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Case Report Rapport de cas

Insulin-dependent diabetes mellitus associated with presumed 
autoimmune polyendocrine syndrome in a mare

Jill�K.�Giri,�K.�Gary�Magdesian,�Patricia�M.�Gaffney

Abstract — A 5-year-old Thoroughbred-cross mare was diagnosed with insulin-dependent diabetes mellitus. 
Partial glycemic control and clinical improvement were achieved with daily insulin administration for 18 mo. The 
mare subsequently developed evidence of hypoadrenocorticism and died. Necropsy findings included lymphocytic 
infiltration of the pancreas, adrenal cortex, adrenal medulla, and thyroid glands, suggestive of an immune-mediated 
polyendocrinopathy.

Résumé — Diabète insulino-dépendant associé à un syndrome pluri-endocrinien auto-immun présumé chez 
une jument. Une jument Thoroughbred croisée âgée de 5 ans a été diagnostiquée avec le diabète insulino-dépendant. 
Le contrôle glycémique partiel et l’amélioration clinique ont été obtenus avec l’administration quotidienne d’insuline 
pendant 18 mois. La jument a ensuite développé des signes d’hypoadrénocorticisme et est morte. Les constatations 
à la nécropsie incluaient l’infiltration lymphocytaire du pancréas, du cortex surrénalien, de la médullosurrénale et 
des glandes thyroïdiennes, ce qui suggère une poly-endocrinopathie à médiation immunitaire.

(Traduit par Isabelle Vallières)
Can Vet J 2011;52:506–512

D iabetes mellitus (DM) is associated with persistent hyper-
glycemia due to deficient production of or reduced sensi-

tivity to insulin (1). Diabetes is classified into insulin-dependent 
diabetes mellitus (IDDM or type 1) and noninsulin-dependent 
diabetes mellitus (NIDDM or type 2). Other categories in 
humans include secondary diabetes mellitus (type S), impaired 
glucose tolerance (IGT), and gestational diabetes (1,2). Diabetes 
mellitus is uncommon in horses and the few reported cases 
have included insulin resistant and type S DM, secondary to 
pituitary-dependent hyperadrenocorticism (1,3–11). Other 
reported causes of diabetes in horses include chronic pancre-
atitis, granulosa cell ovarian tumor, and pregnancy (1,6,8,11). 
Type I diabetes is even less common in horses (3,6). Johnson 
et al (3) recently reported a case of IDDM in a Spanish mustang 
mare, diagnosed with an abnormally low serum insulin concen-
tration [21 pmol/L, reference interval (RI): 30 to 300 pmol/L] 
in the face of persistent hyperglycemia (20.2 mmol/L, RI: 4.0 to 

6.3 mmol/L) (3). Insulin-dependent diabetes mellitus occurs as 
a result of insulin deficiency due to destruction of pancreatic 
beta cells; in humans this usually progresses to a state of absolute 
insulin deficiency (2). In most human patients, an autoimmune 
process is thought to play a significant role in the development 
of IDDM (2).

Insulin-dependent diabetes mellitus is successfully managed 
in several species, most notably humans, dogs, and cats. Of the 
many challenges in the treatment of IDDM in horses, among 
the most significant is the paucity of clinical and reported expe-
rience with long-term administration of insulin, the absence of 
monitoring tools, and little experience regarding dietary and 
exercise management.

Case description
A 470-kg, 5-year-old Thoroughbred-Percheron cross mare 
was presented to the Veterinary Medical Teaching Hospital 
(VMTH), University of California, for a 6-week history of 
weight loss despite polyphagia, as well as polydipsia and poly-
uria. The mare had been consuming approximately 170 L/d (RI: 
17.6 6 0.998 to 31.4 6 1.05 L/d for 384 to 474 kg horses on 
varying diets) (12). The mare also had a 3-day history of pyrexia, 
cough, nasal discharge, and decreased appetite.

One week prior to presentation, a serum chemistry panel 
and complete blood (cell) count (CBC) were performed. These 
revealed marked hyperglycemia (16.0 mmol/L, RI: 4.4 to 
5.9 mmol/L), increased liver enzymes (AST 940 IU/L, RI: 
168 to 494 IU/L; GGT 45 U/L, RI: 8 to 22 IU/L), increased 
anion gap (AG 21, RI: 9 to 17); hypochloremia (84 mEq/L, 
RI: 91 to 104 mEq/L), and a mild anemia (hematocrit = 
27.3%, RI: 30% to 44%). One day prior to presentation, a 
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repeat CBC and serum biochemistry panel revealed more pro-
nounced hyperglycemia (17.6 mmol/L), further increased liver 
and muscle enzymes (AST 1422 IU/L, GGT 56 IU/L, CK 361 
IU/L), higher anion gap (AG 23), and persistent hypochloremia 
(81 mEq/L) and anemia (Hct = 25%).

