Journal of Feline Medicine and Surgery (2015) 17, 235-250

J/SPECIAL ARTICLE

ISFM Consensus Guidelines
on the Practical Management
of Diabetes Mellitus in Cats

‘ Practical relevance: Diabetes mellitus (DM) is a common endocrinopathy in cats that

: appears to be increasing in prevalence. The prognosis for affected cats can be good when
the disease is well managed, but clinical management presents challenges, both for the
veterinary team and for the owner. These ISFM Guidelines have been developed by an
independent, international expert panel of clinicians and academics to provide practical advice
on the management of routine (uncomplicated) diabetic cats.

Clinical challenges: Although the diagnosis of diabetes is usually straightforward, optimal management
can be challenging. Clinical goals should be to limit or eliminate clinical signs of the disease using a
treatment regimen suitable for the owner, and to avoid insulin-induced hypoglycaemia or other
complications. Optimising bodyweight, feeding an appropriate diet and using a longer acting insulin
preparation (eg, protamine zinc insulin, insulin glargine or insulin detemir) are all factors that are likely to
result in improved glycaemic control in the majority of cats. There is also some evidence that improved
glycaemic control and reversal of glucose toxicity may promote the chances of diabetic remission. Owner
considerations and owner involvement are an important aspect of management. Provided adequate support
is given, and owners are able to take an active role in monitoring blood glucose concentrations in the home
environment, glycaemic control may be improved. Monitoring of other parameters is also vitally important
in assessing the response to insulin. Insulin adjustments should always be made cautiously and not too

frequently — unless hypoglycaemia is encountered.

Evidence base: The Panel has produced these Guidelines after careful review of the existing literature
and of the quality of the published studies. They represent a consensus view on practical management of
cats with DM based on available clinical data and experience. However, in many areas, substantial data are
lacking and there is a need for better studies in the future to help inform and refine recommendations for

the clinical management of this common disease.

Introduction

Diabetes mellitus (DM) is a common disease
in cats, with some estimates suggesting a
prevalence in first opinion practice of around
1:100-1:500.1= There is also evidence that the
prevalence of feline DM has been increasing,
possibly at least partly due to the rise in
prevalence of obesity.*

Managing DM in cats represents a challenge
for both owners and the veterinary healthcare
team, and considerable support is needed for
owners as they continue to care for cats in
the home environment. Studies have shown
median survival times in cats with DM of

between 13 and 29 months, with longer sur-
vival times in better stabilised cats, and with
many cats dying of diseases other than DM.>”
The prognosis for cats with DM is thus good
when the disease is well managed.

These Guidelines have been developed by
an independent, international expert panel of
clinicians and academics with the aim of
producing practical advice for dealing with
the routine diabetic cat, based on currently
available best evidence. The Guidelines are
not intended to be a comprehensive resource
on all aspects of management of DM, and
references to other resources are provided
where relevant.
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Epidemiology, pathogenesis
and diagnosis

The majority of cats with DM appear to have
a disease bearing similarities to human type 2
DM, resulting from p-cell dysfunction and
insulin resistance; type 1 DM (immune-medi-
ated) is rare in cats.!? In cats with DM, the
[-cell dysfunction usually results in insulin
deficiency and is likely to be caused by a
number of factors including islet amyloid
deposition, glucose toxicity and possibly
damage from reactive oxygen species and/or
inflammatory cytokines.!®> Many factors may
contribute to insulin resistance — obesity is
a common cause, but others include con-
comitant endocrinopathies (eg, acromegaly,
hyperadrenocorticism), drug-induced dia-
betes (eg, corticosteroids, progestagens) and
pancreatitis. Importantly, if insulin resistance
can be reduced and p-cell function improved,
in some cats diabetic remission may be
achieved; in other words, exogenous insulin
therapy may no longer be needed, although
the remission may only be temporary in some
cases.!t

Clinical signs and risk factors

Classic clinical signs of DM include polyuria
and polydipsia (PU/PD), lethargy, weight loss
and polyphagia. Less commonly, weakness,
plantigrade stance, depression and anorexia
may be seen (the last especially with keto-
acidosis).

Numerous studies have identified risk
factors for the development of feline DM,
although the presence of unidentified con-
comitant disease (eg, acromegaly) may have
influenced the results obtained. Major report-
ed risk factors include:

% Obesity This reduces insulin sensitivity
and obese cats are up to four times more
likely to develop DM than optimal-weight
cats. 2481519

%= Increasing age Cats over 7 years old are
at greatest risk.>%18

% Breed Burmese cats have been reported to
have a higher risk in studies from Australia,
New Zealand and Europe.>202!

== Physical inactivity Indoor and inactive
cats are at increased risk.>%2022

%= Gender Male cats and neutered cats are
at higher risk.>#182021.23

% Drug treatment Glucocorticoids and
progestagens may cause insulin resistance
and predispose cats to DM.2%25

The majority
of diabetic cats
appear to
have a disease
bearing
similarities to
human type 2
diabetes,
resulting from
p-cell
dysfunction
and insulin
resistance.

Stress hyperglycaemia (and glucosuria)

must be excluded prior to initiating therapy.
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Diagnosis

Diabetes is usually diagnosed by document-
ing persistent hyperglycaemia and glucosuria,
with consistent clinical signs. Stress hyper-
glycaemia (and glucosuria) must be excluded
prior to initiating therapy — stress uncommon-
ly causes hyperglycaemia >16 mmol/1 (288
mg/dl) (although occasionally blood glucose
[BG] can be very high) and generally it
resolves within a few hours. Repeat blood and
urine monitoring will confirm persistent
hyperglycaemia with DM, and home monitor-
ing of these parameters may be useful where
the diagnosis is in doubt.

Serum fructosamine is indicative of the
average BG during approximately the preced-
ing week,? and may not be affected by short-
term stress hyperglycaemia (depending on its
magnitude and duration). Its measurement
can be helpful in confirming a diagnosis of
DM and in monitoring glycaemic control
(see page 245), although it may not be
increased in cats with recent-onset and/or
mild DM.2326-28

Evaluation of the diabetic cat

Evaluation of a cat with suspected DM should

include:

% Thorough history and physical

examination.

% Routine serum biochemistry.

% Complete urinalysis, ideally with culture

(especially if there is an active sediment).
Ideally, evaluation would also include:

% Complete blood count (CBC).

% Serum fructosamine (although not always

required for diagnosis and monitoring).

