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ABSTRACT

Nearly 50% of the equine population is overweight due to feeding and management
practices. Obesity is related to development of diseases that are detrimental to performance and
potentially fatal in horses, including insulin resistance, laminitis, and equine metabolic syndrome
(EMS). Objectives of this research included first, characterization of nutrition-related
management practices of hunter/jumper show industry via a voluntary survey; second, evaluating
the Body Condition Index (BCI) in comparison to the Body Condition Scoring system (BCS) in
sporthorses; and lastly, determining the effects of a hindgut buffer in overconditioned horses
following an abruptly introduced moderate nonstructural carbohydrate (NSC) meal. There were
no differences in nutritional management between hunter and jumper disciplines and most
representatives (n=89) had no nutritional concerns. Many used trainers (38%) and veterinarians
(36%) as sources of nutritional advice rather than professional equine nutritionists (7%). BCI had
consistently higher scores than BCS (P<0.01), with the largest differences in horses with BCS <
5. Horses were offered a concentrate meal containing 1.2g NSC/kg BW with and without
DigestaWell® Buffer (DB). Horses receiving DB had decreased plasma L-lactate (P=0.05), and
a tendency for increased fecal pH (P=0.08) and decreased fecal D-lactate (P=0.07). These studies
demonstrate a need to improve horse owner education and the relationship between
representatives and trained nutritionists to reduce disease incidence, that different equations may
need to be developed for a more consistently accurate BCI across various breed and body types,
and that DB may have a positive impact on the equine digestive response to NSC.
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GENERAL AUDIENCE ABSTRACT

Nutritional management is essential to avoiding to diseases associated with equine
obesity. Improper feeding practices can lead to nutrition-related diseases including obesity, colic,
and ulcers. Half of the equine population is overweight or obese, negatively impacting
performance and increasing the likelihood of obesity-related disorders such as insulin resistance,
laminitis, and equine metabolic syndrome in response to elevated intake of nonstructural
carbohydrates (NSC). The objectives of this research were 1) to generate information regarding
hunter/jumper competition horse nutritional management and practices, 2) to evaluate a novel
system to quantitatively assess body fat, and 3) to determine the efficacy of a bicarbonate
hindgut buffer product in ameliorating the effects of a rapidly introduced moderate starch meal in
overweight horses. In the first study, equine representatives (owners, trainers, riders, or grooms)
at hunter/jumper horse shows in Northern VA voluntarily completed surveys regarding the
nutritional and pasture management of the horses. Many of those surveyed had no nutritional
concerns despite the stress and travel associated with competitions, and utilized trainers and
veterinarians for nutritional advice rather than professional equine nutritionists. The second study
compared the subjective body condition scoring system (BCS) to the newly developed
quantitative body condition index (BCI) using several morphometric measurements. The BCI
was consistently higher than the BCS, with the largest differences present in horses with a BCS
less than 5 on a 1 to 9 scale. The third study evaluated the effects of DigestaWell® Buffer, a
bicarbonate hindgut buffer product, in overconditioned horses (BCS > 6.5) following a rapidly
introduced moderate starch meal. The buffer reduced concentrations of L-lactate in the horses,
and tended to increase fecal pH and decrease concentrations of fecal D-lactate. Given these
findings, DigestaWell® Buffer alleviated some of the effects of rapid starch fermentation.
Together, these studies generated information on nutritional management of performance horses,
evaluated the BCI as a method of assessing equine adiposity, and determined the response of
overconditioned mares to a moderate starch meal with and without a hindgut buffer. The results
of the studies demonstrated a need for further education for equine representatives in the
nutritional care of performance horses, a need for further data collection to continue improving
the accuracy and consistency of the BCI, and further investigation into DigestaWell® Buffer as a
strategy to alleviate the effects of high starch meals in overconditioned horses.
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Glossary of Terms

Body condition score (BCS)—a subjective assessment on a 1 to 9 scale used for estimating
adiposity in the horse. A score of 1 is considered severely thin, 5 is considerd ideal, and a score
of 9 is considered grossly obese.

Cresty neck score (CNS)—a scoring system to assess apparent neck crest adiposity in horses on
a 0 to 5 scale. A score of 0 indicates no visual appearance of a crest and no palpable crest, while
a score of 5 indicates a grossly enlarged crest that permanently droops to one side. An ideal CNS
for most horses is a score of 1 or 2.

Equine metabolic syndrome (EMS)—the presentation of a phenotype of obesity or regional
adiposity, insulin resistance or hyperinsulinemia, and laminitis or a predisposition to laminitis in
horses.

Fructan——collective term for all oligo and poly-fructosyl sucrose consisting of one or more
fructosyl links. Fructans are the primary reserve carbohydrate in cool-season grasses and are
water soluble. Animals lack the enzymes required to digest fructans, so they are fermented by
equine hindgut microbial population.

Grasses—plants in the Poaceae family. Grasses are monocots (produce one seed leaf), have
parallel leaf veins, are generally herbaceous, and produce seed on an elongated seed stalk.

Insulin resistance—characterized by basal hyperinsulinemia (basal insulin concentration > 20
ulU/mL) and/or an excessive insulin response to glucose challenges.

Legume—a plant in the Fabaceae family, notable in that most have root nodules containing
nitrogen-fixing bacteria. Legumes are dicots (produce two seed leaves), can be herbaceous or
woody, with reticulated leaf veins and a taproot system.

Nonstructural carbohydrates (NSC)—the sum of sugars, starches, and fructans that
accumulate in plant cells and are readily mobilized for plant metabolism or translocation to other
plant parts.

Obesity—the excessive accumulation of adipose tissue in the body. In horses, a body condtion
score greater than 7 on a 1 to 9 scale has been defined as obese.

Starch—polymer of glucose, and are not water soluble. Starches are the primary reserve
carbohydrate in legumes, and are part of the reserve carbohydrates in other forages. Unlike

fructans, starches are readily hydrolyzed by the animal’s digestive enzymes.

Sugar—mono- and di-saccharides, sugars are water soluble and hydrolysable. Examples of
sugars include glucose, fructose (mono-saccharides), and sucrose (di-saccharide).

x1



Chapter 1

Introduction

Nearly half of the equine population is overconditioned or obese [1,2]. Equine obesity is
associated with insulin resistance, increased risk of laminitis, and equine metabolic syndrome
(EMS). Laminitis is a devastating systemic disease in horses and ponies that ultimately affects
the laminar tissue binding the coffin bone to the inner hoof wall. In severe cases, the coffin bone
can become detached and rotate down through the sole of the hoof causing suffering and pain to
the animal. In severe cases, laminitis is often fatal to the afflicted animal. Laminitis has several
causative factors, most commonly pasture-associated laminitis, followed by grain or concentrate
overload and complications of injury, obesity, or pregnancy [3]. Although laminitis is not
curable, it may be avoidable through proper nutritional management.

A lack of nutritional knowledge has been observed in horse owners. Most owners
measure hay and concentrates by volume, rather than by weight, resulting in inconsistent and
inaccurate feeding [4,5]. Responses to surveys have demonstrated misunderstandings regarding
terminology and the types of feedstuffs that are regarded as fibrous feeds and what constitutes a
concentrate feed [6]. Additionally, popular sources of nutritional information and advice include
veterinarians, trainers, and the internet [5]. This shows owners rely on advice that does not come
directly from a veterinarian or professional nutritionist, and therefore may not be based in
scientific fact. The lack of nutritional knowledge in horse owners observed by current research
demonstrates areas to direct future education to maintain and improve the health and well-being
of horses. The large population of obese horses indicates many horses receive calories and

nutrients in excess of their maintenance and exercise needs.



While experienced assessors can recognize obesity, untrained horse owners may not.
Many horse owners underestimate body condition compared to experienced assessors [7]. It is
therefore important to regularly monitor condition and do so accurately. Several methods of
varying accuracy and consistency exist to assess weight and condition, including weight tapes,
livestock scales, and body condition scoring (BCS). Weight tapes are reported to be the most
commonly used, although the tapes consistently underestimate body weight compared to a
livestock scale [2,6,8]. The body condition index (BCI) was derived as a quantitative method of
assessing adiposity using several morphometric measurements, and may be useful to horse
owners [9].

Between 60% and 100% of horses receive some type of grain-based concentrate daily
[5,10—-12]. Concentrates have a large proportion of nonstructural carbohydrates (NSC),
particularly starch. In large quantities, starch can overwhelm the digestive capabilities of the
small intestine and overflow to the hindgut where it is rapidly fermented. Rapid starch
fermentation leads to an inflammatory state, particularly in obese horses. Intakes of sugar and
starch have been linked to insulin resistance, which also contributes to laminitis [13,14].
Currently recommendations include reducing NSC in the diet, using grazing muzzles, and dry
lots. However, many performance horses need the energy supplied by large amounts of
concentrate, or owners may not have pasture to support cutting out their horse's primary energy

source. Alternatives must be found for these situations.



Objectives

1. Identify the feeding practices and nutritional management of hunter jumper performance
horses and ponies.

2. Evaluate the body condition index (BCI) in comparison to the body condition scoring system
(BCS) in sporthorses.

3. Evaluate the effects of a bicarbonate hindgut buffer in overconditioned horses following a

rapidly introduced starch meal.