Physical examination abnormalities included lethargy, a body 
condition score (BCS) of 3/9, injected and icteric sclera, mild 
bilateral nasal discharge, a grade III/VI diastolic murmur on the 
left and a III/VI holosystolic murmur on the right, and increased 
digital pulses. Mild crackles were ausculted with a rebreathing 
bag in the right ventral lung field. Differential diagnosis for the 
hyperglycemia included pars intermedia dysfunction (Cushing’s 
disease), metabolic syndrome or insulin resistance, pancreatitis, 
granulosa cell tumor, alimentary lymphoma, liver disease, neo-
plasia, and primary diabetes mellitus.

Additional diagnostic tests included measurement of serum 
amylase, lipase, triglyceride, and bile acid, blood ammonia, 
and plasma endogenous ACTH concentrations. Tests to fur-
ther evaluate the hyperglycemia included endogenous insulin, 
fructosamine, and glycosylated hemoglobin concentrations. 
Diagnostics to rule out a granulosa cell ovarian tumor included 
measurement of serum inhibin, testosterone and progesterone 
concentrations. The amylase, lipase, bile acids, endogenous 
ACTH concentrations, and granulosa cell tumor panel results 
were within normal limits. The mare’s serum was grossly lipe-
mic and the triglyceride concentration was markedly increased 
(34.1 mmol/L, RI: 0.02 to 0.46 mmol/L). The endogenous insu-
lin concentration was below the level of detection (, 9 pmol/L, 

RI: 29 to 179 pmol/L). The fructosamine concentration was 
increased (559 mmol/L, RI: 316 to 402 mmol/L, based on con-
centrations found in 3 clinically normal age-matched horses), 
as was glycosylated hemoglobin (Hb A1c) (24.3%, RI: 2.5% 
to 5.0%). A urinalysis revealed marked glucosuria, mild to 
moderate ketonuria, and trace hematuria. The urine specific 
gravity was 1.035, although this was likely increased due to the 
presence of glucose and ketones. Due to the mare’s debilitated 
condition, increased digital pulses, and persistent hyperglycemia, 
a dexamethasone suppression test was not performed.

Additional diagnostics for the acute signs of fever, cough, 
and nasal discharge included thoracic and abdominal ultra-
sound. Cardiac ultrasonographic findings were unremarkable 
and mild pleural irregularities (“comet tails”) were present on 
the right cranioventral thorax. Abdominal ultrasound revealed 
mild hepatomegaly with increased echogenicity, consistent with 
hepatic lipidosis or fibrosis. No parasites were detected on fecal 
flotation. Results from a clotting panel were within normal 
limits. A liver biopsy revealed hepatic lipidosis.

A diagnosis of IDDM was made based on the clinical signs, 
persistent hyperglycemia, low insulin, and high glycosylated 
hemoglobin and fructosamine concentrations. The hypertri-
glyceridemia and polyuria/polydipsia were attributed to IDDM. 
The mare was also diagnosed with presumptive mild pneumonia 
based on the recent onset of fever, cough and nasal discharge as 
well as the thoracic ultrasound findings.

The mare was administered a balanced electrolyte solution 
(Normosol R; Abbott Laboratories, North Chicago, Illinois, 

