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Introduction

One of the most important, and perhaps undervalued, roles for optimal nutrition is in
the maintenance of health and reduction of the risk of disease. Inappropriate nutrition
may also contribute to the development of poor health. These aspects are clearly
illustrated when discussing gastric health in horses.

The horse, as a non-ruminant herbivore, evolved to ingest a high fibre, low starch diet,
spending up to 18hrs a day foraging. Naturally it would therefore rarely fast
voluntarily for more than 2—4 hrs at a time. Saliva is produced in response to chewing
and, under natural grazing circumstances, helps to buffer the gastric acid, which is
secreted in a continuous variable pattern into the stomach. In addition, living under
natural conditions encourages the horse to move freely which may assist in the normal
movement of stomach contents through the gastrointestinal tract. Modern
management practices which often include meal feeding, low fibre/high concentrate
diets, early weaning and intensive training programmes, with limited opportunity for
free movement increase the risk of a poorly buffered, acidic gastric environment
(Davidson & Harris 2002, Andrews et al 2006). These feeding and managemental
practices have been associated with a high prevalence of the Equine Gastric
Ulceration Syndrome (EGUS) particularly in intensively managed horses such as the
racehorse, where an incidence of more than 90% has been recorded in some
subpopulations (Hammond et al. 1986, Murray et al. 1989, 1996, Vatistas et al. 19993,
Jonsson and Egenvall 2006). By comparison, horses that undergo less intensive or no
training, or even a different type of training, appear to show a far lower prevalence,
e.g. 37% in a group of pleasure horses (Murray et al., 1989), up to 40% in Western
performance Quarter Horses (Bertone, 2000) and 53% in a group of Danish horses in
mixed work but not in race training (Luthersson et al 2009a). However, new studies
on Icelandic horses in Iceland have shown a high prevalence in horses kept out on



pastures during autumn and early winter, with no human management (72%), whereas
Icelandic riding horses kept in traditional management regarding stable, feeding and
riding, showed a significant lower prevalences 25% (Luthersson et al 2022,
Luthersson et al 2023). This indicates that there are other factors, such as
environment, weather, quality of pasture and season that influences the gastric health

EGUS has been used as an umbrella term for pathology in the equine stomach (Sykes
et al 2015, ECEIM Consensus Statement). Equine Squamous Gastric Disease (ESGD)
covers pathology in the squamous mucosa, with the stratified squamous mucosa along
the margo plicatus being most commonly affected (Hammond et al. 1986, Murray
1989, Murray et al. 1996, Sandin et al. 2000). Equine Glandular Gastric Disease
(EGGD) covers pathology in the glandular mucosa, where antrum and pyloric region
are most commonly affected. The pathology in this area is significantly different
compared to the squamous lesions. Here hyperaemia and hyperplasia of the glandular
mucosa is quite common, evolving to inflammation and/or ulceration.

Traditionally clinical signs of EGUS have been described as abdominal discomfort,
reduced appetite, weight and body condition loss, diarrhoea, and particularly in foals,
a loss of vitality, dorsal recumbency, grinding of teeth and onset of crib-biting. But
most agree today, that signs of EGUS is related to chronic pain where change in
behaviour, reduced performance and negative attitude regarding saddle, girth and
grooming are the most obvious signs.

Pathophysiology

ESGD

Lesions in the squamous mucosa are caused by corrosion from the gastric acid, if
there is not enough buffering capacity in the stomach. Saliva is being produced when
horses chew on fibrous feed and this is the major mechanism in elevating the pH in
the upper part of the stomach. Chewed fibers create a fiber mat within the stomach
and this prevents the gastric acid produced in the glandular part, to come in direct
contact with the squamous mucosa. Acid splashing, due to increased abdominal
pressure during exercise, has also been suggested to be important for squamous
lesions (Lorenzo- Figueras & Merritt 20002, Merritt 2003). Thus, access to forage or
grass and the ability to chew and produce saliva are therefore the major protective
mechanisms for the squamous part of the stomach.

