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FELINE DIABETES MELLITUS
Clinical use of long-acting
glargine and detemir

Carly Anne Bloom and Jacquie Rand

Prevalence and types of diabetes mellitus Practical relevance: Diabetes mellitus
is a common endocrine disorder in feline
practice, affecting approximately 1 in 200
cats. The majority of diabetic cats have
type 2 diabetes mellitus, which results
from a combination of peripheral insulin
resistance and a progressive reduction in
insulin production.

Clinical challenges: While usually easy to
diagnose, management of diabetes mellitus

Diabetes mellitus is one of the most common endocrinopathies in feline
medicine. In 1990, a retrospective study from 17 North American
university hospitals found the prevalence of feline diabetes to be
1 in 400 cases (0.25%); age, male gender, neuter status and increasing
body weight were predisposing factors.! A retrospective database study
found that, by 1999, the prevalence of feline diabetes in North America
had increased to 1.24 in 100 cases (1.24%); age, male gender, increasing
body weight (males only) and purebred status (females only) were

Classification of diabetes l

Diabetes mellitus is classified into four broad types in
human and veterinary medicine:’

< Type 1 diabetes - the result of immune-mediated
B-cell destruction, usually leading to an absolute insulin
deficiency.

£ Type 2 diabetes - characterized by insulin resistance
with concomitant B-cell dysfunction. The majority of feline
diabetics are type 2. By the time they are diagnosed,
most cats have absolute insulin deficiency from B-cell
dysfunction, which may be partially reversible with rapid
glycemic control. The risk of developing type 2 diabetes
increases with age, obesity and lack of physical activity.
£ Other specific types of diabetes - other forms of
diabetes in cats, which do not fit type 2 diabetes,
including exocrine pancreatic disease, endocrinopathies
that antagonize insulin action and drug-induced diabetes.
£ Gestational diabetes - not a significant cause of
diabetes in cats because most owned cats are neutered.
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predisposing factors.
A 2003 study in
feline-only primary
accession practices
and a 2007 study
from the United
Kingdom both found
a prevalence of feline
diabetes of 1 in
approximately 200
cases (0.5%).>* In
2007, the prevalence
of feline diabetes in
two feline-only prac-
tices in Australia was
7.4 in 1000 cases
(0.74%), with a
higher prevalence
in Burmese cats
(2.24%).

In the USA, Maine
Coon, Russian Blue
and Siamese breeds
are overrepresented.®

®SAGE

presents a number of challenges for practitioners
and clients alike. Practitioners must decide on diet,
insulin type and dose, monitoring method and
intensity, and concomitant therapy, which will

vary based on individual patient and client needs,
and geographic location. Practitioners may also
encounter patients with diabetic ketoacidosis or
other diabetic complications, and patients with
multiple concurrent diseases. Clients may be
challenged by the substantial time and financial
commitment involved in owning a diabetic cat.
Audience: Understanding the pathophysiology,
optimal treatment protocols and current goals of
diabetes management will benefit practitioners
managing diabetic cats. This article reviews the
most current management plans for feline diabetics.
It places particular emphasis on best practice for
achieving diabetic remission, which is an attainable
goal in the majority of newly diagnosed diabetic
cats.

Evidence base: The information in this article

is drawn from the recent human and veterinary
literature, including prospective and retrospective
studies. The body of prospective clinical data on
the use of newer, long-acting insulins (glargine and
especially detemir) in cats is limited, but growing.
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Pathogenesis of feline diabetes
mellitus

The majority of diabetic cats in Western coun-
tries have type 2 diabetes mellitus, with
insulin resistance plus B-cell dysfunction lead-
ing to a relative and, eventually, an absolute
deficiency in insulin production.®

Insulin resistance

Insulin resistance is a condition in which nor-
mal amounts of insulin produce a subnormal
glucose-lowering response. There are several
causes of insulin resistance in cats, as outlined
below.

Obesity

= Obese cats are nearly four times more
likely to develop type 2 diabetes mellitus
than ideal weight cats (Figure 1).°

% Inideal weight cats allowed to become
obese there is a >50% reduction in insulin
sensitivity.!?

= Obesity appears to be the most important
acquired factor in the development of
insulin resistance.!

% Short-term moderate weight gain
produces similar adverse effects on mean
postprandial blood glucose and insulin
concentrations as feeding a diet with
50% of energy from carbohydrate.!?

