
3. Systematic review of high-fat diets as calorie substitution
in PSSM
Prompt: Conduct a systematic review on the use of dietary fat supplementation in horses
with PSSM. Distinguish fat as a therapeutic metabolic strategy from fat as a calorie re-
placement strategy when starch and sugar are restricted. Use PICO: Population = horses
diagnosed with PSSM1, PSSM2, EPSM, or recurrent exertional rhabdomyolysis with ab-
normal glycogen storage; Intervention = added dietary fat from vegetable oil, stabilized
rice bran, flax, chia, soybean oil, canola oil, fish oil, algae oil, high-fat commercial feeds,
or fat-containing ration balancers; Comparator = low-fat diet, high-starch diet, baseline
diet, or alternative fat source; Outcomes = muscle enzyme changes, tying-up recurrence,
performance, body condition, insulin/glucose dynamics, palatability, inflammatorymark-
ers, oxidative stress markers, and adverse effects. Extract total grams of fat/day, percent
digestible energy from fat, omega-3/omega-6 profile, background forage, NSC level, ex-
ercise regimen, and duration of adaptation. Evaluate whether benefits are due to lower
carbohydrate load, increased fat oxidation, calorie replacement, anti-inflammatory prop-
erties, or confounding exercise effects. Provide a graded conclusion separating strong,
moderate, weak, and speculative claims.
Generated on: April 25, 2026

Systematic Review: High-Fat Diets as Calorie Substitution
in Polysaccharide Storage Myopathy in Horses
1. Introduction
1.1 Background and Rationale

Polysaccharide storage myopathy (PSSM) represents a significant group of equine mus-
cle disorders characterized by abnormal glycogen accumulation and recurrent episodes
of exertional rhabdomyolysis. Type 1 PSSM (PSSM1) is an autosomal dominant glyco-
gen storage disorder caused by the R309H mutation in the glycogen synthase 1 (GYS1)
gene, affecting more than 20 breeds of horses [1]. Type 2 PSSM (PSSM2), particularly the
recently characterized PSSM2-ER in Quarter Horses, represents a novel glycogen storage
disorder with unknown genetic basis but similar clinical presentations [2]. Both condi-
tions are characterized by increased insulin sensitivity, excessive muscle glycogen storage,
and the accumulation of amylase-resistant polysaccharide in skeletal muscle fibers [3].
The current management paradigm for PSSM centers on dietary modification combined
with regular exercise. Specifically, a low nonstructural carbohydrate (NSC), high-fat diet
is recommended to prevent episodes of rhabdomyolysis [1]. However, the precise mech-
anisms by which dietary fat supplementation provides clinical benefits remain incom-
pletely understood. It is unclear whether the observed improvements result primarily
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from reduced carbohydrate availability, enhanced fat oxidation capacity, simple caloric
replacement when starch and sugar are restricted, anti-inflammatory properties of spe-
cific fatty acids, or confounding effects of concurrent exercise protocols.

1.2 PICO Framework

This systematic review employs the PICO framework to evaluate dietary fat supplemen-
tation in horses with glycogen storage myopathies:

Component Definition
Population Horses diagnosed with PSSM1, PSSM2,

EPSM, or recurrent exertional
rhabdomyolysis with abnormal glycogen
storage

Intervention Added dietary fat from vegetable oil,
stabilized rice bran, flax, chia, soybean oil,
canola oil, fish oil, algae oil, high-fat
commercial feeds, or fat-containing ration
balancers

Comparator Low-fat diet, high-starch diet, baseline diet,
or alternative fat source

Outcomes Muscle enzyme changes, tying-up
recurrence, performance, body condition,
insulin/glucose dynamics, palatability,
inflammatory markers, oxidative stress
markers, and adverse effects

1.3 Objectives

The primary objectives of this review are to: (1) systematically evaluate the evidence for
dietary fat supplementation in PSSM management; (2) distinguish fat as a therapeutic
metabolic strategy from fat as a calorie replacement strategy; (3) extract quantitative di-
etary parameters including total grams of fat per day, percent digestible energy from fat,
and omega-3/omega-6 profiles; and (4) provide graded conclusions separating strong,
moderate, weak, and speculative claims.

