
4/7/22, 3:30 PM Diabetes Mellitus - VINcyclopedia of Diseases - VIN

https://www.vin.com/members/cms/project/defaultadv1.aspx?pid=607&id=5619521 1/12

VINcyclopedia of Diseases

Diabetes Mellitus (Feline)

Last updated on 7/30/2020

Contributors: 
Revised by Kari Rothrock DVM, 7/30/2020 
Original author was Kari Rothrock DVM, 11/23/2012

 Expand All    Collapse All  

 Synonyms
Sugar diabetes 

 Disease Description
Definitions 
Diabetes mellitus (DM) is an endocrine disorder of dogs and cats that is characterized by absolute
or relative deficiency of insulin.

Three types of diabetes mellitus have been identified:

1) Type I (i.e. insulin-dependent) arises when lack of insulin production results in an absolute
deficiency of insulin and dependence on external insulin supplementation. Type I DM is the most
common form of DM in dogs and may occur from autoimmune destruction of the insulin-secreting
pancreatic beta cells.  Although uncommon in cats, chronic pancreatitis is the most common
cause in cats.  Islet amyloidosis can also lead to type I DM.

2) Type II (i.e. noninsulin-dependent) is characterized by impaired insulin secretion from beta cell
dysfunction, and/or by peripheral insulin resistance. Total insulin secretion may be normal or
increased; however, the amount of insulin is insufficient to prevent hyperglycemia. Abnormal insulin
secretion combined with insulin resistance leads to stable reregulation of blood glucose levels at a
higher concentration.  Type 2 DM is sometimes reversible, so the disease can go into remission.
Type II DM occurs in cats but not dogs. It is the most common form, affecting 80-95% of cats with
DM.

3) Type III (i.e. gestational, hormone-induced) occurs when insulin resistance develops in
association with high concentrations of progesterone (e.g. megestrol acetate) or other diabetogenic
hormones (e.g. cortisol, epinephrine, growth hormone, glucagon). Type III DM has been reported in
dogs and cats.

Pathophysiology 
Effects of Insulin 
Insulin primarily targets liver, muscle, and fat cells. Its main function is to promote storage of
glucose as glycogen, amino acids as protein, and fatty acids as fat. Insulin also promotes glycogen
synthesis, decreases gluconeogenesis, and decreases hepatic enzyme activity that is involved in
the conversion of amino acids into glucose. Insulin increases lipid synthesis while inhibiting lipid
degradation. Insulin promotes a positive nitrogen balance by stimulating protein synthesis while
inhibiting protein degradation.

Effects of Insulin Deficiency 
When either absolute or relative insulin deficiency occurs, reduced glucose entry into the liver,
muscles, and adipose tissue occurs. Furthermore, the liver produces more glucose via increased
gluconeogenesis and glycogenolysis, which leads to hyperglycemia. Glucose is lost through the
urine once the renal capacity for reabsorption of glucose is overcome, which causes osmotic
diuresis. With insulin deficiency, decreased protein synthesis, and increased protein catabolism
occurs. These effects result in loss of muscle mass and negative nitrogen balance. Finally, lipid
metabolism becomes deranged. Increased levels of non-esterified fatty acids are transported to the
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liver, leading to hepatic steatosis and hyperlipidemia. Increased production of ketone bodies
eventually leads to ketoacidosis.  For more information on ketoacidosis, see the Feline
VINcyclopedia chapter on Ketoacidotic Diabetes Mellitus.

Acute hyperglycemia stimulates insulin secretion and glucose utilization; however, chronic
hyperglycemia (glucose toxicity) can impair insulin secretion. One study of 5 cats showed that
chronic hyperglycemia suppressed insulin secretion and caused normal cats to have insulin levels
consistent with type 1 DM within 5 days.  Only 3-7 days of blood glucose (BG) levels ≥480 mg/dL
(≥26.64 mmol/L) resulted in almost complete insulin suppression in normal cats.  Other studies
have demonstrated degeneration of islet cells and permanent hyperglycemia in normal cats given
large doses of glucose.  Lipotoxicity refers to the negative effects of fatty acids on beta cells.
Glucose toxicity and lipotoxicity can lead to increased apoptosis of beta cells and increased
glycogen deposition.

Effects of Risk Factors 
One of the major risk factors for DM in cats is obesity, which is very similar to what occurs in
people. Obese cats are approximately 3.9 times more likely to develop DM than cats of optimal
weight.  Adipose tissue in lean people secretes high levels of the adipocytokine adiponectin.
Adiponectin has anti-inflammatory actions and increases insulin sensitivity.  Adiponectin levels
decrease in obese cats, and obese cats have decreased glucose effectiveness.  Furthermore, as
adiponectin levels decrease, adipose tissue increases secretion of leptin and other pro-
inflammatory cytokines.  Decreased expression of the glucose transporter, GLUT4, occurs in
muscles and fat of obese cats. Overall effect is impaired insulin signaling and enhanced insulin
resistance.  In one study of cats offered free access to an energy dense diet, their body weight
increased by 44% and insulin sensitivity decreased by >50%.

Amylin is also an important factor in the development of insulin resistance in cats. Amylin is a
hormone co-secreted with insulin from the pancreas. Chronic insulin hypersecretion occurs along
with insulin resistance in conditions such as obesity, glucocorticoid administration, certain
infections, and acromegaly. Increased insulin secretion leads to increased amylin deposition in islet
cells in the form of amyloid. Amyloid is toxic to beta cells and causes increased apoptosis and
decreased insulin secretion.  Pancreatic amyloid deposition occurs in 65-90% of cats with DM.
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 Disease Description in This Species
Diagnosis 
History/Physical Examination Findings: Cats with DM typically have a history of polyuria (PU),
polydipsia (PD), and polyphagia. Weight loss and lethargy may also be noted.  Dehydration, poor
haircoat, and hepatomegaly secondary to hepatic lipidosis may also be noted. Approximately 10%
of diabetic cats have signs of diabetic neuropathy, with hindlimb weakness, difficulty jumping, and a
plantigrade posture.  Cats with concurrent diseases (e.g. pancreatitis, acromegaly,
hyperadrenocorticism) may have additional clinical signs.

