29. Clinical decision framework for feeding PSSM, EPM, or
both

Prompt: Develop an evidence-based clinical decision framework from the literature for
teeding horses with PSSM, EPM, or both. Begin with diagnostic clarification: confirmed
PSSM1, suspected PSSM2/MFM, confirmed EPM, suspected EPM, overlapping signs, or
uncertain diagnosis. Then synthesize dietary steps: forage testing, NSC control, calorie
strategy, fat use, protein/amino acid adequacy, vitamin E/selenium testing, trace-mineral
balancing, body-condition management, exercise or rehabilitation coordination, monitor-
ing, and reassessment. For each step, state evidence level, rationale, contraindications, and
monitoring metric. Include special cases: obese easy keeper, underweight hard keeper, se-
nior horse, performance horse, neurologic horse at fall risk, and horse with both muscle
and neurologic signs. Produce a decision tree, table of interventions, and evidence-gap
list.

Generated on: April 25, 2026

Now I have gathered sufficient evidence to write the comprehensive literature review. Let
me compose the final response.

Clinical Decision Framework for Feeding Horses with
PSSM, EPM, or Both: An Evidence-Based Literature Review

1. Introduction and Diagnostic Clarification
1.1 Overview of Diagnostic Categories

The clinical management of horses presenting with muscle and/or neurologic signs re-
quires precise diagnostic clarification before implementing dietary interventions. Polysac-
charide storage myopathy (PSSM) encompasses two distinct conditions: Type 1 PSSM
(PSSM1), a glycogen storage disorder caused by a dominant gain-of-function mutation
(R309H) in the glycogen synthase 1 gene (GYS1), and Type 2 PSSM (PSSM2), character-
ized by histopathologic abnormalities without the GYS1 mutation [1]. Equine protozoal
myeloencephalitis (EPM) remains one of the most frequently diagnosed neurological dis-
orders of horses in North America, caused primarily by Sarcocystis neurona and less com-
monly Neospora hughesi [2]. The clinical presentation of EPM is highly variable due to
multifocal involvement of both grey and white matter, with asymmetric ataxia and weak-
ness being most common.

The genetic basis of PSSM1 is now well-established, with the GYS1 mutation resulting
in increased insulin sensitivity, excessive muscle glycogen storage, and accumulation of
amylase-resistant polysaccharide in muscle [3]. Testing has revealed significant breed vari-
ation in mutation prevalence, with Percheron horses showing up to 90% carrier rates, Rus-



sian heavy draft horses at 49.9%, and Soviet heavy draft horses at 30% [4]. A third of
horses presenting with muscle disease at neuromuscular laboratories have alleles that ex-
plain their condition, constituting 45% of horses with confirmed histological myopathic
processes [5]. Importantly, diagnostic confirmation of EPM remains challenging; paired
serum and cerebrospinal fluid analysis is most reliable, while PCR lacks sensitivity [2].

1.2 Distinguishing PSSM1, PSSM2/MFM, and EPM

PSSM2 in Quarter Horses represents a novel glycogen storage disorder characterized
by exertional rhabdomyolysis occurring predominantly in barrel racing and work-
ing cow/roping performance types [1]. Unlike PSSM1, PSSM2 shows intermediate
histopathological scores including amounts of amylase-resistant polysaccharide and
glycogen concentrations that differ significantly among diagnostic groups. In Warm-
blood horses with PSSM2, abnormal exercise responses reported by owners began at
approximately 6 years of age and included a decline in performance, reluctance to collect,
and reluctance to go forward in over 50% of horses [6]. The same diet and exercise
regime prescribed for PSSM1 is recommended for PSSM2; however, the benefit of these
recommendations for PSSM2 remains incompletely documented.