% Serum thyroxine in older cats to exclude

hyperthyroidism.

Because of the high prevalence of concur-
rent diseases, including pancreatitis, abdomi-
nal ultrasonography and/or determination of
serum pancreatic lipase immunoreactivity
may be indicated (especially in cats that are
depressed or not eating well), although
interpretation of these tests may not be
straightforward.?

Diabetic ketoacidosis (DKA) develops in a
proportion of untreated diabetic cats, and
should be suspected when cats are depressed,
anorexic, vomiting, weak, collapsed or mori-
bund. Diagnosis requires these clinical signs
plus confirmation of high blood or urine
ketone concentrations and metabolic acidosis,
in conjunction with persistent hyperglycaemia.

Clinicians should be vigilant and monitor
patients for the development of diabetic com-
plications (eg, hypoglycaemia, DKA, diabetic
neuropathy) or the presence of concomitant
disease, particularly if treatment response is
poor or erratic.
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Overall goals in managing
diabetic cats

Despite the favourable prognosis for well-
managed cats, euthanasia is sometimes an
outcome due to unmet owner expectations or
the impact of disease management on owners’
lives (see box, right). Thus, the main goals of
management are twofold:

Main goals of management
= To limit or eliminate the cat’s clinical signs
using a treatment regimen that fits into the

owner’s daily routines, while
== Avoiding insulin-induced hypoglycaemia and
preventing other complications (eg, DKA)

On occasion, achieving both of these goals
can be difficult. Given the negative impact
hypoglycaemia can have on cats and the con-
cern this causes owners,® it is preferable, in
the Panel’s opinion, to prioritise avoiding
hypoglycaemia at the expense of allowing
periods of hyperglycaemia. That said, in
many cats, it may be possible to achieve good
glycaemic control safely, particularly with
good home monitoring by owners, and this in
turn may also improve the prospects of dia-
betic remission (see below).

Controlling hyperglycaemia

Maintaining blood glucose below the renal
threshold (~14 mmol/1 [252 mg/dl] in most
cats)® avoids osmotic diuresis, may reduce
the risk of glucose toxicity,** and should help
minimise metabolic derangements associated
with DM, including the risk of DKA. Further,
exogenous insulin therapy and good control
of glycaemia may result in reduced endoge-
nous insulin requirements and ‘resting’ of the
pB-cells, which may increase their capacity to
regain insulin-secreting ability and ameliorate
the effects of glucose toxicity.

Diabetic remission may occur in a propor-
tion of treated cats, and appears more com-
mon in cats with better glycaemic control.®*-%
Early diagnosis (eg, regular screening of obese
and older cats), good management and
HMBG (see later) may all potentially help
improve glycaemic control and the long-term
outcome. 3%

Avoiding hypoglycaemia

Hypoglycaemia is defined as BG <3.0-3.5
mmol/l (54-63 mg/dl). The lower cut-off
should be reserved for use when the accuracy
and precision of the equipment being used
to measure BG is good (eg, a reference
laboratory).
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I Owner considerations

Minimising the potential negative impact of DM on the owner is important
to avoid cessation of therapy or euthanasia. Owner concerns about DM in
cats that have a major negative impact include:*

== Difficulties in boarding a diabetic cat

== Difficulties when leaving a diabetic cat with friends or family

== Wanting more
control of the
diabetes

<= General worry about
the cat’s diabetes

<= Worry about the
possibility of
hypoglycaemia

== Adapting social
and work life to
the disease

== Worries about
diabetes-related
costs

Given the
negative
impact of
hypoglycaemia,
it is preferable
to prioritise
avoiding
hypoglycaemia
at the expense
of allowing
periods of
hyperglycaemia.

The veterinarian should amend the treatment

protocol accordingly. For example, by:

== Simplification of treatment if social life,
work life or costs are major problems

== Use of home monitoring of blood glucose
(HMBG) if the owner wants more control
(which may also reduce hospitalisation
costs)

== Avoidance of tight glucose regulation
and/or greater use of HMBG if
hypoglycaemia is a concern

Mild hypoglycaemia may be tolerated by
the cat and may go unnoticed by the owner,
but severe hypoglycaemia can be life-threat-
ening and/or result in reactive hypergly-
caemia.” Avoiding hypoglycaemia with
careful insulin therapy and owner education
should, therefore, be a priority.

Role of diet

Practical weight loss in the overweight
or obese cat with DM
Arresting DM-associated pathological weight
loss is the first goal of nutritional manage-
ment; thus, initially diabetic cats should be
fed ad libitum or multiple meals per day.
However, obesity is associated with insulin
resistance and, in the face of obesity, managed
weight loss is likely to improve glycaemic
control and increase the prospects of diabetic
remission. 153840

Body weight and body condition should be
monitored regularly (eg, every 1-2 weeks) in
all diabetic cats — by owners at home, or in the
clinic if required. Calorie restriction is used to
encourage weight loss if the cat is overweight,
once moderately good glycaemic control has
been achieved. Feeding exclusively wet foods
may help with weight loss, as wet food con-
sumption tends to reduce calorie consump-
tion compared with dry foods.*! Additionally,
using wet foods may increase total water
intake, > which may be of value in diabetic
cats. Close monitoring of BG and insulin
requirements is recommended during any
period of weight loss.

JFMS CLINICAL PRACTICE
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Choosing an optimum diet for cats
with DM
Improved management of cats with DM is
likely with restricted dietary carbohydrate
(CHO). Two randomised controlled studies
suggest a potential benefit of lower CHO
diets, with higher diabetic remission rates*
and improved glycaemic control* being
reported; note, however, that it is impossible
to adjust only one element (the CHO content)
of a diet. Although the optimal dietary CHO
content has not been determined, diets with
restricted CHO content (<12% metabolisable
energy [ME] or 3 g /100 kcal was suggested by
the majority of the Panel)® are appropriate
pending further studies. Most wet cat foods
and therapeutic dry cat foods formulated for
management of DM are low in CHO. Other
cat foods with a higher CHO concentration
(including most dry foods) are not recom-
mended as first-choice diets for diabetic cats.
Studies suggest that both the amount and
type of CHO in the diet are important determi-
nants of postprandial insulin and glucose
concentrations in cats; and, when it occurs,
postprandial hyperglycaemia may also be pro-
longed.*-5* Although low CHO diets designed
to manage DM are therefore the preferred
option, good control of DM can still be achieved
with insulin therapy and a higher CHO diet, so
alternative diets may be used if clinically indi-
cated (eg, due to concomitant disease).

