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Abstract 65 

 66 

Equine Metabolic Syndrome (EMS) is a widely recognised collection of risk factors for endocrinopathic 67 

laminitis including insulin dysregulation. It is important that clinicians and horse owners recognise EMS 68 

and the presence of these risk factors so that they may be targeted and controlled to reduce the risk of 69 

subsequent laminitis attacks. Diagnosis of EMS is based partly on the horse’s history and clinical 70 

examination findings, and partly on laboratory testing. Several choices of test exist which examine 71 

different facets of insulin dysregulation and other related metabolic disturbances. EMS is controlled 72 

mainly via dietary strategies and exercise programs that aim to improve insulin regulation and decrease 73 

obesity where present. In some cases, pharmacologic aids might be useful alongside managemental 74 

changes. Management of an EMS case is a long-term strategy requiring diligence and discipline by the 75 

horse’s carer and support and guidance from their veterinary surgeon.  76 
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Experimental studies in the 1980’s recognised an association between insulin dysregulation and laminitis 77 

in ponies [1; 2]. Equine Metabolic Syndrome (EMS) was more thoroughly described subsequently [3] and, 78 

more recently, an American College of Veterinary Internal Medicine consensus statement on EMS was 79 

published [4]. The specific advantage of recognising EMS is to enable individual animals with increased 80 

risk of future laminitis to be identified and to allow implementation of evidence-based prevention 81 

strategies. 82 

Definitions  83 

Equine Metabolic Syndrome is a collection of risk factors for endocrinopathic laminitis. The key central 84 

and consistent feature of EMS is insulin dysregulation (ID) [5]. This term is used to indicate disturbance of 85 

the balanced inter-relationship between plasma concentrations of insulin, glucose and lipids. Insulin 86 

dysregulation may manifest in several possible ways including basal hyperinsulinemia; and/or an excessive 87 

or prolonged hyperinsulinemia in response to oral or IV carbohydrate challenge, with or without an 88 

excessive or prolonged hyperglycemia (“glucose intolerance”); and/or tissue insulin resistance (IR). 89 

Hypertriglyceridemia may also be seen as a consequence of IR (Figure 1). 90 

Obesity is defined as increased adiposity that is having a negative health impact on the affected individual. 91 

This may be manifest as generalised or regional obesity or a predisposition to weight gain and resistance 92 

to weight loss. Obesity is usually associated with EMS but not always so. Further inconsistent features of 93 

EMS comprise cardiovascular changes including increased blood pressure, heart rate and cardiac 94 

dimensions; and adipose dysregulation manifesting as abnormal plasma adipokine concentrations 95 

including hypoadiponectinemia and hyperleptinemia.  96 

 97 

  98 
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 99 

Figure 1. The interrelated components of insulin dysregulation. 100 

 101 

By definition, laminitis is the primary clinical consequence of EMS. However, the panel believe that horses 102 

with EMS might also be at risk of further problems including hyperlipemia and critical care-associated 103 

metabolic derangements including hyperglycemia and hypertriglyceridemia. Additional clinical concerns 104 

including preputial/mammary edema, mesenteric lipoma, inappropriate lactation and subfertility in 105 

mares and stallions were also considered by the panel although it was concluded, pending further 106 

evidence, that these might simply be obesity-related rather than associated with EMS. 107 

 108 

Differential Diagnosis 109 

Laminitis associated with ID may also arise in association with glucocorticoid administration and pituitary 110 

pars intermedia dysfunction (PPID). Additionally, non-endocrinopathic causes of laminitis may arise in 111 

association with systemic inflammatory response syndrome and excessive weight bearing. However, it 112 



7 
 
should be remembered that EMS may serve as a contributory factor in laminitis resulting from any other 113 

origin.  114 

Adiposity is not inextricably linked with ID and it is possible for an individual horse or pony to have 115 

excessive fat depots without the concurrent presence of ID or EMS. Thus, it is vital to demonstrate the 116 

presence of ID in an overweight animal before a diagnosis of EMS is made. 117 

 118 

Epidemiology 119 

There is little epidemiological data relating to the prevalence of EMS, although the prevalence of its 120 

components has been evaluated by some studies.  121 

The prevalence of hyperinsulinemia in wider populations of horses has only been reported in a few studies 122 

with 27% of ponies being hyperinsulinemic in an Australian study [6], 22% of horses in a US study [7], and 123 

18% of healthy, non-laminitic horses in another US study [8]. Published cases of EMS largely involve British 124 

native breeds [9-12] and cases of primary endocrinopathic laminitis were more likely to occur in British 125 

native ponies compared to Nordic ponies, cold-blooded horses and warm- and hot-blooded horses [13]. 126 

Breed differences in insulin sensitivity may also occur, as was demonstrated with ponies and Andalusian 127 

horses showing reduced insulin sensitivity compared to Standardbred horses [14].  128 

EMS appears to be more common in sedentary animals, perhaps due to a beneficial effect of exercise on 129 

insulin regulation as well as decreased adiposity via increased energy expenditurea [15; 16]. Additionally, 130 

certain predisposed breeds such as Shetland ponies, donkeys and miniature horses are frequently not 131 

exercised as much as many other breeds as part of standard management. Studies have generally found 132 

insulin concentrations to be significantly higher in older versus younger horses and ponies [6; 17-19].  133 

Circulating adiponectin concentrations are also lower in older animals compared to younger animals, 134 

consistent with an age-association with ID [20]. Gender does not appear to influence most markers of ID 135 
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in normal or laminitic ponies and horses [17; 21], although higher leptin concentrations have been found 136 

in male horses [22; 23]. 137 

The prevalence of obesity has been reported in various equine populations and ranges from 21% to 45% 138 

in the UKb [24-27]. In other countries obesity has been described in 10% of mature Icelandic horses in 139 

Denmark [28], 8-29% of horses in Canada [29; 30], 24.5% of Australian pleasure horses and ponies [31] 140 

and 51% of mature light-breed horses in USA [32]. Only one study focussed on regional adiposity, with 141 

the prevalence of a cresty neck score >3/5 in 33% of horses in southwest England [33]. Draught-type, cob-142 

type, British native and Welsh breeds [26], Shetland ponies [31], Rocky Mountain Horses, Tennessee 143 

Walking Horses, Quarter Horses, Warmbloods and mixed-breed horses were all more likely to be obese 144 

compared to Thoroughbreds [32]. Animals described as ‘good doers’, animals used for pleasure riding, 145 

non-ridden animals and more dominant individuals were more likely to be obese [26; 34]. Finally, in a 146 