Chapter 11

Review of Literature

2.1 Introduction

Over half of the equine population is classified as overconditioned or obese, mainly due to
feeding practices and a widespread lack of knowledge in horse owners [2,5,7]. The combination
of obesity and over nutrition is associated with equine metabolic syndrome (EMS) and an
increased risk for laminitis. In several disciplines, the current desirable "winning" phenotype is
an overconditioned horse, increasing the perception in owners that an overconditioned horse is
normal [15]. Further research is needed to identify the feeding practices, concerns, and
knowledge of the owners, riders, and trainers of hunter jumper performance to evaluate
nutritional areas in need of improvement. While tools for assessing weight and body condition
exist, they are for the majority highly subjective and inconsistent, leaving room for error for
inexperienced assessors [16,17]. An accurate and objective method of assessing adiposity must
be developed so owners can identify obesity in their own horses. Performance horses usually
receive large amounts of concentrates in their diet [10,18]. Nonstructural carbohydrates (NSC)
make up a large portion of grain-based concentrates. While forages have higher fractions of
simple sugars, concentrates tend to have higher proportions of starch [19]. When fed in high
amounts, starch can overflow the small intestine to the hindgut, where it is rapidly fermented.
Excessive ingestion of carbohydrates, including pasture and concentrate NSC, is one of the more
common causes of laminitis [3]. Current research has focused on reducing NSC intake as well as
on developing nutritional supplements such as hindgut buffers to decrease inflammation from
these large starch intakes. Further research in feeding strategies to mitigate metabolic diseases is

needed to evaluate the effects of hindgut bicarbonate buffer products in overconditioned horses.



2.2 Feeding and management practices
2.2.1 Concentrates

Nearly all owners (96%) report feeding at least one concentrate to their horses, with some
horses receiving up to four different types of concentrate daily, including pellets, extruded feeds,
sweet feed, and combinations of different sweet feeds and pellets [5]. Most (86.8%) of the grain
and concentrates fed to horses across the country is purchased in bags from retail sources, while
up to 15% feed home grown grain/concentrates [20]. However, many owners (70%) measure
feed by volume, rather than by weight, using feed scoops, cans, or cups, or by a “handful” or by
“eye” [5,6,21]. A survey at the Winter Equestrian Festival in Florida found all horses and ponies
received concentrates measured by volume, rather than by weight [15]. Previous studies have
demonstrated that feeding by volume results in a disparity between the weight of feed delivered
by owners and the amount they thought they were feeding, with only 60% of horses receiving the
intended amount [4]. More competition horses receive some type of concentrate feed as
compared recreational horses [12]. Nearly all upper-level performance horses (90%-100%)

receive at least one concentrate in their diet [18,21,22].

2.2.2 Hay feeding

In most studies, all owners report feeding hay to their horses, both at home and while at
competitions [5,22,23]. Most commonly, horses were fed grass hays or grass-legume mixes
including timothy (Phleum pretense), ryegrass (Lolium perenne), white clover (Trifolium
repens), and alfalfa (Medicago sativa) [15,18,20]. In cases where hay is not offered, horses have
access to pasture to meet forage requirements [2]. Again, owners were more likely to feed by

flake, with very few (11%) weighing their hay [5]. Because flakes of hay can vary widely in



weight, this can result in a highly variable hay intake [4]. Few owners have their hay analyzed
for nutrient content (21%), and are therefore unaware of the quality of hay being fed, which may
lead to unbalanced rations [4,5,10].

Hay quality plays an important role in equine diets. Nutrient content of hays is highly
variable, but has a dry matter (DM) content of greater than 80%. Hay can maintain nutritional
value for several years, levels may decline over time as dust content increases [24]. Ad libitum
access to forages, including hay, can exceed daily energy requirements of the horse. It has been
recommended to only feed hay less than 10% NSC to horses to avoid exacerbating metabolic
disorders [25]. However, only 21% of owners have their hay analyzed, and may be feeding hays
too high or low in nutrient value [5]. Soaking hays can decrease NSC fractions when low NSC
hay is not available [26,27].

2.2.3 Pasture intake and grazing management

Pasture serves two important purposes for horses, acting as both feed and a place for
exercise. Access to pasture varies widely, from no access to unlimited access when not at
competitions [10,28,29]. The frequency of hay feeding indicates inadequate pasture access for
adequate nutrition, or that feeding of hay may allow owners more control over energy intake than
unrestricted pasture grazing. While most animals had access to pasture all year, 4% of horses are
stabled 24 hours a day, with the proportion increasing during winter months [11].

Unlimited access to pasture may not be beneficial for all horses, as it may lead to
bodyweight gain and obesity. In one study, mature horses consumed calories in excess of the
maintenance energy requirement. The horses consumed 0.41kg/h of fescue DM over a 24 h
period and an average grass pasture may be as high as 2.7 Mcal/kg DM at certain times. Thus, a

500-kg horse, depending on the pasture, may consume 1.2 to 1.6 times the horse’s maintenance



requirements [30]. Pasture NSC depends on many factors, including time of day, weather, and
seasonality. Excessive intakes of NSC have been linked to metabolic disorders associated with
high glycemic and insulinemic responses, such as pasture-associated laminitis [31,32]. Pasture
kept horses are the most at risk for developing laminitis, particularly obese and insulin resistant
equines [3,17]. Nonstructural carbohydrate concentrations in pasture have been reported to be
highest in the early spring and higher in the afternoon than in the morning [33]. Pasture NSC
content can accumulate to greater than 400 g/kg DM in pasture grasses [34].
2.2.4 Supplement use

Supplement use is widespread across disciplines. Over one third of operations in the U.S.
reported feeding a vitamin-mineral supplement/premix [20]. A majority of showjumping,
dressage, and event horses (87%) received one or more feed supplements, including electrolytes,
mineral mixes, magnesium, joint supplements, and salt [18]. Top-level event horses were fed an
average of four supplements, most commonly electrolytes, joint supplements, and salt [21]. In a
survey of horses brought to a large animal hospital at a veterinary teaching school, some horses
received up to 10 supplements [5]. None of the owners in a survey of racehorses in Turkey were
aware that horses can balance only their sodium intake, and cannot self-balance other minerals
[35]. While the widespread use of supplements likely reflects a desire for improved performance,
use of multiple feed supplements can lead to over-supplementation and unknown interactions
and interferences.
2.2.5 Nutrition related concerns and sources of advice

Veterinarians were considered an important source of nutritional information by a large
percentage (56.9%) of equine operations across the country, with farriers, feed store supply

personnel, and trainers also considered important [20]. Veterinarians remain a dominant source



of nutritional advice, although many do not have a nutritional background and the subject is a
minor part of veterinary curriculum [6,36]. Following veterinarians, friends and other horse
owners, and trainers were most often consulted for horse care advice [5,37,38]. Owners often
rely on multiple sources for information, and as the internet and trainers are a popular source,
advice may not be based in scientific fact [5]. Nutritional concerns reported by horse owners are
relatively low, with few (less than 10 of the 34 surveyed) reporting concerns about colic, ulcers,
and weight loss [22]. This is surprising, as competition horses face large amounts of travel and
performance stress, increasing their risks for gastric ulcers, joint disorders, decreased appetite,
and hyperexcitability [39]. While performance horses such as racehorses, endurance hores, and
polo ponies are normally kept at an optimal body condition score (BCS) between 4 and Son a 1
to 9 scale, dressage horses and show hunters (BCS 6.3-7.3) have significantly higher BCS than
polo ponies and show jumpers (BCS 5.0-5.8). The knowledge of horse owners in regards to
nutrition and obesity related diseases such as insulin resistance (IR) and EMS has been reported
as below average as compared to colic and laminitis [6]. Due to the reported prevalence of
obesity in the U.S. and UK, owner perception may be skewed upwards with owners consistently
underestimating body condition [2,7,11,40].

2.3 Methods for assessing body condition

2.3.1 Prevalence of obesity

Surveys by the USDA National Animal Health Monitoring System (NAHMS) estimate
that between 1.5% and 3.4% of the U.S. horse population is overweight or obese [20,41].
However, both of the NAHMS estimates were based on self-reported surveys rather than
standardized methods for consistently assessing body condition and adiposity. A study of horses

in Southwest Virginia found 51% the horses measured to be overconditioned or obese [2], while



other studies found similar obesity rates [40,42]. Obesity is a major health concern in humans
and companion animals because of its high prevalence and associations with insulin resistance
(IR), diabetes mellitus, cardiovascular diseases, and other disorders. It is a primary component of
equine metabolic syndrome (EMS), a condition in horses and ponies also characterized by IR or
hyperinsulinemia and a predisposition to laminitis [43]. Due to the prevalence of obesity and its
relationship to nutritional disorders, it is important to have accurate assessments of adiposity to
prevent disease.
2.3.2 Methods for assessing and monitoring adiposity

A majority of owners (60%) state that they regularly monitor their horses’ weight, with
most reporting monthly checks [6]. Weight tapes were the most common method, although many
reported guessing the weight of their horse, and very few reported using BCS unless specifically
asked about its use [6]. While monitoring weight with a scale allows accurate assessment of body
changes, most owners do not have access to a scale unless taking the horse to the vet [44]. Horse
owner estimates of horse weight are often underestimated, and there is no correlation between
weight estimation by eye and years of experience [44—47]. Weight tapes can be useful for
monitoring weight changes if consistently placed around the horse in the same way, but have
been regarded as inaccurate for determining weight [48—50].

Body condition scoring is a subjective assessment used to estimate adiposity in the horse
by palpating areas indicative of changes in stored body fat, including the crest, ribs, tailhead,
area behind the shoulder, and withers. Utilizing BCS on a scale of 1 to 9 or 1 to 5 is regarded as
one of the most useful tools for weight monitoring and management, but studies have reported
that owners do not fully understand how to properly assess horses using BCS [2,6,7,16,51].