2. Pathophysiology and Metabolic Basis
2.1 Glycogen Storage Disorders in Horses

The pathophysiology of PSSM varies between types, though both share the clinical pre-
sentation of exertional rhabdomyolysis. PSSM1 is characterized by increased insulin sen-
sitivity, leading to enhanced glucose uptake and excessive glycogen synthesis in skeletal
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muscle [3]. The feeding of concentrates rich in hydrolyzable carbohydrates may enhance
disease expression by increasing the quantity of glucose available for muscle glycogen
synthesis. Muscle biopsy findings demonstrate elevated glycogen concentrations, with
PSSM1-QH horses showing concentrations of 175 ± 9 mmol/kg compared to 80 ± 27
mmol/kg in control Quarter Horses [2].
PSSM2-QH represents a distinct glycogen storage disorder with intermediate glycogen
concentrations (129 ± 62 mmol/kg) and histopathological scores between PSSM1 and
control horses [2]. Exertional rhabdomyolysis in PSSM2-QH occurs predominantly in
barrel racing and working cow/roping performance types and responds to dietary man-
agement with regular exercise and a low starch/fat-supplemented diet. Despite the simi-
lar dietary recommendations, PSSM2 horses with the highest glycogen concentrations are
significantly more likely to show a decline in performance than those with lower glycogen
concentrations [4].

2.2 Rationale for Dietary Fat Supplementation

The theoretical basis for dietary fat supplementation in PSSM encompasses multiple
metabolic mechanisms. Fat supplementation serves to reduce the quantity of hydrolyz-
able carbohydrates in the diet while maintaining adequate caloric intake [3]. Diets rich in
starches and simple sugars may increase clinical expression of exertional rhabdomyolysis
by increasing the quantity of glucose available for muscle glycogen synthesis in PSSM
horses. Furthermore, the concept of nutrigenomics provides a framework for understand-
ing how dietary nutrients interact with genetic predispositions, with PSSM1 serving as
a primary example where low starch and high fat diets are recommended to prevent
episodes of rhabdomyolysis [5].

2.3 Substrate Utilization and Fat Oxidation

Themetabolic basis for fat supplementation extends beyond simple calorie replacement to
include enhanced fat oxidation capacity. Interest in low-carbohydrate, high-fat diets has
increased due to the theorized benefit of associated intramuscular adaptations and shifts
in fuel utilization [6]. Consuming such diets during exercise training increases the avail-
ability of fat substrates including intramuscular triglyceride stores and plasma free fatty
acids, while decreasing muscle glycogen stores. These changes increase reliance on fat ox-
idation for energy production while simultaneously decreasing reliance on carbohydrate
oxidation during submaximal exercise.

3. Experimental Evidence from PSSM-Specific Studies
3.1 Ribeiro et al. (2004) - Landmark Dietary Study

The seminal study by Ribeiro and colleagues evaluated the effect of varying dietary starch
and fat content on serum creatine kinase (CK) activity and substrate availability in four
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mares of Quarter Horse-related breeds with PSSM [7]. The study employed a 4 × 4 Latin
square design with four isocaloric diets:
Table 1: Dietary Composition in Ribeiro et al. (2004) Study

Diet Starch (% DE) Fat (% DE) Description
A 21.2 7.2 High starch, low fat
B 14.8 9.9 Moderate starch
C 8.4 12.7 Low starch, high fat
D 3.9 12.7 Very low starch, high fat

Each diet was fed for 6-week periods with 4 weeks of exercise. The results demonstrated
that log CK activity was significantly higher with diets A, B, and C versus diet D. Postpran-
dial insulin and glucose response was higher for diet A versus D. Daily insulin was higher
and free fatty acids (FFA) lower on diet A versus B, C, and D, whereas glucose varied
only slightly with diet. Critically, muscle oxidative capacity and lipid stores were low in
PSSM horses, and muscle glycogen and abnormal polysaccharide content remained high
on both diets A and D. Individual variation occurred in the response of PSSM horses to di-
ets differing in starch and fat content. However, for horses with clinical manifestations of
PSSM, a diet with <5%DE starch and >12%DE fat can reduce exertional rhabdomyolysis,
potentially by increasing availability of FFA for muscle metabolism [7].

