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How to Cite

The article defines the disease — the equine metabolic syndrome (EMS) and based on literature
data, the leading causes, pathogenesis, diagnosis, prevention, and treatment of complications
provoked by equine metabolic syndrome are described. Equine metabolic syndrome is registered in
young horses and old animals. For example, Morgan, Paso Fino, Arabian, riding, and thoroughbred
horses. Diagnosis of equine metabolic syndrome is based on the analysis of breed and genetic
predisposition, determination of insulin resistance, and the degree of obesity. Early diagnosis of
equine metabolic syndrome prevents the development of laminitis. Therefore, the primary treatment
for equine metabolic syndrome is weight loss, with a combination of diet and exercise in horses
without developing laminitis. Treatment and care of an animal with metabolic syndrome require an
individual approach. The main strategic direction in solving the problem of insulin resistance should
be based on weight loss and increasing insulin sensitivity by changing the diet and increasing
physical activity. A change in diet is to reduce energy components and non-structural carbohydrates
in its composition. In addition, grazing should be avoided, especially during the season when young,
fresh grass appears. It is necessary to pay attention to the pastures, where today the number of
grasses of genetically modified species, which are grown for milk production and fattening cattle, is
increasing. Such grasses are characterized by a high content of NSC, which is the opposite of the
pastures that are necessary for horses. Suppose the equine metabolic syndrome was established after
the detection of laminitis. In that case, measures should reduce body weight, but with little physical
activity, to not expose further damage to the hooves. Therefore, priority is directed to remove the
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animal from the laminitis and reduce obesity with significantly reduced physical activity. A low-carb
diet should reduce insulin activity. However, if its activity is very high, you can use drugs to decline
its level.

Key words: horses, insulin resistance, obesity, laminitis, glucose, diet, exercise.

METABOJIYHU CUHJIPOM Y KOHEN
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! Bpouascskoro npupoaHuyuoro yHisepeurery, M. Bpoutas, Iosbima

2 JIbBiBCHKMIT HALLIOHATHLHUN YHIBEPCUTET BETEPUHAPHOT MEIUIIMHM Ta G10TEXHOJIOTTH iMEHi

C. 3. I'xurpkoro, M. JIbBiB, Ykpaina

% HaunionansHuii yHiBepcuTeT 6iopecypciB i MpUpOJIOKOpUCTyBaHHs Ykpainu, M. Kuis, Ykpaina

