm). Furthermore, based on their serum insulin 

concentrations (insulin status [IS]), ponies were divided into normal (insulin concentrations 

≤138.9 pmol/L (equivalent to ≤20 µIU/mL) and hyperinsulinemic (insulin concentrations >138.9 

pmol/L).  

Simple logistic regression was performed to determine the effects of BCG, CNG, and HG 

on the odds of pony being hyperinsulinemic. Simple logistic regression analysis was also 

performed to determine the relationship in the odds of having cresty neck and being obese 

among each BCG and HG. Furthermore, multiple logistic regression was performed to determine 

which of CNG, BCG, and HG had the most significant effect on the odds of hyperinsulinemia in 

the pony groups.  

3.4. Results 

Fifty-eight ponies were included in the study. Means and the ranges of the variables are 

presented in Table 3.1. The sampled ponies consisted of 36 geldings and 22 mares from a 

number of breeds including Welsh Pony (45% [26/58]) and Welsh Pony Cross (41% [24/58) 

with Quarter Horse (7% [4/58]), German Riding Pony (1.7% [1/58]), Morgan Cross (1.7% 

[1/58]), Connemara (1.7% [1/58]), and Warmblood (1.7% [1/58]). The age of ponies varied from 
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5 – 10 years old (19% [11/58), 11 – 15 years old (50% [29/58]), 16 – 20 years old (26% [15/58), 

to 21 – 25 years old (5% [3/58]). The ponies consisted of 39.7% (23/58) small ponies (height 

<130 cm), 29.3% (17/58) medium ponies (height 130 – 137 cm), and 31% (18/58) large ponies 

(height 138 – 147 cm).  

Only 3.4% (2/58) were considered moderate (4<BCS<6), 58.6% (34/58) were fleshy 

(BCS to 7), and 37.9% (22/58) were obese (BCS >7). Meanwhile, based on the cresty neck 

scores (CNS), 36.2% (21/58) ponies had an ideal neck (CNS <3), and 63.8% (27/58) had a cresty 

neck (CNS ≥3). The distribution of BCS and CNS in the population can be seen in Figure 3.1.  

Based on Pearson’s correlation analysis, there was a small, positive correlation between 

CNS and insulin concentrations (R=0.29, P=0.03). However, there was no correlation between 

blood glucose or serum insulin concentrations and BCS, age, height, or neck circumference. 

There was a moderate, positive correlation between BCS and CNS (R=0.54, P=<0.0001). There 

was a weak, negative correlation between height and CNS (R=0.29, P=0.029). 

Approximately 27% (16/58) of the ponies were hyperinsulinemic. The two ponies with 

moderate body condition scores were not hyperinsulinemic. Meanwhile, 17.65% (6/34) of fleshy 

ponies were hyperinsulinemic, while (45.5% [10/22]) of the obese ponies were hyperinsulinemic. 

Furthermore, 55.6% (15/27) of the ponies with cresty neck were hyperinsulinemic, compared to 

only 4.8% (1/21) of the ponies with an ideal neck.  

The distribution of CNG, BCG, and insulin status across each CNG, BCG, and HG is 

presented in Table 3.2. The CNG, BCG, and HG influenced the odds of ponies being 

hyperinsulinemic (Table 3). Ponies with a cresty neck had 12.6 times greater odds of being 

hyperinsulinemic than ponies with an ideal neck. Obese ponies were 3.1 times more likely to be 

hyperinsulinemic than moderate to fleshy ponies. Small ponies had 9 times greater odds of being 
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hyperinsulinemic than large ponies (P=.035), but not greater than the medium ponies. Medium 

ponies did not have greater odds of being hyperinsulinemic than large ponies. Multiple 

regression model showed that there was a significant overall effect of CNG, BCG, and HG on 

odds of ponies being hyperinsulinemic with CNG outweighing the effects of BCG and HG (CNG 

had the smallest P-value, P=0.039).  

The odds of having a cresty neck between each BCG and HG were also compared (Table 

3.4). Obese ponies had 10.2 times greater odds of having a cresty neck than moderate to fleshy 

ponies (Table 3.).  Small ponies had 8.5 and 4.3 times greater odds of having a cresty neck than 

did medium and large ponies respectively. There was no difference in the odds of having a cresty 

neck between medium and large ponies. Also, there was no difference in the odds of being obese 

between small, medium, and large ponies (Table 3.5). 

3.5. Discussion 

The results showed that the vast majority (89.6% [52/58]) of the ponies in this study were 

either over conditioned (51.7% [30/58]) or obese (37.9% [22/58]). A high prevalence of over 

conditioning and obesity in sport or riding horses was also observed in some other studies 

(Harker et al., 2011; Pagan et al., 2009; Wyse et al., 2008).  

Impaired glucose metabolism in horses is associated with excessive adiposity in horses. 

Hyperinsulinemia is often the result of the impairment of glucose metabolism. Prolonged 

hyperinsulinemia can lead to insulin dysregulation and potentially contribute to laminitis (Asplin 

et al., 2007; Box et al., 2020; Frank and Tadros, 2014).  A study in populations of 238 ponies 

and 1290 horses found that 40.8% of the ponies and 39.7% of the horses were over conditioned 

or obese, and 17% and 19% of the ponies and horses respectively were diagnosed to be insulin 

dysregulated (Jaqueth et al., 2018). This report was based on the diagnosis performed by 
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veterinarians, mostly due to the owners’ concerns about their over conditioned or obese ponies 

and horses. Therefore, the prevalence of insulin hyperinsulinemia in those populations may have 

been higher than reported. In the present study, 27.6% (16/58) ponies signed up for this study 

were hyperinsulinemic. A study of BCS and CNS of sedentary horses and ponies found that the 

rate of hyperinsulinemia in individuals with BCS ≥7 were 51% in ponies and 43% in horses  

(Carter et al., 2009). Though, Carter’s study used insulin concentrations >208.35 pmol/L 

(equivalent to >30 µIU/mL) as a cut-off value for hyperinsulinemia.  In the present study, insulin 

concentrations >208.35 pmol/L were observed in 29.6% (8/27) of the ponies with BCS ≥7, 

compared to 9.7% (3/31) in the ponies with BCS <7. Carter et al. (2009) also found that 43% of 

the horses and 50% of the ponies with a cresty neck (CNS ≥3) were hyperinsulinemic (insulin 

concentrations >208.35 pmol/L). In the present study, insulin concentrations >208.35 pmol/L 

were observed in 27% (10/37) of the ponies with CNS ≥3, compared to 4.7% (1/21) in the ponies 

with CNS <3. The rate of hyperinsulinemia in ponies with BCS ≥7 or CNS ≥3 in the present 

study appeared to be lower than that in Carter’s findings. 

The current study showed that BCS, CNS, and height influenced the odds of being 

hyperinsulinemic. Based on the multiple logistic regression, the effect of CNS appears to 

outweigh the effects of BCS and height. Fitzgerald et al. (2019) found that ponies with a cresty 

neck (CNS≥3) had five times greater odds of being insulin dysregulated than ponies with an 

ideal neck (CNS<3). Meanwhile, in the present study, ponies with a cresty neck had 12.6 times 

greater odds of being hyperinsulinemic than ponies without a cresty neck. Fitzgerald et al. (2019) 

also found that being obese did not influence the odds of being hyperinsulinemic, which led them 

to a conclusion that CNS was a predictor for insulin dysregulation, independent of BCS. In the 

present study, obese ponies had 3.2 times greater odds of being hyperinsulinemic than did the 



 

74 

 

moderate to fleshy group. This is in line with the occurrence of cresty neck, that was 10.2 times 

more likely in the obese ponies compared with moderate to fleshy ponies. In contrast, the 

relationship between height and the odds of being hyperinsulinemic was not in parallel with the 

relationship between height groups and the odds of having a cresty neck. Small ponies were 4.3 

and 8.5 times more likely to have a cresty neck compared to large and medium ponies 

respectively. However, the odds of being hyperinsulinemic were only different between small 

and large ponies, and neither between small and medium ponies nor between medium and large 

ponies. Therefore, there appears to be some inconsistency in the effect of CNS on the occurrence 

of hyperinsulinemia in this study. It is noted in this study that in the group of large ponies, 

although 55.6% (10/18) had a cresty neck with 38.9% (7/18) considered obese, only 2 

individuals were hyperinsulinemic. However, as there was no association between either BCS or 

BCG with height, the high percentage of ponies with a cresty neck may have explained the effect 

of height on the odds of ponies being hyperinsulinemic. 

A study in sport horses and ponies found that none of the individuals with CNS ≥3 had 

insulin concentrations >208.35 pmol/L (equivalent to >30 µIU/mL) (Pagan et al., 2009). They 

speculated that the absence of hyperinsulinemia despite over conditioning in the population of 

sport horses and ponies could have been due to the protective effect of their training regimes. 

Physical conditioning was found to improve insulin sensitivity in over conditioned or obese 

equines (Cabrera et al., 2022; Carter et al., 2010; Moore et al., 2019; Powell et al., 2002) and in 

nonobese untrained horses (Pratt-Phillips et al., 2006; Turner et al., 2011). In fit Standardbreds, 

Stewart-Hunt et al. (2006) found that the enhancement effect of a short-term training regime on 

insulin sensitivity remained until five-day period of no exercise. In untrained Standardbred 

horses, it was found that the improvement in insulin sensitivity did not remain more than three 
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days after inactivity (de Graaf-Roelfsema et al., 2006). The blood samples in this study were 

obtained on the day after the ponies completed the competition. Also, it is normal that horses or 

ponies would have been trained in a regular basis prior to competition. Therefore, regular 

exercise regimes could have contributed to the enhancement of insulin sensitivity of the equine 

population in this study. The effect of exercise was further emphasized by Karikoski et al. 

(2022), who found that horses that did not have exercise had an almost eight times higher risk of 

developing insulin dysregulation than horses with regular exercise. 

Blood glucose in this study appeared to be normal, with only 2 individuals considered 

hyperglycemia with blood glucose >7.22 mmol/L (equivalent to >130 mg/dL). These individuals 

were from the obese group. One of them had insulin concentrations >347.25 pmol/L (equivalent 

to >50 µIU/mL), which is considered severe hyperinsulinemia (insulin dysregulation) and 

requires dietary intervention. However, blood glucose was not correlated with either BCS or 

CNS in this study, in contrast with other studies where blood glucose was found to be linearly 

correlated (Bamford et al., 2016; Carter et al., 2009; Fitzgerald et al., 2019; Jansson et al., 2016; 

Pagan et al., 2009). The CNS, however, had a small, positive correlation with pony’s insulin 

concentrations. The absence of correlation or stronger correlation between both BCS and CNS 

may be due to the number of ponies with high BCS or CNS with ideal concentrations of insulin. 

The distribution of ponies signed up for this study across body condition scores was a limitation. 

Only 2 out of 58 ponies had a BCS less than 6. This could have been due to two reasons. First, 

the proportion of ponies with ideal BCS among the entire pony population during the 

competition may be very small. Second, the participation in this study was voluntary, so it was 

difficult to achieve a more varied population. It was also possible that the owners’ voluntary 
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participation in this study was motivated by their concerns about their overweight ponies, 

resulting in the skewness of the data towards higher BCS.  