= Insulin resistance induced by obesity
appears to be reversible with weight loss.!®

Genetic predisposition

% Burmese cats have a higher risk of diabetes
mellitus than non-pedigree cats in
Australia, New Zealand and the United
Kingdom, and this might be associated
with a genetic predisposition towards
reduced insulin sensitivity (Figure 2).4514-16

% Data from recent studies suggest that
Burmese cats have a genetic predisposition
towards dysregulated lipid metabolism."-*

<= Maine Coon, Russian Blue and Siamese
cats, as well as domestic shorthair and
longhair cats, have a higher prevalence
of diabetes mellitus than the general feline
population in the USA 8

Physical inactivity

== Indoor cats and inactive cats are at increased
risk of developing diabetes mellitus,
independent of obesity (Figure 3).*°

Male gender

% Several studies have shown that male
or male neutered cats are more likely to
develop diabetes mellitus than female
cats 24617

== Male gender is a risk factor in Burmese cats
in the UK, and likely also in Australia.>!
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Figure 1 Obesity and older age
(>8 years of age) are the most
important risk factors for
diabetes

Obesity,
male gender,
glucocorticoid
steroids and
likely genetics
predispose cats
to diabetes.

Figure 2 Burmese
cats are predisposed
to diabetes, and the
highest risk is in
overweight senior
Burmese cats

Figure 3 Indoor, inactive cats
have an increased risk of
diabetes

Increasing age

% In several studies, older age has
been shown to be a risk factor for
the development of diabetes mellitus
in male and female cats.1>14

Medications

% Glucocorticoid steroids, and possibly
megestrol acetate, predispose cats to the
development of diabetes mellitus.*®



Prior to onset of diabetes, a variety of factors
reduce B-cell function, limiting capacity to maintain
euglycemia when concurrent

insulin resistance is present.

Beta-cell dysfunction

It is the combination of insulin resistance plus
B-cell dysfunction that gives rise to type 2
diabetes mellitus in cats. Initial B-cell dysfunc-
tion is caused by a variety of factors leading to
reduced insulin secretion and hyperglycemia.
The resultant hyperglycemia is then toxic to
the pancreatic B-cells, reducing insulin secre-
tion further.

Initial hyperglycemia

In both healthy cats and cats predisposed to
diabetes, the pancreas initially compensates
for insulin resistance by increasing insulin
output via hyperplasia and hypertrophy of
B-cells.’ However, cats that are predisposed
to diabetes eventually develop B-cell dysfunc-
tion, and thus fail to compensate for insulin
resistance with greater insulin secretion.
Failure to produce increased insulin in the
face of insulin resistance leads to chronic,
persistent hyperglycemia.

Why do B-cells fail in animals predisposed
to diabetes mellitus? The theory of ‘B-cell
exhaustion’ is likely oversimplified and
incompletely explains the pathogenesis of
feline diabetes, especially in the initial stages
of B-cell dysfunction.’ Damage by reactive
oxygen species in early and ongoing disease,
pancreatic amyloid or toxic oligomer accumu-
lation, and autoimmune destruction are all
hypothesised to contribute to the early stages
of B-cell failure, with a later contribution from
glucose toxicity once blood glucose increas-
es.?? Pancreatitis is common in cats and may
contribute to loss of B-cells. This is not severe
enough to cause diabetes in most cats, but in a
small minority pancreatitis appears to be asso-
ciated with diabetes.?!

Glucose toxicity

Once marked B-cell dysfunction occurs,
chronic and persistent hyperglycemia ensues.
This hyperglycemia is, in turn, toxic to the
already dysfunctional B-cells, causing further
dysfunction and apoptosis.?? In humans, this
is a result of hyperglycemia-induced disrup-
tion of the endoplasmic reticulum, leading to
abnormal protein folding and B-cell apop -
tosis.? Resolution of glucose toxicity is the
likely explanation for why tight glycemic con-
trol increases the probability of remission in
diabetic cats.?

Once
persistent
hyperglycemia
occurs,
subsequent
glucose toxicity
compounds
the underlying
B-cell
dysfunction,
and can be a
therapeutic
target.
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Diagnosis of feline diabetes
mellitus

Recent data indicate that the upper cut-point
for normal blood glucose concentration in cats
is 6.5 mmol/1 (117 mg/dl), when measured
after overnight hospitalization and withhold-
ing of food for 18-24 h.** Persistent values
above this should be considered pre-diabetic
or diabetic.*