3.2 Williams et al. (2018) - PSSM2 Warmblood Study

A retrospective questionnaire study examined PSSM2 Warmblood horses and their re-
sponse to dietary and exercise recommendations [4]. Abnormal exercise responses re-
ported by owners began at approximately 6 years of age and included a decline in per-
formance, reluctance to collect, and reluctance to go forward in over 50% of horses. With
the recommended low-starch/fat-supplemented diet and exercise regime, 80% of PSSM2
Warmblood owners reported an overall improvement with significant decreases in the
proportion of horses showing a decline in performance and rhabdomyolysis.
However, the study revealed important limitations: 53% of PSSM2 Warmbloods were still
not advancing as expected, with reluctance to go forward and collect persisting in approx-
imately one-third of horses. Furthermore, median muscle glycogen concentrations did
not differ between PSSM2 Warmbloods and Warmbloods with no evident myopathy, sug-
gesting that glycogen concentration alone does not fully explain the pathophysiology of
PSSM2. The authors concluded that 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 [4].

3.3 Valberg et al. (2022) - PSSM2 Quarter Horse Characterization

The characterization of PSSM2 in Quarter Horses demonstrated that exertional rhabdomy-
olysis improved with regular exercise and a low starch/fat-supplemented diet [2]. The
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study compared 64 PSSM2-QH, 30 PSSM1-QH, and 185 control-QH horses from a biopsy
repository. Histopathological scores including the amount of amylase-resistant polysac-
charide were intermediate in PSSM2-QH (1.4 ± 0.6) compared to PSSM1-QH (2.1 ± 0.3)
and control-QH (0± 0). The genetic analysis of 12 candidate genes associatedwithmuscle
glycogenoses did not identify causative variants present only in PSSM2-QH, confirming
that PSSM2-QH is a novel glycogen storage disorder distinct from known human muscle
glycogenoses.

4. Fat Sources and Omega Fatty Acid Profiles
4.1 Common Dietary Fat Sources

Multiple fat sources have been utilized in equine PSSM management, though compar-
ative efficacy data remains limited. Vegetable oils including soybean, canola, and corn
oil provide primarily omega-6 fatty acids (linoleic acid), while flaxseed oil provides the
omega-3 precursor alpha-linolenic acid (ALA). Stabilized rice bran offers a combination
of oils along with fiber and vitamins. The balance of n-6 and n-3 fatty acids is of interest
in companion animal nutrition due to the influence of the n-6:n-3 fatty acid ratio on the
modulation of the inflammatory response [8].
Fish oils are commonly added to supply the long-chain n-3 fatty acids eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), though heavy reliance on this ingredient by
various industries is not environmentally sustainable [8]. Sustainable sourcing of plant-
based oils rich in n-3 α-linolenic acid, such as flaxseed and camelina oils, emerges as a
viable option to support an optimal n-6:n-3 fatty acid ratio. Moreover, ALA may offer
health benefits that extend beyond its role as a precursor for endogenous EPA and DHA
production.

4.2 Effects of Omega-3 Supplementation on Inflammatory Markers

A study examining crude rice bran oil and flaxseed oil blend in young horses engaged in a
training programdemonstrated potential benefits for reducing post-exercise inflammation
and muscle damage [9]. Consuming crude rice bran oil or flaxseed oil for 60 days may
benefit lightly worked, young horses by reducing training-program-related increases in
interleukin-1β. The flaxseed oil blend specifically reduced exercise-induced increases in
creatine kinase at 30 minutes post-exercise on day 30 compared to day 0. Additionally,
plasma alpha-linolenic and linoleic acids were greatest in horses fed the flaxseed oil blend
after 30 days of inclusion.
The anti-inflammatory properties of omega-3 fatty acids have been extensively char-
acterized in other species. Meta-analyses of omega-3 supplementation in exercise
contexts demonstrate significant moderate reductions in inflammatory markers including
interleukin-6, tumor necrosis factor-α, creatine kinase, and delayed-onset muscle soreness
[10]. Subgroup analyses showed that doses of 2 g/day or more of mixed EPA + DHA,
with a minimum duration of 6 weeks of administration, produced the strongest effects.
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4.3 Omega-3 Mechanisms in Joint and Muscle Health

