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[bookmark: _Toc343067511]Prefatory note
All students within the training of Veterinary Medicine at Utrecht University have to fulfill a research project. This paper is the final report of the research project carried out by K. Dijkstra at the department of clinical science of companion animals of the university of Utrecht. This research is a part of a bigger project about the prevalence of underlying diseases of type three diabetes mellitus. 
The first intention was to look at all this diseases, but this was not achievable for one person. So the project is split in parts, and different persons are looking to different diseases. This research is about hypercortisolism in cats with diabetes mellitus.


[bookmark: _Toc343067512]Summary
Diabetes mellitus is a common diagnosed endocrinological disorder in cats. Diabetes in cats can be classified in four categories. Type 2 diabetes accounts for 80-95% of the cases and type 3 for the other 15-20%. Type 3 diabetes mellitus can be related to specific diseases, this diseases either decrease β-cell numbers or cause marked insulin resistance. The most common diseases that decreases β-cell numbers are pancreatitis and pancreatic adenocarcinoma. Disease that produce a marked insulin resistance include acromegaly, hyperadrenocorticism (hypercortisolism) and hyperthyreoidism results in a more moderate insulin resistance. In the literature hypercortisolism is described as a rare disease in cats. The aim of this study was to look at the prevalence of hypercortisolism and look if parameters in blood and urine can predict the presence of hypercortisolism in cats with diabetes. For this research cats with diabetes mellitus were clinically examined and blood and urine samples were taken.
As result a prevalence of hypercortisolism of 15,96% was found in 124 cats with diabetes mellitus. In the total set of animals the only significant correlation, with the corticoid-creatinine ratio, that was found was a negative correlation with the protein level in the blood.
Then the set of animals was split into a group with the corticoid-creatinine ratio beneath the 42 x106 and a group with a ratio of 42 x106 or  higher. Between this groups there were less differences between the parameters from blood and urine examples.
In the first group only a significance, negative, correlation with the albumin concentration of the blood was found and in the second group only a significance, negative, correlation with the hematocrit.
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[bookmark: _Toc343067513]Introduction
The pancreas and the hormone insulin
The pancreas is an essential organ, in both the digestion and glucose homeostasis, it consists of a exocrine part and a endocrine part.3,4
The major function of the exocrine part is to secrete digestive enzymes and other substances that facilitate absorption of dietary nutrients and certain vitamins and minerals.2 The endocrine part consists of the islets of Langerhans, were hormones are excreted. The islets of the endocrine pancreas secrete two major hormones, insulin and glucagon. These hormones serve as regulators of the metabolism, they coordinate the efficient disposition of nutrients obtained from meals. They play a role in the metabolism of glucose, free fatty acids, amino acids and other substrates. Their actions primary focused on the liver, the muscle mass and the adipose tissue.
Each islet of the endocrine part of the panreas is composed of four celltypes, the β-cells make up 60-70% of these cells. β-cells are the unique source of insulin. Insulin is the hormone of abundance, when the influx of nutrients exceeds concurrent energy needs and rates of anabolism, insulin induces efficient use and storage of these nutrients. Further insulin suppress mobilization of analogous endogenous substrates.
Carbohydrate metabolism: in the liver insulin enhances inward movement of glucose into the cells, it then promotes storage of glucose as glycogen. Further insulin stimulates the glycolysis, the oxidation of glucose and inhibits the gluconeogenesis, the formation of glucose from others subtrates as for example amino acids and glycerol. In the muscles insulin stimulates also the transport of glucose into the cells, the glucose that enters undergoes oxidation and delivers the energy supply of the muscle. In the adipose tissue, the glucose that is transported into the cells, is used in the esterification of fatty acids and permits their storage as triglycerids.
Fat metabolism: The overall effect of insulin is to enhance storage of circulating fat and to block mobilization and oxidation of fatty acids in the adipose tissue.
Protein metabolism: Insulin is an anabolic hormone, it enhances protein and amino acid sequestration in all target tissues. Further insulin inhibits proteolysis.
Both protein anabolism and the storage of glucose as glycogen require the concurrent cellular uptake of potassium, phosphate and magnesium.3

Diabetes Mellitus
Diabetes mellitus is a common diagnosed endocrinological disorder in cats. It can be described as a group of metabolic disturbances characterized by hyperglycemia, which develops when insulin secretion is absent or is inadequate for the degree of insulin resistance. There is an absolute or relative deficiency of insulin.4,5,6,8
Diabetes is cats closely resembles diabetes in humans, so the human classification may be used for differentiation of the various forms of the disease.4,5,6
Type 1 diabetes: The cause is an T-cell mediated autoimmune destruction of β-cells what leads to an absolute deficiency of insulin secretion. This type of diabetes is most common in dogs. There is also an subgroup of type 1 diabetes, termed idiopathic. In this subgroup there is no evidence for autoimmunity.4,6
Type 2 diabetes: This type is characterized by two defects, insulin resistance and β-cell dysfunction, it is uncertain which is primary. The insulin resistance presents itself particular in the liver, muscle and adipose tissue.(4) This type of diabetes has a complex ethiology, caused by a combination of genetic factors, environmental interactions and risk increasing with aging. (6) It is the most common form of diabetes seen in cats.6
Type 3 diabetes: This category includes all other types of diabetes, which are related to specific diseases or factors (for example the administration of glucocorticoids or progestins) other than mentioned with type 1 and type 2.4
Type 4 diabetes: In humans this type is called gestational diabetes, in dogs and cats this type is of less importance. The diabetes which is seen in dogs in diestrus can be regarded as equal.4

