
10. Systematic review of biomarkers for monitoring dietary
response in PSSM
Prompt: Conduct a systematic review of biomarkers and outcome measures used to mon-
itor response to nutritional management in PSSM. Include serum CK, AST, LDH, muscle
biopsy findings, muscle glycogen, genetic testing, glucose/insulin response, vitamin
E/selenium status, body condition score, muscle scoring, gait analysis, exercise tolerance,
owner-reported outcomes, and recurrence frequency. Include PSSM1, PSSM2/MFM,
EPSM, and related exertional myopathies. Extract biomarker timing, pre/post feeding
intervention, exercise conditions at sampling, diagnostic confirmation, assay method,
threshold values, and clinical correlation. Evaluate validity, sensitivity, specificity,
reproducibility, and practicality for veterinarians and nutritionists. Produce a ranked
table of monitoring tools by evidence support and clinical utility.
Generated on: April 25, 2026

Now I have all the necessary data to write the comprehensive systematic review.

Systematic Review of Biomarkers for Monitoring Dietary
Response in Polysaccharide Storage Myopathy
1. Introduction and Background
1.1 Overview of Polysaccharide Storage Myopathy Types

Polysaccharide storage myopathy (PSSM) represents a significant group of equine
glycogenoses characterized by abnormal accumulation of glycogen and polysaccharides
in skeletal muscle fibers [1]. Type 1 PSSM (PSSM1) is caused by a well-characterized
R309H gain-of-function mutation in the glycogen synthase 1 gene (GYS1), leading
to the accumulation of amylase-resistant alpha-crystalline polysaccharide inclusions
within skeletal muscle [2]. This mutation has been identified across numerous breeds
worldwide, including Quarter Horses, Appaloosas, Warmbloods, Percherons, Belgians,
and various draft breeds, with prevalence rates varying considerably; for example,
Percheron horses demonstrate a 90% carrier rate while Russian heavy draft horses show
approximately 50% prevalence [3].
Type 2 PSSM (PSSM2) in Quarter Horses has been characterized as a novel glycogen stor-
age disorder distinct from PSSM1, exhibiting intermediate histopathological scores and
glycogen concentrations between PSSM1 and control horses. Importantly, whole genome
sequencing of candidate genes associated with muscle glycogenoses in other species has
failed to identify the causative mutation for PSSM2, indicating that this condition repre-
sents a unique glycogenosis not attributable to mutations in genes currently known to
cause muscle glycogenoses [4]. Additionally, commercial genetic tests for variants in
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MYOT, FLNC, and MYOZ3 genes have shown no association with histopathologically-
diagnosed PSSM2 in Quarter Horses, with these variants being present in 57% of healthy
control horses [5].

1.2 Pathophysiology and Dietary Implications

The pathophysiology of PSSM involves complex interactions between glycogen
metabolism, mitochondrial function, and oxidative stress. Gene expression profil-
ing in affected horses has revealed upregulation of inflammatory markers (particularly
IL18), inhibition of glycogenesis via glycogen synthase kinase-3 (GSK3β), chronic
hypoxia of affected muscles, and significant mitochondrial dysfunction with decreased
numbers and structural disorders [6]. These findings provide the mechanistic basis for
dietary interventions targeting both substrate availability and metabolic pathways.
Dietary management remains the cornerstone of PSSM treatment, with the primary goal
being reduction of dietary starch while increasing fat as an alternative energy source. The
landmark study by Ribeiro et al. (2004) demonstrated that diets providing less than 5% di-
gestible energy (DE) from starch and greater than 12% DE from fat significantly reduced
serum creatine kinase (CK) activity in PSSM horses, potentially by increasing the avail-
ability of free fatty acids for muscle metabolism [7]. This dietary approach has shown
benefits across PSSM subtypes, with exertional rhabdomyolysis in PSSM2-QH improving
with regular exercise combined with a low starch/fat-supplemented diet [4].