Owners often underestimate their horses’ condition few owners overestimate condition. Most



owners likely classify an over-conditioned horse as ideal body condition, which may be due in
part to pressures within performance disciplines, to have a horse that conforms to the winning
phenotype [15].
2.3.3 Body condition index

Owners are often unable to accurately assess BCS and adiposity in their horses, due to
biases and lack of education. Although BCS is a valuable estimate of apparent adiposity, it is a
subjective assessment [16]. It is therefore important to establish a quantitative method rather than
a qualitative scale, to monitor body condition in horses. The body condition index (BCI) is a
quantitative system that uses several morphometric measurements. Measurements include height
at the withers (H, cm), heart girth (HG, cm), belly girth (BG, cm), and neck circumference (NC,
cm) [9]. The BCI was derived iteratively using the equation:

BCI = [(HG"™ + BG + NC'?) / H"**2.

The index may be a useful guide for owners in need of an objective method to monitor body

condition in an effort to manage and prevent obesity and related disorders.
2.4 Feeding strategies to mitigate disease

2.4.1 Nonstructural carbohydrate overload and insulin resistance

Laminitis is a debilitating systemic inflammatory disease ultimately affecting the hoof
laminae, and has been linked to high intakes of nonstructural carbohydrates (NSC) in
concentrates and forages. Nonstructural carbohydrates are comprised of simple sugars, starches,
and fructans, and are associated with acute metabolic disorders due to the high glycemic,
insulinemic, and inflammatory responses they may cause [52]. Laminitis may be triggered by

these digestive, inflammatory, and metabolic disturbances.
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Endocrinopathic laminitis is a general term describing laminitis that develops in horses
with endocrine or metabolic disorders, including laminitis associated with obesity, insulin
resistance (IR), or pituitary pars intermedia dysfunction (PPID) [53]. Grazing lush pasture
contributes to equine obesity and IR due to the large amounts of energy and sugars present in the
grass [52]. Insulin resistance is defined as the failure of tissues to sufficiently respond to
circulating insulin and control blood glucose concentration. Equines experience compensated IR,
meaning the pancreas responds to peripheral resistance by increasing insulin production in
combination with decreased insulin clearance, resulting in a hyperinsulinemic state [54]. An
association between resting hyperinsulinemia and laminitis has been developed [55,56]. Insulin
stimulates glucose uptake into skeletal muscle and adipocytes and glycogen synthesis in muscle
and liver, while simultaneously inhibiting gluconeogenesis in the liver to assist in glucose
homeostasis [57]. In addition to its roles in carbohydrate metabolism, insulin regulates vascular
endothelial function and has anti-inflammatory effects [58,59]. These vasoregulatory properties
may explain why IR is strongly linked to development of endocrinopathic laminitis [52,60,61].
Vasoconstriction is promoted in IR animals and may impair the ability of vessels to respond to
vascular challenges as glucose uptake into lamellar epithelial cells is impaired [62].

Obese horses are more likely to suffer from IR, and may be more susceptible to laminitis
due to the systemic pro-inflammatory state caused by obesity. In obesity, there is a progressive
dysregulation of adipose tissue, amplifying the inflammatory response [63,64]. Systemic releases
of pro-inflammatory cytokines such as tumor necrosis factor-o (TNF-a) and interleukin-18 (IL-
1B) can disrupt insulin signaling and lead to or exacerbate IR and vascular endothelial
dysfunction [65]. Preliminary studies in horses and ponies have demonstrated that inflammation

may be a factor in obesity-related IR [66]. Insulin resistance may predispose horses to laminitis
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as disturbances in vascular function could leave the hoof laminae more susceptible to injury
when exposed to factors that promote laminitis, such as carbohydrate overload [67].

Laminitis can also occur as a result of digestive disturbance, rather than from an
endrocrine condition. When excessive amounts of starch or oligofructose are administered to
horses, the carbohydrates overwhelm the foregut and enter the hindgut. This induces rapid
microbial fermentation of the starch, leading to rapid changes in hindgut bacterial populations.
Gram-positive, or lactate-producing, bacteria ferment starch. The proliferation of gram-positive
bacteria, especially lactic acid-producing lactobacilli and streptococci, lead to a decrease in
cecal, colonic, and fecal pH and an increase in intestinal permeability [68—71]. Epithelial cells
lining the cecum show degenerative changes 24 hours after a starch overload, resulting in loss of
barrier function, or a “leaky gut” [72,73]. Low pH in the intestine results in the death of large
numbers of bacteria, and the release of endotoxins (lipopolysaccharide, LPS) from the cell walls,
potentially initiating a systemic inflammatory response triggering laminitis onset [ 74]. Bacterial
fermentation in the hindgut produces two isomers of lactic acid—D- and L-lactate. Only L-
lactate is produced by the metabolic activities of mammals, allowing the concentration of D-
lactate in blood to be used as an indicator rapid fermentation by bacteria in the hindgut [68].
Concentrations of plasma D-lactate peak approximately 20 hours following carbohydrate intake,
and then declines.

Increased plasma LPS concentrations have been reported in horses fed high starch and
sugar diets [74]. Lipolysaccharide production and uptake into the gastrointestinal tract can
induce transient insulin resistance in horses and increase inflammatory protein production
[75,66,76]. Horses receiving LPS treatments had increased concentrations of white blood cell

Interleukin-18 (IL-18B), I1-6, tumor necrosis factor (TNF) mRNA, and plasma TNF
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concentrations, as well as plasma serum amyloid A (SAA) concentrations. In adipose tissue and
adipocytes, TNF, interleukin-6 (IL-6), and IL-18 have been shown to have negative effects on
insulin signaling. IL-18 reduces insulin-stimulated glucose uptake ([77,78]. Laminitis is an
painful and debilitating condition, but it can be prevented through proper nutritional
management.
2.4.2 Nutritional management
Making recommendations for reducing NSC intake can be difficult due to the

various factors influencing their accumulation in forage and feeds. The maximum amount of
starch recommended to be fed to horses in a single meal ranges from 2 to 4 g/kg BW to prevent
hindgut disorders related to rapid fermentation [79]. Therefore, reducing the amount of feed
given in a single meal can aid in avoiding high intakes of simple sugars and starch. Modern diets
contain higher levels of easily digestible NSC than equine diets in the past, partly due to daily
rations that include grain-based concentrates ranging from 40-70% NSC [80]. It has been
recommended to restrict NSC feeding to less than 2 g NSC/kg BW in a single meal [81].

Managing grazing horses to reduce NSC can present a challenge because concentrations
of sugar and fructans are variable depending on a number of factors including time day, season,
and weather [34]. During the spring and early summer, pasture forages are rich in NSC [34].
Restricting grazing during the growing seasons and allowing grazing only at night when sugars
are likely to be low may help restrict intake of NSC. Grazing practices to avoid excessive intakes
of pasture NSC include grazing muzzles, use of dry lots, and allowing grazing only during low
risk times. Animals wearing grazing muzzles have greater difficulty in accessing longer swards,
and also experience a reduced rate of weight gain [82,83]. If possible, feeding hay in a dry lot

rather than allowing the horse to graze allows greater control over intake. An NSC content of
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less than 10% on an as-fed basis has been recommended [19]. Use of slow feed hay nets further
controls intake, while allowing horses to graze for more hours of the day and preventing
development of boredom and vices. Forage only diets may not provide adequate minerals,
vitamins, or proteins. It is necessary to supplement the diet with a low-calorie ration balancer to
balance the diet and provide vitamin E, copper, zinc, selenium, and other minerals typically

found in low concentrations in mature forages.

2.5 Summary

The health and well-being of horses is dependent upon proper nutritional management. A
significant portion of the equine population is overweight or obese, indicating a need for further
education of horse owners in nutrition-related practices [2]. Performance horses spend much of
their time traveling and competing and are often under stressful conditions [39]. At high levels of
performance, adequate and balanced nutrition are critical to prevent illness, enhance
performance, and mitigate responses to high starch diets common to performance horses. Obesity
does not seem to be as large of a problem in performance horses as in recreational horses,
although show hunter and ponies do seem to be more obese than show jumpers, polo ponies,
eventers, and other high level competition animals [15]. It remains important to develop
strategies to educate owners and allow for accurate assessment of body condition, as well as

evaluating methods to alleviate the effects of high starch diets.
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Chapter I11

Survey of performance horse nutrition in show hunters and jumpers in Northern Virginia

Abstract

Nutrition is a critical part of the well-being and success of performance horses. The
nutritional knowledge of owners, riders, grooms, and trainers is therefore important to the
performance of competition horses. The objective of this study was to characterize the nutritional
practices and management of hunter/jumper competition horses at two different USEF/USHJA
recognized “AA” horse shows. A total of 125 individuals were surveyed at the Upperville Colt
and Horse Show (n=50) (Upperville, VA) and Horse Shows in the Sun (n=75) (HITS, Culpeper,
VA) during June and July 2016. Of the horses surveyed, the average age was 9.88 yr (range 1-26
yr); there were 91 geldings, 30 mares, and 1 stallion. There were no differences in the number of
geldings represented at the horse shows (P=0.1), but there were more mares represented at HITS
(P=0.01). Approximately 56% of the horses were classified as jumpers, 48% as hunters, with the
remaining horses categorized as equitation or other. There were significantly more jumpers
surveyed at HITS 0.01), and more hunters surveyed at Upperville (P=0.02). Breeds consisted of
warmbloods (n=87), Thoroughbreds (n=14), ponies (n=14), and stock horses (n=3). There were
no differences between the two horses shows in the number of warmbloods represented
(P=0.20), but there were more surveys collected on Thoroughbreds at HITS than at Upperville
(P=0.01). A majority of the horses (89.6%) were fed commercial concentrates and had access to
pasture when at home (96%) for an average of 9.5 hours a day. However, only 58% of the
available pastures had adequate grass forage for nutrition (at least 10.16 to 15.24 c¢m tall). Sixty
percent of surveyed individuals brought hay to the shows, while 36% purchased hay at the show.