What is important regarding ESGD

» Squamous epithelium Covering oesophagus and upper part of the stomach

»  "Teflon coating” — no active protection mechanism

» Pathology caused by corrosive damage from gastric acid

* Microbial fermentation of carbohydrate in the stomach (VFA) will damage the
“coating” in acidic environment — increased ulceration

» Protection: production of saliva (buffering) and consumpton of fiber

» Good correlation between gastroscopic findings and pathology — scoring
systems (0-4) function well
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EGGD

An imbalance between the various protective factors (such as mucus, bicarbonate,
prostaglandins, mucosal blood flow and epithelial restitution) and the potentially
damaging factors (including the presence of hydrochloric acid, volatile fatty acid
production, pepsin or bile salts) is the most likely cause of gastric inflammation and
ulceration in this part of the stomach. Enterogastric reflux of bile acids have been
suggested both to be potentially harmful or protective in nature. Unlike humans the
infectious agent Helicobacter pylori does not seem to be involved to any great extent
in horses but sympathetic stimulation inhibits gastric and duodenal bicarbonate
secretion, which is why ‘stress’, for example, may result in an increase in glandular
lesions. Gastroduodenal motility and rate of gastric emptying may also play a role.
But there are still many unanswered question regarding the pathophysiology of the
glandular mucosa.

What is important regarding EGGD
» Pathology: erosive gastritis of various depth (Martineau et al 2009)
— Fibrinopurulent exudate with or without hemorrhage
— Infiltration of mononuclear cells (lymphocytes)
— Varying degrees of fibrosis in lam. submucosa of muscularis
— Varying degrees of hyperplasia of the glandular tissue
* Not good correlation between the gastroscopic finding and the depth of
pathology — scoring systems are difficult
» EGUC (Equine Gastric Ulcer Council) scoring system (0-4) can be used if we
accept that it may not be 100% representative
» Description of pathology is more correct, but not always the best option for
client communication or research
— ECEIM Consensus statement: 6 different types of lesions
Flat hemorrhagic lesions
Flat fibrinous lesions
3. Raised hemorrhagic lesions

.



4. Raised fibrinous lesions
5. Depressed hemorrhagic ulcers
6. Depressed exudative ulcer

Risk factors ESGD

A number of risk factors have been suggested over the years and have been validated
in some of the sub-populations studied. Initially it was assumed that workload was
one of the most important. Studies showed that horses in light to heavy training for as
short as 8 days were at risk of developing gastric ulcers (White et al. 2007). A study
in Australia suggested that the prevalence in racehorses increased 1.7 times for every
week of training (Lester et al 2008). Many of these risk factors are directly associated
or can be linked with nutritional factors and it is not always possible to differentiate,
e.g. transportation often results in a change in feeding and watering regimens.

More and more studies have shown that nutrition is the major risk factor for ESGD.
Starch intake, forage intake and intervals between forage feeding are the most
important risk factors and ESGD can be prevented by using the current knowledge to
improve the management (Luthersson et al 2009, Luthersson et al 2019, Luthersson et
al 2022, Luthersson et al 2023, Pineau et al 2024)

In sport horses and leisure horses: Lack of forage is the main risk factor for pathology
in the squamous mucosa

Why is forage or fibrous feed so important to prevent ESGD?

* Protection of the squamous mucosa is based on a fiber mat: mixed of chewed
fiber and saliva (bicarbonate)

* Prevents direct contact between gastric acid and squamous mucosa

» Fiber mat does not work if fiber intake is too low

* pH in the fiber mat is 6-7 up to 5 hours after forage intake

Risk factors for EGGD
There is less understanding regarding pathophysiology and risk factors when we
looking at the glandular mucosa. The prevalence of EGGD is similar in most groups
of horses that have been studied. Around 40-55%, regardless training, geography,
management and breeds.

What is known regarding risk factors for EGGD?