Complete Blood Count (CBC): Abnormalities may include mild anemia and a stress leukogram.

Biochemistry Panel: The hallmark abnormality is persistent hyperglycemia. Diagnosis can be
made with the documentation of persistent hyperglycemia and glucosuria, in combination with
characteristic clinical signs.  DM must be differentiated from stress-induced hyperglycemia. In one
study of 106 cats with stress-related hyperglycemia, 21 cats had glucose levels of >270 mg/dL
(>14.98 mmol/L).

Other abnormalities may include hypercholesterolemia, azotemia, and elevated alanine
aminotransferase (ALT) and alkaline phosphatase (ALP). Azotemia may be pre-renal from
dehydration or represent concurrent chronic kidney disease (CKD). In one study, CKD was a
significant comorbidity in 7/16 diabetic cats.

Urinalysis: Glucosuria is present in cats with DM. Glucosuria and clinical signs of DM typically do
not occur until BG levels exceed the renal threshold (>250-300 mg/dL, >13.88-16.65 mmol/L).
Other causes of glucosuria may include administration of ketamine, CKD, and postobstructive
(urethral) diuresis.  Glucosuria is uncommon or intermittent with stress-induced hyperglycemia.
Evaluation for glucosuria on urine specimens collected at home can be performed to help
determine if hyperglycemia is stress related or persistent.

2,3

1

1

2,3

1

10

3

2

2

https://www.vin.com/Members/Associate/Associate.plx?DiseaseId=902
https://www.vin.com/Members/Associate/Associate.plx?DiseaseId=5899


4/7/22, 3:30 PM Diabetes Mellitus - VINcyclopedia of Diseases - VIN

https://www.vin.com/members/cms/project/defaultadv1.aspx?pid=607&id=5619521 3/12

Other changes on urinalysis may include proteinuria, ketonuria, pyuria, and hematuria. A urine
culture is commonly performed since urinary tract infections (UTIs) are common in diabetic cats.
One study found that 13.2% of diabetic cats had a UTI.

Fructosamine Assay: Fructosamine levels can be used to confirm the diagnosis and help to
determine if hyperglycemia is stress related.  Fructosamine is formed from the irreversible binding
of glucose to amino groups in plasma proteins. Fructosamine levels reflect mean BG concentration
over the last 1-2 weeks. Most newly-diagnosed diabetic cats have fructosamine levels 7.21 mg/dL
(>400 µmol/L). Fructosamine levels are unaffected by stress. Cats with recent onset of DM (<1-2
weeks) and only mild DM may have normal fructosamine levels. Furthermore, diabetic cats with
concurrent hyperthyroidism or hypoproteinemia may have normal fructosamine levels due to lower
plasma protein levels and rapid protein turnover rates.  Fructosamine measurements are unreliable
in cats with concurrent hyperthyroidism.

Thyroid Hormone Measurement: Measurement of T4 level is indicated because signs of DM and
hyperthyroidism are similar, and the diseases can be present concurrently.

Feline Pancreatic Lipase Immunoreactivity (fPLI): Because pancreatitis in cats may be
associated with DM, fPLI assay may be considered. Chronic pancreatitis can diminish beta cell
function and lead to loss of beta cells through fibrosis.  One study of 29 diabetic cats and 23
nondiabetic cats showed affected cats had significantly higher serum fPLI levels.

Ultrasonography: Abdominal ultrasonography may reveal a diffusely, homogeneous hyperechoic
liver with hepatic lipidosis. If pancreatitis is present, the pancreas may be hypo- or hyperechoic,
and peripancreatic fat may be hyperechoic because of inflammation.

Prevalence and Risk Factors 
Diabetes mellitus is one of the more frequent endocrine diseases of cats. Approximately 0.5-1.2%
of cats in private practice have DM.  The incidence of feline DM in the United States has
increased from 0.08% in 1970 to 1.2% in 1999.  This increase may be attributed to an increase in
risk factors.

Obesity is a major risk factor for the development of DM in cats because obesity can lead to insulin
resistance.  In one study, approximately 50-60% of diabetic cats were overweight.  Other risk
factors include physical inactivity, glucocorticoid administration, increasing age, pregnancy,
systemic infection, pancreatitis, acromegaly, hyperadrenocorticism, CKD, and being male.

Signalment 
A strong sex predisposition for DM exists in the cat, with 70-80% being male.  Male cats have
lower insulin sensitivity compared to females.  However, one study of 1,128 cases did not report a
significant association of sex with DM.  Peak incidence of DM occurs is between 10-13 years of
age.  Some studies have reported a higher incidence the Burmese, Tonkinese, and Norwegian
forest cats.

