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Abstract Background: Diabetes is common in dogs, with
an estimated prevalence of 0.32% in the UK. Clinical
signs, as in man, include polydipsia, polyuria and weight
loss, associated with hyperglycaemia and glucosuria. Di-
abetes typically occurs in dogs between 5 and 12 years of
age, and is uncommon under 3 years of age. Breeds
predisposed to diabetes include the Samoyed, Tibetan
Terrier and Cairn Terrier, while others such as the Boxer
and German Shepherd Dog seem less susceptible. These
breed differences suggest a genetic component, and at
least one dog leucocyte antigen haplotype (DLA
DRB1*009, DQA1*001, DQB1*008) appears to be
associated with susceptibility to diabetes. Methods: Canine
diabetes can be classified into insulin deficiency diabetes
(IDD), resulting from a congenital deficiency or acquired
loss of pancreatic beta cells, or insulin resistance diabetes
resulting mainly from hormonal antagonism of insulin func-
tion. Results: There is no evidence for a canine equivalent
of human type 2 diabetes. Adult-onset IDD, requiring insulin
therapy, is the most common form, with pancreatitis and/or

immune-mediated beta cell destruction considered to be the
major underlying causes of the disease. Discussion: Auto-
antibodies to insulin, recombinant canine GAD65 and/or
canine islet antigen-2 have been identified in a proportion
of newly diagnosed diabetic dogs, suggesting that autoim-
munity is involved in the pathogenesis of disease in some
patients. Conclusion: The late onset and slow progression of
beta cell dysfunction in canine diabetes resembles latent
autoimmune diabetes of the adult in man.
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Abbreviations DLA: dog leucocyte antigen . IA-2: islet
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Introduction

Historically, dogs have played a pivotal role in our un-
derstanding of the pathophysiology and treatment of
diabetes mellitus. In 1889, Joseph von Mering and Oskar
Minkowski discovered that removing the pancreas from
healthy dogs resulted in polyuria and polydipsia. They
realised that they had created an animal model of diabetes,
and correctly concluded that the pancreas must secrete an
‘anti-diabetogenic factor’ (later found to be insulin) that
enables the body to utilise glucose [1]. In 1921, a diabetic
dog became the first recipient of insulin therapy [2], paving
the way for the treatment of human patients. Diabetic
Beagle dogs (in whom diabetes is usually induced by
pancreatectomy) are still used for research, particularly in
islet cell transplantation studies [3], although rodents, such
as the non-obese diabetic mouse and BB rat, have long
replaced the dog as the major animal models of diabetes.

It may surprise some clinicians and researchers to learn
that pet dogs suffer from spontaneous diabetes and are
diagnosed and treated by veterinary surgeons in much the
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same way as humans. Research into the pathogenesis of
canine diabetes has, unfortunately, failed to keep pace with
its human counterpart, particularly when it comes to un-
derstanding the genetic and immunological basis of the
disease. This reviewwill highlight the major findings of a 3-
year (December 2000 to December 2003) multicentre study
into diabetes in the UK dog population. This collaborative
project, involving all the UK veterinary schools, led to the
formation of a national canine diabetes register, a cen-
tralised database containing clinical, biochemical, serolog-
ical and genetic information from cases recruited in over
100 first-opinion veterinary practices. Since the canine
population contains both purebred as well as outbred ani-
mals, and diabetic dogs share the same environment as
humans, we may perhaps be able to learn something of
benefit from our closest companions.

Clinical features of canine diabetes

Diabetes mellitus is one of the commonest endocrine
disorders in dogs, and presents, as in man, with polydipsia,
polyuria, polyphagia and weight loss. The prevalence of
canine diabetes has been estimated to be anywhere between
0.0005% and 1.5% [4, 5]. We analysed a database of
insured pet dogs in the UK (n=46 593) and found that
0.32% (n=151) had diabetes (data courtesy of Pet Protect
Insurance, London, UK). The proportion of diabetic dogs
referred to second-opinion veterinary hospitals in North
America increased from 19 per 10,000 to 64 per 10,000
over the past 30 years [6], suggesting that the incidence of
diabetes has increased in dogs as in man. Alternatively, this
increase might be explained by improvements in the
diagnosis and management of diabetes by first-opinion

veterinary practitioners and a greater willingness to refer
more difficult cases.