It is not yet known what is responsible for the reduction in insulin secretion and the progression to diabetes.4 It is hypothesized that the major cause of β-cell dysfunction is a prolonged and increased demand on the β-cell to secrete insulin secondarily to insulin resistance. Many factors contribute to insulin resistance: genotype, obesity, physical inactivity, drugs, illness, hyperglycemia and gender.6  In the beginning insulin resistance can be compensated by increased insulin secretion, but eventually this is no longer an option.4
The increased demand on the β-cells leads to damage,  partly mediated by oxidant damage that triggers apoptosis or programmed cell death. Others factors that should affect β-cell numbers and function include islet amyloid deposition, glucose toxicity, pancreatitis en certain dietary influences.6,9 
Islet amyloid is derived from amylin, a hormone which is coscecreted with insulin from the β-cells. In cats the amino acid sequence of amylin predisposes it to fold into β-pleated sheets, these deposited as amyloid in the islets. Amyloid deposition is found in about 90% of the cats with diabetes, but is also a finding in healthy older cats. This indicates that it probably should be interpreted as a contributing factor and not the primary cause of β-cell dysfunction.4
Glucose stimulates both proliferation and death of β-cells, and maintains a proper level of β-cell mass for normal regulation of the metabolism.3 When β-cell dysfunction and insulin resistance lead to hyperglycemia, this hyperglycemia can in turn suppress function of remaining β-cells. This suppression initially is reversible as the hyperglycemia is improved, but the chronic exposure to hyperglycemia can result in permanent suppression.2

The prevalence of diabetes in cats varies from 1 from 50 to 1 from 400, the difference depends on the population which is studied. Recent studies suggest that the prevalence is increasing because of an increase in the frequency of predisposing factors such as obesity and physical inactivity. 
Type 2 diabetes mellitus accounts for 80-95% of the feline diabetes, the other specific types (type 3) account for 15-20% of the cases. As mentioned before type 3 can be related to specific diseases, this diseases either decrease β-cell numbers or cause marked insulin resistance. The most common diseases that decreases β-cell numbers are pancreatitis and pancreatic adenocarcinoma. Disease that produce a marked insulin resistance include acromegaly, hyperadrenocorticism and hyperthyreoidism results in a more moderate insulin resistance.6
Diabetes mellitus can be diagnosed in cats of any age, but mostly diabetes is diagnosed in middle-aged to elderly cats. There is a strong sex predilection, it occurs in particular in neutered males.2,4 Âpproximately 60% of the diabetic cats are overweight. Diabetes in cats is often only diagnosed when clinical signs are evident, this occurs when the blood glucose concentration exceeds the renal threshold, 16 mmol/L in healty cats.6 The clinical signs which are often seen are polyuria, polydipsia, polyphagia, weight loss, lethargy and a dry haircoat and in 10% of the cases signs of diabetic neuropathy such as decreased jumping, muscle weakness in the hindlimbs and a plantigrade posture.2,4  The physical examination often reveals hepatomegaly and neurological abnormalities as a result of the peripheral neuropathy. Most cats show a lens opacity (cataract) that is more pronounced than in nondiabetic cats. In cats with concurrent disease, such as hyperadrenocorticism and pancreatitis, other symptoms may be more prominent.4
Declaration of the symptoms based on metabolic disturbances: The hyperglycemia is partly the result of  the reduced entry of glucose into muscle and adipose tissue. The intestinal absorption of glucose is unchanged, like entry of glucose into the brain, kidney and erythrocytes. The probable more important cause of the hyperglycemia is the production of glucose  in the liver by gluconeogenese and glycogenolysis. Glucagon and other stress hormones contributes to the increased production. When the renal capacity for glucose reabsorption is exceeded, glucose gets lost in the urine. The result is an osmotic diurese which leads to polyuria and is compensated by increased water intake. 
The loss of energy via glucosuria is compensated by increased food intake, polyfagia. 
There is also a shift in the protein metabolism, there is question of a decreased protein synthesis and a increased proteolysis. The relieved amino acids further accelerate the gluconeogenesis in the liver, another consequence is the loss of muscle mass. 
The cataract which can be seen is due to increase in activity of the enzyme aldose reductase in the lens, this leads to accumulation of sorbitol. Because of the hyperosmotic properties of sorbitol there is an influx of water into the lens, this leads to swelling and rupture of lens fibers. The reasons for the peripheral neuropathy are not entirely clear.4