3.6. Conclusion 

Higher body condition scores (BCS) and cresty neck scores (CNS) in the pony population 

were associated with higher odds of being hyperinsulinemic. The impact of adiposity in the 

population of athlete ponies may have been lessened, possibly because of the protective effect of 

their athleticism as found in the earlier study. This was shown through the absence of linear or 

stronger correlations between the adiposity variables and the concentrations of blood glucose and 

serum insulin of the ponies. However, it was still troubling to see many ponies with body 

condition scores of more than 6, and some of them had very high insulin concentrations. 
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Tables and Figures 

Table 3.1. Means, standanrd deviations, and the ranges of the variables 

Variables Mean Range 

Body condition scores 6.8 ± 0.6 5.25 – 8.0 

Cresty neck scores 3.0 ± 0.6 1.5 – 4 

Blood glucose (mmol/L) 5.13 ± 0.66 4.11 – 7.49 

Insulin (pmol/L) 
*157.1 ± 236.34 Undetectable – 1477.41 

**118.8 ± 98.5 Undetectable – 457.5 

Neck circumference (in) 77.9 ± 8.13 60.96 – 96.52 

Height (in) 134.8 ± 8 124 – 147 

Age (years) 13 ± 3.94 5 – 25 

*) Outliers were included 

**) Outliers were excluded 

Table 3.2. Distribution of CNG, BCG, and insulin status across each CNG, BCG, and HG 

 CNG BCG Insulin Status 

 Cresty 

Neck 

Ideal 

neck 
Obese 

Moderate 

to Fleshy 

Hyper- 

insulinemia 
Ideal 

Cresty Neck Score       

Cresty neck   20 17 15 22 

Ideal neck   2 19 1 20 

Body Condition Score       

Moderate to Fleshy 17 19   6 30 

Obese 20 2   10 12 

Height group (HG)       

Small 20 3 10 13 10 13 

Medium 7 10 5 12 4 13 

Large 10 8 7 11 2 16 
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Table 3.3. Odds of ponies being hyperinsulinemia across cresty neck scores, body condition 

scores, and height groups 

Variables Odds Ratio 95% CI P-value 

CNG (Cresty neck vs Ideal neck)  13.6 1.65 – 112.8 0.015 

BCG (Obese vs moderate to fleshy) 4.2 1.24 – 14.02 0.02 

Height group (HG)    

Small vs large 6.2 1.14 – 33.2 0.035 

Small vs medium 2.5 0.62 – 10.05 0.2 

Medium vs Large 2.5 0.39 – 15.63 0.34 

 

Table 3.4. Odds of ponies having a cresty neck across body condition scores and height groups 

Variables Odds Ratio 95% CI P-value 

Group body condition score (BCG)    

Obese vs moderate to fleshy 11.2 2.27 – 55.03 0.0008 

Height group    

Small vs Large 5.3 1.16 – 24.6  0.032 

Small vs Medium 9.5 2.02 – 44.9 0.0044 

Medium vs Large 0.6 0.15 – 2.14 0.39 
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Table 3.5. Odds of ponies being obese across height groups 

Variables Odds Ratio 95% CI P-value 

Height group    

Small vs Large 1.2 0.34 – 4.24 0.77 

Small vs Medium 1.9 0.49 – 6.99 0.37 

Medium vs Large 0.7 0.16 – 2.69 0.56 
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Figure 3.1. Distribution of body condition scores (BCS) and cresty neck scores (CNS) of the 

ponies recruited. The distribution showed that the pony population was heavily dominated by 

ponies with BCS ≥6 and CNS ≥2. 
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CHAPTER 4: STUDY 3 

Effect of Weight Carriage on Work Effort in Horses 

Submitted to Comparative Exercise Physiology [Journal] 

4.1. Abstract 

Excessive adiposity in horses is associated with equine metabolic syndrome and 

laminitis, and additional weight due to fat accumulation may cause further stress on the horse. 

This study aimed to determine the effect of additional weight carriage on work effort in horses, 

as estimated by changes in as estimated by changes in heart rate (HR) and body temperature 

(Temp). Eight mature mixed-breed horses were paired based on body size in a randomized 

crossover study. Each day tested a pair of horses with one horse carrying additional weight (15% 

of bodyweight; to represent approximately 3 body condition scores) and the other horse serving 

as a control, with treatments reversed the following week. Heart rate was determined before 

adding the weight, after a 2-hr period of stall rest (prior to the exercise bout), and at the end of a 

34-min exercise challenge of walking and trotting on an automated exerciser. Temp was 

recorded prior to exercise and after the horses were removed from the exerciser. Two-way 

ANOVA was conducted to determine the effect of exercise and weight carriage on HR and 

Temp, and paired t-tests were used to compare differences in HR and Temp pre and post 

exercise. Heart rate increased with exercise (P<0.001) and was higher following exercise in 

horses carrying additional weight (P<0.0001). Exercise increased Temp (P<0.001) and the 

difference in Temp was greater in the weight-carrying group (P=0.0023). This study documents 

the effect of weight carriage that could be imposed with body fat, in addition to the known health 

detriments of adiposity.  
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4.2. Introduction 

Adiposity refers to the level of adipose tissue an individual carries. Adipose tissue can be 

disadvantageous when accumulated in an excessive level in the body (Ragno et al., 2019). In 

horses, excessive body fat is associated with a number of metabolic issues including insulin 

dysregulation (Frank and Tadros, 2014), adipose tissue dysfunction (Reynolds et al., 2019), and 

inflammation (Adams et al., 2009; Vick et al., 2007; Zak et al., 2020), which can lead to a severe 

pathological condition such as laminitis (de Laat et al., 2010; Geor, 2008; Johnson et al., 2012; 

Ragno et al., 2019). A simple method to estimate an equine adiposity is the body condition 

scoring system. One of the most common scales used for this is the Henneke 1 – 9 scale, in 

which a body condition score (BCS) 1 means “fully emaciated”, while a 9 means “grossly 

obese”. Meanwhile, a BCS 5 is considered ideal (Henneke et al., 1983). Changes in the BCS 

were associated with changes in the bodyweight, body fat content, and morphometric measures. 

It was estimated that every increase in one unit of BCS is equivalent to 20 – 25 kg of additional 

weights for the average 500 kg horses (Gill et al., 2017; NRC, 2007; Suagee et al., 2008). An 

exponential relationship was demonstrated between BCS and body fat content (Dugdale et al., 

2012; Dugdale et al., 2011). Therefore, the additional weight as fat per one unit increase in BCS 

is larger in a horse with a higher BCS.  

While excess body fat is associated with health issues, very few studies have addressed 

the relationship between adiposity as assessed by BCS with equine athletic performance. In 

racehorses, it is well known that weight adds a handicap to the racehorses. To this point, research 

in elite Standardbred horses found that higher body fat content was associated with longer race 

times (Kearns et al., 2002b). Another study in Standardbred horses confirmed that horses with a 

lower percentage of body fat had higher VO2max (Kearns et al., 2002a) and a higher velocity in a 
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given heart rate and plasma lactate concentration (Leleu and Cotrel, 2006). In Thoroughbred 

racehorses, race time increased significantly with bodyweight increase of more than 10kg (Cho 

et al., 2008). In endurance race, it was found that horses with BCS 5 to 5.5 had the highest rates 

of race completion, but heavier horses were more prone to fail to complete the race due to 

lameness (Garlinghouse and Burrill, 1999).  

With regards to weight carriage, a number of studies were aimed to address the amount of 

weight a horse can carry as it pertains to their riders (Bukhari et al., 2021; Matsuura et al., 2016; 

Powell et al., 2008; Stefánsdóttir et al., 2017; Wilk et al., 2020). Heavier riders were found to 

increase the workload of horses, demonstrated through an increase in heart rate and respiratory 

rates (Powell et al., 2008; Stefánsdóttir et al., 2017) and body temperature measured using an 

infrared camera (Wilk et al., 2020).  

Recently, increased body fat content was also found to increase workload in horses as 

demonstrated by higher heart rates, respiration rates, plasma lactate concentrations, and rectal 

temperature (Jansson et al., 2021). A longer physiological recovery period was observed in 

horses with higher BCS (Ásgeirsson, 2018). Increased adiposity was also associated with 

impaired performance such as limb asymmetries (Ásgeirsson, 2018; Jansson et al., 2021; 

Wärnsberg, 2020). Moreover, as body fat also functions as body insulation, excessive adiposity 

may result in impaired thermoregulation, leading to physiological disturbances such as heat 

stress (Moyen et al., 2016). This may also exacerbate the effect of weight carriage. Therefore, 

while several studies have shown that excess body fat or rider weight may influence exercise in 

horses, this study was aimed to specifically assess the effect of excess weight carriage on some 

parameters of workload.  
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4.3. Materials and Methods 

4.3.1. Animals 

The Institutional Animal Care and Use Committee approved this study.  

Eight stock-type horses were used in this study. The mean bodyweight of the horses was 

579 ± 53.4 kg, with mean BCS 7 ± 0.75 (out of 9). The horses were housed at the university’s 

research herd and lived in a field with ample pasture, free choice salt, and automated waterers. 

The horses had not undergone any formal exercise conditioning for a period of at least 1 year 

prior to the study. Horses remained in their pasture overnight and were brought in the morning of 

each treatment.  

4.3.2. Treatments 

This study used a crossover design, in which horse were paired according to body size 

and type, to facilitate them working at similar speeds on the exerciser. Each horse in a pair were 

assigned to either carrying added weight (AW) or working without any added weight (control 

[NW]) on the first week of the study, and these treatments were reversed the following week.  

The AW horses carried an additional weight of 15% of their bodyweight. This was accomplished 

by using a western saddle and attaching two water bags to both sides (Figure 4.1). Additional 

hand weights in carrying packs were also used to make up the targeted weight. On each 

treatment day, the horses were weighed on an equine scale (Gallagher 210 Livestock Scale; 

Gallagher USA, Riverside, MO) and then Polar heart rate monitors (Polar V800 Watch with H7 

Band; Polar Electro, Kempele, Finland) were attached, and resting heart rate was assessed. 

Following this, the saddle and weights were placed on the back of the AW horses and secured 

with bungees. Horses were then returned to their stalls to rest for two hours where they had, 

access to grass hay and water.  
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4.3.3. Exercise Protocol 

Following the resting period in their stalls, the horses were moved into an automatic 

horse exerciser (EuroXciser, Tustin, CA). The horses were then exercised with a protocol that 

included a10-min walk (approximately 7 km/hr), 10-min trot (approximately 13 km/hr), reverse 

direction, then 4-min walk, and 10-minute trot. At the end of the exercise, heart rates and rectal 

temperatures were immediately recorded.  

4.3.4. Statistics 

Two-way analysis of variance (ANOVA) was performed to determine the effect of 

weight carriage on heart rate and body temperature before and following exercise. The change in 

a horse’s temperature during the exercise was calculated and the effect of treatment was 

determined. Significance was considered at α level 0.05. All analysis were conducted in JMP® 

Version Pro 16.2.0. SAS Institute Inc., Cary, NC, 1989–2021. 