Diabetes typically occurs in dogs between 5 and 12 years
of age [7]. In our database the median age at diagnosis was
9 years (range 3 months to 18 years), illustrating that canine
diabetes is generally a disease of middle-aged and older
dogs (Fig. 1). Juvenile‐onset diabetes is uncommon in
dogs, and in our series of 500 affected animals, only nine
were less than 12 months of age.

Certain breeds of dog appear to be predisposed to
diabetes. A database containing medical records of over
6,000 diabetic dogs from 24 veterinary schools in North
America identified breeds including the Miniature Schnau-
zer, Bichon Frise, Miniature Poodle, Samoyed and Cairn
Terrier as having an increased risk of the disease [6]. A
similar breed distribution was seen in our own database
(Table 1), in which the Samoyed, Tibetan Terrier and Cairn
Terrier had the highest relative risk of diabetes. Some
popular breeds, including the Boxer, German Shepherd
Dog and Golden Retriever, appear to have a reduced risk of
diabetes [6–8]. These breed differences strongly suggest a
genetic component to disease, although this area of re-
search has received little attention. Preliminary results from
our collaborative study suggest that MHC genes are
associated with diabetes susceptibility in dogs, as discussed
later [9].

Previous surveys showed that female dogs were more
likely to develop diabetes, and represented around 70% of
cases [7, 10]. However, this bias is less apparent in our
current database in which 53% are female. Diabetes in
sexually intact female dogs is often associated with the
progesterone-dominated phase of dioestrus and, as will be
seen, resembles gestational diabetes in humans. Many
veterinary surgeons in the UK now recommend elective
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neutering before 12 months of age, and this, together with a
simultaneous reduction in the use of synthetic progesta-
gens, is likely to explain the decline of dioestrous diabetes
in female dogs.

We found a seasonal pattern in the diagnosis of canine
diabetes [8]; twice as many dogs were diagnosed between
November and January as between July and September
(Fig. 2). A similar pattern has previously been reported in
the USA [11], and is also seen in human type 1 diabetes
[12]. It is tempting to speculate that the similar seasonality

of onset of diabetes seen in dog and man is associated with
common environmental factors.

Diagnosis and management of diabetes in dogs

Diabetes is diagnosed in dogs on the basis of clinical
history, persistent hyperglycaemia (>9 mmol/l) and glucos-
uria. The initial signs of diabetes can go unnoticed, with the
result that dogs sometimes present in diabetic ketoacidosis

Table 1 Breed distribution of diabetic dogs in the UK

Breed Number of each breed in the UK
canine diabetes register (n=500)

Number of each breed in the UK
insured dog populationa (n=46 593)

Odds ratio (95% CI)

Samoyed 16 (3%) 101 (<0.1%) 15.2 (8.91–25.98)
Tibetan Terrier 11 (2%) 140 (0.3%) 7.46 (4.01–13.88)
Cairn Terrier 15 (3%) 220 (0.5%) 6.52 (3.83–11.08)
Yorkshire Terrier 31 (6%) 819 (1.8%) 3.69 (2.55–5.35)
Miniature Schnauzer 7 (1%) 244 (0.5%) 2.70 (1.27–5.75)
Border Terrier 9 (2%) 361 (0.8%) 2.35 (1.20–4.58)
Miniature Poodle 8 (2%) 326 (0.7%) 2.31 (1.14–4.68)
Border Collie 33 (7%) 1816 (3.9%) 1.74 (1.2 –2.49)
Cavalier King Charles Spaniel 23 (4%) 1383 (3.0%) 1.57 (1.03–2.40)
West Highland White Terrier 32 (6%) 2017 (4.3%) 1.51 (1.05–2.16)
Cross Breed 113 (23%) 7826 (16.8%) 1.44 (1.17–1.79)
Jack Russell Terrier 22 (4%) 1486 (3.2%) 1.40 (0.91–2.15)
Labrador Retriever 65 (13%) 6680 (14.3%) 0.89 (0.69–1.16)
Cocker Spaniel 15 (3%) 1652 (3.5%) 0.84 (0.50–1.41)
Springer Spaniel 7 (1%) 1701 (3.7%) 0.37 (0.18–0.79)
Golden Retriever 8 (2%) 3050 (6.5%) 0.23 (0.12–0.47)
German Shepherd Dog 4 (<1%) 2814 (6.0%) 0.13 (0.05–0.34)
Boxer 0 (0%) 1906 (4.1%) 0
aData courtesy of Pet Protect Insurance
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with anorexia, lethargy, vomiting and dehydration. This
can be life threatening without appropriate therapy. Veter-
inary practitioners often treat diabetes without performing
ancillary diagnostic tests, but the recent development of
RIAs for canine insulin and C-peptide should mean that
diabetic dogs will, in future, undergo additional assessment
of pancreatic beta cell function at diagnosis. Other useful
biochemical markers include serum trypsin-like immuno-
reactivity and canine pancreatic lipase immunoreactivity,
which are both indicative of exocrine pancreatic disease.
Further endocrine testing (e.g. adrenocorticotrophin stim-
ulation) is sometimes required if concurrent hyperadreno-
corticism is suspected.