Swedish study, professional establishments and premises in more rural regions had fewer problems with 147 

overweight horses, whilst premises involved in meat production were more likely to have overweight 148 

animals [35]. 149 

The effects of season on components of EMS remain quite unclear with several studies having contrasting 150 

findings for regional and generalised adiposity [25; 29; 33; 35], insulin [10; 17; 36-39], adiponectin [21; 151 

40], leptin [41] and triglycerides [10; 42]. Pregnancy-associated ID represents a normal physiological 152 

adaptation to ensure continuous delivery of nutrients to the foetus [43; 44] and has been demonstrated 153 

in pregnant mares [38; 45; 46], although significant hyperinsulinemia may not always occur [38; 47]. 154 

Endocrine Disrupting Chemicals (EDCs) are associated with metabolic syndrome and other endocrine 155 

abnormalities in humans [48]. Preliminary data demonstrated that horses from farms within 30 miles of 156 

EDC disposal sites were more likely to have had laminitis compared to those from farms further away, and 157 

had laboratory evidence of ID, suggesting EDC exposure may be an EMS risk factorc.  158 

 159 
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Pathophysiology 160 

 161 

Insulin Dysregulation 162 

Insulin dysregulation plays a central pathophysiologic role in EMS, although the interrelationship between 163 

components of ID may be complex (Figure 1). Hyperinsulinemia is probably the most important 164 

pathophysiologic feature of ID and was once viewed simply as a compensatory response to systemic IR, 165 

although it is now evident that resting and postprandial hyperinsulinemia may occur independently of IR 166 

[49; 50]. 167 

Oral glucose administration stimulates a greater insulin secretion than IV glucose in ponies [49; 51] 168 

indicating that the gastro-intestinal tract releases factors which augment glucose-induced pancreatic 169 

insulin secretion. At least three hormonal factors, or incretins, are known to exist in the horse, namely 170 

Gastric Inhibitory Polypeptide (GIP) and Glucagon-like Peptide 1 and 2 (GLP-1, GLP-2). The relative 171 

contribution of these incretins to insulin production varies considerably among species, and in the horse, 172 

an estimated influence of glucose, GLP-1 and GIP on insulin response to oral glucose administration was 173 

76%, 23% and 2% respectively [49]. Active GLP-1 clearly stimulates insulin secretion in horses [49; 52], 174 

although its role in ID remains unclear [52-54]. Glucagon-like Peptide 2 is a further incretin with no direct 175 

effect on insulin secretion, although it may increase glucose bioavailability via gastrointestinal effects. Its 176 

role in EMS is also unclear [55]. 177 

 It has generally been found that chronic feeding of a diet high in non-structural carbohydrates (NSCs) will 178 

decrease insulin sensitivity and adiponectin concentrations compared to forage and/or fat-rich diets [15; 179 

56-59]. However, the association of dietary NSC intake and IR may not be straightforward and more recent 180 

work suggests adaptation to high NSC diets may actually improve glucose tolerance and tissue insulin 181 

sensitivity, but induce an exaggerated post prandial insulinemic response (Bamford et al., 2016b, Jacob et 182 

al., 2017).  183 
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Decreased hepatic clearance of insulin may also contribute to hyperinsulinemia.  More than 70% of the 184 

insulin secreted by pancreatic beta cells is normally cleared from the portal blood by the liver in horses, 185 

with evidence of decreased hepatic insulin clearance in horses with obesity and IR [60]. 186 

 187 

Development of laminitis 188 

It is now well established that hyperinsulinemia induces laminitis in horses. Field-based observations have 189 

shown an association between hyperinsulinemia, or other components of ID, and laminitis [11; 12; 61-63] 190 

and experimental studies have shown that clinical laminitis can be induced by 48-72 hours of insulin 191 

infusion in euglycemic ponies [64] and horses [65] (both studies mean insulin 1036 IU/mL). Laminitis 192 

lesions, but not lameness, were experimentally induced by 48 hours of glucose infusion inducing 193 

hyperglycemia (mean 11 mmol/L) and endogenous hyperinsulinemia (mean 208 µIU/mL; [66]), giving an 194 

indication of the threshold degree and duration of hyperinsulinemia required to trigger laminitis.   195 

The resultant pathological lesions in endocrinopathic laminitis are initially found in the secondary 196 

epidermal lamellae (SEL) including lengthening and narrowing, developing tapered tips and with SELs 197 

angled more acutely to the primary epidermal lamellar axis [67]. Stretching of the lamellar epithelial cells 198 

is the earliest histological change observed after 6 h of hyperinsulinemia and subsequent cellular changes 199 

include an accelerated cell death (apoptosis) and proliferation cycle [68; 69]. This cellular stretching 200 

indicates cytoskeletal disruption [67] and the deformation of the lamellae also explains the pre-clinical 201 

phase of laminitis where divergent laminitic rings appear often before lameness [62]. 202 

In contrast, it is less well established exactly how hyperinsulinemia causes laminitis, with various theories 203 

having been disproven including glucose deprivation [70], glucotoxicity [71], matrix metalloprotease 204 

upregulation [72] and increased blood flow-induced hyperthermia [73]. Current plausible theories include 205 

changes in intracellular insulin signaling resulting in endothelial dysfunction and mechanisms involving 206 

Insulin-like Growth Factor-1 (IGF-1).  207 
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In healthy animals, stimulation of insulin receptors initiates a chain of intracellular signalling processes via 208 

the so-called metabolic pathway, that result in nitric oxide-mediated vasodilation and GLUT4 209 

translocation [74]. Blockade of this metabolic pathway in IR favours the alternative so-called mitogenic or 210 

MAP kinase (or Ras ERK 1/2) pathway, which results in endothelin 1-mediated vasoconstriction, 211 

upregulation of cellular adhesion modules and mitogenesis [74]. Support for a potential vascular 212 

mechanism linking IR and laminitis comes from equine studies where an abnormal contractile response 213 

to insulin was observed in digital vessels and lamellar arteries in the presence of IR [75-77], and also 214 

increased endothelin-1 has been measured following insulin infusion in an ex-vivo perfused limb model 215 

[78]. However, research on vascular endothelial dysfunction provides a limited view of the intracellular 216 

events that occur during hyperinsulinemia. It is likely that multiple hormones, cytokines or signalling 217 

molecules play a role and that the roles may be different in the lamellar epithelial cells and vascular 218 

endothelium. The IGF-1 receptor has received attention due to its similarity with the insulin receptor and 219 

the ability of high concentrations of insulin to activate it resulting in intracellular signalling through the 220 