The diagnosis of diabetes mellitus is often complicated by stress hyperglycemia, which may lead to glucosuria or blood glucose levels in excess of 20 mmol/L, in sick nondiabetic cats. Glucose levels in nondiabetic, unstressed cats is usually less than 9,5 mmol/L. When sampling blood it is important to avoid the cat struggeling. Fructosamine may be useful in assisting in diagnose, a fructosamine concentration above 400 μmol/L strongly support the diagnosis of diabetes. Most of the times the concentration fructosamine is not elevated in cats with stress hyperglycemia, but it can also be normal when diabetes is of very recent onset and when there is concurrent hyperthyroidism.4,9
A further workup gives more clarity on a number of points:
· The severity of the disease, is ketoacidosis present? Ketoacodosis occurs in approximately 12-37% of the diabetic cats at the time of diagnosis. It results in depression, vomiting and anorexia.
· Are there concurrent diseases which could disturb the management of diabetes, such as stomatitis/gingivitis and urinary tract infections.
· Is there evidence for underlying disease which could predispose for diabetes, such as pancreatitis, hyperadrenalcorticism or diabetogenic drugs.
Routine hematology, plasma or serum biochemistry, urinanalysis and urine culture should be preformed. As well as radiography and ultrasonography if indicated.4

The aims of therapy are to treat any underlying disease and to achieve good glycemic control, a good control of the clinical features. This is usually achieved when bloodglucose is maintained between 5-15 mmol/L throughout the day. Administration of insulin and dietary modification are the principal therapies used for diabetic cats.4,9
Studies have shown that if good glycemic control is achieved early in the newly diagnosed diabetic cat, high remission rates occur within four weeks of treatment.4,9  Reducing glucose concentration with exogenous insulin reduces the suppressive effect of glucose toxicity and makes recovery of the β-cells more likely. So when there is doubt as to whether the hyperglycemia is transient and associated with stress or is from diabetes, it is reasonable to begin insulin therapy. Likewise in cats with iatrogenic or spontaneous hyperadrenocorticism or acromegaly, begin insulin therapy immediately to preserve remaining β-cells.9
The use of oral hypoglycemic drugs in the treatment of diabetes has been limited for a number of reasons. Many owners find administering tablets more difficult than injecting the cat with insulin. Besides drugs that stimulate insulin secretion require adequate β-cell function to be effective, otherwise there is an inadequate glucose lowering effect, hyperglycemia persists and the β-cell loss is continued. Further these drugs may also accelerated islet amyloid deposition, which lead to more β-cell loss.
Insulin therapy remains the preferred initial and long-term therapy in diabetic cats. Many types of insulin are available. Achieving good glycemic control with shorter acting potent insulins is often difficult and brings the risk of clinical hypoglycemia.9 Intermediate-acting insulins (such as Caninsulin®, a lente-type of insulin) are preferred in cats with uncomplicated diabetes. The initial dose of lente-isulin is 1U/cat, twice daily for cats weighing less than four kilograms and 1,5-2,0 U/cat, twice daily for those weighing more than four kilograms. In some cats the duration of action of insulin is less than 12 hours, another problem is the inconsistent absorption of insulin causing erratic blood glucose levels. The recent development of an long-acting insulin glargine (Lantus®) could remedy this problem. It has been postulated that the remission rate is higher in cats treated with glargine than with other types of insulin.4
The ideal combination of macronutrients, protein, fat and carbohydrate, to feed diabetic cats is not known. But diets low in carbohydrate and rich in protein show to reduce hyperglycemia and insulin concentrations in healthy cats. So a commercial low-carbohydrate diet should be used in diabetic cats unless contraindicated by other disease.9
Most animals can be adequately stabilized within the first three months of therapy. But periodic controls continue to be necessary, as in the case of further loss of β-cells or a change in insulin sensitivity due to other disease.4




The adrenalglands and cortisol
The adrenals are paired glands situated craniomedial to the kidneys. It consists of two distinct functional parts. The outer zone, or cortex, makes up 80% to 90 % of the gland and is derived from mesodermal tissue. Three zones can be distinguished: (1) zona gomerulosa, (2) zona fasciculata, and (3) zona reticularis. The inner zone, or medulla, makes up to the other 10% to 20% of the adrenal gland, it is derived from neuroectodermal cells.3,4
The major hormones secreted by the adrenal cortex are the glucocorticoids, which have their effect on carbohydrate and protein metabolism, a mineralocorticoid (aldosteron) which is vital to maintaining sodium and potassium balance and extracellular fluid volume, and precursors to the sex steroids, androgens and estrogens.3 The synthesis of glucocorticoids occurs largely in the zona fasciculate, with a smaller contribution from adjoining cells in the zona reticularis. (3,4) Synthesis and release of glucocorticoids is almost exclusively controlled by the plasma concentration of ACTH. ACTH is single chain peptide which is synthesized in the anterior lobe of the pituitary gland. ACTH stimulates the cells of the middle and inner zone of the adrenal cortex to produce the most important glucocorticoid, cortisol. ACTH secretion by the anterior lobe is regulated by the hypothalamus and central nervous system via neurotransmitters that release the corticotropin-releasing hormone and arginine-vasopressin. The produced cortisol in turn inhibits the secretion and influence of the hypophysiotropic hormones and the corticotropic cells of the anterior lobe of the pituitary.4

