6. Comparative review of nutrition for PSSM versus recur-
rent exertional rhabdomyolysis

Prompt: Conduct a comparative systematic review of nutritional strategies for PSSM and
recurrent exertional rhabdomyolysis. The central question is: Which dietary recommen-
dations are specific to glycogen-storage myopathy, and which are generalized tying-up
management strategies? Include PSSM1, PSSM2/MFM, recurrent exertional rhabdomy-
olysis in Thoroughbreds, idiopathic rhabdomyolysis, and exertional myopathies in per-
formance horses. Extract diagnostic category, diet composition, exercise program, breed,
seX, temperament, management conditions, serum CK/AST, recurrence, and performance
outcomes. Analyze whether low-starch/high-fat recommendations have different mecha-
nisms or evidence strength across PSSM and non-PSSM rhabdomyolysis. Produce a ma-
trix comparing disease mechanism, dietary target, evidence level, and management impli-
cations.
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Now I have gathered sufficient research data and created visualizations. Let me write the
comprehensive comparative systematic review.

Comparative Systematic Review: Nutritional Strategies
for Polysaccharide Storage Myopathy Versus Recurrent
Exertional Rhabdomyolysis in Horses

1. Introduction and Scope
1.1 Overview of Equine Exertional Myopathies

Equine exertional myopathies encompass a heterogeneous group of muscle disorders
characterized by exercise-induced muscle damage, elevated serum creatine kinase (CK)
and aspartate aminotransferase (AST) activities, and clinical signs ranging from muscle
stiffness to severe rhabdomyolysis. Genetic selection in horses has concentrated heritable
diseases affecting skeletal muscle metabolism and function across breeds [1]. The central
challenge for clinicians and nutritionists lies in determining whether dietary recommen-
dations should be disease-specific or represent generalized “tying-up” management
strategies applicable across all exertional myopathy phenotypes.

This review addresses this pivotal question by systematically comparing nutritional inter-
ventions across distinct diagnostic categories: Type 1 polysaccharide storage myopathy
(PSSM1), Type 2 PSSM (including PSSM2-QH in Quarter Horses and PSSM2/MFM in
Warmbloods), recurrent exertional rhabdomyolysis (RER) in Thoroughbreds, idiopathic
rhabdomyolysis, and exertional myopathies in performance horses. The review examines



whether low-starch/high-fat dietary recommendations have different mechanistic targets
and evidence strengths across these conditions.

1.2 Classification of Equine Exertional Myopathies

The classification of equine exercise-associated myopathies has evolved substantially.
Computational clustering methods have identified phenotypic patterns supporting
multiple disease subtypes, with routine muscle histopathology being helpful in sub-
categorizing phenotypes [2]. PSSM1 represents an autosomal dominant glycogen storage
disorder caused by a founder R309H mutation in the glycogen synthase gene (GYS1),
affecting more than 20 breeds [3]. In contrast, PSSM2 in Quarter Horses (PSSM2-QH) is
a novel glycogen storage disorder not resulting from mutations in genes currently known
to cause muscle glycogenoses in other species [4]. Recurrent exertional rhabdomyolysis
in Thoroughbreds appears to involve intramuscular calcium dysregulation and mito-
chondrial dysfunction, representing a fundamentally different pathophysiology from
glycogen storage disorders [5].

1.3 Objectives of This Review

This systematic review aims to: (1) extract and compare diagnostic categories, diet com-
position, exercise programs, breed predispositions, sex effects, temperament associations,
management conditions, serum biomarkers, recurrence rates, and performance outcomes
across myopathy types; (2) analyze whether low-starch/high-fat recommendations have
different mechanisms or evidence strength across PSSM and non-PSSM rhabdomyolysis;
and (3) produce a comparative matrix of disease mechanism, dietary target, evidence
level, and management implications.