MAP kinase pathway [79]. The IGF-1 receptor is found on lamellar epithelial cells as well as endothelia, 221 

unlike the insulin receptor, which is primarily located only on endothelial cells [80]. Equine studies have 222 

shown clear evidence of upregulation of intracellular signalling downstream from the IGF-1 receptor both 223 

in response to dietary carbohydrate challenge and insulin infusion [81]. Of particular relevance to the 224 

proposed pathophysiology was the observed activation of the downstream molecule RPS6, which has 225 

been reported to disrupt cytoskeletal regulation resulting in a loss of cell stiffness or integrity that might 226 

explain the observed cellular elongation or stretching [81]. 227 

 228 

Role of Microbiome, diet and gut homeostasis 229 

The intestine generates different types of messages via hormones and afferent nerves that inform 230 

peripheral organs (liver, adipose tissue, brain) of the nutritional status, which in response generate signals 231 
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to modify energy storage or expenditure [82]. Environmental factors such as changes in diet or EDC’s 232 

leading to disruption of GI homeostasis can therefore influence the metabolic status of the whole body.  233 

The gut microbiota has been suggested as a driving force in the pathogenesis of metabolic disease and 234 

obesity in humans and other species [83; 84]. A small study on faecal microbiota of EMS and control horses 235 

showed less diversity in EMS horses with an increase in Verrucomicrobia members [85] which have been 236 

suggested as microbial biomarkers for progression of glucose intolerance in humans [86]. Additionally, 237 

small changes in carbohydrate content in different cuttings of hay elicited measurable changes in equine 238 

hindgut Streptococci 4 hours after meal feeding [87] and supplementation with short chain fructo-239 

oligosaccharides has been demonstrated to alter microbial populations in different parts of the intestine 240 

[88].  241 

 242 

Role of Obesity 243 

Obesity is no longer seen as a primary cause of EMS but rather a commonly associated feature that, when 244 

present, may exacerbate ID [89; 90]. A possible consequence of increased fat mass is dysregulation of 245 

adipokines, including leptin and adiponectin, as well as inflammatory mediators, that may impact glycemic 246 

control, inflammation and cardiovascular function [91].  247 

Adipocytes are the main site of leptin synthesis and fat mass appears to be the primary determinant of 248 

serum leptin concentration in the horse [92]. Leptin serves to relay signals to the brain indicating fat status 249 

and to maintain body condition by appetite suppression and increased energy expenditure during energy 250 

excess [93]. In some horses leptin concentrations exceed those expected based on the amount of fat or 251 

BCS due to the presence of obesity-related leptin resistance, which may act to worsen the existing degree 252 

of obesity [92; 93].  253 

Adiponectin is a further adipokine secreted exclusively from adipose tissue which improves hepatic insulin 254 

sensitivity and reduces inflammation [94]. High molecular weight (HMW) multimers are known to be the 255 
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most physiologically active and pathophysiologically relevant fractions in other species at least [95]. 256 

Adiponectin concentration is inversely related to fat mass and IR [92]. Decreased adiponectin 257 

concentrations were associated with mildly increased serum amyloid A and development of ID in horses 258 

fed a cereal rich diet although horses fed a fat rich diet showed no evidence of ID [96]. Any causal inter-259 

relationship between hyperinsulinemia or ID and adiponectin concentrations has not yet been clarified in 260 

horses [56; 97].  261 

Several equine studies have examined a possible role of adipose tissue in generating inflammation by 262 

releasing various pro-inflammatory cytokines. However, findings have been inconsistent, possibly 263 

reflecting differences among fat depots and individual variability, and the association of inflammation 264 

with ID and generalised or regional obesity remains unclear [21; 90; 97-104].  265 

 266 

Role of Genetics 267 

The expression of EMS is the result of a complex interaction between genetics and the environment. 268 

Although environmental factors including excessive nutrition have been linked to EMS, high planes of 269 

nutrition and/or changes in the pasture do not result in metabolic derangements and laminitis in all horses 270 

indicating the importance of underlying genetic influences [89]. Horses with EMS are often considered 271 

“good doers” or “easy keepers”  [105] and genes contributing to this phenotype are likely to be 272 

advantageous for survival in the wild during periods of famine by enhancing feed efficiency [105]. Initial 273 

research into the genetic components of EMS in a group of ponies found that the prevalence of laminitis 274 

was consistent with the action of a major gene or genes expressed dominantly, but with reduced 275 

penetrance attributable to sex-mediated factors, age of onset and further epigenetic factors [12]. More 276 

recently, genome wide association studies (GWAS) have been undertaken using Arabian horses, Welsh 277 

ponies and Morgan horses and several candidate genes were identified associated with relevant traits 278 

including height and insulin, triglyceride and adiponectin concentrationsd,e [105]. Nutritional status and 279 
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body condition of the mare during pregnancy influences the foal in terms of reproductive, orthopaedic 280 

and metabolic responses later in life, probably related to epigenetic changes in utero [106; 107]. 281 

 282 

Laboratory Diagnosis 283 

Among the various testing protocols for assessing laboratory markers of ID, analysis of blood samples for 284 

insulin is a common feature. Several studies have reported marked differences in equine insulin values 285 

determined between different laboratory methods [108-112], and therefore cut off values generated in 286 

particular studies cannot necessarily be universally applied and care should be taken to only directly 287 

compare results generated using the same insulin assay. Samples for glucose assay should be collected 288 

into tubes designed for preserving plasma glucose such as oxalate fluoride or sodium fluoride and, ideally, 289 

be chilled.  290 

Different test procedures provide different information regarding aspects of ID (figure 1), which may 291 

partly explain discordant results when different test procedures are compared [113-118]. Knowledge 292 

about physiological principles of the testing procedure is important to interpret results in terms of 293 

diagnosing which component or components of ID are affected. In general, complete assessment of ID 294 

can be achieved in a step-wise manner by combining multiple diagnostic tests.  295 

 296 

Pre-test considerations 297 

Acute stress may affect insulin concentrations via activation of the adrenocortical axis and/or 298 

catecholamine release. It is advisable to minimize stress either from transportation, environmental and 299 

feeding management changes, pain from active laminitis, and excessive starvation prior to testing to 300 

facilitate valid interpretation of results [119-122].  Although absence of feed intake might be expected to 301 

decrease insulin concentrations, fasting for as little as 6 hours may cause IR in horses and donkeys [119; 302 

