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ndocrinopathic Laminitis in the Horse
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Protracted laminitis and the resultant stress often results in prolonged, elevated
cortisol secretion and this may contribute to the persistence and refractoriness of
laminitis. Cushing’s disease is a condition in which increased secretion of pituitary pars
intermedia-derived pro-opiomelanocortin (POMC) peptides leads to perpetually en-
hanced adrenal secretion of cortisol (hyperadrenocorticism), the physiological glu-
cocorticoid (GC) in the equine species. The vasoconstrictive responses of equine
digital arteries to catecholamines is potentiated by GCs leading to interference with
hoof lamellar perfusion. The level of the steroid-transforming enzyme, 11�-hydroxy-
steroid dehydrogenase type 1 is sometimes elevated in hoof lamellar tissues during
laminitis as a result of locally high cortisol concentrations within hoof lamellae. Obesity
has been shown to be a significant risk factor for the development of laminitis.
Obesity-associated laminitis may be similar to the metabolic syndrome (MS) in obese
humans. Development of MS is a risk factor in humans for stroke and atherosclerosis
and there may be a similar risk for laminitis in horses. GCs cause insulin resistance (IR)
by inhibiting the action of insulin thus promoting the availability of glucose for cells in
the CNS and other cells that do not depend on insulin for glucose uptake. GCs may
impair lamellar perfusion by direct action on vascular smooth muscle and indirectly by
causing IR. Equine hoof lamellar keratinocytes appear to have an exceptionally high
glucose requirement and maintenance of the lamellar may rely on glucose delivery to
and uptake by these keratinocytes. Chronic IR, characterized by hyperglycemia and
hyperinsulinemia, subjects cells that are not dependent on insulin for glucose uptake to
relatively high glucose levels over time. Glucotoxic endotheliopathy is characterized by
increased production of endothelin-1 and reduced release of NO by endothelial cells
and these constricting factors may impair lamellar perfusion and risk of laminitis. Horse
owners and veterinarians should recognize that obesity is associated with multiple
endocrinological changes that might predispose to laminitis. Feeding high glycemic
index rations during long periods of physical inactivity promotes the development of
obesity. A diagnosis of metabolic syndrome (MS) should be considered in horses with
abnormal body fat distribution and laminitis. Identification of IR represents the most
useful clinical approach to diagnosing MS in horses and rations for horses with MS
should have a low glycemic index. Diagnosis of pituitary pars intermedia dysfunction
(PPID) in teenage (and younger) horses before the development of the “classic” signs
of hirsutism and weight loss is being reported more commonly using the e-ACTH
criterion. Therefore, veterinary diagnosticians must be careful to differentiate whether
obese teenage horses might be affected with either or both IR and PPID before the
appearance of the more “classic” Cushing’s phenotype is evident. The extent to which
these two endocrinological disturbances are related deserves further investigation.
Clin Tech Equine Pract 3:45-56 © 2004 Elsevier Inc. All rights reserved.
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46 P.J. Johnson et al.
aminitis represents one of the most common and poten-
tially crippling diseases of the adult horse, often resulting

n permanent lameness or the need for euthanasia. Over the
ast three decades, many studies have focused on equine

aminitis, the majority of published research centering on
aminitis arising due to gastrointestinal disease, dietary indis-
retion, and endotoxemia.1,2 To gain further insights into this
erious pathological condition, experimental models of lami-
itis have been devised, employing the administration of

arge quantities of starch,3 soluble products of Black Walnut
rees,4 or plant-derived fructans.2

In utilizing these models, the assumption is made that
aminitis is a degradative inflammatory condition of the hoof
amellar interface which arises due to changes induced in the
arge intestinal bacterial flora, accumulation of toxic bacterial
roducts, increased colonic permeability, absorption of bac-
erial products, and consequent cardiovascular perturba-
ions. Absorbed bacterial products that have been implicated
n the pathogenesis of laminitis include lipopolysaccharide
LPS),5 Streptococcus bovis exotoxins,6,7 and vasoconstrictive
mines.8,9

A substantial body of evidence exists to show that inflam-
ation is a pivotal and essential component of acute laminitis

nd that inflammatory changes occur early in the course of
xperimental laminitis, before the development of lameness.
hese changes include: activation of hoof lamellar matrix
etalloproteinases,10 activation of platelets and the forma-

ion of neutrophil-platelet aggregates,11,12 expression of in-
erleukin-1�,13 and increased concentration of endothelin-
14,15 in the hoof lamellar interface, increased expression of
OX-2 mRNA by vascular smooth muscle cells obtained

rom digital vessels,16 absorption of bacterial LPS into the
irculation,5 and the appearance of polymorphonuclear
ranulocytes in affected lamellae.17,18

In some cases, laminitis occurs in the absence of gastroin-
estinal disturbance, endotoxemia, ingestion of Black Walnut
oxins, or other pro-inflammatory conditions (such as pri-
ary hoof inflammation).19 Seemingly unprovoked laminitis

rising in horses and ponies on grass pasture (“grass
ounder”) has traditionally been attributed to perceived (un-
orroborated) high levels of starch in certain grasses (“lush
pring pasture”) at certain times of the year. Important new
nformation points to a hitherto unrecognized role for non-
igestible, but rapidly fermentable plant storage carbohy-
rates, fructans, in the risk for laminitis in certain pastures.2

he role of fructans in the pathogenesis of laminitis has been
eviewed elsewhere.2 Risk of laminitis has also been reported
s an association with many other conditions including con-
ralateral lameness, ingestion of endophyte-infected Tall Fes-
ue, exertional rhabdomyolysis, obesity, MS, and conditions
ssociated with excess glucocorticoids (GCs).19-22