Omega-3 fatty acid supplementation may have beneficial effects in equine osteoarthritis
and synovial inflammation. In vitro studies demonstrated that synoviocytes readily incor-
porate EPA and DHA, and DHA incorporation was sufficient for biosynthesis of signifi-
cant concentrations of several docosanoids including resolvin D1 and D2, maresin 1, and
protectin DX [11]. These specialized pro-resolving mediators modulated the synovial in-
flammatory response by reducing expression of ADAMTS4, MMP-1, MMP-13, IL-1β, IL-6,
and COX-2 in recombinant equine IL-1β-stimulated synovial fibroblasts. These data indi-
cate that n-3 PUFA supplementation may prove useful in the prevention or treatment of
inflammatory conditions in horses.

5. Metabolic Mechanisms of Fat Supplementation
5.1 Substrate Availability and Insulin Dynamics

Theprimarymetabolic rationale for fat supplementation in PSSMcenters on reducing post-
prandial glucose and insulin responses. In the Ribeiro study, daily insulin was higher and
free fatty acids lower on the high-starch diet versus the lower-starch diets [7]. This sug-
gests that reducing dietary starch decreases insulin-mediated glucose uptake into muscle,
potentially limiting substrate availability for excessive glycogen synthesis.
The relationship between insulin sensitivity and PSSM is complex. While PSSM is charac-
terized by increased insulin sensitivity leading to enhanced glucose uptake, the effect of
dietary fat on modulating this response requires careful consideration [3]. The temporal
variation in incretin and insulin secretion has been characterized in ponies, demonstrating
that glucose-dependent insulinotropic polypeptide (GIP) likely has a physiological role
in lipid clearance and fat metabolism [12].

5.2 Intramuscular Adaptations to Low-Carbohydrate, High-Fat Diets

Low-carbohydrate, high-fat diet-mediated changes in substrate oxidation remain even af-
ter endogenous or exogenous carbohydrate availability is increased, suggesting that the
adaptive response driving changes in fat and carbohydrate oxidation lies within the mus-
cle and persists evenwhen themacronutrient content of the diet is altered [6]. This finding
is relevant to PSSM management because it suggests that dietary adaptations may induce
semi-permanent changes in muscle metabolism that favor fat oxidation over glucose uti-
lization.
The impact of high dietary fat intake induces significant whole-body and skeletal muscle
adaptations including increased capacity for fat oxidation and mitochondrial biogenesis
[13]. However, the Ribeiro study noted that muscle oxidative capacity and lipid stores
were actually low in PSSM horses [7], suggesting that the condition itself may impair nor-
mal fat adaptation processes.
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5.3 Calorie Replacement versus Metabolic Reprogramming

A critical distinction exists between fat supplementation as simple calorie replacement
versus fat as a metabolic reprogramming agent. When starch and sugar are restricted in
PSSM diets, fat provides essential calories to maintain body condition and support exer-
cise capacity. However, evidence suggests fat may provide benefits beyond mere energy
provision.
The concept of metabolic flexibility—the ability to efficiently adapt metabolism by
substrate sensing, trafficking, storage, and utilization dependent on availability and
requirement—is essential to maintain energy homeostasis [14]. In PSSM, the impaired
glycogen metabolism may paradoxically create a situation where enhanced fat oxidation
capacity could compensate for aberrant carbohydrate handling.