123]. Furthermore, postprandial glucose or insulin responses will be affected by gastric emptying which 303 
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in turn will be influenced the presence or absence of ingesta in the stomach and small intestine and 304 

therefore feeding status should always be considered.  305 

 306 

Basal testing 307 

 308 

Insulin 309 

An indication of ID can be based on finding resting (or basal) hyperinsulinemia [4; 124; 125] in the fed or 310 

fasted state [11; 12; 99; 124; 126]. However, use of fasting insulin concentrations to indicate ID is 311 

associated with low sensitivity and is no longer recommended primarily for this reason, as well as the 312 

possible confounding effects of secondary IR induced by the fasting protocol. When resting insulin is 313 

measured under fed conditions, dietary influences should be limited by avoiding grain for 4-5 hours prior 314 

to sampling. However, grazing and preserved forage can also affect insulin concentrations for 4-5 hours 315 

post-feeding [127], and should also be considered when interpreting the test result. Insulin concentrations 316 

should be interpreted with respect to the laboratory specific reference ranges and dietary influences as 317 

discussed above, but it is generally the case that resting insulin concentration will be below approximately 318 

10-20 µIU/mL in most healthy equids [128]. Mild increases in resting insulin concentrations (20 - 50 319 

µIU/mL) are considered suspicious for ID and dynamic testing is then recommended. Resting insulin 320 

concentrations > 50 µIU/mL are highly likely to reflect IDf.  321 

Mathematical formulae based on resting glucose and/or insulin are known as proxies, indices and ratios 322 

[11; 124]. Human studies have showed excellent agreement with dynamic testing procedures therefore 323 

simplifying the diagnosis of ID and IR although significant limitations remain [129-131]. In equine 324 

medicine, insulin-to-glucose ratio, reciprocal inverse square of insulin (RISQI) and modified insulin-to-325 

glucose ratio (MIRG) have all been used in research [11; 124], but whether these formulae provide further 326 
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important information compared to interpretation of the raw measures of insulin and glucose is not yet 327 

established.  328 

 329 

Adipokines 330 

Low total adiponectin concentrations have been identified as a predictive risk factor for future laminitis 331 

with an acceptable sensitivity of 78% and specificity of 79% [63]. It is suggested that measurement of high 332 

molecular weight (HMW) adiponectin may be pathophysiologically and diagnostically more relevant than 333 

total adiponectin [95], although currently this is not yet firmly established in horses. Leptin concentrations 334 

have been shown to be useful in the prediction of laminitic episodes in ponies [11] although they appear 335 

to be better associated with fat mass rather than ID in horses and therefore have the potential to mislead 336 

in EMS investigation  [23; 92; 96].  337 

 338 

C-peptide 339 

C-peptide, a by-product of insulin synthesis, is co-secreted with insulin in equimolar amounts [132]. In 340 

contrast to insulin, C-peptide concentrations are unaffected by the first pass effect in the liver and 341 

therefore provide a more accurate assessment of pancreatic secretory function [133]. Increased C-peptide 342 

concentrations in response to oral and IV glucose have been described in horses using a human C-peptide 343 

radioimmunoassay (RIA) [60; 134]. A commercially available enzyme linked immunosorbent assay (ELISA) 344 

is also described which performed acceptably in horses [134].   345 

 346 

Incretins 347 

Studies of the diagnostic usefulness of plasma incretin concentrations thus far have not offered adequate 348 

support for their employment as markers for ID and EMS, although some encouraging findings are 349 

reported for active GLP-1g [49; 52; 53] and GLP-2 [55].  350 
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 351 

Triglycerides 352 

Horses and ponies affected by EMS often suffer from dyslipidemia [125], and hypertriglyceridemia has 353 

been found to be a significant predictor of laminitis risk in ponies with cut-off values from 0.64 to 1.06 354 

mmol/L (57 to 94 mg/dL) [11; 12]. Given the relatively mild and inconsistent changes however, this has 355 

not proved to be a popular diagnostic test.  356 

 357 

Dynamic testing   358 

Dynamic tests provide additional information on the relationship between insulin and glucose and are 359 

generally more sensitive than basal testing for identification of ID. Tests measuring responses to orally 360 

administered NSC more closely mimic the more complete sequence of glucose and insulin dynamics 361 

following food intake, whereas tests measuring responses to intravenously administered insulin and/or 362 

glucose focus on peripheral tissue insulin sensitivity and beta cell responsiveness.  363 

In experimental and research settings, tests including the frequently sampled IV glucose tolerance test 364 

[59; 135; 136] and the euglycemic hyperinsulinemic clamp [113; 115] are often used to investigate insulin 365 

and glucose regulation but are too complex and costly for routine clinical use. 366 

 367 

Oral challenge tests 368 

 369 

Oral Glucose Test (OGT) 370 

In-feed OGTs can be performed by offering various amounts of glucose or dextrose powder mixed in small, 371 

low-glycemic meals [2; 137]. Fasting overnight is recommended prior to the test, both to increase 372 

compliance with ingesting the test dose and also to facilitate transgastric movement of the glucose. Most 373 

frequently 0.5 or 1.0 g/kg body mass (BM) dextrose or glucose powder is used and peak plasma glucose 374 
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occurs between 1 to 2 hours after consuming the meal [114]. The main limitation of the protocol is that 375 

palatability of a large glucose dose can be poor and test results can be affected by ingestion time, gastric 376 

emptying and intestinal absorption [138; 139]. However, a recently published dosage of 0.75 g/kg BM 377 

resulted in satisfactory results and increased acceptance by ponies [139]. Insulin concentrations regarded 378 

as indicative of ID, when measured at 2 hours post feeding, are > 68 µIU/mL for 0.5g/kg BM glucose and 379 

> 80-90 µIU/mL for 1.0g/kg BM glucose with chemiluminescent analysisf [137; 140].   380 

As an alternative, the OGT can be performed with 1g/kg BM glucose or dextrose dissolved in two litres of 381 

water and administered via naso-gastric tube [141]. Despite potential influences of stress in some horses, 382 

this approach remains the most precise means of delivery of the exact amount glucose at a specific time 383 

point. The currently suggested cut-off value for this test protocol is 110 µIU/mL insulin at 120 minutes, 384 

using the equine optimized insulin ELISA [141].  385 

One recent report proposed a 2-step diagnostic process utilising resting insulin and also insulin response 386 

to an OGT. In that study which included 37 ponies, 12 were found to have resting hyperinsulinemia and 9 387 

