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Abstract

The aim of the work presented in this thesis was to investigate aspects of canine diabetes
mellitus in order to improve understanding of the condition and the welfare of dogs
affected by it. The epidemiology, clinical chemistry and survival data of diabetic dogs
treated by the author during the period October 1989 to August 1994 were studied. In
addition, studies on specific insulin and dietary formulations were undertaken.
Epidemiological studies employing statistical comparisons with a time-matched hospital
derived control population revealed a complicated relationship between age and gender
associated with diabetes mellitus, in that females in the older age groups were at greatest
risk but in the younger age groups they were not. Predisposed breeds were terriers
(particularly Tibetan, Cairn and Jack Russell), collie crossbreeds and Rottweilers. There
were differences between the epidemiological characteristics of diabetic dogs of high risk
breeds and those of normal or low risk breeds suggesting a possible difference in
pathophysiology.

Investigation of diabetic dogs with associated syndromes revealed differences in age
distribution between those with hypothyroidism, those with hyperadrenocorticism and
‘normal’ diabetic dogs and that basal plasma insulin analysis prior to ovariohysterectomy
may be a useful prognostic indicator in metoestrus-associated diabetes mellitus.

‘New’ tests, fructosamine and glycated haemoglobin, validated for use with canine
samples, were determined to be useful in the monitoring of canine diabetes mellitus by
relative operating characteristic curve analysis. Alkaline phosphatase, alanine
aminotransferase and aspartate aminotransferase were not useful tests for this purpose.

A highly purified porcine insulin zinc suspension had two reasonably predictable times of
peak activity following subcutaneous injection at around 4 and 11 hours and an overall
duration of activity of 14 to 24 hours. The efficacy of the same product, studied during a
stabilisation and follow-up period in 19 diabetic dogs, was good in both the short and
long term. Stabilisation was achieved in 10 - 14 days resulting in a final dose of between
0.8 and 2.0 IU/kg. The rates of bacterial infections and blindness associated with the long
term use of this product on a single daily basis were 1 per 1.11 and 1 per 2.23 diabetic-
dog-years, respectively.

The feeding of a commercially produced ‘high fibre’ diet reduced mean 24 hour plasma
glucose concentration and the fluctuation in afternoon post-prandial glycaemia. Feeding
this diet also improved demeanour and activity scores and plasma concentrations of
afternoon glucose, fructosamine and alkaline phosphatase. In addition, reductions were
observed in plasma concentrations of total cholesterol, LDL cholesterol, free glycerol
and non-esterified fatty acids. There was an association between feeding this diet and
weight loss, reduced body condition scores and increased faecal volume score. In the
very long term (> 4 months) there was a subjectively high prevalence of unexpected
weight loss, recurrent diarrhoea and small intestinal bacterial overgrowth.

Median survival time for diabetic dogs treated with single daily injections of insulin was
2.71 years. Median remaining lifetime increased to 3.11 years for those dogs which
survived the first 5 months of therapy. There was no effect on survival of gender or of
the type of intermediate duration insulin preparation, but diabetic dogs with
hyperadrenocorticism had a much poorer prognosis. Survival rates for diabetic dogs
were close to or greater than those of an age and gender-matched general canine
population, using a necropsy based modified cohort general life table.
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Chapter 1:
General introduction and review

This chapter is a brief review of the background, pathophysiology, diagnosis and
management of canine diabetes mellitus and an outline of the objectives of the thesis as a
whole. More detailed reviews of certain specific aspects of canine diabetes mellitus are
presented within relevant chapters.

Definition

Diabetes mellitus is not a single disease but is a clinically and aetiologically
heterogeneous group of hyperglycaemic diseases and conditions (Harris and Zimmet,
1992; Unger and Foster, 1985). Hyperglycaemia results from an absolute or relative
deficiency of insulin combined with an absolute or relative excess of glucagon.

History

Diabetes mellitus has been recognised in man and animals for many centuries. The
earliest reports of the condition in man are from Egypt (c1500 BC), India (c600 BC) and
Greece (300 BC) (Tunbridge and Home, 1991; Wilkinson 1957; Harris and Zimmet,
1992) and although diabetic urine had been described as ‘sweet’ for many centuries it
was not until 1674 that an English physician Willis proposed that sweet urine was likely
to be secondary to a sweetness of blood. This theory was proven in the late 1700's and
some years later glucose was discovered to be the relevant sugar. In veterinary literature
the first mention of sugar in the urine of a polyuric animal appeared in Blaine's
Veterinary Art of 1802 (Wilkinson, 1957) with a description of diabetes mellitus in the
horse and the suggestion was that it was not an infrequent disease. Reports of cases of
spontaneous canine diabetes mellitus did not appear until the very late 19th and early
20th century (Foster, 1975) but an identical condition was experimentally induced in
dogs following pancreatectomy by Von Mehring and Minkowski in 1889 (Wilkinson,
1957), a discovery which paved the way for the elucidation of the underlying
mechanisms of the disease in the early 20th century.

Pathophysiology

The hormone insulin is produced by B-cells of the pancreatic islets of Langerhans and is
secreted into the blood in response to a rise in the plasma concentration of glucose or
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amino acids (Chastain and Ganjam, 1986a). Its principal action is to facilitate the
transport of glucose, potassium and phosphate into cells (Chastain and Ganjam, 1986a).
Insulin is antagonised by the hormone glucagon which is secreted by the a-cells of the
pancreatic islets in response to an increase in plasma concentrations of amino acids such
that its role may be to protect against hypoglycaemia during protein stimulation of insulin
secretion (Chastain and Ganjam, 1986a). Insulin normally suppresses glucagon driven
glycogenolysis and mobilisation of peripheral fat and protein and their subsequent
conversion to glucose (gluconeogenesis) whilst promoting the storage of fat, protein and
carbohydrate (Chastain and Ganjam, 1986a). When there is insufficient insulin to
suppress the effects of glucagon these processes proceed uncontrolled and raise blood
glucose concentrations (Chastain and Ganjam, 1986b). This situation is further
aggravated because insulin is also required to transport glucose into cells from plasma.
When plasma glucose concentration is greater than 10-12mmol/l, the renal threshold is
exceeded resulting in glycosuria and an osmotic diuresis occurs (Feldman and Nelson,
1987), with compensatory polydipsia. Bodyweight is reduced because of the mobilisation
and metabolism of fat and protein stores (Chastain and Ganjam, 1986b).

The energy deficit created in peripheral tissues by the reduced uptake of glucose is met
by the mobilisation of fat stores and their metabolism in the liver to produce ketones
which can be used as an alternative energy source (Chastain and Ganjam, 1986b).
Ketogenesis is suppressed by insulin in the normal animal. In addition, insulin normally
has an inhibitory action on hormone sensitive lipase in adipose tissue (Allen, 1987) but
when this inhibition is lost there is increased lipolysis and movement of fatty acids from
fat stores to the liver and other tissues. Concentrations of circulating triglycerides are
increased in diabetes mellitus because lipoprotein lipase (LPL) - dependent clearance is
reduced, insulin being permissive for the efficient synthesis and activity of lipoprotein
lipase. Hepatic synthesis of triglyceride is also increased as a result of the increased
concentration, and therefore, uptake of non-esterified fatty acids (Nikkila, 1984). As a
result, many diabetics have raised circulating concentrations of triglyceride, non-
esterified fatty acids and cholesterol. The structure and composition of the lipoproteins,
particularly very low density lipoprotein (VLDL), is also seriously altered in diabetes
mellitus (Abbate and Brunzell, 1990). The consequence of the mobilisation of peripheral
fat and hepatic triglyceride synthesis is fatty infiltration of the liver (hepatic lipidosis)
which in turn induces elevations in plasma concentrations of alanine aminotransferase
(ALT), alkaline phosphatase (ALKP) (Nelson, 1989a; Allen, 1987) and occasionally
gamma-glutamyl transferase (GGT). Plasma concentrations of aspartate aminotransferase
may be elevated in unstable canine diabetics because of the catabolism of protein stores
(muscle) for gluconeogenesis. Prolonged elevations of plasma glucose concentrations
increase the degree of non-enzymatic glycation of plasma proteins and haemoglobin. The
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concentrations of glycated plasma proteins (fructosamine) and glycated haemoglobin,
therefore reflect the mean concentration of plasma glucose which has prevailed in the
preceding weeks or months (Dolhofer and Weiland, 1979; Wood and Smith, 1980; Bunn,
1981; Mahaffrey and Cornelius, 1982; Higgins et al, 1982; Reusch et al, 1993).