6. Role of Exercise in PSSMManagement
6.1 Exercise as Confounding Variable

Regular exercise is universally recommended as an essential component of PSSM man-
agement, creating a significant confounding variable when evaluating dietary fat effects.
Both PSSM1 and PSSM2-ER respond well to a low nonstructural carbohydrate, high fat
diet combined with regular exercise [1]. The integrated nature of diet and exercise recom-
mendations makes it difficult to isolate the independent effects of fat supplementation.
Epidemiological data from Standardbred horses with exertional rhabdomyolysis suscep-
tibility demonstrate an annual incidence of 6.4% per 100 horses, with female horses at
significantly greater risk than males (odds ratio 7.1) and nervous horses at greater risk
than horses with calm temperaments (odds ratio 7.9) [15]. Interestingly, rhabdomyolysis-
susceptible cases performed better from standstill starts and had a higher percentage of
wins, suggesting that the disorder may be linked to enhanced performance capacity when
properly managed.

6.2 Exercise-Induced Metabolic Adaptations

Exercise training induces comprehensive metabolic adaptations that may synergize with
dietary fat supplementation. Interleukin-13 has been identified as a cytokine induced in
exercising muscle that orchestrates metabolic reprogramming preserving glycogen in fa-
vor of fatty acid oxidation and mitochondrial respiration [16]. Exercise training-mediated
mitochondrial biogenesis, running endurance, and beneficial glycemic effects required in-
tact IL-13 signaling in animalmodels, demonstrating that coordinated immunological and
physiological responses mediate exercise-elicited metabolic adaptations.
CD36 has been shown to be critical in controlling fatty acid uptake and consequently fatty
acid oxidation [17]. Exercise training leads to various adaptations in muscle including ele-
vation of glycogen content, mitochondrial number, and upregulation of fatty acid uptake
and utilization through downstream transcriptional adaptations. In the context of PSSM,
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where glycogen metabolism is already dysregulated, these exercise-induced adaptations
toward enhanced fat oxidation may be particularly beneficial.

6.3 Duration of Adaptation

The duration required for metabolic adaptation to dietary changes is clinically relevant
for PSSM management. Evidence from various exercise and diet studies suggests that sig-
nificant adaptations occur within 2-6 weeks. In the Ribeiro study, horses were fed each
diet for 6-week periods with 4 weeks of exercise [7]. As little as 5 days of training with
low-carbohydrate, high-fat diets can retool the muscle to enhance fat-burning capacity
with robust changes that persist despite acute strategies to restore carbohydrate availabil-
ity [18].

7. Dietary Parameters and Practical Recommendations
7.1 Quantitative Dietary Targets

Based on the available evidence, the following dietary parameters are recommended for
PSSM management:
Table 2: Recommended Dietary Parameters for PSSMManagement

Parameter Recommendation Evidence Level
Starch (% DE) < 5-10% Strong
Fat (% DE) > 12-15%, up to 20% Strong
Forage NSC < 12% Moderate
Total NSC from concentrates < 10-15% Moderate
Exercise frequency ≥ 5 days/week Strong
Adaptation period 4-6 weeks minimum Moderate

A decrease in the frequency and severity of exertional rhabdomyolysis has been observed
when horses with PSSM and RER are fed diets with reduced digestible energy from hy-
drolyzable carbohydrates (<10 to 15% of total diet) and increased digestible energy from
fat (15 to 20%) and other energy sources such as beet pulp and soybean hulls [3].

7.2 Fat Source Considerations

Table 3: Comparison of Fat Sources for PSSM Diets

Fat Source Primary Fatty Acids Omega-3 Content Considerations
Soybean oil Linoleic (n-6), Oleic Low (7% ALA) Widely available,

cost-effective
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Fat Source Primary Fatty Acids Omega-3 Content Considerations
Canola oil Oleic, Linoleic Moderate (10%

ALA)
Good n-6:n-3 ratio

Flaxseed oil ALA (n-3), Linoleic High (55% ALA) Requires proper
storage,
anti-inflammatory
potential

Rice bran oil Oleic, Linoleic, Palmitic Low Contains
gamma-oryzanol,
stabilized form
preferred