Figure 1. Blood�glucose�concentrations�in�response�to�a�continuous�infusion�of�regular�insulin.
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USA), 10 mL/kg over 1 h, and was started on regular insulin 
(Humulin® R; Eli Lilly, Indianapolis, Indiana, USA), 0.1 U/kg, 
IM, q12h. Blood glucose concentrations were monitored every 
2 h using a bedside glucometer (Accu-Check Instant, Boehringer 
Mannheim, Indianapolis, Indiana, USA). The horse was initially 
fed approximately 3 to 4 kg each of alfalfa and oat hay, 2.4 kg 
of a complete pelleted feed (Equine Senior; Purina Mills LLC, 
St. Louis, Missouri, USA), a small amount of wheat bran mash, 
237 mL corn oil twice a day, and 3000 IU vitamin E daily for 
the first week. The diet fed longer term is described below. 
Flunixin meglumine (Banamine; Intervet/Schering-Plough 
Animal Health, Elkhorn Nebraska, USA), 0.5 mg/kg, IV, 
q12h was also administered. Trimethoprim sulfamethoxazole 
(Sulfamethoxazole and Trimethoprim Double Strength; Amneao 
Pharmaceuticals, Glasgow, Kentucky, USA), 30 mg/kg PO, q12h 
was empirically administered for possible mild pneumonia. 
Unfortunately, a transtracheal wash was not performed. The 
glucose concentrations remained increased, and the frequency of 
insulin administration was increased to every 6 h. This improved 
blood glucose values, but nadir values were still increased (peak 
17.8 mmol/L, nadir 13.1 mmol/L).

A constant rate infusion (CRI) of regular insulin (Humulin® R; 
Eli Lilly), 0.1 U/kg/h was initiated to improve glucose control. 
Blood glucose concentrations decreased and were within the nor-
mal range by 14 h post-initiation of the infusion (Figure 1). The 
mare’s appetite and mentation improved concurrently. Triglyceride 
concentrations markedly improved, but remained mildly increased 
(0.81 mmol/L). The insulin CRI was discontinued after 40 h. A 
5-day course of larvicidal-dose fenbendazole (10 mg/kg, PO, q24h) 
(Panacur PowerPac; Intervet Ln. Millsboro, Delaware, USA) was 
administered to treat for possible pancreatitis induced by aberrant 
parasite migration, as has been previously reported (8).

A variety of insulin formulations and doses were tried for 
long-term management. The goal of insulin therapy was to 
maintain blood glucose concentrations , 11 mmol/L. Initially 
the mare was treated with Ultralente insulin (0.3 to 0.4 U/kg 
IM, q24h; Humilin® U Ultralente®; Eli Lilly) and metformin 
(Glucophage® XR®; Bristol-Myers Squibb, New York, New York, 
USA), 1 mg/kg PO, q24h. The mare was discharged after 1 wk, 
when the blood glucose concentrations were ranging from 9.3 to 
13 mmol/L and she had gained 10 kg. The respiratory signs 
(nasal discharge, cough, fever) had improved. The ongoing care 
was managed by the owner, a veterinary student.

After 2 wk of therapy with ultralente insulin and metformin, 
blood glucose concentrations increased and ranged from 13.9 to 
22.2 mmol/L. The insulin dose was reduced to 0.04 U/kg 
because of concerns over possible Somogyi effect as the cause 
of the hyperglycemia. After 10 d at this reduced insulin dose, 
the mare became increasingly lethargic and anorexic, the serum 
became grossly lipemic, hyperglycemia persisted, and further 
weight loss was noted. Subsequently, the dose of ultralente insu-
lin was again increased to 0.4 U/kg q24h as a Somogyi effect was 
now considered unlikely. Metformin was increased to 1 mg/kg 
PO, q12h, followed by 2 mg/kg q12h after 1 wk and glyburide 
was added (Micronase; Pfizer, Morris Plains, New Jersey, USA), 
0.01 mg/kg PO, q24h, then 0.02 mg/kg q12h after 1 wk due 
to persistent hyperglycemia.

Insulin glargine (Lantus®; Aventis, Bridgewater New Jersey, 
USA), 0.2 U/kg SQ, q24h, another long acting insulin, was 
started because of poor glucose control with ultralente insulin. 
Glargine is an insulin analogue that has the advantage of con-
tinuous activity for 24 h, without major fluctuations in plasma 
concentrations. Although the mare remained bright and alert, 
she appeared to lose weight and remained hyperglycemic. The 
dose was gradually increased to 0.4 U/kg, which resulted in 
moderate improvement; blood glucose concentrations ranged 
from 11.8 to 16.9 mmol/L. Although good clinical control 
was achieved with 0.4 U/kg of glargine, an alternative type of 
insulin was sought due to financial constraints. Treatment with 
an intermediate-acting insulin, NPH (Humulin® N; Eli Lilly), 
0.4 U/kg q24h was initiated. Within 3 wk of instituting this 
therapy the mare had gained weight (520 kg). Three months 
into therapy the mare’s water consumption was recorded to be 
75 L/day, less than half of what it had been prior to treatment. 
This dose and form of insulin was continued for 58 wk. At that 
time the mare weighed 535 kg, had a body condition score of 
5/9 and was returned to her previous level of work as a rid-
ing horse. A blood glucose curve obtained while on the NPH 
insulin showed an 18-h period during which blood glucose was 
maintained , 11 mmol/L. By the 24-h mark post-injection, the 
blood glucose ranged from 11.1 to 13.9 mmol/L.