When insulin deficiency is absolute or when glucagon excess is very large, diabetic
animals are prone to become ketoacidotic. There is no negative feedback mechanism for
ketogenesis and so ketone production, which is regulated by the insulin:glucagon ratio,
can exceed requirements (Unger and Foster, 1985: Chastain and Ganjam, 1986b). When
overproduction of ketones exceeds the body’s buffering capacity, ketoacidosis results
(Chastain and Ganjam, 1986b).

Aectiology

In human medicine, diabetes mellitus has been broadly classified as being idiopathic or
secondary in origin (Table 1). Idiopathic diabetes mellitus includes insulin dependent
diabetes mellitus (IDDM) and non-insulin dependent diabetes mellitus (NIDDM) (World
Health Organisation 1985). Secondary diabetes mellitus can result from a number of
causes such as generalised pancreatic disease or injury, effects of antagonistic hormones
or drug toxicities. The aetiopathologically descriptive terms Type I and Type II have
been used synonymously with the clinically descriptive terms IDDM and NIDDM,
respectively, by many in human medicine (Unger and Foster, 1985). However, some
authors restrict the use of the term Type I diabetes mellitus to refer solely to diabetes
mellitus resulting from immune-mediated islet cell cytotoxicity and the term Type II
diabetes mellitus to refer to those diabetics who do not have immune-mediated islet cell
toxicity nor any other known cause of diabetes mellitus (Unger and Foster, 1985). This
has led to confusion in applying classifications of human diabetes mellitus to the
veterinary field and some veterinary diabetologists have exacerbated this confusion by
classifying canine diabetes mellitus into Type I, Type II and Type III based on plasma
concentrations of insulin and glucose without regard for aetiopathogenesis (Kaneko et
al, 1978). Nearly all canine diabetics require insulin therapy and are therefore insulin
dependent. However, it does not appear that all diabetic dogs fit the human classification
of IDDM/Type I because most canine diabetes mellitus appears to be secondary in origin
and insulin dependent (Chastain and Ganjam, 1986b; Eigenmann 1989).
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Idiopathic
IDDM
NIDDM
Secondary
Generalised pancreatic disease
Hormonal antagonism
Drug toxicity
Insulin receptor abnormality
Gestational
Impaired glucose tolerance
Malnutrition associated

Previous or potential abnormality of glucose tolerance

Table 1. Classification of diabetes mellitus in humans

Canine diabetes mellitus can be caused (or exacerbated) by any factors which interfere
with insulin production, transport or activity in target tissues (Table 2). For example,
failure of insulin production could be the result of immune-mediated islet cell destruction
(Sai et al 1984) or chronic pancreatitis (Dixon and Sanford, 1962). Peripheral insulin
insensitivity can result from obesity, hypercortisolaemia of hyperadrenocorticism or other
hormonal antagonism. Failure of insulin transport e.g. by the formation of insulin
antibodies is possible but rarely occurs as a recognisable clinical syndrome in dogs
(Feldman et al, 1983; Feldman and Nelson, 1987; Ihle and Nelson, 1991). Dogs which
are, or are about to become, diabetic primarily as a result of insulin insensitivity initially
exhibit compensatory elevations in insulin production (Kaneko et al, 1978; Mattheecuws
et al, 1984a; Mattheeuws ef al, 1984b; Eigenmann, 1989). However, after a sustained
period of increased output, which may last months, insulin secreting B-cells may become
exhausted (Kaneko ef al, 1978; Mattheeuws et al, 1984a; Mattheeuws et al, 1984b;
Eigenmann 1989), leaving a diabetic which has a combination of failed insulin production
and target tissue insensitivity. In such cases, if the primary cause of insulin resistance can
be identified and eliminated early, the dog need not be diabetic for the rest of its life
(Campbell and Latimer, 1984; Eigenmann, 1989; Blaxter, 1990). The most common
example of a ‘cured’ diabetic dog is the bitch with metoestrous diabetes, associated with
progesterone excess and consequent induction of elevated concentrations of growth
hormone which is spayed before B-cell exhaustion occurs (Eigenmann, 1989, Blaxter,
1990).

The relative prevalence of canine diabetes mellitus resulting from each of the known
causes is difficult to ascertain. Dixon and Sanford (1962) found as many as 4 out of 8
diabetic dogs to have evidence of pancreatic inflammation at post-mortem examination.
It has since been suggested (Chastain and Ganjam, 1986b) that pancreatitis is a relatively
unimportant cause of canine diabetes mellitus. Hormonal antagonism, especially by
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progesterone induced growth hormone secretion, progestagens or cortisol, is thought to
be a much more common aetiology (Nelson and Feldman, 1987; Eigenman, 1989). Islet
auto-immunity has also been recorded in some diabetic dogs (Sai ef al, 1984; Haines and
Penhale, 1985) and a condition resembling human Type II diabetes has been reported in
about 10% of diabetic dogs, but in which insulin replacement therapy was necessary
(Mattheeuws ez al, 1984b). It is likely that autoimmunity, pancreatic inflammation,
hormonal antagonism and Type II disease all have a role in the development of canine
diabetes mellitus. However, there are no reported studies which accurately define their

relative importance.
Failure of:
Insulin production Insulin transit Target tissue sensitivity
autoimmunity insulin antibodies obesity
pancreatitis hormonal antagonism
islet cell hypoplasia glucagon
chemical toxicity growth hormone
pancreatic neoplasia progesterone/agens
pancreatectomy glucocorticoids
senile degeneration catecholamines

autoimmunity?

Table 2. Factors which cause or exacerbate diabetes mellitus in dogs

Diagnosis

Diagnosis of canine diabetes mellitus is based on the documentation of a persistent
fasting hyperglycaemia (blood glucose > 12-14mmol/l) with glucosuria.

Management

The management of canine diabetes mellitus is based on insulin replacement therapy and
dietary manipulation (Chastain and Ganjam, 1986b; Feldman and Nelson, 1987). Only
rarely can diabetic dogs be managed without insulin replacement. In these instances, oral
hypoglycaemic or antihyperglycaemic agents (sulphonylureas and biguanides) can be
used to control hyperglycaemia. These agents depend on the presence of functional -
cells for their action (Hermann and Melander, 1992; Lebovitz and Melander, 1992).
They are therefore unlikely to be useful where there is little or no reserve insulin
production capacity. In the long-term, sulphonylureas may even reduce insulin
production capacity (Lebovitz and Melander, 1992). Insulin replacement therapy is by
once or twice daily injection of intermediate or long duration insulin preparations (see
Chapter 6). Dietary management is by provision of consistency of composition, quantity
and times of meals from day to day. In addition, modifying the composition of the diet
can improve the degree of glycaemic control (see Chapter 7). Generally, a period of
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‘stabilisation’ is required during which an ideal treatment regime is sought and this is
followed by a maintenance period. Therapeutic success is monitored during the
stabilisation period by measurement of blood glucose concentrations and in the
maintenance period by measurement of plasma concentrations of ‘hepatic’ enzymes in
addition to nadir blood glucose concentrations.