Clinical Signs 
Common signs include PU, PD, polyphagia, weight loss, lethargy, poor haircoat, abdominal pain,
dehydration, and abdominal distension from hepatomegaly.  Signs of concurrent diseases (e.g.
hyperthyroidism, pancreatitis, hyperadrenocorticism, acromegaly) can also be present.
Approximately 80% of cats with hyperadrenocorticism and nearly all cats with acromegaly have
concurrent DM.
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 Laboratory Profile
Sodikoff's Laboratory Profiles of Small Animal Diseases: Diabetes Mellitus, Hyperosmolar
Syndrome 
Sodikoff's Laboratory Profiles of Small Animal Diseases: Diabetes Mellitus, Secondary 
Sodikoff's Laboratory Profiles of Small Animal Diseases: Diabetes Mellitus, Uncomplicated 
Sodikoff's Laboratory Profiles of Small Animal Diseases: Hyperglycemia, Stress Induced 
Sodikoff's Laboratory Profiles of Small Animal Diseases: Hyperlipidemia, Secondary

 Etiology
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Acromegaly 
Diabetogenic hormones 
Glucagon excess 
Glucocorticoids 
Growth hormone 
Hyperadrenocorticism 
Megesterol acetate 
Obesity 
Pancreatitis 
Pregnancy 
Progesterone

 Breed Predilection
Burmese 
Norwegian forest cat 
Tonkinese

 Sex Predilection
Male

 Age Predilection
Mature, middle-aged 
Old

 Clinical Findings
Abdominal distention 
Abdominal pain 
AFEBRILE 
Anorexia, hyporexia 
ASCITES OR ABDOMINAL DISTENTION 
Cervical weakness 
Cervical, neck ventroflexion 
Coma, unconsciousness 
Dehydration 
Depression, lethargy 
GAIT ABNORMAL OR LAMENESS 
Hair coat poor 
Hepatomegaly 
Hindlimb muscle atrophy 
Hindlimb weakness 
Hyporeflexia 
Mucous membranes pale 
MUSCLE ATROPHY 
Nausea 
Overweight, obese 
PARALYSIS OR PARESIS 
Paraparesis, paresis 
Plantigrade posture 
Polydipsia 
Polyphagia, increased appetite 
Polyuria 
Stupor 
VOMITING 
Weakness: Asthenia or Paresis 
Weight loss 
ZZZ INDEX ZZZ

 Diagnostic Procedures
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Diagnostic Procedures:    Diagnostic Results:
Complete blood count (hemogram)  ANEMIA
  Neutrophilia
   
Urinalysis  Bacteriuria, urine bacteria increased
  Glucosuria, glycosuria
  Ketonuria
  Proteinuria, albuminuria
  Pyuria, white blood cells increased
  Red blood cells present in urine
  Urine specific gravity decreased
   
Fructosamine assay on serum  Fructosamine >400 µmol/L
   
Ocular examination  Retinal blood vessels tortuous
  RETINAL CHANGES
  Retinal hemorrhages
   
Serum biochemistries  Alanine aminotransferase (ALT) increased
  Alkaline phosphatase (ALP) increased
  Aspartate aminotransferase (AST) increased
  Azotemia/uremia
  Blood urea nitrogen (BUN) increased
  Hypercholesterolemia
  Hyperglycemia
  Hypernatremia
  Hypokalemia
  Hyponatremia
  Hypophosphatemia
  Lipemia, lipids increased
   
Ultrasonography of abdomen  Hyperechoic liver
  Pancreas hyperechoic
  Pancreas hypoechoic
  Peripancreatic fat hyperechoic
   
Pancreatic lipase immunoreactivity  Feline pancreatic lipase immunoreactivity elevated

 Treatment / Management
SPECIFIC THERAPY 
Goals of therapy are to revert a transient diabetic into a state of remission (if possible); maintain BG
levels below renal threshold for as much of a 24-hour period as possible; avoid hypoglycemia; and
improve clinical signs.

Oral Hypoglycemic Agents 
Oral hypoglycemic agents are not routinely used in cats. Sulfonylureas are the most likely oral
hypoglycemic to be tried in cats. These drugs stimulate insulin secretion but need functional beta
cells to work. Glipizide can be used in cats that are not ketotic and have mild to moderate signs of
DM. Glipizide only works in 30-40% of cats and may accelerate beta cell loss.  Glipizide is given
at 2.5 mg per cat PO q 12 hrs with a meal for 2 weeks.  The dose may then be increased to 5 mg
per cat PO q 12 hrs, if no adverse side effects occur.  If no response is noted within 4-6 weeks,
then insulin therapy is indicated. Glipizide is not used in conjunction with insulin. Glipizide is
typically only recommended in cats in which owners refuse to administer insulin or are considering
euthanasia.

Alpha-glucosidase inhibitors inhibit intestinal glucose reabsorption and reduce post prandial
hyperglycemia. Acarbose has been used in conjunction with insulin and dietary therapy in cats. It is
not beneficial as a sole therapeutic agent.
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Insulin Therapy 
Administration of insulin is the treatment of choice for feline DM. Several types of insulin are
available:

Lente: Porcine zinc lente insulin is a mixture of short-acting, amorphous and long-acting, crystalline
insulin. Vetsulin/Caninsulin® is a porcine zinc lente insulin that has been licensed for use in cats.
Various studies have demonstrated good glycemic control and the potential for remission with this
type of insulin.  However, blood glucose nadir occurs 2-12 hours after administration. The AAHA
Diabetes Management Panel does not recommend the use of porcine zinc lente insulin as initial
treatment for DM in cats because of its potentially short duration of action and poor control of
clinical signs.

Vetsulin/Caninsulin® is a U-40 insulin and only appropriate U-40 insulin syringes should be used for
administration.  Initial dose is 0.25-0.5 U/kg SC q 12 hrs. One study reported that 7/25 cats treated
with lente insulin went into diabetic remission during the 12 months of the study.  In another report,
23/41 cats treated with lente insulin went into diabetic remission.

An insulin pen containing porcine zinc insulin (VetPen®) has been approved for SC injection of
insulin in cats in some countries. In a study of 37 cats that were already being treated for DM with
porcine zinc insulin, the insulin pen was well tolerated and effectively controlled DM in 34 of the
cats.