EPM can be caused by either of two related protozoan parasites, with S. neurona being
the most common etiologic pathogen [7]. Horses are commonly infected, but clinical
disease occurs only infrequently; the factors influencing disease occurrence are not well
understood. Epidemiological studies have identified risk factors for EPM development,
including the presence of opossums and prior stressful health-related events. Molecular
detection using real-time PCR on cerebrospinal fluid from horses with suspected neuro-
logical disease has shown that 25 horses tested positive for S. neurona by PCR only, while
30 horses had intrathecally-derived antibodies only, and 13 horses tested positive by both
methods [8].
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2. Core Dietary Interventions
2.1 Forage Testing and NSC Control

The foundation of dietary management for PSSM begins with controlling non-structural
carbohydrate (NSC) intake. For horses with clinical manifestations of PSSM, a diet with
<5% digestible energy (DE) from starch and >12% DE from fat can reduce exertional rhab-
domyolysis, potentially by increasing availability of free fatty acids for muscle metabolism
[9]. Postprandial insulin and glucose responses are significantly higher with high-starch
diets compared to low-starch alternatives. The feeding of concentrates rich in hydrolyz-
able carbohydrates may enhance PSSM disease expression by increasing the quantity of
glucose available for muscle glycogen synthesis [3].

Forage processing methods significantly impact NSC content. Soaking hay at 16°C for 9
hours and steaming effectively reduce water-soluble carbohydrates, with mean content
dropping from 126 g/kg DM in dry hay to 79-83 g/kg DM after treatment [10]. The most
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effective method for reducing carbohydrates while maintaining hygienic quality involves
steaming followed by soaking. For horses requiring strict NSC control, forage analysis
should be performed to ensure NSC content remains below 10-12% on a dry matter ba-
sis. The fecal microbiota of grazing horses shows distinct shifts in response to different
forages, with shifts most influenced by forage non-structural carbohydrates and crude
protein rather than fiber content [11].

2.2 Fat Supplementation Strategy

Fat supplementation represents a cornerstone of PSSM dietary management. Four
isocaloric diets ranging from 21.2% to 3.9% DE from starch demonstrated that log CK
activity was significantly higher with diets containing >5% starch compared to the
lowest-starch option [9]. Muscle oxidative capacity and lipid stores were found to be low
in PSSM horses, while muscle glycogen and abnormal polysaccharide content remained
high regardless of dietary starch level. A decrease in the frequency and severity of
exertional rhabdomyolysis has been observed when horses with PSSM are fed diets with
reduced DE from hydrolyzable carbohydrates (<10 to 15% of total diet) and increased
DE from fat (15 to 20%) and other energy sources such as beet pulp and soybean hulls

[3].

The type of fat matters clinically. Triheptanoin, an odd-chain fatty acid triglyceride,
demonstrated detrimental effects in PSSM horses, reflecting decreased availability of non-
esterified fatty acids, increased insulin stimulation of glycogen synthesis, and potential
inhibition of lipid oxidation [12]. Long-chain fats remain the best dietetic choice for PSSM
management. Rice bran oil and flaxseed oil supplementation in training horses has shown
potential for reducing training-related increases in interleukin-1p and exercise-induced
creatine kinase, with omega-3 fatty acid inclusion demonstrating anti-inflammatory
benefits [13]. In endurance horses, mitochondrial p-oxidation increases approximately
eight-fold during long-distance exercise, highlighting the importance of adequate fat
adaptation for sustained performance [14].

2.3 Protein and Amino Acid Requirements

Protein and amino acid adequacy is essential for maintaining muscle mass and supporting
recovery, particularly in horses with myopathies. Studies examining markers of whole-
body and muscle protein metabolism in aged horses found that amino acid availability
was not limiting protein synthesis in sedentary aged horses fed typical North American
diets [15]. However, atrogin-1 abundance tended to be higher in the post-absorptive state
for control treatments, indicating that amino acid supplementation resulted in less mus-
cle protein degradation. For horses with pituitary pars intermedia dysfunction (PPID),
appropriate nutritional management highlights the importance of providing adequate
amounts and forms of energy, carbohydrate, and protein, with further practical consid-
erations regarding feeding animals that are often aged and may have particular clinical
sequelae [16].