Concurrent illness

When diabetes mellitus coexists with other disease, insulin requirements are frequently
increased because of insulin insensitivity. Bacteraemia and uraemia in man and
experimental animals are known to promote insulin insensitivity via an increase in
glucagon levels such that sick and dehydrated diabetics are at greater risk of becoming
unstable on treatment and of becoming ketoacidotic (Thle and Nelson, 1991). Similarly
dogs with concurrent hyperadrenocorticism (Peterson et al, 1981), acromegaly or
phaeochromocytoma (Thle and Nelson, 1991) and entire bitches in metoestrus
(Eigenmann, 1981) can have marked insulin insensitivity because of hormonal insulin
antagonism. Recently, hypothyroidism has been associated with insulin insensitivity but
the underlying mechanisms are less clear (Ford et al, 1993).

Complications of diabetes mellitus

Longstanding canine diabetes mellitus, is associated with relatively few complications.
The most common of these is the formation of ocular cataracts and loss of vision.
Cataracts are believed to form because of the osmotic effects of intralenticular polyols
which result from high blood sugar concentrations and increased activity of aldose
reductase in the sorbitol pathway (Wyman et al, 1988). Terminal hepatic failure and
cirrhosis are also possible sequelae to diabetes mellitus which arise as a result of chronic
hepatic fatty infiltration common in poorly controlled diabetics (Nelson, 1989a). In
human diabetic medicine, microvascular and neuropathic complications are of great
concern (Borch-Johnsen and Deckert, 1992) and although neuropathy has been recorded
in canine diabetes mellitus (Katherman and Braund, 1983; Anderson et al/, 1986;
Misselbrook, 1987; Haining, 1993), microvascular complications including retinopathy
and nephropathy are rare (Nelson, 1989). Macrovascular complications, principally
atherosclerosis, common in diabetic humans (Borch-Johnsen and Deckert, 1992;
Uusitupa et al, 1992) are reported only rarely in canine diabetics (Hargis ez al, 1981).
Pancreatitis can occur in dogs as a consequence as well as a cause of diabetes mellitus
and in man an increased risk of pancreatitis has been associated with elevated
concentrations of circulating triglycerides (European Atherosclerosis Society, 1988) such
as those common in poorly controlled diabetics.
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Study objectives

The ultimate aim of the work presented in this thesis is to improve the welfare of dogs
with spontaneously occurring diabetes mellitus. Principally the potential for improvement
in canine diabetic management has been explored through studies on specific dietary and
insulin preparations and through the appraisal of the most useful tools for long-term
monitoring. In addition, epidemiological techniques have been applied to a large group of
diabetic dogs to identify any changes in the nature or pattern of the disease and to
generate useful indicators of therapeutic success and longevity for use in future studies.
This study has required a multidisciplinary approach including the application of clinical
veterinary medicine, endocrinology, pharmacokinetics, nutrition, gastroenterology and
numerous facets of biochemistry, medical computing and biostatistics but it has permitted
the cultivation of a more comprehensive understanding of canine diabetes mellitus and
provided the opportunity to develop many skills applicable to the study of animal disease.
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Chapter 2:
General materials and methods

Additional specific materials & methods are presented within each relevant chapter

Animals

All dogs described within this thesis were referred to the Department of Veterinary
Medicine, University of Glasgow by veterinary surgeons in general practice (general
veterinary practitioners) between 1989 and 1994. Most referrals came from West Central
Scotland but there were some from as far as the Western Isles, Cumbria and Co Durham.
The reasons for referral were varied. Most were referred immediately following diagnosis
for initial diabetic stabilisation; some for futher investigation of their apparently
complicated condition and some before a diagnosis had been made.

Clinical management

Stabilisation

Following referral, untreated and previously treated but unstable cases underwent a
stabilisation period for which they were hospitalised. During this period a suitable insulin
dose was determined. Prior to stabilisation the diagnostic work up included a thorough
clinical examination and a full routine plasma biochemical and haematological analysis.
Other diagnostic procedures such as radiography, urinalysis and dynamic endocrine
testing were only performed when there was a strong clinical indication.

Non-ketotic dogs were immediately begun on a single daily insulin injection and twice
daily feeding stabilisation regimen following laboratory confirmation of diagnosis. The
insulin preparations used in this regimen were of the intermediate duration type and were
either isophane (Evan's Isophane, Hypurin Isophane) or mixed insulin zinc suspension
(lente) (Insuvet Lente, Hypurin Lente, Lentard MC, Caninsulin). Daily insulin injections
were administered with 1/3 to 1/2 of the dogs’ daily dietary ration and the second
portion of the ration was offered at 6 hours post-injection. Diets consisted of commercial
canned dog foods (Chappie or Pedigree Chum; Pedigree Petfoods) fed alone or in
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combination with bread or commercial mixer biscuit (Mixer, Pedigree Petfoods; Winalot,
Spillers). The ration was fed at a rate of 40-80kcal/kg based on a subjective assessment
of body size and condition.

The initial dose of insulin administered to an untreated case was between 0.5 and 1.0
IU/kg and subsequent adjustments to dose were made on a daily basis according to the
plasma glucose concentration in a blood sample taken just before the second meal on the
previous afternoon. It was assumed that the plasma concentration of glucose just before
the second meal was likely to be the lowest concentration (nadir) in the day. Adjustments
to insulin dose were made until nadir concentrations of plasma glucose were consistently
in the range 3.5-7.5 mmol/l. The size of increments or decrements in insulin dose from
day to day depended both on the size of the dog and on the concentration of plasma
glucose the previous afternoon such that very small dogs may have had their doses
adjusted by only 1-2 IU/day but in very large dogs this adjustment may have been 4-6
IU/day. Afternoon plasma glucose concentrations >20 mmol/l would have meant larger
increases in dose than plasma glucose concentrations between 7 and 10 mmol/l. Urine
samples for glucose estimation were not taken routinely.

Once diabetic stability had been acheived, ovariohysterectomy was performed on entire
bitches subject to owner consent. However, bitches which had metoestrus-associated
diabetes were, if possible, spayed after only a brief period of insulin replacement therapy
and before stability had been achieved.

Ketoacidotic dogs which had reasonable appetite and were not vomiting were treated in
a similar way to non-ketotic dogs but they were treated much more intensely if their
appetite began to wane. The treatment protocol for those ketoacidotic dogs which were
anorexic or vomiting included the administration of intravenous fluid therapy
supplemented with potassium chloride and soluble insulin therapy. Initially the
intravenous fluid would have been physiological saline but this would have been replaced
by 4% dextrose saline once blood glucose began to fall. Potassium supplementation was
by the addition of approximately 10 mmol potassium chloride to each litre of intravenous
fluids and soluble insulin therapy was administered at a rate equivalent to 0.1 IU/kg/hr
either by continuous infusion or regular bolus. When there was difficulty in providing
overnight care, a low dose of approximately 0.25 IU/kg isophane insulin was
administered subcutaneously last thing at night to provide insulin until the morning. Once
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appetite returned and vomiting ceased, the standard stabilistation protocol outlined for
non-ketotic dogs was followed.

Maintenance

Once stabilisation had been achieved, dogs were discharged from the hospital to be
managed by their owners at home following a prolonged consultation during which the
owners were instructed in the administration of insulin and the recognition and
importance of insulin-induced hypoglycaemia.

Owners were requested to return with their dogs at one and three weeks after they were
discharged from the hospital. Thereafter, a one to two month interval was recommended
between follow-up visits. At each visit, blood samples were taken for routine plasma
biochemical and haematological analyses (outlined below) and a general clinical
examination was performed. A brief distant direct ophthalmological examination was
carried out on most of these occasions to record the development of cataracts and a
‘glycaemic control score’ (1 to 7; see chapter 5) was allocated to each dog on each visit
based on the owner’s description of their dog’s demeanour, clinical condition and an
afternoon plasma glucose concentration. A body condition score (1 to 6) was also
allocated at each visit.