Protamine Zinc: Protamine zinc insulin (PZI or ProZinc®) is a combination of protamine and zinc
insulins.  It has a longer duration of action than lente insulin.  Studies using protamine zinc insulin
have shown good glycemic control in 85% of cats after 45 days of therapy using a mean dose of
0.59 U/kg SC q 12 hrs.  The BG nadir typically occurs at 5-7 hours.  In one study, hypoglycemia
was experienced in 22% of cats given this type of insulin.  Another study of 185 cats treated with
protamine zinc insulin had a remission rate of 56.2%, and only 5.4% became clinically
hypoglycemic.  In a study comparing glargine and protamine zinc insulin in newly-diagnosed
diabetic cats, remission rate was 23% (5/22) for the Prozinc group.  No significant differences in
mean BG, fructosamine levels, and quality of life score were noted between the treatment groups.

Prozinc is a U-40 insulin and only the appropriate U-40 insulin syringes should be used for
administration.  The starting dose is 0.25-0.5 U/kg SC q 12 hrs. Average starting dose is 1-2 U per
cat. Ideal body weight is used to calculate insulin dosages, not actual weight. Cats should not be
started on >2-3 U, even if they are very large.

Glargine: Glargine (Lantus®) is a U-100, long-acting human analogue insulin. It is slowly released
from the site of injection. Although considered a peakless type of insulin in people, cats have a
long, less prominent BG nadir.  Initial dose for cats with BG levels >360 mg/dL (>19.98 mmol/L) is
0.5 U/kg SC q 12 hrs. Initial starting dose for cats with BG levels <360 mg/dL (<19.98 mmol/L) is
0.25 U/kg SC q 12 hrs. Average initial dose is 1-2 U per cat, with dosages calculated on ideal body
weight. Starting doses should not exceed 2 U. Once daily administration can be effective in some
cats.  Some studies have reported a higher rate of remission in cats given glargine compared to
cats treated with other types of insulin (cats were also fed low carbohydrate diets).  One study
reported that 21/29 (72%) cats treated with glargine achieved remission.  However, other studies
have reported that cats fed low carbohydrate diets had similar remission rates regardless of the
type of insulin administered.

Detemir: Detemir (Levemir®) is another U-100, long-acting insulin analogue. Remission rates of
newly diagnosed diabetic cats on detemir have been reported at >80%.  Detemir may have a
longer duration of action and less variability than glargine in some cats. Initial dosing is similar to
glargine.  In one study of 14 diabetic cats, 13 achieved moderate or excellent control of clinical
signs within 3 months, including 5 cats that were treated previously with other types of insulin.
Three cats achieved remission.  Only two episodes of clinical hypoglycemia were reported.

Insulin Pump: Implantable insulin pumps have been used to manage diabetic cats. One report
details a cat that achieved remission after use of an insulin pump implanted subcutaneously and
filled with a rapid-acting recombinant insulin.  The pump was controlled telemetrically with a smart
phone, and insulin dose was adjusted based on a continuous blood monitoring system (CGMS).
In another study, pumps filled with glargine were investigated in 10 normoglycemic cats to
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determine their effectiveness.  The pump was well tolerated but failed due to technical reasons in
4 cats and 1 cat became hypoglycemic when insulin leaked into SC tissues.  Further studies are
warranted to determine their applicability to clinical patients.

SUPPORTIVE THERAPY 
Dietary Therapy 
Dietary modification is an important component of therapy. A high-protein, low-carbohydrate diet is
recommended. Higher protein levels maximize metabolic rate, prevent lean muscle mass loss, and
improve satiety. Carbohydrates can contribute to hyperglycemia and glucose toxicity in cats.
High-carbohydrate diets increase insulin demands, while high-protein, low-carbohydrate diets can
improve insulin sensitivity and contribute to loss of fat.  High-protein diets are defined as protein
providing >40% metabolizable energy (ME). It is recommended that cats receive a diet with
carbohydrates providing <12% ME. High-fiber diets are not recommended.

Cats eating a low-carbohydrate diet often have significantly lower fructosamine levels than cats
eating high-carbohydrate diets.  High-protein, low-carbohydrate diets may improve chances of
remission and reduce insulin requirements.  Remission rates for cats fed a diet of 12% ME
from carbohydrates was 68% compared to 41% of those receiving a diet with 26% ME from
carbohydrates.

Canned food is preferred over dry food because it has lower carbohydrate levels; lower caloric
density; increased water content; and portion control is easier.  In one study of 29 newly-
diagnosed diabetic cats, feeding canned food was the only factor that was significantly associated
with clinical remission.

Control of Body Weight 
Weight loss is recommended for obese cats since loss of fat can increase adiponectin levels,
increase insulin sensitivity, and improve metabolic status.  Weight loss should occur at a rate of 1-
2% of body weight per week. Energy requirements are calculated based on ideal body weight.
Portion control of food is essential to achieve weight loss.

Therapy of Concurrent Diseases 
Concurrent diseases can contribute to insulin resistance and can make management of DM more
difficult. Common concurrent diseases that can increase insulin resistance include acromegaly,
hyperadrenocorticism, kidney disease, heart disease, pancreatitis, periodontal disease, and chronic
infections (e.g. UTI).

Glucagon-Like Peptide 1 Analogue: Glucagon-like peptide 1 (GLP-1) analogues can be used in
conjunction with insulin to help achieve diabetic remission. Examples are exenatide immediate-
release (Byetta®) and exenatide extended release (Bydureon®). GLP-1 analogues can stimulate
insulin secretion; increase satiety, protect beta cells; and inhibit glucagon secretion.  Various
studies have demonstrated that GLP-1 analogues in conjunction with insulin and diet therapy
helped to achieve higher remission rates and better glycemic control compared to cats not
receiving GLP-1 analogues.