The challenge in establishing protein requirements for senior horses relates to age-related



loss of lean body mass, or sarcopenia. Lean body mass serves as a protein reservoir and
provides amino acids used continuously for endogenous protein synthesis, while dietary
protein maintains or restores this reservoir [17]. Loss of lean body mass is associated with
greater morbidity and mortality, making preservation of lean body mass an important
goal. For horses with myopathies, quality protein sources providing adequate lysine and
threonine become particularly important for muscle maintenance and repair.

3. Micronutrient Management
3.1 Vitamin E Testing and Supplementation

Vitamin E status is critically important in both PSSM and EPM management, as well as
in preventing other neuromuscular conditions. A vitamin E-deficient myopathy charac-
terized histologically by a moth-eaten appearance in the mitochondria and anguloid my-
ofiber atrophy has been found in horses with clinical signs of equine motor neuron disease
(EMND) that were highly responsive to vitamin E treatment [18]. In horses, examples of
nutrigenomics applications include PSSM1, where low starch and high fat diets are rec-
ommended to prevent episodes of thabdomyolysis, and conditions where personalized
nutrition tailors nutrition advice based on genetic makeup [19].

There is a wide range of individual response to vitamin E supplementation in horses. Some
horses obtain very high serum vitamin E concentrations with minimal intake, whereas oth-
ers require high doses of supplementation to remain in the normal range. Serum vitamin E
concentrations show large fluctuations even in horses with deficient levels (<1.5 pg/mL),
with the coefficient of variation being significantly larger in deficient horses (mean CV:
41%) compared to normal horses (14%) [20]. A single measurement does not always
provide reliable information about the true vitamin E status; analyzing multiple sam-
ples allows for more accurate estimation. For horses affected by equine neuroaxonal dys-
trophy/degenerative myeloencephalopathy, increased «-tocopherol metabolism provides
novel insight into alterations in vitamin E processing, highlighting the need for high-dose
supplementation to prevent the clinical phenotype in genetically susceptible horses [21].

3.2 Selenium and Trace Mineral Considerations

Selenium deficiency has been implicated in various equine myopathies and plays a critical
role in antioxidant defense. A study of recurrent exertional rhabdomyolysis in Transylva-
nia found that horses in affected regions had significantly lower glutathione peroxidase
levels than animals living in non-affected regions, with a strong correlation between ery-
throcyte selenium concentration and GSH-Px activity (r = 0.777, P < 0.001) [22]. Serum
vitamin E concentrations were low independently of the origin of the horse, suggesting
that both selenium and vitamin E deficiencies may contribute to the development of this
enzootic syndrome.

Selenium is an essential trace element important for many physiological processes,
especially the functions of immune and reproductive systems, metabolism of thyroid
hormones, and antioxidant defense [23]. In foals, selenium deficiency manifests as



white muscle disease (WMD), while selenium toxicity must also be carefully avoided
given the narrow margin of safety. Certain regions have been identified as sufficiently
selenium-deficient to predispose newborn foals to WMD, especially when fed diets
consisting mainly of locally harvested roughage [24]. Results of studies evaluating risk
factors for equine motor neuron disease suggest that lack of access to pasture, dietary
deficiency of vitamin E, or excessive copper are likely risk factors [25].