Upon discharge and for longer term management, the mare 
was fed Orchard grass hay free choice, along with 1.4 kg com-
plete feed pellets (Equine Senior Purina Mills LLC; St. Louis, 
Missouri, USA), 237 mL corn oil, and 0.7 kg alfalfa pellets 
twice a day along with a vitamin/mineral supplement (Red 
Cell; Farnam Companies, Phoenix, Arizona, USA). After 1 y, 
the hay was changed to alfalfa hay and the hay pellets to grass 
hay due to availability.

Thirteen months into therapy, fructosamine remained ele-
vated at 606 mmol/L, while glycosylated hemoglobin (Hb A1c) 
values had dropped to 11.3%. The decrease in glycosylated 
hemoglobin percentage was consistent with improvement in 
long-term hyperglycemia, while the high fructosamine con-
centrations and 18-h duration of glucose control reflected only 
partial control.

Upon return to full exercise, an increased sensitivity to insulin 
and occasional post-exercise hypoglycemia (2.2 to 3.3 mmol/L) 
were measured. Clinical signs of hypoglycemia were not noted 
by the owner. For a period of 48 to 72 h after the hypoglycemic 
episodes, the mare was consistently hyperglycemic, possibly 
representing a Somogyi effect. These post-exercise hypoglycemic 
and subsequent hyperglycemic episodes led to a more regular 
schedule of riding or lunging for 20 to 45 min, 5 to 6 days a 
week. The mare was exercised in the morning before feeding, 
and prior to insulin administration.

Eighteen months into therapy, the mare developed persis-
tent, marked hyperglycemia (22.7 mmol/L) and was increas-
ingly polyuric and polydipsic. The insulin dose was increased 
(0.5 U/kg IM q24h) without notable effect. The mare’s vital 
signs and a CBC were unremarkable, but she was lethargic. A 
chemistry panel indicated marked hyponatremia (104 mEq/L), 
hypochloremia (70 mEq/L), and hyperkalemia (7.0 mEq/L) 
without azotemia. The serum triglyceride concentration 
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(3.0 mmol/L) was also increased. The mare subsequently died 
prior to treatment.

A necropsy revealed a small pancreas at 0.22 kg (reference = 
0.35 kg) with marked, segmental parenchymal collapse, and 
bilaterally enlarged adrenal glands (right = 31.52 g, left = 
27.04 g, RI: 15 to 17 g) with marked cortical atrophy (13,14). 
Urine obtained from the bladder contained 55.5 mmol/L of 
glucose (Chemstrip; Roche Diagnostics, Palo Alto, California, 
USA). The thyroid glands were diffusely pale red-brown. The 
pituitary gland was grossly normal.

Histologically, multiple pancreatic lobules were partially 
to completely effaced by a moderately to markedly cellular 
inflammatory infiltrate of small lymphocytes and rare plasma 
cells. These cells dissected between the acini and acinar cells of 
the exocrine pancreas, resulting in mild disruption of lobular 
architecture to complete lobular collapse. Islets of the endocrine 
pancreas were infiltrated by a similar population of lymphocytes 
(Figure 2). There was diffuse congestion of the pancreatic ves-
sels and occasional multifocal intralobular hemorrhage. The 
adrenal cortex and medulla were effaced by a markedly cellular 
lymphocytic infiltrate with rare plasma cells, similar to that in 
the pancreas, with segmental loss of cells in the zona glomeru-
losa, zona fasiculata, and zona reticularis, resulting in atrophy of 
the adrenal cortex. Remaining clusters of adrenal cortical cells 
were rimmed by lymphocytes and plasma cells (Figure 3) that 
also multifocally infiltrated the capsule. The adrenal medulla 
was expanded and the architecture disrupted by large numbers 
of lymphocytes and rare plasma cells that dissected between, 
separated and replaced chromaffin cells. Beneath the adrenal 
capsule, there were multifocal aggregates of hemosiderin laden 
macrophages, indicating previous hemorrhage. The thyroid 
glands were diffusely infiltrated by a markedly cellular infiltrate 
of lymphocytes and rare plasma cells, similar to that previously 
described that dissected between, frequently separated and 
occasionally transmigrated the walls of follicles, which had 

markedly depleted colloid (Figure 4). There were no histologic 
abnormalities in the pituitary gland.