2. Disease Mechanisms and Pathophysiology
2.1 Type 1 Polysaccharide Storage Myopathy (PSSM1)

PSSM1 is characterized by a gain-of-function mutation in the GYS1 gene (R309H substitu-
tion) that results in enhanced glycogen synthesis and accumulation of abnormal, amylase-
resistant polysaccharide in skeletal muscle fibers [6]. The mutation increases glycogen
synthase activity, leading to excessive glycogen storage with characteristic subsarcolem-
mal aggregates and cytoplasmic inclusions visible on PAS-amylase histochemical staining.
In affected Percheron horses, positive homozygous dominant mutations have been docu-
mented with associated severe rhabdomyonecrosis, myoglobin nephrosis, and increased
susceptibility to anesthetic complications [6].

The pathology demonstrates incomplete dominance, with homozygous horses showing
greater subclinical severity than heterozygotes. Subsarcolemmal and cytoplasmic inclu-
sions correlate with clinical severity, suggesting that physical disruption by accumulated
material contributes to the myopathic phenotype [7]. Resting and post-exercise CK and



AST activities are significantly higher in homozygotes (median resting CK 364 U/L) com-
pared to heterozygotes (301 U/L) and controls (260 U/L), with significant differences
between groups [7].

In Haflinger and Noriker horses with the GYS1 mutation, surface electromyography re-
veals reduced density of muscle activity in genetically affected animals even without overt
clinical signs, indicating that the mutation reduces functional muscle fiber recruitment [8].
Gene expression profiling in PSSM muscles reveals mitochondrial dysfunctions, glycoge-
nesis inhibition, and chronic muscle hypoxia as key pathological features [9].

2.2 Type 2 Polysaccharide Storage Myopathy in Quarter Horses (PSSM2-QH)

PSSM2-QH represents a distinct glycogen storage disorder characterized by intermedi-
ate histopathological scores and glycogen concentrations compared to PSSM1 and con-
trols. Histopathological analysis shows amylase-resistant polysaccharide scores (PSSM2-
QH: 1.4+0.6, PSSM1-QH: 2.140.3, control-QH: 0+0) and elevated glycogen concentrations
(PSSM2-QH: 129462, PSSM1-QH: 17549, control-QH: 80+27 mmol/kg) with significant
differences among groups [4]. The abnormal polysaccharide in PSSM2-QH has a less fil-
amentous ultrastructure than PSSM1-QH, and phosphorylase and phosphofructokinase
activities are normal, suggesting a different underlying mechanism.

Epidemiological analysis reveals that 17 of 30 PSSM2-QH horses with available pedigrees
descended from one of three stallions within four generations, suggesting a hereditary
component [4]. However, examination of 29 predicted high or moderate impact genetic
variants in 12 candidate genes associated with glycogenoses revealed none unique to
PSSM2-QH, indicating the genetic basis remains unknown.

Commercial genetic tests for variants in MYOT (P2), FLNC (P3a, P3b), and MYOZ3
(P4) genes marketed for PSSM2/MFM diagnosis show no significant association with
histopathological diagnosis. These variants would improperly diagnose PSSM2/MFM
in 57% of healthy Quarter Horses and fail to diagnose PSSM2 in 40% of horses with
histopathological evidence [10]. Histopathological features of myofibrillar myopathy are
absent in Quarter Horses diagnosed with PSSM2 by biopsy, distinguishing PSSM2-QH
from the MFM phenotype seen in Warmbloods [11].

2.3 Type 2 PSSM and Myofibrillar Myopathy in Warmbloods

In Warmblood horses, PSSM2 and myofibrillar myopathy (MFM) represent overlapping
diagnoses with unclear genetic etiology. Commercial genetic test variants (P2, P3a/b, P4)
in genes associated with human MFM were not significantly associated with histopatho-
logical diagnosis in Warmblood and Arabian horses [12]. Importantly, all P variants were
present in early domestic horses (400-5500 years old) and P2 was present in Przewalski
horses, suggesting these are ancient variants not specifically linked to disease pathogene-
sis.

RNA sequencing of 16 MFM candidate genes revealed 426 variants, including 26 missense
variants, but none were associated with the MFM phenotype. Candidate gene differen-



tial expression and muscle fiber specific force did not differ between MFM Warmbloods
(143.1+34.7 kPa) and non-MFM Warmbloods (140.2+43.7 kPa) [13]. The lack of vali-
dated genetic markers distinguishes PSSM2/MFM in Warmbloods as a syndrome requir-
ing histopathological diagnosis rather than genetic testing.

