
16. Systematic review of body condition, obesity, insulin
dysregulation, and PSSM feeding
Prompt: Conduct a systematic review on feeding PSSM horses that are easy keepers, over-
weight, obese, or insulin dysregulated. The research question is: How should calorie re-
striction, NSC restriction, and fat supplementation be balanced in PSSM horses at risk of
metabolic disease? Include PSSM1, suspected PSSM2, equine metabolic syndrome, obe-
sity, insulin dysregulation, PPID where relevant, and recurrent exertional rhabdomyol-
ysis. Extract body condition score, cresty neck score, insulin/glucose testing, diet NSC,
caloric density, forage intake, ration balancer use, fat supplementation, exercise, and clini-
cal outcomes. Evaluate conflicts between traditional high-fat PSSM recommendations and
obesity/insulin management. Produce a decision framework for easy keepers versus hard
keepers.
Generated on: April 25, 2026

Now I will write the comprehensive systematic review.

Systematic Review: Feeding PSSMHorses with Obesity, In-
sulin Dysregulation, and Metabolic Disease Risk
1. Introduction and Background
1.1 Overview of PSSM and Metabolic Syndrome in Horses

Polysaccharide storage myopathy (PSSM) represents a significant glycogen storage disor-
der affecting multiple horse breeds, with Type 1 PSSM (PSSM1) being an autosomal dom-
inant condition affecting more than 20 breeds and presenting with exertional rhabdomy-
olysis as a primary manifestation [1]. The condition is diagnosed through genetic testing
or muscle biopsies revealing abnormal amylase-resistant polysaccharide accumulation in
muscle fibers. Type 2 PSSM (PSSM2) has recently been subdivided, with PSSM2-ER rep-
resenting a glycogen storage disorder identified primarily in Quarter Horses that causes
exertional rhabdomyolysis but has an unknown genetic basis. Both PSSM1 and PSSM2-
ER traditionally respond well to a low nonstructural carbohydrate (NSC), high-fat diet
combined with regular exercise.
Equine metabolic syndrome (EMS) presents a complex challenge when occurring concur-
rently with PSSM, as it represents a prevalent endocrine disorder characterized by insulin
dysregulation (ID), which encompasses basal or postprandial hyperinsulinemia and tis-
sue insulin resistance [2]. The central concern with EMS is the dramatically increased risk
of hyperinsulinemia-associated laminitis, themost common and clinically significant form
of laminitis in horses. While obesity is frequently associated with EMS, the condition can
occur in lean animals, and not all obese horses are affected, necessitating objective diagnos-
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tic testing rather than reliance on body condition alone. Environmental and management
factors, particularly high-NSC diets, unrestricted pasture access, and physical inactivity,
are the primary drivers of EMS development.

1.2 The Clinical Challenge of Comorbid Conditions

The intersection of PSSM and metabolic disease creates a unique therapeutic dilemma
for veterinarians and horse owners. EMS is a health problem that particularly affects
horses considered ”easy keepers,”with the disease consisting of large regional fat deposits,
obesity, insulin resistance, and if not controlled, recurrent episodes of laminitis [3]. De-
spite education by veterinarians and nutritionists to maintain horses at moderate body
weight, horse owners continue to feed high-calorie concentrates and hay, often resulting
in overweight middle-aged horses that struggle with mild exercise and are predisposed
to metabolic complications.
The traditional high-fat PSSM diet recommendation directly conflicts with the dietary
management of obesity and insulin dysregulation, which emphasizes calorie restriction
and limited fat intake. This review systematically examines the evidence base for balanc-
ing these competing dietary requirements, with specific attention to body condition scor-
ing, cresty neck assessment, insulin and glucose testing, diet composition, forage intake,
and clinical outcomes in horses affected by both PSSM and metabolic disease.