In this paper, we will review the association of laminitis
ith various disturbances in the endocrinological systems of

he horse. Although much has been written regarding the
athophysiology of laminitis arising from inflammatory
odels, much less information is available regarding lamini-

is arising from other causative factors. To differentiate lami-
itis occurring in association with pro-inflammatory and in-
estinal conditions from laminitis developing from putative
ormonal influences, the term endocrinopathic laminitis has

een adopted. t
ndocrinological
mplications for Laminitis
he most widely recognized endocrinopathic laminitis oc-
urs in association with GC administration.22 Most practitio-
ers recognize that the administration of pharmacological
Cs such as dexamethasone and triamcinalone acetate some-

imes results in the development of laminitis, though the
ccurrence of this undesirable side effect is by no means
redictable. Although these pharmaceuticals are recom-
ended for the management of numerous inflammatory con-
itions, including recurrent airway obstruction, dermatitis,
urpura hemorrhagica, myeloencephalitis, hepatitis, immune-
ediated diseases, cancer, shock, and inflammatory eye dis-

ases, their use must be measured against the well-recog-
ized risk of complicating laminitis.
Laminitis is a common clinical indicator of Cushing’s dis-

ase, a condition in which increased secretion of pituitary
ars intermedia-derived pro-opiomelanocortin (POMC) pep-
ides leads to perpetually enhanced adrenal secretion of cor-
isol (hyperadrenocorticism), the physiological GC in the
quine species.23 It has been further suggested that “stress”
ight predispose some horses to laminitis; it remains to be
etermined, however, whether this association is attributable
o increased endogenous cortisol secretion. Pain resulting
rom laminitis may represent very severe stress for horses,
rrespective of the underlying cause. Therefore, protracted
aminitis often results in prolonged elevated cortisol secre-
ion, possibly contributing to its persistence and refractori-
ess.
It has been reported that the vasoconstrictive respon-

iveness of equine digital arteries to catecholamines is po-
entiated by both betamethasone and hydrocortisone.24

hus, GCs could be contributing to factors that interfere
ith hoof lamellar perfusion and there is plenty of evi-
ence that reduced blood flow in the hoof is an important
omponent of established laminitis.25-28 In another study,
rotracted administration of triamcinolone acetate to
orses led to abnormal hoof growth, but not to laminitis
er se.29 We recently reported that the level of the steroid-
ransforming enzyme, 11�-hydroxysteroid dehydroge-
ase type 1 (11 �-HSD1), is sometimes elevated in hoof

amellar tissues during laminitis. Increased 11 �-HSD1
ctivity will likely result in locally higher cortisol concen-
rations within hoof lamellae, with the potential for dele-
erious effects at this specific location.30

Although there is a strong association between increased
C action and risk of laminitis in horses, a satisfactory expla-
ation for the pathogenesis of laminitis resulting from in-
reased GC action is still lacking.22 Unlike the situation re-
arding alimentary-type laminitis, there is certainly a paucity
f literature which addresses this problem. In consideration
f the fact that, as described above, multiple inflammatory
hanges attend the development of alimentary-type laminitis,
ne might anticipate that GCs should actually reduce the risk
or developing this condition. Moreover, failed attempts to
xperimentally induce laminitis using high dosages of dexa-
ethasone or triamcinolone acetate in horses suggest that
Cs might not actually be the immediate cause of the condi-
ion.29
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Endocrinopathic laminitis 47
Obesity has been shown to be a significant risk factor for
he development of laminitis. Obesity-associated laminitis
ay indeed be similar to the metabolic syndrome (MS) in

bese humans.21 Accordingly, the terms MS, equine syn-
rome X, and peripheral Cushing’s syndrome have been
sed to describe obese horses that tend to develop lamini-
is.31 This same MS has previously been inappropriately
eferred to as hypothyroidism (see below). Metabolic syn-
rome is characterized by the development of obesity,

nsulin resistance (IR), hypertension, and an abnormal
lasma lipid profile.32 As it develops in genetically suscep-
ible individuals, MS is broadly attributable to the com-
ined effects of inappropriate dietary intake (quantity and
uality) and insufficient physical activity over a long pe-
iod of time (months to years). In the same sense that
evelopment of MS is one of the most important risk fac-
ors for numerous cardiovascular diseases in humans, in-
luding stroke and atherosclerosis, it has been suggested
hat a similar risk for laminitis might attend the develop-
ent of MS in horses.21 However, the association between

spects of MS in horses and risk for laminitis is certainly
eserving of further attention and will be discussed below.
Horses affected with MS have traditionally been diagnosed

ith hypothyroidism. Such diagnoses are based on affected
orses typically being obese, coupled with difficulty in
eight reduction even caloric intakes well below those that

hould maintain a normal body weight and condition score
affected horses are commonly referred to as being “easy
eepers”). In this regard, the obesity seen in horses has been

ikened to that seen in other domestic animal species affected
ith bona fide hypothyroidism. Furthermore, some horses
ith MS have low levels of circulating thyroid hormones.33

The existence of true primary hypothyroidism in horses is
are.33 It can be categorically ruled out following administra-
ion of a thyroid stimulation test, the results of which are
ormal in horses affected with MS. Therefore, the cause of

ow levels of thyroid hormones in these horses is more likely
ttributable to pituitary-dependent or secondary hypothy-
oidism resulting from insufficient production of thyroid-
timulating hormone or blunted thyrotropin-releasing hor-
one-induced thyroid-stimulating hormone release. Neither

aminitis nor obesity develops in horses in which bona fide
ypothyroidism has been experimentally induced by surgical
emoval of the thyroid gland.34,35

An increased risk for developing laminitis has been re-
orted in horses that graze Tall Fescue (Festuca arundinaceae)
hat is infected by endophytic fungus (Neotyphodium co-
nophialum).20 Endophyte-infected fescue grass is wide-
pread throughout the eastern United States, Montana, Wy-
ming, and the Pacific coastal states, where it is a common
ource of forage for horses. Loline and ergot alkaloids found
n endophytic fescue have been associated with endocrino-
athic perturbations in the thyroid gland of newborn foals
nd the hypothalamic–pituitary axis of pregnant mares.36

owever, in another study, orally administered infected fes-
ue seed failed to cause changes in thyroid functions in ma-
ure horses.37 Risk of laminitis has been primarily attributed
o the documented vasoconstrictive effects of these endo-

hytic alkaloids.38 i
aminitis Associated with
ndocrinological Perturbations

he two most likely contributing endocrinological distur-
ances that might play a role in predisposition to laminitis are
hose conditions associated with excess GCs22 and those as-
ociated with IR.21 In as much as GCs cause IR and chronic IR
ight eventually be shown to predispose to pituitary Cush-

ng’s disease in horses, the extent to which these two broad
ategories may be related will be discussed below. For the
urposes of this discussion, the relationship between GCs
nd laminitis will be reviewed first and then the relationship
etween IR and laminitis will be discussed.

lucocorticoids and the Risk for Laminitis
ortisol, a steroid hormone produced and secreted by the
drenal cortices, is the physiological GC in horses. Produc-
ion of cortisol is increased in the face of stress, such as
rauma, infection, intense heat or cold, surgery, restraint and
ebilitating diseases, and represents an essential physiologi-
al adaptation that promotes survival. For example, stress-
nduced cortisol secretion ensures that adequate nutrients are
upplied to the brain, and other areas of the body that might
e compromised by a stressful event or injury. Elevated cor-
isol secretion causes hyperglycemia and promotes fat mobi-
ization and protein catabolism (amino acid mobilization), in
upport of CNS energy requirements and an elevated de-
and for protein biosynthesis at compromised locations.
Cortisol-induced protein catabolism is not indiscriminate;

roteins with relatively less important critical functions are
egraded into amino acids for mobilization into the circula-
ion sooner than proteins with essential functions, such as
rain neurotransmitters and muscle contractile proteins.
ortisol also reverses and suppresses the inflammatory re-

ponses which accompany stress.