Most diabetic dogs suffer from insulin deficiency and
require exogenous insulin. Oral hypoglycaemic drugs are
not useful. Most dogs are injected once daily, although twice-
daily administration can lead to better glycaemic control and
reduced risk of insulin-induced hypoglycaemia [13].

The introduction of diagnostic testing of blood samples
for fructosamine and glycosylated haemoglobin has pro-
vided additional options for monitoring of glycaemic con-
trol in veterinary patients. We have evaluated an HbA1c
meter designed for human diabetic blood samples for use in
diabetic dogs (Haemaquant/Glycosal; Provalis Diagnostics,
Deeside, Flintshire, Wales, UK). In normoglycaemic dogs
the range for HbA1c was 2.5–3.7%, as against 2.5–7.0% in
animals with diabetes [14]. We generally take a value below
5.0% to represent good glycaemic control.

Although insulin therapy can be used successfully in the
majority of cases, hypoglycaemic seizures, cataract forma-
tion or ketoacidosis may develop. Whereas diabetic dogs
rarely suffer from nephropathy or peripheral neuropathy,
diabetes is considered a risk factor for development of
atherosclerosis, although this is usually not of clinical rel-
evance and only comes to light at post mortem [15].

Pathology of canine diabetes

Typical histopathological findings in the human pancreas at
the onset of type 1 diabetes include reduced beta cell num-
bers and lymphocytic infiltration of pancreatic islets [16].
Histopathological studies of the pancreas in dogs are few
and far between, and mostly describe pathology in dogs
with congenital diabetes or in treated diabetic dogs fol-
lowing euthanasia. Gepts and Toussaint [17] reported a
heterogeneous pathology, but noted some similarities with
human type 1 diabetes. A later study described insulitis in
pancreatic biopsies in six of 18 diabetic dogs, and gen-
eralised pancreatic inflammation was seen in a further five
[18]. Studies in dogs with congenital diabetes show a re-
duction in the number and size of islets and hydropic
degeneration/vacuolation of beta cells, consistent with beta
cell aplasia, hypoplasia or abiotrophy [19, 20]. It is clear
that canine diabetes is heterogeneous, and that beta cell
dysfunction may arise for differing reasons.

Classification of canine diabetes

There are no internationally accepted criteria for the clas-
sification of canine diabetes. A UK-based canine diabetes
interest group has been formed in an attempt to standardise
diagnostic criteria for the different types of diabetes in dogs
and to promote a collaborative research effort between
veterinary schools and veterinary diagnostic laboratories. It
is hoped that improved phenotyping at diagnosis will allow
disease variants to be more clearly defined and will permit a
more focused approach to their investigation.

The classification developed for human diabetes is not
easy to apply to dogs. Previously, canine diabetes has been
classified as either insulin dependent or non-insulin depen-
dent, although virtually all diabetic dogs require insulin
therapy. At the Royal Veterinary College we currently use a
classification system for canine diabetes which is based on
disease pathogenesis rather than the clinical response to
insulin therapy.