2. Assessment and Diagnostic Considerations
2.1 Body Condition Scoring and Adiposity Assessment

Body condition assessment forms the foundation of metabolic evaluation in horses with
concurrent myopathy and metabolic concerns. Obesity in horses increases the risk of de-
veloping insulin dysregulation, reduced athleticism, colic, abnormal reproductive perfor-
mance, laminitis, endotoxemia, diabetes mellitus, hyperlipemia, impaired thermoregula-
tion, and pituitary pars intermedia dysfunction [4]. Weight gain occurs fundamentally
when energy consumption exceeds physical energy needs, making accurate body condi-
tion assessment essential for developing appropriate feeding strategies. In practice, obe-
sity is assessed through body condition scoring using the Henneke system, cresty neck
scoring, ultrasonographic assessment, morphometric measurements, or biochemical indi-
cators in blood.
Research examining obese horses demonstrated significantly elevated leptin levels and
significantly lower adiponectin concentrations compared to controls with normal body
condition scores of 4-6 on the Henneke scale [5]. This resulted in more than a threefold
increase in the leptin-to-adiponectin ratio (LAR), indicating marked disruption of hor-
monal regulation of adipose tissue. Additionally, elevated glycemia, hyperinsulinemia,
and decreased reciprocal of the square root of insulin (RISQI) values confirmed insulin
resistance in overweight horses. These findings suggest that LAR can serve as a sensitive
early biomarker of metabolic distress and insulin resistance, with use recommended for
early identification of at-risk animals.
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2.2 Cresty Neck Score as an Independent Predictor

The cresty neck score has emerged as a particularly valuable assessment tool that may
be more predictive of insulin dysregulation than general body condition score alone. Re-
search demonstrated that post-prandial serum insulinwas positively associatedwith CNS,
and ponies with a CNS ≥3 had 5 times greater odds of being insulin-dysregulated [6].
Ponies with high CNS but without generalized obesity (BCS ≤7 and CNS ≥3) showed
a greater insulin response to oral glucose testing than those in the normal/fleshy group,
whereas obese ponies did not differ significantly from other groups. Basal high-molecular-
weight adiponectin was negatively correlated with post-prandial insulin concentrations
and was decreased in the group with high CNS compared to the obese group.
Studies in Connemara ponies found that 29.5% had a BCS ≥7, 29.0% had a CNS ≥2.5, and
67.5% had regionalized adiposity, with 68.5% of ponies having at least one of these abnor-
malities [7]. Owner-reported history or clinical evidence of chronic laminitis was found in
46.0% of ponies, and the odds of hyperinsulinemia increased by a factor of 6.53 when BCS
was≥7. These findings emphasize the importance of comprehensive adiposity assessment
in PSSM horses, particularly those belonging to breeds predisposed to metabolic disease.

2.3 Insulin and Glucose Testing Protocols

Dynamic testing for insulin dysregulation is essential for risk stratification in PSSM horses
with suspected metabolic comorbidities. The oral sugar test (OST) represents the most
commonly used diagnostic tool for identifying ID and EMS [8]. In longitudinal research,
horses with ID had lower serum adiponectin concentrations, longer neck circumference,
and larger height than horses without ID. Importantly, the risk of ID was substantially
higher in horses with no exercise compared to horses with exercise (OR 7.6, 95% CI 1.2-
49.3, P = 0.03), highlighting the critical role of physical activity in metabolic regulation.
Epidemiological investigation in ponies revealed that among 167 ponies tested, the preva-
lence of ID was 61% (95% CI 53-68%) [9]. Factors associated with insulin concentrations
60 minutes post-OST included age, CNS ≥3/5, and owner-perceived obesity. Critically,
factors associated with laminitis included dynamic hyperinsulinemia (OR 4.60), insulin
resistance (OR 3.66), and pituitary pars intermedia dysfunction (OR 11.75). This empha-
sizes the need for concurrent PPID screening in older horses presenting with PSSM and
metabolic concerns.