There is, however, currently no accepted
lower cut-point for diabetes in cats, and
values >10-16 mmol/l (180-288 mg/dl) are
reported as diagnostic for diabetes in this
species.®? In a recent study of diabetic cats in
remission, 10 mmol/1 (180 mg/dl) was used as
the lower cut-point for diabetes, and cats with
blood glucose =7.5 mmol/l (135 mg/dl) and
<10 mmol/1 (180 mg/dl) were found to be at
significantly greater risk of diabetic relapse,
consistent with a classification of pre-diabetes
(S A Gottlieb, ] S Rand and R D Marshall,
unpublished data, 2013). Blood glucose con-
centrations below the renal threshold (approxi-
mately 14-16 mmol/1 [250-290 mg/dl]) but
above the cut-point for diabetes are unlikely to
result in clinical signs, and should be classed as
subclinical diabetes.””?® Cats with persistent
blood glucose concentrations >6.5 mmol/]
(117 mg/dl) require management with a low
carbohydrate diet, weight loss, and potentially
insulin sensitizers such as darglitazone to
prevent deterioration to clinical diabetes.??

Stress hyperglycemia is an important con-
founding factor for diagnosis of diabetes
and pre-diabetes in some cats. Stress hyper-
glycemia is usually (but not always) lower
than hyperglycemia associated with clinical
diabetes (that is, the renal threshold of 14-16
mmol/l [250-290 mg/dl]). Stress-induced
hyperglycemia and glucosuria is not persist-
ent over time, and is not accompanied by clin-
ical signs of diabetes. However, concomitant
medical conditions such as chronic kidney
disease or hyperthyroidism may cause similar
signs, confusing diagnosis. Ruling out stress
hyperglycemia can be accomplished by meas-
urement of blood and/or urine glucose at
home, by hospitalization for up to 24 h or until
the stress hyperglycemia resolves (for many
cats, a repeat glucose measurement approxi-
mately 4 h later is normal), or by measure-
ment of plasma fructosamine.

Diagnosis of clinical diabetes mellitus is
made when appropriate signs are accompa-
nied by persistent hyperglycemia and glucos-
uria. Clinical signs most often include
polyuria, polydipsia and weight loss; cats
may present with polyphagia, or with inappe-
tence and anorexia, particularly if they are
ketoacidotic.* In a retrospective study on clin-
icopathologic abnormalities in 104 diabetic

JFMS CLINICAL PRACTICE



REVIEW / Use of long-acting glargine and detemir

Changing goals in the treatment

If euglycemia is rapidly and intensively pursued of feline diabetes mellitus

via diet and insulin therapy, diabetic remission

may be achieved.

cats, the median pre-treatment blood glucose
was 26.6 mmol/1 (478 mg/dl) (reference inter-
val 3.9-8.3 mmol/l; 70-150 mg/dl), with a
study range of 13-58.7 mmol/l (234-1056
mg/dl).3° In contrast to stress hyperglycemia,
diabetic hyperglycemia is persistent; once
hyperglycemia exceeds the renal threshold,
glucosuria also will be persistent, and accom-
panied by typical clinical signs of diabetes.

Elevations in plasma fructosamine (>400
pmol/1), glycated hemoglobin (HbAlc)
(reference interval depends on assay used) or
plasma betahydroxybutyrate (>1 mmol/1 [10
mg/dl]), or the presence of ketonemia or
ketonuria can help to confirm diabetes melli-
tus in a cat with clinical signs of diabetes.
Plasma fructosamine, or protein-bound blood
glucose, is roughly proportional to the aver-
age blood glucose over the preceding 7-14
days. It is commonly used to document per-
sistent hyperglycemia, and to roughly esti-
mate the magnitude of that hyperglycemia.
It does not provide information on hourly or
daily blood glucose fluctuations.3! Normal
fructosamine does not rule out diabetes if
blood glucose is persistently <20 mmol/1 (360
mg/dl).

The goals for treatment of clinical diabetes
mellitus have changed in recent years.
Traditionally, the goal was to obtain reasonable
glycemic control to improve clinical signs of
polyuria, polydipsia and weight loss. This was
usually pursued using insulin therapy, possi-
bly dietary therapy, and variable blood glucose
monitoring, most often with intermittent in-
clinic blood glucose curves every 1-2 weeks.

Recently, it has been shown that diabetic
remission — that is, euglycemia without insulin
therapy or oral hypoglycemic drugs for at least
2 weeks — is achievable for 20% to 80-90% or
more of feline diabetics, depending on manage-
ment and time after diagnosis.®3?¢ Remission
is most likely when euglycemia is achieved
soon after the diagnosis of diabetes is made; in
part, because this breaks the cycle of hyper-
glycemia-induced B-cell dysfunction leading to
insulin deficiency and eventual B-cell loss.®

Diabetic remission improves quality of life
by improving cats’ health, and reducing
owners’ time and financial commitments.
Therefore, remission is currently the practi-
tioner’s primary goal in the management of
feline diabetes.