Classification of canine diabetes mellitus
Insulin deficiency diabetes (IDD)
Primary IDD in dogs is characterised by a progressive loss of
pancreatic beta cells. The aetiology of beta cell deficiency/
destruction in diabetic dogs is currently unknown but a number of
diseases processes are thought to be involved:
• Congenital beta cell hypoplasia/abiotrophy
• Beta cell loss associated with exocrine pancreatic disease
• Immune-mediated beta cell destruction
• Idiopathic

Insulin resistance diabetes (IRD)
Primary IRD usually results from antagonism of insulin function by
other hormones
• Dioestrous/gestational diabetes
• Secondary to other endocrine disorders
• Hyperadrenocorticism
• Acromegaly

• Iatrogenic
• Synthetic glucocorticoids
• Synthetic progestagens

• Glucose intolerance associated with obesity might contribute to
insulin resistance but is not a primary cause of diabetes in dogs

Canine diabetes can, therefore, be broadly divided into
two groups; primary insulin deficiency diabetes (IDD), in
which hyperglycaemia is due to hypoinsulinaemia, and
primary insulin resistance diabetes (IRD), in which hy-
perglycaemia co-exists with hyperinsulinaemia.

Chronic hyperglycaemia (i.e. blood glucose >14 mmol/l)
can in itself produce permanent beta cell dysfunction in
dogs [21]. Since there is often a delay between the onset of
diabetes and the owner seeking veterinary attention, dogs
with primary IRD often progress to IDD, presumably as the
result of secondary loss of beta cells associated with un-
corrected hyperglycaemia. Such cases may appear to have
IDD at diagnosis, but glycaemic control may prove dif-
ficult until the underlying cause of insulin resistance has
been addressed.
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Insulin deficiency diabetes

Congenital beta cell aplasia/abiotrophy There are rare
reports of diabetes in dogs less than 12 months of age. In
one study of four such dogs, the histopathology was con-
sistent with congenital beta cell aplasia [19]. An inherited,
early-onset form of diabetes characterised by atrophy of
pancreatic beta cells has also been reported in Keeshond
dogs [22]. Mating studies demonstrated that the condition
was probably due to an autosomal recessive mutation,
although the precise genetic defect has not been elucidated
[23]. We identified six Labrador Retrievers (three dogs from
the same litter) that developed clinical signs of diabetes at
around 12 weeks of age, also suggesting a congenital beta
cell abnormality. Histopathological examination of a pancre-
as biopsy from one of these dogs demonstrated marked islet
hypoplasia (thanks to J. C. Patterson-Kane, Royal Veterinary
College). Blood samples and DNA have been archived, but
no genetic analysis has been performed to date.

Exocrine pancreatic disease and canine diabetes Acute
pancreatitis in dogs is characterised by abdominal pain and
vomiting, and can progress to life-threatening electrolyte
disturbances, dehydration and disseminated intravascular
coagulation [24]. Dogs with chronic pancreatitis tend to
present with subtle, non-specific clinical signs and can be
difficult to diagnose [25]. Although pancreatitis primarily
affects exocrine tissue, the inflammatory response may
affect endocrine function, and beta cells, in particular,
seem to be sensitive to the deleterious effects of inflam-
matory mediators including IL-1β and TNF-α [26]. It has
been proposed that pancreatitis in dogs might initiate beta
cell damage, and that the subsequent release of antigens
might stimulate an immune response that could potentially
exacerbate islet destruction [27].

Biochemical or histopathological evidence of pancreati-
tis has been reported in 28–40% of diabetic dogs [18, 28],
and it is possible that clinical signs of diabetes could be the
first indication of subclinical, low-grade exocrine pancre-
atic disease. Preliminary findings indicate that dogs con-
firmed as suffering from chronic pancreatitis can have
impaired glucose tolerance, identified by glucagon-stimu-
lation testing (P. Watson, University of Cambridge, per-
sonal communication), although it is still unclear what
proportion progress to overt diabetes.