2.4 Relationship Between PPID, EMS, and Metabolic Risk

Pituitary pars intermedia dysfunction frequently complicates the management of PSSM
horses, particularly in older populations. PPID is a prevalent, age-related chronic disor-
der with a prevalence of 21-27% in equids aged ≥15 years [10]. The clinical presentation
includes hypertrichosis or delayed/incomplete hair coat shedding, which provides a high
index of clinical suspicion for PPID. The combination of clinical signs and age informs the
index of clinical suspicion prior to diagnostic testing, and importantly, equids with PPID
and hyperinsulinemia appear to be at higher risk of laminitis.
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Research examining PPID cases across Australian latitudes found that laminitis was diag-
nosed in 89.9% of cases and ID was present in 76.5% of cases in which these were investi-
gated [11]. Being a pony, having a higher body condition score, and pergolide adminis-
tration were associated with survival, while adequate body condition and administration
of pergolide were identified as fundamental in PPID management. The clinical presenta-
tion of PPID changed with latitude and climate, with anhidrosis and polyuria/polydipsia
more commonly recognized at lower latitudes.

3. Dietary Management Principles
3.1 NSC Restriction: Evidence and Recommendations

Nonstructural carbohydrate restriction forms a cornerstone ofmanagement for both PSSM
andmetabolic disease, though the degree of restrictionmaydiffer. For PSSMmanagement,
both PSSM1 and PSSM2-ER respond well to a low NSC diet, typically targeting less than
10-12% of the total diet [1]. However, in metabolic disease, more stringent restriction may
be necessary. Management of EMS is centered on strict dietary NSC restriction, controlled
forage intake, and elimination or careful management of pasture access [2].
The importance of NSC restriction is supported by evidence that excessive dietary non-
structural carbohydrates contribute to sustained hyperinsulinemia which induces lamini-
tis. Dietary adjustments are the key to weight loss in the majority of EMS horses, and to
encourage weight loss, horses should be given approximately 1.25% of body weight per
day [12]. Exercise not only aids weight loss but also improves insulin sensitivity, though
exercise must be tailored to the specific horse, taking into account its breed, fitness level,
and owner's resources. When an obese horse is unable to exercise owing to laminitis or
when obesity persists after extensive exercise and dietary management, pharmacological
interventions such as levothyroxine sodium and metformin hydrochloride can be consid-
ered.

3.2 Fat Supplementation: The Central Conflict

The fundamental conflict between traditional PSSM dietary recommendations and obe-
sity/insulin management centers on fat supplementation. Traditional PSSM diets recom-
mend that 15-25% of dietary calories come from fat sources to provide alternative energy
substrates and reduce reliance on glycogen [1]. This high-fat approach has shown ben-
efits for reducing rhabdomyolysis episodes and improving exercise tolerance in affected
horses.
However, research examining Warmblood horses with type 2 PSSM found that while
80% of owners reported an overall improvement with the recommended low-starch/fat-
supplementeddiet and exercise regime, 53%of horseswere still not advancing as expected,
with reluctance to go forward and collect persisting in approximately one-third of horses
[13]. Median muscle glycogen concentrations did not differ between PSSM2 horses and
controls without evident myopathy, though horses with the highest glycogen concentra-
tions were significantly more likely to show a decline in performance. This suggests that
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diet and exercise recommendations ideal for PSSM1 improve but do not eliminate the de-
cline in performance characteristic of PSSM2.
For easy keeper horses with concurrent obesity and insulin dysregulation, high-fat diets
may exacerbate metabolic dysfunction by contributing excess calories and potentially
worsening insulin resistance. In such cases, the priority must shift toward metabolic
health, with fat supplementation minimized or eliminated until body condition and
insulin sensitivity improve.