2.4 Recurrent Exertional Rhabdomyolysis in Thoroughbreds

RER in Thoroughbreds involves fundamentally different molecular mechanisms centered
on intracellular calcium dysregulation. Proteomic and transcriptomic analysis of gluteal
muscle reveals 125 differentially expressed proteins in RER-susceptible versus control
horses, with 52 upregulated proteins primarily involving calcium regulation (N=11),
including RYR1, calmodulin, calsequestrin, and calpain [5]. Concurrently, 73 downreg-
ulated proteins were largely mitochondrial (N=45), impacting the electron transport
system (28 proteins), with decreased mitochondrial heat shock proteins and contractile
proteins including calcium-binding proteins.

Importantly, 812 differentially expressed genes were identified in RER-susceptible
horses, involving the electron transfer system, mitochondrial transcription/translational
response, and the pro-apoptotic calcium-activated mitochondrial membrane transition
pore (SLC25A27, BAX, ATP5 subunits) [5]. When RER-susceptible horses were treated
with dantrolene, which slows sarcoplasmic reticulum calcium release, they showed no
differential gene expression compared to control horses. This finding strongly supports
that RER arises from excessive sarcoplasmic reticulum calcium release with subsequent
mitochondrial buffering of excessive myoplasmic calcium.

Calcium homeostasis studies using skin-derived myotubes transformed with MyoD have
been developed to study RYR1 function and assess responses to dantrolene, providing in-
sights into calcium handling defects underlying RER [14]. This fundamentally different
mechanism—calcium dysregulation rather than glycogen storage—has important impli-
cations for dietary management approaches.

2.5 Idiopathic and Nutritional Myopathies

Idiopathic exertional rhabdomyolysis encompasses cases without identified genetic or
metabolic etiology. In Standardbred horses, all 36 RER-susceptible horses tested were neg-
ative for the R309H GYS1 mutation, yet displayed similar risk factors to Thoroughbreds
[15]. Female horses were at significantly greater risk (odds ratio 7.1) and nervous horses
were at greater risk (odds ratio 7.9) than calm horses.

Nutritional myopathies, particularly selenium and vitamin E deficiency, cause distinct
pathology. White muscle disease in foals from selenium-deficient regions presents with
muscle weakness, inability to rise, elevated muscle enzymes, and low glutathione perox-
idase (GSH-Px) activity [16]. In adult horses, nutritional muscular dystrophy involving
masticatory and skeletal muscles can occur with selenium deficiency, demonstrated by
marked CK and AST elevations [17].

A severe form of recurrent exertional rhabdomyolysis occurring enzootically in Transyl-



vania demonstrates the role of selenium deficiency, with affected horses showing signifi-
cantly lower GSH-Px levels (P=0.006) and good correlation between erythrocyte selenium
concentration and GSH-Px (r=0.777, P<0.001) [18]. This highlights that some geographi-
cally localized rhabdomyolysis may have nutritional rather than genetic etiology.

3. Evidence for Low-Starch, High-Fat Dietary Interventions
3.1 Mechanistic Rationale for Dietary Modification in Glycogen Storage Disorders

The fundamental rationale for low-starch, high-fat diets in PSSM derives from the goal of
reducing substrate for glycogen synthesis while providing alternative energy sources. In
PSSM horses, a diet with <5% digestible energy (DE) from starch and >12% DE from fat
significantly reduces serum CK activity compared to higher starch diets [19]. The study
using four isocaloric diets (21.2%, 14.8%, 8.4%, and 3.9% DE from starch) demonstrated
that log CK activity was higher with diets A, B, and C versus the lowest starch diet D.

Postprandial insulin and glucose responses were higher for high-starch diets, while daily
insulin was higher and free fatty acid (FFA) availability lower on high-starch diets [19].
Although muscle glycogen and abnormal polysaccharide content remained high on both
extreme diets, the clinical benefit of low starch diets appears to derive from increased
FFA availability for muscle metabolism rather than glycogen reduction. Muscle oxidative
capacity and lipid stores were low in PSSM horses on all diets, suggesting that fat supple-
mentation may help overcome inherently low capacity for lipid utilization.