Immunohistochemical staining of the pancreatic islets with 
antibodies to insulin (polyclonal guinea pig; Dako, Carpinteria, 
California, USA) and glucagon (polyclonal guinea pig; Linco 
Reseach, St. Charles, Missouri, USA) demonstrated marked 
b-cell depletion in the presence of a normal a-cell density. 
Immunophenotyping of the lymphocytic infiltrate in the pan-
creas, adrenal and thyroid glands demonstrated large numbers 
of lymphocytes with strong immunoreactivity to CD3 antibody 
(monoclonal rat, clone CD3-12; Moore, PF, University of 
California, Davis, California, USA), indicating the majority of 
lymphocytes were T-lymphocytes, and small numbers of lym-
phocytes with immunoreactivity to CD79a (monoclonal mouse, 
clone HM57; Dako) and CD20 (polyclonal rabbit; Thermo 
Scientific, Fremont, California, USA) antibodies, indicating 
there were small numbers of B-lymphocytes and/or plasma cells. 
The rearrangement of the variable region of the antigen receptor 
genes of the T- and B-lymphocyte populations was examined by 
PCR (Moore PF, unpublished data). The T-cell receptor g genes 
were polyclonal. The B-cell immunoglobulin heavy chain genes 
were oligoclonal with 4 distinct clones in the adrenal gland.

The following morphologic diagnoses were made: 1) pancreas 
(endocrine): mild multifocal lymphocytic isletitis (insulitis) with 
severe diffuse b-cell depletion; 2) pancreas (exocrine): severe 
regionally extensive lymphocytic pancreatitis with segmental 
lobular atrophy; 3) adrenal cortex: severe diffuse bilateral lym-
phocytic adrenalitis with marked segmental cortical atrophy; 
4) adrenal medulla: severe diffuse bilateral lymphocytic adrenal-
itis; 5) thyroid: severe diffuse bilateral lymphocytic thyroiditis 
with colloid depletion.

Discussion
To the authors’ knowledge, long-term therapy of IDDM in the 
horse has not been described in the peer-reviewed literature. 

Figure 2. Chronic�lymphocytic�pancreatic�isletitis�with�b-cell�
depletion.�Centrally,�there�are�multiple�pancreatic�islets�(Is)�
surrounded�and�infiltrated�by�numerous�small�lymphocytes�(white�
arrows)�resulting�in�b-cell�depletion�(identification�of�b-cells�by�
immunohistochemistry�not�shown).�Peripherally,�there�is�a�small�
amount�of�lymphocytic�inflammation�infiltrating�the�exocrine�
pancreas�(P).�Hematoxylin�and�eosin�(H&E).�Bar�=100�mm.

Figure 3. Chronic�lymphocytic�adrenalitis�with�cortical�atrophy.�
Remnant�adrenal�cortical�cells�(C)�are�surrounded�and�infiltrated�
by�abundant�small�lymphocytes�(white�arrows)�and�there�is�
loss�of�surrounding�adrenal�cortical�cells�with�collapse�of�the�
parenchyma�(atrophy).�Cortical�vessels�are�congested.�H&E.�
Bar�=�200�mm.
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Previously, a pony with diabetes secondary to pancreatitis had 
been satisfactorily controlled using protamine zinc insulin 
0.5 U/kg intramuscularly q12h for 42 d (6). In previously 
described cases of equine diabetes, when the disorder was sec-
ondary to pituitary dysfunction, the animals were reportedly 
markedly insulin-resistant and refractory to successful manage-
ment (1). The mare of our report had no evidence of pituitary 
dysfunction; antemortem clinical evidence of the underlying 
polyendocrine disease diagnosed at necropsy was IDDM due to 
insulin deficiency and terminal electrolyte abnormalities con-
sistent with adrenal insufficiency. The electrolyte abnormalities 
and death of the horse may have been associated with adrenal 
insufficiency, as the adrenal gland also exhibited lymphocytic 
inflammation with effacement of the adrenal cortex.