Y cmammi dano eusnauennsa 3axeopiosanus — MemaooniuHUl CUHOPOM KOHElU, a MAaKodiC Ha Ni0CMAagi
O0anux nimepamypu 0Xapakmepusz08aHo OCHOGHI NPUYUHU, NamMo2eHe3, 0ia2HOCMUKY, NPOYINaKmuKy ma
JIIKY8AHHA YCKIAOHEHb, CNPUYUHEHUX MemaboniyHuUM CUHOPOMOM YV KoHel. Memaboniunuii cuHOpom
KOHell peccmpyemuvcsa 6 MONOOUX KOHell, a Makodc y eepiampuynux meapun. Haubinow nowupenum
MemaboniyHull CUHOPOM KOHell € 6 NOHI, KoHell nopoou Mopean, Ilaco @ino, apabcvkux, 6epxosux i
4uUcmokposHux koneu. [iaenocmuxa memaboniuno2o cUuHOPoMy KoHell Noiaeae na ananizi nopoonoi ma
2EHEeMUYHOI CXUNbHOCMI, GU3HAYEHHI pPe3UCMEeHMHOCMI 00 IHCYNIHY, d MAKOXC CMYNeHs pPO3BUMK)
ooicupinus. Paumnsi Odiaenocmuxa memaboniuno20 CuHOpoMy KOHel 3anobieac po36UmKy JAAMIHImMY.
OcHOBHUM Y JIKYBAHHI KOHEU 3a MemaboNiuH020 CUHOPOMY € 3HUNCEHHS MACU MIiAd, 3 KOMOIHAYiew
diemu i Qi3UUHO20 HABAHMANCEHHS 8 KOHel be3 po3eumKy aaminimy. JIiky8auHs ti 002140 30 ME8APUHOIO
3 MemadONYHUM CUHOPOMOM 8UMA2AE THOUBIOYalbHO20 Ni0X00y. OCHOBHUL CIMpame2iunull HaNPAMOK )
supiulenHi npoodremu IHCYAIHOPE3UCMEHMHOCMI NOGUHEH ONUPAMUCs Ha empami macu miia i
niosuwerHi yymaugocmi 00 IHCYIIHY 3a O00ONOMO20K0 3MIHU payioHy ma 30invuenHi Qizuunoi
aKMueHOCmi. 3MIHA payioHy NOJNA2AE Y 3HUJICEHHI eHep2emUYHUX KOMNOHEHMIE [ HecmpyKMmypHUX
8y21e600i8 y 1o2o ckaaodi. Kpim moeo, neobXiono ynukamu unacauHs meaput, ocooIu8o 8 nopy poky,
KONU 3 A81A€MbCS MON00a, cgixca mpasa. Heobxiono 36epmamu yeazy na nacosuwye, Ha AKUX CbO20OHI
30L1bUWYEMBCA KIIbKICMb MPA8 2eHeMUYHO MOOUPIKOBAHUX 8U0I8, AKI UPOWYIOMb 01 8UPOOHUYMEA
MONIOKa ma 8i0200i61i eeauxoi pocamoi xyoobu. Taxa mpasa xapaxmepusyiomvcsa 6UCOKUM BMICMOM
NSC, wo € npomunesichicmio nacosuwy, siki HeoOXiOni 0Jisi KoHel. Axuo memaboriuHull CUHOPOM KOHell
0y8 8CMAHOBNEHUN NICAA BUABNEHHS JIAMIHIMY, MO 3AX00U NOBUHHI OYMU CNPAMOBAHI HA 3MEHUIeHHS
macu mina, anre 3 oOMedCceHuM @QI3UUHUM HAGAHMAICEHHAM, WOOU He HAaApax3camu HA HOOATbule
nowkooxcenns konum. Ilepwouepzoea yeaza mae Oymu cnpamo8ana Ha NiKy8aHHs 1aMiHimy y meapuHu,
a maxkoxdc 3MEHWEeHHs OMCUDIHHA 3i 3HAYHO 3HUdMCEHOlo @izuunolo axmusHnicmio. Huszvkogyznesoona
diema NOGUHHA 3HUNCYEAMU AKMUBHICMYb THCYAINY. AKWO0 11020 aKMUBHICMYb € 0Ydice BUCOKOI0, MOICHA
BUKOPUCINOBYBAMU NPENaApamu 0Jis 3HUICEHHS U020 PIGHSI.

Kniouoei cnosa: xoui, memadoniunuil CUHOPOM, IHCYIIHOPE3UCTNEHMHICb, ONCUPIHHSA, AAMIHIM, THCYIIH,
2nioKo3a, diema, Qizuune HaBAHMAINCEHHSL.

Metabolic syndrome was first described in humans in developed countries due to limited physical
activity, combined with easy access to high-calorie drinks and food. With the change in methods of use and
feeding, similar observations were later investigated in horses [14].

Equine Metabolic Syndrome (EMS) — a clinical syndrome that is a collection of interrelated pathological
changes related to obesity, insulin resistance, and laminitis [23].

EMS is registered in young horses and old animals. For example, Morgan, Paso Fino, Arabian, riding,
and thoroughbred horses [33]. As already mentioned, the main elements of EMS are insulin resistance,
obesity, and laminitis. However, it is assumed that the syndrome covers a much more comprehensive range
of problems that adversely affect energy metabolism, which can promote thrombosis, cause chronic
inflammation and excessive free radical formation, and develop oxidative stress [1]. In addition, such
animals develop endocrinological changes, leading to cardiovascular disease [38].