MONITORING 
Goals 
Primary goal is to control clinical signs of DM while avoiding hypoglycemia. Achievement of diabetic
remission is also a reasonable goal.  Tight glycemic control is not necessarily realistic in cats like
it is in people. Glucose levels are unlikely to normalize but most patients seem to be clinically well
regulated if most BG results are <300 mg/dL (<16.65 mmol/L).  Control of clinical signs and
avoidance of hypoglycemia is more imperative than individual BG levels. One study showed that
control of DM as determined by owner observation of clinical signs was 5 times better than the
degree of control as determined by monitoring of BG via laboratory testing. One study of 185 cats
treated with a loosely-controlled approach using protamine zinc insulin reported a remission rate of
56.2%.  Hypoglycemic episodes occurred in 5.4% and diabetic ketoacidosis in 3.8% of the cats.

Initial Monitoring 
Hospitalization and monitoring via a BG curve may be considered on the first day of insulin therapy.
By performing a BG curve, hypoglycemia following insulin administration can be identified. Do not
increase insulin doses at this time even if hyperglycemia persists. Blood glucose levels are
measured q 2-4 hrs following protamine zinc insulin and q 3-4 hrs after glargine insulin. Insulin
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dosages are decreased by 0.5 U if BG drops below 150 mg/dL (8.32 mmol/L) during the initial
glucose curve. After the first day of monitoring in the hospital, the cat can be discharged and re-
evaluated in 7-14 days.

Blood Glucose Curves 
Performance of a BG curve is the most commonly used monitoring method for diabetic cats. Blood
glucose curves can determine the glucose nadir and duration of action of insulin. BG curves can
also detect clinically silent hypoglycemia, which allows insulin to be adjusted before clinical
hypoglycemia develops. BG curves help determine if insulin doses and/or frequency of
administration should be changed.  BG curves can be performed in the hospital, or at home using
portable glucometers and a lancet.

If a BG curve is performed at home, owners measure the first BG reading before the insulin
injection, then q 2 hrs until the next dose of insulin for those cats on protamine or porcine zinc
insulin. If glargine insulin is used, BG is measured q 4 hrs until the next insulin dose is given.  If
BG falls below 150 mg/dL (8.32 mmol/L), then readings are done hourly.

Stress hyperglycemia can falsely elevate BG when performing a curve. Stress can increase if the
test is performed in the clinic.  For this reason, BG curves done at home are often preferred. It
is important to note; however, that considerable day-to-day variation can occur in BG curves. One
study of 7 cats that evaluated home BG curves taken on 2 consecutive days showed that
evaluation of the 2 curves led to the same recommendation for insulin adjustment on only 6/14
occasions.

Whenever possible, use a glucose meter calibrated for feline blood. Not all glucometers available at
pharmacies are accurate in cats. They often give measurements that are 23-30% lower than
reference laboratories.  The AlphaTRAK2  has improved accuracy and is considered the optimal
choice for monitoring feline diabetics.  In one study comparing 4 glucose monitoring systems,
AlphaTrak  and VetMate  were the most accurate monitors.

In a study comparing diabetic cats monitored at home versus non-home monitoring, the DIAQoL-
pet score improved at all points in time in the home BG monitoring group compared to the non-
home group. Remission occurred in 9/28 (32%) of the home group compared to 1/10 (10%) of the
non-home group.

Continuous Glucose Monitoring Systems 
CGMs units have been evaluated in both dogs and cats. The Guardian REAL-Time® system is
comprised of a sensor that is placed in subcutaneous tissue; a transmitter that transmits data over
a distance of 3 meters to a monitor; and a pager-sized monitor that displays data. Interstitial
glucose readings are collected q 10 seconds and a value is computed q 5 minutes.  In a study of
cats comparing CGMS to a reference blood glucometer, CGMS was 100%, 96.1%, and 91%
accurate at evaluating normal, high, and low blood glucose levels, respectively.  The Abbott
Freestyle Libre  glucose monitoring system was recently is available in the USA and can monitor
for up to 14 days.

Fructosamine Assay 
Fructosamine levels can be used to monitor diabetic cats. Fructosamine levels increase when
glycemic control worsens and they decrease when glycemic control improves. Fructosamine levels
are unaffected by stress and food intake.  However, fructosamine levels cannot determine the
insulin nadir or duration.  Cats with hyperthyroidism, hypoalbuminemia, or hypoglobulinemia can
have decreased fructosamine concentrations.

Urine Glucose Testing 
Urine test strips can be placed in litterboxes to detect glucosuria. However, urine glucose strips
cannot differentiate between hypoglycemia, normoglycemia, or mild hyperglycemia that may occur
throughout the day. Urine test strips also do not reflect actual BG level. Variation in test strip quality
exists, with glucosuria underestimated in some cases.  Urine glucose strips can be useful in
detecting ketones and can be help determine if further laboratory testing is needed. Persistent
glucosuria indicates inadequate glycemic control, so a BG curve may be needed.
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Monitoring of Clinical Signs 
It is important for owners to evaluate and monitor clinical signs at home. PU and PD improve as
glycemic control improves. Owners can also monitor appetite, body weight, and activity level.
Hypoglycemia is the most important complication of insulin therapy. Counsel owners on the signs of
hypoglycemia. Signs of hypoglycemia can include weakness, ataxia, collapse, seizures, visual
deficits, disorientation, and mental dullness.  Hypoglycemia can occur from insulin overdose; long
duration of insulin activity resulting in overlap of doses; undetected diabetic remission; and
increased insulin sensitivity subsequent to improvement in concurrent disorders.

PROGNOSIS 
Prognosis varies depending on a number of factors, including an owner’s willingness to treat and
monitor the cat appropriately; ability to achieve diabetic remission; response to insulin therapy; and
presence of concurrent disease(s). In one study of 114 diabetic cats, median survival time (MST)
was 516 days, with 25% of cats living >1,420 days.  Negative prognostic factors included
hyperkalemia, concurrent diseases, and detection of ketoacidosis during follow-up.  Age, BG
levels, fructosamine levels, and type of insulin administered were not associated with survival
rates.  In another study of 185 diabetic cats undergoing loose-control of DM, MST was 1,488
days.  Cats not exclusively fed a low-carbohydrate diet were 50% more likely to have died during
the study than cats exclusively fed a low-carbohydrate diet.