Chronic pancreatitis can lead to exocrine pancreatic
insufficiency in both humans and dogs, and gives rise to
diabetes in a proportion of animals [25]. The most common
form of exocrine pancreatic insufficiency in dogs results
from pancreatic acinar atrophy [29], most commonly seen
in German Shepherd Dogs, which represent up to 66% of all
cases of pancreatic insufficiency [30]. A marked T-lym-
phocyte infiltration of the exocrine tissue is seen in pan-
creatic acinar atrophy, suggesting an immune-mediated
component. Endocrine tissue is, however, usually preserved
in such cases and diabetes, as previously noted, is un-
common in this breed.

The Miniature Schnauzer has a high risk of diabetes and
is also predisposed to idiopathic hyperlipoproteinaemia,

which is characterised by an increased plasma triglyceride
concentration and excessive circulating VLDL [31]. Since
hyperlipidaemia is believed to be a predisposing factor for
pancreatitis, it has been proposed that dogs with idiopathic
hyperlipoproteinaemia may develop diabetes as a conse-
quence of repeated attacks of pancreatic inflammation [24].

In our own study, eight of 253 diabetic dogs had clinical
signs and biochemical abnormalities consistent with pan-
creatitis, and a further seven had concurrent exocrine pan-
creatic insufficiency [8]. This probably underestimates the
proportion with subclinical exocrine pancreatic disease,
given the poor sensitivity and specificity of the diagnostic
tests available [32]. Serum biochemical markers such as
amylase and lipase are commonly, but not invariably, raised
in the presence of pancreatic inflammation [33]. Serum
amylase can be elevated in canine diabetes, although this is
not a consistent finding [34]. Canine trypsin-like immuno-
reactivity can be a useful marker of acute pancreatitis, but is
usually low in end-stage disease [35]. Canine pancreatic
lipase immunoreactivity may prove amore sensitive marker
of pancreatic inflammation in dogs [36]. In our study, values
above the upper limit of the normal reference range
(102.1 μg/l) were found in five of the 30 dogs tested, but
none of those with diabetes had levels diagnostic for
pancreatitis (>200 μg/l) [37]. Serial measurement of serum
pancreatic lipase immunoreactivity suggests that subclini-
cal pancreatic inflammation is relatively common in dogs
with diabetes (unpublished data). However, it is not clear
whether pancreatitis is the primary disease, increasing the
risk of development of diabetes, or vice versa [38]. Further
work is required to clarify the association between pancre-
atitis and diabetes in dogs.

Autoimmunity and canine diabetes Human type 1 diabetes
results from autoimmune destruction of pancreatic beta
cells. Immune-mediated beta cell damage may also be in-
volved in the pathogenesis of canine diabetes [39], al-
though the evidence is less convincing than in humans and
rodents. As we have seen, lymphocytic infiltration of
pancreatic islets is seen in only a proportion of dogs with
adult-onset diabetes [18], and is not a feature of dogs with
juvenile-onset disease [20].

Most diabetic dogs are middle aged and older when
clinical signs become apparent. The rate of progression to
absolute insulin deficiency has not been studied exten-
sively, although C-peptide values in the newly diagnosed
are higher than in longer duration animals [40]. Canine
diabetes might therefore be comparable to the latent auto-
immune diabetes of the adult form of type 1 diabetes in
man [41], which is characterised by slowly progressive
beta cell destruction [42].

There are, to date, no published studies of cell-mediated
immune responses in canine diabetes. Anti-islet cell anti-
bodies have been documented in 50% of newly diagnosed
diabetic dogs, suggesting that autoantibodies are present in
canine diabetes [43] and that immune-mediated beta cell
destruction may be a factor in some animals [44]. Diabetic
serum also contains antibodies capable of stimulating com-
plement-mediated beta cell lysis [39], illustrating that these
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autoantibodies might be involved in the pathogenesis of
disease.