3.3 Caloric Restriction and Weight Management

Effective caloric restriction requires careful balancing of energy intake against nutritional
requirements and PSSM management needs. The current management of EMS is based
on caloric restriction and increased physical activity [14]. Research has demonstrated
that horses fed hypercaloric diets develop hypercholesterolemia concomitantly with in-
sulin dysregulation, with cholesterol, LDL, HDL, and fructosamine blood concentrations
increasing significantly and correlating positively with blood insulin response to glucose
tolerance testing [15].
Studies examining dietary supplementationwith a synergistic polyphenol and amino acid
blend including leucine showed that horses after supplementation weighed significantly
less, had significantly higher baseline high-molecular-weight adiponectin concentrations,
and had significantly lower insulin concentrations at 60- and 75-minute time points [16].
An increased HMW adiponectin level supports increasing insulin sensitivity after sup-
plementation, suggesting that targeted nutritional interventions may improve the clinical
manifestations of EMS/insulin dysregulation while potentially reducing laminitis risk.

3.4 Forage Management and Pasture Considerations

Forage intake represents the foundation of equine nutrition and requires careful man-
agement in horses with PSSM and metabolic disease. For obese or insulin-dysregulated
horses, forage should be restricted to 1.25-1.5% of body weight daily to promote weight
loss while meeting minimum fiber requirements. Hay soaking can reduce NSC content,
though the degree of reduction varies based on soaking duration, water temperature, and
initial hay composition.
Pasture access presents particular challenges for easy keeper horses with metabolic con-
cerns. The prevalence of obesity in leisure horses was found to be 21.4% compared to
only 3.3% in polo horses, with factors associated with increased odds of obesity includ-
ing horses not being exercised (66.7%), horses tethered to a stake in the ground (23.2%),
and horses fed ad libitum on concentrates (21.4%) [17]. These findings emphasize that
both pasture management and exercise are critical components of metabolic disease pre-
vention.
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4. Exercise and Physical Activity
4.1 Exercise and Insulin Sensitivity

Regular exercise represents perhaps themost important non-dietary intervention for man-
aging both PSSM andmetabolic disease. Research has consistently demonstrated that lack
of exercise is a significant risk factor for insulin dysregulation [8]. The benefits extend be-
yond weight management to include direct improvements in insulin sensitivity, glucose
tolerance, and adipokine profiles.
In horses with PSSM, gradual introduction of regular exercise is essential for improving
muscle function and reducing rhabdomyolysis risk. However, exercise must be carefully
balanced against the risk of triggering episodes in horses that are not adequately condi-
tioned or whose diets have not been appropriately modified. For horses with concurrent
laminitis, exercise may be contraindicated until hoof pathology has been addressed.

4.2 Balancing Exercise with Laminitis Risk

The high prevalence of laminitis in metabolically compromised horses presents a signif-
icant barrier to implementing exercise programs. Approximately 90% of laminitis cases
are associated with insulin dysregulation, making exercise management particularly chal-
lenging in these populations [18]. In horses with active laminitis, pharmacological inter-
ventions may be necessary to improve metabolic parameters before exercise can be safely
introduced.
Sodium-glucose cotransporter 2 inhibitors (SGLT2i) represent a novel class of agents that
have been explored for managing equine ID. These drugs increase urinary glucose excre-
tion by suppressing glucose reabsorption from the glomerular filtrate, resulting in uri-
nary calorie loss with consequent weight loss and improvements in ID. While there are
currently no licensed veterinary drugs available for treating ID and preventing insulin-
associated laminitis in horses, the use of SGLT2i for control of equine hyperinsulinemia
has been advocated as an adjunctive therapy.