Approximately 62% of the horses received one or more dietary supplement, including
15



electrolytes, chondroprotectives, probiotics, and various others on a regular basis. While 58% of
the individuals were concerned about equine obesity, 23% were concerned about ulcers, 14%
with laminitis and insulin resistance, and 14% with colic. The majority of those surveyed (72%)
had no concerns about colic, laminitis or insulin resistance, ulcers, tying up, or other nutritional
related diseases in horses, despite the frequent travel and potential sudden feed changes
associated with horse showing. Most of the individuals referred to multiple sources for
information regarding equine nutrition, including trainers (n=75), veterinarians (n=71), feed
companies (n=18), nutritionists (n=13), the internet (n=10), and other (n=1). However, 10
individuals (8%) reported using no outside sources of information when making decisions on
nutrition and feeding practices. This survey identified nutritional practices and management of
performance horses. The survey shows communication between veterinarians, nutritionists, and
horse owners could be improved, bettering the health of the horse.
Introduction

Proper nutrition is critical for maintaining health and performance of horses. It is
important to meet the horse’s energy and nutrient needs according to several variables, taking
into account level of exercise, life stage of the animal, and individual variation [84]. The diet
must account for forage, concentrates, and supplement use, as well as activity level, age, and
individual variation. Performance horses are subject to high levels of exercise and stress, and
have stringent nutritional demands above that of a horse at maintenance to meet their energy and
nutrient requirements [84]. Underfeeding fiber may result in ulcers and overfeeding calories can
lead to obesity [85].

The nutritional knowledge and practices of horses’ representatives is essential to

counteract the physical stress of training, competition, and travel in performance horses. Studies
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have evaluated horse owners’ knowledge of equine nutrition [5,6]. These studies suggest many
owners have an inaccurate understanding of equine nutrition, reporting that owners often feed by
volume rather than weight, and misunderstandings of how feeds are classified into different
categories, including forages, concentrates, and supplements .

Several surveys have examined the nutritional practices of horse owners. These studies
report that most horses receive a concentrate and one or more dietary supplements in addition to
pasture and forage [5,6,12]. However, the nutritional management and practices of owners of
recreational horses likely differs from that of performance horses. Show jumpers, eventing
horses, and dressage horses had a wide variety of turnout practices, ranging from none to 24
hours per day [10,18,21]. All competition horses received a commercial concentrate in addition
to roughage, and most received at least one dietary supplement [21].

Feeding practices vary widely, driven by pressures within each discipline to have a horse
that conforms to the type of horse that wins [15]. The objective of this study was to add to the
body of knowledge regarding nutritional management and practices of show hunter and jumper
horses, including feeding and turnout practices, nutritional concerns, and sources of nutritional
information.

Materials and Methods

This study was conducted at 2 national equestrian competition facilities in Northern
Virginia during the months of June and July of 2016. The 5 d USHJA/USEF recognized
competitions included hunter, jumper, and equitation competitions, as well as sidesaddle and
various breed classes.

Data Collection

17



The survey was adapted from a previous study evaluating feeding practices and
nutritional knowledge in New England [5] (Appendix 1). Horse representatives (riders, owners,
grooms, or trainers) voluntarily completed the survey questionnaire at the Upperville Colt and
Horse Show (Upperville, VA, June 2016) and Horse Shows in the Sun (HITS, Culpeper, VA,
July 2016). The survey asked the representative to identify and quantify all feed (hay,
concentrates, and any additional forage) and supplements offered to each horse, as well as
pasture management and demographic information. Information was gathered on a total of 125
horses during the two competitions.

Statistical Analysis

Data were analyzed with a chi-square, utilizzing the FREQ procedure in SAS (v. 9.4;
SAS Institute, Cary, NC, USA). The statistical model investigated differences in breed,
discipline, and gender between the two horse shows. Results were considered significant at P <
0.05 and a trend at P <0.1.

Results
Subjects

Over the 2 horse shows, a total of 125 surveys were completed by representatives of
horses. Representatives included owners, riders, trainers, and grooms. Table 1 summarizes the
horse demographics indicated by the surveys. There were 89 geldings, 32 mares, and 1 stallion.
Breeds included warmbloods (n=87), Thoroughbreds (n=21), ponies (n=14), and stock breeds
(n=3). Representatives characterized their horse as belonging to one or more competition
categories, including hunter, jumper, or equitation (Table 1). Other competition types included
sidesaddle, fox hunting, leadline, and eventing.

Concentrate feeding
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Fourteen of the 126 respondents did not answer the question regarding brand or type of
concentrate fed, and the remaining 112 respondents reported feeding some type of commercial
grain or concentrate. Respondents reported using local feed mills and generic concentrate and
grains (n=11). Four respondents reported feeding rolled oats, and one reported feeding spent beer
grain made at home. Respondents reported feeding an average of 2.17+1.59 kg of concentrate or
grain daily, (range 0 to 6.82 kg/d). Approximately 37% of the horses’ representatives reported
using feed scoops, coffee cans, or simply measured by eye. The most common concentrate brand
fed was Purina (n=50), followed by Triple Crown (n=14), Nutrena (n=6), Tribute (n=5),
Southern States (n=5), and Cavalor (n=5) were also fed. Horses were fed either once, twice, or
thrice per day (Table 2).

Hay and additional roughage feeding

All horses but one were offered hay. The hays most commonly fed were Timothy
(Phleum pratense, n=37). Orchardgrass (OG, Dactylis glomerata, n=10), coastal bermudagrass
(Cynodon dactylon, n=2), and alfalfa (Medicago sativa, n=6) were also fed (Figure 1). The
remainder of hay types included combinations of mixed grass and/or legume hay fed.
Additionally, 14 individuals did not know what type of hay their horses were offered. Sixty
percent of the individuals surveyed brought hay to the shows, while 36% purchased hay at the
show. Only 4% of respondents reported feeding hay by weight, rather than by volume. Hay bale
flakes were the most common method of measuring hay consumption (88.8%). About one-fifth
of the horses were given additional roughage in their diet, including beet pulp, alfalfa cubes, and
other chopped forage (Table 3).

Pasture feeding and management
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When at home, 96.8% of horses were reported to have access to pasture (Table 3). Only 3
horses had no turnout while not competing. Reported pasture access averaged 9.8 = 6.5 h/d and
ranged from 1 h/d to 24 h/d. Respondents stated that 59.2% of horses had access to pastures
containing adequate grass forage for nutrition, with grass at least 10.16-15.24 cm tall.
Supplement feeding

Approximately 62% of the horses received one or more dietary supplements on a regular
basis. Most commonly given to horses were joint supplements (n=22), all-in-one performance
supplements (n=20), electrolytes (n=10), and gut health supplements (n=10) (Figure 2). Other
supplements provided to horses represented in the study included fat, coat, calming, and hoof
supplements (Figure 5).

Nutritional concerns and sources of nutrition-related advice

Eighty-nine respondents reported no concerns regarding nutritionally related diseases and
conditions (e.g. colic, laminitis, insulin resistance, ulcers, tying up) (Figure 3). Respondents had
the option of checking multiple concerns, resulting in a total greater than the number of surveys
collected. Of those who reported having concerns, most marked equine obesity (n=58), followed
by ulcers (n=23), laminitis (n=14), and colic (n=14). Most of the individuals reported referring to
multiple sources of information regarding equine nutrition, including trainers (n=77),
veterinarians (n=70), feed companies (n=18), nutritionists (n=13), and the internet (n=9) (Figure
4). Seven individuals reported using no outside sources of information when making decisions
on nutrition and feeding practices.

Discussion and conclusions
Data from feeding management surveys are useful when comparing feeding methods in

the industry with the research-driven nutritional requirements and recommendations. To our
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knowledge, this is the first feeding management study conducted on horses competing in hunter
and jumper competitions in the United States, although others have conducted similar surveys
exclusively on high-level showjumpers, eventing horses, and racehorses [10,21-23,28,29].

Almost all horses in this survey received at least one type of concentrate feed. However,
the quantity fed was reported in not just pounds (Ibs) or kilograms (kg), but also quarts and
scoops. When measured by volume rather than by weight, only two-thirds of horses received the
amount of concentrate intended [4]. Additionally, it has been demonstrated that equine diets
often exceed NRC requirements for digestible energy and crude protein [4,10,22]. This wide
variety may be indicative of the differences in training level and exercise intensity, or may
demonstrate a gap in knowledge between competitors of differing levels. Because a large portion
of these horses are not used for heavy work, many could likely do well with good quality grass
hay alone or with a low-calorie ration balancer. Many of the horses had their daily ration divided
into smaller meals fed two or more times per day.

All but one horse were offered hay, and the horse not offered hay was housed on pasture
with adequate forage for nutrition. Timothy hay is a popular hay crop in the Mid-Atlantic area
and was fed by many participants in this study. However, nearly one-fifth of the participants did
not know what type of hay their horses received. Because owners should ideally analyze their
hay and formulate a diet to meet any deficiencies in the hay, lack of knowledge may lead to
unbalanced diets and feeding in excess of the horse’s needs. Additionally, a majority of the
particpants in the study fed hay by flake, rather than by weight. This can result in highly variable
hay intake, because flakes of hay can vary widely in weight. A previous study showed only one

third of horses received the amount of hay reported by owners, due to the tendency to feed by
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flake [4]. An additional 17.6% received additional forage of some type, including beet pulp, rice
bran, and alfalfa cubes, although reasons for feeding additional roughage were not given.