Therefore, the use of the term EMS is beneficial for distinguishing horses with Cushing's syndrome or
cases of hypothyroidism, with which it is often confused [22].

Ne 1« 2022 « BICHUWK lNMonTaBcbkoi Aep>xaBHOI arpapHoi akagemii 195



BETEPUHAPHA MEOULIMHA

Pathophysiology of EMS. Adiposity. Genetically, horses, like many other animals, can accumulate fat.
Bodyweight and subcutaneous fat deposition are influenced by environmental factors, including diet, season,
physical activity, and genetic factors [2].

The mechanisms underlying general obesity in horses have not been thoroughly studied, but overfeeding
combined with limited physical activity, which slows metabolism, are considered significant factors in
developing obesity, as in humans and other species [3, 31].

“Local” obesity is associated with the development of fatty tissue only in certain parts of the body. For
example, in horses, adipose tissue accumulates around the neck, foreskin, breast, and sides of the body. An
informative EMS test is the distribution of fat along the entire neck length. This condition is known as
“cresty neck” and, regardless of its degree, causes an increase in neck volume [18].

Insulin resistance is an insufficient biological response of cells to the action of insulin at its sufficient
concentration in the blood [29].

There are two theories linking obesity to insulin resistance. The first is related to regulating insulin signaling
pathways induced by cytokines and adipokines synthesized in adipose tissue. The second refers to the intracellular
accumulation of lipids in insulin-sensitive tissues such as skeletal muscle, adipose tissue, liver [27].

A natural diet for horses is low in fat and carbohydrates quickly converted into fat. Such fat is used for
energy production or is deposited and stored intracellularly. When fat exceeds the capacity of cells, it
accumulates in other places, such as skeletal muscle, liver, and pancreas. Despite the increase in beta-
oxidation, lipids disrupt the normal functioning of cells in these organs, including the signaling pathway
through which insulin causes a biological effect in target cells [4].

Insulin resistance is associated with defects in insulin signaling, including a decrease in tyrosine kinase
activity and insulin receptors [8].

The development of insulin resistance is pathogenetically associated with laminitis, when regular insulin
activity does not elicit the expected response in target cells [6, 7, 42]. The primary function of insulin is to
stimulate glucose uptake by tissues. The two main sites of indirect glucose uptake are skeletal muscle and
adipose tissue, but we must also consider the liver, which also absorbs glucose from the blood [9].

Insulin resistance results from a decrease in the density of insulin receptors, their malfunction, damage to
internal signaling pathways, and dysfunction of insulin-dependent hepatic glucose transporter protein in the
liver GLUT4 (glucose transporter type 4) [24].

Laminitis is one of the most severe and common disorders of the extremities in horses. The disease is defined
as an aseptic, diffuse inflammation of the connective skin tissue of the hoof. Although changes in the hoof
manifest the disease, it is currently considered a systemic disorder accompanied by changes in other organs [25].

The occurrence of chronic laminitis should always refer the veterinarian to further differential diagnosis
and the possibility of developing EMS. Still, it should be remembered that laminitis is a separate illness [20].

Predisposition to laminitis may be determined by the body's ability to supply glucose to hoof tissues. It has
been suggested that insulin resistance affects the supply of nutrients to the hoof tissues by changing the pressure
in the blood vessels. In addition, insulin has a vasodilating effect, increasing blood flow to tissues [26].

Diagnosing EMS. The diagnosis of EMS should be based on the patient's medical history, the results of a
clinical study, the evaluation of radiographs of the hooves, and the results of laboratory tests. For example,
the best laboratory test for the diagnosis of insulin resistance is an intravenous test for glucose tolerance.
Still, from the point of view of practice, an alternative approach to diagnosis is recommended [13].