4.4. Results  

The heart rate and body temperatures prior to adding the weight and after stall rest were 

not different between AW and NW. The heart rate increased with exercise in both groups from 

pre-exercise values (Figure 4.2). The AW horses had significantly greater heart rates in the end 

of exercise (115.38±5.71 bpm) than NW horses (94.75±13.33 bpm) (P<0.0001). The temperature 

also increased with exercise in both groups. There was no difference in post-exercise temperature 

between AW and NW groups (38.44±0.43 OC and 37.89±0.36 OC respectively). However, the 

AW group had a greater change in temperature following exercise than NW group (1.65 OC and 

1.02 OC respectively) (P= 0.0023, see Figure 4.3). 
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4.5. Discussion  

Carrying additional weight resulted in a higher heart rate and a greater increase in body 

temperature in horses following a relatively low intensity exercise bout. These findings are 

similar to the study by Van Oldruitenborgh-Oosterbaan who reported higher post exercise heart 

rate and plasma lactate concentrations that were observed in horses mounted by a 90-kg rider 

(15% bodyweight) or loaded with a 90-kg lead compared, to unloaded horses (Van 

Oldruitenborgh-Oosterbaan et al., 1995). Increases in the bodyweight ratio between the rider and 

the horse were also found to cause increases in the physiological parameters of the work effort 

such as heart rates, plasma lactate, and respiration rates (Powell et al., 2008; Stefánsdóttir et al., 

2017). Increase in body fat content through feeding a high calorie diet was also observed to 

cause higher post-exercise heart rates and body temperature in horses (Jansson et al., 2021). 

Abnormal gait movement and a tendency to have a greater change in muscle soreness and 

muscle tightness were documented in horses with higher BCS and horses with heavier riders 

respectively (Jansson et al., 2021; Powell et al., 2008). These effects may have resulted from 

greater bodyweights in horses with higher body condition scores, resulting in greater workloads, 

which eventually lead to greater strain in limb joints and tendons (Evrard et al., 2019; 

Garlinghouse and Burrill, 1999; Morrice-West et al., 2022; Riemersma et al., 1996). 

In contrast, Christensen et al. (2020) found that an increase in the rider weight from 15% 

to 25% of horse bodyweight did not induce any difference in the horse heart rate and cortisol 

levels. These conflicting results could have been due to the rider factor. Christensen et al. (2021) 

assigned each person from ten professional riders to ride 10 dressage horses. Rideability scores 

on the individual horses were not consistent among the riders. This means that some riders would 

feel more comfortable riding the same horse than the other riders. They also found that riders 
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influenced heart rate, cortisol level, and a tendency for a conflict behavior. This also means that 

some riders could cause more discomfort on the horses than other riders. In this present study, 

the rider effect has been removed to specifically assess the effect of weight carriage on the work 

effort of the horses. Van Oldruitenborgh-Oosterbaan et al. (1995) found that there was no 

difference in heart rate and plasma lactate concentrations post exercise between horses with 90 

kg rider and horses loaded with 90 kg lead. However, they only used one single rider to ride all 

the horses. The exercise was also performed in a treadmill, in which the rider would probably 

have less control over the horse as compared to riders in flat ground riding. In the present study, 

the rider was removed from the equation, and the effect of additional weight carriage on work 

effort was specifically determined.  

It is worth noting that while horses with higher BCS would carry unnecessary weight 

from the extra body fat, there is potential for further weight carriage when they are ridden. For 

example, a 500-kg horse with a BCS 5 would have an additional up to 50 kg extra weight when 

BCS increases to 7. With a rider weight of 75 kg, the actual excess weight the horse would carry 

is approximately 125 kg, which is 25% of the horse’s weight in an ideal body condition. With 

regards to animal welfare purpose, the United Kingdom, for example, has set a rule that limits 

rider’s weight to no more than 10% of the horse’s bodyweight. The relevance of this rule, 

however, can be questionable. For example, a lower rider:horse percentage can be achieved by 

increasing the horse weight. Therefore, the higher the horse BCS, the lower rider:horse 

percentage. Consequently, instead of changing the rider (whose weight is more than 10% of the 

horse bodyweight), a horse owner may choose to increase the BCS of their horse to fit the rule. 

Higher BCS can potentially result in deceased performance and predisposition to metabolic 
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issues. Therefore, accompanying the rider:horse weight rule with BCS rule would be more 

promising to ensure the horse welfare. 

One limitation of the study is that the weight was placed on the horse’s back, meanwhile, 

the actual body fat is distributed throughout the body. Also, the exercise involved in this study 

was low intensity, with heart rate at the end of exercise only reaching 106.13±12.47 bpm (Table 

1), which is still less than a typical heart rate at submaximal exercise (~130 bpm) (Gabbard et al., 

1995). Therefore, the exercise in this study did not represent the work efforts the horses would 

perform at a higher intensity exercise. Because the horses were not in regular work, it was 

decided that lower intensity exercise would be safer. Nonetheless, the increase in heart rate and 

temperature observed in all horses suggests that the exercise bout was a challenge for this group.  

Future research could include the use of other techniques to add extra weight for a longer period 

of time to better mimic the long-term hazards of extra weight carriage.  

4.6. Conclusion 

In conclusion, the present study showed that work effort increased in horses carrying 

additional weight when exercised. It is likely that sport horses that are carrying additional 

bodyweight as fat also have increased their workload. Further research is needed to address the 

long-term effects of excess weight carriage on equine exercise performance, limb health and 

overall health.  
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Tables and Figures 

 

 

Figure 4.1. The AW horse resting in the stall. The additional weight was attached on the back of 

the horse, consisting of a saddle, two water bags, and hand weights in carrying packs secured 

with ropes and bungees. The horses were allowed to eat hay during the resting period. 

 

 

Figure 4.2. Heart rate of AW (added weight) and NW (control) horses pre and post exercise. 

Heart rate increases with exercise in both groups. Post exercise heart rate in AW horses were 

significantly greater than in NW group 
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Figure 4.3. The degree of change in temperature pre and post exercise in AW and NW horses. 

The AW horses showed a greater change in temperature post exercise than the control group. 
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CHAPTER 5: STUDY 4 

Investigation of Body Condition Scores, Feedstuff, and Feed Intake in a Racing Pony 

Population in West Nusa Tenggara 

5.1. Abstract 

A healthy body condition is essential for equine health and performance. Therefore, 

recognizing equine body condition and adjusting nutritional management are required for the 

best output. This study aimed to determine: 1) general feeding practice and desired body 

condition scores by the owners, 3) body condition scores and morphometric measurements, and 

2) feedstuffs used and estimated nutritional intake, of racing ponies in West Nusa Tenggara, 

Indonesia. An online initial survey form was sent to the farmers via Whatsapp and Facebook 

groups. Fifty-two pony owners filled in the survey and 21 owners signed up for the next part of 

the study. Ponies were accessed, body condition scores and cresty neck scores were assessed, 

and morphometric parameters were measured. These were also used to estimate bodyweight. 

Feeds were weighed, identified and sent for nutritional analysis. Owners’ answers indicated that 

they were aware of the importance of nutrition and proper body conditions for their ponies. Mean 

BCS of ponies was 5.16 out of 9. The most commonly fed forage species were Cynodon 

dactylon, Leersia hexandra, and Eulalia aurera, with rice bran as the main concentrate. Mean 

DE intake was ~1 Mcal above NRC recommendation. Mean protein intake was 19% higher than 

NRC recommendation. Calcium intake was below NRC recommendation with phosphorus intake 

was above NRC recommendation. The calcium: phosphorus ratio was concerning as phosphorus 

intake was five times calcium intake. Finally, all owners visited (21/21) indicated that they 

would need educational materials about equine nutrition.  
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5.2. Introduction 

Knowledge about the optimal body composition in horses in relation to performance is 

still limited (Lawrence, 1990; Kearns et al., 2002c). However, studies have focused on the 

effects of adiposity on equine performance and health. Excessive adiposity has been found to 

impair equine athletic performance (Kearns et al., 2002a; Kearns et al., 2002b; Ásgeirsson, 2018; 

Jansson et al., 2021)  while being underweight may also negatively affect performance 

(Garlinghouse and Burrill, 1999). Excessive adiposity is also associated with metabolic issues 

both in horses and ponies (Frank and Tadros, 2014; Ragno et al., 2019). Ponies have been shown 

to have a greater risk of being over conditioned than horses (Carter et al., 2009; Potter et al., 

2016; Jaqueth et al., 2018). Studies have also shown that horses used for competitions that are 

judged such as show hunter or dressage usually had higher body condition scores compared to 

those used for other sports such as horse racing, endurance racing, and polo ponies (Pagan et al., 

2009; Harker et al., 2011). 

Appropriate nutritional management is required for horses or ponies in any given work 

intensity. Achieving a goal of having a healthy body type, with sufficient muscle and fuel 

reserves for the exercise needed relies on nutritional management and exercise regimes, which 

would determine its energy allowance. For example, in a feeding practice, the first parameter to 

ensure has met the requirement is energy, followed by protein and other nutrients (NRC, 2007). 

Feeding horses or ponies are more complex than just providing diets that cover the amount of 

each nutrient content required (Lawrence, 2000). Therefore, balanced ration is defined as a diet 

or ration that supplies all nutrient requirements in sufficient amount and proportions to perform 

an intended purpose such as maintenance, growth, work, gestation or lactation. 
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In equine industries, feeding practices would not necessarily be based on a proper 

knowledge on equine nutrition. A survey on the horse feeding practices in a horse population that 

consisted of mostly Quarter horses and Thoroughbred horses found that regardless of the 

exercise regime, the horses were given a similar amount of feed (Orr et al., 2022). Moreover, in a 

survey by Mastellar et al. (2018), it was found that nearly half the equine farmers surveyed did 

not regularly evaluate their horses’ BCS. According to another survey, 97% horses received 

digestible energy (DE) in excess of National Research Council (NRC) recommendation 

(Macleay and Buckley, 2019). Unnecessary excess in DE can result in undesired increases in 

bodyweight and eventually obesity, whose additional management cost was estimated to be 

~$434 per head per year  (Jaqueth et al., 2018; d'Fonseca et al., 2020).  

West Nusa Tenggara is a province located in the south part of Indonesia. In this area, 

horse or pony racing has become a part of the local culture. West Nusa Tenggara has two main 

islands, and the way ponies are classified in racing are slightly different. In Lombok Island, 

racing ponies were classified based on height and age. Age was defined by the number of baby 

incisors that have fallen (having less than 4 teeth shed, 4 teeth shed, and adult [permanent] teeth). 

Meanwhile, in Sumbawa Island, non-adult ponies were also classified based on their racing 

experience (beginner, having raced 2 – 3 times, and experienced). The length of the racetrack 

was 1400 m in (7 furlongs), and 1600 m in Sumbawa (7.95 furlongs). Exercise training at a full 

speed was assigned to the ponies at least two to three times per week; one of them was usually a 

race with ponies from other stables.  

According to Sirajudin (2018), feeding practice applied in the pony racing community was 

not based on proper knowledge about equine nutrition, which may result in improper nutrient 

balance for the animals. Therefore, the goal of this research was to investigate and describe 
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general feeding practice and owners’ preferred body condition scores, ponies’ body condition 

scores, morphometric measurements, and feedstuffs given to the racing ponies in West Nusa 

Tenggara Indonesia.  

5.3. Materials and Methods 

5.3.1. Dates and Location 

This study was conducted in West Nusa Tenggara Province, Indonesia in July 2022. The 

study focused on the pony racing community in both Lombok and Sumbawa, two islands that 

constitute West Nusa Tenggara Province. This study consisted of three parts, which included: 

1. Initial survey 

2. Assessment of BCS, CNS, morphometric measures, and recording of feedstuffs 

3. Analysis of feed composition, estimation of digestible energy, and intake of digestible 

energy 

5.3.2. Initial Survey 

The owners of the racing ponies were reached by means of announcement in Whatsapp 

groups of racing pony communities and direct communications at the racing arenas. In total, 270 

owners were contacted. The owners were asked to fill in a Google survey form and to indicate 

whether they would participate in the subsequent part of the study, which required a direct access 

to their ponies and the feedstuffs.  