Recommended feeding regimen for cats
with DM

The optimal feeding regimen for cats with DM
has been poorly investigated.>* However,
based mainly on studies in healthy cats, when
feeding a low CHO diet (and one with complex
CHOs) it appears that the timing of meals does
not need to be matched to insulin injections, as
clinically relevant postprandial increases in BG
are unlikely. In practice, as postprandial
changes in glucose may be uncertain, and to
reduce possible diet-related increases in glu-
cose, some clinicians prefer to ensure cats are
fed at the same time as they receive insulin
injections; for some owners, injecting the cat
while it is eating may also be easier.

Frequency of feeding is likewise not criti-
cal — continuing the normal frequency for the
individual cat is generally advised (assuming
a minimum of two meals daily), as is main-
taining a daily routine. Ad libitum feeding
may be acceptable for some cats, but especial-
ly with obese cats daily food allowances
should be accurately measured.

Where food is withheld (eg, overnight, prior
to anaesthesia), and depending on the diet
consumed, there may be no significant effect
on the morning BG concentration.®* Never-
theless, it is safer to administer 50% of the
normal insulin dose and then monitor BG,
supplementing with additional insulin or
glucose as required.

Table 1 Use of oral hypoglycaemics in diabetic cats - summary of current knowledge

Action Examples Notes

Promotion Sulfonylureas Oral glipizide has been used successfully in cats with DM, with benefits being reported

of insulin < Glipizide in >40% cats,%-%° but transdermal application is unreliable.®® Adverse effects include

secretion from < Glyburide cholestasis, hypoglycaemia and vomiting.>>*® Glimepiride stimulates insulin secretion in

the pancreas < Glimepiride healthy cats,®' but has not yet been evaluated in diabetic cats. There is a concern that all
these agents may contribute to progression of pancreatic amyloidosis and the underlying
disease®

Incretins

£ GLP-1 (glucagon-like peptide 1)
< DPP-4 (dipeptidyl peptidase-4)

Inhibition «-glucosidase inhibitors
of intestinal < Acarbose
glucose
absorption
Inhibition of Biguanides
hepatic glucose % Metformin
production

Thiazolidinediones

< Troglitazone

= Darglitazone

= Pioglitazone
Improvement Thiazolidinediones

of peripheral
insulin sensitivity  Transition metals
£ Chromium

= Vanadium

GLP-1 and DPP-4 increase insulin secretion in healthy cats,®3-%% but have not yet been
evaluated in diabetic cats

Acarbose inhibits intestinal glucose production and reduces postprandial hyperglycaemia
in healthy cats fed a high (but not low) CHO diet.®® The only published data in cats with
DM was an uncontrolled study in cats fed a low CHO diet®®

Metformin has limited value in diabetic cats.®” It should be avoided with concomitant
kidney disease, and there may be dose-dependent gastrointestinal adverse effects®”%8

Troglitazone has poor bioavailability in cats® and is no longer used in humans.
Darglitazone and pioglitazone improved insulin sensitivity and lipid metabolism in obese
cats,’®"! but have not been evaluated in diabetic cats

See above

Chromium supplementation improved glucose tolerance in non-diabetic cats in one
study,”? but not in another.”® In a small group of diabetic cats, those supplemented with
vanadium apparently had lower insulin requirements.™ However, use of these metals is
likely only to significantly benefit cats with chromium or vanadium deficiency

DM = diabetes mellitus; CHO = carbohydrate
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Role of oral hypoglycaemic
agents

While oral hypoglycaemics are often used in
type 2 diabetics in human medicine, there is
no good evidence to support their use in
preference to insulin therapy in cats. A recent
review summarises current knowledge of
these agents in cats (Table 1).%

Recommendations on using oral
hypoglycaemics

The main indication for using an oral hypo-
glycaemic is when owners initially refuse
insulin treatment. Currently, glipizide is the
only agent with sufficient evidence to support
its use as sole therapy in cats. It is given at an
initial dose of 2.5 mg PO q12h. If there are no
adverse effects and glycaemic control has not
been achieved after 2 weeks, the dose can be
increased to 5 mg q12h. A clinical response, if
seen, is usually apparent after 4-6 weeks. (See
Table 1 for potential problems with glipizide
use.)

Owners frequently change to insulin treat-
ment when glipizide is found to be ineffective.
This transition can often be achieved within
a few weeks — earlier being valuable to avoid
missing the ‘window of opportunity’ for
reversal of glucose toxicity and achieving
diabetic remission.

Insulin choices
There are many insulin formulations available

worldwide, some specifically licensed in cats,
which can be used to manage feline DM safely

The use of

available insulin
shares the
same amino
acid sequence
as feline insulin,
production of
anti-insulin
antibodies does
not appear to
be a significant
clinical problem

/

Medium-acting insulins

longer-acting
a . Animal Health).
insulin

preparations,
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While no

in cats.

Lente insulin or insulin zinc suspension; eg, veterinary licensed Caninsulin/Vetsulin (Merck/MSD

== Typical peak activity (anticipated glucose nadir) in cats: 2-8 h post-injection
== Typical duration of effect in cats: 8-10 h7>-77

and effectively, especially when combined
with an appropriate diet. The choice of insulin
used by a clinician will depend on availability,
familiarity and the properties of the insulin
itself. Additionally, in some countries, regula-
tions may limit the first-line choice to certain
veterinary registered products.

Insulin preparations available worldwide
and suitable for long-term use in cats with
DM fall into three main groups (see box
below). The pharmacokinetics of these insulin
preparations varies between insulin type,
individual cats, and between different formu-
lations of the same type. Additionally, the
pharmacokinetics are influenced by the
methodology used in different studies. While
no available insulin shares the same amino
acid sequence as feline insulin, production of
anti-insulin antibodies does not appear to be a
significant clinical problem in cats.!

Although in many pharmacodynamic stud-
ies of healthy cats, insulin glargine and insulin
detemir have been shown to have a duration
of activity of over 24 h,”7 there is evidence
from alternative studies that their true clinical
duration of activity may be closer to 10-16 h 35
while comparative studies for PZI have not
been done. Additionally, while a clear BG
nadir is seen in some cats with these longer
acting insulin analogues, a much smoother
curve is seen in others? Insulin glargine,
insulin detemir and PZI last longer in cats
than lente insulin,””® and thus are likely to
provide better control of diabetes when used
twice daily. Additionally, longer acting insulin
preparations may produce a more gradual
decline in BG following injection in many cats.

injected twice
daily, is
recommended
for optimal

Longer acting insulins

Protamine zinc insulin (PZI); eg, veterinary licensed ProZinc (Boehringer Ingelheim).