5. Clinical Outcomes and Prognosis
5.1 Response to Dietary and Exercise Interventions

Clinical outcomes in PSSMhorses withmetabolic disease depend significantly on the type
of PSSM, degree of metabolic dysfunction, and compliance with management recommen-
dations. Research on Warmblood horses with PSSM2 found that abnormal exercise re-
sponses reported by owners began at approximately 6 years of age and included a decline
in performance, reluctance to collect, and reluctance to go forward in over 50% of horses
[13]. With the recommended diet and exercise regime, 80% of owners reported an overall
improvement with significant decreases in the proportion of horses showing a decline in
performance and rhabdomyolysis.
For horses with concurrent EMS, case reports demonstrate that diet considering adequate
energy and nutrient intake combined with an exercise regime can improve behavior, work
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under saddle, and insulin levels [19]. In one reported case, a mare with EMS showed
signs of estrus again and serum hormone levels returned to within normal limits follow-
ing dietary and exercise intervention, demonstrating the potential for significant clinical
improvement with appropriate management.

5.2 Long-term Management Considerations

EMS is controlled mainly by dietary strategies and exercise programs that aim to improve
insulin regulation and decrease obesity where present, representing a long-term manage-
ment strategy requiring diligence and discipline by the horse's carer [20]. The ECEIM
consensus statement emphasizes that several choices of test exist for examining different
facets of ID and related metabolic disturbances, and that pharmacologic aids might be
useful in some cases.
Novel dietary supplements have shown promise in improvingmetabolic parameters. Sup-
plementation with Arthrospira platensis enriched with chromium, magnesium, and man-
ganese ions has been shown to reduce baseline insulin and glucose levels, decrease body
weight, and improve overall body condition scores and cresty neck scores in EMS-affected
horses [21]. Additionally, oligosaccharide supplementation significantly reduced insulin
in geldings with EMS, suggesting that gut microbiota-targeted interventions may comple-
ment conventional management strategies [22].

6. Decision Framework: Easy Keepers vs. Hard Keepers
6.1 Assessment Algorithm

The management of PSSM horses requires stratification based on metabolic phenotype.
The following decision framework provides guidance for clinical decision-making:
decisionframeworkpssm_metabolic.png
Figure 1. Decision framework for feeding PSSM horses with metabolic disease risk. The
algorithm stratifies horses based on body condition score (BCS), cresty neck score (CNS),
and insulin dysregulation (ID) status to guide dietarymodifications. Easy keepers require
prioritization of metabolic health with reduced fat supplementation, while hard keepers
can follow traditional PSSM protocols.

6.2 Dietary Comparison: PSSM vs. EMS Management

The fundamental differences between traditional PSSM dietary recommendations and
EMS/obesity management create therapeutic tension that must be resolved on an indi-
vidual basis:
dietarycomparisonpssm_ems.png
Figure 2. Comparison of dietary recommendations and risk profiles for PSSM versus
EMS/obesity management (left panel) and easy keeper versus hard keeper PSSM horses
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(right panel). Easy keepers with metabolic disease face elevated risks of laminitis and
insulin dysregulation that must be prioritized over traditional PSSM high-fat protocols.

6.3 Summary of Management Recommendations

Parameter Easy Keeper (BCS ≥7, ID+) Hard Keeper (BCS ≤5, No ID)
Forage
Intake

1.25-1.5% BW/day 2.0-2.5% BW/day

NSC Target <10% (soak hay if needed) <12% total diet
Fat Calories 0-5% (minimal) 15-25% (traditional PSSM)
Grain/ConcentrateEliminate; low-cal ration balancer

only
Permitted; ration balancer required

Pasture
Access

Restrict or eliminate Controlled access acceptable

Exercise As tolerated; priority after
laminitis resolves

Gradual program; essential for PSSM
management

Monitoring Monthly: BCS, CNS, insulin Monitor for muscle episodes
Primary
Goal

Weight loss and insulin
sensitivity

Muscle function and energy supply

Pharmacological
Support

Consider levothyroxine,
metformin, SGLT2i

Generally not indicated

Table 1. Summary ofmanagement recommendations for PSSMhorses based onmetabolic
phenotype. Recommendations are derived from evidence on PSSM dietary management
and EMS/obesity protocols.