Computing

Hospital system

The hospital computing system operated by the Departments of Veterinary Medicine and
Pathology at University of Glasgow was used to record animal details and the results of
biochemical analyses of all the diabetic dogs in this study and to provide details of a
control group of dogs referred to the hospital over the period of the study. This hospital
system uses multiuser, relational database software (Dataflex, Data Access Corporation,
Miami, USA) and a CP/M operating system which runs on a Jarogate Sprite 386
(Jarogate, UK) as the central or host processer. There are terminals for data entry
situated within the case reception office and the results of biochemical analyses are
imported from a separate IBM-PC compatible processer which is linked to an automated
analyser (Cobas Mira, Roche) and is situated within the Department of Veterinary
Medicine Clinical Biochemistry Laboratory. In addition, network connections exist with
a processor within the Department of Veterinary Pathology which allows access to files
concerning necropsy, biopsy and bacteriological examinations performed within that



CHAPTER 2 32

department. Data generated by interrogation of the hospital computer system can be

transferred from the Jarogate Sprite in the form of a textfile via a 5V4 inch floppy disk
drive.

The animal file is the central file to many others but it contains only limited information
on each animal. Only hospital number, animal name, gender, date of birth and date first
seen are directly recorded in this file but it contains numeric references to other files
which contain data relating to species, breed, owner, staff member and referring
veterinary surgeon. In addition there are ‘counter’ fields within the animal file which
record the number of biochemistry, bacteriology, biopsy, necropsy (maximum one) and
clinical summary reports generated for each animal. Figure 1 summarises the relationship

of files within the hospital system and Tables 3 and 4 list the fields in the animal and main

biochemistry files.
Owner Referring Vet Clinician Species & Breed
Invoice
Central Animal File

Via Network
Link to Vet.
Pathology

Case Summary Biochemistry

Necropsy Biopsy Bacteriology

Figure 1. Relationships of files which form the clinical database within the Departments of
Veterinary Medicine and Pathology, University of Glasgow.

Smart II system
To enable the further manipulation of the data relating to diabetic dogs and the addition

of data not recorded on the hospital system a separate set of database files were created



CHAPTER 2 33

on an IBM-PC compatible computer. Database files were designed using a commercial
software package (Smart II; Informix Software, Lenexa, Kansas, USA). Four main files
were created and these contained animal details (ANIMAL), biochemistry results
(BIOCHEM), glycated haemoglobin results (GLYTEK) and fructosamine results
(FRUCT). Each diabetic animal had only one ANIMAL record but had many records in
the BIOCHEM, GLYTEK and FRUCT data files. Records in the ANIMAL file and the
other three files were related by unique hospital numbers and records in the BIOCHEM,
GLYTEK and FRUCT data files were related using an ‘OLAP’ field which contained a
number generated from a combination of the animal’s case number and the date of the
sample. In this way biochemistry data could be matched up with glycated haemoglobin
and fructosamine data for any particular animal on any particular day. The BIOCHEM
file contained additional information obtained at follow up examinations such as body
weight, insulin dose and clinical comments. A numeric scoring system for glycaemic
control and the progression of cataracts was employed and fields to contain this
information were included in the BIOCHEM file. The structure and relationships of the
Smart II data files are represented in Table 5.

Data manipulation and statistics

Data manipulation and presentation was facilitated by use of a number of computer
software packages including: Word for Windows 2.0 (Microsoft Corporation, USA),
Excel 4.0 (Microsoft Corporation, USA), Lotus 123 for Windows (Lotus Development
Corporation, Cambridge, MA, USA) and Harvard Graphics for Windows 2.0 (Software
Publishing Corporation, Santa Clara, CA, USA). Statistical analyses were performed
using MINITAB release 8, MINITAB for Windows release 9 (Minitab Incorporated,
State College, PA, USA), Epilnfo 5.01b (Centers for Disease Control and World Health
Organisation), Stata release 3.1 (Stata Corporation, College Station, Texas) and Excel
4.0 (Microsoft Corporation, USA). Statistical methods were based on those descibed in
the MINITAB Handbook (Ryan et al, 1985), MINITAB Software Reference Manuals
(Minitab Incorporated, State College, PA, USA), Principles of Biostatistics (Pagano and
Gauvreau, 1992) and Statistical Methods for Survival Data Analysis (Lee, 1992) and
those taught in the short course Statistics for Bioscientists, University of Strathclyde.

Clinical biochemistry

Clinical biochemistry analyses were performed in the Department of Veterinary Medicine
Clinical Biochemistry Laboratory with the exception of glycated haemoglobin and



CHAPTER 2 34

glycerol measurements, which were performed in the Department of Veterinary Medicine
Research Laboratory. The following analytes were measured in what will be referred to
as a routine biochemical profile: urea, sodium, potassium, chloride, phosphate, calcium,
bilirubin, cholesterol, glucose, creatinine, alkaline phosphatase, alanine aminotransferase,
aspartate aminotransferase, total protein, albumin and globulin. Table 6 lists the common
clinical chemistry methodologies used. Additional methodologies which were used as
part of specific studies are described within relevant chapters.

Plasma and blood glucose analyses were also carried out at times when laboratory
facilities were not available using either the Glucometer and Glucostix System (Ames) or
the Vettest analyser (IDDEX Laboratories). Some clinical chemistry analyses relevant to
this thesis were performed outwith the University of Glasgow. These included plasma
determinations of trypsin-like immunoreactivity, folate and cobalamin which were
performed in the Department of Veterinary Pathology, University of Liverpool, some
insulin and some thyroxine estimations which were performed at Serono Clinical
Laboratories, Cambridge and a growth hormone analysis performed in the Faculty of
Veterinary Medicine, Utrecht University.

Clinical haematology

A routine haematological profile was generally generated on the same occasions as
routine biochemical profiles and included a white blood cell count (WBCC), red blood
cell count (RBCC), mean red cell volume (MCV), haematocrit, mean corpuscular
haemoglobin (MCH), mean cell haemoglobin concentration (MCHC), platelet count and
differential white cell count. This was performed in the Department of Veterinary
Pathology, University of Glasgow using an ABX Minos Vet automated cell counter

(Roche).
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Field Referenced File Comment

HOSP_NO

NAME

OLAP1 used for indexing purposes
SPECIES Species & Breed species code

BREED1 Species & Breed e.g. retriever, terrier, etc
BREED2 Species & Breed ¢.g. golden, cairn, etc
DOB date of birth

SEX

ALIVE not used
SAMPLE_ONLY not used

VET_REF Referring Vet

STAFF1_REF Clinician

DATE_FIRST _SEEN

DATE_LAST_SEEN

VISITS number of hospital visits
SPARES not used

LAST_SIGN not used

LAST_HAEM not used

LAST _BIOP

LAST_NECRO

LAST_BIOCH

LAST_DIAG not used
LAST_SUMMARY

LAST_BACT

Table 3. File structure of the Animal file on the Jarogate hospital computer system
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Field Comment

OLAP1 REF1 and REF2 combined
REF1 hospital number

REF2 number of records for this animal
LAB_NO laboratory number

DATE _COLL date collected
DATE_RECV date received
DATE_REPORT date analysed

SAMPLE sample type (plasma/urine/CSF etc)
HOSP_NO hospital number

DAYS age

WEEKS age

MONTHS age

YEARS age

ALIVE not used

BIOCHEMIST not used

COST cost of analysis

CHARGE not used

STATUS not used

UREA

SODIUM

POTAS potassium

CHLOR chloride

CAL calcium

MAGNES magnesium

PHOS phosphate

SUGAR glucose

CHOL cholesterol

CREAT creatinine

BIL bilirubin

S_ALK_PHOS alkaline phosphatase

AST aspartate aminotransferase
ALT alanine aminotransferase
TOT_PROT total protein

ALB albumin

GLOB globulin

CPK creatine phosphokinase
GGT gamma-glutamyl transferase
LDH lactate dehydrogenase
AMY amylase