== Typical peak activity (anticipated glucose nadir) in cats: 2-6 h post-injection

= Typical duration of effect in cats: 13-24 h, although few studies have specifically evaluated the
veterinary licensed recombinant human product (ProZinc)?8-82

diabetic
control.

Longer acting insulin analogues

Insulin glargine (Lantus; Sanofi) and insulin detemir (Levemir; Novo Nordisk).
== Typical peak activity (anticipated glucose nadir) in cats: 12-14 h

== Typical duration of effect in cats: 12 to >24 h757°

JFMS CLINICAL PRACTICE
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Recommendations for insulin preparation
and frequency of dosing

Although good control of DM can be achieved
in cats with both intermediate and longer act-
ing insulin preparations, and definitive com-
parative studies in diabetic cats are lacking,
given current knowledge of the pharmaco-
dynamics of insulin preparations in cats, the
Panel recommends, whenever possible, the
use of longer acting insulin preparations (eg,
glargine, detemir or PZI), injected twice daily,
for optimal diabetic control.

Rigid adherence to a 12 hourly injection
schedule, although ideal, will be unachievable
for many owners. Allowing flexibility with
dosing (12 h £ 2 h), and/or simply missing an
insulin injection when work or social commit-
ments preclude dosing at the correct time, are
acceptable compromises.

The primary goal of therapy is to minimise
clinical signs associated with DM. The more spe-
cific aims of insulin therapy can be defined as:

Aims of insulin treatment

== To control BG to <14 mmol/l (252 mg/dI) for as much of a 24 h period as
possible; and

== To avoid clinically significant hypoglycaemia at all times

Where more intensive monitoring is feasible, aiming to maintain BG <11 mmol/I

(198 mg/dl) may be helpful in further minimising metabolic derangements
associated with DM and in encouraging diabetic remission®-% (see
‘Intensive management of feline DM’ on page 242).

If control with twice daily administration of
insulin is proving difficult, the possibility of
more frequent insulin dosing and/or use of a
different preparation should be considered.

Many insulin preparations contain 100
U/ml, while others (such as Caninsulin/

Insulin syringes and pens

Initial management of the
diabetic cat

The starting dose of an intermediate or
longer acting insulin preparation in a non-
ketotic cat is generally:

Starting dose: 0.25-0.5 U/kg q12h

%= The dose is rounded down to the nearest
unit, and is generally <2 U/cat q12h

== The higher dose of 0.5 U/kg may be

appropriate if BG is >20 mmol/l (360 mg/dl)
%= Obese and underweight cats should be

dosed according to their estimated ideal

weight, and not their current weight

Because hyperglycaemia itself causes
insulin resistance and {3-cell dysfunction,
successful treatment may reduce insulin
requirements after a variable period of time.
Early monitoring of BG is thus aimed mainly
at identifying hypoglycaemia, which might
require a reduction in insulin dose. Increases
in insulin doses (if required) should be made
on the basis of persistent clinical signs
supported by assessment of glycaemia; for
example, serial BG estimates collected either
at home or in the clinic, starting approxi-
mately 5-7 days after initiating therapy.

Doses should generally not be increased
more frequently than every 5-7 days. Rapid
escalation in dose is a common cause of
hypoglycaemia, rebound hyperglycaemia
and poor control.

Vetsulin [Merck/MSD Animal Health] and
ProZinc [Boehringer Ingelheim]) are formulat-
ed to 40 U/ml, which can be helpful for
accuracy of dosing with syringes in cats. It is
essential to ensure that insulin syringes or pens
are used that are appropriate for the insulin
concentration being used.

Manufacturers often state that, once opened,
insulin vials should be discarded after 4-6
weeks. With careful handling and refrigerated
storage, it has been suggested that at least some
insulin preparations can be safely used for
between 3 and 6 months.% However, any
deviation from manufacturers’ recommenda-
tions should be undertaken cautiously. If
insulin is ever stored and used for longer than
recommended, considerable care is needed as
repeated needle puncture renders the vials vul-
nerable to contamination and owners must be
advised to discard insulin if it becomes dis-
coloured or more cloudy than usual.

JFMS CLINICAL PRACTICE

The dose of insulin administered to most diabetic cats is small. Thus using
an insulin preparation with a concentration of 40 U/ml, rather than 100 U/ml,
along with an appropriate, calibrated, low-dose insulin syringe is likely to be
helpful.®¢ Insulin preparations should not be diluted to facilitate dosing
small volumes, as this interferes with
their physicochemical properties.

At least one insulin pen (VetPen;
Merck/MSD Animal Health) has been
produced for the veterinary market
(Figure 1). This equipment may poten-
tially make administering insulin more
reproducible and accurate (especially
with lower doses),®” and many owners
find an insulin pen easier to use than a
syringe and needle.

Insulin preparations
should not be diluted

Figure 1 Use of an insulin pen may
improve the accuracy of dosing

insulin to facilitate dOSing-
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Most cats with uncomplicated DM (ie, clini-
cally well, with no DKA or other major
complications) are best initially managed at
home with insulin and dietary therapy. Some
veterinarians and owners prefer to manage
the cat in the clinic for the first few days, to
help ensure severe hypoglycaemia does not
develop and to assess the initial response to
insulin. However, owners should be made
aware that stabilisation would not be
achieved within these first few days.

In preparation for the cat’s discharge from
the clinic, the owner should be educated in the
technical aspects of treating a diabetic cat.
This should include detailed instructions and
demonstrations about:
< Transition to optimal diet and feeding.

% Using insulin syringes and/or insulin pens.
% Correct handling, storage and injection of
insulin.

% Clinical signs of hypoglycaemia, and how
to treat low glucose concentrations.

Written instructions for the owner are inval-
uable. Additional web-based owner resources
are also available (see page 247).

Home (outpatient) stabilisation of the
diabetic cat

The following guidelines are offered, but
some will vary according to the type of insulin
used as indicated.

Five to 10 days post-discharge

% The cat should be re-examined in the
clinic, either after it has received food and
insulin at home, or before the insulin dose is
due if the cat eats well when hospitalised.