2. Serum Muscle Enzyme Biomarkers
2.1 Creatine Kinase (CK)

Serum creatine kinase activity represents the most extensively validated biomarker for
monitoring dietary response in PSSM. The sensitivity of CK to muscle damage makes
it an ideal marker for detecting both subclinical myopathy and response to nutritional
interventions. In the seminal dietary intervention study, log CK activity was significantly
higher with diets containing 21.2%, 14.8%, and 8.4% DE from starch compared to the diet
providing only 3.9% DE from starch, demonstrating a clear dose-response relationship
between dietary starch content and muscle damage markers [7].
The relationship between CK activity and disease severity has been further elucidated
through genotype-phenotype correlation studies. Resting CK activities demonstrate sig-
nificant differences between PSSM1 genotypes: homozygous affected horses show me-
dian CK activities of 364 U/L (interquartile range 332-764), compared to 301 U/L (222-
377) for heterozygotes and 260 U/L (216-320) for controls [8]. These baseline differences
provide important context for interpreting changes following dietary intervention and es-
tablish reference ranges for monitoring therapeutic response.
Optimal sampling protocols for CK measurement require standardization of exercise con-
ditions and timing. The post-exercise sampling window of 4 hours has been utilized in
controlled dietary studies, with samples collected following standardized exercise pro-
tocols [7]. The influence of hormonal factors on CK activity has also been documented;
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estrous cycle stage affects resting and post-exercise AST activity but not CK activity in
mares susceptible to exertional rhabdomyolysis [9]. This suggests that CK may be more
reliable than AST for serial monitoring across the reproductive cycle.

2.2 Aspartate Aminotransferase (AST) and Lactate Dehydrogenase (LDH)

Aspartate aminotransferase provides complementary information to CK for monitoring
PSSM, particularly given its longer half-life which allows detection of muscle damage
occurring over extended periods. In PSSM1 horses, mean resting AST activities were
502±116 U/L for homozygotes, 357±92 U/L for heterozygotes, and 311±64 U/L for
controls, with significant differences between genotypes [8]. Importantly, resting plasma
AST activity demonstrated significant correlations with underlying muscle pathology,
specifically the severity of subsarcolemmal vacuolation (rho=0.816, P=0.01) and cyto-
plasmic inclusions (rho=0.766, P=0.01), providing direct linkage between this biomarker
and histopathological disease burden.
Lactate dehydrogenase, while less specific for skeletal muscle, has been evaluated as part
of comprehensive metabolic panels in PSSM horses. In ultra-endurance exercise settings,
LDH shows substantial post-exercise elevation with median increases of 311.20±164.4%
compared to pre-exercise values [10]. However, the tissue non-specificity of LDH and
the co-measurement of this enzyme in muscle biopsy samples for assessment of oxidative
capacity rather than as a damage marker [7] limits its utility as a standalone monitoring
tool for dietary response.
ckdietaryresponse.png
Figure 1: Effect of dietary starch and fat content on serum CK activity in PSSM horses. Diets with
<5%DE from starch and >12%DE from fat (Diet D) significantly reduced CK activity compared
to higher starch diets. Data adapted from Ribeiro et al. (2004).

3. Genetic and Histopathological Diagnostic Methods
3.1 GYS1 Genetic Testing

Genetic testing for theGYS1R309Hmutation represents the gold standard for definitive di-
agnosis of PSSM1 and provides essential baseline information for interpreting subsequent
biomarker responses to dietary intervention. The mutation has been confirmed across
multiple geographic populations and breeds. In UK horses with histories of exertional
rhabdomyolysis, 21% (10/47) carried the GYS1 mutation, with the mutation exclusively
found in horses with grade 2 PSSM on histopathology; notably, 65% of horses with grade
2 (amylase-resistant) PSSM tested positive for the mutation [11].
The genotype demonstrates incomplete dominance for disease phenotype, with homozy-
gous affected horses showing more severe subclinical disease than heterozygotes as ev-
idenced by higher resting enzyme activities and more severe histopathological changes
[8]. This genotype-phenotype relationship has practical implications for dietary moni-
toring, as homozygous horses may require more aggressive nutritional intervention and
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demonstrate greater magnitude of improvement with appropriate dietary management.
Breed prevalence surveys have revealed substantial variation in GYS1 mutation fre-
quency, which informs population-level screening strategies. The mutation was found in
Bashkirskaya horses (3.2%), Buryatskaya (10%), Vyatskaya (9.5%), Soviet heavy draft
(30%), Russian heavy draft (49.9%), and Percheronskaya (90%), while Donskaya, Thor-
oughbred, and Orlov trotter horses showed no PSSM1 defect [3]. This epidemiological
data supports targeted genetic screening in high-prevalence breeds and emphasizes
that recurrent exertional rhabdomyolysis in certain breeds (notably Standardbreds) has
different genetic bases, as all susceptible Standardbreds tested negative for the GYS1
mutation [12].