The most straightforward diagnostic test for EMS is to determine the insulin level in the blood. However, the
interpretation of the obtained results should be careful — taking into account the factors that may affect the
reliability of the results. The concentration of insulin in the blood is influenced by many factors — feeding horses,
especially in recent times (diet, its amount). It is also necessary to determine the cortisol concentration in the blood
(daily fluctuations, emotions, pain, stress), physiological condition (reproductive status), obesity, comorbidities.
Insulin activity and fasting glucose concentration are relatively stable and can diagnose [10]. The animal must be
prepared before the study for 24 hours. Restrict feeding, including non-structural carbohydrates (NSCs) (starch,
pectin, fructans), and a starvation diet 8 to 10 hours before the study. Horses that are on pasture are placed in
places without access to feed. Blood samples should be sent to the same laboratory because different laboratories
may use different methods to determine insulin in the blood, leading to incredible results [44].

Horses and ponies with EMS are characterized by slightly elevated or high serum glucose (reference
ranges of 80—115 mg/dL) and hyperinsulinemia (upper reference limit <20 uOd/ml) [16].

In horses with active inflammation of the hoof base, it is not advised to perform the above tests until
eliminating the acute phase of the disease, when each sympathetic nervous system activation leads to
decreased insulin sensitivity and hyperglycemia [19].
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Insulin content determination in the blood indicates a false-negative result in horses and ponies that
receive a diet low in NSC. It is recommended to perform dynamic tests on such animals. Executing dynamic
tests is necessary when the animal has clinical symptoms of EMS, but the results of previous tests were not
in doubt. Such studies are advised to assess the degree of insulin resistance and monitor illness progression
[39]. Intravenous insulin-glucose tests (CGIT) should be combined to diagnose insulin resistance effectively.
This test can be successfully used in the field. Administration of these two drugs (glucose 150 mg/kg, insulin
0.1 1U/Kg) requires several determinations of blood glucose with a glucometer (before the introduction of 1,
5, 15, 25, 35, 45, 60, 75, 90, 105, 120, 135 and 150 minutes from the moment of introduction). The obtained
result is characterized by forming a two-phase curve with positive (hyperglycemic) and negative
(hypoglycemic) particles. Also, it is evaluated concerning the time for which the concentration of glucose in
the blood returns to baseline. Insulin sensitivity is confirmed by returning the glucose content to baseline
within 45 minutes [12]. Patients rarely develop symptoms of hypoglycemia due to insulin administration
(weakness, tremor, increased sweating). If such symptoms occur, 40 % glucose solution quantity 120 ml is
administered intravenously [34].

False-negative results confirming the absence of insulin resistance may be due to the action of stressors
before the study. Therefore, the study should be performed in a quiet and peaceful environment, and the
intravenous catheter is best placed the day before the study [35]. The combined test gives more useful
clinical results because they are more informative than each test alone [28]. However, the main reason for
erroneous results of glucose and insulin in the blood during the collection of individual blood samples is the
animal's stress. Therefore, the constant determination of glucose is a kind of innovation and helps to
eliminate stressors. This method consists of the subcutaneous placement of a sensor to determine the glucose
blood content, which registers its level every 5 minutes for up to 7 days. It is a beneficial solution for both
the patient and the veterinarian [32].

Assessment of obesity. The best way to assess obesity is the Body Condition Score (BCS) method, which
allows you to assess the degree of obesity objectively. The method determines the level from 1 (exhaustion)
to 9 (severe overweight). Horses are evaluated visually and empirically by manually examining six body
areas where fatty tissue accumulates. To assess the degree of obesity also considers the physical
characteristics of horses, described in the original works [43].

Obesity in horses occurs according to the proposed scheme. Fat deposition begins behind the shoulder
blades. Then it covers the ribs, above the back of the body, and finally along the shoulder girdle in the
direction of the neck and head. Condition assessment (BCS system) determines the amount of fat
accumulated in these areas. It may be useful to measure the neck circumference in “local” obesity, which, as
already mentioned, is a symptom of EMS [1].