% A thorough physical examination should
be performed, the history of clinical response
at home, including home records of daily
water intake, urine glucose testing, and

so on, reviewed, and laboratory parameters
re-evaluated as needed.

% Ablood glucose curve (BGC) should be
performed, where possible and appropriate
(see box on page 242). Ideally, BG is
measured every 1-2 h (for lente
insulin) or every 2-3 h (for longer
acting preparations) for at least

12 h, bearing in mind that BG can
vary from day to day within
individuals.

<= As cats are prone to stress
hyperglycaemia, the accuracy of
data generated from in-hospital
curves may be questionable. Serum
fructosamine measurement and /or
the use of HMBG (see later) can,
therefore, be helpful.

%= Some clinics use a continuous
glucose monitoring (CGM) system to
evaluate the response to insulin (Figure 2) -

v,
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Table 2

Blood glucose (BG) concentrations and possible I

alterations in insulin after first 5-10 days of therapy

Blood glucose

Action

Nadir BG <4.5 mmol/I
(80 mg/dl)

BG 4.5-14 mmol/l (80-252

< Reduce insulin dose by 50%
<= Consider longer acting insulin if peak BG >14
mmol/l (252 mg/dl)

Maintain therapy

mg/dl) on all samples measured

throughout the day

Peak BG >14 mmol/I (252 mg/dl)

and nadir BG 4.5-8.0 mmol/I
(80-144 mg/dl)

< Maintain therapy and retest after 1-2 weeks; or

<= Change insulin (if using lente insulin) to a longer
acting insulin; or

<= Increase dose by 0.5 U/cat q12h (depending on
peak and nadir BG)

Peak BG >14 mmol/l (252 mg/dl) Increase dose by 0.5-1.0 U/cat g12h
and nadir BG >8.0 mmol/I
(144 mg/dl), with signs of
ongoing hyperglycaemia

Figure 2 Diabetic cat with
a continuous blood glucose
monitor in place

Figure 3 Monitoring blood
glucose from the marginal

ear vein - a technique that

owners can use at home

this can reduce the risk of stress
hyperglycaemia induced by repeat sampling
for BG, allow detection of brief periods of
hypoglycaemia and facilitate overnight BG
monitoring.® CGM systems can also be used
in the home, but owners must be able to take
blood from the cat for calibration of the
machine. The dorsal neck may be the most
appropriate site for sensor placement.®

= Insulin adjustments are made according
to results of clinical monitoring, BG
concentrations and clinical signs (Table 2).

Three weeks post-discharge (depending
on prior response)

& The cat is re-evaluated as above, with a
BGC performed at home or in the clinic.
% HMBG should, where possible and
appropriate, be discussed with the owner
and support material provided.

Home monitoring of blood glucose

The Panel encourages the use of HMBG, as
this helps provide more control over the
disease, aids in the identification of hypogly-
caemia and may provide better glycaemic
control.”*?! Although not all owners
are able to perform HMBG,* it can
be successfully undertaken by most,
with sufficient support, and should
ideally be introduced early in the
management of DM. Assistance
(provided by the veterinarian and/
or veterinary nurse/technician)
should be readily available for
owners.”>%

An experienced technician or vet-
erinarian should teach capillary or
marginal ear vein blood sampling
using a lancing device and a portable
glucose meter validated for use in cats, during
an extended consultation (Figure 3). Blood
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BGCs can be very useful in the assessment of feline DM (Figures
4 and 5), although they have limitations and there is considerable
day-to-day variation in results, especially in cats with poor

glycaemic control.®® Compared with home BGCs, those per-

formed in-clinic may either over- or underestimate glycaemic

control (Figure 4), perhaps reflecting natural daily variation but
also the influence of stress, variations in insulin dose and
possibly variable food intake.®? In-clinic BGCs should, therefore,
be interpreted with great caution and in the light of the clinical
data.

Initial BGCs should be used to identify hypoglycaemia rather

than fine-tune the treatment of DM. It may not be necessary to
complete a full 12 h BGC on each reassessment, as this would

not always add useful information (eg, where there are clinical
signs such as PU/PD indicating that the BG is consistently high).

The BG nadir, duration of insulin effect and pre-insulin BG are
the most important parameters on which to base adjustments in
insulin dose. Taking blood samples every 2-3 h (for a longer
acting insulin) is usually adequate but if hypoglycaemia is sus-
pected then hourly sampling may be indicated. In some cats,
with known and predictable responses to longer acting insulin
preparations, assessing BG every 4 h might be possible.

An ideal BGC has the shape of a shallow bowl, but this is not
always achieved. The highest value should ideally not exceed
14 mmol/l (252 mg/dl) and the lowest value should generally not
be <4.5 mmol/l (80 mg/dl).

30

25

20

Blood glucose (mmol/L)

10

In clinic
15 At home

0 2 4 6 8 10

Time (hours)

Compared with home BGCs, those

performed in-clinic may either over-
or underestimate glycaemic control.

may be obtained interchangeably from the
pinnae and metacarpal or metatarsal pads,
and the procedure is well tolerated by most
cats.”*?> Printed and web-based resources
should be made available to owners (see page
247).

A home BGC can be obtained by measuring
BG before the morning insulin injection, and
every 2-3 h for 12 h (or hourly if hypo-
glycaemia is suspected). However, owners
must be counselled not to make decisions
regarding insulin dosage without discussion
with the veterinarian.