* Nutrition — in general nutrition is not a major risk factor, but there are some
studies that have shown a correlation between high starch intake and EGGD
(Luthersson et al 2009, Bachmann et al 2024 and Pineau et al 2024)

» Bacteria - No

* NSAIDs - for an individual horse — but not in general

« Stress and/or pain - Yes

» Genetic disposition - Maybe

» Other disease — Chronic inflammation for an individual horse

» Workload/work intensity - Yes

Our current understanding is more and more focusing on the correlation between
EGGD and chronic pain. Chronic pain causes stress, that can increase the risk of
pathology in the glandular mucosa. Many of the signs of EGUS are linked to chronic
pain, so horses showing signs of reduced performance and pain-based behaviour



should always have a diagnostic evaluation with key differentials such as
musculoskeletal disease (including saddle fit), EGUS and Dental disease.

If there is pathology in the glandular mucosa, the initial response of treatment (within
2 weeks) will help distinguish whether the lesions are the major cause of pain or if
EGGD is a consequence to other problems.

Treatment protocols (personal recommendations NL)

ESGD treatment:
Treatment with Omeprazole: 4 mg/kg pr day for 4 weeks
Medicine 1 h before morning meal

Give restricted forage for the night — but no fasting

Improved management

Focus on:

Nutrition: reduction of starch, amount of forage, forage feeding intervals
Training - intensity

Stable — stress and feed intake

Transportation — stress and feed or water intake

Control gastroscopy 4 weeks later

If not healed pay attention to forage intake, chewing function or reduced
absorption of medicine

EGGD treatment
1. Treatment with Omeprazole: 4 mg/kg pr day for 5-6 weeks
Medicine 1 h before morning meal
Option: add Sucralfate 12 mg PO BID — 1 h after omeprazole — postpone feed
Give restricted forage for the night — Finished by midnight

2. In more severe cases (score 3 and 4/4)

Omeprazole: 4 mg/kg 2 x pr day for 5-6 weeks

Option: add Sucralfate 12 mg PO BID — 1 h after omeprazole — postpone feed
a.. Give restricted forage for the night — but no fasting

b. Take the horse away from forage/grass %2-1 h before and after medication late
afternoon or evening

Improved management with focus on:

Pain or other disease (lameness, dental, IBD, sand etc)

Training frequency

Stress: stable, influence of herd, transportation, hormones, etc.

Control gastroscopy after 5-6 weeks depending on severity. Pay attention to the
appearance of lesion.

Hyperplasia and hyperaemia but without ulceration or inflammation =
HEALED!

If not healed: continue treatment (can take long time),

Response to treatment indicates if EGGD is the primary or secondary problem



Nutritional Risk Factors

Starch intake

Starch/grain intake has been associated with an increased risk of EGUS in animals
working at various levels of intensity as illustrated by the following 3 studies. Frank
et al 2006 noted a marked increase in ulceration, when non—exercising animals, were
stabled and fed grain once a day, 1hr before the morning hay feed, at 1% of BW
together with grass hay to make up a diet providing 1.5x Maintenance requirements.
In the sub-population of Danish horses (non-racehorses), evaluated exceeding 2g/kg
body weight of starch intake per day was associated with an approximately two-fold
increase in the likelihood of EGUS severity grade >2 (out of 4) and feeding more than
1g/kg body weight of starch per meal was associated with a 2.4 times increase in the
likelihood of ESGD >2 and a 2.6 times increase in the likelihood of EGUS (total) >2
(Luthersson et al 2009b). In this population of animals, the influence of starch intake
was independent of workload as an increased level of work was not associated with an
increased level of risk. Bachmann et al 2024 showed that a small increase of starch in
the diet increased the risk of ESGD (1g starch /kg BW/meal) and a higher intake
increased the risk of both ESGD and EGGD (2 g starch /kg BW/meal).