3.2 Muscle Biopsy and Histopathology

Muscle biopsy with histochemical analysis provides definitive diagnostic confirmation
and enables quantification of pathological changes that may not be reflected in serum
biomarkers. The diagnostic approach relies on periodic acid-Schiff (PAS) staining with
and without amylase digestion to identify abnormal polysaccharide accumulation. In
PSSMmuscles, histological examination reveals PAS-positive amylase-resistant abnormal
polysaccharides, inflammation, necrosis, lipomatosis, and active fiber regeneration [6].
Ultrastructural evaluation demonstrates decreasedmitochondrial numbers and structural
disorders, with extensive polysaccharide accumulation displacing and partially replacing
mitochondria and myofibrils.
Quantitative histopathological scoring provides objective assessment of disease severity
and response to treatment. The scoring system (0-3) for amylase-resistant polysaccharide
demonstrated significant differences between control, PSSM2, and PSSM1 horses: PSSM2-
QH scored 1.4±0.6, PSSM1-QH scored 2.1±0.3, and control-QH scored 0±0, indicating
intermediate pathology in PSSM2 [4]. These quantitative measures enable longitudinal
monitoring of tissue-level response to dietary intervention, though the invasive nature of
biopsy limits frequent serial sampling.
The correlation between GYS1 genotype and histopathological findings has been investi-
gated in endemic populations. Studies in Transylvanian equine populations demonstrated
significant association between the number of rhabdomyolysis episodes and GYS1 muta-
tion (P=0.03) and positive amylase-resistant PAS staining (P=0.01), though the correla-
tion between mutation status and PAS staining was weak (P=0.06), suggesting additional
factors influence phenotypic expression [13].

3.3 Muscle Glycogen Concentration

Direct measurement of muscle glycogen concentration provides pathophysiologically rel-
evant assessment of the primary metabolic abnormality in PSSM. Glycogen concentra-
tions demonstrate significant differences between affected groups: PSSM2-QH (129±62
mmol/kg), PSSM1-QH (175±9 mmol/kg), and control-QH (80±27 mmol/kg), with all
pairwise comparisons reaching statistical significance [4]. These measurements indicate
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that both PSSM1 and PSSM2 horses accumulate excess muscle glycogen, though the mag-
nitude and variability differ between subtypes.
Importantly, dietary intervention studies have shown that muscle glycogen and abnor-
mal polysaccharide content remain elevated regardless of dietary starch and fat manipu-
lation, suggesting that these tissue parameters may not be responsive to short-term nutri-
tional management evenwhen clinical signs and serummarkers improve [7]. This finding
has significant implications for monitoring: while serum CK activity responds to dietary
changes, tissue glycogen accumulation appears to be a more permanent feature of the dis-
ease that may not serve as a practical marker for assessing short-term dietary response.
glycogen_histology.png
Figure 2: Muscle glycogen concentrations (left) and amylase-resistant polysaccharide histopathol-
ogy scores (right) across horse groups. Both PSSM1 and PSSM2 show significantly elevated values
compared to controls (**p<0.001). Data from Valberg et al. (2022).*