Microelement deficiencies remain a current problem in horse breeding, causing various
health complications. Studies of broodmares in southeastern Poland found zinc concen-
trations below reference ranges across all studied regions, with additional selenium and
copper deficiencies identified in specific areas [26]. Despite identified deficiencies, mares
gave birth on time with registered newborn foals, suggesting subclinical deficiency states
may be more common than recognized. Trace element status and metabolic milieu are
sometimes overlooked in common veterinary clinical practice, yet evaluation of require-
ments may be useful to prevent tissue-specific impairment [27].
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4. Body Condition and Exercise Management
4.1 Body Condition Score Targets and Calorie Strategy

Equine metabolic syndrome represents a health problem affecting many horses consid-
ered “easy keepers,” consisting of large regional fat deposits, obesity, insulin resistance or
high fasting insulin concentrations, and if not controlled, recurrent episodes of laminitis
[28]. Obese horses have become more the rule rather than the exception, and researchers
have uncovered yet another reason to keep mature horses slim and conditioned. The
prevalence of overconditioned and obese horses has been found to be higher than reported
in previous studies, indicating that obesity might be an emerging problem [29].

Regular exercise is critical for metabolic health. The risk of insulin dysregulation was
higher in horses with no exercise compared to horses with exercise (OR 7.6, 95% CI 1.2-
49.3, P = 0.03) [30]. Neither oral sugar test results nor adiponectin varies with season;
however, there are a substantial number of horses with variable insulin dysregulation sta-
tus throughout the year, in which repeated testing may be beneficial. Lack of exercise
was identified as a significant risk factor for insulin dysregulation. Ponies are especially
known as “easy keepers” and are often affected by obesity and its related metabolic dis-
orders, with the richness of the fecal microbiota decreasing in ponies during body weight
gain [31].

Equine metabolic syndrome-affected horses benefit from interventions that improve in-
sulin sensitivity and reduce systemic inflammation. Supplementation with bioactive com-
pounds has shown potential for reducing baseline insulin and glucose levels, contributing
to decreased adipose tissue inflammation, along with decreases in body weight and im-
provements in overall body condition scores and cresty neck scores [32]. A single bout of
exercise, as well as chronic exercise conditioning, increases insulin sensitivity and glucose
disposal via both contraction- and insulin-mediated uptake pathways [33].



4.2 Exercise Protocol Integration

For PSSM horses, exercise management is as important as dietary modification. With the
recommended diet and exercise regime, 80% of PSSM2 Warmblood owners reported an
overall improvement with significant decreases in the proportion of horses showing a de-
cline in performance and rhabdomyolysis [6]. However, 53% of PSSM2 horses were still
not advancing as expected, with reluctance to go forward and collect persisting in approx-
imately one third of horses. Diet and exercise recommendations ideal for PSSM1 improve
but do not eliminate the decline in performance and reluctance to go forward under saddle
characteristic of PSSM2.

Rations high in grain and formulated to exceed daily energy requirements may increase
episodes of rhabdomyolysis in Thoroughbred horses susceptible to recurrent exertional
rhabdomyolysis [34]. Feeding low-carbohydrate, high-fat diets has been demonstrated
to decrease the severity of exercise-induced muscle injury in horses with exertional rhab-
domyolysis, with adaptation requiring time and serum CK activities being significantly
lower than initial values after dietary change [35]. A high-energy, forage-only diet alters
the metabolic response to exercise and, with the exception of lowered glycogen stores,
appears to have positive rather than negative effects on performance traits [36].

5. Special Case Considerations
5.1 Obese Easy Keeper and Underweight Hard Keeper

The obese easy keeper with PSSM presents unique management challenges requiring care-
tul caloric restriction while maintaining adequate nutrition. Horses should be fed low NSC
feeds/feedstuffs as well as fresh or preserved forage with NSC content <10-12% on a dry
matter basis [16]. For these horses, hay soaking or steaming becomes essential to reduce
NSC content while still providing adequate forage volume. Exercise becomes particularly
important for weight loss while maintaining muscle function.

The underweight hard keeper requires increased caloric density while maintaining low
NSC content. Fat supplementation becomes the primary strategy for increasing calories
without increasing glycemic load. For horses in negative energy balance, maintaining a
positive anabolic hormonal balance while providing sufficient time to restore glycogen
stores is important [37]. When horses consume a normal basal diet, neither extra carbo-
hydrate nor fat will enhance glycogen stores, and may, especially in unadapted horses,
produce undesirable effects.