The volatile fatty acids (VFA), produced by the fermentation of starch/sugar by the
gastric microflora, have been shown to reduce mucosal integrity and to affect mucosal
tissue bioelectric properties (Andrews et al 2006 & 2008). This increases the
damaging effect of the gastric acid. High starch diets will result in higher
concentrations of VFA. If the high starch diet is combined with a lower fiber intake,
the gastric content will become more fluid and the buffering effect from the saliva
will be lower, due by reduced chewing and less production of saliva. Cereals (high
starch content) tend to be low in calcium, and possibly other potential buffering
agents, which may also contribute to the increased risk of ulceration.

Feeding regimen

It is possible that under normal forage based feeding systems the gastric mat of
roughage and salivary bicarbonate may act as a physical and chemical buffer helping
to protect the squamous epithelium from acid damage. Prolonged withholding of feed,
through anorexia or feeding practices, may either reduce the size of the gastric mat or
increase its fluidity thereby increasing the risk of ulceration. Therefore, in fasted
animals whilst there may not be a high VFA level present in the mat, the more liquid,
highly acidic, less saliva buffered, contents may be more easily splashed up onto the
squamous mucosa. Certainly, deprivation of feed for repeated periods has been
reliably shown to cause gastric ulcers (Murray & Grady 2002) and Merritt 2003 noted
that the changes in pH in the dorsal part of the stomach with exercise were more
pronounced in fasted than fed animals. Studies have shown that time between forage
meals of > 6hrs, compared with more frequent forage feeding with intervals of < 6
hrs, increased the likelihood of ESGD > 2 (Luthersson et al 2009b). Studies of
Icelandic horses coming in from pasture in the autumn showed increased healing of
ESGD when forage was given at >3 meals pr day compared to 2 meals or less (OR
17,95) (Luthersson et al 2022), showing how important the intervals of forage feeding
is.



Type of Forage

In the study of Danish horses (Luthersson et al 2009b) an increased likelihood of
gastric ulceration (severity score >2) was demonstrated when straw was the only
forage provided (OR 4,4). These horses either had access to straw from their bedding
(without any other forage) or were being specifically provided with straw as their
forage source. This group received none or only very small amounts of hay or haylage
(< 0,25 kg DM/100 kg BW) in their daily ration.

Straw may provide low levels of buffering support, due to its low protein and calcium
content, plus its physical nature may result in mucosal irritation. In addition, its
inclusion at high levels in a ration may affect the nature of the fibrous mat within the
stomach, thereby increasing the risk of the squamous epithelium being exposed to
acidogenic factors.

A later study from Uppsala, showed that replacing up to 50% of the daily intake of
haylage with straw, did not increase the risk of ESGD or EGGD. Horses receiving a
combination of haylage and straw spent significantly longer time eating, had longer
breaks during feed intake and had a reduced blood glucose and insulin after feed
intake, which might be of great importance for horses with EMS and insulin
dysregulation (Jansson et al 2021)

Pasture turnout

In a survey of thoroughbred racehorses in training, horses with access to some turnout
were considered to be less likely to have ulceration, and this risk was even lower if
they were turned out with other horses (Lester et al 2008). Pasture turnout is
considered to be advantageous in many reviews but in one study of 62 broodmares
(33 pregnant and 29 non-pregnant) kept under similar management out on pasture (no
details of feeding programme given) there was a relatively high ulcer (unknown level
taken to be significant) prevalence of ~ 67% in the pregnant mares and ~ 76% in the
non-pregnant mares (Le Jeune et al 2006). In a study from 2008, housing (with or
without a adjacent companion) or staying on a grass paddock — all fed fed ad lib hay
and grain twice a day, did not affect gastric PH or prevalence of EGUS (Husted et al
2008).

Recent studies on Icelandic horses in Iceland showed a significant higher prevalence
of ESGD in horses on pasture in the autumn, compared to stabled riding horses, and
the majority of the lesions healed up within 8 weeks after coming into a stable
(Luthersson et al 2022 and Luthersson et al 2023). This indicates that being out on
pasture is not always a benefit and factors such as grass quality, amount of grass,
weather conditions and eating behaviour at different times of the year might be of
significant importance.