Cortisol is essential for life, the effect of cortisol on the metabolism is to facilitate the mobilization of fuels.2  Especially in the fasted state glucocorticoids, as cortisol, contribute to the maintenance of normoglycemia by gluconeogenese and by the peripheral release of substrate.4 At night a surge in cortisol supports the enhancement of gluconeogenesis, lipolysis and ketogenesis, which are necessary for overnight metabolic stability. The most important action of cortisol is to facilitate the conversion of protein into glycogen. Cortisol enhances the mobilization of muscle protein for gluconeogenesis by accelerating protein degradation and inhibiting protein synthesis. Further cortisol permits the accelerated release of stored energy  in the form of fatty acids and of glycerol for gluconeogenesis, it helps lipolytic substances to stimulate hydrolysis of stored triglycerides. The actions of cortisol on the body fat are complex, it also increases differentiation in adipose tissue cells, and stimulates lipogenesis. These actions vary in different regions of the body. Therefore an excess of cortisol finally results in obesity, with a particular distribution of fat to the abdomen, trunk and face.2

Cortisol powerfull antagonizes the actions of insulin on glucose metabolism. It inhibits insulin-stimulated glucose uptake in muscle and adipose tissue, by demobilizing glucose transporters from the plasma membrane back to intracellular sites and it reverses the insulin suppression of hepatic glucose production. Cortisol eventually enhances the increase in insulin secretion that compensates for the insulin resistance produced.2

Cortisol maintains the contractility and performance of skeletal and cardiac muscle. However an excess of cortisol decreases muscle protein synthesis, increases muscle catabolism and consequently reduces muscle mass and strength. Also the ratio of slow oxidative muscle fibers to fast glycolytic fibers is decreased by cortisol, this effect contributes to the insulin resistance.
The effect on connective tissue, the inhibition of collagen synthesis, produces thinning of the skin and the walls of capillaries.
Further cortisol increases bone resorption, increases the glomerualr filtration rate (by decreasing the glomerular resistance), is required for the maintenance of normal blood pressure and inhibits many steps in the processes involved in inflammation and immune system responses.2

Hypercortisolisme
Excess of endogenous corticoid we call hypercortisolism, Cushing’s syndrome or hyperadrenocorticism.4,7 Hyperadrenocorticism in cats is quite rare, it is seen in middle-aged to older cats, with a mean of 10 years, mostly females.2,4,7,11  Hyperadrenocorticism is cats is classified as either pituitary dependent or adrenocortical dependent. Iatrogenic hyperadrenocorticism is uncommon in cats and it will take months of prednisone administration before clinical signs occur.2  In cats approximately 80-85% of the cases of chronic endogenous glucocorticoid excess are the result of a functional corticotroph adenoma, originating from either the anterior lobe or the pars intermedia of the pituitary gland (Cushing’s disease). In the other cases the glucocorticoid excess is due to hypersecretion by adrenocortical tumors.7,10,13

Many of the symptoms and signs can be related to the actions of glucocorticoids, for instance the increase of the gluconeogenesis and lipogenesis despite of protein. And to concurrent disease as diabetes mellitus. Polyuria, polydipsia, polyfagia, lethargy, weight loss, muscle weakness, abdominal distension and dermatologic abnormalities can be seen. None of the clinical signs is very specific, with the possible exception of the occasionally observed skin fragility syndrome.2,4,10,11,12,13
In cats the situation is somewhat different from that in dogs. The skin atrophy is less pronounced, but in some cases the skin is very fragile. Polyuria and polydipsia only become obvious when diabetes mellitus develops. In 80% of the cases of hypercortisolism in the cat diabetes is present. Suspicion of hypercortisolism often arise because of insulin resistance encountered in the treatment of diabetes mellitus.4,11,12
The disease usually begins unnoticed and progresses slowly until the combination of symptoms can be recognized as the syndrome of glucocorticoid excess.2,4