Fifty-two owners participated in the survey. Meanwhile, 21 owners agreed to participate 

in the next part of the study. The survey (Appendix B) consisted of various questions that 

covered the following topics: 

1. Types of feedstuffs the owners gave to their ponies 

2. How they present the feed to the ponies 
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3. How they determine the amount of feed given to the ponies 

4. Owners’ preference of body condition scores (BCS) for racing ponies 

For owners’ BCS preference, the owners were presented pictures of ponies with different 

body condition scores and were asked to state whether the ponies were ideal, too thin, or too heavy 

for racing purposes. The ponies were assigned a BCS by a single researcher.  

5.3.3. Animals 

Fifty-four racing ponies (age ranging from 1 to 18 years) from both Lombok and Sumbawa 

islands were involved in this study. The ponies were accessed during their feeding or rest time at 

their stall/barn. No morphometric measurement was performed at the racing arena. Therefore, no 

observation was performed when the ponies had just warmed up or just after racing (to avoid bias 

with body condition).  

5.3.4. Body Condition Scores and Cresty Neck Scores 

This study used the Henneke body condition score (BCS) and Carter’s cresty neck score 

(CNS) systems (Henneke et al., 1983; Carter et al., 2009). The BCS and CNS were assessed 

through visual assessment and direct palpation by a single investigator, and through pictures by 

another researcher. Based on the BCS values, ponies were classified into thin (BCS 3 – 4), 

moderate (4<BCS<6), and fleshy (BCS 6 – 7). Based on CNS values, ponies were classified into 

thin neck (CNS 0 – 1.5), little fleshy neck (CNS 2 – 2.5), and cresty neck (CNS ≥3). Based on 

these classifications, data on BCS and CNS from both assessors were then compared, and the 

level of agreement was determined.  

5.3.5. Morphometric Measurements and Bodyweight Estimation 

Morphometric measurements involved height, girth circumference, waist circumference, 

body length, neck length, and neck circumference. These measurements were based on the 
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methods used by (Carter et al., 2009). Height was measured from the ground to the withers. Girth 

circumference was measured caudal to the elbow and immediately behind the slope of the 

withers. Body length (BL) was defined as a straight line from the point of shoulder to the point 

of the buttock. Neck length was measured from the poll to the distal part of the withers. Neck 

circumference was measured at half neck length perpendicular to the straight line between the 

polls and withers. Waist was measured as the abdominal circumference at two-thirds of the 

straight line between the point of shoulder and the point of the hip. 

Pony’s bodyweight was estimated using the following formula that was developed by 

(Martinson et al., 2014): 

BW (kg) = (GC (cm)1.486 × BL (cm)0.554 × H (cm)0.599 × N (cm)0.173)/3596 

5.3.6. Feedstuffs and Feed Composition Analysis 

The amount of forage and grain offered per meal were weighed, and total intake was 

calculated.  The species of forage was identified by consulting previous literature on local 

feedstuffs and matching them with pictures available in various online databases on forages. 

Samples representing rice bran and each species of grass and legume (2 kg each) were then sent 

to the University of Mataram for: 1) Proximate analysis for crude protein (CP), neutral detergent 

fiber (NDF), acid detergent fiber (ADF), crude fat (CF), hemicellulose (NDF-ADF), cellulose, 

and lignin, and 2) Spectrophotometry analysis for starch and glucose. Meanwhile, calcium (Ca) 

and phosphorus (P) contents were obtained from Feedipedia online database on feedstuff. 

Feedipedia is an open access international encyclopedia on feed resources for farm animals led 

by INRA, CIRAD, FAO and AFZ (Heuzé et al., 2013). This database was also used to estimate 

nutritional compositions of the supplementary feedstuff, that was not sent for laboratory analysis. 
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5.3.7. Estimation of Digestible Energy 

Digestible energy (DE) was calculated using the following equation based on (Pagan and 

Geor, 2005; NRC, 2007): 

DE (kcal/kg DM) = 2,118 + 12.18 (CP %) -9.37 (ADF %) – 3.83 (hemicelluloses %) + 47.18 

(CF %) + 20.35 (NSC %) – 26.3 (Ash %) (R2=0.88)  

where DM = dry matter, CP = crude protein, ADF = acid detergent fiber.  

Meanwhile, NSC (non-structural carbohydrates) was calculated using the equation: 

NSC = 100 – CP – CF – NDF – ash. 

5.3.8. Estimation of Nutrient Requirement and Feed Intake 

Nutrient requirements of the ponies were determined based on the estimated weight using 

an online calculator https://webassets.nationalacademies.org/nrh/ that was developed based on 

National Research Council (2007). The data were then tabulated into Microsoft Excel, and feed 

intake was calculated based on the amount of feed given per day and the nutrient composition 

from the laboratory analysis and Feedipedia. For feed intake calculations, the amount of feed 

given per day was assumed to be all consumed by the ponies since there were negligible leftover 

from the feed according to the owners/caretakers. Nutrient intake was then subtracted with 

nutritional requirements to determine whether there was deficiency or excess.  

5.3.9. Statistical Analysis 

This study used Microsoft Excel (Microsoft 365®) and JMP®, Version Pro 

16.2.0., SAS Institute Inc., Cary, NC, 1989 – 2021. Descriptive statistics with means and 

standard deviation was applied to describe the distribution of the population. Kappa coefficient 

was determined to test the agreement between BCS and CNS live assessment and assessment 

through pictures. The kappa coefficients represent the levels of agreement as follows: ≤0 

https://webassets.nationalacademies.org/nrh/
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representing no agreement, 0.01 – 0.2 (none to slight) 0.21 – 0.39 (fair), 0.4 – 0.59 (moderate), 

0.6 – 0.79 (substantial), 0.8 – 1 (almost perfect agreement) (McHugh, 2012). Pearson’s 

correlation analysis was used to determine correlation coefficients between BCS, CNS, and other 

morphometric variables. One-way ANOVA and Student’s t-test were used to determine any 

difference in DM intake and DE intake between groups of ponies. Significance was determined 

at the alpha level 0.05. 

5.4. Results 

5.4.1. General Feeding Practice 

Fifty-two pony owners/caretakers filled in the survey form (19.3% of total owners 

contacted), with 61% (32/52) from Lombok, and 38.5% (20/52) from Sumbawa. The majority of 

the owners (38.5% [20/52]) had 2 ponies, followed by those who had more than 5 ponies (25% 

[13/52]), 4 ponies (13.5% [7/52]), and 3, 2, and 1 pony (each 4/52 [7%]). The majority of the 

owners (41/52 [78.8%]) stated that they had more than 5 years of experience of managing a 

racing pony. 

The owners indicated that besides fresh grass, rice bran was the most used form of 

concentrate (86.8% [45/52]). Meals were given 2 times (54% [28/52]) to 3 times (46% [24/52]) 

per day. Five owners (9.6%) indicated that they used wheat bran. Several individuals stated that 

they also gave mung beans, whole rice grain, and corn to the ponies. All owners (100% [52/52]) 

gave concentrates to their ponies regardless of the training intensity.  

When asked if they preferred some type of forage/grass, 50% (26/52) said yes, 44.2% 

(23/52) said no, and 5.8% (3/52) said maybe. Subsequent comments indicated that preferred 

types of forages included “creeping grass” particularly Bermuda grass, and a legume called 

Alyce clover. When asked if they thought that forages that are immature are not good for racing 
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ponies, 80.8% (42/52) agreed, 13% (7/52) said “no”, and 5.8% (3/52) answered “maybe”. 

Comments made about this included “too high-water content”, “bloating”, and “feces too 

liquified”.  

The pony owners were also asked on how they determined the amount of forage and 

grain for the ponies. Eighty four percent (44/52) said that they determined the quantity of each 

feedstuff by guessing, and 15% (8/52) said that it depends on the bodyweight. Moreover, when 

asked if the bodyweight of the pony determines the requirements, 53.8% (28/52) said “yes”, 

36.5% (19/52) said no, and 9.6% (5/52) said “maybe”. Responding to a question whether the 

amount of feed is relative to whether they were preparing for a racing competition, 69% (36/52) 

chose “reduce feed during preparation for a race”, compared to those that said, “no change” 

(19.2% [10/52]), and “increase feed” (15.5% [6/52]).  

The majority of the owners (67% [35/52]) said that they never consulted a nutritionist nor a 

veterinarian. When asked if they had their feedstuff analyzed in lab, only 1 of the 52 responses 

said “yes”.  

Nearly half the owners (44.2% [23/52]) said that proper exercise conditioning must start 

at least one month before the racing, followed by those who said two weeks (36% [19/52]), and 

two months (15.4 [8/52]). Approximately 94% (49/52) said that they would target a certain body 

condition before their ponies compete in a racing competition.  

When presented with pictures of different body condition scores (BCS), the percentage of 

owners agreeing that the ponies in the picture were ideal increased when the BCS changed from 

4 to 4.5, and to 5.5, rising from 71.2% to 76.9% and 94.2% respectively (Table 5.1, Figure 5.1). 

However, this trend dramatically decreased to 28.8% when BCS reached 6 and continued to 

decrease when BCS changed to 7 and 8. The pattern of increase in the percentage of owners 
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saying that ponies with BCS 4, 4.5, and 5.5 were ideal for racing seemed to be repeated in the 

percentage of owners saying that ponies with BCS 6,7, and 8 were too fat.  

5.4.2. Body condition scores, CNS and Morphometric Measurements 

The pony breeds consisted of 37% (20/54) Sumbawa ponies, 25.9% (14/54) Sandalwood-

cross ponies, 20.4 (11/54) Sandalwood ponies, 11.1% (6/54) Flores ponies, and 3.7% (2/54) 

Lombok ponies. The mean age was 3.9 ± 3.56 years, with a range of 1 – 18 years. The ponies 

consisted of 15 females and 39 intake males. According to their height, the ponies consisted of 

33 small ponies (height <130 cm), 14 medium ponies (130 cm ≤height< 140 cm), and 7 large 

ponies (height >140cm). Means and ranges of BCS, CNS, and height, and other morphometric 

measures are presented in Table 5.2.  

In average, the BCS of the ponies was 5.16, with 5.6% (3/54) were thin (BCS 3 – 4), 

81.5% (44/54) moderate (4<BCS<6), and 13% (7/54) fleshy (BCS 6 – 7). The distribution of 

BCS is presented in Figure 5.2. Mean cresty neck score (CNS) was 1.63, with only one pony 

having a CNS of 3. These values were based on the live assessment of the BCS and CNS. There 

was a fair agreement in the values of BCS between live observation and assessment through 

pictures (kappa value was 0.25). Meanwhile, there was a poor agreement between the two 

assessments in CNS (kappa value was 0.12).  

The BCS was positively correlated with CNS (R=0.53, P<0.0001), NC:Height (R=0.38, 

P=0.0041), GC:Height (R=0.4, P=0.0027), and WC:Height (R=0.63, P<0.0001). There was a 

positive, moderate correlation between CNS and NC:Height (R=0.45, P=0.0007), and 

WC:Height (R=0.33, P=0.016). Neither BCS nor CNS were correlated with either weight or 

height. 
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5.4.3. Feedstuff, Nutrient Composition, and Estimated Digestible Energy 

Forages used to feed the racing ponies included grass and legumes. The main species of 

grass included Cynodon dactylon (Bermuda grass), Leersia hexandra, and Eulalia aurera (water 

grass), with very small proportion of Brachiaria mutica, Oplismenus burmanni, and Eleusine 

indica. Cynodon dactylon was offered to at least 34 ponies, where it was also mixed with a fair 

proportion of other grass species in 20 of them. Eulalia aurera and Leersia hexandra were 

offered to 11 and 7 ponies respectively. Meanwhile, the legume Alysicarpus vaginalis was 

offered to 3 ponies. Forage was obtained manually by hand using a sickle. Therefore, the type of 

forage offered were not always consistent day by day because owners/caretakers often relied 

only on the availability of the open-access grass/legumes. However, the amounts given were 

consistent since the amount was determined using certain containers such as a bucket.  