(75%) of those developed laminitis following feeding a high-NSC diet (12 g NSC/kg BM daily). Of the 25 388 

ponies with normal basal insulin, laminitis occurred in 0/13 of those with normal OGT results and in 5/12 389 

(42%) of those that had an excessive insulin response to oral glucose [142]. 390 

 391 

Oral Sugar Test (OST) 392 

The OST uses a commercially available corn syruph  at a dosage of 0.15 mL/kg BM orally via dosing syringe 393 

[116]. Although pre-test fasting has not always been found to affect results [143], it is advised that horses 394 

should be fasted for at least 3 hours, but no more than 12 hours, before the OST [119; 120]. This might be 395 

accomplished by offering a reduced amount of hay (e.g. 1 to 2 kg) the night before the test. Blood sampling 396 

to measure insulin response is recommended at between 60 to 90 minutes after corn syrup 397 

administration. Insulin concentrations >60 μIU/mL post-dosing were initially used as indicative of ID using 398 
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RIA (Millipore Human RIA) [137; 144] although a lower cut-off value of >45 µIU/mL was recommended 399 

more recentlyf. A higher dosage of 0.25 mL/kg BM Karo Light Corn Syrup was suggested to improve 400 

diagnostic value with a cut-off of >30 µIU/mL between 60-90 minutes using Coat-A-Count RIAi .  An even 401 

higher dosage of 0.45 mL/kg BW has been investigated recently and may provide higher sensitivity for ID 402 

with a suggested cut-off value of >40 µIU/mL between 60-90 minutes using Immulite chemiluminescent 403 

assay [143].  404 

A further OST using commercially available Scandinavian glucose syrupj has been described [145].  The 405 

dosage of 0.2 mL/kg BM is equivalent to 216 mg of digestible sugars per kilogram BM and preliminary 406 

investigations produced results comparable to OST, although reference ranges have not been established 407 

to date. 408 

Finally, horse compliance may be improved by using a grain-based diet as a carbohydrate challenge rather 409 

than glucose, with comparable insulin responses and prediction of laminitis risk [139; 142]. However, 410 

consumption time, variable gastric transit and absorption may still confound test results. Optimisation of 411 

dose and test diet is required to generate testing protocols comparable to standard stimulation challenges 412 

whilst maintaining safety.   413 

 414 

Intravenous challenge tests 415 

 416 

Parenteral delivery of exogenous glucose and/or insulin has the advantage of decreasing variability 417 

associated with intestinal delivery and absorption but also omits some possibly important elements of ID 418 

including incretin effects. Nevertheless, such tests may allow focus on specific elements of ID such as 419 

tissue IR and have been successfully used to diagnose and monitor EMS in clinical and research settings 420 

[146; 147]. 421 

 422 
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Insulin Response Test (IRT) 423 

The insulin response test measures the hypoglycemic response to exogenous insulin, directly assessing 424 

insulin-dependent glucose uptake and insulin sensitivity. This test should be performed under fed 425 

conditions to reduce the risk of clinical hypoglycemia [148]. Forage is made freely available during the test 426 

and a small feed can be offered following the 30 minute sampling. In normal horses, blood glucose will 427 

decrease to <50% of the baseline concentration within 20 to 30 minutes after 0.02 – 0.125 IU/kg BM 428 

neutral insulin IV and then return back to baseline levels within 2 h. In horses with IR, the blood glucose 429 

concentration will remain higher and will return to the baseline sooner. An abbreviated protocol  is 430 

described with glucose measured before and 30 minutes after 0.1 IU/kg BM neutral insulin IV, followed 431 

by dextrose administration after 30 minutes to prevent hypoglycemia [149]. 432 

 433 

Combined glucose insulin test (CGIT) 434 

The CGIT is based on injection of 150 mg/kg BM glucose solution, directly followed by IV injection of 0.1 435 

IU/kg BM insulin [150]. In a shortened protocol, both insulin and glucose are measured in the basal sample 436 

and after 45 and 75 minutes. Typical healthy horses show a biphasic blood glucose curve starting with 437 

hyperglycemia, followed by a negative phase in which glucose drops below the initial baseline value. 438 

Glucose should normally then increase back to baseline concentrations within 45 minutes. Insulin 439 

concentration should be under 20 µIU/mL both at baseline and at 75 minutes, and remain <100 µIU/mL 440 

at 45 minutes when analyzed with the Coat-A-Count RIA [150]. Hyperinsulinemia and a delayed return to 441 

baseline glucose indicate ID. The CGIT is generally well tolerated although hypoglycemia may occur and 442 

tested horses should be closely monitored and additional glucose injections or a small feed should be 443 

readily available.  444 

 445 

Testing for Pituitary Pars Intermedia Dysfunction 446 
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There are obvious similarities between EMS and a subset of animals with PPID in terms of predisposition 447 

to laminitis and the presence of ID [151; 152] and, furthermore, the two conditions may coexist. Thus, 448 

testing for PPID using basal ACTH concentrations or ACTH response to exogenous thyrotropin-releasing 449 

hormone (TRH) should also be considered in horses with ID and/or laminitis, and especially those that are 450 

greater than 10-15 years of age [153]. Combined testing for PPID and ID with the TRH stimulation test and 451 

OST has been recently studied. When TRH stimulation testing is performed following administration of 452 

oral corn syrup, significantly lower post stimulation ACTH concentrations are reported and therefore this 453 

order of combination testing is not recommended [154]. 454 

 455 

Key Laboratory Testing Recommendations 456 

 The specific methodology used to quantify analytes such as insulin has a marked effect on 457 

results and should always be considered, especially when extrapolating diagnostic criteria from 458 

published studies. 459 

 There are many tests which assess different elements of ID and the precise meaning and 460 

usefulness of each test should be carefully considered. 461 

 The most useful and practical tests for routine assessment of the various manifestations of ID 462 

include resting (not fasting) insulin, the OST or OGT, and the IRT or CGIT. 463 

 PPID is likely to exacerbate ID and should be considered in all horses over 10-15 years of age.   464 

 465 

Management 466 

Dietary Energy Restriction 467 

Nutritional strategies for management of obesity primarily rely on energy restriction through limiting the 468 

total dry matter intake (DMI). Numerous studies have demonstrated that progressive BM losses by energy 469 
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restriction improved insulin regulation in obese and insulin-dysregulated horses and ponies [61; 97; 147; 470 