COMMENT

Table 4. File structure of the ‘Biochem’ file on the Jarogate hospital computer system

36
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ANIMAL BIOCHEM GLYTEK FRUCT
| Hospital number Hospital number Hospital number Hospital number |

Owner name Date collected Date collected Date collected
Animal name i OLAP OLAP OLAP ||
Species Urea Species Species
Date of Birth Sodium Date assay Date assay
Original gender Potassium Optical density 1 Fructosamine
Present gender Chloride Optical density 2 Diagnosis
Date neutered Calcium Glycated HB (%)
Breed 1 Phosphate Diagnosis
Breed 2 Glucose
Alive/Dead Cholesterol
Date first diagnosed Creatinine
Date first presented Bilirubin
Date died Alkaline phosphatase
Weeks of polydipsia AST
Other disease 1 ALT
Date diagnosed 1 Total protein
Other disease 2 Albumin
Date diagnosed 2 Globulin
Other disease 3 GGT
Date diagnosed 3 Amylase
Current insulin type Triglyceride
Current insulin since Plasma insulin
Injection frequency Cortisol
Previous insulin type Cortisol post-ACTH1
Previous insulin since  Cortisol post-ACTH2
Meal/Injection time 1 Thyroxin
Meal 1 content Thyroxin post TSH
Meal/Injection time 2 Fasting/post prandial
Meal 2 content Glycaemic control score
Meal/Injection time 3~ Clinical comment
Meal 3 content Insulin dose (TU)
Meal/Injection time 4  Bodyweight
Meal 4 content Obesity score

Cataract score (right)

Cataract score (left)

Table S. Lists of fields in Smart II database files ANIMAL, BIOCHEM, GLYTEK and FRUCT.
Double bordered boxes signify reference fields between data files .
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Analyte Reagent/Kit  Manufacturer Principle Instrumentation
Urea UREA Roche urease and glutamate Roche Cobas Mira
dehydrogenase
Sodium Instrumentation  flame photometry Flame Photometer
Laboratories 543
Potassium Instrumentation  flame photometry Flame Photometer
Laboratories 543
Chloride Comning coulometric analysis Choride Analyser
925
Calcium Instrumentation  atomic absorption Atomic absorption
Laboratories spectrophotometer
257
Cholesterol CHOL Roche cholesterol esterase, Roche Cobas Mira
cholesterol oxidase and
peroxidase
Glucose GLUC-PAP  Roche glucose oxidase and Roche Cobas Mira
peroxidase
Glucose GLUCOSE  Roche glucose hexokinase and  Roche Cobas Mira
glucose-6-phosphate
dehydrogenase
Creatinine Creatinine Bayer Jaffe method, Picric acid Roche Cobas Mira
Reagent (Technicon and sodium hydroxide
Series)
Inorganic PHOS Roche ammonium molybdate to  Roche Cobas Mira
phosphorus __phosphomolybdate
Bilirubin Bilirubin Roche Caffeine accelerator Roche Cobas Mira
Test (Jendrassik/Grof
reaction, 1938)
Alkaline ALP-DGKC Roche 4-nitrophenyl phosphate  Roche Cobas Mira
phosphatase substrate in
diethanolamine buffer
Aspartate AST Roche L-aspartate, 2- Roche Cobas Mira
aminotransferase oxoglutarate, malate and
lactate dehydrogenase
(IFCC)
Alanine ALT Roche L-alanine, 2- Roche Cobas Mira
aminotransferase oxoglutarate, lactate
dehydrogenase (IFCC)
(pyridoxal phosphate
activated)
Total protein TP Roche biuret method Roche Cobas Mira
Albumin On-site bromocresol green Roche Cobas Mira
binding in succinate
buffer
Globulin Arithmetic subtraction
(total protein - albumin)
Gamma-glutamyl  GGT plus Roche carboxy-GLUPA Roche Cobas Mira
transferase substrate

Table 6. Reagents, principles and instrumentation used in the commonly measured clinical

chemistry analytes
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Analyte Reagent/Kit  Manufacturer Principle Instrumentation
Triglycerides TRIG Roche lipase, glycerol kinase, Roche Cobas Mira
glycerol phosphate
oxidase and peroxidase
Non-esterified NEFA-C Wako acyl-CoA synthetase, Roche Cobas Mira
fatty acids (ACS- distributed acyl-CoA oxidase,
ACOD) through Alpha  peroxidase, 3-methyl-N-
. Laboratories ethyl-N-(B-
hydroxyethyl)-aniline
and 4-aminoantipyrine
Glycerol Glycerol Randox quinoneimine Manual and
laboratories chromogen system Beckman DU65
utilising glycerol kinase,  Spectrophotometer
glycerol phosphate
oxidase and peroxidase
Amylase AMYL Boehringer p-nitrophenyl-o.,D- Roche Cobas Mira
Mannheim malto-heptaoside
substrate with o-
glucosidase
Lipase LIPASE IDDEX Vettest analyser
laboratories
Ammonia NH4+ IDDEX Vettest analyser
laboratories
Fructosamine FRUC Roche nitroblue tetrazolium Roche Cobas Mira
Glycated GLYCO-Tek Helena affinity chromatography  Manual &
haemoglobin Affinity Laboratories using dihyroxyboryl Beckman DUGS5
Columns column and magnesium  Spectrophotometer
chloride and sorbitol
cluents
Cortisol Magic Ciba Corning  radioimmunoassay using Canberra Packard
Cortisol magnetic separationand  Cobra II gamma
131] tracer counter
Insulin Coat-a Diagnostic solid phase radio- Canberra Packard
Count Products immunoassay with 1311  Cobra I gamma
Insulin Corporation tracer counter
Thyroxin Magic T4 Ciba Corning  radioimmunoassay using Canberra Packard
magnetic separation, 8-  Cobra II gamma
anilino-1-naphthalene- counter
sulfonic acid and 1311
tracer.

Table 6 (cont). Reagents, principles and instrumentation used in the commonly measured clinical

chemistry analytes,
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Chapter 3:
The epidemiology of canine diabetes mellitus

The accurate description of the pattern of a disease within a population is essential to the
understanding of that disease. Principally, such a description can help identify factors
which may be associated with predisposition to or initiation of the disease under study
and in special circumstances may result in the identification of a single ‘cause’.
Knowledge of predisposing factors for a given disease also allows for the identification
of ‘high-risk’ groups which can be selected for further, more detailed, investigation of
the disease and which may act as ‘models’ for the disease in a different species.

The epidemiological features of canine diabetes mellitus which have been previously
reported are based on a number of large case series. In the United Kingdom, the largest
of such reports are by Wilkinson (1960) who reported on 56 cases from The Royal
Veterinary College London and Lauder (1972) who reported 97 cases from the
University of Glasgow. Neither of these reports made use of control populations for
comparison with the diabetic population. Foster (1975) reported on case details from
103 diabetic dogs collected by questionnaire survey of 47 veterinary practices in Kent
and generated a non-diabetic ‘control’ population from cases seen at a single veterinary
practice. Foster was able to demonstrate differences between diabetic and control
populations but did not apply statistical methods to determine their significance. Only
one British report of 43 diabetic dogs from the Royal (Dick) School of Veterinary
Studies, Edinburgh (Doxey et al, 1985) has used statistical methods for comparison with
a referral hospital population. There have also been large case series published from
abroad; Marmor et al (1982) reported on 1,468 cases from 14 universities in United
States of America and Canada, Ling et al (1977) reported on 75 cases from California
and Krook ez al (1960) reported on 167 cases in a post-mortem survey in Sweden. These
reports generally agree that elderly, entire bitches are most likely to be affected and each
report provides a list of ‘high-risk® breeds.