Establishing the diagnose is difficult.2 Measurement of a single plasma cortisol concentration has little diagnostic value because the pulsatile secretion of ACTH results in variable plasma cortisol concentrations that may at times be within the reference range. There are two ways to overcome this problem: (1) testing the integrity of the feedback system, and (2) to measure urinary corticoid excretion.14
At first the low-dose dexamethason suppression test (LDDST) can be produced. Normally glucocorticoids feedback on the pituitary gland, turning off or suppressing ACTH secretion. As circulating ACTH falls, cortisol secretion from the adrenalcortex is also suppressed. The suppression test takes advantage of the fact that the pituitary-adrenal axis, controlling ACTH and cortisol secretion, is abnormally resistant to suppression by dexamethasone. Dexamethasone is used because it is a potent glucocorticoid and it does not cross-react with the standard cortisol assays. To perform this test plasma cortisol levels are determined before, four and eight hours after administration of the dexamethasone preparation.13,15 The finding of a plasma cortisol concentration  exceeding 40 nmol/L at eight hours after the dexamethasone administration confirms hypercortisolism (in animals with physical and biochemical changes pointing to hypercortisolism). The measurement at zero and four hours is useful in the differential diagnosis, when the plasma cortisol levels at eight hours is at least 50% lower than the zero hour value the hypercortisolism is pituitary dependent.14
Second cortisol and creatinine ratios in the urine can be measured in a single urinary sample, these two are linked together and form the corticoid to creatinine ratio (UCCR).13,14,15 Cortisol and its metabolites are normally excreted into the urine. Cortisol in the urine is a reflection of free plasma cortisol concentration over a period of time, by measuring cortisol in the morning urine secretion of cortisol over a period of eight hours is achieved. Thereby adjusting for the wide and rapid fluctuations in circulating cortisol concentrations. Because creatinine excretion is relatively constant when kidney function is stable, dividing the urine cortisol by the creatinine concentration negates the effect of urine volume in interpreting the urine cortisol concentration. Samples should be collected at home, under basal conditions, avoiding stress that may influence cortisol secretion.10,13,14,15
An ACTH-stimulation test is in particular useful in the detection of iatrogenic hyperadrenocorticism, as mentioned earlier this form of hyperadrenocorticism is uncommon in the cat. Besides the test lacks specificity in the diagnoses of hyperadrenocorticism, so this method will not be discussed.2,10,15

The therapy of hyperadrenocorticism is problematic in cats. When there is an adrenal mass, the therapy consists of eliminating the glucocorticoid excess by bilateral adrenalectomy or by medical therapy. Unfortunately a reliable medical treatment for pituitary dependent hyperadrenocorticism has not yet been identified in cats.2,4






[bookmark: _Toc343067514]Aim of the study
Diabetes mellitus is one of the most common endocrinologic diseases in cats. For type three diabetes there is known that hypercortisolism (hyperadrenocorticism) can be a cause, but the prevalence  of hypercortisolism in diabetic cats is not exactly known. It is also known that cortisol antagonizes the actions of insulin, and causes an insulin resistance. This would ensure that the glucose levels in the blood of an diabetic cat cannot be regulated properly, with insulin gift, when this cat is also suffering from hypercortisolism. In 80% of the cats with hypercortisolism diabetes mellitus is present, but there is nothing known about the prevalence of hypercortisolism in cats with diabetes mellitus. In the literature they describe hypercortisolism as a rare disease is cats.
The aim of this study is to investigate the prevalence of hypercortisolism in cats with diabetes mellitus and to look if data in the clinical exam, as the amount of insulin which is given, and parameters in blood and urine can predict the presence of hypercortisolism in cats with diabetes. When we know more about the prevalence of hypercortisolism, there can be decided if more specific diagnostics are necessary in cats with diabetes. It could be that treating the underlying cause can solve the diabetes or a better regulation can be achieved.
The hypothesis is that  hypercortisolism is the underlying cause of the diabetes in 1% of the cases of diabetes mellitus in the cat.




[bookmark: _Toc343067515]Materials and Methods
Experimental design
For this study we have assembled cats throughout the Netherlands. In particular in the northern provinces and centre of the country. We approached veterinary practices in these areas and contacted the owners of cats with diabetes mellitus. They were invited to their own veterinary practice for the participation in the study, for an appointment of halve an hour.
In this time an anamnesis and a physical exam was taken, further a blood sample was collected. Before examination the owners were asked to collect urine of the cat at home, with the aid of KatKor®, a non-absorbing cat litter that does not change the composition of the urine.
 In the anamnesis the following topics came along:
· Type of insulin which is used and dose, once or twice a day.
· Diet and other treatments.
· Impression of the general condition of the cat, the appetite, water intake, frequency of urination.
· Impression of size and contour of the head and body extremities.
· Impression of the hair coat and skin.
· Vomiting and/or diarrhea.
· Locomotion, nervous system functioning and the vision.
In the physical exam the following topics are criticized:
· Respiratory rate, pulse, body temperature, hydration state.
· General condition, nutrient state, level of consciousness.
· Conjunctivae, sclera, pupils.
· Masticatory muscles, nose, ears, mouth mucosa, lymph nodes.
· Laynx, breathing sounds, trachea, thyroid.
· Skin/hair 
· Thorax palpation, lung and heart auscultation. 
· Palpation of the abdomen.
· Mammae.
· Locomotion and central nervous system.