Remission 
Unlike dogs, cats can achieve diabetic remission. Cats in remission have normal to near-normal BG
levels without administration of insulin or oral hypoglycemics.  Remission typically occurs 1-4
months after diagnosis but it is not necessarily permanent.  One study of 185 cats reported that
56.2% went into remission, with a median time to remission of 286 days.  Factors affecting the
chance of remission include early diagnosis, extent of beta cell damage, diet, and effectiveness of
insulin treatment.

Several studies aimed at evaluating remission rates have been performed, using different insulin
types. A study of 18 cats that were previously treated with other insulins showed a remission rate of
67% when the cats were switched to detemir.  However, these cats were also intensively
monitored at home.

One study of 24 newly diagnosed diabetic cats fed low-carbohydrate diets showed that all 8 cats
treated with glargine achieved remission.  In contrast, only 3/8 treated with PZI and 2/8 treated
with lente insulin achieved remission.  In this study, cats with lower mean 12-hour glucose levels
by day 17 had a higher chance of remission.  Based on this study, glargine is sometimes
recommended for newly-diagnosed diabetic cats.

However, other studies have not shown an increase in remission using glargine. One small study of
13 cats fed low-carbohydrate diets showed that 43% of cats treated with lente insulin achieved
remission while 17% of glargine-treated cats achieved remission.  A meta-analysis of data of
diabetic cats fed low-carbohydrate, high-protein diets did not demonstrate a statistically significant
difference in remission rates in cats treated with lente insulin (44.4%) or glargine (58.8%).  Another
study reported that 8/24 (33.3%) of glargine-treated cats achieved remission, and 5/22 (23%) of
protamine zinc-treated cats achieved remission.

Feeding a low-carbohydrate, high-protein diet can increase the chance of remission. One report of
63 cats treated with a variety of insulins demonstrated that 68% of cats fed a low-carbohydrate diet
achieved remission compared to 41% of cats fed a moderate-carbohydrate diet.  Another study
of 29 cats showed that 16 cats achieved remission, and feeding canned food was the only factor
that was significantly associated with remission.

Other factors associated with remission include steroid-associated DM, lower mean BG levels
during treatment, lower insulin levels during treatment, and lower glycemic variabilities.

Insulin Resistance 
Cats that have poorly-controlled DM despite being treated with >1.5 U/kg per dose have insulin
resistance. In poorly-controlled diabetics, it is also important to rule out insulin administration errors.
Observe the client's technique in administering insulin; confirm that proper insulin syringes are
being used; confirm proper storage of insulin; and assess the appearance of insulin to determine if
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it should be replaced (e.g. out of date, discolored). Also re-evaluate diet and weight loss plans.
Laboratory and other diagnostic tests may be required to rule out other concurrent diseases that
can contribute to insulin resistance.3

 Special Considerations
Other Resources 
Recent VIN Message Board discussions on diabetes mellitus 
Recent VIN Message Board discussions on DM treatment 
Recent VIN Message Board discussions on DM treatment monitoring 
Recent VIN Message Board discussions on lente insulin 
Recent VIN Message Board discussions on protamine zinc insulin
Recent VIN Message Board discussions on glargine insulin 
Recent VIN Message Board discussions on detemir insulin 
Recent VIN Message Board discussions on dietary therapy of DM

Recent Proceedings articles that discuss DM in cats 
Recent VIN Rounds and Journal Clubs that discuss DM, its treatment and monitoring 
2018 AAHA Diabetes Management Guidelines for Dogs and Cats 
Client Handouts: Diabetes Mellitus Center

VIN Medical FAQs: 
Managing Diabetes Mellitus in Cats 
Dietary Management of Diabetic Cats 
FreeStyle Libre Glucose Monitor 
Discontinuation of Insulins by Eli Lilly 
Discontinuation of PZI Insulin 
Using Glargine in Diabetic Cats 
Vetsulin Availability

Glucose Curve Calculator 
Interactive Diabetic Case Challenge 
Recent VIN News Stories on insulin and DM 
Analysis of Prescription & Commercial Dry Diets for Diabetes Mellitus - 2010 
Insulin Stability & Handling

 Differential Diagnosis
Acromegaly 
Hepatic disease 
Hyperadrenocorticism 
Hyperthyroidism 
Neoplasia 
Renal Disease 

 References
1. Reusch C: Feline Diabetes Mellitus . Textbook of Veterinary Internal Medicine, 7th ed. St. Louis,

Saunders Elsevier 2010 pp. 1796-1816.
2. Scott-Moncrieff J C: Feline Diabetes Mellitus: Essential Facts for Outstanding Case

Management. Southwest Veterinary Symposium 2019.
3. Behrend E, Holford A, Lathan P: 2018 AAHA Diabetes Management Guidelines for Dogs and

Cats. J Am Anim Hosp Assoc 2018 Vol 54 (1) pp. 1-21.
4. Rand J: Feline Diabetic Remission: Should It Be the Goa. ACVIM 2019.
5. Feldman EC: Diabetes Remission in Cats: Which Insulin Is Best. Western Veterinary

Conference 2010.
6. Tvarijonaviciute A, Ceron JJ, Holden SL, et al: Effects of weight loss in obese cats on

biochemical analytes related to inflammation and glucose homeostasis. Domest Anim
Endocrinol 2012 Vol 42 (3) pp. 129-141.