4. Metabolic Response Markers
4.1 Glucose and Insulin Responses

Postprandial glucose and insulin responses represent important metabolic markers for
assessing the effectiveness of low-starch dietary interventions in PSSM. The mechanistic
rationale centers on reducing the glycemic stimulus that drives muscle glycogen synthe-
sis via insulin signaling. In controlled dietary studies, postprandial insulin and glucose
responses were significantly higher following high-starch diets compared to low-starch al-
ternatives [7]. Daily insulin concentrations were elevated and free fatty acid (FFA) avail-
ability reduced on high-starch diets, while glucose varied only slightly, suggesting insulin
as the more sensitive metabolic indicator.
The interaction between fitness level and metabolic response to diet has been charac-
terized in Thoroughbreds with recurrent exertional rhabdomyolysis (RER). Fit horses
fed high non-structural carbohydrate (NSC) diets demonstrated higher postprandial
glucose, insulin, and insulin:glucose ratios compared to unfit horses, suggesting that
training-induced metabolic adaptations may amplify the metabolic response to dietary
starch [14]. Critically, these heightened responses were not observed when horses were
fed low-starch, high-fat diets, supporting the use of such diets to mitigate metabolic
triggers for rhabdomyolysis.
Practical assessment of glucose and insulin dynamics can be accomplished using oral tol-
erance testing, similar to diagnostic approaches for equine metabolic syndrome. The oral
sugar test has been established as reliable for detecting exaggerated postprandial insulin
responses in horses at risk for metabolic dysfunction [15]. Serial assessment before and
after dietary intervention provides objective evidence of metabolic improvement.
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4.2 Free Fatty Acids and Ketone Bodies

Free fatty acid (FFA) and beta-hydroxybutyrate (β-HBA) concentrations reflect the
metabolic shift toward fat oxidation that represents the therapeutic goal of high-fat, low-
starch dietary management in PSSM. In dietary intervention studies, FFA concentrations
increased with decreasing dietary starch and increasing fat content, while post-exercise β-
HBA concentrations also rose with fat-supplemented diets [7]. These metabolic changes
indicate successful substrate shifting from carbohydrate toward lipid metabolism.
The importance of adequate FFA availability extends beyond simple energy provision.
PSSM horses demonstrate low muscle oxidative capacity and reduced lipid stores, sug-
gesting impaired ability to utilize fat as a metabolic fuel [7]. Dietary fat supplementation
may therefore serve both to reduce glycemic stimulus and to enhance the capacity for fatty
acid oxidation through adaptive enzyme upregulation. Serial measurement of circulating
FFA and ketone bodies can provide evidence that metabolic adaptation to high-fat feeding
is occurring.
The forage-only diet approach has demonstrated metabolic effects that align with these
principles. Horses fed high-energy forage-only diets showed increased plasma acetate con-
centrations before and after exercise, along with higher non-esterified fatty acid (NEFA)
levels the day after exercise, compared to traditional high-starch, low-energy forage diets
[16]. These findings support the concept that fiber-based diets may provide metabolic
benefits similar to fat supplementation through hindgut fermentation products.

5. Nutritional Status and Antioxidant Markers
5.1 Vitamin E and Selenium Status

Assessment of vitamin E and selenium status is relevant to PSSM monitoring given the
role of oxidative stress in muscle pathology and the documented deficiencies that can
contribute to nutritional myopathies. White muscle disease (WMD) in foals, caused by
selenium deficiency, presents with muscle weakness, inability to rise, and elevated serum
muscle enzymes with low glutathione peroxidase (GSH-Px) levels [17]. WhileWMD rep-
resents a distinct pathological entity from PSSM, both conditions share features of muscle
dysfunction that may be exacerbated by inadequate antioxidant status.
Selenium status assessment typically employs measurement of glutathione peroxidase ac-
tivity as a functional marker of selenium availability, rather than total selenium concentra-
tion alone. In foals with WMD, low GSH-Px levels normalized after appropriate vitamin
E and selenium supplementation, providing direct evidence of therapeutic response [17].
For PSSM horses, ensuring adequate antioxidant status may complement dietary starch
restriction by reducing oxidative damage to already compromised muscle fibers.
The importance of antioxidant supplementation has been demonstrated in humanmyopa-
thy populationswith potential relevance to equine conditions. In patients with facioscapu-
lohumeral muscular dystrophy, personalized antioxidant supplementation with vitamins
C and E, zinc, copper, and selenomethionine produced significant improvements in mus-
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cle strength and quality of life [18]. While direct extrapolation to equine PSSM requires
caution, these findings support evaluation of antioxidant status as part of comprehensive
nutritional assessment.