Remission is best achieved with:

== Newer, long-acting insulins, such as glargine or detemir
== Low carbohydrate diets

== Rapid initiation of therapy

% Intensive blood glucose monitoring involving frequent measurements
at home and/or in the hospital

== Appropriate adjustments of insulin dose aimed at achieving normal or
near-normal blood glucose concentration

Predictors of diabetic remission l

Positive predictors of remission
== Achievement of excellent glycemic control within 6 months of diagnosis.>* Mean blood
glucose <16 mmol/I (288 mg/dl) after 17 days of treatment®

Nowadays,
the feline

o

Intensive home-monitoring of blood glucose®

Discontinuation of medications that antagonize insulin, such as glucocorticoid steroids®®
Use of insulin glargine or detemir instead of protamine zinc insulin (PZIl) and porcine lente

in newly diagnosed diabetic cats on a low carbohydrate diet

Lower maximal insulin dose®

Canned low carbohydrate, moderate fat diet when compared with a moderate carbohydrate,

low fat, high fiber diet in diabetic cats receiving insulin®’

practitioner’s
primary goal

Factors that have not been shown to affect remission

in diabetes < Obesity®
management

== Diabetic ketoacidotic state3
£ Burmese versus non-Burmese breed®?

is remission. == Concurrent disease including chronic kidney disease and hyperthyroidism3s
<+ Frequency of asymptomatic hypoglycemia®s
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Insulin therapies

Brief overview of insulin types
Human and veterinary insulins are catego-
rized both by onset and duration of action
when given parenterally, and by protein
source. Based on onset and duration of action,
insulins are short-acting, intermediate-acting
and long-acting. Short-acting insulins are gen-
erally used in-hospital for intensive glycemic
control, while intermediate- and long-acting
insulins are used in-hospital and at home for
long-term daily management of diabetes. By
protein source, insulins are human, biosyn-
thetic ‘human’ analogue (synthetic insulin
that is altered from the natural form but
retains biological function in humans), bovine
or porcine. Bovine insulin is most similar to
endogenous feline insulin based on amino-
acid sequence.*®

Traditionally, diabetic cats have been treated
with a variety of veterinary or human
insulins.* Veterinary insulins include porcine
lente (Vetsulin, Caninsulin; Schering-Plough-
Intervet Animal Health/MSD Animal Health),
bovine-porcine protamine zinc insulin (PZI-
VET; Idexx Laboratories, but no longer avail-
able; various compounding pharmacies) and,
more recently, protamine zinc human recombi-
nant insulin (ProZinc; Boehringer Ingelheim
Vetmedica).?* Human insulins or insulin ana-
logues reported being used in cats include
human origin lente (no longer available),
neutral protamine Hagedorn (isophane, NPH,
various manufacturers) and, more recently,
glargine (Lantus; Sanofi-Aventis) and detemir
(Levemir; Novo Nordisk).838

In the UK and some other countries, veteri-
narians are legally required to use insulin
registered for veterinary use as their first-line
therapy.

Diabetic cats
treated with
twice-daily

insulin glargine
have better
glycemic
control and
a higher
probability of
remission than
cats treated
with twice-daily

PZI or porcine

lente insulin.

Glargine NDC 0088-2220-33
Glargine (Lantus; Sanofi- 5

Aventis) is a human Lantus
ane?logue insulin Wlth qulﬁ— insulin glargine
cations that provide variable (rDNA origin)
solubility at different pHs injection

(Figure 4). Glargine is soluble
at a pH of 4.0, at which it is
supplied and stored, but in
the neutral pH of the body’s
blood or subcutaneous
tissues it forms microprecipi-

(U-100)

DO NOT MIX WITH
I OTHER INSULINS

tates, facilitating slow absorp- FOR SUBCUTANEOUS
. . . . . 4JECT |
tion after injection. This i
results in rapid onset and STRBGEDNY
One 10ml Vil

long duration of action.
Several studies have

I 1 OOLmlw’mL
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Lantus
insulin glargine
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reported outcomes using
insulin glargine in healthy

and diabetic cats. rates in cats

Figure 4 Glargine (Lantus) is a long-acting
analogue insulin associated with high remission
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Pharmacokinetic and pharmacodynamic
studies

Glargine is sometimes described as a ‘peak-
less” insulin. However, ‘peakless’ does not
mean an absence of a nadir; instead, it is a
term that refers to glargine’s glucose utiliza-
tion rate (the amount of intravenous glucose
required to maintain a constant blood glucose
concentration after subcutaneous insulin
administration).*’ Therefore, it is more appro-
priate to consider duration of action and nadir
when discussing the pharmacodynamics of
insulin glargine in cats.