6.4 Key Clinical Considerations

The management of PSSM horses with metabolic disease requires several critical consid-
erations:

1. Prioritization of metabolic health in easy keepers: For horses with BCS ≥7, CNS
≥3, or confirmed insulin dysregulation, the traditional high-fat PSSM diet is con-
traindicated. Weight loss and insulin sensitivity improvementmust take precedence,
even if this means accepting some increased risk of mild muscle episodes during the
transition period.

2. Protein considerations: Research has shown that horses with EMS had a 9-fold
greater insulinemic response to consumption of a high protein meal compared with
controls, with post-prandial levels of several amino acids being higher in EMS horses
[23]. This suggests that dietary protein content should be taken into consideration
in management of horses with insulin dysregulation, and excessive protein should
be avoided in easy keeper PSSM horses.
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3. Breed predisposition: Certain breeds are disproportionately affected by both PSSM
and EMS. Diagnosis is complicated by the presence of concurrent conditions like pi-
tuitary pars intermedia dysfunction, and owner-assigned assessments of body con-
dition were found to be one full score lower than scores assigned by researchers,
indicating differing perceptions of healthy equine body weight [24].

4. Individualized approach: The relationship between obesity, hyperinsulinemia,
and metabolic abnormalities is complex. Research has demonstrated that obesity,
whether assessed by rump fat or overweight, is not always associated with hyper-
insulinemia or metabolic abnormalities, and conversely, hyperinsulinemia is not
always associated with obesity but is related to insulin resistance and dysregulation
[25]. This emphasizes the need for individual assessment rather than assumptions
based on body condition alone.

5. Adipose tissue dysfunction: Horses with obesity and EMS have significant dys-
function of peri-renal and retroperitoneal adipose tissue characterized by marked
adipocyte hypertrophy and increased expression of inflammatory cytokines, which
may contribute to whole-body insulin dysregulation [26]. This supports the impor-
tance of targeting adiposity reduction in easy keeper horses.

6. Seasonal considerations: Neither OST results nor adiponectin varied significantly
with season in longitudinal studies, though a substantial number of horses had vari-
able ID status throughout the year, suggesting that repeated testing may be benefi-
cial [8].

7. Gut microbiome: Obese horses show differences in gut microbiome composition
with higher relative abundance of Firmicutes and lower numbers of Bacteroidetes
and Actinobacteria compared to lean horses [27]. This suggests potential future
therapeutic targets through microbiome-directed interventions.

Conclusions
The management of PSSM horses with concurrent obesity, insulin dysregulation, or
metabolic syndrome presents a significant clinical challenge requiring individualized
assessment and treatment approaches. The traditional high-fat, low-NSC diet recom-
mended for PSSM directly conflicts with the calorie-restricted, low-fat approach required
for metabolic disease management. This review demonstrates that horses must be
stratified into easy keeper and hard keeper phenotypes, with dietary recommendations
tailored accordingly.
For easy keeper horses (BCS ≥7, CNS ≥3, or confirmed ID), metabolic health must take
precedence over traditional PSSM management. Fat supplementation should be mini-
mized or eliminated, forage restricted to 1.25-1.5% of body weight daily, pasture access
eliminated or strictly controlled, andNSC contentmaintained below 10%. Exercise should
be introduced as tolerated, with consideration of pharmacological support for severe cases.
For hard keeper horses (BCS ≤5, no ID), traditional PSSM protocols with 15-25% fat calo-
ries and adequate forage intake remain appropriate.
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The evidence supports regular monitoring of body condition score, cresty neck score,
and insulin status in all PSSM horses, with particular attention to breeds predisposed to
metabolic disease. The presence of PPID significantly increases laminitis risk and should
be assessed in older horses. Future research should focus on developing evidence-based
guidelines specific to horses with comorbid PSSM and metabolic disease, including eval-
uation of novel therapeutic agents and dietary supplements that may improve outcomes
in this challenging patient population.
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