yndromes of Glucocorticoid Excess
arvey W. Cushing originally described the human syn-
rome resulting from long-term GC exposure in 1932.39 The
ost common cause of Cushing’s syndrome in horses is pi-

uitary pars intermedia dysfunction (PPID), in which exces-
ive quantities of pro-opiomelanocortin (POMC) peptides,
ncluding adrenocorticotropin (ACTH), CLIP, �-endorphin
nd �-MSH, are released from the pituitary gland in an un-
egulated manner.23 Chronic POMC peptide-stimulated ele-
ation of cortisol secretion by the adrenal cortices (hyper-
drenocorticism, hypercortisolism) represents the driving
orce by which the horse is subjected to excess GCs over time.

Cushing’s syndrome also arises when exogenously admin-
stered synthetic GCs, such as dexamethasone and triamci-
alone acetonide are administered to horses. Rarely, sporadic
ases of Cushing’s syndrome occurring as a consequence of
rimary adrenal neoplasia in horses have been reported.40,41

onsequences of Glucocorticoid Excess
ost of the pathological consequences of excess GCs may be

xplained as a simple extension of the physiological effects of
ortisol.23 Glucocorticoid excess leads to protein catabolism
n skin, connective tissues, bone and skeletal muscle, result-

ng in skin atrophy, impaired wound healing, muscle atrophy
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48 P.J. Johnson et al.
nd weakness, and eventually, bone resorption (osteoporo-
is). Antiinflammatory and immunosuppressive effects of el-
vated GCs contribute to a state of relative immune-compro-
ise resulting from the inhibition of diverse inflammatory
echanisms.
A well-recognized feature of human Cushing’s patients is

he accumulation of body fat, distributed in an unusual but
haracteristic manner.39 Typically, there is an increase in in-
raabdominal (omental) adiposity at the same time as fat tis-
ue accumulates in the abdominal wall, face, and upper as-
ect of the back, whereas the extremities are thin due to
uscle wasting. The pathological consequences of excessive

ntraabdominal adiposity have received extensive interest
uring the last decade.42 The endocrinological consequences
f excessive intraabdominal adiposity will be discussed be-
ow. It should be noted that conditions of GC excess lead to
he accretion of intraabdominal adiposity.

Glucocorticoids cause IR by inhibiting the action of insu-
in. Alongside GC-stimulated hepatic gluconeogenesis, IR is
elieved to promote the availability of glucose for cells in the
NS and other cells that do not depend on insulin for glucose
ptake. Proposed mechanisms for GC-induced IR include a
eduction in the number of insulin receptors, a change in
eceptor affinity for insulin, and defective intracellular signal-
ng (or a combination of these factors). Additionally in some
pecies, several hormones derived from intraabdominal fat
ells contribute to the development of IR.43 It remains to be
etermined whether adipose-derived hormones contribute
o IR in equine Cushing’s syndrome.

isk of Laminitis during the
reatment of Horses Using Glucocorticoids
isk of laminitis represents one of the most important poten-

ial complications when veterinarians treat horses using syn-
hetic GCs. The likelihood of laminitis appears to be greater
ith the more potent agents such as triamcinalone acetonide

nd dexamethasone, and reduced when the less potent GCs
uch as prednisone and prednisolone are used. It should be
oted that the bioavailability of prednisone has recently been
hown to be quite low following oral administration to
orses, which might contribute to the fact that it is rarely
eported to cause laminitis.44

Despite multiple attempts to experimentally induce lami-
itis, it appears that the development of laminitis following
dministration of pharmaceutical GCs is unpredictable. The
isk of laminitis during short-term treatment with either
examethasone or triamcinalone acetonide appears to be
ery small for otherwise healthy horses. It should be consid-
red that laminitis might arise in some horses following GC
reatment due to the presence of a preexisting condition in
he hoof lamellar interface that could be exacerbated by GCs.

We have proposed that the action of excessive GCs, over
he course of many months, leads to structural changes that
eaken the hoof–lamellar attachment thus predisposing to

aminitis for any other traditional reason.22 In horses that
ave already sustained lamellar weakening, treatment with
Cs may precipitate laminitis in a relatively short space of

ime, creating the appearance that laminitis arose due to the
ecent treatment.
As noted above, substantial new and experimentally de- t
ived data are pointing to the fact that inflammation plays a
ivotal role in the pathogenesis of laminitis. Paradoxically,
Cs, which are potent antiinflammatory agents, should the-
retically not cause laminitis and might even be useful for the
reatment and prevention of this condition.

Glucocorticoids exert numerous actions that could poten-
ially and theoretically contribute to the pathogenesis of lami-
itis, including their effects on blood vessels, the integument,
he gastrointestinal tract, the action of insulin, and on body
at composition. Possible explanations for the pathogenesis
f GC-associated laminitis will be reviewed.

lucocorticoid Effects on Blood Vessels
lucocorticoids affect tissue perfusion by virtue of direct ac-

ions on vascular smooth muscle and indirectly by causing IR
see below). Impaired perfusion of the hoof lamellar interface
s a well-documented pathological aspect of laminitis. Both
etamethasone and hydrocortisone potentiate the vasocon-
trictive actions of the catecholamines epinephrine, norepi-
ephrine and serotonin on large digital vessels; whether this
ffect is sufficient to explain the development of laminitis in
he face of excessive GCs is currently unknown.24 Ideally, ex
itro studies on the contractile and relaxing functions of
lood vessels pertaining to the equine hoof should be per-
ormed on arterioles and venules obtained from the lamellar
nterface (resistance vessels), rather than the large digital ves-
els (conduit vessels). However, isolation of suitable vessels
rom this intracapsular location is problematic, and their rel-
tively small size also presents practical difficulties.