In healthy cats administered one injection of
glargine (0.5 U/kg) subcutaneously, mean time
to onset of action was 1.3 £ 0.5 h, time to peak
action was 5.3 + 3.8 h, and time to end of action
was 11.3 + 45 h* However, variability
between cats was high, and day-to-day vari-
ability in individual cats has not been studied.

In healthy cats given glargine at either 0.5
U/kg subcutaneously once or 0.25 U/kg sub-
cutaneously twice in 24 h, glargine had a long
duration of action of 24 h or more in many
cats. However, only the higher 0.5 U/kg dose
reliably suppressed blood glucose below base-
line in all cats at 12 h, suggesting that twice-
daily dosing of glargine may provide better
glycemic control than once-daily dosing.*

Clinical studies

In the first published study using glargine in
newly diagnosed and previously treated dia-
betic cats (n = 13) on a low carbohydrate, high
protein diet (Purina DM; Nestlé Purina),
once-daily administration at a starting dose of
0.5 U/kg was similarly effective to twice-daily
porcine lente (Vetsulin) at 0.5 U/kg.*?
Remission rate for the glargine-treated cats was
low, at 17%, likely due to once-daily adminis-
tration of glargine, and inclusion of diabetic
cats with poor control. Poorly controlled dia-
betics are more likely to have progressed
through the stages of B-cell dysfunction
towards irreversible glucose toxicity, making
remission impossible, and/or have other
specific types of diabetes and not type 2.

In two additional small studies involving
newly diagnosed and previously treated cats
with poor control (n = 5,2 n = 12%), cats treated
twice daily with glargine at a starting dose of
0.5 U/kg achieved low (17%)* to moderate
(40%)* remission rates. In the study with the
lower remission rate, only half the cats were fed
a low carbohydrate diet.*?

In a hallmark study involving newly diag-
nosed diabetic cats (n = 24), significantly
higher remission rates were achieved in cats
treated twice daily with glargine (100%) than
with PZI (38%) or porcine lente (25%). All cats
were fed a high protein, low carbohydrate diet
(Purina DM) and, in contrast to previous stud-
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ies, had frequent blood glucose curves meas-
ured and insulin dose adjustments.®® Use of
twice-daily insulin, inclusion of only newly
diagnosed diabetics, diet, and tight monitoring
and glycemic control likely contributed to high
glargine remission rates in this study. While all
insulin types caused occasional subclinical
hypoglycemia (blood glucose <3 mmol/l; 54
mg/dl), no glargine-treated cats developed
clinical hypoglycemia, compared with one cat
each on lente and PZI. It is potentially safer to
aim for tight glycemic control with glargine
than PZI or lente insulin. In humans, glargine
is associated with fewer episodes of clinical
hypoglycemia than NPH. 44>

In a second hallmark study, high remission
rates were achieved in diabetic cats (n = 55)
previously treated predominantly with
porcine lente insulin twice daily and a low
carbohydrate diet. Cats not in remission were
changed to a protocol of twice-daily glargine
and intensive home blood glucose monitoring,
with frequent dose adjustment by the owners
using a dosing protocol aimed at achieving
euglycemia.?® Overall remission rate was 64%,
with a significantly higher remission rate for
cats started on the protocol within 6 months
of diagnosis (84%) compared with later than
6 months after diagnosis (35%). Positive pre-
dictors of remission included implementation
within 6 months of diagnosis of a protocol
aimed at achieving euglycemia (including
intensive home monitoring of blood glucose
and use of an insulin dosing protocol), a lower
maximal insulin dose, and treatment with
corticosteroids within 6 months prior to diag-
nosis of diabetes. Despite subclinical hypo-
glycemia being detected frequently, clinical
hypoglycemia was rare (1 in 55 cats) and mild.