Long-chain fats are the best dietetic for PSSM, as demonstrated in a study comparing tri-
heptanoin (odd-chain fatty acid) to long-chain fat supplementation. Triheptanoin had
detrimental effects reflecting decreased NEFA availability, increased insulin-stimulated
glycogen synthesis, and potential inhibition of lipid oxidation [20].

3.2 Diet and Exercise Response in PSSM2 Warmblood Horses

A retrospective questionnaire study of Warmblood horses with PSSM2 (2008-2016) evalu-
ated responses to low-starch/fat-supplemented diet and exercise regimes [21]. Abnormal
traits reported by owners began at approximately 6 years of age and included performance
decline, reluctance to collect, and difficulty going forward in over 50% of horses. With diet
and exercise modification, 80% of owners reported overall improvement with significant
decreases in the proportion showing performance decline and rhabdomyolysis.

However, 53% still did not advance as expected, and performance issues persisted in
one-third of horses [21]. Median glycogen concentrations did not differ between horses
with and without persistent signs, but horses with the highest glycogen were significantly
more likely to show signs than those with lower concentrations. This indicates that low-
starch/high-fat diets can improve but do not eliminate the under-saddle characteristics of
PSSM2, suggesting different or additional mechanisms beyond glycogen accumulation.



3.3 Dietary Evidence in Recurrent Exertional Rhabdomyolysis

For Thoroughbred RER, the dietary evidence focuses more on caloric balance than spe-
cific macronutrient composition. Rations high in grain and formulated to exceed daily
energy requirements may increase episodes of rhabdomyolysis in susceptible horses [22].
This suggests that total energy intake relative to expenditure, rather than starch content
specifically, drives episodes in RER-susceptible Thoroughbreds.

Survey data from New Zealand trainers managing 1,771 Thoroughbred and Standardbred
horses reveals practical challenges [23]. The overall crude prevalence of trainer-identified
RER was 8.4%, with 98% of horses fed premixed feeds. Of horses displaying RER signs,
only 7% received dietary starch at the recommended level of less than 20% DE, and 50%
were fed specialty “tie-up” feeds while 64% still received standard racing feed concurrently.
Average starch levels were 33.441.1% DE and fat levels 17.5+0.6% DE.

Early case series established that feeding a low-carbohydrate, high-fat diet decreased sever-
ity of exercise-induced muscle injury in horses with exertional rhabdomyolysis [24]. All 19
horses had evidence of chronic myopathic changes and abnormal glycogen accumulation;
11 also had complex polysaccharide accumulation. After 3-6 months on low-starch/high-
fat diet, 16 horses had no episodes of rhabdomyolysis, with postexercise CK significantly
lower than initial values. This study predates the genetic distinction between PSSM and
RER, so the mixed population may explain the generally favorable response.

3.4 Dietary Cation-Anion Balance in RER

Research has examined whether manipulating dietary cation-anion balance (DCAB) af-
fects mineral homeostasis in RER-susceptible Thoroughbreds. The DCAB strongly affects
plasma and urine pH and fractional excretion of sodium, potassium, chloride, and phos-
phorus in both clinically normal horses and those with RER [25]. However, this approach
has not demonstrated clear clinical benefit in preventing episodes.

4. Comparative Analysis of Breed, Sex, and Temperament Effects
4.1 Breed Predispositions

Breed-specific differences in exertional myopathy prevalence and type reflect both genetic
factors and selection pressures. The GYS1 mutation causing PSSM1 has been identified
in Quarter Horse-related breeds, draft breeds including Percherons and Norikers, and
various other breeds [3]. In Noriker draft horse stallions, 38% carried the mutation, with
heterozygous horses showing significantly lower scores in driving ability, drafting manner,
kindness, and discipline during heavy-load lodging [26].