Intensive management of feline DM

Intensive management of DM has been
described using regular HMBG (generally a
minimum of three, and on average five, BG
samples daily) and appropriate adjustments

JFMS CLINICAL PRACTICE

Figure 4 Blood glucose curves generated from the same cat at home (circles) and in
the hospital (squares) 3 days apart from each other (cat received 2 U of insulin glargine
on each occasion at t = 0). The cat (a 9-year-old, male neutered domestic shorthair,
weighing 4.9 kg) had been diagnosed with diabetes 3 weeks previously and was fed

a high protein, low carbohydrate diet. Clinical signs were well controlled and serum
fructosamine concentrations had decreased by 200 umol/I. The two curves differ
substantially from each other. The blood glucose concentrations of the hospital curve
were substantially higher than those of the home curve, and were all above the target
range. The majority of the blood glucose concentrations of the home curve were
within the target range, although the nadir was too low (2.3 mmol/l). The high glucose
concentrations in the hospital were attributed to stress. Because of the low nadir

at home the insulin dose was slightly reduced and the cat continued to do well,
demonstrating that blood glucose concentrations measured in the hospital may

be altered by stress. Failure to recognise the effect of stress on blood glucose
concentrations may lead to the erroneous assumption that the diabetic cat is poorly
controlled. Home monitoring is, therefore, the preferred method to evaluate the

glycaemic situation

4> Medtronic
HbA1c: No Data

Glucose (mmol/L)

GuardianBG @ Meter BG Ml Sensor

Daily Summary
26/02/2014

Monitor: Guardian REAL-Time #113349
e

Sensor: In us

Sensor Alarm “®  Target Range Hypo

Figure 5
L] Example of a

A ag A glucose curve

s

from a

*>| continuous

Glucose meters
Measurement of BG
should ideally be
performed using

a feline-validated
veterinary glucose
meter (eg,
AlphaTRAK 2; Abbott
Animal Health).%”
Glucose meters
designed for human
use often give falsely
low BG results in
cats (or, for some
meters, falsely high
results), although
the differences are
often within clinically
acceptable
ranges_94,98-100

00 1000 1200 1400 800 1800 2000 2200

™o® | blood glucose
monitor

of insulin,?>%% with the aim of maintaining
tighter control of BG concentrations and thus
keeping BG closer to the physiological range.

There is some evidence from two small
studies using twice daily glargine injections in
diabetic cats that tighter control of BG may be
more likely to result in remission of DM.%3
There is also some evidence that the longer
acting insulin analogues (glargine and
detemir) may be less likely to produce clinical
hypoglycaemia when aiming for tighter con-
trol of BG,33341% although good comparative
studies are lacking.

Studies involving intensive management of
DM have often recommended aiming for a
BG concentration between a low of 2.8-3.0
mmol/l (50-54 mg/dl) and a high of
5.5-11.1 mmol/1(99-200 mg/dl) throughout a
24 h period 343685
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However, the Panel believes that:
% Undertaking multiple BG measurements
every day is not suitable for most owners of
diabetic cats.
% Such an aggressive approach and tight
control of BG is unrealistic for most owners
to achieve safely.
% While intensive monitoring of diabetes
may allow a target of lower peak BG levels
(eg, <11 mmol/1[198 mg/dl]), unless and
until evidence emerges (through use of
randomised controlled clinical studies)
of a clear clinical benefit, aiming for a BG
nadir <4.5 mmol/1 (81 mg/dl) should be
avoided.

Long-term management
of the diabetic cat

Monitoring at home

Information provided by the cat owner is high-
ly valuable in the assessment of diabetic con-
trol,'® and is especially important if repeated
BG monitoring is unavailable (eg, due to finan-
cial limitations). Owners should be encouraged
to keep a diary (Figure 6) and record the cat’s:
< Daily overall wellbeing In particular,

the cat’s demeanour and activity level.

%= Daily water intake Average BG
corresponds with 24 h water intake!® and
improvements (reductions) in water intake are
a useful clinical marker of response to insulin
therapy.®®112 Daily water intake varies
between individual cats, and is also influenced
by numerous dietary and environmental
factors, 344 103-108 iy addition to any disease
state. In general, cats fed a wet diet will have a
higher total water intake than those fed a dry
diet, although the volume of water drunk
voluntarily (in addition to that consumed in
the diet) may be lower.*>* For these reasons

it is impossible to set a target daily voluntary
water intake in diabetic cats. Owners can be
asked to subjectively assess water intake,

but accurate monitoring of daily water
consumption is helpful (eg, using a measuring
jug with 10 ml increments to record water
drunk). If the water bowl is shared between
cats, the total volume drunk by all cats can

be measured. If water consumption fails to
decrease, or increases after being reduced,

then re-evaluation of glycaemic control is
indicated.

%= Daily urine production Assessment may
be subjective (amount of urine in the litter
tray, size/number of urine-soaked clumps of
litter) or objective (weight of the litter tray
before and after urination).

% Daily feeding Amount and type of food
offered, and amount of food eaten.

% Daily insulin administration Time of
administration and dose.

SPECIAL ARTICLE [/ ISFM guidelines on diabetes mellitus
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Figure 6 Example of
an owner diary for a cat
with DM

The Panel
encourages the
use of home
monitoring of
blood glucose,
as it aids in the
identification
of
hypoglycaemia
and may
provide better
glycaemic
control.

= Weekly body weight and body condition
score Using accurate scales for weighing
(coming into the clinic, if necessary).

% Urine glucose Monitoring of glucose in
urine samples may be particularly helpful if
owners are unable to perform HMBG. Urine
can be collected throughout one day per
week and owners can use a urine dipstick
with pooled urine (collected via non-
absorbent litter in the tray or a litter tray with
a sieve bottom) or with wet urine-soaked
litter. Results should be interpreted
cautiously and owners advised not to alter
the dose of insulin based on results without
prior discussion with their veterinarian.
Nevertheless, persistent glucosuria suggests
inadequate control, while persistent lack of
glucose can reflect variously excellent
glycaemic control, diabetic remission or
insulin overdose, and further evaluation

is required. Urine ketones should also be
evaluated (a positive result suggests poor
glycaemic control).

% Blood glucose Where good HMBG is
possible, ideally the following should be
performed and recorded in the diary:

— BGCs: Weekly until stable and then every
3—4 weeks.

— Spot BG check: If the owner is concerned
about the wellbeing of the cat.

If the owner is attempting intensive man-
agement of the DM (see earlier), several daily
BG checks may be performed.

Where less frequent HMBG is possible, the
following may be performed and recorded in
the diary:

— Less frequent BGCs: For example, every 2-6
weeks; and /or

— Spot BG check: If the owner is concerned at
any stage; and/or

JFMS CLINICAL PRACTICE 2 4 3
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— BG measurement prior to insulin dosing as
frequently as practical.

Together, some or all of these measures may
be useful for owners who find performing
repeat BGCs difficult or stressful. If BG is
measured prior to insulin dosing, insulin can
be withheld or a lower dose administered
whenever a low reading is obtained, helping
to avoid hypoglycaemia. Again, owners must
be advised not to adjust insulin dosage with-
out discussion with their veterinarian.