The epidemiology of canine diabetes mellitus in the West of Scotland was last reported
more than 20 years ago (Lauder, 1972) and it would be incorrect to assume that the
pattern of canine diabetes mellitus has remained the same or that it is the same elsewhere
in the world. Indeed, medical journals dedicated to the subject of diabetes mellitus
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frequently contain papers indicating that the epidemiological patterns of human diabetes
mellitus in many different countries and localities throughout the world are not uniform
or constant.

The aim of this part of the study was to determine whether any of breed, age or gender
were important factors predisposing to the development of canine diabetes mellitus based
on a group of 89 diabetic dogs referred to the University of Glasgow and whether any
predisposing factors identified agreed with those reported previously for the condition.
To facilitate this aim it was necessary to generate a time-matched control population
from non-diabetic dogs referred to the University of Glasgow with which comparisons
could be made. There were, therefore, two distinct components to this investigation.
Firstly, because the control population was derived from a referred hospital population
and not from a normal or healthy population it was necessary to characterise its structure
in terms of age, gender and breed and to assess its suitability as a control population
from which to draw accurate conclusions about the structure of the diabetic population.
The second part of the study was to identify differences between the structure of the
control and diabetic populations so that predisposing factors for canine diabetes mellitus
could be determined.

The control population
Introduction

It is most unlikely that the structure of the population of dogs referred to a specialist
centre such as the University of Glasgow Veterinary School will be exactly the same as
the general or healthy dog population, however that may be defined, and therefore a
control population drawn from such a hospital population might not be suitable for the
purposes of investigating the epidemiology of a particular disease. In order to assess the
suitability of a hospital derived control population for epidemiological purposes it is
necessary to consider the individual factors which determine its structure.

There are three broad levels or categories of factors which determine the structure of a
canine referred hospital population in Western society:

o The source population. The structure of the overall local canine population will be
determined by the sociology, psychology and economics of the local society which
will affect the size, breeds and life expectancy of dogs within that locale. In addition,
the local genetic pool will affect the nature of the cross-bred component of the
population.
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e The reasons for referral. The rationale behind the decision made by general
veterinary practitioners and owners to refer a particular animal is similarly heavily
based on local psychology and socio-economics. For example, it is a commonly
suggested but unsupported comment that young pedigree dogs are more likely to be
referred to a specialist centre than old or cross bred dogs.

e The referral clinician and disease effects. The specific disease interests of
clinicians working within a referral centre will influence the kinds of dogs which they
see because many canine diseases are age, gender and breed related. If the number of
referrals seen within any particular clinical speciality is large this will ultimately affect
the overall referral population.

In attempting to determine the validity of a hospital derived control population for
epidemiological purposes, the contribution of each of the three points above should be
considered. It could be suggested that in order to be valid, a control population must
accurately reflect the local general canine population. Such a requirement would not only
be difficult to test but also might be irrelevant. If conclusions about a disease based on a
control population are to be comparable with those generated at other referral centres,
then the use of a referral population instead of a local general population as the control
would be more correct.

The likelihood of referral based on ‘the reasons for referral’ should be similar for the
disease under study and the remainder of the hospital population, so that using a referral
control population rather than a source control population will provide a more relevant
comparison. In terms of ‘reasons for referral’, animals within the disease and control
groups will have experienced a similar chance of selection to be part of the hospital
population.

Consequently, for the valid comparison of epidemiological data among referral centres, it
is less important that a hospital control population is an accurate reflection of the local
general population and more important that it reflects its source population to the same
degree as other referral centres reflect theirs. Again such a requirement is difficult to test
without a large scale multi-centre census study. Ideally, the factors affecting ‘the reasons
for referral’ would be uniform between referral centres but it would be naive to believe
that they were. However, differences in factors affecting ‘the reasons for referral’
between localities are more likely to result in a difference in the total number of referrals
(referrals per capita) than in the degree to which the structure of the referral population
reflects that of its source population, since the relative likelihood of referral for a young,
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pedigree or valuable dog compared with an old, cross-bred or inexpensive one is likely to
be roughly uniform between centres in Western society.

In consideration of ‘clinician and disease effects’ it is possible that these may cause
considerable bias in the structure of the hospital population and alter the degree to which
it reflects its source population. One way to account for such bias would be to make
repeat epidemiological analyses of a disease group following exclusion of individual
referral groups from the control population which are known to heavily bias its structure.
In that way a more rounded appreciation of the factors important in the disease under
study can be developed free from the bias of particular referral groups or clinicians and
which is more likely to be based on a population determined by the factors which
influence ‘the source population’ and ‘the reasons for referral’ above.

It was accepted that in developing a control population at the University of Glasgow for
the present study it would not be possible to test how closely the hospital population
reflected the source population or whether it reflected its source to the same degree as
other referral centres. However, it was possible to investigate ‘the clinician and disease
effects’. This was done with the aim of determining if the control population was uniform
across referral groups or whether referral groups were sources of bias in the control
population which would have to be accounted for when using the control population for
comparison with the diabetic population. Dogs were grouped according to likely reasons
for referral and each group was investigated for differences in age, breed and gender
distribution from the remainder of the control group

There were two possible approaches to investigating potential bias from referral groups.
The one used was a comparison of each referral group with the remainder of the referral
groups. There were disadvantages to this approach. Mainly, any referral groups which
caused bias would be present in the ‘control’ group when another referral group was
being tested and potentially disrupt the conclusions drawn about the group under study.
However, if there were sufficient groups the pooling approach should have diluted any
such disruption. An alternative approach would have been to compare each referral
group to a ‘benchmark’ group. This method would not have suffered the disadvantages
of the former but the question as to the most suitable group to be the ‘benchmark’ could
not be resolved.
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Methods

Dogs

All diabetic dogs referred to the hospital between January 1989 and April 1994 for which
there was a complete set of information regarding date of birth, breed, gender and date
of first referral were used as the study group (n=89)(Appendix 2). A time-matched
control population was generated by selecting the subsequent 10 dogs which presented
to the hospital for the first time following each diabetic dog. Dogs with incomplete
records were excluded and these were replaced by the first dog after the group of 10
which did have a complete record. This generated a time matched control population of
890 dogs which represented approximately 10% (890 of 8831) of all non-diabetic dogs
referred to the hospital for the first time between January 1989 and April 1994, The dogs
in the control population were allocated a most likely reason for referral based on the
veterinary surgeon to whom the dog had been referred. The categories were General
Medicine, General Surgery, Orthopaedics, Ophthalmology, Neurology and
Reproduction. A summary of the age, breed and gender distribution of dogs among
referral groups is given in Appendices 3 and 4.

Statistics

Chi-square tables (r x ¢ contingency tables) were used to determine differences in age,
gender and breed distributions between each referral group and the remainder of the
control population. Where there was a statistically significant higher or lower proportion
of a particular age, gender or breed category within a test group compared to that
expected based on a control group, that category was referred to as being over- or
under-represented as appropriate. Gender was categorised as entire female, neutered
female, entire male and neutered male and 4 x 2 contingency tables used. Age was
divided into biennial categories (0-2, 2-4, 4-6 ....... 14-16 years) and an 8 x 2 table used.
To test for differences in breed distribution the 10 most commonly represented breeds
within each referral group were tested for over-representation when compared to the
remainder of the control population. This method was used to give an impression of the
differences of breed distributions between the referral groups without exhaustive testing
of all breeds in all groups. It was acknowledged that this approach to estimating breed
differences could not provide information on the under-represented breeds.

All calculations were performed using computer softwarel. Differences between
distributions were tested for statistical significance using the Chi-square method or the

! Epi Info, Version 5.01b (1991); Centers for Disease Control, Epidemiology Program
Office, Atlanta, Georgia and World Health Organisation, Geneva, Switzerland
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two-tailed Fisher’s exact test when appropriate. Significance levels (p values) ofless than
5% were considered statistically significant.