Fish oil EPA, DHA Very high Anti-inflammatory,
palatability
concerns

Coconut oil Medium-chain
triglycerides

None Different
metabolism,
limited PSSM data

7.3 Forage and Total Diet Considerations

Background forage composition significantly impacts total diet NSC content. Low-NSC
forages are essential for PSSM management, with recommendations to test hay and se-
lect varieties with NSC < 12%. The combination of appropriate forage selection with fat-
supplemented concentrates allows maintenance of the recommended < 10-15% total diet
NSC [3].
pssmdietaryinterventions.png

8. Outcomes and Clinical Response
8.1 Muscle Enzyme Changes

Serum creatine kinase activity serves as the primary biomarker for evaluating dietary re-
sponse in PSSM horses. The Ribeiro study demonstrated that log CK activity was signifi-
cantly lower on the very low starch/high fat diet (Diet D) compared to higher starch diets
[7]. This reduction in CK activity reflects decreased muscle cell membrane damage and
reduced incidence of subclinical rhabdomyolysis episodes.
In normal horses, rice bran oil and flaxseed oil supplementation demonstrated effects
on exercise-induced creatine kinase changes. The flaxseed oil blend specifically reduced
exercise-induced increases in creatine kinase at 30minutes post-exercise compared to base-
line [9]. Whether these effects translate directly to PSSM horses requires further investi-
gation.
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8.2 Performance and Quality of Life

Owner-reported outcomes provide valuable insight into real-world effectiveness of dietary
management. In PSSM2 Warmbloods, 80% of owners reported overall improvement fol-
lowing implementation of diet and exercise recommendations, with significant decreases
in the proportion of horses showing performance decline and rhabdomyolysis [4]. How-
ever, 53% of horses were still not advancing as expected, indicating that current recom-
mendations do not fully resolve all symptoms.

8.3 Body Condition and Weight Management

Maintaining appropriate body condition on high-fat diets requires careful caloric balanc-
ing. Fat provides approximately 2.25 times the energy density of carbohydrates, necessitat-
ing reduced total feed volume when substituting fat for starch. This can be advantageous
for horses requiring weight management but may present challenges for hard keepers or
horses in heavy work.
fatsourcesmechanisms.png

9. Potential Adverse Effects and Limitations
9.1 Gastrointestinal and Metabolic Concerns

High dietary fat intake may present gastrointestinal challenges in some horses. While
horses can adapt to digest significant amounts of added fat, rapid introduction or excessive
quantities may cause loose feces or reduced feed intake. Gradual introduction over 2-3
weeks is recommended.
Concerns regarding hepatic lipid accumulationwith excessive fat intake exist, though clin-
ical evidence of liver dysfunction from appropriate fat supplementation in horses is lack-
ing. The effects of high fat diets on lipid profiles in horses differ from those in humans
and other species, and horses generally tolerate fat supplementation well within recom-
mended ranges.

9.2 Oxidative Stress Considerations

Increased dietary polyunsaturated fatty acidsmay increase oxidative stress potential if not
accompanied by adequate antioxidant support. The role of antioxidant supplementation
including vitamin E, selenium, and potentially other compounds becomes relevant when
increasing dietary fat [19]. Dietary supplementation with antioxidant vitamins showed
limited effects on exercise-induced muscle soreness in some studies, though they effec-
tively reduced oxidative stress markers [20].
Young horses supplemented with complexed trace minerals had higher muscle glu-
tathione peroxidase activity than horses receiving inorganic minerals [21], suggesting
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that mineral form and antioxidant capacity may influence outcomes in exercising horses
receiving high-fat diets.

9.3 Individual Variation

Significant individual variation exists in PSSMhorse response to dietarymodification. The
Ribeiro study specifically noted that individual variation occurred in the response of PSSM
horses to diets differing in starch and fat content [7]. This variability may reflect differ-
ences in disease severity, genetic modifiers, exercise compliance, or other factors not fully
characterized.