Collectively, these studies suggest that the
probability of remission is increased with:
twice-daily compared with once-daily glargine
administration; twice-daily glargine compared
with twice-daily PZI and porcine lente; use in
newly diagnosed diabetic cats compared with
previously diagnosed and poorly controlled
cats; early implementation of treatment; and
frequent blood glucose monitoring with use
of an insulin dosing protocol aimed at
achieving euglycemia.3%4042

Detemir

Detemir (Levemir; Novo Nordisk) is a
human analogue insulin engineered
with modifications that allow it to
bind albumin with high affinity in
the subcutaneous and intravascular
spaces, prolonging the insulin’s
absorption (Figure 5).3%4¢ This pro-
longed absorption gives detemir a
long and steady duration of action and
less variability in biological activity.®

JFMS CLINICAL PRACTICE

In cats, current
recommendations
are to use
and monitor
detemir similarly
to glargine.
This does not
apply to dogs,
which are much
more sensitive
to detemir.

Figure 5 Detemir (Levemir)
is a long-acting analogue
insulin associated with high
remission rates in cats

A small number of studies have investigat-
ed insulin detemir in both healthy and diabet-
ic cats. 14

Pharmacokinetic and pharmacodynamic
studies

In healthy cats given detemir at 0.5 U/kg sub-
cutaneously, mean time to onset of action was
1.8 £ 0.8 h, time to peak action was 6.9+ 3.1 h
and time to end of action was 13.5 + 3.5 h.#
The pharmacokinetic properties of detemir
were generally very similar to glargine.
Detemir lasted about 7 h longer than glargine
in 3/10 healthy cats in this study, suggesting
that there could be clinically relevant differ-
ences in duration of action in some cats. If this
finding is repeatable in studies on diabetic
cats, detemir may be a good insulin choice for
cats with inadequate duration of action of
glargine.

Clinical studies

To the authors” knowledge, there has been
only one clinical study on the use of insulin
detemir in diabetic cats.”” Using the same pro-
tocol as the glargine study, similar remission
rates to glargine were achieved in previously
treated diabetic cats (n = 18) fed a low carbo-
hydrate diet.*® Cats not in remission were
changed to a protocol of twice-daily detemir
and intensive home blood glucose monitoring
with frequent dose adjustments aimed at
achieving euglycemia.

Cats had an overall remission rate of 67%,
with a trend towards a higher remission rate
for those that entered the protocol within
6 months of diagnosis (81%) versus later than
6 months after diagnosis (42%).4 Cats on
detemir required a lower maximal insulin
dose than those on glargine. Overall, however,
the starting dose, outcomes and pharmaco-
dynamics of detemir were very similar to
those of glargine.

Given the paucity of clinical data on the use of
detemir in diabetic cats, and the similarities in
pharmacokinetic and pharmacodynamic data
between glargine and detemir in healthy cats,
current recommendations are to utilize and
monitor detemir in cats as you would glargine.

Insulin degludec

Degludec (Novo Nordisk) is an ultra-long-
acting basal insulin with a longer duration of
action than glargine or detemir in humans.*
At the time of publication, degludec is
approved for use in human diabetics in Japan,
the European Union and Mexico (Novo
Nordisk company announcement, 10
February 2013). It is also being trialled com-
bined with a fixed dose of liraglutide, a GLP-1
receptor agonist. Currently there are no pub-
lished data on the use of degludec in cats.



How to use glargine and detemir
in diabetic cats

To begin a diabetic cat on glargine

or detemir:

% Start with a dose of 0.5 U/kg of ideal body
weight q12h if the blood glucose is >20
mmol/1 (360 mg/dl), and 0.25 U/kg
q12h if the blood glucose is lower. Do
not start with a total dose higher than
3 U/ cat, regardless of body weight.

Blood glucose monitoring
For more information on home

All doses should be based on ideal e
body wei ght in kilograms. - www.petwglfare.org.au/
< Monitor the blood glucose q3—4 h for pet-health/information-for-

veterinarians/management-
of-diabetic-cats/

< www-pweb1.alphatrakmeter.
com/static/cms_workspace/
htmls/demo.html

the first 3 days of insulin therapy,
to assess for hypoglycemia.

Figure 6 (a) Use of a lancet (AlphaTRAK; Abbott) to obtain
blood from the pinna of a cat. (b) Drop of blood on the ear
margin. (c) Measuring blood glucose using a meter calibrated
for feline blood (AlphaTRAK; Abbott). Such meters, which
require only a small volume of blood (eg, 0.3 pl), facilitate
successful home blood glucose monitoring in cats.

Courtesy of M Reeve-Johnson
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Monitoring before each insulin injection,
especially the evening injection, is
important, because for many cats blood
glucose is lower at night than in the
morning. Additional samples can then be
spaced q2—4h, if monitoring in-hospital.