Animals
124 cats, kept as companion animal, have been examined. The inclusion criteria for participation in this study: diabetes mellitus had to be established in the cats and at the time of the examination they had to receive a treatment for diabetes mellitus with insulin. Other variables, as for example breed/age/sex/weight, were no criteria.
Different breeds of cats were included in the study, mostly European shorthairs, 87 of the 114 animals. Other breeds were the Maine Coon, Norwegian Forrest cat, Persian, Siamese, Blue Russian, Somali, British shorthair, Ragdoll  and the Burmese. The average age of the cats was twelve years and seven months, with a range of four till eighteen years. Approximately 67% of the cats were castrated males, 30% castrated females and 3% un-castrated females. There did no intact males participate in the study. The mean weight of the cats was 6,12 kilograms, with a range of 2,7 kilograms till 11,61 kilograms. All cats receive a commercial diet, most of the times from Hills or Royal Canin.

Collecting samples
Urine
As mentioned before, the owners were asked to collect urine sample at home, under basal conditions, avoiding stress that may influence cortisol secretion. The urine samples could be collected in a supplied tube. The urine samples had to be less than 24 hours old and had to be kept in the fridge before analysis. When the owner was not able to collect urine with the Katkor® litter the first time, another attempt followed. No punctions of the bladder are performed. Samples of different quantities were collected, with a minimum of 1 ml. Next the samples were send for further examination to the Universitair Veterinair Diagnostisch Laboratorium (UVDL).

Blood
Blood samples were taken, with a minimum of 5 ml, from the jugular vein. 4 ml was put into serum tubes and 1 ml (or more) into an EDTA-coated tube. De EDTA-coated tube was stored at room temperature en send for further examination to the UVDL, at the day of collection. The serum samples were centrifuged for 10 minutes, the serum that remains after centrifugation was transferred to small collecting tubes and then stored at a temperature of -20 degrees Celsius until assayed in Zwitserland. A part of the serum was send from Zwitserland to America for the determination of fPLI, fTLI, folate and cobalamine. 

Analyzing samples
Urine
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The samples were used to determine urine specific gravity, pH, the levels of protein, glucose, ketone bodies, cortisol, creatinine, blood, protein to creatinine ratio, cortisol to creatinine ration and the sediment. A refractometer was used for the measurement of the urine specific gravity. The pH, glucose and haemoglobin were measured using a test strip. Creatinine and total protein level measurement was done with a Beckman Synchron CX7 chemistry analyzer.16  Urinary corticoid concentrations were measured by radioimmunoassay as described previously.17,18  For determination of the sediment the urine was centrifuged for 5 minutes, and then looked at with the use of a microscope by a laboratory analyst.16
Blood
The EDTA samples were used for the assay of hematocrit, MCH, MCHC, MCV, leucocytes and differentiation with the Siemens ADVIA 120 hematology system.16
The serum samples were used to determine billirubin, glucose, fructosamine, urea, creatinine, protein, albumin, cholesterol, triglyceride, alkaline phosphatase, amylase, lipase, ASAT, ALAT, sodium, potassium, chloride, calcium, phosphate, T4, fPLI, fTLI, folate, cobalamine and IGF-1. The serum samples were examined in Zwisterland, University of Zurich and America, Texas.

All the data were written down in an excel file.

[bookmark: _Toc321937433][bookmark: _Toc321937524][bookmark: _Toc343067516]
Statistics
The statistical analysis was performed using SPSS 20.0. The data was first checked on normal distribution, using the Kolmogorov-Smirnov test, in order to calculate the correlation. The mean and scatter were also calculated. In normally distributed data the Pearson correlation coefficient can be used to calculate the correlation. However in this study we were looking for correlations between parameters from blood and urine and the corticoid to creatinine ratio in the urine, and the corticoid to creatinine ratio was found not normally distributed. And typically when the Pearson correlation coefficient is used, you would have both variables to be normally distributed. So a non-parametric statistic is used, the Spearman correlation coefficient. This can be used to calculate the correlation in data that are not normally distributed. P=0.05 was considered statistically significant.19,20,21
Furthermore the values of the corticoid-creatinine ratio were divided into two groups.
(1) Values beneath the upper reference of 42 x106.
(2) Values above the reference of 42 x106.
And we looked for differences in the parameters from blood and urine between the two groups. Therefore the independent samples T-test is used.
Another manner to look for overall differences of the parameters between the two groups, is the Mann-Whitney test. The Mann-Whitney test is the non-parametric equivalent of the independent T-test (so it can be used when variables are not normally distributed).21




[bookmark: _Toc343067517]Results
For an overview of the results see also attachment I.
Anamnesis and clinical exam
A mean of 3,38 IE of insulin was found with a range from 0-23,5 IE (median 4,0). For a complete overview of the results of the anamnesis and the clinical exam see attachment I.

Urine analysis
Table 1
	
	Mean
	Range
	Median

	Urine specific gravity
	1,036
	1,015-1,050
	1,038

	pH
	6,35
	6,0-8,0
	6,0

	Protein (g/L)
	0,25
	0,06-1,04
	0,18

	Cortisol (nmol/L)
	705,89
	21,0-17134,0
	186,5

	Creatinine (umol/L)
	11226,83
	76,0-35035,0
	8822,50

	Cortison-creatinine ratio
	24,44
	3,0-98,5
	17,85



4% of the animals had a spur or a little bit of glucose in the urine (+/++ on test strips), 82% of the cats had a lot of glucose in the urine (+++ on test strips), 14% had no glucose in the urine.
1 animal (1,2%) had ketone bodies is his urine. In 7% of the animals a little bit of blood (+ on test strips) was detected in the urine, in 6% of the cases a bigger amount of blood (++/+++ on test strips) was found.