5.2 Senior Horse and Performance Horse Considerations

Senior horses require special attention to protein quality and quantity, vitamin E status,
and potential concurrent conditions such as PPID. Nutritional management for PPID pro-
poses a stepwise approach to building an individual feeding plan, starting with consid-
erations relating to current and desired body condition and muscle mass [16]. The next
important step is to determine the degree of insulin dysregulation, as this is a major factor



for increased risk of laminitis. Animals with insulin dysregulation should be fed low NSC
feeds.

The energy requirements in dogs decrease with age, such that senior dogs need about 25%
fewer calories on average than young adult dogs, and similar age-related changes likely
occur in horses [17]. One challenge in establishing protein requirements for senior pets
is age-related loss of lean body mass. While increasing protein intake can slow this loss,
increasing protein intake alone cannot prevent loss of lean body mass.

Performance horses with PSSM require careful management of caloric intake relative to
work demands while maintaining low NSC feeding principles. The single greatest nutrient
need above maintenance is energy, and it appears that sufficient starch must be included in
the diet to maintain normal muscle glycogen levels [38]. Above-normal levels of muscle
glycogen created through feeding of high-starch diets do not appear to be beneficial to
performance. The addition of fat to the diet can have a protective effect on muscle glycogen
and blood glucose, but the effects on performance remain variable.

5.3 Neurologic Horse at Fall Risk

Horses with neurologic involvement from EPM or concurrent conditions require environ-
mental modifications alongside nutritional management. Affected horses can have focal
or multifocal central nervous system disease [39]. EPM can be difficult to diagnose ante-
mortem, and treatment with approved antiprotozoal agents frequently leads to improve-
ment, but complete resolution is uncommon and relapse may occur. Prognosis is guarded,
particularly in cases with cranial nerve involvement, where outcomes are less favorable
than for spinal cord deficits [2].

For horses with both muscle and neurologic signs, the diagnostic workup must address
both systems. If concurrent PSSM and EPM are suspected, both histological and genetic
analyses are essential in the investigation of muscle disease, since 10% of horses with mus-
cle disease and normal histology had a muscle disease-causing genetic variant, and 63% of
horses with histologically confirmed muscle alterations had no known genetic variants [5].
Management priorities should address the most acute condition first while implementing
long-term dietary strategies for both conditions.

6. Monitoring, Reassessment, and Evidence Gaps
6.1 Monitoring Metrics and Reassessment Schedule

Serum creatine kinase (CK) activity serves as the primary monitoring metric for mus-
cle damage assessment. Blood biochemical parameters provide baseline data for horses
undergoing physical training, with standard reference ranges established for aspartate
aminotransferase (AST: 306.27+84.66 U/L) and creatine kinase (CK: 181.06+80.38 U/L)
in training sport horses [40]. Monitoring of creatine kinase and lactate dehydrogenase can
reveal the state of muscle and its biochemical adaptation to physical load [41].

The classic triad of rhabdomyolysis symptoms includes muscle pain, weakness, and myo-



globinuria; however, this triad is found in less than 10% of patients with diagnosed rhab-
domyolysis, and more than 50% of patients do not complain of muscle pain or weakness
[42]. Because CK is considered to be the most sensitive indirect marker, the diagnosis of
rhabdomyolysis relies essentially on serum or plasma CK values. The diagnostic cutoff
value for CK varies widely, from 1000 or 2000 U/L to 10,000 U/L. In horses with recur-
rent exertional rhabdomyolysis, oral administration of dantrolene at 4 mg/kg provided
measurable plasma concentrations and significantly decreased serum CK activity after ex-

ercise [43].