Only three horses did not have access to pasture and 68% of horses had access to pasture
adequate for nutrition for a mean of 8.9 h/d. Perhaps because this study population included all
levels of hunter jumper competition horses, the percentage of animals with access to turnout was
greater than previously reported in studies examining horses at high levels of the sport [10,23].
Greater turnout time and more hours of access to forage may help prevent the development of
behavioral vices and gastric ulcers [85].

Many supplements are commercially available to horse owners, and are widely marketed
to aide a number of performance and health issues. A high proportion of animals in this study
(60%) received a median of 1 and up to 4 supplements daily. The supplements most used were
joint supplements (n=22), followed by all-in-one performance supplements (n=20), and
electrolyte and hoof supplements (n=12). Supplement use in this study is approximately the same
as reported in previous studies, or slightly lower [12,18,22]. Supplements are likely given to
improve performance as well as health, although the efficacy of many of the supplements fed is
unproven [35].

This study agrees with previous studies in that horse representatives often consult
multiple sources for nutritional information and advice [5,20]. The most common resources were
veterinarians and trainers, followed by feed company representatives. Nearly half of the study
participants consult multiple sources for information. This shows that owners likely rely on
information that does not come from veterinarians or nutritionists, which may or may not be

baised on scientific fact. This combination of suggestions may lead to an unbalanced final diet
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wherein over-supplementation of certain nutrients and unintended nutrient interactions may
occur.

Interestingly, despite the frequent travel and stress associated with competitions, a
majority of study participants had no nutritional concerns about their horses. Transport has been
shown to be a significant stressor on horses, increasing the risk of colic and gastric ulcers [85—
88]. A previous study by Leahy and others found all examined competition hoses examined to
have nutritionally-related problems, including gastric ulcers, joint problens, excitability, and
decreased appetite [39]. In this study, concerns mainly centered around equine obesity, with a
minority expressing concerns about gastric ulcers, laminitis, and colic. While obesity is a
concern in the hunter jumper industry with BCS scores above 6 on the 1 to 9 scale, it is apparent
that further education is needed to inform equine representatives about the prevalence of other
nutritional issues present in the industry [15].

Assessing the nutritional practices of horse representatives at both competitions revealed
a variety of nutritional management methods. While most of the methods used likely resulted in
a suitable feeding regime for the horses, a lack of knowledge was apparent in the sources of
information and nutritional concerns. To assess feeding practices more thoroughly, it would have
been necessary to analyze the diets in greater detail, by collecting and weighing feed for analysis.
However, because this study relied on participant reporting, dietary analysis in greater detail was
not possible. Accurately identifying the level of activity in the horses would also have been
necessary to assess nutritional requirements and ability of representatives to formulate an
effective diet. This demonstrates a need for increased communication between the public and
veterinarians and nutritionists to increase knowledge of effective feeding practices and

nutritionally related diseases.
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Table 3.1. Summary and comparison of horse information collected via survey questionnaire at
two hunter jumper horse shows in Northern VA.

Upperville HITS
Type horses, n horses, n P-value
Gender
Gelding 37 52 P=0.11
Mare 9 23 P=0.01
Stallion 1 0 -
Breed
Warmblood 38 47 P=0.20
Thoroughbred 4 17 P<0.01
Pony 0 3 -
Stock 6 8 P=0.60
Discipline
Hunter 27 13 P=0.02
Jumper 9 49 P <0.01
All 10 12 P=0.70
Other 3 0 -
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Table 3.2. Frequency of daily concentrate feeding in competition horses at two hunter/jumper
horse shows in Northern VA.

Feeding Frequency Horses, n
Once/day 3
Twice/day 81
Thrice/day 34
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Table 3.3. The pasture access and types of roughage fed in addition to hay of competition horses
at two hunter/jumper horse shows in Northern VA.

Item Horses, n
Pasture

Access to pasture 121
Access to nutritious pasture 74
Roughage types

Beet pulp 11
Chopped forage 10
Oats 2
Rice bran 1
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Figure 3.1. Types of hay reportedly offered to horses at two hunter/jumper competitions. Types
of hay included alfalfa (Medicago sativa), coastal bermudagrass (Cynodon dactylon) (CB),
timothy (Phleum pratense), orchardgrass (Dactylis glomerata) (OG). The remainder of hay types

included combinations of mixed grass (GM) or legume hay.
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Figure 3.2. Types of supplements reportedly offered to competition horses at two hunter/jumper
competitions in Northern VA.
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Figure 3.3. Nutritional concerns among equine representatives at two hunter/jumper horse shows
in Northern VA.
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Figure 3.4. Sources of nutrition-related advice amongst equine representatives at two
hunter/jumper horse shows in Northern VA.
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Chapter 1V

Evaluation of body condition index in comparison with body condition score in horses and
ponies
Abstract
Objective assessment of body condition is useful in monitoring health and fitness in

performance horses. While relatively accurate and useful for experienced investigators,
traditional qualitative body condition scoring systems are subjective and unreliable for
inexperienced assessors, underscoring a need for a quantitative index to measure body condition.
The purpose of this study was to compare the more subjective body condition scoring system
(BCS) to the newly developed body condition index (BCI), similar to the body mass index (BMI)
used in humans. The BCI was derived iteratively using objective measurements (cm): BCI =
[(HB"® + BG + NC'?)/H"%]*?, where HG = heart girth, BG = belly girth, NC = neck
circumference, and H = height to the withers. In the current study 126 horses and ponies of
varying ages (aged 1 to 26 yr) and breed types (14 Thoroughbreds, 14 ponies, 3 stock horses, and
87 warmbloods) were used to compare the BCS and the BCI. Body condition scores as assessed
by experienced investigators ranged from 3.5 to 8 on a scale of 1 to 9 [16]. Body condition index
scores ranged from 4.7 to 8.4 on a scale of 1 to 9. Scores were different between the BCI and
BCS (P<0.0001); BCI scores were generally higher with a mean difference of 0.65. While the
BCI and BCS were not meant to be exact matches (r = 0.34), it is useful to understand the
potential causes of variation between the two systems, and where room for improvement exists.
Mean differences were similar between Thoroughbreds, ponies, and warmblood breeds (0.67,
0.71, and 0.67 respectively), suggesting the BCI does not have a breed bias, and can cross over

different confirmation types. Much of the variation likeley arises from animals with lower BCS
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scores. In horses and ponies with a BCS greater than or equal to 5, the mean difference between
BCI and BCS was 0.51, but in horses with a BCS less than 5, the mean difference was 1.48.
These data suggest the BCI equation may need to be adjusted to better fit horses with a BCS less
than 5.

Introduction

In performance horses, particularly show hunters, the ‘ideal’ phenotype may be above the
moderate range on body condition scoring systems, and therefore horse owners may not
recognize overconditioning and obesity in their animals [1,7,15]. A prevalent and growing issue
in the equine industry, studies estimate 45-50% of horses to be overconditioned or obese
[1,2,40,89]. Obesity is a condition in which excessive body fat accumulates to an extent that it
may negatively affect the health of an individual, and has been defined as a BCS greater than or
equal to 7 on a scale of 1 to 9 [16,67]). Obesity is associated with several health issues, including
equine metabolic syndrome (EMS) and increased risk of endocrinopathic laminitis [52]. Body
condition scores have been negatively correlated with several performance variables in different
industries. Studies in endurance horses and racehorses have shown that horses with a BCS
outside the accepted competition BCS range fail to complete races due to metabolic reasons,
rather than nonmetabolic issues including lameness that may cause horses within the accepted
competition BCS to fail to complete races [90,91].

Objective assessment of body condition is useful in monitoring the health and fitness of
performance horses. While relatively accurate and useful for experienced investigators, body
condition scoring is subjective and unreliable for inexperienced assessors. Several studies have
shown that obesity is a prevalent issue, and that representatives of horses (owners, riders,

trainers, etc.) may not be aware that their horse is overconditioned or obese, often

32



underestimating weight and body condition [2,7]. Lack of obesity awareness is a significant
problem, as obesity is associated with both EMS and an increased risk of endocrinopathic
laminitis. Accurate assessment of body condition will be useful in monitoring obese animals and

weight loss.

Materials and Methods

This study was conducted at two USHJA/USEF recognized competitions in Northern
Virginia during the months of June and July of 2016.
Data collection

Horse representatives (riders, owners, grooms, or trainers) voluntarily brought horses to
booths set up at Upperville Colt and Horse Show (Upperville, VA, June 2016) and Horse Shows
in the Sun (HITS, Culpeper, VA, July 2016). The horse shows gave permission for researchers to
set up booths and conduct a voluntary questionnaire-based survey and collect non-invasive
measurements of horses and ponies attending the shows.
Questionnaire

Questionnaires were voluntarily completed by representatives of the horse (e.g. owner,
rider, trainer, groom), and included questions on the horse’s age, breed, and sex, and type of
activity. Representatives were also asked whether the horse tended to be overweight (easy
keeper) , underweight (hard keeper), both, or neither.
Body Measurements

Several non-invasive measurements were taken by experienced investigators. These
included body weight (BW, kg) (measured by portable calibrated weigh scales), cresty neck
score (CNS), and body condition score (BCS) [16,17]. The CNS is a subjective measurement to

evaluate apparent neck cresty adiposity assessed using a subjective 0 to 5 scale. The BCS scale
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of 1 to 9 was used to subjectively assess visual and physical matching descriptors. Measurements
to calculate the BCI included neck circumference (NC, cm), belly girth (BG, cm), heart girth
(HG, cm), and height (H, cm) at the withers (measured on a firm level surface) using a
measuring tape (cm) [9]. Body length (cm)from point of shoulder to point of buttock was also

collected.