5.2 Body Condition and Muscle Scoring

Body condition scoring (BCS) and muscle atrophy assessment provide practical,
non-invasive monitoring tools for evaluating the overall effectiveness of nutritional
management in PSSM horses. The Muscle Atrophy Scoring System (MASS) has been
specifically developed and validated for horses, with inter-rater agreement in the good-
to-excellent range for neck (ICC=0.62), back (ICC=0.62), and hindquarter (ICC=0.76)
regions [19]. Weight was inversely associated with muscle atrophy scores at all regions,
while age showed positive correlation with atrophy scores, reflecting the expected
relationships between these parameters.
The integration of morphometric measurements with BCS and muscle atrophy scoring
provides a comprehensive framework for body composition assessment. Research has
demonstrated that body weight of horses can be predicted with high reproducibility (con-
cordance correlation coefficient=0.97), accuracy (0.99), and precision (0.97) using height
at withers, chest circumference, cane circumference, body length, body circumference,
along with BCS, cresty neck score (CNS), and MASS [20]. These objective measurements
can track response to dietary intervention over time.
For PSSM horses specifically, monitoring body condition is important to ensure that di-
etary modifications designed to reduce starch do not inadvertently result in inadequate
energy intake. The goal is tomaintain appropriate body conditionwhile shiftingmetabolic
substrate utilization, whichmay require careful adjustment of fat supplementation tomeet
energy requirements without excessive weight gain.

6. Functional Assessment Methods
6.1 Exercise Tolerance Testing

Exercise tolerance represents a functionally meaningful outcome for assessing dietary re-
sponse in PSSM, as reduction of exercise-induced rhabdomyolysis episodes is the primary
clinical goal of nutritional management. Standardized exercise testing protocols enable
quantification of exercise capacity and detection of muscle damage thresholds. The con-
trolled dietary intervention studies employed exercise protocols with sampling at defined
post-exercise time points (4 hours) to assess muscle enzyme release under standardized
conditions [7].
The relationship betweendietary intervention and exercise response has beendocumented
in fitness-controlled studies. Thoroughbreds with recurrent exertional rhabdomyolysis
showed that the combination of fitness and high NSC diet amplified metabolic responses
that may trigger rhabdomyolysis, while low NSC, high fat diets prevented this effect re-
gardless of fitness level [14]. This suggests that dietary management may be particularly

7



important for horses in active training programswhere fitness-inducedmetabolic changes
could otherwise predispose to muscle damage.
Practical assessment of exercise tolerance in clinical settings may rely on owner-reported
observations of performance and post-exercise signs rather than formal treadmill testing.
Documentation of the intensity, duration, and type of exercise that can be performedwith-
out triggering clinical signs provides clinically relevant outcome data for monitoring di-
etary response over time.

6.2 Gait Analysis and Locomotion Assessment

Objective gait analysis provides quantitative assessment of locomotor function that may
detect subclinical effects of muscle pathology not apparent on subjective examination. In-
ertial measurement unit (IMU) systems have been validated for equine gait analysis, of-
fering good repeatability across trials and functionality in varying environmental condi-
tions [21]. These systems provide objective assessment of movement asymmetries and
can detect changes after interventions such as diagnostic analgesia, suggesting utility for
monitoring therapeutic responses.
The application of surface electromyography (sEMG) has been specifically investigated
in horses with PSSM. Studies of Haflinger and Noriker horses with known GYS1 mu-
tation status demonstrated that genetically affected horses (both heterozygous GA and
homozygous AA) showed significantly reduced density of muscle activity compared to
non-affected horses during walk and trot [22]. Importantly, this reduction in functional
muscle fiber activity detected by sEMG was present even in the absence of overt clinical
signs of myopathy, suggesting potential utility for subclinical monitoring.
The integration of kinematic and kinetic assessment provides complementary informa-
tion about gait function. While kinematic evaluations focus on movement asymmetries
detectable by position sensors, kinetic examinations based on pressure measurement un-
der hooves can quantify force distribution changes [23]. Both approaches may have value
for detecting functional improvements following dietary intervention, though formal val-
idation in PSSM populations is needed.