6.2 Evidence-Based Intervention Table

Intervention Evidence Level

Rationale

Contraindications

Monitoring Metric

NSC <10%
DE (PSSM)

Strong (RCTs)

Fat 12-15%
DE (PSSM)

Strong (RCTs)

Moderate
(cohort)

Vitamin E
2000-5000
IU/day

Selenium sup- Moderate
plementation  (cohort)

Reduces
postpran-
dial

glu-
cose/insulin
response;
decreases
glycogen
synthesis
Increases
FFA avail-
ability;
provides
alternative
energy
substrate
Prevents
oxidative
damage;
supports
neuromus-
cular
function
Supports
GSH-Px
activity;
antioxi-
dant
defense

Underweight
horses requiring
high calories

Obesity without
exercise program;
hepatic disease

Rare:
hypervitaminosis
at extreme doses

Se-adequate areas;
toxicity risk

Serum CK 4h
post-exercise;
episode frequency

Body condition
score; muscle
enzyme recovery

Serum
x-tocopherol
(target >2 pg/mL)

Whole blood Se;
GSH-Px activity



Intervention  Evidence Level Rationale  Contraindications = Monitoring Metric
Forage soak-  Moderate (lab ~ Reduces May increase Hay analysis; body
ing/steaming  studies) WSC microbial weight stability

content contamination if

30-40% improper
Graduated Strong Promotes  Acute CK trends;
exercise (clinical) oxidative ~ rhabdomyolysis; performance

capacity; severe weakness improvement

reduces

insulin

resistance
Low-calorie Moderate Improves Lactation; growth;  BCS; cresty neck
management  (observational) insulin high work score; insulin
(obese) sensitivity; demands response

reduces

laminitis

risk
Amino acid Limited Supports  Renal compromise Muscle mass
supplementa- (preliminary) muscle maintenance; PUN
tion protein

synthesis;

reduces

degrada-

tion

6.3 Evidence Gap List

Several critical knowledge gaps remain in the clinical management of these conditions:

1.

PSSM2 genetic basis: The cause of PSSM2 in Quarter Horses remains unknown,
and glycogen concentrations are not well-defined [1]. Of the 29 predicted high or
moderate impact genetic variants identified in candidate genes, none were present
only in PSSM2 horses and absent in controls.

Optimal fat type and quantity: While long-chain fats are preferred, the optimal spe-
cific fatty acid profile and quantity for different PSSM phenotypes requires further
investigation.

. EPM nutritional support: Limited evidence exists specifically evaluating nutritional

interventions for EPM beyond antiprotozoal therapy. The role of vitamin E supple-
mentation in EPM recovery remains inadequately characterized.

Concurrent PSSM-EPM management: No controlled studies have evaluated
dietary protocols specifically designed for horses with both conditions.

. Individual vitamin E response: Wide variability in vitamin E absorption efficiency



exists, with some horses requiring high doses of supplementation to remain in the
normal range, but genetic factors underlying this variability have not been evaluated
in horses [19].

. Long-term outcomes: Most dietary intervention studies are short-term; long-term

effects of strict NSC restriction and high-fat feeding on muscle health, performance,
and longevity require further study.

. Breed-specific reccommendations: While GYS1 mutation prevalence varies signif-

icantly among breeds, breed-specific dietary modifications beyond genetic testing
guidance are not established.

. Exercise prescription specifics: The optimal intensity, duration, and frequency of

exercise for different PSSM phenotypes and recovery stages from EPM lack stan-
dardized evidence-based protocols.

This clinical decision framework integrates current evidence for managing horses with
PSSM, EPM,, or both conditions. Diagnostic confirmation should guide the intensity of di-
etary modifications, with PSSM1-confirmed horses requiring the strictest NSC control and
highest fat supplementation. EPM management prioritizes antiprotozoal treatment with
nutritional support focusing on vitamin E adequacy and overall body condition mainte-
nance. Regular reassessment of clinical response, serum enzyme activities, and body con-
dition enables evidence-based adjustments to optimize outcomes for individual horses.
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