In Standardbred racehorses, the annual incidence of exertional rhabdomyolysis suscepti-
bility was 6.4% (95% CI14.6-8.2%) per 100 horses [15]. All tested RER-susceptible Standard-
breds were negative for the GYS1 mutation, indicating a distinct condition. Interestingly,
RER-susceptible Standardbreds performed better from standstill starts (p=0.04) and had
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a higher percentage of wins (p=0.006) than controls, suggesting that if the disorder has a
genetic basis, improved performance may maintain it in the population.

The Mangalarga Marchador breed in Brazil showed no occurrence of the GYS1 mutation
despite myopathy being commonly observed clinically, suggesting different underlying
causes [27]. Commercial genetic tests for P2, P3, P4 variants show breed-specific allele fre-
quencies in Warmbloods (controls/cases): 8%/15% (P2), 5%/6% (P3a/b), 9%/13% (P4);
in Arabians: 12%/17% (P2), 2%/2% (P3a/b), 7%/12% (P4) [12].

4.2 Sex Effects

Female sex represents a consistent risk factor across multiple forms of exertional rhab-
domyolysis. In Thoroughbreds, two-year-old females were most frequently affected, and
females showed an odds ratio of 7.1 (95% CI 2.1-23.4) compared to males [28]. Similarly,
in Standardbreds, female horses were at significantly greater risk than males (odds ratio
7.1;95% CI1 2.1-23.4; p=0.001) [15].

Investigation of muscle enzyme activity relative to estrous cycle stage in Italian Standard-
bred mares revealed that during diestrus, RER horses had significantly higher resting and
postexercise AST activity compared to controls, with different patterns than during estrus
[29]. During estrus, 17B-estradiol and AST activity were significantly negatively corre-
lated in control but not RER mares, suggesting possible hormonal influences on suscepti-
bility.

4.3 Temperament and Management Factors

Temperament represents a modifiable risk factor particularly relevant for RER in Thor-
oughbreds. Nervous or extremely nervous horses were 5.4 times more likely to develop
exertional rhabdomyolysis than calm horses, and horses with some form of lameness were
4.2 times more likely to have episodes [28]. Episodes commonly developed in susceptible
horses on a day of rest prior to exercise or when galloped rather than receiving routine
exercise.

Case management in an Argentine mare with exertional rhabdomyolysis demonstrated
the integrated approach: movement restriction, analgesic/anti-inflammatory treatment,
vitamin E/selenium supplementation, and gentle walking exercise with low carbohydrate
diet during recovery, with muscle function gradually returning over 4 weeks [30].

5. Selenium and Vitamin E in Exertional Myopathies
5.1 Nutritional Myopathies: Distinct from Glycogen Storage Disorders

Selenium and vitamin E deficiency cause nutritional myopathy distinct from glycogen stor-
age disorders but presenting with overlapping clinical signs. White muscle disease in foals



occurs in selenium-deficient regions, with affected animals showing muscle weakness, el-
evated CK and AST, low GSH-Px, and necropsy findings of skeletal muscle necrosis [16].
The Netherlands contains sufficiently selenium-deficient regions to predispose foals to
WMD, especially when fed locally harvested roughage.

Selenium deficiency may contribute to acquired recurrent exertional rhabdomyolysis syn-
dromes in specific geographic regions. In Transylvania, an enzootic equine recurrent rhab-
domyolysis syndrome affects 17-23% of horses at high altitude settlements versus <2% in
neighboring valley villages [ 18]. Hay from affected areas had lower selenium content, and
affected horses had significantly lower GSH-Px levels. This represents a potentially pre-
ventable form of recurrent rthabdomyolysis with selenium supplementation rather than
starch restriction as the primary intervention.

5.2 Antioxidant Status in Performance Horses

Selenium supplementation augments calcium release from sarcoplasmic reticulum and
improves skeletal muscle performance, with effects accompanied by increased selenopro-
tein N expression, which could improve oxidative stress tolerance during sustained con-
traction [31]. Selenium has global impacts beyond antioxidant function, influencing mi-
tochondrial capacity and muscular health through selenoproteins H, N, W, and O, which
exhibit varying mitochondrial and/or calcium homeostasis influences [32].