The antigen specificity of such anti-islet immune re-
sponses is currently unknown. Insulin did not appear to be
the primary target in preliminary studies of canine anti-beta
cell reactivity, although anti-insulin antibodies have been
documented in newly diagnosed dogs [27]. In our study,
anti-insulin antibodies were detected by ELISA in five of 40
dogs with newly diagnosed diabetes [37], although this is
not a particularly sensitive method, with relatively high
background values in non-diabetic control dogs. We have
also screened diabetic sera against recombinant canine
proinsulin by western blotting, and observed proinsulin
reactivity in six of 15 newly diagnosed cases (unpublished
data). We hope to be able to screen diabetic sera using a
liquid-phase RIA against canine insulin in the near future.

Work by our group has provided some evidence for the
presence of GAD65 and islet antigen-2 (IA-2) autoanti-
bodies in diabetic dogs, suggesting that these antigens
might be involved in the autoimmune response in canine
diabetes. We have cloned and expressed recombinant ca-
nine GAD65 (GenBank Accession Number DQ 060442)
and the C-terminal region of canine IA-2 (IA-2/Cterm:
amino acids 771–979) [45]. In collaboration with S.
Weenink and M. Christie at King’s College London, we
have adapted the human GAD65 and IA-2 radio-immuno-
precipitation assay to screen canine sera against these
recombinant canine beta cell proteins. Human GAD65
antibody-positive diabetic sera and monoclonal antibodies
raised against human GAD65 also recognised canine
GAD65 and were used as positive controls. In a preliminary
study, six of 30 newly diagnosed diabetic dogs demonstrat-
ed anti-GAD65 reactivity (Fig. 3). Five of the 30 diabetic

dogs demonstrated reactivity to IA-2/Cterm, with two of
these dogs also reacting to GAD65.

No exclusion criteria were applied to the diabetic dogs
included in these pilot autoantibody screening experiments
and this initial cohort is likely to contain animals suffering
from other, non-immune-mediated, forms of IDD and IRD.
Indeed, of the autoantibody-negative dogs, three female
dogs were likely to be suffering from dioestrous diabetes,
four dogs had evidence of pancreatitis and three dogs had
congenital disease. This preliminary work suggests that a
proportion of dogs, in which no other underlying cause can
be identified, might be experiencing immune-mediated beta
cell destruction. Further work is planned to characterise the
autoantibody profiles in dogs with suspected immune-
mediated diabetes.

Genetic susceptibility to type 1 diabetes in man has a
strong association with the genes encoding MHC class II
[46]. Susceptibility is linked to HLADQA and DQB genes,
influenced by the DR genes [47]. The observation that
certain breeds of dog are predisposed to diabetes suggests
that there is also a genetic component to canine diabetes. If
beta cell loss occurs via an immune-mediated process, one
might expect susceptibility to be associated with the dog
leucocyte antigen (DLA) genes, encoding the canine MHC.
In collaboration with Dr Lorna Kennedy and Professor Bill
Ollier at the University of Manchester, we DLA genotyped
122 dogs with diabetes. One haplotype (DLA DRB1*009,
DQA1*001, DQB1*008) was over-represented as com-
pared with breed-matched controls with an odds ratio of
3.31 (95% CI 1.24–9.16) [9]. In addition, DLA DQA1
alleles coding for arginine at position 55 (Arg55) in hy-
pervariable region 2 were associated with diabetes (Fig. 4)
andmight be equivalent to the association with HLADQA1
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Arg52 in human diabetes [48]. It is interesting to note that
the ‘increased-risk’ haplotype is common in Samoyed dogs,
the breed at greatest risk of developing diabetes. Addition-
ally, two dogs (one cross-breed and one Cavalier King
Charles Spaniel) were suffering from concurrent diabetes
and Addison’s disease, which is likely to be equivalent to
human autoimmune polyendocrine syndrome type II and
both dogs had the ‘increased-risk’ DLA haplotype. The
samples we used for immunogenetic analysis were drawn
from a heterogeneous population of diabetic dogs. More
effective phenotyping should, in time, improve our under-
standing of the genetic factors associated with the different
forms of the disease.