Blood flow through critical tissues is primarily governed
y the contractility of vascular smooth muscle cells in strate-
ically located resistance vessels. Results from our laboratory
uggest that dexamethasone and triamcinalone treatment af-
ects vascular smooth muscle cells in a manner leading to
ncreased contractility, potentially contributing to a reduced
lood flow situation.45

lucocorticoid Effects on the Integument
he hoof-lamellar interface is a highly specialized part of the

ntegument. Laminitis is characterized by separation of epi-
ermis from the underlying dermis at the level of the basal
eratinocyte and its attachment to underlying lamellar base-
ent membrane (LBM).46 In the same manner that GCs cause

kin atrophy, laminitis may result from GC-induced lamellar
eakening due to increased protein catabolism. The hoof–

amellar attachment is a highly dynamic interface that is be-
ng perpetually re-modeled to meet the needs of tissue “wear
nd tear.” This attachment normally serves to offset tensile
orces derived from the deep digital flexor tendon and the
onsiderable forces applied by the weight of the horse, the
ider, saddle, and exercise. Normal physiological repair
echanisms, including fibroblast growth and the biosynthe-

is of collagen, are inhibited by GCs, and this could further
redispose to laminitis (mechanical failure at the attachment

nterface) over time.47,48

We contend that visibly evident changes in the appearance
f the hoof can be attributable, in some instances, to the
ffects of excess GC over time. Asymmetrical palmar/plantar
idening of growth lines, widening of the white line zone,

nd “dropping” of the sole could result from chronic GC
ction. These structural modifications would appear similar

o the appearance of a laminitis-affected hoof but would not
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Endocrinopathic laminitis 49
e associated with painful laminitis. Thus, GC-induced
hanges in the hoof may predispose to laminitis.22

As noted, an essential step in the pathogenesis of acute
aminitis is failure of attachment of basal keratinocytes to the
nderlying LBM. Therefore, factors that might act to weaken
he strength of this dermo-epidermal attachment interface
ight potentially lead to laminitis. For example, keratinocyte

ttachment failure is attended by matrix metalloproteinase
MMP) induced degradation of the LBM during alimentary-
ype laminitis.10 Keratinocytes are richly endowed with GC
eceptors,49 and dexamethasone has been shown to decrease
pecific anchoring proteins that connect basal keratinocytes
o the LBM.50 Moreover, cortisol has been shown to actually
nhibit keratinization of the bovine hoof.51

Equine hoof lamellar keratinocytes appear to have an ex-
eptionally high glucose requirement.52 It has been suggested
hat maintenance of the structural integrity of the keratino-
yte-to-LBM attachment interface relies on glucose delivery
o and uptake by these keratinocytes. Circumstances that
ight deprive keratinocytes of glucose could theoretically

ause laminitis. It remains to be determined whether GC-
ssociated IR, by virtue of inhibited cellular glucose uptake,
ould compromise the health of keratinocytes and reduce the
trength of attachment of these cells to underlying LBM. That
eing the case, an insulin-dependent mechanism for glucose
ptake by keratinocytes would be physiologically novel; in-
ulin-mediated glucose uptake is not a feature of the integu-
ent as a whole.53

lucocorticoid Effects on the Gastrointestinal Tract
oth exogenously administered dexamethasone and in-
reased release of endogenous GCs in times of stress increase
he permeability of the mucosal lining of the entire gastroin-
estinal tract of laboratory animals.54-57 Stress-associated in-
reases in the permeability of the mucosal lining of the ali-
entary tract in humans have been shown to facilitate
etrimental absorption of antigens, toxins, and other pro-

nflammatory molecules from the gut lumen.57

Laminitis often arises in the face of intestinal disease in
orses, suggesting that toxic factors of intestinal origin play
n important role in its pathogenesis.58 Administering either
tarch or fructans for the experimental induction of laminitis
eads to both increased intestinal permeability and intestinal
oral changes. Therefore conditions associated with excess
Cs might also contribute to the risk of developing laminitis

n horses by virtue of increased intestinal permeability and
he absorption of toxic factors from the intestinal lumen.

lucocorticoids and the Action of Insulin
igh levels of GCs interfere with the action of insulin, leading to

R, a common clinical component of horses affected with GC
xcess.23,59 Chronic IR, characterized by hyperglycemia and hy-
erinsulinemia, subjects those cells that are not dependent on

nsulin for glucose uptake to relatively high glucose levels over
ime.60 This “toxic” glucose effect is especially important for
ndothelial cells (“glucotoxic endotheliopathy”) and will be dis-
ussed later. Glucotoxic endotheliopathy is characterized by in-
reased production of endothelin-1 and reduced release of NO
y endothelial cells.61 Therefore, production of a preponderance
f constricting factors for the underlying vascular smooth mus-
le is another potential causative or predisposing factor for im-

aired perfusion and risk of laminitis. s
lucocorticoids and Obesity
lucocorticoids stimulate the differentiation of preadipo-
ytes (adipose stromal cells) into mature adipocytes. Cush-
ng’s syndromes are characterized by the accretion of both
mental (intraabdominal) obesity and subcutaneous fat (de-
elopment of a “buffalo hump” and “moon face”).23 Elevated
opulations of intraabdominal adipocytes produce hor-
ones (adipocytokines) such as resistin and leptin, at a

reater rate than adipocytes at subcutaneous locations, fur-
her contributing to IR.43 Therefore, GCs act both directly,
nd indirectly, through increased accumulation of omental
dipocytes, to promote IR.

egulation of Cortisol in Peripheral Tissues
irculating cortisol, synthesized by and released from the
drenal cortices, is bound to corticosteroid binding globulin,
hich provides a reservoir to lessen the rapid fluctuations

hat would arise due to episodic ACTH secretion. Cortisol is
ubsequently inactivated, primarily in the proximal convo-
uted tubule and pars recta of the kidney, to its 11-keto de-
ivative, cortisone.62

The enzyme 11�-hydroxysteroid dehydrogenase type 1
11�-HSD1), which is widely expressed throughout the
ody, converts inactive cortisone to the active GC, cortisol.
here is increasing evidence to support the notion that 11�-
SD1 found in intraabdominal adipocytes significantly ele-
ates the local tissue-specific concentration of cortisol (more
o than in adipocytes at other locations).63 Locally amplified
ortisol production contributes to the perpetuation of these
dipocytes through paracrine and autocrine mechanisms.64

We recently reported that 11�-HSD1 activity in both skin
nd hoof lamellar tissue may be increased in laminitic
orses,30 though the extent to which this elevation in enzyme
ctivity is important for the pathogenesis or clinical progres-
ion of laminitis is presently unknown. The role of GC in
uman omental obesity has recently been described as “tis-
ue-specific Cushing’s syndrome”.65 Assuming that GCs do
ause or predispose a horse to laminitis, increased levels of
1�-HSD1 may amplify such a predisposition. As new drugs
re developed for the specific inhibition of 11�-HSD1, newer
reatment options for GC-associated laminitis in horses may
ecome available.

besity and
etabolic Syndrome

ontemporary equine husbandry practices tend to promote
he development of obesity in domesticated horses. Coupled
ith the provision of grain-rich diets, forage sources (grass

nd hay) that were artificially selected for the need of food
nimal production are also commonly fed to horses.66 These
orages are considerably higher in soluble carbohydrates
nonfiber/nonstructural carbohydrates) than wild/native
rass strains. Obesity is a consequence of the provision of
ations that are broadly excessive with respect to metabolic
equirements for their level of physical activity and/or that
rovide calories in a concentrated form that is far removed
rom their natural diet.21 Moreover, horses are commonly fed
rain-rich rations during long periods of physical inactivity.