Good clinical results, including weight gain, return to exer-
cise, improvement in polyuria/polydipsia, and partial glycemic 
control were achieved with insulin administered once daily. 
Long-term glycemic control is monitored with serial glycosyl-
ated hemoglobin samples in other species (15). Glycosylated 
hemoglobin (HbA1c) is less affected by daily or weekly varia-
tions in glucose concentrations than is fructosamine or single  
plasma glucose values (2). This minimizes the over-interpretation 
of transient hyperglycemia. In the mare of our report, HbA1c 
dropped to less than half of its original value, consistent with at 
least partial response to insulin treatment.

Johnson et al (3) used a combination therapy of metformin 
and glyburide, which was helpful in achieving short-term glyce-
mic control in a diabetic mare; however, the horse in that report 
was euthanized after 6 wk (3). Metformin is used to decrease 
hepatic glucose production, decrease intestinal absorption of 
glucose, reduce fatty acid oxidation, and improve tissue insulin 
sensitivity in type-2 diabetics (16,17). Many of the metabolic 
alterations brought about by insulin resistance are ameliorated 
by metformin, making this a front line medication for the treat-
ment of type-2 diabetes and metabolic syndrome in other species 
(16). Recently, a study showed low bioavailability of metformin 

in horses; an effective dosing regimen remains to be developed 
(18). Glyburide stimulates the release of endogenous insulin 
from beta-cells; as such, it is dependent on functional beta-cells. 
The lack of response of the mare of our report to glyburide is 
consistent with IDDM rather than type-2 diabetes (19).

Dietary management is an important component of diabetes 
in other species. High fiber, low glycemic index foods with 
healthy fats are recommended for humans with diabetes mel-
litus. Dietary recommendations for diabetes mellitus in small 
animals include frequent, small feedings of a high fiber, moder-
ate fat, and low simple carbohydrate diet (20). In horses, the 
optimal diet is unknown, but it is likely that a high fiber, low 
nonstructural carbohydrate diet would be optimal, with added 
calories in the form of fat. Blood glucose and insulin concentra-
tions have been shown to vary minimally after a meal of hay, 
whereas after 1.5 to 2 kg of a high starch concentrate blood 
glucose peaked at 5.5 to 11.1 mmol/L within 60 to 90 min in 
normal horses; insulin peaks of 190 IU/mL occurred at 90 to 
120 min (21). In this same study, concentrate feeds containing 
high fat (6% to 10%), fiber [. 20% neutral detergent factor 
(NDF)], or both resulted in lower glycemic responses and may 
be better suited for use in diabetic horses (21). In retrospect, the 
mare’s initial diet over the first week could have been improved 
in that oat hay has a high carbohydrate load. However, at that 
point she was partially anorexic and was encouraged to eat by 
using a variety of feeds. The alfalfa, grass hay, alfalfa pellets, 
and wheat bran fed were appropriate for a horse with DM. 
The complete senior feed used in this case has a glycemic index 
similar to oats (22). Feeds with lower indices, therefore, would 
have been better. At the time this case was managed there were 
no commercially available low glycemic feeds. Currently, there 
are commercially available feeds that have a low glycemic index, 
with low to no starch and sugars that would make an ideal diet 
for diabetic horses. Examples of such diets include WellSolve 
L/S (Purina Mills LLC, St. Louis, Missouri, USA) and Safe 
Choice (Nutrena Animal Feeds, Elk River, Minnesota, USA). 
Feeds with low glycemic indices for horses include alfalfa, some 
grass hays, rice bran, beet pulp (without molasses), and soybean 
hulls; wheat bran has a moderate index (23).

Exercise has numerous therapeutic benefits in diabetic 
patients. Despite this, exercise can result in hypoglycemia in 
type-1 diabetic patients as it did in the mare of this report. A 
relative excess of insulin during exercise, due to increased mus-
cular sensitivity to insulin, is an important mechanism for caus-
ing hypoglycemia (24). Limits in the duration and intensity of 
exercise, as well as adjustments in insulin dose, were used in the 
management of the mare of our report. Acute exercise increases 
the sensitivity of muscle to insulin and the receptor affinity for 
insulin in horses (22–28). Powell et al (29) found that insulin 
sensitivity was improved by 60% after 7 consecutive days of 
exercise in obese mares compared with obese sedentary mares, 
and 48% in lean exercised mares compared with lean sedentary 
mares (29). In addition to increased sensitivity to insulin, acute 
bouts of exercise increase the utilization of glucose and therefore 
result in decreases in blood glucose concentration (21).