Blood analysis
Table 2
	
	Mean
	Range
	Median

	Ht (L/L)
	0,328
	0,25-0,46
	0,32

	Leucocytes (109/L)
	10,08
	4,0-21,9
	9,7

	Eosinophils
	0,89
	0,10-4,50
	0,65

	Lymfocytes
	2,33
	0,30-5,50
	2,15

	Billirubine (umol/L)
	0,92
	0,10-1,90
	0,90

	Glucose (mmol/L)
	13,16
	1,40-29,40
	13,4

	Fructosamine (umol/L)
	548,06
	221,0-850,0
	582,5

	Urea (mmol/L)
	11,73
	6,80-19,80
	11,50

	Creatinine (umol/L)
	107,76
	52,0-224,0
	101,0

	Protein (g/L)
	74,41
	65,0-89,0
	74,0

	Albumin (g/L)
	41,54
	31,0-89,0
	35,0

	Cholesterol (mmol/L)
	5,91
	2,90-10,10
	5,80

	Triglyceride (mmol/L)
	1,38
	0,40-9,50
	0,80

	AF (U/L)
	37,25
	10,0-97,0
	34,0

	ASAT (U/L)
	19,69
	8,0-58,0
	17,0

	ALAT (U/L)
	31,79
	11,0-141,0
	27,0

	Sodium (mmol/L)
	158,04
	151,0-164,0
	158,50

	Potassium (mmol/L)
	4,75
	3,50-6,20
	4,80

	Chlorid (mmol/L)
	116,23
	107,0-124,0
	116,0

	Calcium (mmol/L)
	2,64
	2,39-3,14
	2,63

	Phophate (mmol/L)
	1,50
	0,88-2,49
	1,46

	T4 (total) basal (mcg/dL)
	2,10
	0,60-11,10
	1,80

	IGF-1 (ng/ml)
	837,89
	139,38-2470,97
	726,95



11,4 % had a hematocrit below the reference range of 0,28-0,47 L/L.
In 1,49% of the cases the leucocytes were below the reference of 6,3-19,6 109/L, in 95,88 of the cases within, and in 2,63% of the cases above the reference.
6,2% of the animals had amount of eosinophils below the reference of 0,3-1,7, and 6,2% had an amount below the reference.
In 46% of the animals the amount of lymphocytes is below the reference of 2,0-7,2, 1 animal had an amount above the reference.
80% has a glucose level above the reference of 4,0-9,0 mmol/L, 14,5% had a glucose level below.
In 86% of the cases the fructosamine level is above the reference of 202-299 umol/L.
37% of the animals had an AF above the reference of 16-43 U/L, 2,8% an AF below the reference.
In 4,6% of the cases the potassium level was above the reference of 3,8-5,4 mmol/L, in 1 animal the level was below the reference.

Prevalence of hypercortisolism
In  94 animals we measured the cortisone-creatinine ratio, in 15 animals this ratio was above the upper range of 42 x106. This makes a prevalence, of hypercortisolism, of 15,96% in cats with diabetes mellitus.

Correlations
The only significant correlation found, using the Spearman correlation coefficient, is that of the corticoid-creatinine ratio with the protein level in the blood. A negative correlation of -0.238 was significant at a P-value of 0,05 (see figure 1 and 2).
Further there is looked at correlaties between the corticoid-creatinine ratio and:
· Age, body weight, dose of insulin, Ht, leucocytes, lymphocytes, eosinophils, glucose, fructosamine, urea, protein, albumin, cholesterol, triglyceride, AF, ASAT,ALAT, sodium, potassium, chloride, calcium, phosphate, T4, IGF-1, urine specific gravity, pH and protein in urine.
No significant correlations were found.
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Differences between groups
Two groups of animals were compared with each other:
· Group one: corticoid-creatinine ratios of < 42 x106
· Group two: corticoid-creatinine ratios ≥ 42 x106

Table 3
	
	Mean group 1
	Mean group 2
	Significant difference: < 0.05

	Age
	12,244
	12,216
	No (0,964)

	Body weight
	5,757
	5,366
	No (0,155)

	Dose of insulin
	3,662
	5,366
	No (0,588)

	Ht (L/L)
	0,334
	0,331
	No (0,738)

	Leucocytes (109/L)
	9,62
	10,08
	No (0,553)

	Eosinophils
	0,793
	0,629
	No (0,219)

	Lymfocytes
	2,60
	1,96
	No (0,089)

	Billirubine (umol/L)
	0,976
	1,058
	No (0,414)

	Glucose (mmol/L)
	13,049
	12,529
	No (0,751)