Coenzyme Q10 supplementation (1600 mg/d) in Thoroughbred horses showed altered
mitochondrial substrate utilization with enhanced respiration via complex II and de-
creased reliance on complex I, supporting alternative energy pathways during exercise
[33]. This demonstrates that antioxidant supplementation can modify muscle energetics
independent of starch/fat macronutrient ratios.

5.3 Interaction Between Selenium Status and Myopathy Susceptibility

Dietary selenium imbalances can manifest with diverse clinical signs including tremors
and shivering (deficiency) or reproductive dysfunction (toxicity) [34]. Zinc, copper, and
selenium deficiencies in pregnant broodmares are subclinical but prevalent, with all stud-
ied mares showing zinc concentrations below reference range [35]. Selenium is critical for
spermatozoa function and affects motility and oocyte fusion through lipid peroxidation
effects [36].

In animal nutrition broadly, selenium deficiency manifests differently across species: in
foals, WMD and yellow fat disease; in calves, lambs, and kids, WMD; in pigs, vitamin
E/selenium deficiency syndrome [37]. Prevention requires adequate supplementation,
with forms including sodium selenite and organic selenium (selenomethionine) showing
different tissue distribution and retention patterns [38].




6. Management Integration: Exercise, Diet, and Pharmacological Ap-
proaches

6.1 Exercise Programs Across Disease Categories

Regular exercise is recommended for PSSM and shows benefit independent of diet in re-
ducing clinical signs. In PSSM2 Warmblood horses, combined diet and exercise manage-
ment led to 80% owner-reported improvement [21]. However, the relative contribution of
each intervention is difficult to separate in retrospective studies.

For RER in Thoroughbreds, management minimizing excitability, particularly when tai-
lored to each horse, may be effective in controlling episodes [28]. Episodes commonly de-
velop during irregular exercise patterns—either after rest days or with sudden increase in
intensity. The multifactorial nature of poor performance was confirmed in Standardbred
racehorses, with myopathies along with metabolic equivalents, dynamic upper airway ob-
structions, and gastric ulceration representing main diseases affecting fitness [39].

6.2 Pharmacological Interventions: Dantrolene and Calcium Regulation

Dantrolene, which slows sarcoplasmic reticulum calcium release, is used prophylactically
for RER in Thoroughbreds. The finding that RER-susceptible horses treated with dantro-
lene showed no differential gene expression compared to control horses strongly supports
excessive sarcoplasmic reticulum calcium release as the central mechanism [5]. This phar-
macological response clearly distinguishes RER from glycogen storage disorders, where
dietary intervention rather than calcium channel modulation is the primary approach.

6.3 Integrated Management Recommendations

Dietary management should be disease-specific when diagnosis permits. For documented
PSSM1 (GYS1-positive), strict low-starch (<5% DE) and high-fat (>12% DE) diets are
evidence-based [3], [19]. For PSSM2-QH diagnosed by histopathology, low starch/fat
supplementation combined with regular exercise provides improvement though not com-
plete resolution [4]. For RER in Thoroughbreds, caloric management avoiding excess en-
ergy intake, consistent exercise routines, and temperament management appear more im-
portant than strict macronutrient ratios, with dantrolene as adjunctive therapy [5], [22].

For nutritional myopathies, selenium and vitamin E supplementation with appropriate
attention to geographic risk factors is the primary intervention [16], [18]. Carbohydrate
metabolism differences are secondary considerations in these cases.

7. Comparative Disease-Diet-Evidence Matrix

diseasemechanismcomparison.png

Figure 1. Comparative disease mechanisms and dietary response across equine exertional
myopathies. Glycogen storage disorders (PSSM1, PSSM2-QH) show the strongest dietary
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response, while calcium dysregulation disorders (RER) show variable response. Evidence
levels are categorized by diagnostic certainty. Data synthesized from sources including
Ribeiro et al., Valberg et al., and Williams et al.

dietaryrecommendationscomparison.png

Figure 2. Recommended dietary composition across equine myopathies. Glycogen storage
disorders require strictest starch restriction (<5-10% DE) and highest fat supplementation
(>10-12% DE). Data derived from Ribeiro et al. and Valberg et al.