7. Hoenig M, Thomaseth K, Waldron M, et al: Insulin sensitivity, fat distribution, and adipocytokine
response to different diets in lean and obese cats before and after weight los. Am J Physiol
Regul Integr Comp Physiol 2007 Vol 292 (1) pp. R227-234.

https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=diabetes+mellitus&hdlr=vinall&lyr=1&specs=11&fldrs=-1&srcs=2&auth=&docids=
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=Diabetes+Mellitus+therapy&hdlr=vinall&lyr=1&specs=11&fldrs=-1&src2s=2&auth=&docids=&autosuggest=-1
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=diabetes+mellitus+monitoring&hdlr=vinall&lyr=1&specs=11&fldrs=-1&src2s=2&auth=&docids=
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=diabetes+mellitus+lente+insulin&hdlr=vinall&lyr=3&specs=11&fldrs=-1&src2s=2&auth=&docids=
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=Diabetes+Mellitus+Protamine+Zinc+Insulin&hdlr=vinall&lyr=3&specs=11&fldrs=-1&src2s=2&auth=&docids=&autosuggest=-1
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=diabetes+mellitus+glargine&hdlr=vinall&lyr=1&specs=11&fldrs=-1&src2s=2&auth=&docids=
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=diabetes+mellitus+insulin+detemir&hdlr=vinall&lyr=3&specs=11&fldrs=-1&src2s=2&auth=&docids=
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=diabetes+mellitus+dietary+therapy&hdlr=vinall&lyr=1&specs=11&fldrs=-1&src2s=2&auth=&docids=
https://www.vin.com/members/search4/Default.aspx?rows=50&sort=1&pg=1&snip=0&rnw=1&IS=0&fpop=0&q=diabetes+mellitus+dietary+therapy&hdlr=vinall&lyr=3&specs=11&src2s=8&auth=&docids=
https://www.vin.com/doc/?id=6358858&pid=8797
https://www.aaha.org/aaha-guidelines/diabetes-management/diabetes-management-home/
http://www.veterinarypartner.com/Content.plx?P=A&A=631&S=1&SourceID=42
https://www.vin.com/members/cms/project/defaultadv1.aspx?id=10243145&pid=11200&
https://www.vin.com/doc/?id=4408799&pid=11200
https://www.vin.com/doc/?id=9001847&pid=11200
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=MEDFAQ&PID=10618&O=VIN
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=MEDFAQ&Category=1478&PID=22768&O=VIN
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=MEDFAQ&Category=1478&PID=11559&O=VIN
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=MEDFAQ&Category=&PID=54057&O=VIN
https://www.vin.com/members/cms/document/default.aspx?id=5315958&pid=&catid=&said=1
https://www.vin.com/Members/CE/C498/library/challenge/player.html
https://www.vin.com/Members/viewchecked/default.aspx?DocumentIds=5689390,6127993,5791644&SearchTerms=diabetes%20mellitus
https://www.vin.com/Members/CMS/document/default.aspx?id=4557688&pid=378&catid=1687&said=1
https://www.vin.com/members/boards/DiscussionViewer.aspx?SAId=1&ThreadId=379417
https://www.vin.com/Members/Associate/Associate.plx?DiseaseId=2908
https://www.vin.com/Members/Associate/Associate.plx?DiseaseId=900
https://www.vin.com/Members/Associate/Associate.plx?DiseaseId=895
https://www.vin.com/Members/Associate/Associate.plx?DiseaseId=1087
https://www.vin.com/doc/?id=9222169
https://www.vin.com/doc/?id=8386376
https://www.vin.com/doc/?id=9052428
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=wvc2010&PID=pr54546&O=VIN
https://www.vin.com/doc/?id=5255164
https://www.vin.com/doc/?id=1624116


4/7/22, 3:30 PM Diabetes Mellitus - VINcyclopedia of Diseases - VIN

https://www.vin.com/members/cms/project/defaultadv1.aspx?pid=607&id=5619521 11/12

8. Rand J: Pathogenesis of Feline Diabetes. WSAVA/FECAVA/BSAVA World Congress 2012.
9. Zoran DL: Feline Diabetes Mellitus. Western Veterinary Conference 2010.
10. Pérez-López L, Boronat M, Melian C, et al: Assessment of the association between diabetes

mellitus and chronic kidney disease in adult cats.. J Vet Intern Med 2019 Vol 33 (5) pp. 1921-
25.

11. Forcada Y, German AJ, Noble PJM, et al: Determination of serum fPLI concentrations in cats
with diabetes mellitus.. J Feline Med Surg 2008 Vol 10 (5) pp. 480-487.

12. Little : Keys to Management of Diabetes in Cats. World Small Animal Veterinary Association
World Congress Proceedings 2011.

13. O’Neill D G, Gostelow R, Orme C, et al: Epidemiology of Diabetes Mellitus among 193,435 Cats
Attending Primary-Care Veterinary Practices in England. J Vet Intern Med 2016 Vol 30 (4) pp.
964-72.

14. Restine L M, Norsworthy D G, Kass P H: Loose-control of diabetes mellitus with protamine zinc
insulin in cats: 185 cases (2005-2015).. Can Vet J 2019 Vol 60 (4) pp. 399-404.

15. Ohlund M, Egenvall A, Fall T, et al: Environmental Risk Factors for Diabetes Mellitus in Cats. J
Vet Intern Med 2017 Vol 31 (1) pp. 29-35.

16. Rucinsky R, Cook A, Haley S, et al: AAHA Diabetes Management Guidelines for Dogs and
Cats. Journal of AAHA 2010 Vol 46 (3) pp. 215-224.

17. Gostelow R, Scudder C, Hazuchova K, et al: One-Year Prospective Randomized Trial
Comparing Efficacy of Glargine and Protamine Zinc Insulin in Diabetic Cats (Abstract EN10).
ACVIM 2017.

18. Hoelmkjaer K M, Spodsberg E-M H, Bjornvad C R: Insulin detemir treatment in diabetic cats in
a practice setting.. J Feline Med Surg 2015 Vol 17 (2) pp. 144-51.