155-159]. There is debate about the optimal degree of restriction due to safety concerns about not 471 

meeting minimum roughage requirements [160]. In general, daily allowance of a mixed species grass hay-472 

based diet of 1.25-1.5 % of actual BM as DMI, or 1.4-1.7 % of actual BM as fed is widely recommended, 473 

typically corresponding to a digestible energy (DE) intake of 64-94% of maintenance requirements [97; 474 

159-161]. In horses with weight loss resistance, a further forage restriction to as little as 1.0 % BM as DMI 475 

or 1.15% BM as fed may be considered if appropriately monitored. In general, grains or cereal-based 476 

complementary feeds should be excluded from the diet due to their high NSC content. Likewise, high-fat 477 

feeds should be avoided in obese horses due their high energy contents and fruit or vegetables such as 478 

carrots, apples or treats with a high glycemic load should be avoided.  479 

The nutrient composition of the forage should be determined where possible [162], although this seems 480 

to be performed rarely in practice [163]. Hays with low NSC content (<10 %) are recommended to limit 481 

insulin responses [164], although moderate (12 %) or high (18 %) NSC content in hay had no long term 482 

effect on serum insulin concentrations in obese Arabian geldings in one study [165]. Haylage is often 483 

presumed to have low NSC due to fermentation, although insulinemic responses to haylage were 484 

markedly greater than hay of an equivalent NSC content in one study [127]. This, along with frequently 485 

greater palatability of haylage, means that it is not currently recommended for horses with ID.  486 

Soaking hay for 7-16 hours at ambient temperature decreases nutrients including water soluble 487 

carbohydrates (WSC) by 24-43 % and was associated with more than double the losses of BM in obese 488 

horses compared to feeding the equivalent amount of dry hay  [160]. However, there are concerns over 489 

bacterial growth during a long soaking process in warm or tepid water unless the hay is subsequently 490 

steamed [166] and therefore limiting to a 1-2 hour soak may be wise in warm conditions. Soaking has 491 

been demonstrated to reduce the glycemic and insulinemic responses to hay and haylage fed to both 492 

normal and ID ponies [127; 167] and is recommended for horses with ID, especially those demonstrated 493 
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to have abnormal responses to oral carbohydrate challenges. As forages can be low in protein, and mineral 494 

and vitamin leaching occurs after soaking, these nutrients must be balanced by supplements to cover 495 

requirements [160; 168]. Increases in plasma creatinine was found in one study of dietary restriction as a 496 

result of protein catabolism due to a deficient protein intake [158]. 497 

Dry matter intake is increased on pasture, at least when offered ad libitum [169], and high NSC pasture 498 

has been shown to exacerbate hyperinsulinemia in ponies [12]. Restricting grazing time alone has a limited 499 

effect on DMI and can result in rapid consumption with over 0.9% BM as DMI having been recorded in 500 

just 3 hours of time at pasturek [170]. Grazing muzzles may reduce DMI to 77-83 % of grazing without a 501 

muzzlel and may have the added benefits of increasing foraging time and exercise. During the initial 6-12 502 

weeks of dietary restriction in animals with ID, pasture access should be prevented as even partial access 503 

is very difficult to quantify in terms of DMI. However, successful long-term management of EMS cases can 504 

still include some grazing provided that ID is under control. In this respect ID is best assessed by the insulin 505 

response to oral carbohydrates or following grazing [147].  506 

The use of dietary supplements to facilitate BM losses or to improve ID is popular, but their efficacy 507 

remains questionable or unproven. Various supplements including magnesium, chromium and short-508 

chain fructo-oligosaccharides have received support based on some evidence of improved insulin 509 

regulation [171-173], although other studies have not confirmed these positive effects [146; 174]. Little 510 

benefit has been shown for other supplements including cinnamon [175], L-carnitine [176] and Psyllium 511 

[177], although some promising effects are reported for a feed enriched with Spirulina platensis algae 512 

[178] and the wheat bran protein aleuronem. 513 

 514 

Welfare Considerations 515 

Safe rates of BM losses are not yet well defined. Although abrupt feed restriction resulting in loss of  516 

approximately 1% BM weekly was not associated with hypertriglyceridemia in a study of welsh ponies 517 
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[158], more rapid BM losses have been associated with increases in serum triglycerides and non-esterified 518 

fatty acid (NEFA) concentrations, reflecting increased lipolysis [161; 176]. Furthermore, quite considerable 519 

variation in inherent sensitivity or resistance to weight loss can occur, in addition to effects of variation in 520 

hay quality [159; 160]. Consequently, energy restriction should be targeted towards achieving 0.5 -1.0 % 521 

BM losses per week and carefully monitored during restriction to ensure targets are reached but not 522 

exceeded. There is rarely a need to institute abrupt diet restriction and this can generally be phased in 523 

over a week or two. 524 

Attempts to extend feed intake time during feed restriction is ideal for the animal’s health and welfare 525 

and to avoid stereotypical behaviours [158]. As straw has a lower energy content than hay, DMI can be 526 

increased to >1.25 % BM, thereby increasing feed intake time. In one study, a mixture of alfalfa, hay and 527 

straw was offered without any negative clinical consequences during a 17-week weight loss program in 528 

ponies [157]. Although other studies are lacking, gradual introduction of straw in exchange for hay at a 529 

rate of up to 30% of total forage can be recommended to allow increased DMI with little effect on DE 530 

intake. Monitoring faecal output to detect early signs of colon impaction is advisable following 531 

introduction of straw.  532 

During feed restriction to a DMI of 1% BM in horses and ponies, feeding from a hay net (3.2 cm diamond-533 

shaped openings) compared to feeding from the stall floor resulted in extension of hay intake time from 534 

120 min to 193 minutes [170]. Dynamic feeding systems have been designed by applying time-dependent 535 

cycles with controlled hay access to provide a combination of exercise and extension of feed intake whilst 536 

improving BM losses [179]. A possible consequence of restricting DMI is ingestion of bedding such as 537 

straw, wood shavings or paper [180], and consequently, rubber matting in stables might be considered in 538 

some cases during energy restriction. The impact of dietary restriction on the incidence of gastric 539 

ulceration and behaviour should also be considered. Both of these concerns were examined in a study of 540 

16 weeks’ dietary restriction and weight loss in Shetland ponies where no effect on gastric ulceration was 541 
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found [161]. The same study suggested an increase in coprophagy during the period of dietary restriction 542 

whereas other studies have found feed restriction to be associated with lethargy [181; 182]. 543 