Results

A total of 126 measurements and 125 questionnaires were collected from representatives
of horses and ponies at the two horseshows (Upperville Horse Show n=50; HITS Culpeper
n=76). Equine representatives included owners, trainers, riders, and grooms. A summary of the
horse demographic information is provided in Table 1. The population consisted of 89 geldings,
32 mares, and 1 stallion. Horses were an average age of 9.8 + 3.9 y old with a range of 1 to 26 y.
Most of the horses were Thoroughbreds (16.8%) and warmblood breeds (69.6%), and also
included ponies (11.2%) and a few stock type breeds (2.4%). Many of the horses’ representatives
characterized their horse as belonging to more than one competition category, including hunters,
jumpers, equitation, and other. The other competition types listed included sidesaddle,
foxhunting, leadline, and eventing. However, the majority of the horses represented were
characterized as jumpers (56%) followed by hunters (47.2%).

Representatives of the horses were asked to classify their horse as being an easy keeper,
with concerns about obesity, or a hard keeper, with concerns about weight loss. A majority of the
respondents (58.4%) characterized their horse as an easy keeper (Table 2.). Four percent
indicated that their horse’s classification fluctuated seasonally, having concerns about obesity in
the summer months and weight loss concerns during the winter months. Thirteen percent of

respondents considered their horse to be a hard keeper. Less than a third of respondents (13.6%)
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had no weight concerns about their horses. Horses had an average BCS of 5.5 £ 0.7. Although
58.4% of respondents characterized their horses as an easy keeper, only 11.2% of horses were
assessed with a BCS at or above 6.5 (Figure 1). Eighty-two percent of the horses were
considered to be in ideal condition for competing, with BCS between 4.5 and 6. Only 5.6% of
horses had a BCS less than or equal to 4. The average CNS was 2.2 £+ 0.8, and ranged from 1 to
4.

Measurements means and ranges for the BCI and BCS are detailed in Table 3. The BCI
was different than BCS (6.14+0.7 versus 5.5+0.7 respectively, P<0.0001). The two
measurements had a weak positive correlation (r*=0.1667; P< 0.0001) (Figure 2). Body
condition index scores were generally higher than BCS scores by a mean difference of 0.65, but
differences as great as 2.96 existed between the two methods. Mean differences were similar
between ponies, thoroughbreds, and warmbloods (0.71, 0.67, and 0.67 respectively) suggesting
the BCI may not have a breed bias (Figure 2). However, in animals with a BCS less than 5, the
mean difference was 1.48 versus a mean difference of 0.51 in animals with a BCS greater than 5
(Figure 3). The large mean difference in horses with a lower BCS means these horses may
require an adjusted equation for accurate estimation of adiposity.

Discussion and conclusions

This study compared the body condition score and body condition index score in
performance horses at competitions in Northern Virginia. Although this study looked at high
level completion jumper horses and lighter level competition horses, the average BCS is in
agreeance with previous studies in high level eventing and show jumping competitions, rather
than with studies in leisure horses [21,22]. Studies in leisure horses and the general population of

horses have found much higher rates of obesity than those on competition horses [2,40]. Despite
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the likely lighter workload of many of the animals, the prevalence of obesity was less than that of
Pony club horses and ponies in Australia [7]. The incidence of overcondition and obesity was
only 4%, but 4 of the 5 animals displaying were ponies. While this is a relatively small samples
size of ponies, these data may support previous findings that breed is one of the risk factors most
strongly related to obesity [92].

Just over half of respondents had concerns regarding obesity and weight gain in their
horses. Few respondents (21%) indicated they were concerned about neither weight loss nor
weight gain, despite a finding of the commonality of gastric ulcers, decreased appetite, and
weight loss in high level event horses [39]. While the hunter jumper competitions included many
lower level performance animals, they are still subject to the stress and travel of competitions, so
the lack of concern is surprising. The respondents who were concerned with both summer weight
gain and winter weight loss follow the pattern outlined by Morrison and others [12]. More
competition horses were fed competition mixes and grains in the summer to support higher levels
of work, and were found to be fed conditioning feeds in the winter in addition to competition
mixes.

The mean differences between different breed types indicated there is not a breed bias in
the body condition index. This is in disagreement with a previous study that found ponies and
draft breeds to be significantly different from stock type breeds [93]. A larger sample size of
ponies and different breeds would be useful to further correct the BCI equation and ensure
accurate results. In this study, the largest mean difference was 1.48 in horses with a BCS less
than 5. This means that owners with potentially underconditioned or normal animals could
measure their horses, and be told they are obese. As many owners already struggle to regularly

monitor weight and condition, this finding could be detrimental to the health of the horse. Many
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owners do not know what BCS is, or admit to not fully understanding it [2,6]. As the BCI
follows the same scales as the BCS, adjustments to the equation may be needed to minimize
confusion in the public and ensure correct information is disseminated.

Many owners appear to underestimate body condition in their animals (~54.1%), and
there is often disagreement between scores of experienced investigators and scores of
inexperienced owners and assessors [7,40]. Although this study did not find a high proportion of
obesity, many previous studies have found obesity rates close to 50% [2,7,22]. Because of the
tendency for owners to underestimate the body condition of their horses, it is important to
establish a greater awareness of how to properly asses body condition. The BCI may prove
helpful in the future by establishing a quantitative, rather than subjective method of monitoring
and assessing body condition, providing benefits in terms of preventative healthcare in horses

and reducing risk of obesity, insulin resistance, and laminitis.
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Table 4.1. Summary of hunter jumper performance horse demographics at two competitions in
Northern VA. Data are presented as means =+ standard deviation (SD) and number of horses (n).

Item Mean = SD Range
Age (y) 9.8+3.9 1-26
Weight (kg) 562.7+92.8 156.8-715.9
Type Number of horses, n

Horses 111

Ponies 14

Warmbloods 85

Thoroughbreds 21
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Table 4.2. Equine representative classification of weight management type of hunter/jumper
horses at two competitions in Northern VA.

Classification Number of Horses, n
Easy keeper 73
Hard keeper 17
Both 5
Neither 27
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Table 4.3. Morphometric measurements and assessments of hunter/jumper horses at two horse
shows in Northern VA. Data are presented as means + standard deviation (SD).

Measurement Mean = SD Range
Height to withers, H (cm) 161.58 £11.72 110-182
Neck circumference, NC (cm) 100.32 £7.63 65-118
Heart girth, HG (cm) 191.60 + 12.85 126-214
Belly girth, BG (cm) 208.83 £ 13.67 142-232
Body condition score, BCS 5.5+£0.70 2.5-8.0
Cresty neck score, CNS 2.2+ 0.80 1-4

Body condition index, BCI 6.14 £0.66 4.7-8.4
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Figure 4.1. The body condition scores (BCS) on a 1-9 scale of horses assessed at two
hunter/jumper horse shows in Northern VA.
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Figure 4.2. Pearson correlation between body condition score (BCS) and body condition index
(BCI) in hunter/jumper competition horses, r* = 0.163.
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Figure 4.3. Mean differences between the BCS and BCI in various BCS and breed categories.
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Chapter V

Effects of DigestaWell® Buffer in overconditioned horses fed rapidly introduced
nonstructural carbohydrates

Abstract

Elevated intake of nonstructural carbohydrates (NSC) in the equine diet is associated with
metabolic and digestive disorders, particularly in overconditioned horses. The prevalence of
equine obesity and associated diseases necessitates the development of management strategies to
counter the effects of elevated NSC intake. The objective of this study was to determine the
efficacy of DigestaWell® Buffer (DB) (a proprietary blend of sodium bicarbonate, vitamin B12,
and cobalt micro-encapsulated in a vegetable fat matrix) in mitigating the negative postprandial
effects of a rapidly introduced moderate NSC meal in overconditioned horses. Six mature
warmblood mares (BCS 2 6.5; 623+£51 kg BW; ages 15£2 yr) were used in a randomized cross-
over design with a 10 d washout. Horses received both treatments including a concentrate that
provided 1.2 g/lkg BW of NSC alone (CON) or the concentrate topdressed with 150 g of DB. For
the duration of the study, horses were offered free choice water. Horses were housed in a dry lot
for 14 d prior to the study and offered grass hay (12.6% NSC) ad libitum. Horses were placed
into 4X4m stalls, offered 2.5% BW grass hay and fitted with long term indwelling venous
catheters (MILACATH, MILA International Inc., Florence, KY) between 1600 and 1700. Hay
was removed at 2200 and horses were fasted overnight. At 0800 all horses received CON or DB
and at 0900 feed refusals and consumption rate were measured. Horses were offered 2.5% BW
grass hay each d for the remainder of the study. Blood samples were collected at -1, 1, 2, 4, 6, 8,
12, 16, 24, 36, 48, and 72 h post feeding to measure plasma glucose, D- and L-lactate. Fecal

samples were collected -1, 4, 8, 12, 16, 24, 36, 48, and 72 h post feeding to measure pH. Data
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were analyzed using mixed models ANOVA with repeated measures for the effects of time,
treatment, the time by treatment interaction, and period. Data are presented as means and CI.
Plasma glucose increased postprandially (P<0.0001) with no effect of treatment. The buffer
reduced postprandial L-Lactate concentrations (642.69[612.77-673.91] vs. 600.90[572.93-
630.09]umol/L) (P=0.05), but did not have an effect on D-lactate (P=0.58). Horses on the HB
treatment tended to have a higher fecal pH than control horses (6.95+0.034 vs. 6.86+0.034,
respectively) (P=0.08). Given these findings, we believe DigestaWell® Buffer may mitigate
some of the negative effects of rapid starch and sugar fermentation in the hindgut of
overconditioned horses. Further research is needed to evaluate the effects of the buffer on the
metabolic and digestive responses in horses prone to laminitis.
Introduction

Research has indicated that more than half of the studied populations were
overconditioned or obese [2,42,94]. Obesity has been associated with equine metabolic
syndrome (EMS), a disease characterized by insulin resistance, regional adiposity, and a
predisposition to laminitis. It is possible that consumption of concentrates and feeds high in
starches and sugars may increase the degree of insulin resistance in obese horses [95]. Several
surveys have shown that concentrates are fed by more than 80% of horse caretakers on a daily
basis [6,12]. In competition animals, more than 90% of horses receive concentrate feeds daily
[10,22,23]. The adaptation of horses to high starch concentrates may result in a decrease in
insulin sensitivity. Resting hyperinsulinemia is associated with laminitis, a debilitating and
potentially fatal disease of the hoof laminae, and increased risk has been connected to insulin

resisitance [14,17,55]. Because of the cost and pain associated with this disease, it is important to
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establish the role of high starch diets in the development of laminits and to find strategies to
mitigate the results of consumption of a high starch diet.