Particular importance regarding the development of obe-

ity is placed on the glycemic index of the equine ration.66,67
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he accumulation of adipose is strongly attributable to the
xtent to which ingested food elevates the blood glucose
oncentration. Rations that contain grain (starch) and forages
ith high nonstructural carbohydrate content are especially

mportant in this regard.66 The practice of feeding horses
sing rations characterized by a high glycemic index leads to
wo specific undesirable outcomes: acquisition of obesity and
rotracted periods of hyperglycemia.
Horses have inherited “thrifty genes”68 that permit highly

fficient use of their dietary intake, leading to heightened
bility to endure periods of environmental harshness. How-
ver, when food is abundant, susceptible horses can quickly
evelop obesity, especially when excessive rich food is cou-
led with restricted physical activity. In the wild, horses, as
erbivores, evolved to produce foals at a time when the pri-
ary dietary energy resource–grass–was plentiful and the

nergy demands of lactation could be met. Herbivores tend to
cquire adipose tissue in readiness for winter when grass
ecomes relatively scarce.
In parallel with the accumulation of adipose tissue in

eadiness for a biologically anticipated period of seasonal
nvironmental harshness, homeostatic mechanisms that
erve to promote glucose delivery to the CNS are engaged.
nsulin resistance, brought about by adipose-derived endo-
rine signals, represents a key component of this survival
echanism. Simultaneously, adipose-derived pro-inflamma-

ory cytokines act to prime the body’s defense mechanisms,
etting into motion a state of enhanced immune surveillance
hat is believed to further contribute to the individual’s ability
o survive environmental harshness.69

In the natural seasonal cycle accumulated adipose is pro-
ressively depleted throughout the winter and it does not
xist in perpetuity. However, horses that are managed using
ontemporary approaches tend to develop obesity and the
xcessive adipose tissue persists for years. This process com-
ences when horses are young (�10 years of age) and con-

inues throughout their teenage years. In fact, excessive feed-
ng of grain to weanling- and yearling-aged horses has been
hown to cause IR and increase the risk of developmental
rthopedic disease.70

ndocrinopathic Consequences of Obesity
at tissue is not, as previously believed, simply a benign
epository of stored energy. Adipocytes represent an impor-
ant source of numerous diverse hormones (adipokines) that
lay a role in regulating body mass and body composition.43

urthermore, it is clear that heterogeneous populations of
dipocytes produce differing levels of the various adipokines.
or example, in humans, omental adipocytes are endocrino-

ogically more active than adipocytes at subcutaneous loca-
ions. Hence, omental (intraabdominal) adiposity is associ-
ted with greater risk for cardiovascular disease than
ubcutaneous adiposity.71

There are differences between different equine breeds with
espect to the ease with which an obese state can be attained
nd maintained. In this regard, the traditional partitioning of
reeds between “hot-blooded” and “cold-blooded” may have
ome relevance. For example, compared with horse breeds,
ony breeds are both more insulin resistant and relatively

rone to laminitis.72,73 p
The accretion of adiposity is attended by the production of
xcessive quantities of endocrine signals, including leptin,
esistin, adiponectin, mineralocorticoid releasing factors,
nd certain pro-inflammatory cytokines (ie, tumor necrosis
actor–�, interleukin-6).43,74,75 Heightened release of free
atty acids from omental adipose also contributes to the de-
elopment of IR.76 Omental adipocytes express higher levels
f 11�-HSD-1, which subsequently elevates the local cortisol
ool.77 Thus intraabdominal fat may be likened to a gland
hat produces a battery of endocrine signals, the net result of
hich promotes IR and a chronically enhanced inflammatory

tate.

nsulin
nsulin, a hormone that is associated with dietary abundance,
s released from beta cells in pancreatic islets in response to
yperglycemia. Insulin acts through insulin receptor mech-
nisms to stimulate glucose uptake by skeletal muscle, adi-
ose tissue, and the liver.78 Stimulated glucose entry into
hese cells is accomplished by the movement of preformed,
esicle-bound GLUT-4 transporter proteins from the cyto-
lasm into the cell membrane.79 Insulin normally controls
lood glucose concentration within a strict reference range
nd in the healthy state, effectively protects the body from the
dverse effects of postprandial hyperglycemia (glucotoxic-
ty). Insulin also stimulates lipogenesis and inhibits hepatic
luconeogenesis.78

Like the adipokine leptin, insulin is an important regulator
f food intake and energy balance for the body as a whole.
oth insulin and leptin, which enter the brain from the
lasma, act as adiposity signals for the brain and circulating
oncentrations of these hormones are positively correlated
ith body weight and especially adipose proportion.80 Re-

eptors for both insulin and leptin are present in the brain, at
ocations important for control of food intake and energy
alance. When administered to these areas of the brain, both

nsulin and leptin act additively to inhibit food intake in
xperimental animals; when administered to the same areas,
nsulin antibodies cause an increase in food intake and body
eight.80

Insulin acts as a vasorelaxer for some blood vessels and
hronic hyperinsulinemia has been shown to stimulate pro-
iferation of vascular smooth muscle cells.81,82 In skeletal

uscles, insulin normally acts to increase blood flow and to
romote capillary recruitment.83