Meanwhile, rice bran was offered as a concentrate to all ponies (54/54). Corns were 

offered as supplementary feed to 8 ponies. A commercial pellet was offered as supplementary 

feed to 4 ponies. A combination of mung beans and whole rice grain was also added as addition 

to the rice bran in 9 ponies. However, according to the owners/caretakers of 11 other ponies, 

supplementary feeds such as corns, mung beans, commercial pellets, or wheat bran would be 

added to the feed one to two months prior to the official racing. The owners of these ponies also 

indicated that this supplementary feedstuff was given along with the increase in the intensity of 

training. The remaining 20 ponies were not subject to any daily supplementary concentrate. 

However, 10 out of 21 owners/caretakers stated that other products such as sugar (cane sugar or 

palm sugar), honey, and raw egg yolks were also offered by means of oral administration one to 

three times a week. Among the ponies receiving this oral administration were seven (out of 20) 

ponies that did not receive supplementary concentrate. Furthermore, 76% (16/21) 



 

109 

 

owners/caretakers of the ponies regularly administered vitamin B complex through intramuscular 

injection at least just prior to the weekly training or race match. 

Nutritional composition from the feed samples is presented in Table 5.3. Meanwhile, 

estimated non-structural carbohydrates (NSC) and digestibility is presented in Table 5.4.  The 

mean dry matter from the forages was 30.7 ± 3.1%. The legume had a DE of 2.3 Mcal/kg, which 

was 0.4 Mcal/kg higher than that of Cynodon dactylon and 1 Mcal/kg higher than that of Leersia 

hexandra and Eulalia aurera. The higher DE of Bermuda grass than the other two grass species 

was due to the higher estimation of its NSC. The NSC of Bermuda grass was higher than that of 

the other two grass because the percentage of ash from Bermuda grass was higher than that of 

Leersia hexandra and Eulalia aurera, which were 7.8%, 19.3%, and 11.73% respectively.  

5.4.4. Estimated Feed Intake 

Estimated nutrient intake is presented in Table 5.5. Mean fresh intake of forage for the 

racing ponies was 5.07 ± 1.50 kg per day, while mean fresh intake for grain was 4.10 ± 1.04 kg 

per day. Total dry matter (DM) intake was 5.50 ± 1.19 kg (2.3 % BW of ~241 kg pony). Intake 

was approximately 30% from forage and 70% from grain. Mean DE intake was 13.83 ± 3.21 

Mcal or ~ 57.95 kcal/ kg BW. Nutrient intake per kg BW was obtained by averaging the total 

intake per kg BW of each pony.   

In average, DE intake was 9.86±14.96% above NRC recommendation. Crude protein 

intake was 20.2 ± 16.49% above NRC recommendation. However, DE intake was below the 

recommended level in 26% (14/54) ponies, and protein intake was below the recommended level 

in 9.3% (5/54) ponies. There was no difference in DE intake per kg BW between the ponies 

consuming different types of forages. There was also no difference in DE intake per kg BW 

between ponies given additional types of grain in addition to rice bran. Dry matter (DM) intake 
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per kg BW were significantly greater in small ponies compared to medium (P=0.032) and large 

ponies (P=0.0075). However, DE intake of small ponies per kg BW was significantly greater 

than medium ponies (P=0.025), but not large ponies.  Mean estimated calcium intake was -8.28 ± 

4.52 gram below the recommended level and was below the recommended level in all ponies 

except those that were given Alysicarpus vaginalis as forage. Phosphorus intake was 39.62 ± 

11.79 gram above the recommended intake. The ratio of Ca to P was 1 : 5. Meanwhile, the 

recommended ratio is  2: 1.  

It should be noted that the lysine content of Cynodon dactylon was cited from Kim et al. 

(2001). Meanwhile, the rest of additional data required on nutritional composition of feedstuff 

were obtained from Feedipedia (Heuzé et al., 2013).  

5.5. Discussion 

5.5.1. General Feeding Practices 

Owners indicated that they were aware of the importance of feed on the health and 

success of their racing ponies. For example, the majority of owners said that forage in their early 

stage of growth was not preferred for their ponies. Comments on this included that immature 

grass has too much water and can result in disturbance in gastrointestinal system seen through 

feces that is too liquefied. However, none of the owners mentioned anything about sugar content 

of young grass.  

The awareness of owners on the importance of feedstuff for their racing ponies did not 

necessarily manifest in proper way of determining the amount of feed for the ponies. For 

example, 37.3% (19/52) stated that bigger ponies do not require more feed. The majority of 

owners determined the amount of forage and grain not by mathematical approach, but by 

guessing, which, according to them, was based on their experience. Furthermore, 100% owners 
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used a bucket and/or scoop as a scale to measure the amount of feed. Other studies on equine 

feeding practices also found that scoop was the most common unit in measuring grain (Hoffman 

et al., 2009; Murray et al., 2015; Orr et al., 2022). It is not wrong to use a scoop as a unit of feed 

measure. However, calibration on the actual amount of feed each scoop provides needs to be 

performed. Also, variation between types of scoops and variations in the amount per scoop 

between individuals also requires consideration. 

5.5.2. Body Condition Scores, CNS, and Morphometric Measures 

The present study was the first study to document the BCS of racing ponies in Indonesia. 

The mean body condition scores of racing ponies in this study was 5.16 (out of 9), which was 

about similar to that in Thoroughbred racing horses (Gallagher et al., 1992b), and lower than 

Standardbred racing horses (BCS ~5.7) (Gallagher et al., 1992a) In Thoroughbred horses, horses 

used for racing had lower BCS than horses that were not raced (Carroll and Huntington, 1988). 

In ponies, polo horses had lower BCS (~5/9) than horses competing in competitions that are 

judged such as show hunter and dressage (~6.3/9) (Pagan et al., 2009) .  

The survey result in the present study showed the BCS values the owners regarded appropriate 

for a racing pony. There was no rule about certain BCS for pony racing. However, the owners 

BCS preference for their ponies was the BCS in which, they thought, ponies would perform best. 

The owners also stated that they would adjust the ponies’ BCS at least one month prior to racing. 

Consequently, BCS of racing ponies were relatively lower compared to the BCS of sport ponies 

from other studies (Pagan et al., 2009; Harker et al., 2011).  

Mean cresty neck score (CNS) in this study was 1.63 ± 0.64. Only 3.4% (1/54) ponies 

had CNS 3 and around 9% (5/54) ponies had CNS 2.5. Mean CNS in the present study was lower 

than hunter ponies (~2.5) but higher than polo horses (~1) in Pagan’s study. However, mean 
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BCS of polo horses and hunter ponies in Pagan’s study were ~5 and ~7.3 respectively. Median 

CNS in the present study was 2, similar to that in leisure ponies in New Zealand (Fernandes et 

al., 2015). However, median BCS in Fernandes’ study was 7 (out of 9), while median BCS in 

this study was 4.75. It appears that CNS of ponies in this study was relatively high considering 

that mean and median BCS were both 5. This may reflect the natural tendency of ponies to have 

a cresty neck in this population. Also, breed has been found to influence tendency to have greater 

adiposity (Carter et al., 2009; Giles et al., 2014; Robin et al., 2015; Jaqueth et al., 2018).  

Morphometric parameters were also associated with BCS and CNS. Carter et al. (2009) 

found NC (neck circumference):Height and GC (girth circumference):Height were strongly 

correlated with BCS and CNS. Based on these relationships, a benchmark about obesity in 

ponies were made, in which GC:Height value of 1.33 ± 0.01 represents overweight, and a 

NC:Height value of 0.68 ± 0.01 represents a cresty neck. However, at the present study, based on 

the regression analysis, GC:Height value equivalent to BCS≥7 was 1.49, and the value of 

NC:Height equivalent to CNS≥3 was 0.79. Both values were higher than that in Carter’s study, 

indicating that mean NC and mean GC (relative to height) were higher in this study compared to 

that in Carter’s study. Furthermore, the correlation coefficients between each of BCS and 

GC:Height and between CNS and NC:Height were moderate. This may have reflected some 

individual variations in the values of NC and GC (relative to height) in an ideal condition. 

therefore, the use of visual assessment and palpation could be more useful to assess adiposity in 

ponies than the value of NC:Height and GC:Height. 

5.5.3. Feedstuffs and Feed Intake  

Forages most used to feed racing ponies in this study included Cynodon dactylon 

(Bermuda grass), Leersia hexandra, Eulalia aurera, and Alysicarpus vaginalis. Meanwhile, the 
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main type of concentrate used was rice bran. Cynodon dactylon or Bermuda grass was most 

preferred and used. This popularity of Bermuda grass to feed ponies in West Nusa Tenggara 

Province was also found in other studies  (Mansyur and Rusmana, 2006; Sudirman et al., 2014; 

Murdiawan, 2017).  The dry matter content of  Cynodon dactylon and other forages were roughly 

similar to that found by Sudirman et al. (2014). However, in the present study, crude protein of 

Cynodon dactylon was found to be lower than that in Sudirman’s (16%CP) and Kim’s (9.5%CP) 

studies (Kim et al., 2001; Sudirman et al., 2014). This difference could have been due to 

difference in maturity, with which crude protein gradually decreases (Garcell and Poppe, 1989).  

The main concentrate used at the present study was rice bran. The dry matter content of 

the rice bran was similar to that in NRC (2007), but the DE estimation was lower than its DE 

value from NRC (2007) (3.35 Mcal/kg DM). The lower estimated value in this study was due to 

the lower content of crude protein and crude fat from this study (9.9% and 9.5% respectively) 

compared to those in NRC (2007), which were 15.5% and 15.2% respectively. This also resulted 

in a higher estimated value of its NSC content in this study compared to NRC (2007), which 

were 36.4% and 32% respectively.  

In the present study, Mean DE intake was 8.87% higher than NRC recommendations for 

heavy exercise. Excess of 19 ± 4.8% was also reported in elite show jumper ponies (Pratt-

Phillips, 2016). In the present study, DE intake per kg BW was 58.73 kcal, compared to 62.5 

kcal in Pratt-Phillips’ study. Other surveys found feeding 5% below NRC recommendation in 

Thoroughbred horses and 8% above NRC recommendation in Standardbred horses (Southwood 

et al., 1993). In the present study, 26% (14/54) ponies were fed (up to 2.27 Mcal) below the NRC 

recommendations, and 26% (14/54) ponies were fed at least 2 Mcal above NRC 

recommendations. This disparity may have resulted from unifying the amount of the pony’s feed 
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regardless of bodyweight. At least 38% (8/21) of pony owners fed a similar amount of both 

forage and grain regardless of the pony’s height or bodyweight. As a consequence, small ponies 

at this study had significantly greater DM intake per kg BW than both medium and large ponies. 