Based on the presence of massive lymphocytic infiltrates in 
multiple endocrine organs and 2 clinically manifested endocrine 

Figure 4. Chronic�lymphocytic�thyroiditis�with�colloid�depletion.�
Large�numbers�of�small�lymphocytes�(white�arrows)�infiltrate�and�
disrupt�normal�thyroid�follicular�(F)�architecture,�and�infiltrate�and�
expand�the�interfollicular�space.�Colloid�is�depleted�within�some�
follicles�(black�arrow).�H&E.�Bar�=�200�mm.
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disorders, a presumptive diagnosis of autoimmune polyen-
docrine syndrome (APS), type II was made. This syndrome 
is defined in humans by the presence of Addison’s disease 
(AD), IDDM, and chronic thyroiditis (30). In humans, APS is 
hypothesized to occur secondary to loss of immune tolerance to 
a peptide(s) in a molecule of the target organ. This loss of self 
recognition is followed by clonal expansion of CD4 T-cells that 
recognize the peptide(s), promote release of pro-inflammatory 
cytokines, and stimulate autoantibody production by B-cells 
(30). The diagnosis of APS in humans is made antemortem 
based on characteristic biochemical abnormalities associated 
with loss of endocrine function and assays for various organ 
specific autoantibodies (30,31). The diagnosis in this horse was 
made based on biochemical abnormalities and histology. This 
horse had terminal electrolyte abnormalities consistent with AD 
and had IDDM. Histologically, there was chronic lymphocytic 
adrenalitis, pancreatitis, and thyroiditis. Alone, each of these 
conditions is rare in horses; combined in 1 horse, they make a 
compelling case for APS Type II.

Hypoadrenocorticism is rare in horses with 1 report in a 
neonatal foal, and 1 in an adult horse secondary to exogenous 
steroid administration (32,33). Adrenal insufficiency in this 
case was secondary to lymphocytic adrenalitis and loss of ste-
roidogenic adrenal cortical cells. Hypoadrenocorticism causing 
electrolyte derangements, hypovolemic shock, and vascular col-
lapse is the presumed cause of death. The autoimmune nature 
of the inflammation in this horse was presumed. In humans, 
60% to 70% of cases of AD are autoimmune (34). Definitive 
diagnosis of autoimmune AD is based on the presence of 
autoantibodies to enzymes in the cortisol synthesis pathway 
such as 21-hydroxylase, 17a-hydroxylase, and P450-side chain 
cleavage enzyme; tests for these enzymes are not available for  
horses (35).

There was similar lymphocytic inflammation in the pancreatic 
islets and b-cell depletion in the presence of a normal a-cell 
density, which suggests the lymphocytic infiltrate was directed at 
the b-cells. The lymphocytic infiltrate in the exocrine pancreas 
could be an extension from the islets or due to a cross reaction 
with an antigen similar to b-cell antigens. In humans with 
IDDM, the autoimmune attack is directed against multiple 
b-cell antigens, including glutamic acid decarboxylase.

Immune-mediated (Hashimoto-like) thyroiditis is rare in 
horses with only a single case series reported (36). In that study, 
lymphocytic thyroiditis diagnosed histologically was interpreted 
as autoimmune based on the presence of increased serum con-
centrations of thyroglobulin and thyroperoxidase autoantibody 
(36). In this horse, there were no clinical signs associated with 
the thyroiditis and the autoimmune nature of the lymphocytic 
infiltrate was presumed.

Immunophenotyping of the lymphocytic infiltrate in the 
pancreas, adrenal, and thyroid demonstrated a predominance 
of T-cells with rare B-cells. The T-cell population in the adrenal, 
pancreas, and thyroid was polyclonal, ruling out disseminated 
lymphoma. The B-cell population in the adrenal was oligoclonal 
with 4 distinct clones suggesting there was restricted diversity 
of the B-cell lymphocytic infiltrate and clonal expansion of cells 
responding to specific antigens.

In conclusion, this is the first report of long-term (. 6 wk) 
treatment of IDDM in a horse. In this mare, the inciting cause 
of IDDM was a polyendocrinopathy, suspected to be autoim-
mune, which has not been previously described in horses. 
Though complete control of hyperglycemia was not achieved, 
partial control led to clinical improvement with return of the 
horse to previous athletic function. Further study of long-term 
control of diabetes mellitus and hyperglycemia, as well as the 
pathophysiology of immune-mediated polyendocrinopathy, in 
horses is warranted.
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