The concentration of insulin (and glucose) in the plasma
ay be affected by many diverse factors including time since

eeding, type of ration, diurnal variations in cortisol, excite-
ent and stress, reproductive status, illness, genetics, obe-

ity, and endocrinopathic conditions (PPID, MS, PSSM).67

nsulin Resistance
actors that interfere with the effectiveness of insulin at its
ellular targets include GCs, free fatty acids, and adipose-
erived adipokines.84 Compromised insulin effectiveness is
nown as insulin resistance (or impaired insulin sensitivity).
f the ability of insulin to facilitate glucose removal from the
irculation is impaired, the plasma glucose concentration
ends to remain elevated causing continual stimulation of

ancreatic islet �-cells and hyperinsulinemia.84 Insulin resis-
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Endocrinopathic laminitis 51
ance is commonly recognized in horses by demonstrating
nappropriate hyperinsulinemia (serum insulin concentra-
ion �300 pmol/l) in the face of a mild-to-moderately ele-
ated plasma glucose concentration.21 Clearly, it is necessary
o rule out other potentially pertinent causes of hyperinsu-
inemia, such as a recent grain meal. Insulin resistance may
e further characterized by undertaking either a glucose tol-
rance test or, when available in a suitably equipped labora-
ory, euglycemic–hyperinsulinemic clamping.85,86

Clinical effects of IR can be attributable to both inhibition
f insulin effect at insulin targets (insufficient glucose deliv-
ry) and the direct consequence of exposure of some cells to
levated plasma insulin concentrations over time.84 For ex-
mple, hyperinsulinemia per se has been shown to stimulate
roliferation of vascular smooth muscle cells.82 Availability of
lucose to skeletal muscle might be reduced as a result of IR
aking the development of certain types of myopathy more

ikely. Of further note, IR directly increases the sensitivity of
issues to the effects of GCs.87

Most of the clinically important consequences of IR appear
o result from exposure of vascular endothelial cells to
igher-than-normal glucose levels over time.60 Endothelial
ells do not require insulin for glucose uptake and the intra-
ellular concentration of glucose parallels that of the plasma.

Exposure of endothelial cells to relatively high levels of
lucose over time, as happens in IR due to a combination of
oth inefficient glucose clearance via insulin regulated path-
ays and the use of high glycemic index rations, causes gly-

osylation of cell proteins and the genesis of reactive oxygen
pecies (ROS).88 Increased production of ROS may exceed
he cell’s inherent antioxidant capacity and cause oxidative
amage (oxidative stress). Endothelial dysfunction resulting

rom oxidative stress represents the pivotal mechanism
hrough which IR causes cardiovascular disease.89 Moreover,
here is substantial evidence that therapeutic antioxidant
trategies are helpful in conditions associated with IR.90 The
ffect of chronic IR on endothelial cells is referred to as glu-
otoxic endotheliopathy.

As a species, IR-affected horses are unusual in that they
ppear to be able to maintain stimulated pancreatic insulin
ecretion for many years. Pancreatic �-cell exhaustion, as
ccurs in humans and cats affected with protracted IR, rarely
eads to type-2 diabetes mellitus in horses.

lucotoxic Endotheliopathy
nd the Risk for Laminitis
athological changes in the endothelial cells resulting from
hronic IR might potentially predispose or contribute to the
orbidity associated with laminitis, especially in obese pa-

ients. Complex reviews of the pathophysiology of glucotoxic
ndotheliopathy have been published and should be con-
ulted for additional details.60 The genesis of ROS resulting
rom inappropriate intracellular glycosylation leads to re-
uced nitric oxide (NO) production and enhanced produc-
ion of endothelin-1 by endothelial cells.89 These perturba-
ions in NO and ET-1, the two most effective endothelially
erived modulators of underlying vascular smooth muscle
one, lead to increased vasospasticity and potentially reduced
erfusion. In human patients, these changes contribute to the

evelopment of hypertension in the face of IR. Although it a
emains to be determined with certainty whether it develops
n IR-affected horses and ponies, chronic hypertension has
een reported in chronically foundered ponies on the basis of
oppler sphygmomanometry and demonstration of left ven-

ricular hypertrophy.91

In addition to dysregulation of vascular smooth muscle
one, glucotoxic changes in the hemostatic properties of en-
othelia, coagulation proteins, and platelets contribute fur-
her risk for poor perfusion and possibly laminitis.92 The
uminal surface of endothelial cells, normally an antithrom-
otic surface, is rendered relatively less so by the effects of IR.
he state of platelet activation is relatively up-regulated in
R.92 The role of activated platelets in the pathogenesis of
limentary-type laminitis has already been addressed.11,12

pecific pro-thrombotic factors that are increased by IR in-
lude plasminogen activator inhibitor-1, von Willebrand’s
actor, fibrinogen, factor VII and the circulating concentra-
ion of thrombin–antithrombin complexes.92 Specific anti-
hrombotic factors that are decreased by IR include anti-
hrombin-III, protein S, and protein C.92

Other aspects of IR that might contribute to the risk for
aminitis include attenuation of insulin-dependent vasorelax-
tion, impaired capillary recruitment, promoted oxidative
tress-related damage within the hoof-lamellar interface, and
ncreased MMP activity. Although recent studies have dem-
nstrated a pivotal role for MMP in laminitis,10 little is known
bout the effects of IR on MMP regulation. Both MMP-2 and
MP-9 are activated by ROS and their expression appears to

e regulated by oxidative stress.93 It has been recently shown
hat MMP-9 production by vascular endothelial cells is in-
reased by high glucose conditions and that this glucotoxic
ffect can be reversed with antioxidants.94 This mechanism of
edox-sensitive MMP-9 expression resulting from IR poten-
ially explains elevated MMP activity that has been reported
n hoof lamellar tissues obtained from horses affected with
PID.
The attachment of hoof epidermis to underlying LBM ap-

ears to depend on adequate glucose uptake by basal kera-
inocytes.52 Failure of keratinocyte-to-LBM attachment is a
ritical early step in the pathogenesis of alimentary-type lami-
itis.46 It has been suggested that relative glucose deprivation
f keratinocytes could contribute to risk for laminitis in IR-
ffected horses and ponies. However, this hypothesis would
equire that hoof lamellar basal keratinocytes significantly
epend on insulin-mediated glucose uptake. This hypothesis

s deserving of further investigation.

etabolic Syndrome
uman patients affected with IR, obesity, hypertension and
yslipidemia (elevated LDL cholesterol and depressed HDL
holesterol) are often classified as being affected with MS.95

ther components of MS in humans include impairment of
he fibrinolytic system, enhancement of pro-thrombotic pro-
esses, hyperhomocysteinemia, microalbuminuria, reduced
arasympathetic (vagal) neural outflow from the CNS, and
eightened inflammation (increased circulating levels of pro-

nflammatory cytokines and hepatic-derived acute phase
roteins).78 The extent to which obese horses affected with IR

re similar to human patients is unclear; there are few reports
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egarding lipid profiles in horses, but there is some evidence
hat hypertension might be present in foundered ponies.91

Metabolic syndrome represents a very important risk fac-
or for type-2 diabetes, atherosclerosis, stroke, infertility,
ancer, and osteoarthritis in humans.95 It remains to be de-
ermined whether the equine MS is a risk factor for lamini-
is.21

linical Recognition of
quine Metabolic Syndrome
diagnosis of MS should be considered in obese adult horses
ith laminitis or in cases of unexplained laminitis. Additional
hysical characteristics of MS in horses include abnormal
ody fat distribution (eg, thickened, “cresty” neck; fatty ac-
retions at the tail head and near the shoulders; fatty thick-
ning in the prepuce).21 Affected broodmares are commonly
eported to be infertile and often exhibit abnormal cycling.
asy weight gain usually occurs on caloric intakes that are
ell below those that would be predicted to maintain a nor-
al body weight. Polyphagia is common. Polyuria and poly-
ipsia may be seen in horses that tend to be severely hyper-
lycemic.