Insulin resistance diabetes

Dioestrous diabetes in female dogs The most common
form of IRD occurs during the dioestrous phase of the
reproductive cycle of female dogs, which resembles gesta-
tional diabetes in humans. Dogs are non-seasonally mono-
oestrus and following a season (oestrus), all bitches enter a
progesterone-dominated luteal phase (dioestrus) that lasts
around 60 days. Progesterone acts on the canine mammary
gland stimulating production of growth hormone, which is
released into the circulation [49]. Physiologically, non-
pregnant bitches in dioestrus are in a state of pseudo-
pregnancy and there is little hormonal distinction between
pregnant and pseudopregnant animals.

The high concentration of circulating progesterone and
growth hormone during dioestrus antagonises insulin func-
tion and can result in impaired glucose tolerance. This is
typically subclinical in younger dogs, whereas overt dioes-
trous diabetes is more commonly seen in middle-aged and
older animals [50]. It is likely that repeated cycles of insulin
resistance and glucose intolerance during dioestrus may

eventually result in permanently impaired glucose homeo-
stasis. It is possible that clinical signs might resolve if
animals were treated with insulin and neutered at the first
indication of diabetes, provided that there was some re-
sidual beta cell function. Unfortunately, many dogs diag-
nosed with dioestrus diabetes continue to depend on insulin
following ovariohysterectomy, suggesting that there has
been considerable loss of beta cells before clinical signs
became apparent.

Glycaemic stability is difficult to achieve with insulin
therapy in entire female dogs with diabetes due to the
varying degrees of insulin resistance during the oestrous
cycle. It is therefore recommended that all female dogs
undergo ovariohysterectomy as soon as possible after diag-
nosis of diabetes.

Other types of IRD in dogs Impaired glucose homeostasis
is a feature of other endocrinopathies, including hyperad-
renocorticism (Cushing’s disease) and acromegaly, which
can lead to overt diabetes in some cases. Hyperglycaemia is
typically transient and is reversed when the primary disease
has been adequately controlled [27]. We have seen elevated
fasting serum C-peptide levels in dogs with hyperadrenocor-
ticism which normalise following treatment with trilostane,
a 3β-hydroxysteroid dehydrogenase inhibitor (unpublished
data). In a cohort of 221 diabetic dogs from the University
of Pennsylvania, USA, 50 (22%) were reported to have
evidence of concurrent adrenocortical dysfunction (abnor-
mal low-dose dexamethasone suppression test and/or
adrenocorticotrophin stimulation test) [28]. In another
study of 60 dogs with confirmed hyperadrenocorticism,
23 were hyperglycaemic with moderate to severe hyper-
insulinaemia and five had overt diabetes with relative
insulin deficiency [51]. This study suggests that dogs with
hyperadrenocorticism can progress from IRD to IDD, if the
primary disease is not recognised and treated promptly. In
our experience, relatively few dogs presenting with diabetes
are subsequently shown to be suffering from concurrent
hyperadrenocorticism, although it is possible that this is
underdiagnosed.

There is no evidence for a canine equivalent of human
type 2 diabetes. Obesity can cause hyperinsulinaemia and
glucose intolerance [5] and the effects of insulin resistance
appear to be particularly pronounced in dogs fed a diet
which is high in saturated fat [52]. Some obese dogs with a
fasting hyperinsulinaemia are still able to increase insulin
secretion upon intravenous glucose administration, whereas
others fail to do so [52]. Although obesity is common in the
UK dog population and clearly influences the animal’s
ability to utilise glucose, progression to overt diabetes has
yet to be documented.

Conclusions

There are several potential causes of beta cell dysfunction
in canine diabetes. Type 2 diabetes does not seem to occur
in dogs and while most dogs with diabetes are dependent
on insulin therapy and are susceptible to diabetic ketoac-
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idosis, the pathogenesis of beta cell loss remains to be
defined. Pancreatitis and/or immune-mediated beta cell
destruction are likely to be the major underlying causes of
IDD in most instances. Autoantibodies to insulin, GAD65
and IA-2 are present in a proportion of dogs but it remains
unclear whether these are the cause or consequence of beta
cell destruction. Immune-mediated diabetes in dogs might
be more analogous to latent autoimmune diabetes of the
adult than classic human type 1 diabetes. Further work is
needed before we can understand the pathogenesis of
canine diabetes and the genetic and environmental factors
that contribute to disease susceptibility.
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