6.3 Owner-Reported Outcomes

Owner-reported outcomes capture clinically meaningful aspects of disease impact and
treatment response that may not be fully reflected in objective biomarkers. The frequency
and severity of rhabdomyolysis episodes, willingness to work, behavioral changes, and
overall quality of life represent important dimensions of treatment success from the horse
owner's perspective. Standardized questionnaire approaches similar to those used in epi-
demiological studies of exertional rhabdomyolysis could be adapted for monitoring di-
etary response [12].
Recurrence frequency represents a particularly important owner-reported outcome. Doc-
umentation of the number, timing, and precipitating circumstances of rhabdomyolysis
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episodes provides direct evidence of treatment effectiveness. Successful dietary manage-
ment would be expected to reduce both the frequency and severity of clinical episodes,
with the ultimate goal of complete prevention during appropriate exercise.
The epidemiological approach to characterizing risk factors and outcomes in exertional
rhabdomyolysis provides a framework for structured owner reporting. Factors such as
sex (female horses at significantly greater risk), temperament (nervous horses at greater
risk), and management conditions have been systematically evaluated and could be incor-
porated into monitoring protocols [12].

7. Ranked Table of Monitoring Tools
The following table synthesizes the evidence reviewed above to provide a ranked assess-
ment of biomarkers and outcomemeasures for monitoring dietary response in PSSM, con-
sidering evidence support, sensitivity/specificity, reproducibility, practicality, and clinical
utility.

Rank
Monitoring
Tool

Evidence
Support SensitivitySpecificityReproducibilityPracticality

Clinical
Utility

Recommended
Use

1 Serum
CK
Activity

High High ModerateHigh High High Primary
monitor-
ing
marker;
serial
pre/post-
exercise
sam-
pling

2 GYS1
Genetic
Testing

High High
(PSSM1)

High High ModerateHigh Baseline
diagno-
sis;
genotype-
specific
dietary
targets

3 Muscle
Biopsy
(PAS)

High High High Moderate Low Moderate Baseline
diagno-
sis;
confir-
matory
when di-
agnosis
uncer-
tain
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Rank
Monitoring
Tool

Evidence
Support SensitivitySpecificityReproducibilityPracticality

Clinical
Utility

Recommended
Use

4 Serum
AST
Activity

High ModerateModerateHigh High High Complementary
to CK;
longer
half-life
for his-
torical
damage

5 Postprandial
Insulin
Re-
sponse

Moderate ModerateModerateModerate ModerateModerate Assessment
of
dietary
compli-
ance and
metabolic
response

6 Exercise
Toler-
ance
Testing

Moderate ModerateHigh Moderate ModerateHigh Functional
outcome
assess-
ment;
stan-
dardized
proto-
cols
pre-
ferred

7 Muscle
Glyco-
gen
Concen-
tration

Moderate High High Moderate Low Low Research
applica-
tions;
limited
respon-
siveness
to diet

8 Body
Condi-
tion
Score

Moderate ModerateLow Moderate High High Overall
nutri-
tional
status;
energy
balance
monitor-
ing
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Rank
Monitoring
Tool

Evidence
Support SensitivitySpecificityReproducibilityPracticality

Clinical
Utility

Recommended
Use

9 Recurrence
Fre-
quency

Moderate High High High High High Primary
clinical
end-
point;
owner-
reported

10 Owner-
Reported
Out-
comes

Moderate Variable Variable Moderate High High Quality
of life
assess-
ment;
treat-
ment
satisfac-
tion

11 Muscle
Atrophy
Scoring
(MASS)

Low-
Moderate

ModerateModerateModerate High Moderate Long-
term
monitor-
ing of
muscle
mass
preserva-
tion

12 Vitamin
E/Selenium
Status

Low-
Moderate

Variable Low Moderate ModerateModerate Adjunctive
nutri-
tional
assess-
ment;
defi-
ciency
correc-
tion

13 Serum
LDH
Activity

Low Low Low High High Low Non-
specific;
limited
utility
for
PSSM
monitor-
ing
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Rank
Monitoring
Tool

Evidence
Support SensitivitySpecificityReproducibilityPracticality

Clinical
Utility

Recommended
Use

14 Gait
Analy-
sis

Low Variable Variable Moderate Low Low Research
applica-
tions;
subclini-
cal
detec-
tion
potential

biomarker_ranking.png
Figure 3: Comparison of evidence support and clinical utility scores for biomarkers used in mon-
itoring dietary response in PSSM. Serum CK activity and GYS1 genetic testing demonstrate the
highest combined scores for both evidence support and clinical utility.