evidencestrengthmatrix.png

Figure 3. Evidence strength matrix for diagnosis and management of equine exertional
myopathies. PSSM1 has the strongest evidence across all categories due to validated ge-
netic testing (GYS1 mutation). RER has high evidence for biochemical markers (CK/AST)
and exercise management but lower evidence for specific dietary efficacy. Data synthe-
sized from multiple sources.
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Recurrendeow with ~ Moderate Moderate Moderate- High Low with sup-

Risk dietary (1/3 High plementation
compliance persis-
tent)

7.2 Key Distinguishing Features

The matrix reveals critical distinctions:

1. Glycogen storage disorders (PSSM1, PSSM2-QH) have the strongest evidence for
dietary intervention, with specific starch thresholds (<5% DE for PSSM1) and doc-
umented reduction in postexercise CK activity [19].

2. Calcium dysregulation disorders (RER) respond to dantrolene treatment with nor-
malization of gene expression profiles [ 5], suggesting pharmacological management
may be more targeted than dietary modification.

3. PSSM2/MFM in Warmbloods lacks validated diagnostic testing; commercial ge-
netic tests do not correspond to histopathological diagnosis [12], complicating treat-
ment targeting.

4. Nutritional myopathies require selenium/vitamin E supplementation rather than
macronutrient modification, representing a fundamentally different intervention
[18].

8. Conclusions and Implications
8.1 Disease-Specific Versus Generalized Recommendations

This comparative review demonstrates that low-starch/high-fat dietary recommendations
are disease-specific for glycogen storage myopathies, with the strongest evidence base for
PSSM1, where dietary modification directly addresses the pathophysiological mechanism
of enhanced glycogen synthesis driven by insulin stimulation. For PSSM2-QH, similar
recommendations provide clinical improvement, though underlying mechanisms differ
and complete resolution is uncommon.

For recurrent exertional rhabdomyolysis in Thoroughbreds, dietary recommendations
represent generalized tying-up management strategies rather than mechanism-specific
interventions. The central pathophysiology involves intracellular calcium dysregulation
rather than glycogen accumulation [5], explaining why dietary modification alone shows
inconsistent efficacy. Caloric management avoiding excess energy, consistent exercise
programming, temperament management, and dantrolene prophylaxis address the
actual disease mechanisms more directly than strict macronutrient ratios.
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8.2 Implications for Clinical Practice

Clinicians should pursue definitive diagnosis before implementing dietary interventions:

e For PSSM1: Genetic testing (GYS1) provides definitive diagnosis, and dietary modi-

fication (<5% DE starch, >12% DE fat) with regular exercise is evidence-based with
high response rates [3], [19].

For PSSM2-QH: Muscle biopsy with histopathological evaluation remains neces-
sary given the lack of validated genetic tests [10]. Low-starch/fat-supplemented
diets combined with regular exercise improve 80% of cases but do not eliminate all
signs [21].

For RER in Thoroughbreds: Management should focus on caloric balance, exercise
regularity, temperament management, and dantrolene prophylaxis rather than strict
starch restriction [5], [28].

For nutritional myopathies: Geographic risk assessment, selenium/vitamin E status
testing, and appropriate supplementation address the underlying deficiency [16],
[18].

8.3 Future Research Directions

Critical gaps remain in understanding;:

1.
2.

3.
4.

5.

The genetic basis of PSSM2-QH despite its hereditary pattern [4]

Why PSSM2/MFM commercial genetic tests show no association with histopatho-
logical diagnosis [12]

The relative contributions of diet versus exercise in clinical improvement

Optimal integration of pharmacological (dantrolene) and nutritional approaches for
RER

Gene-environment interactions affecting individual responses to dietary interven-
tion

The evidence clearly supports disease-specific rather than blanket dietary recommenda-
tions, with glycogen storage disorders warranting strict starch restriction while calcium
dysregulation disorders require alternative management strategies. This differentiation
is essential for optimizing treatment outcomes across the spectrum of equine exertional
myopathies.
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