Results

Reasons for referral

The distributions of'the referral groups are represented in Figure 1. The majority of non-
diabetic canine referrals was for surgical reasons and within the surgical disciplines,
general surgery and orthopaedics were the most common. The largest, and therefore
most important referral groups were General Medicine in which there were 254 cases
representing 29% of the control population; General Surgery which consisted of 253
cases and represented 28.4% and Orthopaedics in which there were 215 cases and which

represented 24.1%.

Repro (n=11, 2%)
General (n=253, 40%)
Neuro (n=83, 13%)
Ortho (n=215, 34%)
Ophthal (n=74, 12%)

Medicine Surgery
(n=254, 29%) (n=636, 71%)

Figure 2. Distribution of hospital control population according to reason for referral

Proportion of dogs
HiGen Surg mOrth —Total

11

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Age (years)

Figure 3. Age distributions of referral groups General Surgery (Gen Surg) and Orthopaedics
(Orth) and the age distribution of the entire control population of dogs.
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Age distribution

The General Surgery, Orthopaedic and Ophthalmology referral groups had highly
significant differences in age distribution from the remainder of the referral groups (p
<0.005). In the General Surgery group, there was a high proportion of adult dogs,
whereas in the Orthopaedic group there was a high proportion of very young dogs. The
Ophthalmology group had an unusually large number of both very young and middle
aged dogs. The age distributions of the General Surgery and Orthopaedic groups are
represented in Figure 3 along with the age distribution of the total control population.

Gender distribution
Only the Neurology referral group had a significantly different gender distribution from
the remainder of the control population (p = 0.020).

Breed distribution

It is known that certain breeds are prone to the development of particular diseases. To
test whether this was reflected in the breed distribution of the referral groups the 10 most
commonly represented breeds within each referral group were tested for over-
representation when compared to the remainder of the control population. In the
Medicine group, there were high numbers of Golden retrievers, Soft Coated Wheaten
terriers and Bull terriers. In General Surgery, there were high numbers of German
shepherd dogs and collie cross dogs but unusually few Golden retrievers. Yorkshire
terriers were in high numbers in the Neurology group and there were high numbers of
Cocker spaniels, Jack Russell terriers, Wiemaraners and Miniature Poodles in the
Ophthalmology group. The Orthopaedic group contained significantly higher proportions
of Labrador retrievers, Rottweilers and Greyhounds than the remainder of the control
population.

Discussion

There were three large referral groups: General Medicine, General Surgery and
Orthopaedics. These were the groups most likely to bias the control population.
However, because the General Medicine and General Surgery groups were, by definition,
very broad clinical categories it is unlikely that these groups contributed greatly to any
bias away from a general or normal referral population. Of greater concern was the
Orthopaedic referral group, which although large, represented a narrow clinical
discipline. There are breed predispositions to orthopaedic conditions, particularly racing
injuries, osteochondrosis and hip dysplasia and younger dogs are more likely to suffer
developmental skeletal diseases or be involved in traumatic incidents. These observations
are supported by the findings of a significantly different age distribution of the
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Orthopaedic referral group and that 3 of the 10 most commonly represented breeds
within the Orthopaedic referral group were over-represented when compared to the
remainder of the control population. The potential for bias in the age and breed
distributions of the control population is increased by the inclusion of the Orthopaedic
referral group. However, the age distribution of the General Surgery referral group goes
some way to compensate for the bias in the control population age distribution arising
from the Orthopaedic group.

The gender distribution of the Neurology referral group was different from the remainder
of the control population but because of the low numbers of dogs in this group it was
unlikely that the gender distribution of the total control group was biased by the inclusion
of this referral group.

In conclusion, the structure of a time-matched control population generated for analysis
of the epidemiology of a group of diabetic dogs was affected by the specialist interests of
hospital clinicians and the age, gender and breed predilection of the diseases that they
treat. This was particularly because of the large proportion of dogs referred to the
University of Glasgow for orthopaedic reasons. It was therefore reasonable to investigate
the group of diabetic dogs for predisposing factors using both the total time-matched
control population and also control populations from which individual referral groups
which are sources of bias have been removed.

The diabetic population
Methods

All 89 diabetic dogs were included in the epidemiology study and diabetes mellitus was
treated as a single disease. Special consideration is given to diabetes mellitus in
association with other syndromes in Chapter 4.

Statistics

Statistical testing for association between the presence of a factor (e.g. being female) and
the presence of the disease was performed using the chi-square test. Crude odds ratios
(OR’s) were calculated to measure the strength of any association (Cornfield, 1951 cited
by Lee, 1992) and 95% confidence intervals (CL’s) were calculated (Lee, 1992). Fisher's
exact test was used where numbers or expected numbers in one or more cells were less
than 5 in which case 95% exact confidence limits were calculated (Mehta e al 1985).
When testing for the effect of gender, the data were stratified into 2 year age groups (0-
2, 2-4, 4-6 ......14-16 years) and a Mantel-Haenzel weighted odds ratio calculated if odds
ratios across all 8 tables were uniform (Pagano and Gauvreau, 1992). A two sample -
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test was used to test for differences in age between diabetic and control groups and an
odds ratio ‘profile’ was generated for the diabetics according to age using the 8-10 year
age group as the reference group. This was repeated after dividing the diabetic dogs
according to whether or not their breed was considered to be at ‘high-risk’. The effect of
breed was tested using a 2 x 2 Chi-squared table whereby the proportion of a particular
breed within the diabetic group was compared with the proportion of that breed within
the control population. Those breeds which were over-represented in the diabetic
population were classified as ‘high-risk’ breeds.

An alternative method to assess the effect of breed would have been to make
comparisons for individual breeds with the risk of being diabetic associated with a
particular ‘benchmark’ breed e.g. Labrador retrievers. This method was rejected, despite
some of its advantages, because it would prevent simple comparison with breed
dispositions at other referral centres (particularly on an international level) and because
of the difficulties in selecting a suitable breed as the ‘benchmark’.

Results

Age distribution

Diabetic dogs were older than the dogs in the time-matched control population
(p=0.0000). The mean age of the diabetic dogs was 8.7 years (SD 2.72) and that of the
control population was 5.17 years (SD 3.65). Following exclusion of the Orthopaedic
referral group from the control population because of its bias towards young dogs,
diabetic dogs were older than the new control population (p=0.0000). The mean age of
the control population without the Orthopaedic group was 5.72 years (SD 3.63). The
age distributions of diabetic and control populations are represented in Figure 4.

Gender

Odds ratios for the presence of diabetes mellitus by gender stratified for age are
represented in Figure 5 for male versus female and in Figure 6 for entire female versus
neutered female. There was a statistically significant odds ratio of 3.47 (p = 0.010, 95%
CLs 1.19<OR<10.38) in favour of females when compared to males within the 10-12
years age group. The odds ratios for the other age groups were not statistically
significant. A test for homogeneity of odds ratios across 8 tables for female versus male
indicated that they were uniform enough for a summary odds ratio to be valid. The
summary odds ratio gave a close to statistically significant value (p = 0.075) of 1.54
(95% CLs 0.96<OR<2.55). This can be interpreted as females being at 1.5 times greater
risk of developing canine diabetes mellitus than males. Closer inspection of the age
stratified tables suggests that the association between gender and diabetes mellitus was
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age dependent. Indeed, ifthe diabetic population is divided into those under 7 years of
age and those over, there was an odds ratio in the under 7 years group of0.41 (p = 0.09)
which ifit was statistically significant would indicate that males were at 2.5 times greater
risk than females. In the over 7 years group, females were at greater risk (p=0.002, OR =
2.25, 95% CLs 1.28<OR<3.96).

There was no overall effect of neutering within the female group. The summary odds
ratio across 8 contingency tables was not statistically significant. However, within the 8-
10 year age group entire females were at a much greater risk of developing diabetes
mellitus than the neutered females (p = 0.032, Odds ratio = 3.60, 95% CLs 0.93 <OR <
15.24).