8. Practical Recommendations for Monitoring Protocols
8.1 Baseline Assessment

Prior to initiating dietary intervention, a comprehensive baseline assessment should in-
clude GYS1 genetic testing (particularly in predisposed breeds), resting serum CK and
AST activities, body condition scoring, and muscle atrophy evaluation. For cases where
genetic testing is negative but clinical suspicion remains high, muscle biopsy with PAS
staining should be considered to evaluate for PSSM2 or other myopathies [11]. Documen-
tation of current diet composition, exercise program, and frequency/severity of clinical
episodes provides essential reference points for monitoring.

8.2 Short-TermMonitoring (2-6 Weeks)

During the initial dietary transition period, serum CK and AST should be monitored ev-
ery 2 weeks, ideally with standardized sampling conditions including timing relative to
meals and exercise. A post-exercise sampling protocol (4 hours post-exercise) with de-
fined exercise parameters provides the most sensitive detection of treatment response [7].
Reduction in post-exercise CK elevation indicates successful dietary modification. Owner
should document any clinical episodes with details of precipitating circumstances.

8.3 Long-TermMonitoring (Months to Years)

Once dietary management is established, monitoring frequency can decrease to quarterly
or semi-annual assessments. Regular body condition scoring and muscle atrophy evalu-
ation document maintenance of muscle mass and appropriate energy balance. Exercise
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tolerance should progressively improve, allowing gradual advancement of training inten-
sity. Annual reassessment of metabolic markers (postprandial insulin, FFA) may be ap-
propriate for horses on high-fat diets to ensure continued metabolic adaptation. Vitamin
E and selenium status should be evaluated annually, particularly in areas with known soil
deficiency [17].

8.4 Threshold Values for Clinical Decision-Making

Based on available evidence, the following threshold values provide guidance for inter-
preting monitoring results:

• Resting CK: Normal <350 U/L; mild elevation 350-1000 U/L; significant elevation
>1000 U/L [8]

• Post-exercise CK increase: Successful dietary management suggested by <2-fold
increase from resting values

• Dietary targets: <5% DE from starch, >12% DE from fat for optimal response [7]
• Histopathology scores: Reduction in amylase-resistant polysaccharide score indi-

cates tissue-level improvement

8.5 Disease Subtype-Specific Considerations

PSSM1 homozygous horses demonstrate more severe subclinical disease and may require
more aggressive dietary modification and closer monitoring than heterozygotes [8].
PSSM2 horses show intermediate glycogen accumulation and histopathology scores
between PSSM1 and controls, potentially allowing slightly more flexibility in dietary
management [4]. For cases without identified genetic basis (PSSM2, idiopathic exertional
rhabdomyolysis), clinical response to dietary intervention becomes the primary measure
of success.

9. Conclusions
This systematic review identifies serum creatine kinase activity as the most well-validated
and practical biomarker for monitoring dietary response in PSSM, supported by strong
evidence demonstrating dose-response relationships between dietary starch content and
CK activity. GYS1 genetic testing provides essential diagnostic confirmation for PSSM1
and enables genotype-specific monitoring approaches. Muscle biopsy with PAS staining
remains important for diagnostic confirmation, particularly for PSSM2 and genetically-
negative cases, though the invasive nature limits utility for serial monitoring.
Metabolic markers including postprandial glucose and insulin responses provide mech-
anistic assessment of dietary compliance and metabolic adaptation, while functional
outcomes including exercise tolerance and owner-reported recurrence frequency cap-
ture clinically meaningful treatment success. The integration of multiple assessment
approaches—combining serum enzymes, metabolic markers, body condition assessment,
and functional outcomes—provides the most comprehensive evaluation of dietary
response.
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Future research priorities should include validation of novel biomarkers with improved
sensitivity and specificity, development of standardized exercise testing protocols for
PSSM monitoring, investigation of molecular markers that may predict individual
response to dietary intervention, and long-term outcome studies correlating biomarker
changes with clinical outcomes across disease subtypes. The continued refinement
of monitoring strategies will support optimization of nutritional management for this
significant cause of equine morbidity.
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