When horses are fed excessive amounts of starch, it has the potential to overwhelm the
foregut. Upon entering the hindgut, rapid fermentation of the starch induces changes in the
microbial populations of the hindgut. Proliferation of gram-positive bacteria, particularly lactic
acid-producing lactobacilli or streptoccoci decreases the hindgut pH, resulting in the death of
large numbers of bacteria and release of endotoxins from their cell walls [68,74]. The release of
endotoxins can initiate a systemic inflammatory response, promoting the production of
proinflammatory cytokines. Interleukin-18 is a proinflammatory cytokine known to reduce
insulin sensitivity [96].

Models using oligofructose, another rapidly fermented carbohydrate, have shown
differences as soon as 4 hours after dosing [71]. Cecal pH decreases, and concentrations of
lipopolysaccharide (LPS) and organic acids such as lactate are increased [74]. Greater
concentrations of LPS have been shown to increase concentrations of plasma proinflammatory
cytokines and decrease insulin sensitivity [75,76,96].

Continuous production of saliva provides bicarbonate that seems to buffer the proximal
region of the stomach, lessening the decline in pH associated with lactic acid [97]. As digesta
moves through the gastrointestinal tract, pancreatic juice and bile are continuously produced. As
a result, concentrations of pancreatic enzymes and bicarbonate are low in the large intestine.
When not overloaded by large doses of starch, the pancreatic juice and bile are sufficiently able
to buffer the intestines. When the microbial populations of the hindgut are disturbed, lactic acid
production overwhelms the buffering capabilites. Supplementing sodium bicarbonate can help

increase cecal pH, and prevent the changes that result from a decreased pH [98]. Therefore, the
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objective of this study is to investigate the effects of a rapidly introduced, moderate starch meal
on overconditioned horses with and without DigestaWell® Buffer, a proprietary sodium
bicarbonate buffer product.
Materials and Methods
Experimental Design

The Virginia Tech Institutional Animal Care and Use Committee approved this research
protocol. Six mature, overconditioned warmblood mares ( BCS > 6.5; 623 + 51 kg BW; 15+ 2
yr) were randomly assigned to one of two treatments in a crossover design with a 10 d washout
period. All horses received a concentrate meal providing 1.2 g NSC per kg BW alone (CON,
control treatment), or with 150 g DigestaWell® Buffer (a proprietary blend of sodium
bicarbonate, vitamin B12, and cobalt micro-encapsulated in a vegetable fat matrix) top-dressed
onto their concentrate (DB, DigestaWell® Buffer treatment). The concentrate used was a
commercially available sweet feed (Pleasure Sweet, Buckeye Nutrition, Dalton, OH, USA)
(Table 1). Prior to the study, horses were housed on a dry lot for 14 d and offered grass hay and
water ad libitum (Table 1). Between 1600 and 1700 on d 0, horses were placed in 4x4 m stalls,
offered 2.5% BW grass hay and water, and fitted with long-term indwelling venous catheters
(MILACATH, MILA International Inc., Florence, KY). Catheter sites were prepped by clipping
and sterilizing with chlorhexidine and 70% alcohol. Catheters were kept patent with heparinized
saline. Hay was removed at 2200 and horses were fasted overnight. At 0800 horses received
CON or DB and at 0900 horses were offered 2.5% BW grass hay, and feed refusals and
consumptions rates were measured. Horses were offered 2.5% BW grass hay each day for the
remainder of the study and refusals were measured each day. Blood samples were collected at -1,

0,0.5,1,2,4,6,8,12,16, 24, 36, 48, and 72 h post feeding to measure plasma insulin, glucose,
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D- and L-lactate, IL-18, and LPS. Fecal samples were collected -1, 4, 8, 12, 16, 24, 36, 48, and
72 h post feeding to measure pH and fecal d-lactate.
Plasma Analysis

Blood samples were centrifuged at 3000 x g and plasma removed and stored at -20°C
until analysis. Plasma was analyzed for concentrations of D-lactate (uM) (D-lactate Assay Kit,
Eton Biosciences, San Diego, CA, USA), lipopolysaccharide (EU/mL) (LPS, Endotoxin
Detection Kit, InvivoGen, San Diego, California, USA), insulin (ulU/mL) (Mercodia Equine
Insulin ELISA, Mercodia, Winston-Salem, NC, USA), interleukin 1-beta (ng/mL) (IL-18, Equine
IL-1beta ELISA, Kingfisher Biotech, St. Paul, MN, USA), and glucose and L-lactate (ug/dL)
(YSI 2300 STAT Plus, YSI Life Sciences, Yellow Springs, OH, USA).
Fecal Analysis

Fecal samples were collected either rectally or fresh of the ground whenever possible.
Samples were analyzed for pH immediately following collection (Metler Toledo, Columbus, OH,
USA). Samples were then stored at -80°C until analysis for fecal D-lactate (uM) (D-lactate
Assay Kit, Eton Biosciences, San Diego, CA, USA).
Data Analysis

Data were analyzed using the mixed models procedure (MIXED) of SAS (SAS v. 9.3,
SAS Institute Inc., Cary, NC, USA), using repeated measures analysis of variance (ANOVA) for
effects of time, treatment, time by treatment interaction, and period. Where necessary, data are

presented as means and CI.

Results
Insulin concentrations increased postprandially for all horses at all timepoints beginning

one hour post-feeding (P<0.0001), and failed to return to baseline values (Figure 1). One horse
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had much greater values than all the others, and was removed from the dataset as an outlier.
There was no effect of treatment or a time by treatment interaction on insulin concentrations.
Plasma glucose increased postprandially in all horses beginning at one hour post-meal, and
returned to baseline values 4 hours after the meal (P<0.0001) (Figure 1). There was no effect of
treatment, or a time by treatment interaction on glucose concentrations (P=0.78 and 0.93,
respectively).

The buffer reduced postprandial L-lactate concentrations (642.69[612.77-673.91] vs.
600.90[572.993-640.09Jumol/L) (P=0.05) in comparison to horses not on the buffer (Figure 2).
Plasma concentrations of I-lactate increased at 1 hour and 8 hours after the meal, but were not
different at any other time point (P=0.014). There was no effect by time and treatment on plasma
l-lactate concentrations (P=0.83). Concentrations of plasma D-lactate were not different between
treatments, and there was no effect of time or time by treatment interaction (P>0.17) (Figure 3).
The concentration of plasma LPS tended to be lower in horses on the control diet, and higher in
horses on the DigestaWell Buffer (P=0.1) (Figure 4). There were no differences in IL-18
concentrations for treatment, time, or time by treatment interaction (P>0.2). The IL-18
concentration in 2 horses was below the standard curve at nearly every point, and one horse was
found to be an outlier and dropped from the data set due to IL-18 concentrations nearly four
times greater than the other horses.

Horses receiving the buffer tended to have higher fecal pH values compared to control
horses (6.95+0.034 vs. 6.86+0.034, respectively) (P=0.08) (Figure 5). At hours 4, 8, 12, 48, and
72 after the meal, fecal pH was higher than baseline values (P<0.01). During hours 16, 24, and
36 fecal pH was not different than baseline. Concentrations of fecal D-lactate did not differ by

time or time by treatment interaction (P>0.3). There was a tendency for horses receiving the

49



buffer to have greater concentrations of fecal D-lactate than horses not receiving the buffer
(P=0.07).
Discussion and conclusions

Many horses receive a concentrate or grain based diet, and therefore consume an elevated
level of NSC. Nearly all competition and performance horses receive at least one type of
concentrate in their diet [18,21,28], and surveys have shown that more than 60% of horses,
including leisure horses, receive some type of concentrate daily [12,20]. Although horses most
likely evolved eating a made up of slowly fermentable carbohydrates rather than rapidly
fermented starches and sugars, the concentrates fed today are usually high in NSC. Intake of high
levels of NSC can overwhelm the digestive capacity of the equine foregut, allowing starch to
overflow into the hindgut. This overflow and fermentation can disturb microbial populations,
leading to increased lactic acid production and a drop in pH [99]. As bacteria not tolerant to
lower pH die, their cell walls release endotoxin. A lower pH can lead to a “leaky gut,” allowing
the LPS to escape into the bloodstream of the horse and increase inflammatory protein
production [75,66,76]. The proinflammatory cytokine IL-1 has been shown to increase as a
result of LPS [100]. Bacterial fermentation in the hindgut also results in the production of two
1somers of lactic acid. L-lactate is produced by the metabolic activities of the animal, while D-
lactate is an indicator of bacterial lactic fermentation [68]. Following a large starch meal, D-
lactate concentrations spike after approximately 20 hours. The goal of this study was to
determine whether feeding a timed-release supplement containing bicarbonate, cobalt, and
vitamin B12 (DigestaWell Buffer™) could alleviate the increases in inflammation following the

meal.
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In this study, all horses had increased concentrations of insulin and glucose following the
meal. This indicates the horses responded glycemically to the meal. However, in the
overconditioned horses in this study, concentrations of IL-18 did not differ between treatment
groups, and did not differ from baseline levels. These data do not agree with previous studies in
which metabolically normal horses demonstrated increased plasma IL-1 concentration 1 hour
after a moderate NSC meal [100]. The same study also reported changes in LPS concentrations
following the meal. However, this study showed a tendency for LPS concentrations to be slightly
higher in horses offered the CON compared to the DB. Horses offered the DB had a tendency to
have a higher fecal pH than control horses, indicating that DigestaWell Buffer™ may have had
an effect despite the conficting results. Given the conflicts in these findings, we believe
metabolically normal and obese horses likely have different gut microbiomes, and
overconditioned horses respond differently to the high starch dietary insults.