The proportion of forage and concentrate on a DM basis at this study was 30%:70%, 

compared to 40%:60% (Macleay, 2018) and 53%:47% (Gallagher et al., 1992b) in Thoroughbred 

racehorses. A higher amount of concentrate is usually provided to meet a high energy 

requirement. For racehorses or ponies in heavy exercise, the energy demand increases from 30.3 

kcal/kg BW for maintenance to 36.3 kcal/kg BW. Meanwhile, to maintain the health of 

gastrointestinal tract, Harris et al. (2017) recommended the intake from roughage to be below 

12.5 g DM/kg BW. This means that for a 300 kg pony, roughage intake should be at least 3.75 

kg. With Bermuda grass, this amount provides approximately 7.13 Mcal DE. To meet the 

demand for a heavy exercise pony (15.98 Mcal), 8.86 Mcal should come from concentrate (~3.06 

kg rice bran, considering DE 2.9 Mcal/kg). Total intake would be 6.81 kg DM, which is ~ 2.27% 

BW, and the ratio is ~ 55%:45%. With pony owners or caretakers relying on fresh forages, to 

provide 3.75 kg DM requires 10.9 kg Bermuda grass. Therefore, the total fresh intake would be ~ 

13.35 kg. In this study fresh intake of a ~300 kg pony was 11.6 kg (5.5 rice bran and 6.1 kg 

grass), which results in excess intake of 2.32 Mcal. According to the owners, access to quality 

grass has been a challenge since the owners/caretakers obtain the forage by hand/manually with a 

serrated sickle.  

Estimated intake of crude protein (CP) in this study was approximately 2.07 g/kg BW, 

which is 20% higher than NRC recommendation. This number was also similar to the estimated 

CP intake in another study of elite show jumper horses (Pratt-Phillips, 2016). Excess CP of 12% 

and 24% was reported for Thoroughbred and Standardbred racehorses respectively (Southwood 
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et al., 1993). The current NRC recommendation for heavy exercise is ~1.72 g/kg BW. This 

accounts for maintenance, muscle repair, and sweat loss. However, as the actual protein 

requirements for ponies or horses can be more complex, it was also suggested to allow around 2 

to 2.5 g/kg BW crude protein provided in the diet (Harris, 2009). The CP intake in this study is 

within this recommended range. 

Mean estimated calcium intake was 10.19 ± 3.05 g per day, which was 8.28 g below 

NRC recommendation. The mean calcium intake was slightly above the recommended level in 

the three ponies fed with legume Alyce clover. Meanwhile, mean phosphorus from the diet 

provided was 380% of NRC recommendation, causing the proportion of calcium to phosphorus 

to be 1 : 5, in contrast to the recommended proportion (1 – 2 : 1). This imbalance was mainly the 

result of very low calcium to phosphorus proportion in rice bran. Excess phosphorus may 

compromise calcium absorption and may lead to nutritional secondary hyperparathyroidism 

(NSH). Feeding a high phosphate diet to horses resulted in impaired return of serum calcium to 

normal following calcium infusion (Argenzio et al., 1974). In contrast, insufficient phosphorus 

intake in 22 out of 34 horses was observed in a study of elite show jumpers but there was no 

deficiency symptom. Similarly, a symptom of hyperparathyroidism (big head) was not observed 

in the ponies sampled in this study. However, the symptom was observed in another pony that 

used to be raced at this community. The owner stated that he did not know the reason of the big 

head symptom. Therefore, this calcium and phosphorus imbalance is concerning and needs to be 

addressed in this pony population, or in any horse or pony population that relies heavily on rice 

bran as concentrate. However, a follow-up study on concentrations of blood calcium and 

phosphorus is115equireed to confirm whether there is an actual concern. 
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Supplementary feeds such as mung beans, corns, whole rice grain, and a commercial 

pellet was also offered to the majority of the ponies in this study. However, based on the 

estimated intake, none of them eventually received sufficient amount of calcium. Moreover, 

intramuscular administration of vitamin B complex (usually around one to two hours prior to 

racing) was a common practice in this population. According to the owners, the reason they used 

this was to improve their pony’s performance. Daily supplementation of B complex was reported 

by 60% owners in a survey of racehorses (Demirel, 2006). The B-vitamins are important as 

cofactors in energy metabolism and transfer. However, they are usually sufficiently available in 

common horse feeds (except vitamin B12) and are synthesized by microbes in the hindgut 

(Saastamoinen and Harris, 2008). There is very limited information about the effect of vitamin B 

complex on equine performance. Daily supplementation of 20 mg biotin improved hoof wall 

integrity, structure, and tensile strength (Josseck et al., 1995; Zenker et al., 1995). Thiamin 

injection (1 mg/kg BW twice a day for 7 days) in leisure horses improved metabolism of 

glucose, prevented muscle lactate accumulation, and enhanced aerobic capacity during exercise 

(Laus et al., 2017).  An injection of B vitamins were found to have calming effects on goats 

during transportation (Ramadhan et al., 2018) and reduced stress in humans (Hamouda, 2021). 

Therefore, benefits of injecting vitamin B complex may come from its calming effect and energy 

utilization enhancement. However, further research on the effect of vitamin B complex on 

performance is still required. 

According to the interview with each owner/caretake of the ponies, all of them (21/21) 

would like to have proper guidance on equine nutrition. Therefore, educational materials for the 

pony owners would help improving their understanding and ultimately the equine welfare. 
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5.6. Conclusion  

In a racing pony community, feeding practice has been based on experience and common 

sense, with no actual calculation based on nutrient requirements. Average body condition scores 

(BCS) were in an ideal range, with ~5 – 5.5 were the preferred BCS for pony racing. Feed intake 

relied heavily on naturally grown grass and rice bran, with rice bran comprised ~70% of dry 

matter intake. The forage and rice bran could sufficiently provide energy and protein 

requirements. However, low calcium and high phosphorus content in rice bran could possibly 

cause calcium deficiency. Owners/caretakers indicated that educational materials will be useful 

to improve their equine nutrition practice. 
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Tables and Figures 

Table 5.1. Owners’ opinion on how ideal a pony is for racing 

Ponies and their body 

condition scores 

Opinion of pony owners 

Ideal Too thin Too fat 

 

BCS 4 
71.2% 

(37/52) 
28.8% (15/52) NA 

 

BCS 4.5 
76.9% 

(40/52) 

5.4% 

(8/52) 

7.7% 

(4/52) 

 

BCS 5.5 
94.2% 

(49/52) 
NA 

5.8% 

(3/52) 

 

BCS 6 
28.8% 

(15/52) 
NA 71.2% (37/52) 

 

BCS 7 
15.7% 

(8/52) 

2%  

(1/52) 

82.4% 

(42/52) 

 

BCS 8 
3.8% 

(2/52) 
NA 

96.2% 

(50/52) 
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Table 5.2. Morphometric measurements of racing ponies 

Variables Mean ± SD Min Max 

Body condition scores (BCS) 5.16 ± 0.56 4 7 

BCSp 4.68 ± 0.82 3 6.5 

Cresty neck scores (CNS) 1.63 ± 0.64 0 3 

CNSp 2.19 ± 0.5 1 3.5 

Height (H) (cm) 126.26 ± 9.5 106.5 142.5 

Girth circumference (GC) (cm) 139.11 ± 14.05 108 166 

Body length (BL) (cm) 124.39 ± 10.33 103 149 

Waist circumference (WC) (cm) 141.05 ± 12.01 118 166 

Neck length (NL) 68.96 ± 11.60 52 136 

Neck circumference (NC) 75.39 ± 9.41 55 93 

GC:Height 1.1 ± 0.05 0.99 1.18 

NC:Height 0.6 ± 0.05 0.50 0.71 

Estimated weight (kg) 240.77 ± 60.22 126.2 367.04 

p)values based on assessment performed by another observer through pictures 
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Table 5.3. Nutritional composition of race ponies’ feedstuffs (dry matter [DM] basis) 

Species 

DM 

% 

CP 

% 

NDF 

% 

ADF 

% 

Cell-

ulose 

Lignin 

% 

Fat 

% 

Starch 

% 

Glucose 

ppm 

Ash 

% 

Cynodon 

dactylon 

34.41 7.15 68.87 34.70 17.52 16.08 1.52 9.38 10.9 7.8 

Eulalia 

aurera 

33.4 5.05 64.37 40.81 28.59 9.04 1.9 10.28 11.13 11.73 

Leersia 

hexandra 

28.1 7.6 70.13 49.34 32.22 6.23 1.8 10.27 9.98 19.3 

Alysicarpus 

vaginalis 

27.02 13.59 50.71 37.08 19.98 18.44 2.68 10.22 10.84 7.74 

Rice bran 90.7 9.9 33.53 23.18 14.80 5.77 9.5 14.43 11.07 10.68 

Table 5.4. Estimated NSC and digestible energy (DE) of the pony feed samples (DM basis) 

Species 

NSC  

% 

Digestible energy (DE) 

Mcal/kg 

Cynodon dactylon 14.61 1.9 

Leersia hexandra 1.1 1.3 

Eulalia aurera 1.17 1.3 

Alysicarpus vaginalis 25.4 2.3 

Rice bran 36.4 2.9 
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Table 5.5. Mean estimated intake of racing ponies with four different forages. 

Variables 

Dry matter 

kg & 

% BW 

DE 

Mcal 

CP 

gram 

Lysine 

gram 

Ca 

gram 

P 

Gram 

Requirement  12.83 405 18 19 14 

Intake 

5.50 

(2.32±0.32) 

13.96 ± 

3.23 

492.99 ± 

109.33 

30.14 ± 

16.49 

10.19 ± 

3.05 

53.20 ± 

14.35 

Intake – 

requirements 

 

1.13 ± 

1.71 

77.99 ± 

56.32 

13.26 ± 

14.88  

-8.16 ± 

5.08 

39.62 ± 

11.79 

 

  



 

122 

 

 

Figure 5.1. Pony owners’ opinions on ponies of different body condition scores presented in 

pictures. The most selected pony as an ideal condition for racing appeared to be the pony with a 

BCS of 5.5. The pattern of increase in the percentage of owners that chose “ideal” for ponies of 

BCS 4, 4.5, and 5.5 appears to be similar to the pattern of increase in the percentage of owners 

that chose “too fat” for ponies with BCS 6, 7, and 8. 

 

Figure 5.2. Histogram of body condition scores (BCS) of racing ponies. The majority had BCS 5 

– 5.5, with overall population had a range of BCS from 4 to 7. 
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CHAPTER 6: GENERAL CONCLUSION 

 

 

Adiposity is associated with a number of clinical conditions including equine metabolic 

syndrome, that can lead to a severe condition such as laminitis. Excessive adiposity has also been 

found to compromise athletic performance in various equine sports. Though, the population of 

overweight equines around the world warrants attention since it can compromise the equine 

welfare. 

The association between adiposity and equine health and performance received great 

attention among academics. However, concerns about the dangers excessive adiposity can cause 

did not appear to encompass all members of the equine society. This was shown through the 

unexpectedly high number of overweight equines particularly in equine sports that are judged 

such as hunter shows. Furthermore, records of overweight individuals winning the model class in 

hunter show competitions raised a question about judges’ perception on adiposity. Therefore, 

study 1 (in chapter 2) was aimed to assess judges’ perception on different levels of adiposity and 

judges’ ability to identify overweight equines (through pictures).  

The results of study 1 showed that equine judges seemed to be more lenient towards 

overweight animals than leaner animals. Also, judges had difficulties in identifying overweight 

animals through the pictures. This result can be a basis to assume the consequence of judges’ 

perceptions on their judging results, which may have shaped owners’ perceptions about which 

body condition that would increase the likelihood of their animals to win competitions. 

Therefore, the potential implication of this perception is the shift in what is considered a “norm” 

from a more ideal body condition to an upper level of body condition.  