Key Dietary Recommendations 544 

 An ideal target for weight loss in obese horses is between 0.5% and 1.0% BM losses weekly. 545 

 This may be achieved with a forage-based ration totalling 1.4-1.7% BM as fed, or in exceptional 546 

cases as little as 1.15% BM as fed. 547 

 Forage with NSC <10% is recommended to limit post-prandial insulin responses in horses with 548 

ID and soaking may be required to achieve this in many instances. 549 

 Ensuring adequate protein, vitamins and minerals is important via an additional ration balancer 550 

supplement. 551 

 552 

Exercise programmes 553 

Exercise has been shown to improve insulin sensitivity and reduce inflammation in people, even in the 554 

absence of weight loss [183; 184]. A similar anti-inflammatory effect has also been observed in ponies 555 

undergoing a low intensity training programme (5 minutes trotting per day for 14 days) with a reduction 556 

in serum amyloid A and normalisation of serum haptoglobin in previously laminitic ponies [185]. However, 557 

exercise intensities required for improving insulin sensitivity may be a lot higher than are often 558 

undertaken, and this may explain the variability in success of programmes that used lower intensities of 559 

exercise. Low intensity exercise in young to middle aged horses and ponies should be producing heart 560 

rates (HRs) of 130-150 beats per minute (BPM) (50-70% HRmax), moderate 150-190 BPM (70-90% HRmax) 561 

and high intensity exercise greater than 190 BPM (>90% HRmax). As a guide, for sedentary to lightly 562 

exercised horses, fast trotting on a lunge elicits HRs of around 100-110 BPM and canter 120-160 BPM 563 

whether ridden or unridden [186].  564 
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An increase in insulin sensitivity, GLUT4 expression and glycogen synthase activity has been found for 565 

several days following 7 days endurance training in healthy Standardbred horses at 55% VO2max (70% HRmax 566 

or 150 BPM) for 45 minutes [15] with similar beneficial findings for low to moderate intensity exercise in 567 

other studies of healthy and obese horsesa [16]. Swimming healthy Thoroughbred horses in a moderate 568 

intensity exercise programme for a month (HRs 160-180 BPM for 60 minutes per day) decreased basal 569 

and dynamic plasma insulin concentrations [187]. 570 

However, not all studies have found exercise to improve basal insulin or insulin dynamics [126], and lower 571 

levels of exercise have frequently had disappointing results. Only short-term improvements in insulin 572 

sensitivity were found after 7 days of 30 minutes light exercise (mean HR 130 BPM) in obese mares [188] 573 

and only a marginal improvement in OGT responses were seen after 6 weeks of training obese ponies (5 574 

days a week for 9 minutes trot and canter, HR <140 BPM), although their improvements were maintained 575 

over 6 weeks deconditioning [155]. Insulin sensitivity  was not improved during an exercise programme 576 

of 2 weeks of 30 minutes slow trotting for 4 days/week and 2 weeks of 30 minutes trotting for 2 days per 577 

week and 20 min slow cantering plus 10 minutes trotting for 2 days/week [126]. 578 

 579 

Key Exercise Recommendations 580 

 Exercise recommendations will depend on lamellar stability and cannot be applied to horses 581 

with current laminitis. 582 

 In non-laminitic horses with ID minimum recommendations are low to moderate intensity 583 

exercise (canter to fast canter, ridden or unridden; or HRs 150-170 bpm) for >30 minutes, >5 584 

times per week. 585 

 In previously laminitic horses with recovered and stable hoof lamellae, minimum exercise 586 

recommendations are low intensity exercise on a soft surface (fast trot to canter unridden; or 587 

HRs 130-150 bpm) for >30 minutes, >3 times per week. 588 
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 All exercise should be increased gradually based on the horse’s baseline fitness level and, with 589 

careful monitoring in case of deterioration of lamellar stability especially in horses with 590 

previous laminitis.  591 

 592 

Pharmacologic Aids 593 

Metformin hydrochloride is the most commonly prescribed drug for managing ID in equids although is 594 

only licensed for use in humans.  Dosages range from 15-30 mg/kg given 2-3 times daily PO, and the drug 595 

should ideally be administered 30-60 minutes prior to feeding.  An initial study administered metformin 596 

(15 mg/kg PO q12h) to 18 ponies and horses with ID and reported that basal insulin concentrations 597 

decreased over time [189].  However, the oral bioavailability of metformin is very poor in equids [190] 598 

and a further study failed to demonstrate systemic effects of metformin (15 mg/kg PO q12h) on insulin 599 

sensitivity [191].  Instead, decreased enteric glucose absorption and insulin response to an OGT has been 600 

shown following a single dose of metformin in horses and rats [192; 193], providing a possible explanation 601 

for the observed beneficial actions of metformin on insulin concentrations in the absence of systemic 602 

absorption.   603 

Levothyroxine might be prescribed for equids with increased adiposity in order to accelerate weight loss 604 

through increasing the metabolic rate, but diet and exercise changes must be implemented at the same 605 

time if treatment is to be successful.  Administration of levothyroxine to  healthy horses of 500 kg BM at 606 

dosages between 24 and 96 mg per day PO for up to 48 weeks was well tolerated, BM decreased, and 607 

insulin sensitivity increased [194]. Only one study has evaluated levothyroxine treatment in horses with 608 

EMS however and this showed beneficial effects on BM and neck circumference following 48 mg 609 

levothyroxine/day PO for 6 months and then 72 mg levothyroxine /day for 3 monthsn.   610 

There is a product available for use in horses in the USAo at a dosage of 0.1-0.15 mg/kg levothyroxine 611 

sodium once daily PO until an appropriate body condition is attained, or for a maximum of 6 months. 612 
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Horses are weaned off levothyroxine at the end of the treatment period by decreasing the dose by half 613 

for 2 weeks and then a quarter for 2 weeks. In Europe, use of levothyroxine in equids requires prescription 614 

of products licensed in other species. 615 

Pioglitazone is a thiazolidinedione antidiabetic drug that activates peroxisome proliferator–activated 616 

receptor-gamma and is prescribed for the management of type 2 diabetes mellitus in human beings.  This 617 

drug is not routinely used for managing ID in horses, as results from equine studies have been largely 618 

disappointing [195; 196] .   619 

Pergolide is a dopamine receptor agonist licensed in several countries for the treatment of pituitary pars 620 

intermedia dysfunction (PPID) in horsesp.  Medical management of PPID with pergolide typically improves 621 

insulin regulation in those horses affected by ID and it has been further proposed that pergolide may have 622 

an independent effect on insulin dynamics in horses.  One study treated horses with clinical signs of EMS 623 

with 1 mg pergolide/day for 8 weeks and found improved OST results (McFarlane D.; personal 624 

communication), although it is difficult to rule out early PPID in those horses with EMS, so additional 625 

studies are required to confirm any specific effect of pergolide on ID.  626 

Canagliflozin, and related drugs, inhibit the sodium-glucose co-transporter-2 (SGLT2) receptors in the 627 

proximal tubule of the kidney to increase glucose loss in the urine [197].  Dosages for SGLT2 inhibitors 628 

cannot be recommended at this time until preliminary studies being performed to assess the safety and 629 

efficacy in horses are completed.  In humans, SGLT2 inhibitors are administered once daily as tablets and 630 

hypoglycemia and urinary tract infections are the most common adverse events reported.  631 