19. Burgaud S, Guillot R, Harnois-Milon G: Clinical Evaluation of a Veterinary Insulin Pen in
Diabetic Cat. WSAVA/FECAVA/BSAVA World Congress 2010.

20. Crino C, Iavazzo F, Ferri F, et al: Diabetic remission in a cat treated with an implantable pump to
deliver insulin. Can Vet J 2020 Vol 61 (1) pp. 30-34.

21. Hall TD, Mahony O, Rozanski EA, et al: Effects of diet on glucose control in cats with diabetes
mellitus treated with twice daily insulin glargine. J Feline Med Surg 2009 Vol 11 (2) pp. 1011-
1017.

22. Alt N, Kley S, Haessig M, et al: Day-to-day variability of blood glucose concentration curves
generated at home in cats with diabetes mellitus. J Am Vet Med Assoc 2007 Vol 230 (7) pp.
1011-1017.

23. Riederer A, Zini E, Salesov E, et al: Effect of the Glucagon-like Peptide-1 Analogue Exenatide
Extended Release in Cats with Newly Diagnosed Diabetes Mellitus.. J Vet Intern Med 2016 Vol
30 (1) pp. 92-100.

24. Kraemer A L, Riederer A, Fracassi F, et al: Glycemic Variability in Newly Diagnosed Diabetic
Cats Treated with the GLP-1 Analogue Exenatide Extended-release. 29th ECVIM-CA Congress
2019.

25. Scuderi M A, Petito M R, Unniappan S, et al: Safety and efficacy assessment of a GLP-1
mimetic: insulin glargine combination for treatment of feline diabetes mellitus. Domest Anim
Endocrinol 2018 Vol 65 (0) pp. 80-89.

26. Kang M-H, Kim D-H, Jeong I-S, et al: Evaluation of four portable blood glucose meters in
diabetic and non-diabetic dogs and cat. Vet Q 2016 Vol 36 (1) pp. 2-9.

27. Hauchova K, Gostelow R, Scudder C, et al: Acceptance of home blood glucose monitoring by
owners of recently diagnosed diabetic cats and impact on quality of life changes in cat and
owner. J Feline Med Surg 2018 Vol 20 (8) pp. 711-20.

28. Zini E: Continuous Monitoring of Blood Glucose. , 20th ed. ECVIM-CA Congress 2010.
29. Moretti S, Tschuor F, Osto M, et al: Evaluation of a novel real-time continuous glucose-

monitoring system for use in cats. J Vet Intern M 2010 Vol 24 (1) pp. 120-126.
30. Freeman L M: Flash Glucose Monitoring of Diabetic Dogs and Cats. ACVIM 2019.
31. Callegari C, Hafner M, Osto M, et al: Prognostic Factors in Cats with Newly Diagnosed

Diabetes Mellitus. , 21st ed. ECVIM-CA Congress 2011.
32. Marshall RD, Rand JS, Morton JM: Treatment of newly diagnosed diabetic cats with glargine

insulin improves glycaemic control and results in higher probability of remission than protamine
zine and lente insulin. J Feline Med Surg 2012 Vol 11 (8) pp. 683-691.

33. Roomp K, Rand J: Evaluation of detemir in diabetic cats managed with a protocol for intensive
blood glucose control.. J Feline Med Surg 2012 Vol 14 (8) pp. 566-573.

https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=bsava2012&PID=pr83381&O=VIN
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=wvc2010&PID=pr54528&O=VIN
https://www.vin.com/doc/?id=9195852
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=wsava2011&PID=pr69419&O=VIN
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=wsava2011&PID=pr69419&O=VIN
https://www.vin.com/doc/?id=7426414
https://www.vin.com/doc/?id=9057151
https://www.vin.com/doc/?id=7829176
https://www.vin.com/doc/?id=4533379
https://www.vin.com/doc/?id=8011953
https://www.vin.com/doc/?id=6355668
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=bsava2012&PID=pr83549&O=VIN
https://www.vin.com/doc/?id=9476606
https://www.vin.com/doc/?id=4393048
https://www.vin.com/doc/?id=1653510
https://www.vin.com/doc/?id=7163122
https://www.vin.com/doc/?id=9184887
https://www.vin.com/doc/?id=8646247
https://www.vin.com/doc/?id=7092335
https://www.vin.com/doc/?id=8221150
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=ecvim2010&PID=pr56607&O=VIN
https://www.vin.com/doc/?id=4393048
https://www.vin.com/doc/?id=9052216
https://www.vin.com/Members/Proceedings/Proceedings.plx?CID=ecvim2011&PID=pr67943&O=VIN
https://www.vin.com/doc/?id=4294488
https://www.vin.com/doc/?id=5389395


4/7/22, 3:30 PM Diabetes Mellitus - VINcyclopedia of Diseases - VIN

https://www.vin.com/members/cms/project/defaultadv1.aspx?pid=607&id=5619521 12/12

URL: https://www.vin.com/doc/?id=5619521&pid=607 
334caeec-6940-4fe5-a2b8-18da8a438b3c.1649359793

34. Nelson R W, Griffey S M, Feldman E C, et al: Transient clinical diabetes mellitus in cats: 10
cases (1989-1991. J Vet Intern Med 1999 Vol 13 (1) pp. 28-35.

35. Fall T, Johansson Kreuger S, Juberget A, et al: Gestational diabetes mellitus in 13 dogs. J Vet
Intern Med 2008 Vol 22 (6) pp. 1296-300.
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printing the occasional article, mass downloading or printing of VIN content is not permitted.
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permission of VIN.

Clinicians are reminded that you are ultimately responsible for the care of your patients. Any
content that concerns treatment of your cases should be deemed recommendations by
colleagues for you to consider in your case management decisions. Dosages should be
confirmed prior to dispensing medications unfamiliar to you. To better understand the origins
and logic behind these policies, and to discuss them with your colleagues, click here.
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