Recommendations. Treatment and care of an animal with metabolic syndrome require an individual
approach. The main strategic direction in solving the problem of insulin resistance should be based on weight
loss and increasing insulin sensitivity by changing the diet and increasing physical activity. A change in diet
is to reduce energy components and non-structural carbohydrates (NSC) in the diet. In addition, grazing
should be avoided, especially during the season when young, fresh grass appears [18].

Suppose the EMS was established after the detection of laminitis. In that case, measures should reduce
body weight, but with little physical activity, to not expose further damage to the hooves. Therefore, priority
is directed to remove the animal from the laminitis and reduce obesity with significantly reduced physical
activity [5].

Obesity prevention. Reducing obesity has the most significant positive effect on restoring insulin
sensitivity. It is necessary to remember to limit grazing when returning to pasture when the grass has the
highest concentration of NSC — in spring, early summer, the transition period between autumn and winter, as
well as in the hours when the concentration is highest (lowest 3 : 00 — 9 : 00). Weight loss should be gradual,
as sudden weight loss can lead to hyperlipidemia and fatty liver disease. Reducing obesity should increase
physical activity and limit food intake [45].

Focused that laminitis eliminates physical activity. Therefore, the diet should include hay with a low NSC
content. It is best to perform a laboratory test of hay to determine the content of NSC. If the animal reacts
negatively to reducing the daily diet, the portion is divided into several smaller ones to reduce periods of
hunger. You can also use food bags, which take longer to feed. Hay should be introduced into the diet first at
a dose of 1.5 % of body weight, and within a month, the dose is reduced to 1 % of body weight if the animal
does not lose weight [11].

It is necessary to pay attention to the pastures, where today the number of grasses of genetically modified
species, which are grown for milk production and fattening cattle, is increasing. Such grasses are

Ne 1« 2022 « BICHUWK lNMonTaBcbkoi Aep>xaBHOI arpapHoi akagemii 197



BETEPUHAPHA MEOULIMHA

characterized by a high NSC content, which is the opposite of the necessary pastures for horses [21].
Summing up, the hay should be low in NSC and should not contain alfalfa and grain. The NSC reduction can
be achieved by soaking hay for 30 minutes in warm water or 60 minutes in the cold. In addition, you can use
commercial feed with low NSC content. However, the feeding of low NSC foods is accompanied by a
decrease in protein, vitamins, and minerals, so it is counseled to include them in the diet in addition [30].

Treatment. A low-carb diet should reduce insulin activity. However, if its activity is very high, you can
use drugs to decline its level [37].

Levothyroxine sodium. Weight loss can be increased by using a special diet and increasing exercise.
Administration of the drug in high doses causes weight loss in horses. The drug causes weight loss due to
increased thyroxine concentration by stimulating basal metabolism. Horses should not graze because
levothyroxine causes hyperphagia. It can be used for 3-6 months at a 0.1 mg/kg [15, 17].

Metformin hydrochloride. Metformin is a drug used in human medicine to control hyperglycemia and increase
insulin sensitivity in patients with diabetes. It inhibits glucose synthesis in the liver. Studies in horses have shown
improvement in insulin sensitivity in patients with insulin resistance at a dose of 15-30 mg/kg after oral
administration for two weeks. It was also found that the bioavailability of the drug after oral administration is low
in horses, but its use in combination with moderate exercise has a positive effect [36, 40, 41].

Conclusions

Equine metabolic syndrome is a clinical syndrome registered in horses and is characterized by obesity,
insulin resistance, and the development of laminitis. Understanding the mechanisms underlying this disease
is still limited but is an area of active research. Diagnosis of equine metabolic syndrome is based on the
analysis of breed and genetic predisposition, determination of insulin resistance, and the degree of obesity.
Early diagnosis of equine metabolic syndrome prevents the development of laminitis. Therefore, the primary
treatment for equine metabolic syndrome is weight loss, with a combination of diet and exercise in horses
without developing laminitis.
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