It should be noted that not all affected horses are obese,
nd development of MS is believed to predispose some
orses to laminitis when it has not yet occurred. Horses that
ave been subjected to protein energy malnutrition tend to
evelop IR (survival mechanism).
Currently, identification of IR represents the most useful

linical approach to diagnosing MS in horses. Although the
se of euglycemic hyperinsulinemic clamping represents the
old standard for demonstrating IR, the simple demonstra-
ion of hyperinsulinemia and mild to moderate hyperglyce-
ia (110 to 140 mg/dL) in fasted horses is clinically practical

nd strongly suggests that IR is present.21 Hyperinsulinemia
s a far more consistent finding than hyperglycemia, however,
nd a presumptive diagnosis can be made based on identifi-
ation of hyperinsulinemia alone, provided that grain has not
een fed for a minimum of 5 hours before testing.66

Alternatively, an IV glucose tolerance test in IR-affected
orses shows that the plasma glucose concentration fails to
eturn to the reference range within 90 to 120 minutes.85 Use
f appropriate diagnostic tests to rule out other potentially
imilar endocrinopathic conditions, such as hypothyroidism
nd pituitary pars intermedia dysfunction (PPID; pituitary
ushing’s disease), lends further support to the diagnosis of
S.23,33 In some affected horses, the fasting plasma triglycer-

de concentration is mildly to moderately elevated.66

reatment of Metabolic Syndrome
eight reduction and an increased level of physical activity

epresent the key therapeutic approach to obese horses.66

ubstantial clinical improvement regarding several comor-
idities associated with MS (eg, decreased IR, improved gly-
emic control, reduced hypertension, improved lipid values)
ay be achieved with modest weight reductions (5% to

0%). Significant improvements in IR can be achieved using
combination of controlled food intake and enhanced phys-

cal conditioning in pony breeds.96 Exercise promotes in-
reased glucose uptake and use by skeletal muscle via insu-

in-independent mechanisms, the effect of which persists for i
p to 24 hours. However, painful laminitis in equine patients
recludes enhanced physical exercise for managing obesity
nd IR. Furthermore, stress associated with the development
f laminitis leads to activation of neuroendocrinologic mech-
nisms (eg, increased cortisol secretion) that tend to further
romote the persistence of IR.
Dietary recommendations pertaining to the management

f horses affected with MS have been published elsewhere.66

roadly speaking, the ration provided for affected horses
hould be characterized by a low glycemic index, low non-
tructural carbohydrate content, devoid of grain and pasture
rass, and balanced appropriately with respect to minerals
nd vitamins.66 In light of the fact that the soluble carbohy-
rate content of grass (pasture) and hay cannot be estimated
y visual inspection, analysis of forage by an appropriately
quipped laboratory should be sought. Ideally, hay that has
een shown to have low nonstructural carbohydrate content
hould represent the cornerstone of the diet (the combined
ugar and starch content of the hay should not exceed
0%).66

If the nonstructural carbohydrate content of a specific
atch of hay is too high, it may be rendered less dangerous by
eing soaked under water for 30 to 60 minutes before feed-

ng.97 Soaking hay in hot water (as opposed to cold water) is
more effective method of reducing its soluble carbohydrate
ontent in this regard. Although soaking hay may represent a
ractical solution for feeding small numbers of horses, spe-
ific problems that could be encountered include the promo-
ion of mold development in nonconsumed hay and the
reezing of soaked forage in subzero winter temperatures.

Ad libitum access to grass pasture for grazing is dangerous
or horses affected with MS. Stressed grass (affected by over-
razing, cold temperatures, and insufficient water) often de-
elops a high nonstructural carbohydrate concentration.
oreover, sugars tend to be concentrated in the portions of

rass closest to ground level.98 Laminitis is reported to com-
only occur in MS-affected horses that have had access to a

ery short, overgrazed, or mowed paddock or pasture. The
afest clinical approach is to recommend avoidance of fresh
rass entirely. Horses can be turned out with completely or
artially taped grazing muzzles. If attempting to allow some
onsumption, owners must be carefully instructed to moni-
or the horse daily for weight gain, a change in abnormal fat
eposits (eg, crests becoming more hard/firm), and early
igns of laminitis (eg, less spontaneous movement, increased
igital pulses, change in foot temperature, reluctance to turn

n a small circle).
Well-designed studies to determine whether exogenous

hyroid hormone administration is effective or safe for the
anagement of MS are currently lacking.66 Although thyroid
ormones facilitate insulin-mediated glucose uptake by cells

n other species, this potentially beneficial effect should be
onsidered in light of the fact that they also enhance intestinal
lucose absorption, promoting the tendency toward hyper-
lycemia seen in horses with MS. Despite the continued con-
roversy regarding thyroid hormone supplementation of
orses with MS, its use remains popular among practitioners
ecause of perceived clinical improvement of the animal’s
nergy level and attitude. Thyroid hormone supplementation
hould be recommended in conjunction with frequent mon-

toring to prevent iatrogenic hyperthyroidism. Patients
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Endocrinopathic laminitis 53
hould be gradually tapered off thyroid supplementation as
heir clinical status and insulin levels improve, and affected
orses should not be specifically diagnosed with hypothy-
oidism.

elationship Between
etabolic Syndrome and
ituitary Pars Intermedia
ysfunction

he relationship between MS and pituitary pars intermedia
ysfunction (PPID) is deserving of further investigation. Tra-
itionally, PPID is characterized by hirsutism (failure to shed
ut the haircoat), advanced age, and poor bodily condition
muscle wasting and accretion of subcutaneous fat pads).23

ome affected horses are affected with laminitis and exhibit
olyuria and polydipsia (PU:PD).23