Reducing the risk

Reducing the total amount of starch given each day to less than 2g/kg BW as well as
the amount provided each meal to less than 1g/kgBW seems advisable. When
required, additional energy could be provided through supplemental vegetable oil,
which might have other gastro-protective advantages (Cargile et al 2004). However,



oil inclusion alone may not be able to reduce the adverse effects caused by a high
starch intake (Frank et al 2006)

A study performed on Spanish racehorses and sport horses showed that reducing the
starch intake to 0,9 g starch/kg BW/day and 0,3 g starch/kg BW/meal, significantly
reduced the recurrence of ESGD after treatment and also caused healing of existing
ulcers (Luthersson et al 2019). Another study on high performing showjumpers,
showed that reducing starch content in the diet from >30% to 11%, caused a
significant reduction in both ESGD and EGGD in 12 weeks and also a reduction in
the ridden horse pain ethogram score (RHPES) (Pineau et al 2024).

Maintaining a high forage intake, which encourages chewing and stimulates
salivation, is advantageous. A minimum intake of forage should be 1,5% of BW in
DM for horses prone to overweight, divided into minimum 3 meals pr day. In horses
with a normal BCS or low BCS, a forage intake of 2% of BW DM, or forage ad lib is
advisable. During night horses spend more time sleeping and in stabled horses the risk
of EGUS does not increase if forage is not available all night, whereas intervals
without forage during the day should not be longer than 3-4 hours (Luthersson et al
2009b, Luthersson et al 2022, Luthersson et al 2023).

Study on Icelandic horses at pasture during autumn and early winter showed a high
prevalence of ESGD. As soon as these horses start to get forage, either in stables or
out at pasture, the risk decreases. Providing the horses with forage earlier in autumn,
would significantly help reducing the risk (Luthersson et al 2022, Luthersson et al,
non-published data). Even if there is still grass available (low nutrient value), and the
horses still have normal BCS, the risk of developing ESGD at pasture is high at this
time of year.

In one study feeding alfalfa hay and grain resulted in higher gastric pH and lesser
peptic injury to the gastric squamous mucosa than feeding bromegrass hay with no
grain (Nadeau et al. 2000). This suggests that forage type may be important. In a
small study in yearlings exercised on a mechanical walker, alfalfa hay inclusion in the
diet reduced the ulcer severity compared with costal bermuda grass hay (Lybbert et al.
2007). The horses were all fed concentrates (Lybbert pers comm). It is not currently
known whether any potential beneficial effect of alfalfa may be due to protein intake,
protein quality intake, calcium intake or cation-anion difference effects (Nadeau et al.
2000; Lybbert et al. 2007).

Providing water continuously, even when out at pasture, may reduce the risk of EGUS
in some animals. In our recent study horses without access to water in their paddock
were more likely to have both any EGUS > 2 and ESGD > 2 (Luthersson et al 2009b).



Take Home Message

Horses in general should be fed as much forage as possible. Some horses and
ponies may not require any other food (other than vitamin and mineral
supplementation)

Those in little or no work or who are extremely ‘good doers' may benefit from
being fed lower energy containing roughages, use a combination of hay/haylage
and straw (30%) and/or restrict the amount (not less than 1.5% BW in dry
matter, without advice) but maximise the time taken to ingest

Ideally feed <0,3g/kg BW starch /meal and preferably <1g/kg BW starch /day
Considering adding some chaff, including alfalfa, into the meal.

If additional energy is required consider the gradual introduction of
supplemental vegetable oil (up to 100mlIs/100kg BW) but check the vitamin,
mineral balance of the resultant diet.

Provide pasture turnout whenever possible (although it is important to note that
ulcers can occur in pasture managed animals).

Provide forage on pasture when the amount and quality of grass decreases due
to change in weather/season

Provide water continuously even when out at pasture.

Recognize horses with pain related behaviour. Horses with EGUS show aversive
behaviour, and horses with chronic pain are at increased risk of developing
EGUS, especially EGGD
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