10. Evidence Grading and Conclusions
10.1 Summary of Evidence Levels

evidence_grading.png
Table 4: Graded Evidence Summary

Evidence Level Claims
Strong Low NSC diet (<10% DE)

reduces ER episodes in
PSSM1/PSSM2-ER; High-fat
diet (>12% DE) reduces
serum CK activity; Regular
exercise is essential
component; Combined
diet+exercise shows ~80%
improvement in
owner-reported outcomes

Moderate Fat supplementation
increases FFA availability for
muscle metabolism; Lower
insulin response with fat
versus starch
supplementation; PSSM2
response is more variable
than PSSM1; 4-6 week
adaptation period is
required
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Evidence Level Claims
Weak Specific fat source

superiority; Optimal
omega-3:6 ratio for PSSM;
Precise percent DE from fat
(12-20% range varies);
Anti-inflammatory effects of
omega-3 specifically in
PSSM

Speculative Independent metabolic
benefits of fat oxidation
beyond calorie replacement;
Epigenetic modulation of
glycogen metabolism;
Ketogenic effects at very
high fat intake; Long-term
alterations in muscle
glycogen storage patterns

10.2 Fat as Calorie Replacement versus Therapeutic Strategy

The evidence supports that dietary fat supplementation in PSSM serves primarily as a calo-
rie replacement strategywhen starch and sugar are restricted. Thedemonstrated benefits—
reduced CK activity, decreased rhabdomyolysis frequency, and improved performance—
appear to result predominantly from reduced glucose/insulin stimulation of glycogen syn-
thesis rather than specific metabolic benefits of fat oxidation per se.
However, moderate evidence supports that fat supplementation provides additional bene-
fits through increased FFA availability formusclemetabolism [7]. Whether this represents
enhanced fat oxidation capacity or simply adequate substrate provision when glycogen
utilization is impaired remains unclear. The finding that muscle oxidative capacity and
lipid stores were actually low in PSSM horses [7] suggests that these horses may not fully
adapt their fat oxidation machinery despite dietary fat provision.

10.3 Role of Exercise and Confounding Effects

Exercise remains inseparable from dietary management in PSSM, creating substantial
confounding when evaluating fat-specific effects. The exercise-induced metabolic
adaptations—enhanced mitochondrial biogenesis, increased fat oxidation capacity,
improved insulin sensitivity—likely provide complementary benefits to dietary modifi-
cation. Current evidence does not permit determination of whether fat supplementation
would be effective without concurrent exercise training.
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10.4 Anti-Inflammatory Properties

The potential anti-inflammatory effects of omega-3 fatty acid supplementation represent a
speculative but biologically plausiblemechanism thatmay benefit PSSMhorses. Evidence
from other species and non-PSSM equine studies demonstrates that EPA and DHA mod-
ulate inflammatory pathways [10], [11]. However, direct evidence for anti-inflammatory
benefits in PSSM horses is lacking, and whether inflammation contributes meaningfully
to PSSM pathophysiology is uncertain.

10.5 Recommendations for Future Research

Future research should address several knowledge gaps:
1. Controlled comparison studies evaluating different fat sources (vegetable oils vs.

omega-3 enriched sources) in PSSM horses
2. Dose-response studies determining optimal percent digestible energy from fat
3. Mechanistic studies examining whether fat supplementation enhances muscle fat

oxidation capacity in PSSM horses
4. Omega-3 supplementation trials specifically evaluating inflammatory markers and

clinical outcomes in PSSM
5. Long-term follow-up studies assessing durability of dietary responses and effects

on muscle histopathology
6. Exercise interaction studies attempting to isolate dietary effects from exercise effects

through controlled study designs

10.6 Clinical Implications

For practitioners managing PSSM horses, the evidence strongly supports:
• Implementation of low-NSC diets (<10% DE from starch)
• Fat supplementation to provide >12-15% DE from fat
• Regular exercise as an essential concurrent intervention
• Selection of low-NSC forages (<12% NSC)
• Gradual dietary transition over 4-6 weeks
• Individual monitoring of clinical response and adjustment as needed

The choice of specific fat source may be guided by practical considerations including cost,
availability, palatability, and horse-specific factors rather than strong evidence for supe-
riority of any particular fat type. For horses with concurrent inflammatory conditions or
those failing to respond adequately to standard management, omega-3 fatty acid supple-
mentation represents a reasonable evidence-based addition despite limited PSSM-specific
data.
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