 632 

Key Pharmacologic Recommendations 633 

 Drug treatment of EMS should never be used as a substitute for diet and exercise interventions.  634 



29 
 

 Since metformin appears to blunt postprandial increases in blood glucose and insulin 635 

concentrations, it may be useful for horses with severe ID while management changes are 636 

implemented, and in animals that remain insulin dysregulated even when managed optimally.  637 

 Responses to metformin can be evaluated by performing an OST or OGT 30-60 minutes 638 

following drug administration to assess the benefits in the individual patient, or by comparing 639 

insulin concentrations 2 and 4 hours after feeding with and without medication.   640 

 Levothyroxine will be less popular in Europe due to high costs although may be used in weight 641 

loss resistant cases alongside dietary control and exercise. 642 

 Where PPID has been diagnosed, pergolide treatment is recommended to minimize the effects 643 

of PPID on ID. 644 

 645 

Monitoring and Prevention 646 

 647 

Laminitis detection 648 

All horses with EMS must be frequently monitored for the earliest clinical signs of laminitis, which are 649 

often seen when the horse is turned in tight circles on a hard surface or transitions from soft to hard 650 

ground.  Digital pulse intensity increases as laminitis progresses. However, some equids have hoof changes 651 

consistent with lamellar damage without exhibiting obvious lameness [62].  In these cases, divergent hoof 652 

rings (‘founder lines’) may be seen on the hoof wall or widening of the white line on the solar surface.  653 

Third phalanx remodelling, displacement or rotation may be detected in the same horses when 654 

radiographs are taken of the feet. Ideally, evaluations should be performed every 6 -12 months to reassess 655 

the risk of laminitis. The minimum database for each visit includes an updated diet and exercise history, 656 

physical examination and body condition score, visual inspection of hooves for signs of laminitis, and 657 
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endocrine tests (e.g. OST). It is also crucial that preventative and corrective farriery is coordinated 658 

alongside veterinary care [198]. 659 

 660 

Obesity Control 661 

Although recommendation of dietary restriction and exercise may appear relatively straightforward, it 662 

can often be limited by poor compliance from horse owners and other practical barriers to 663 

implementation [199]. Key factors in the success of EMS management are both the tailoring of the 664 

programme to individual owners’ situations and monitoring the effect of the programme [200]. A 665 

tendency for owners of obese horses to underestimate their horse’s condition has been identified by 666 

several studies [24; 27; 30]. Various reasons have been proposed to explain the apparent lack of 667 

recognition of obesity including lack of owner education [35]. However, it should also be acknowledged 668 

that the high prevalence of equine obesity may lead to habituation and acceptance of the status as 669 

apparently normal. Additionally, perceived criticism and peer pressure from owners of overweight horses 670 

stabled on the same premises may present a barrier to other owners wishing to implement fat loss 671 

programs [199]. Continual and overt veterinary support and education are crucial to promote the success 672 

of advised management changes.  673 

Body mass monitoring on a weighbridge is the gold standard method although tapes or commercial 674 

applications which consider belly, girth and rump width are useful alternatives when scales are not 675 

available [158; 201]. Body condition scoring to monitor success has some limitations due to the non-linear 676 

relationship of total body fat with BCS when BCS is greater than 7/9 [202]. Although some studies found 677 

changes in BCS after 6-12 weeks of energy restriction [97; 146], others found no change over 12-weeks of 678 

dietary restriction despite significant losses in BM [158]. In the first week of energy restriction, higher BM 679 

losses are expected due to reduced gut fill following transition to restricted DMI [158; 176] and beyond 680 

the first 12 weeks of dietary restriction, the same level of restriction, even if adjusted for BM, may not 681 
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have the same effect due to adaptive suppression of resting metabolic rate [159]. Where this is the case 682 

the level of dietary restriction may need to be increased or metabolic rate increased, for example by 683 

implementing an exercise programme.  684 

 685 

Endocrine monitoring 686 

Body mass reduction is expected to improve ID by lowering resting insulin [158], dynamic test results [147] 687 

and improve adipokine concentrations [97], and laboratory monitoring of ID is highly recommended to 688 

support the weight loss programme and to confirm the degree of success in improving ID. The indication 689 

for dietary restriction should always be based on the degree of ID and not just BM, especially when used 690 

to guide return to pasture. For example, a horse with rapid improvements in ID may be able to resume 691 

restricted grazing relatively quickly and be maintained on long-term minor restrictions with some seasonal 692 

changes in BCS permitted. In contrast, a horse with continued marked ID may require low NSC feeding 693 

and maintenance irrespective of changes in BCS. Ideally, monitoring should include a test to assess the 694 

insulinemic response to oral carbohydrate challenge to allow evaluation of the requirement for continued 695 

low NSC intake. This could entail an OST or OGT or simply the insulin response to the prescribed feed (e.g. 696 

an insulin sample taken 2 hours after the morning feed or 2 hours after being turned out on to pasture). 697 

The regular monitoring of serum TG and NEFA concentrations during the weight loss program helps to 698 

detect hyperlipemia due to a negative energy balance, especially in pregnant animals or in miniature 699 

breeds, Shetland ponies and donkeys.  700 

 701 

Key Monitoring Recommendations 702 

 Monitoring and support are crucial elements of EMS management due to frequently poor 703 

compliance rates. 704 
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 Initial veterinary re-examinations should be performed monthly after starting dietary 705 

restriction and then less frequently (3-12 monthly) if good progress is made. 706 

 Success should be judged on the basis of retesting for ID (especially using oral carbohydrate 707 

challenge tests) and not simply BM losses. 708 

 709 
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