Monitoring in the clinic

Frequent re-evaluations are required initially
to slowly titrate the insulin dose, to detect
diabetic remission and to identify difficult-to-
stabilise cats that require further work-up.
The frequency of clinic visits will depend
mainly on the response to treatment and the
owner’s ability to perform HMBG.

For in-clinic monitoring a guide would be
assessment at 1, 2-3, 68, 10-12 and 14-16 weeks
after initiating treatment. The frequency of clinic
re-examinations can then generally be reduced
to approximately every 1-4 months depending
on how stable the cat is and the conscientious-
ness/ability of the owner with regard to home
monitoring. If diabetic remission seems likely,
more frequent checks may be appropriate.

Each re-evaluation will vary according to
clinical needs but may include:

% Owner diary (see above).

% Body weight and body condition.

% Physical examination.

% In-clinic BGC (eg, after the owner first gives
insulin and food at home); this may be desir-
able if HMBG is not regularly performed.

% Measurement of serum fructosamine (see
page 245).

Dose adjustments should be made no more often
than every 5-7 days, except in the case of
hypoglycaemia, to allow time for equilibration
to a new insulin dose.

Adjusting insulin therapy

Clinical signs and BG measurements (at home
or in-clinic, taking into account their limita-
tions) are the most important parameters on
which to base adjustments in insulin dose.!%?
If clinical signs, such as PU/PD, have resolved
and body weight is stable, cats are usually
well controlled (although some may also be
overdosed). Conversely, persistent clinical
signs and weight loss suggest poor glycaemic
control and/or concomitant disease.

If there is a discrepancy between clinical
signs and results of a BGC, treatment deci-
sions should err on the side of caution — fruc-
tosamine concentrations should be re-evaluat-
ed, and a BGC may be repeated after a few
days before any treatment decision is taken.

During the first 3-4 months of therapy the
veterinarian should interpret BGCs, and make
decisions on treatment adjustments (Table 3).
However, with support from the veterinary
healthcare team, during long-term manage-
ment owners may gain sufficient experience
to make (slight) insulin adjustments on their
own, according to written guidelines. Dose
adjustments should be made no more often
than every 5-7 days, except in the case of
hypoglycaemia, to allow time for equilibra-
tion to a new insulin dose.

Most cats ultimately require insulin doses between
0.5 and 6.0 U/cat q12h for diabetic control.

Table 3 Suggested insulin adjustment based on blood glucose (BG) in diabetic cats

on long-term management

Blood glucose

Insulin adjustment

Nadir BG <4.5 mmol/I (80 mg/dI)

< Reduce insulin by 0.5-1.0 U/cat q12h if receiving 0.5-3.0 U/cat q12h

= Reduce by 25-50% if on a higher insulin dose

Nadir BG >8.0 mmol/I (144 mg/dI)

Pre-insulin BG 8-10 mmol/I
(144-180 mg/dl)

Pre-insulin BG 4.5-7.9 mmol/I
(80-142 mg/dl)

Pre-insulin BG <4.5 mmol/I
(80 mg/dl)

Increase insulin by 0.5-1.0 U/cat g12h
Consider reducing insulin by 0.5 U/cat g12h

Reduce insulin by at least 0.5 U/cat gq12h

Withhold insulin; if glucose rises appreciably later, give ~30-50% of
previous dose

Note: With adjustment of insulin doses it is also valuable to assess the full BGC. The shape of the curve and timing

of nadirs may vary between cats and, where available, this information may affect decisions on dose adjustment, the
aim being to keep BG between a maximum of 10-14 mmol/I (144-252 mg/dl) and a minimum of 4.5-8 mmol/I (80-144
mg/dl). With glargine and detemir, for example, in some cats the glucose nadir may occur at the time of insulin dosing
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Fructosamine reference ranges differ somewhat
between laboratories and methodologies, but are
generally around 200-360 pmol/l. Fructosamine
concentrations in cats reflect the mean BG
concentration over approximately the preceding
week,?® and are a helpful indicator of glycaemic
control in cats with DM.2%27,77,80,81,102,109-111
However, in addition to reflecting mean BG levels,
fructosamine concentrations vary between indi-
vidual cats and may potentially vary with age,

General interpretation

I Use of fructosamine

gender, serum protein concentrations, hydration
status, acid-base balance, thyroid status and
conditions that modify protein turnover.26:28,112113

Assessing changes in serum fructosamine con-
centrations over time in individual cats is likely to
be of most value, but Table 4 provides guidelines
to interpretation based on absolute fructosamine
concentrations. Note that, as mentioned earlier,
fructosamine may not be increased in cats with
recent-onset and/or mild DM.

Table 4 Guide to interpretation of fructosamine concentrations in cats with DM

of glycaemic control

glucose
concentration
over
apprOXImately Fructosamine concentration
the preceding  "<350 umou
week. 350-450 pmol/I

450-550 pmol/I
>550 pmol/I

Primary goal of management
To maintain BG between a peak of 10-14 mmol/|

(180-252 mg/dl) and a nadir of 4.5-8.0 mmol/I
(80-144 mg/dl)

The primary goal of management is defined
above. Note that:
% During initial stabilisation the insulin dose
should be increased gradually in steps of
0.5-1.0 U/cat q12h until the glucose nadir is
4.5-8.0 mmol/1 (80-144 mg/dl).
% If the glucose nadir is in the desired range —
but the duration of insulin effect is consistent-
ly less than 8-10 h and there are clinical signs
of inadequate glycaemic control - the cat
should be switched to a longer acting insulin
preparation.
% Ideally, a BGC should be performed 5-7
days after any adjustment in insulin dose or
change in insulin preparation. However, a
BGC should be repeated sooner (after 1-3
days) where there is a higher risk of hypo-
glycaemia (eg, a glucose nadir <4.5 mmol/l
[80 mg/dl] or a pre-injection glucose of <8
mmol /1 [144 mg/dl]).
% Where BGCs are not possible, insulin
adjustment should be made with extreme care.
The dose should be increased in small steps
(0.5 U/cat q12h) no more often than every 7
days until clinical signs resolve and glucosuria
is negative or reduced to trace amounts. Serial
fructosamine concentrations should also be
measured (see box above).

Most cats ultimately require insulin doses
between 0.5 and 6.0 U/cat q12h for diabetic

Excellent glycaemic control or insulin overdose or diabetic remission

Good glycaemic control

Moderate glycaemic control

Poor glycaemic control

If negative
glucosuria
and/or
euglycaemia
are maintained
for 2-4 weeks
without insulin,
the cat has
likely achieved
remission.

control, but if the dose is >1.5 U/kg ql2h
investigation of causes of insulin resistance
should be considered.