	Fructosamine (umol/L)
	520,955
	508,425
	No (0,682)

	Urea (mmol/L)
	11,982
	11,954
	No (0,966)

	Creatinine (umol/L)
	110,802
	105,743
	No (0,465)

	Protein (g/L)
	75,221
	72,366
	No (0,073)

	Albumin (g/L)
	42,441
	39,439
	No (0,291)

	Cholesterol (mmol/L)
	5,578
	6,039
	No (0,239)

	Triglyceride (mmol/L)
	1,916
	1,874
	No (0,972)

	AF (U/L)
	39,299
	37,525
	No (0,686)

	ASAT (U/L)
	19,227
	21,231
	No (0,333)

	ALAT (U/L)
	29,791
	30,781
	No (0,818)

	Sodium (mmol/L)
	158,514
	158,073
	No (0,612)

	Potassium (mmol/L)
	4,675
	4,915
	Yes (0,017)

	Chlorid (mmol/L)
	116,970
	116,415
	No (0,504)

	Calcium (mmol/L)
	2,603
	2,635
	No (0,304)

	Phophate (mmol/L)
	11,134
	1,503
	No (0,449)

	T4 (total) basal (mcg/dL)
	2,103
	1,684
	No (0,067)

	IGF-1 (ng/ml)
	730,254
	688,256
	No (0,665)



Independent T-test: The only significant difference between the groups that was found, is the difference in concentration of potassium in the blood. Animals with an higher corticoid-creatinine ratio had an higher potassium level, with a significance of 0,017 (see table 3).
Mann-Whitney test: Because most of the variables are not normally distributed a non-parametric test should be used. So also a Mann-Whitney test was preformed. With this test no significant differences were found between group 1 and 2.

Correlations in group 1 (ratio < 42)
Again an Spearman correlation coefficient is used, only with the animals out of group 1.
One significant, negative, correlation was found between the corticoid-creatinine ratio and the albumin level of the blood (see figure 3 and 4).
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Correlations group 2 (ratio ≥ 42)
Again an Spearman correlation coefficient is used, only with the animals out of group 1.
One significant, negative, correlation was found between the corticoid-creatinine ratio and the hematocrit (see figure 5 and 6).
	
Figure 5
Correlations
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Discussion & Conclusion
Once the diagnose of diabetes mellitus has been made it is not always easy to control the blood glucose levels, in some animals a good regulation cannot be achieved. Would it be interesting to look at underlying causes of diabetes? In a study of Crenshaw et al, they found that 0,9% of the diabetic cats had concurrent hyperadrenocorticism, in a study of Blois et al, two out 15 cats (13,3%) were diagnosed with diabetes mellitus and subsequently with hyperadrenocorticism.22 In this study a prevalence, of hypercortisolism, of 15,96% in diabetic cats was found. This prevalence was much greater than the prevalence of 1% we predicted in our hypothesis. Maybe hypercortisolism, as cause of diabetes mellitus, plays a bigger role than was adopted so far?
Some comments: Measurement of cortisol has to be done in a morning urine, so an integration of the cortisol secretion over a period of about 8 hours is achieved, thereby adjusting for the wide and rapid fluctuations in circulating cortisol concentrations15. For this study the owners were told to collect an urine sample, ideally, in the morning. But we cannot be hundred percent sure that they did this properly, this could make the outcome less reliable. 
Also when you’re achieve this test, stress should be avoided14, but we cannot guarantee that the urine was collected at a moment without stress.  It could be that, for example, some animals experienced stress by changing their litter into Katkor® , or by locking them up in a room in order to collect some urine. This could also make the outcome less reliable, so it could be that the real prevalence in this set of animals is lower than the 15,96% we found.

Among the routine laboratory data a consistent finding in animals with hypercortisolism is an elevation of plasma alkaline phosphatase 4. In this study we didn’t found a significant elevation of serum alkaline phosphatase in the cats with an higher corticoid-creatinine ratio.
Other common findings in the routine laboratory findings in dogs are: hypercholestolemia, a low blood urea nitrogen, high serum alanine transferase activity 15. No literature was found, that this is the same in cats. But also when we assume this, no significance differences were found between the group with a normal corticoid-creatinine ratio and the group with a ratio above the reference.
Other changes in routine laboratory findings in dogs  that are mentioned in the literature are that of erythrocytosis and a “stress leukogram” (eosinopenia, lymfocytopenia and a mature leukocytosis 15. The only thing that was found in this study was a negative correlation between the corticoid-creatinine and the hematocrit.
The only inclusion criteria for participation in this study were that the cat should have diabetes mellitus (this had to be established in the cats and at the time of the examination they had to receive a treatment for diabetes mellitus with insulin). After that all the animals were treated as one group. To get better result it could be helpful to divide the cats into different groups. For example a group with non-diabetic animals, a group with diabetic cats witg a good glycemic control and a group with diabetic animals with a poor glycemic control. The possibility exists, that on this way, more correlations will be found. So more research will be needed.
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