Obese animals, particularly those with a history of laminitis, have been shown to have
different fecal microbiota than metabolicly normal animals [101]. In particular, obese horses
have increased numbers of Verrucomicrobia, which could be an adapted protective effect in
response to EMS and obesity [102]. Akkersmansia, a genus of mucin-degrading bacteria
belonging to the Verrucomicrobia phylum, aids in maintaining the integrity of the mucin layer
and decreasing inflammation [103]. Although the authors noted that differences in the microbiota
between EMS horses and normal horses were limited, the present changes could indicate that the
differences are capable of influencing health.

This study also measured concentrations of plasma and fecal D- and L-lactate, two
1somers by lactic acid. D-lactate, produced by gastrointestingal bacteria, is indicative of

microbial fermentation, and we hypothesized that rapidly introduced starch consumption would
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increase concentrations as reported in other species [104]. However, concentrations of both
plasma and fecal D-lactate did not differ betweent the two treatments. However, concentrations
of L-lactate were decreased in the treatment horses. Fecal pH had a tendency to be higher in
treatmetn horses compared to control horses. It is possible D-lactate is not produced in sufficent
concentration to be measured following a starch meal, or it is converted to L-lactate via racemase
enzymes produced by intestinal bacteria [105]. The reduced concentrations of L-lactate in this
study could in this case indicate a decreased concentration of plasma D-lactate as well. It is also
possible that D-lactate could be rapidly metabolized by the liver, but the capacity to metabolize
D-lactate has not been studied in the horse as it has in other species such as cattle [104].

All horses on this study had elevated postprandial concentrations of glucose and insulin,
but treatment groups had no differences in concentrations of plasma I1-18 or plasma and fecal D-
lactate. However, there were indications that the gastrointestinal tract was buffered against starch
fermentation in horses who consumed DigestaWell Buffer™ with the moderate NSC meal. The
increased fecal pH and decreased concentrations of L-lactate in treatment horses indicates that
DigestaWell Buffer™ was at least partially successful in mitigating the effects of rapidly
introduced high starch intake. Further research is needed to determine differences in the
microbiota of obese animals, as these differences may be the reason behind the lack of

inflammatory response seen in this study.

52



Table 5.1. Nutrient analysis of hay fed during the study and washout periods, concentrate
offered during study periods, and DigestaWell® Buffer (DB) topdressed on the concentrate

offered to DB horses.
DigestaWell®
Nutrient Hay Concentrate Buffer
Crude protein, % DM 10.4 12.0
Crude fat, % DM 14.5 6
Nonstructural carbohydrates, % DM 12.9 37.1
Starch, % DM 23 31
Neutral detergent fiber, % DM 67
Acid detergent fiber, % DM 39.6
Calcium, % DM 0.41
Phosphorous, % DM 2.13
Magnesium, % DM 1.54
Potassium, % DM 13.92
Sodium Bicarbonate, % DM 0.60
Cobalt, mg/g 0.10
Cobalamin, mg/g 0.01
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Figure 5.1. Insulin (A) and glucose (B) concentrations in horses following consumption of a
meal providing 1.2g/kg BW NSC. Means for insulin and glucose were affected by time
(P<0.0001), but not by treatment or time by treatment interaction. *Means are different from
hour -1 (P<0.01).
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Figure 5.2. Plasma L-lactate concentrations in horses following consumption of a meal
providing 1.2g/kg BW NSC. Means for L-lactate concentration were lesser in the treatment
group (P=0.05) compared to the control group. *Means are different from hour -1 (P=0.014).
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Figure 5.3. Plasma D-lactate concentrations in horses following consumption of a meal
providing 1.2g/kg BW NSC. There were no effects of time, treatment, or time by treatment
interaction on plasma D-lactate (P>0.17).
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Figure 5.4. LPS concentrations in horses following consumption of a meal providing 1.g’kg BW
NSC. LPS means tended to be greater in treatment horses (P=0.1) compared to control horses.
There was no effect of time or time by treatment interaction.
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Figure 5.5. Fecal pH in horses following consumption of a meal providing 1.2g/kg BW NSC.
Fecal pH means tended to be greater in the treatment group compared to the control group
(P=0.08). *Means are different from hour -1 (P<0.01).
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Chapter VI

Conclusions

The purpose of these studies was to identify the nutritional practices and management of
show hunter and jumpers, assess the prevalence of obesity and evaluate a quantitative method to
estimate adiposity in sporthorses, and to evaluate the effects of a hindgut buffer product in
overconditioned horses following an abruptly introduced moderate starch meal. Most research on
nutritional management has focused exclusively on either recreational horses or high level
showjumping, eventing, or racing competition horses, while this research focused on both show
hunter and jumper horses and examined nutritional practices, concerns, and sources of nutritional
advice.

The first study utilized a voluntary survey at two hunter/jumper competitions in Northern
VA during the summer of 2016. While horse representatives (owners, trainers, riders, or grooms)
completed the surveys, morphometric measurements of the horse were taken for the second study
to compare the body condition scale (BCS) to the body condition index (BCI). The first survey
found feeding practices consistent with previous survey of performance horses, and that horse
representatives had few nutrition-related concerns than anticipated, considering travel and other
stresses associated with horse showing. An unexpected result was the low number of overweight
and obese horses present at the horse shows, considering previous studies finding show hunters
and pony hunters are often overweight. Additionally, the BCI is likely a suitable alternative from
the BCS for many horses and owners, but there is a need for more data collection to further
examine differences in breed and body type.

During the third study, overweight warmblood mares were offered a moderate starch

meal with and without DigestaWell® Buffer. This study was unique in that it utilized overweight
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horses with a history of laminitis and insulin resistance rather than metabolically normal horses.
There were no differences in inflammatory or metabolic markers between the treatment and
control groups, however differences were present in decreased plasma L-lactate in tereatment
horses, as well as a tendency for higher fecal pH and lower fecal D-lactate in treatment horses.
These results indicate DigestaWell® Buffer alleviates some of the effects of a starch overload,
and warrants further investigation in the future.

The findings from this research support a need for further nutritional education for equine
representatives. Future work should aim to improve relationships between equine
representatives, trainers, veterinarians, and professional equine nutritionists to ensure ideal diet
formulation and to improve nutritional knowledge in the equine industry. The prevalence of
equine obesity indicates a gap in knowledge of how to assess condition and the implications of
obesity and related diseases. The BCI will be a useful tool in the future for horse owners to
objectively assess adiposty in their horses, allowing timely changes to feeding programs to
prevent weight gain or loss. Further research is required to evaluate the effects of buffer products
as a tool to mitigate the effects of NSC on the metabolic, digestive, and inflammatory responses
of horses in different settings, including daily concentrate feeding and pasture grazing.

Laminitis is not a curable disease, and cannot be treated to full soundness recovery. As
such, it is important to develop awareness of nutritional practices that lead to obesity and insulin
resistance, and increase the chances of laminitis development. It is equally as important to focus
research efforts on methods to avoid and prevent laminitis by educating the equine industry and
developing effective means to combat development of nutrition-related diseases and increase

quality of life for equines.
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Appendix A

Your name: email: Phone:

Address:

Areyouthe  Owner Rider Groom Trainer (check all that apply)

Age of your horse: yrs. Sex of your horse:  Mare  Gelding  Stallion
Breed of your pony/horse (circle one): Height: hh

What discipline(s) or division(s) do you compete in with this horse? (please circle all

that apply)
a) Hunter b)Jumper c) Equitation d) Other (please specify)

Is your horse an easy keeper (concerns about obesity)?  Yes No; or is your horse
a hard keeper
(concerns about maintaining weight or weight loss) ~ Yes ~ No

Does your horse receive grain/commercial concentrates?  Yes  No
What brand and specific formula(s) do you currently feed? (please list all)
How much grain do you feed per feeding b 1b 1b
How many feedings per day?

What type(s) of hay do you feed?

a) How much hay do you feed (total per day)? flakes; or Ibs
b) Do you bring hay to the show?  Yes  No; Purchase hay at the show?
~_Yes  No

Do you feed other types of roughage? (chopped forage, pellets, cubes, beet pulp, etc.) If
so, please list:
Do you feed supplements on a regular basis? ~ Yes  No; if yes, please list type
and amount:

. Does your horse have access to pasture at home?  Yes  No.

a) How many hours turnout /day
b) Does the pasture provide adequate grass forage for nutrition (at least 4-6” tall)?
___yes___no
Are you concerned about any of the following nutritional related diseases for your horse?
a) Colic b) Laminitis/Insulin Resistance ¢) Ulcers d) Tying up e) Other
Who do you use for advice when making decisions on nutrition and feeding?
a) Nutritionist b)Veterinarian b) Trainer c) Feed company d) Internet e) Other
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