Considering the high number of overweight animals in show competitions, the next step 

was to confirm whether adiposity in equines participating in the show competitions exhibited the 
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health consequences of being overweight or obese. Therefore, study 2 (in chapter 3) was aimed 

to determine the relationship between adiposity (body condition scores [BCS] and cresty neck 

scores [CNS]) and blood parameters (concentrations of blood glucose and serum insulin) in a 

population of sports ponies. The first step at this study was to recruit the owners who were 

willing to sign up their ponies to the study. Ponies signed up were accessed on the day after they 

competed. Their BCS and CNS were recorded and blood samples were collected.   

The results showed that the majority of ponies (89.6%) signed up in this study were 

overweight or obese. While none of the adiposity parameters showed strong (Pearson’s) 

correlations with either blood parameter, BCS and CNS were associated with the odds of ponies 

being hyperinsulinemic. The incidence of hyperinsulinemia appeared to be lower than that from 

the previous studies in the populations of sedentary ponies, but still higher than that from the 

study of sport horses and ponies. It can be speculated that exercise regimes could have had a role 

as a protection against the adverse impact of adiposity in the sport pony populations. Though, it 

should be noted that although the negative impact of adiposity on equine health could be 

lessened with exercise, absence of adiposity’s impact is not guaranteed. Therefore, precautions 

by keeping the equines in a healthy body type is highly recommended.  

While adiposity exerts a physiological impact on horses, adiposity may also compromise 

performance through the additional weight it creates. To address this, study 3 (chapter 4) was 

performed to determine the impact of additional weight bearing on the horse workloads. To 

assess this effect, treatment horses were assigned additional weight of 15% of their bodyweight 

(3 body condition scores). Physiological parameters such heart rate and body temperature after 

resting and following exercise were compared between weight carriage horses and the control.  
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The results of study 3 indicated that horses with additional weight of 15% BW had a 

higher workload as seen through higher heart rates and greater changes in body temperature post-

exercise compared to the control group. It is notable that horses with BCS greater than what is 

considered ideal (5/9), another addition to the weight carriage adds up when they are ridden. In 

the reality, some countries such as the United Kingdom implements a rule in equine sport 

competitions that riders should not exceed 10% of horses bodyweight. For some owners, 

increasing their horse bodyweight is more feasible than reducing a rider’s weight to allow the 

ratio of rider to horse to be lower. This may have been one of the reasons that favor prevalence 

of overweight horses in sport competitions. Further studies should be carried out to investigate 

the long-term effect of weight carriage, which mimics the impact of obesity in the horse 

workload. 

In general, ponies tend to have higher BCS than horses. However, ponies are also used 

for racing purposes such as in West Nusa Tenggara, Indonesia. It is expected that their BCS 

would be closer to ideal than ponies in sports that are judged. Study 4, therefore, was aimed to 

investigate BCS, owners’ preference of pony’s BCS, morphometric profiles, feedstuff and 

nutrient intake in racing ponies in West Nusa Tenggara, Indonesia. In this study, bodyweight was 

estimated based on the morphometric measurements, and digestible energy (DE) was derived 

using a formula developed in previous studies.  

The results showed that average BCS of the ponies was ~5, which is considered ideal. 

The BCS preferred among the ponies in the pictures was 5.5. However, there was no pony with a 

BCS of 5 in the pictures, so it was not conclusive whether 5.5 would be more preferred. Owners 

also indicated their awareness about the importance of ideal body condition for their pony’s 

success in racing. Ratios of neck length to height and girth to height did not show strong 
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correlation with CNS and BCS respectively, indicating some individual variations in the 

morphometric parameters. Therefore, BCS and CNS would be better to predict the pony’s 

adiposity than morphometric ratios. Feeding relied heavily on forages available in nature with 

rice bran as the main concentrate. Furthermore, mean DE and crude protein intake was slightly 

above NRC recommendation, though the amount fed to ponies were based on guessing rather 

than bodyweight. However, calcium amount provided was less than NRC recommendation, with 

ratio of calcium to phosphorus far less than recommended is concerning though no symptoms of 

deficiency was observed. This requires further investigation since insufficient calcium intake 

could lead to a serious welfare issue such as hyperparathyroidism.  

Common highlights from study 1 to study 4 is that adiposity is an important factor that 

judges or owners should be aware of. However, owners’ awareness that excessive adiposity can 

lead to a detrimental impact to the horses or ponies would not necessarily be sufficient to inspire 

them to keep their animals in an ideal condition. An urge to win a competition would inspire 

them to set their animals based on what is favored by the judges or the competition. Therefore, 

mitigation of the prevalence of equine overweight and obesity should start from the member of 

the equine society that have power to create either proper understanding or a demand to follow 

what is favored by the welfare of the animals. Also, further studies on welfare-related parameters 

in relation to adiposity should be performed.  
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Appendix A 

 

USEF Hunter Judge Survey 

 
 

Start of Block: Default Question Block 

 

Q38 WELCOME! Thank you for taking the time to do this survey! We - myself- Dr. Pratt-

Phillips (PhD, Professor of Equine Nutrition & Physiology at North Carolina State University), 

Ahmad Munjizun (PhD Student, Fulbright Scholar and Lori Stroud (MS, Equine Extension 

Associate) - are very interested in your thoughts regarding body fat coverage in horses and 

ponies. We hope you will take the time (~12 min) to take this survey! The next page is the 

informed consent and when you get to the bottom you can say yes/no and then from there is the 

actual questionnaire. If you have any questions, please email me to ask! Thank you in advanced! 

We are always looking for ways to improve the lives of our competitive partners!  

 

 

 

 

Page Break  
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Q1 What level do you judge? (select all that may apply)  

▢ Local-schooling shows   

▢ State-”B” or “C” shows   

▢ “A/AA” circuit   

▢ National-International (eg. US Hunter Finals, Devon, Pony Finals, QH 

Congress, Worlds, etc.)   

 

 

 

Q34 What type of judge are you? (Select all that may apply) 

▢ USHJA  

▢ APHA   

▢ AQHA   

▢ Other USEF 

__________________________________________________ 

▢ Other  __________________________________________________ 
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Q2 How many years of judging experience do you have?  

o 0-2 years  

o 3- 5 years   

o 5-10 years  

o 10-20 years  

o More than 20 years  

 

 

 

Q4 Do you also train horses and/or ponies? 

o Yes  

o No   

 

 

 

Q23 How experienced are you at judging conformation/model/ in-hand/halter classes in horses? 

o Very experienced  

o Moderately experienced 

o Some experience  

o Little to no experience  
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Q3 How experienced are you at judging conformation/model/in-hand/ halter classes in ponies?  

o Very experienced  

o Moderately experienced  

o Some experience  

o Little to no experience  

 

 

 

Q24 Does the amount of fat coverage (too much fat or or too little fat -thin) on a horse or pony 

influence your evaluation of them when being judged either under saddle or standing (eg. model, 

halter or conformation class)?    

o Yes, A lot  

o Yes, A little   

o No   

 

 

 

Q20 Do you accept a little more fat coverage in ponies than you would in a horse? (please 

explain) 

o Yes  _________________________________________________ 

o Maybe  __________________________________________________ 

o No   __________________________________________________ 
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Q5 Do you/would you penalize a pony in a model, conformation or halter class if they are too 

thin?  

o Yes  

o No   

o I don't judge ponies  

 

 

 

Q6 What visuals would make you discern a too thin pony?  

________________________________________________________________ 

 

 

 

Q7 Do you/would you penalize a pony in a model, conformation or halter class if they are too 

fat?  

o Yes   

o No   

o I don't judge ponies  

 

 

 

Q9 What visuals would make you discern a pony too fat?  

________________________________________________________________ 

 

 

 

Q11 Is a little overweight/chubby ok/expected in a pony? 

o Yes  

o No  
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Q10 Do you distinguish between a little overweight/chubby vs. fat/obese? 

o Yes   

o No   

 

 

 

Q35 What visuals would specify a difference between overweight/chubby vs. fat/obese?  

________________________________________________________________ 

 

 

Page Break  
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Q49 The following questions refer to the pictures of these horses/ponies. The text of the question 

is above the photo, while the possible options are just below the photo. We realize not all of 

these pictures are high-end/high quality horses - so please focus on the body fat coverage or lack 

there of, rather than the horse's conformation, coat quality, etc.  

 

 

 

Q32 Horse 1: How would you describe this animal's level of fat coverage?    

o Thin   

o Average  

o Overweight  

o Obese  

 

 

 

Q33 Horse 2: How would you describe this animal's level of fat coverage?  

  

o Thin  

o Average  

o Overweight  

o Obese  
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Q43 Horse 3: How would you describe this animal's level of fat coverage? 

  

o Thin  

o Average 

o Overweight 

o Obese   

 

 

 

Q37 Horse 4: How would you describe this animal's level of fat coverage?   

o Thin  

o Average 

o Overweight 

o Obese  

 

 

 

Q36 Horse 5: How would you describe this animal's level of fat coverage? 

  

o Thin 

o Average 

o Overweight 

o Obese 
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Q31 Horse 6: How would you describe this animal's level of fat coverage? 

  

o Thin  

o Average 

o Oveweight 

o Obese 

 

 

 

Q44 Horse 7. How would you describe this animal's level of fat coverage? 

o Thin 

o Average 

o Overweight 

o Obese 

 

 

 

Q39 Horse 8: How would you describe this animal's level of fat coverage?  

o Thin   

o Average  

o Overweight  

o Obese 
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Q45 Horse 9: How would you describe this animal's level of fat coverage? 

  

o Thin  

o Average  

o Overweight  

o Obese  

 

 

 

Q42 Horse 10: How would you describe this animal's level of fat coverage? 

    

o Thin  

o Average  

o Overweight  

o Obese  

 

 

 

Q48 Horse 11: How would you describe this animal's level of fat coverage?  

  

o Thin  

o Average  

o Overweight  

o Obese  
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Q28 Horse 12: How would you describe this animal's level of fat coverage?   

  

o Thin  

o Average 

o Overweight 

o Obese 

 

 

 

Q42 Horse 13: How would you describe this animal's level of fat coverage?  

   

  

o Thin  

o Average  

o Overweight  

o Obese  

 

 

 

Q34 Are there any animals from the above pictures that you would penalize in competition based 

solely on their body condition? (too much fat or too thin)  

o Yes, please specify which horse numbers and any comments  

__________________________________________________ 

o No  

 

 

Page Break  
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Q30 Last question - There are known health risks associated with overweight/obese horses and 

ponies (laminitis, metabolic diseases, joint issues, heat intolerance, reproductive problems, 

etc.).  Yet there are no rules or guidelines about judging horses and/or ponies that are overweight 

potentially at risk. Meanwhile, there are rules in some disciplines that prevent too thin horses 

from competition.  