Although the dexamethasone suppression test (DST) is a
eliable test for PPID with very high sensitivity and specificity
supported by extensive studies and autopsy confirmation),
ome believe that use of dexamethasone in these patients
ngenders an unacceptable risk of laminitis.99 Therefore, ad-
itional diagnostic tests have been advocated. For example,
levation of plasma e-ACTH concentration may be as useful
s the DST for diagnosis of PPID without the attending risk of
aminitis.100,101

However, increasing use of an elevated plasma e-ACTH
oncentration as the diagnostic criterion for PPID has led to
he observation that PPID may be more prevalent in relatively
ounger horses than previously recognized. Diagnosis of
PID in teenage (and younger) horses before the develop-
ent of hirsutism and weight loss is being reported more

ommonly using the e-ACTH criterion.99,102

Pituitary dependent Cushing’s disease results from clonal
xpansion of POMC-secreting cells in the pars intermedia.23

his situation is unique to the equine species and has been
ttributed to loss of dopaminergic inhibition of melanotropes
n the pars intermedia resulting from primary hypothalamic
erturbations.23 Interestingly, a role for oxidative stress in

oss of dopaminergic innervation of the pars intermedia from
orses affected with PPID has been supported by work pub-

ished recently.103

We have speculated that PPID arises as a consequence of
S and that chronic IR and attending oxidative stress are

irectly responsible for the loss of dopaminergic innervation
hat, in the healthy state, normally acts to suppress POMC-
eptide secretion from the pars intermedia. Therefore, iden-
ification of PPID in younger horses (based on results of
-ACTH) that have not developed the well-recognized phys-
cal appearance of the old Cushingoid horse should not be
urprising. This observation might also partially explain why
PID appears to be more common in pony breeds than horse
reeds (as pony breeds tend to be at greater risk for laminitis
nd tend to be more insulin resistant than horses).

Laminitis is a potential complication of both MS and PPID.
he extent to which these two endocrinological conditions

re related is yet clearly deserving of further investigation.
ndocrinopathic Hoof Lamellar
emodeling Versus Laminitis
e believe that conditions associated with GC excess (exog-

nous or endogenous) and IR lead to structural changes in
he connective tissues of the hoof-lamellar junctional zone
hat might be viewed simplistically as a “weakening” effect on
he attachment interface. Over time, these changes result in
engthening and attenuation of the primary and secondary
ermal lamellae, not necessarily associated with pain, inflam-
ation, or lameness per se. An important result of these

amellar changes is a gradual and progressive “pulling apart”
f the underlying dermis (and os pedis) from the lamellar
nterface.22

On inspection, the characteristic features of the affected
oof include progressive widening of the growth lines (“lam-

nar” or “stress” lines), palmar divergence of growth lines and
idening of the white line zone. Radiographic examination of

he affected hoof reveals changes that are similar to those seen
n classic laminitis, including pedal bone rotation and pedal
steitis. Osteopenia and remodeling of the os pedis (atrophied
ppearance with a distal “ski tip”) arise from the combined
ffects of GC-induced osteoporosis, the pull of the deep dig-
tal flexor tendon, and “weakening” of the lamellar connec-
ive tissue matrix between the os pedis and the lamellar inter-
ace.

onclusions
onditions and circumstances associated with either or both
C excess and IR are attended by increased risk for the de-
elopment of laminitis in adult horses. However, there exists
ubstantial controversy as to whether IR or excess GCs can
ause laminitis de novo. If IR and elevated GCs are causative
actors for laminitis, the pathogenesis of the laminitic condi-
ion arising from their effects is probably different from that
ssociated with diseases of the gastrointestinal tract and en-
otoxemia. However, severe disease states associated with
ndotoxemia are also characterized by hypercortisolism
stress), neuroendocrine activation, and IR (production of
nflammatory cytokines). Numerous possible and plausible
heoretical mechanisms have been hypothesized and dis-
ussed.

It is interesting to note that, in parallel with the fact that
Cs cause IR, a state of IR also increases tissue sensitivity to

he action of GCs. The combined effects of IR and, by virtue
f dysregulated cortisol metabolism, increased cortisol ac-
ion, in intraabdominal adipose tissue affect the body as a
hole through multiple, diverse mechanisms. The conse-
uences of excessive intraabdominal adiposity for the body
s a whole (risk for diabetes and cardiovascular disease) have
een widely reported and publicized. In light of the fact that
ortisol dysregulation (through increased 11�-HSD-1) is be-
ieved to play a pivotal role in this process, proposed endo-
rine names for this situation are omental Cushing’s disease
r “tissue-specific” Cushing’s disease. It remains to be seen
hether the development of endocrinopathic laminitis rep-

esents a species-specific example of “tissue-specific” Cush-
ng’s disease in horses.
Veterinarians must exert caution with respect to the use of
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54 P.J. Johnson et al.
Cs in adult horses. Extreme caution should be exercised in
he administration of systemic GCs to horses that have been
reviously affected by laminitis, and animals so treated must
e carefully monitored for the development of laminitic pain.
he risk of laminitis appears to be greater with dexametha-
one and triamcinalone acetonide compared with prednisone
nd prednisolone. Whenever possible, GCs should be ad-
inistered locally.
Horse owners and veterinarians should recognize that obe-

ity is associated with multiple endocrinological changes that
ight predispose to cardiovascular disease and other condi-

ions. Obesity in horses most commonly results from the
ombined effects of insufficient exercise and provision of a
ation that is grossly excessive with respect to energy require-
ents, especially glycemic index. Client education efforts

hould be directed toward emphasizing the value of a fit, lean
hysical condition over an obese, halter-show class condi-
ion. Improved objective methods for the assessment of obe-
ity between horses and between observers would be useful.
urrently, horses are graded using a subjective body score

hat ranges between 1 (extremely thin) to 9 (obese).104

New information is emerging regarding better methods of
valuating equine rations. The recognition of the role of non-
tructural carbohydrates in forages that lead to obesity and IR
nd the increasing availability of practical laboratory analyses
or the purpose of constructing a healthy ration for horses is
articularly exciting. Further work is needed to better under-
tand and recognize the glycemic index of equine nutritional
omponents as well as the overall ration. The availability of
aboratories for the analysis of forage-based rations for fruc-
ans would be similarly helpful for veterinarians.

We suggest that structural changes in the equine hoof that
esemble laminitis may arise due to the actions of excess GC or
R. Although these changes are not painful per se and are not
ssociated with inflammation, they could predispose affected
orses to the development of bona fide laminitis for other
easons. Further investigation into the effect of endocrinolog-
cal perturbations at the hoof lamellar interface is clearly
eeded.
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