Diabetic remission

Detection and management of diabetic remis-
sion can be challenging. If urine is persistently
negative for glucose, all BG measurements
are within the normal range (<~7.5 mmol/l
[135 mg/dl]) and/or serum fructosamine is
<350 umol/], the insulin dose should generally
be reduced by 0.25-1.0 U/cat q12h every 1-2
weeks. With low or low-normal BG concentra-
tions, more rapid reduction (or temporary with-
holding of insulin therapy) may be required.

When a dose of 0.5 U/cat/day (0.5 U/cat
q24h or 0.25 U/cat q12h) is reached and BG
remains normal, insulin administration
should be ceased. If negative glucosuria
and/or euglycaemia are maintained for 2-4
weeks without insulin, the cat has likely
achieved remission.

If BG measurements cannot be made, and
remission is suspected in a well-regulated cat
without glucosuria, the insulin dose may be
slowly reduced (0.5-1.0 U/ cat q12h every 1-2
weeks), either until clinical signs or glucosuria
reappear, or until insulin administration can
be ceased.

Cats in remission should remain on a low
CHO diet and should be monitored closely
for recurrence of clinical signs. Regular BG or
urine glucose measurements (eg, twice weekly
initially) are also recommended and can be per-
formed by the owner at home where possible.

JFMS CLINICAL PRACTICE
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Complications with the
management of DM

Diabetic ketoacidosis

Not all cats with ketonaemia and ketonuria
will be suffering from DKA, but cats with
DKA will have a low blood pH and will be
unwell. A ketotic non-acidotic cat can be
managed in the same way as a non-ketotic cat,
but if DKA is present immediate hospitalisa-
tion with intensive treatment and monitoring
is required. The main objectives in treatment
are to:

% Correct dehydration and electrolyte
deficits.

% Correct acidosis (using bicarbonate only

if appropriate fluid therapy is not sufficient).
= Provide adequate amounts of insulin to
normalise intermediary metabolism (ie,
gradually stop ketogenesis and reduce
hyperglycaemia).

% Provide a parenteral CHO source in
vomiting animals and when required during
insulin treatment.

% Identify precipitating factors (eg, infection)
in the disease process.

For these cats, a short-acting insulin prepa-
ration (eg, regular/soluble insulin) is general-
ly given either intramuscularly (IM) or by
intravenous infusion.!'* If regular/soluble
insulin is not available, it has been suggested
that glargine may also be given IM or intra-
venously (IV),'® although good data on its
efficacy by these routes is currently lacking.
When the cat is stabilised, insulin treatment is
changed to a longer acting insulin via the
subcutaneous route and the cat managed as a
stable diabetic.

Hypoglycaemia

Hypoglycaemia (BG <3.0 mmol/1[54 mg/dl])
may be more common in diabetic cats than
dogs, !¢ can be life-threatening and should be
treated rapidly. Owners should be advised on
signs (eg, seizures, recumbency, anorexia,
tremors, vomiting, ataxia, lethargy) and home
first aid treatment (including liberal applica-
tion of honey or glucose to mucous mem-
branes). Ideally, owners should keep dextrose
gels (available from human pharmacies) at
home in case of hypoglycaemia.

Severe hypoglycaemia appears to be more
common in cats receiving doses of insulin
>6 U/cat,’® and requires in-clinic manage-
ment with parenteral glucose supplementa-
tion. A 50% dextrose solution should be
diluted 1:2 and an initial dose of 2—4 ml of the
25% solution (ie, 0.5-1.0 g glucose) adminis-
tered slowly IV over 5-10 mins. Blood
glucose should be monitored and further
dextrose administered to effect. Euglycaemia
should result in rapid clinical improvement,

JFMS CLINICAL PRACTICE

Clinicians should be vigilant for the development

of diabetic complications or the presence of

concomitant disease, particularly if treatment

response is poor or erratic.

A diabetic cat may be

considered unstable in

the following
scenarios:

== High insulin requirement

(>1.5 U/kg per dose)
== Unexplained increase
in insulin requirements
in a previously stable
diabetic cat
Unexpected
hypoglycaemia during
stabilisation orin a
previously stable
diabetic cat
Difficulty monitoring
glycaemic response
where BG results are
inconsistent with the
cat’s clinical signs

but treatment should still be followed with
a 5% dextrose constant rate infusion (CRI)
adjusted to maintain euglycaemia with BG
being closely monitored. Insulin antagonists,
such as corticosteroids, or a glucagon CRI
may also be used.

If insulin therapy needs to be re-instituted,
this should be done cautiously, with very
close monitoring.

The unstable diabetic cat
While detailed discussion of the unstable
diabetic cat is outside the scope of these
Guidelines, clearly any unstable diabetic
should undergo further investigation. The
precise nature of this may vary according to
the problems encountered, and the presence
of other known or previous concurrent
diseases.

Investigations to consider include:
% Checking the owner’s insulin storage
and administration.
% Reviewing the diabetic history to
assess:
— Starting dose of insulin.
— Type of insulin, duration of effect
and BG nadir.
— Over what time period insulin has
been increased and by how much.
— BGCs (home vs in-clinic curves).
— Fructosamine results.
— Monitoring of clinical signs, body
weight change, dietary history, and any
other medications that the cat is
receiving.
% Further assessment for concurrent
disease, to include consideration of:
— Physical examination, including body
weight and body condition.
— Urinalysis and culture.
— CBC and serum biochemistry.
— Diagnostic imaging (including
evaluation of the pancreas).
— Feline pancreatic lipase assay (eg, DGGR
or SpecfPL).17-119
— Evaluation for acromegaly (eg, insulin-like
growth factor-1 assay, growth hormone
assay).
— Evaluation of thyroid function (eg, total
T4).
— Evaluation of adrenal function (eg, low
dose dexamethasone suppression test).
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Examples of web-based owner resources that are available are those on the
International Cat Care website (www.icatcare.org) and YouTube channel
(www.youtube.com/user/iCatCare). These include several owner videos
illustrating BG sampling, insulin injection, and urine collection and testing,

among others (see below).

Once your cat has urin
collect a sample wit
pipetteiias

rlole triz
onlz Jlelz of i
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Printed and
web-based
resources
should be
made
available to
owners of
diabetic cats.
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