 

 

Would you support the establishment of educational materials and guidelines to ensure that our 

animals are at a healthy bodyweight to compete to help contribute to a healthier future for our 

equine partners? Please comment: 

 

 

o Yes  __________________________________________________ 

o Maybe  __________________________________________________ 

o No  __________________________________________________ 

 

End of Block: Default Question Block 
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Q50  Adult Consent Form Title of Study:  Body Condition Scores in the Hunter Ring  (eIRB # 

21063)Principal Investigator(s): Shannon Pratt Phillips        sepratt2@ncsu.edu  919-513-

1117Funding Source: N/A                     Faculty Point of Contact:  Shannon Pratt Phillips   

What are some general things you should know about research studies?You are invited to take 

part in a research study.  Your participation in this study is voluntary. You have the right to be a 

part of this study, to choose not to participate, and to stop participating at any time without 

penalty. The purpose of this research study is to gain a better understanding of the role of body 

condition (based on body fat coverage) affects the perception of judges.  We will do this through 

an online survey.   You are not guaranteed any personal benefits from being in this study. You 

may want to participate in this research because you want to increase the knowledge in this area 

and have an impact on equine health and performance. You may not want to participate in this 

research because you do not have the time to take an online survey. Specific details about the 

research in which you are invited to participate are contained below. If you do not understand 

something in this form, please ask the researcher for clarification or more information. A copy of 

this consent form will be provided to you. If, at any time, you have questions about your 

participation in this research, do not hesitate to contact the researcher(s) named above or the 

NC State IRB office. The IRB office’s contact information is listed in the What if you have 

questions about your rights as a research participant? section of this form. What is the purpose 

of this study?The purpose of the study is to determine how body condition (based on body fat 

coverage) affects the outcome of performance by hunter judges.   Am I eligible to be a 

participant in this study?There will be approximately 200 participants in this study who will be 

sent the survey. In order to be a participant in this study, you must agree to be in the study and 

complete the survey. You must also be over the age of 18 and an active hunter judge. You cannot 

participate in this study if you do not meet the inclusion criteria. What will happen if you take 

part in the study?If you agree to participate in this study, you will be asked to complete and 

submit an online survey, which should take you about 12 minutes. To ensure that your survey 

answers remain anonymous, please take this online survey in a private location, such as your 

home, with your browser in private/incognito mode. The total amount of time that you will be 

participating in this study is 12 minutes. Risks and benefitsThere are minimal risks associated 

with participation in this research. There is a small risk to personal privacy inherent in all 

online surveys. I am mitigating that risk by not tracking IP addresses on Qualtrics and asking 

you to take the survey in a private location with your browser in private/incognito mode. I will 

never seek to re-identify you based on your survey responses, nor will I report answers where 

less than 3 people said the same thing to protect all participants from possibly being re-

identified. There are no direct benefits to your participation in the research. The indirect benefits 

are increased knowledge in this area that can potentially improve the health of competitive 

horses and ponies.    Confidentiality, personal privacy, and data managementTrust is the 

foundation of the participant/researcher relationship. Much of that principle of trust is tied to 

keeping your information private and in the manner that I have described to you in this form. 

The information that you share with me will be held in confidence to the fullest extent allowed by 

law. Protecting your privacy as related to this research is of utmost importance to me. There are 

very rare circumstances related to confidentiality where I may have to share information about 

you. Your information collected in this research study could be reviewed by representatives of 

the University, research sponsors, or government agencies (for example, the FDA) for purposes 

such as quality control or safety. In other cases, I must report instances in which imminent harm 

could come to you or others. How I manage, protect, and share your data are the principal ways 
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that I protect your personal privacy. Data that will be shared with others about you will be 

anonymous. Anonymous. Anonymous data means that at no time can I or anyone else link your 

real identity to the information collected during this research. This means that I cannot identify 

you at all, even when the data is combined with other information. I will also not seek to identify 

you using any techniques or technology. To help maximize the benefits of your participation in 

this project, by further contributing to science and our community, your anonymous information 

will be stored for future research and may be shared with other people without additional 

consent from you. CompensationThere is no compensation for completing this study. What if 

you are an NCSU student?Your participation in this study is not a course requirement and your 

participation, or lack thereof, will not affect your class standing or grades at NC State.  What if 

you are an NCSU employee?Your participation in this study is not a requirement of your 

employment at NCSU, and your participation or lack thereof, will not affect your 

job.  Sponsorship and FundingThe researchers do not have a direct or indirect financial interest 

in the final results of the study. If you would like more information, please ask the researcher(s) 

listed in the first page of this form about the funding and sponsorship.  What if you have 

questions about this study?If you have questions at any time about the study itself or the 

procedures implemented in this study, you may contact the researcher, Shannon Phillips 

sepratt2@ncsu.edu 919-513-1117 What if you have questions about your rights as a research 

participant?If you feel you have not been treated according to the descriptions in this form, or 

your rights as a participant in research have been violated during the course of this project, you 

may contact the NC State IRB (Institutional Review Board) Office. An IRB office helps 

participants if they have any issues regarding research activities. You can contact the NC State 

IRB Office via email at irb-director@ncsu.edu or via phone at (919) 515-8754. Consent To 

ParticipateBy starting this survey, I am affirming that I have read and understand the above 

information. All of the questions that I had about this research have been answered. I have 

chosen to participate in this study with the understanding that I may stop participating at any 

time without penalty or loss of benefits to which I am otherwise entitled. I am aware that I may 

revoke my consent at any time. 

 

 

Page Break  
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Appendix B 

 

 

NTB Racing Pony Survey 

 

This survey is part of my (Ahmad Munjizun) final project in completing my doctoral studies at 

North Carolina State University, United States of America. The data I obtained from this survey 

will be included in one of the chapters in my dissertation. Therefore, I am very grateful for your 

participation. 

* Required 

 

 

 

 

1. Address * 

 

Mark only one oval. 

 

Lombok 

Sumbawa 

 

2. The number of racing ponies you own/care for: * 

 

Mark only one oval. 

 

1 head 

 

2 heads 

 

3 heads 

 

4 heads 

 

5 heads 

 

More than 5 heads 
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3. Length of experience in looking after racing poneis: * 

 

Mark only one oval. 

 

1 year 

 

2 years 

 

3 years 

 

4 years 

 

5 years 

 

More than 5 years 
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Feedstuff 

 

 

4. What feed do you give to your horse? * 

 

Check all that apply. 

 

Rice bran  

Wheat bran 

Grass 

Other:  
 

5. Is bran feed always given regardless of race preparation or not? * 

 

Mark only one oval. 

 

Yes  

 No 

 

6. How did you get the grass? * 

 

Mark only one 

oval. 

 

 Cutting from field 

  Buying 

 

7. Question for those who buy – If you get grass by buying, how much does the 

grass cost per sack? 
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8. Do you prioritize certain types of grass as your horse feed? * 

 

Mark only one oval. 

 

Yes 

 No 

Maybe 

 

 

 

 

9. If yes, what type of grass do you prioritize? 

 

 

 

 

 

 

 

10. Do you think grass that is not really mature is good for racing ponies? * 

 

Mark only one oval. 

 

Yes     

No   

Maybe 

 

11. Please provide a brief comment on the question above!   
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12. How do you determine the amount of grass and bran for your horse? * 

 

Mark only one oval. 

 

Depends on bodyweight 

Just guessing 

 

 

13. Please provide a brief comment on the question above!   

 

 

 

 

 

 

 

14. Does the amount of feed you feed a Racing Pony depend on size or height of * 

horses (Example: larger or taller horses are fed more) ? 

 

Mark only one oval. 

 

Yes 

No        

 

 Maybe 

 

 

 

15. Is the amount of feed you give your horse the same during                    * 

preparation for the race and when not preparing for the race? 

 

Mark only one oval. 

 

Yes 

 

Feed is increased when preparing for racing  

                       Feed is reduced when preparing for racing 
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16. Have you ever consulted a nutritionist or veterinarian about                                      * 

how to feed a horse? 

 

Mark only one oval. 

 

Yes  

No 

 

 

 

17. Have you ever sent samples of your horse's feed to the laboratory for analysis of 

nutritional content? 

 

Mark only one oval. 

 

Yes 

 

Never 

 

 

18. How many times do you weight your horse?* 

 

Mark only one oval. 

 

Never  

Once a month Other: 

 

19. Do you care how fat your horse is? * 

 

Mark only one oval. 

 

Yes 

No 
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20. Please provide a brief comment on the question above!   

 

 

 

 

 

 

21. How would you rate the change in your horse's adiposity * 

 

Mark only one oval. 

 

Visual assessment 

Weighing with scale 

Measuring girth circumference 
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Feeding Methods  

 

22. How do you feed your horse? * 

 

Mark only one oval. 

 

 Bran, water and grass in separate containers 

Bran, grass, and water in one container 

Other: 

23. How many times a day do you feed your horse? * 

 

Mark only one oval. 

 

1 times a day 

 

2 times a day 

 

3 times a day 

 

4 times a day 

Other:      

 

 

 

 

24. How do you determine the amount of bran or grass for your horse? * 

 

Mark only one oval. 

 

Weighing with scale 

 

Scope/ bucket 

 

 

 

25. Please provide a brief comment on the question above!   
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Supplements 

 

 

26. Do you feed your Racing Pony anything other than grass and rice bran? * 

 

Mark only one oval. 

 

Yes  

No  

Other: 

 

 

 

27. What feed do you give your Racing Pony besides bran and grass? 

 

 

 

 

 

 

28. Whenever you give the supplement to your horse? * 

 

Mark only one oval. 

 

 During racing season (prepare for the race) 

Every time regardless of the race 

Other:      
 
 

 

29. How do you determine the amount of supplementary feed you should give? * 

 

Mark only one oval. 

 

 With certain calculations 

 

 By guessing and based on experience 

Other:  
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30. If calculated, how much do you spend per month for one horse head? * 

 

Mark only one oval. 

 

Rp 100.000 - Rp 500.000 

 

Rp 500.000 - 1.000.000 

 

More than Rp 1.000.000 
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Conditioning for Racing 

 

 

31. How long before the official race starts do you train your horse? * 

 

Mark only one oval. 

 

 At least two weeks before 

the race At least one month 

before the race At least two 

months before the race 

Other:      

 

 

32. Are you targeting a certain body condition (fat level) of the horse * 

before participating in official races? 

 

Mark only one oval. 

 

Yes 

No 

 

33. In one week, how many do your horses do sports? * 

 

Mark only one oval. 

 

1 - 3 hours per week 

 

4 - 5 hours per week 

 

6 to 12 hours 
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34. From the duration above, how long does the horse "gallop" (gallop) in

 * 

one week? 

 

" Please answer in hours or minutes!" 

 

 

 

 

35. How long does your horse do "light jog" (canter) in one week? * 

 

 

 

 

36. In one week, how long does your horse do "trot" * 
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37. How long does the horse walk in one week? * 
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Ideal Body Condition for Racing Ponies 

 

 

38. In your opinion, how is the feasibility of the horse below for racing? 

 

 

 
Mark only one oval. 

 

Ideal 

 

Too thin   

Too fat 

 

 

 

39. Give your comments about the picture above!   
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40.      In your opinion, how ideal the pony below is for racing? 

 

 

 
Mark only one oval. 

 

Ideal 

 

Too thin  

Too fat 

 

 

 

41. Give your comments about the picture above!   
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42.  In your opinion, how ideal the pony below is for racing? 

 

 
Mark only one oval. 

 

Ideal 

 

Too thin 

Too fat 

 

 

 

43. Give your comments about the picture above!   
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44.       In your opinion, how ideal the pony below is for racing 

 

 
Mark only one oval. 

 

Ideal 

 

Too thin 

Too fat 

 

 

 

45. Give your comments about the picture above!   
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46. In your opinion, how ideal the pony below is for racing? * 

 

Mark only one oval. 

 

Ideal 

 

Too thin 

Too Fat 

 

 

 

47. Give your comments about the picture above!   
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48. In your opinion, how ideal the pony below is for racing? 

Mark only one oval. 

 

Ideal 

 

Too thin 

Too fat 

 

 

 

49. Give your comments about the picture above!   

 

 

 

 

 

 

 

 

 

 

  