0.18 Proportion of dogs in respective group

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

m Diabetic

oControl

<1t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Age (years)

Figure 4. The age distributions of diabetic and time matched control populations (diabetic n=89,
control n=890).
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Figure 5. Odds ratios for the presence of canine diabetes mellitus by gender (female versus male)
stratified by age. Odds ratio (OR) >1 means females ‘at greater risk’ than males, * p=0.075, **p =

0.010.
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Figure 6. Odds ratios for the presence of diabetes mellitus according to effect of neutering (entire
female versus neutered female) stratified by age. Odds ratio >1 means entire females ‘at greater
risk* than neuters, * p = 0.032.
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Breed predisposition

A list of breeds which were significantly over- or under-represented within the group of
diabetic dogs when compared to the control population is given in Table 7. Because of
the known influence of the breed distribution of the control population by some referral
groups, analyses were repeated following the exclusion of individual referral groups.

Additionally, Miniature Smooth-haired Dachshuxids, Whippets, Border terriers, and
Australian terriers were over-represented but not to a statistically significant degree.
English Springer spaniels were similarly under-represented.

Seasonality

There was no apparent seasonal pattern to the number of referrals of diabetic dogs.
However, this could not be tested statistically because a time-matched control population
had been generated.

Breed Odds Ratio Significance (p) Exact 95%
Confidence
Limits
Over-represented breeds
Miniature Poodle 6.2 0.029 0.94 - 32
English setter 204 0.023 1.05 - 1206
Cairn terrier 10.8 0.000 340-34
Jack Russell terrier 3.7 0.013 1.16 - 10
Tibetan terrier 20.0 0.023 1.04 - 1206
All terriers 3.2 0.000* 1.87-5
Underrepresented breeds
German shepherd dog 0.3 0.015* 0.05-0.81
Golden retriever 0.0 0.017 0.00 - 0.79
Over-represented breeds following exclusion of single referral groups
Collie Xt 37 0.048 0.80 - 14
Rottweiler} 4.0 0.022 1.03-13

Table 7. Breeds over and under-represented within the diabetic population. *p value for Chi
statistic, all others refer to Fisher’s exact test, T following exclusion of the General Surgery
referral group, I following exclusion of the Orthopaedic referral group.

Further observations

Following analyses of breed dispositions to the development of diabetes mellitus, the
diabetic dogs were classified into two groups: those belonging to high-risk breeds (all
terriers, English setters, Rottweilers, collie crosses and Miniature Poodles) and those
belonging to normal or low risk breeds. The age distribution of dogs was different
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between the two risk categories (8 x2 Chi-square, p = 0.012). To further examine this
difference and to help determine ifthe relationship between the development of diabetes
mellitus and age differed according to risk category, odds ratios by 2 year age group
profiles were generated for the two risk categories and for the overall diabetic population
by using the 8-10 year age group (the largest 2 year age group) as the reference age
group (OR=1) within each category. Odds ratio profiles for the two risk categories and
the overall diabetic population are represented in Figure 7.

Analyses for differences in gender distribution between the two risk categories were also
performed. There was a close to statistically significant difference between the gender
distribution ofthe two categories (4x2 Chi-square, p = 0.066), no difference between
male versus female, but a statistically significant difference in entire female versus
neutered female (2x2 Chi-square, p = 0.029, OR = 3.56, Exact 95% confidence limits
0.98 - 13.22). There was a higher proportion of entire females in the low or normal-risk
category than in the high-risk category.

Odds Ratio
| Exact/limits
4 — All diabetics
Low risk
3 High risk
2
1
0
0-2 2-4 4-6 6-8 &-10 10-12 12-14 14-16

Age in years

Figure 7. Odds ratio profiles for the development of diabetes mellitus by age compared to the
referent age group 8-10 years for all diabetics and following subdivision into low and high risk
categories. Odds ratios > 1 mean *at greater risk* dogs than those in the referent age group. Exact
limits are for all diabetics. Low risk n = 46; High risk n =43.

Discussion

Based on 89 cases of canine diabetes mellitus seen at the University of Glasgow

Veterinary School, the condition affected all ages of dogs but middle aged and aged dogs
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were most prone. Gender had a complicated association with the occurrence of diabetes
mellitus, in that, young males were at equal or greater risk of developing the condition
compared to young females but in the older age groups, females were at greater risk.
Neutering history did not seem to be an important risk factor for diabetes within females
except in the 8-10 year age group where it was associated with a greatly increased risk
for entire females. Some breeds of dog were predisposed to diabetes mellitus (Miniature
Poodles, English setters, terriers, especially, Cairn, Tibetan and Jack Russell, collie cross
breeds and Rottweilers) and some were unlikely to be diabetic (German shepherd dogs
and Golden retrievers). The age and gender distribution of diabetes mellitus in the dogs
belonging to the high-risk breed category was different from that in those whose breed
was associated with a normal or low-risk. In the high-risk category, the odds ratios for
the presence of diabetes mellitus for both young and very old dogs were greater than
would be expected from a population of diabetic dogs of normal or low risk breeds and
there were fewer entire females in the high-risk category.

Previous case series of canine diabetes mellitus in Britain which did not feature statistical
comparisons with control populations (Wilkinson, 1960; Lauder, 1972 and Foster 1975)
reported that the disease affects dogs between 3 and 14 years old, is most common in 8-
12 year olds and that between 66 and 75% of cases are female. The breeds of dog which
they considered predisposed were principally Dachshunds and Poodles but also included
Samoyeds, King Charles spaniels, mongrels and Cairn terriers. Doxey et al (1985)
reported an age range for diabetic dogs of 2.33 to 14 years (mean 9.83 + SD 2.25 years)
and after statistical comparison with a referral hospital group concluded that there were
significantly more entire females and significantly less entire males in the diabetic group
and that cross-bred terriers, Cairn terries and Poodles were significantly over-
represented.

Case series of canine diabetes from the United States of America (Ling et al, 1977 and
Marmor et al, 1982) reported that the condition can occur in any age of dog but agreed
that dogs older than 7 years were most at risk. Females were at greater risk than males
except, according to Marmor et al (1982), in the very young age groups where males
were at equivalent or greater risk than females. Dachshunds and Poodles were reported
as the predisposed breeds in the USA, along with Cairn terriers and a short list of breeds
which are unpopular in Britain. Breeds identified by Marmor et al (1982) as resistant to
diabetes mellitus included German shepherd dogs, collies, Pekingese, Boxers and Cocker
spaniels.
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In Sweden (Krook et al, 1960), there was a similar picture; the mean age of diabetic
dogs was 8 years (= SD 0.19) and females were more commonly affected than males.
Predisposed breeds included Rottweilers, Dachsbraches, Cocker spaniels, Swedish
hounds and mongrels and the resistant breeds were German shepherd dogs and Boxers.

In the present study of diabetic dogs referred to the University of Glasgow there is some
agreement with the findings of previous reports of the condition. The age at which
diabetes mellitus is most likely to occur does appear to be within the age range of 8-12
years and this is in accord with the findings of the other large case series. However, to
quote this age range is misleading and disguises the fact that approximately 20% of
diabetic dogs in this study were less than 7 years of age. It is difficult to ascertain
whether there has been a change in the age distribution of canine diabetes mellitus in
Britain because of the methods of reporting age in the previous British case series but in
the USA (Ling et al, 1977 and Marmor et al, 1982) up to 30% of diabetic dogs fell into
this younger age group.

This study shows that in Scotland the association between gender and the development
of canine diabetes mellitus is not as simple as ‘females are at greater risk’ (Wilkinson,
1960; Krook et al, 1960; Lauder, 1972; Foster, 1975; Ling et al, 1977; Doxey et al,
1985) but that, as described by Marmor e? al (1982) in California, gender-associated risk
is age-dependent. The effect of neutering on the development of c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>