If home monitoring, samples should be
taken before each insulin injection, with
additional samples when the owner
comes home from work and before they
go to bed (Figures 6-8).
= If no blood glucose monitoring is being

performed in the first 3 days after
starting insulin, begin with 1 U/ cat
and increase based on blood glucose
curves and dose adjustment protocols.

Blood glucose monitoring can be
performed in-hospital or at home.

Figure 7 (a,b) Use of a
lancet to obtain a blood
sample from the edge

of a foot pad. Courtesy of
M Reeve-Johnson

Figure 8 A drop

of blood being
obtained from

the pisiform pad
following use of a
lancing device
designed for home
monitoring.
Reproduced with
permission from S.
Ford. In: Rand JS (ed).
Clinical Endocrinology
of Companion
Animals. Wiley-
Blackwell, 2013;

16: 169-190
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In the first week of therapy:

% Do not increase the insulin dose in the
first week of therapy unless there is little
response to insulin after 2-3 days and
blood glucose is being monitored daily,
as discussed above.

% Decrease the insulin dose if the
pre-insulin blood glucose is <10 mmol /1
(180 mg/dl), nadir blood glucose is
<6 mmol/1 (108 mg/dl), or clinical signs
of hypoglycemia occur.

% The nadir, or lowest blood glucose
measurement, can be found or
approximated by checking a pre-insulin
blood glucose, and then checking blood
glucose q3—4 h until the next insulin
injection.

Thereafter:

% Perform weekly at-home or in-hospital
blood glucose curves, with blood glucose
measurement q3—4 h for 12 h or longer.
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Figure 9 Day 1, day 3 and day 10 blood glucose concentrations
measured over 12 h in eight newly diagnosed diabetic cats treated with
glargine at 0.5 U/kg twice daily if blood glucose >20 mmol/I (360 mg/dl).
Note the range of differing responses

Adjust insulin dose weekly as indicated
by dose adjustment protocols (Figures 9
and 10).

% Alternatively, once the approximate
timing of the nadir is known, owners may
measure blood glucose two or three times
each day at home. Measurements should
be taken pre-insulin in the morning,
around the time of the nadir, and pre-
insulin in the evening. Insulin can then be
adjusted every week, as indicated by dose
adjustment protocols

% Continue for approximately 4-6 months,
with weekly assessment of glycemic
control and dose adjustment, if indicated.
The majority of cats will be regulated
or in remission by that time.

% Insulin dose adjustment is based on:

— Daily or weekly serial blood glucose
measurements;

—Food and water intake;

— Clinical signs of hypoglycemia.
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Figure 10 Mean blood glucose concentrations measured over 12 h in

six newly diagnosed diabetic cats on days 1-3 and 10 after initiation of
treatment with glargine at an initial dose of 0.5 U/kg twice daily (blood
glucose >20 mmol/l; 360 mg/dl). Note how rapidly mean blood glucose
decreases over time

Figures 9 and 10 reproduced, with permission, from Marshall RD and Rand JS. In: Rand JS (ed). Clinical Endocrinology of Companion Animals. Wiley-Blackwell, 2013; 16:

169-190
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When managing diabetic cats, aim for normal or near-normal blood glucose with a nadir
(lowest blood glucose) in the normal range; ie, 3.5-6.5 mmol/l (65-117 mg/dl) at home
or 4-9 mmol/l (72-160 mg/dl) on the day of admission to the clinic.

Online resources
Additional monitoring and
adjustment guidelines can be
found at:

< www.petwelfare.org.au/

of admission to the veterinary clinic.
Note that, on average, blood glucose is
2-3 mmol/l (36-54 mg/dl) higher in
healthy cats on admission to the clinic
compared with cats hospitalized over
night. In some cats, stress can result in
blood glucose measurements >16 mmol/1
(288 mg/dl).

Table 1 presents a guide for beginning
glargine or detemir therapy in diabetic
cats. We recommend using a small-
sample volume (0.3 pl) feline-calibrated
glucometer (eg, AlphaTRAK glucometer;
Abbott) and aiming for a blood glucose
nadir in the normal range; that is,
3.5-6.5 mmol/1 (65-117 mg/dl) at home
or 4-9 mmol/1(72-160 mg/dl) on the day

pet-health/information-for-
veterinarians/management-of-
diabetic-cats/

< www.uq.edu.au/vetschool/
research-centres

Table 1

Parameters for changing insulin dosage when using

glargine or detemir in diabetic cats and monitoring
once a week in the initial stabilization phase?*®

Parameter used for dosage adjustment

Change in dose

== Begin with 0.5 U/kg ideal body weight
q12h if blood glucose >20 mmol/I

(360 mg/dl) or 0.25 U/kg g12h if blood
glucose is lower. Do not exceed a total dose

of 3U/cat/injection regardless of body weight

== Do not increase in first week unless
minimal response to insulin occurs, but
decrease if necessary

== If no blood glucose monitoring is
occurring in first week, begin with 1 U/cat
qi2h

== If pre-insulin blood glucose
concentration is >12 mmol/I (216 mg/dl)
provided nadir is not in hypoglycemic range

or

== If nadir blood glucose concentration
is >10 mmol/I (180 mg/dI)

== If pre-insulin blood glucose
concentration is 10-12 mmol/I (180-216
mg/dl) provided nadir is not in hypoglycemic
range

and/or

== Nadir blood glucose concentration

is in normal range, that is, 3.5-6.5 mmol/I
(65-117 mg/dl) at home, or 4-9 mmol/I
(72-160 mg/dl) on day of admission to clinic

== If nadir glucose concentration is
3.5-4 mmol/l (65-72 mg/dl)

== If pre-insulin blood glucose
concentration is <10 mmol/I (180 mg/dl)

and/or

== If nadir blood glucose concentration
is <8.5 mmol/I (65 mg/dl)

If clinical signs of hypoglycemia are
observed

Increase by 0.25-1U depending on
magnitude of dose (greater or less than
3 U/cat) and how close blood glucose is
to these glucose cut-points

Maintain same dose

Use water drunk, urine glucose and
next pre-insulin glucose concentration
to determine if insulin dose is decreased
or maintained

Reduce by 0.25-1U depending on
magnitude of dose (greater or less than
3 U/cat) and how close blood glucose is
to 10 mmol/I (180 mg/dl)

or

If pre-insulin blood glucose
concentration is <10 mmol/I (180 mg/dl)
and total dose is 0.5 U g24h, stop
insulin and check for diabetic remission

Reduce dose by 50%

Managing diabetic remission

Cats entering diabetic remission will have
normal water intake (provided other causes of
polydipsia such as chronic kidney disease are
absent), may show signs of hypoglycemia,
and will have decreasing pre-insulin or nadir
blood glucose despite unchanged insulin
therapy.

% If pre-insulin blood glucose is <10 mmol/1
(180 mg/dl) or the nadir is below the normal
blood glucose range, decrease the dose by
0.25-1 U per injection. Decrease the insulin
dose by less (0.25-0.5 U per injection) if on a
low insulin dose (<3 U per injection) or if the
blood glucose is close to these glucose cut-
points.

% Recheck blood glucose weekly and slowly
decrease the insulin dose every 1-2 weeks if
the indicators for a dose reduction are met,
until the cat is on 0.5 U twice daily, and then
decrease to 0.5 U once daily.

% If the clinical and laboratory evidence still
support remission after 2 weeks on 0.5 U once
daily, withhold insulin while monitoring the
patient’s blood glucose for the day. If the patient
remains euglycemic without insulin therapy,
diabetic remission is likely, but it is essential that
this is confirmed by at least weekly blood
glucose measurements

(more is better) for a
minimum of

2 weeks.

%= Remission is
achievable in

Follow-up article
A case-based article will appear
in a forthcoming issue of the Journal
of Feline Medicine and Surgery. 1t will

80—90% or describe a variety of clinical scenarios,

more of feline focusing on the use of history and clinical
. . signs, blood glucose curves and other

diabetics laboratory findings to adjust insulin dose in

following challenging feline diabetic cases.

rapid and

intensive blood
glucose control
using glargine or
detemir.
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KEY

Diabetes mellitus is a common endocrine disorder in cats, affecting approximately

1 in every 200 cats.

The majority of cats have type 2 diabetes mellitus, involving insulin resistance plus
a relative or absolute deficiency in insulin production by the pancreas.

Goals for the treatment of type 2 diabetes mellitus have changed in recent years:

- Previous goals were to achieve reasonable control of blood glucose and clinical signs
of polyuria, polydipsia, polyphagia and weight loss;

- Current goals are to achieve rapid, intensive glycemic control, facilitating diabetic

remission.

Newer, long-acting insulins, such as glargine and detemir, lead to rapid achievement
of glycemic control in diabetic cats, increasing the probability of remission.

Glargine or detemir treatment, along with a low carbohydrate diet and intensive
blood glucose monitoring, are currently the optimal management strategies
for feline diabetes mellitus.
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