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Treatment of newly diagnosed diabetic cats with glargine
insulin improves glycaemic control and results in higher
probability of remission than protamine zinc and lente
insulins
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Glycaemic control and remission probabilities were compared in 24 newly
diagnosed diabetic cats treated twice daily with either glargine, protamine zinc
(PZI) or lente insulin and fed a low carbohydrate diet. After day 17, the
probability of remission was substantially higher for cats with lower mean 12 h
blood glucose concentrations on day 17, irrespective of insulin type.
Glargine-treated cats had lower mean 12 h blood glucose concentrations on day
17 than PZI- or lente-treated cats, and all eight glargine-treated cats achieved
remission compared to three PZI- and two lente-treated cats. The probability of
remission was greater for cats treated with glargine than cats treated with PZI or
lente insulin. In newly diagnosed diabetic cats, twice daily treatment with
glargine provides better glycaemic control and higher probability of remission
compared to twice daily treatment with PZI or lente insulin. Good glycaemic
control soon after diagnosis is associated with increased probability of remission
and should be the goal of insulin therapy.
Date accepted: 12 May 2009 � 2009 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
D
iabetes mellitus occurs with moderate fre-
quency in cats1e3 and requires effective treat-
ment to avoid life-threatening complications.

Dietary management4 can improve outcomes in dia-
betic cats, but insulin therapy remains the most effec-
tive and reliable means of achieving glycaemic control.

The ideal insulin preparation for diabetic cats has not
been identified. Many of the currently used insulins such
as Neutral Protamine Hagedorn (NPH or isophane insu-
lin) and lente fail to achieve good glycaemic control in
cats for two reasons. Firstly, they have a relatively short
duration of action, such that, when administered twice
daily, marked hyperglycaemia (>18 mmol/l) occurs
for several hours prior to the subsequent insulin injec-
tion.5 Secondly, the potency of insulins such as lente
and NPH may induce counter-regulatory mechanisms
in response to rapidly falling blood glucose concentra-
tion.6 Lente insulin is the most commonly used insulin
that is registered for veterinary use in Australia, the
United Kingdom and many other parts of Europe. Prot-
amine zinc insulin (PZI) is the longest-acting insulin
available for veterinary use.
7-3365-1255. E-mail:
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Glargine has a very long duration of action in hu-
mans and healthy cats.6 In healthy cats, glargine has
a similar duration of action to PZI and longer duration
of action than lente insulin.6 A study in diabetic cats re-
ported that glargine administered once daily provided
effective control and achieved similar efficacy to lente
administered twice daily.7 Despite glargine’s long du-
ration of action, it is unclear whether glargine will
achieve more effective glycaemic control and improved
outcomes in diabetic cats compared with lente or PZI.

Many diabetic cats treated with insulin are able to
maintain normoglycaemia without exogenous insulin
within weeks to months of beginning therapy. This is
commonly called diabetic remission and implies re-
mission from requiring insulin therapy rather than
true remission of their diabetes.

The aim of this study was to compare glycaemic
control and remission probabilities in newly diag-
nosed diabetic cats treated with either glargine, PZI
or lente insulin.
Materials and methods
A controlled trial was conducted where newly diag-
nosed diabetic cats were treated with either glargine,
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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PZI or lente insulin. All cats were fed an ultra-low car-
bohydrate-high protein canned diet (Purina Diabetes
Management, Ralston Purina, St Louis, MO, USA)
for 16 weeks or until remission was achieved. The trial
was approved by The University of Queensland Ani-
mal Ethics Committee (SVS/521/03) and conducted at
a feline-only veterinary practice on an outpatient ba-
sis, except for assessment days that occurred in the
practice hospital.

Animals

From March 2002 until September 2004, all cats pre-
senting to a feline-only veterinary practice (The Cat
Clinic, 189 Creek Road, Mt Gravatt, Qld 4122, Aus-
tralia) with newly diagnosed diabetes but without se-
rious concurrent disease, such as end-stage renal
failure or neoplasia, were identified and the owners
offered inclusion of their cat in the study. No owner
declined participation in the study. Cats were started
in the trial at the time they were first diagnosed
with diabetes mellitus, and had no or minimal (less
than 24 h) insulin therapy. Each cat was allocated to
one of the three insulin treatment groups at the time
of first diagnosis, with choice of treatment made to en-
sure equal numbers and similar proportions by breed
(Burmese or non-Burmese) and previous corticoste-
roid administration in each group. Groups were not
matched on gender, body weight or age. Inclusion in
the trial was confirmed at day 10; cats were excluded
up to day 10 if they did not eat the prescribed diet, or
owners were unable to exclusively feed the diet or
measure water intake.

Insulins

The lente, PZI and glargine insulins tested were, respec-
tively, porcine lente insulin 40 U/ml (Caninsulin; Inter-
vet, Netherlands Boxmeer, Netherlands), PZI 40 U/ml
(PZI-Vet, Idexx Pharmaceuticals USA, Westbrook,
Maine, USA) and glargine 100 U/ml (Lantus; Aventis
Pharmaceuticals, Germany, Frankfurt, Germany).

Initial assessment

On beginning in the study, history, physical examina-
tion, body weight, body condition score (BCS; scale of
1e9), serum biochemistry profile, serum fructosamine
concentration and urinalysis were obtained for each
cat. Urine glucose and ketone concentration was as-
sessed by urine dipstick analysis (Bayer Multistix 10
SG reagent urinalysis strips) using a scale 0 to 4þ.
Urine sediment was examined and culture and sensi-
tivity testing performed if evidence of inflammation
or infection were present.

Diagnosis

Diagnosis of diabetes mellitus was only made if blood
glucose concentration was greater than 16 mmol/l at
three consecutive times a least 4 h apart, serum
fructosamine concentration was elevated
(>406 mmol/l) and glycosuria was present. Presence
of clinical signs consistent with diabetes mellitus
(polyuria, polydipsia, polyphagia, weight loss) was
used as supporting evidence. Each cat was classified
as having either uncomplicated or complicated diabe-
tes. Cats were classified as having uncomplicated dia-
betes if they were still eating. Cats were classified as
having complicated diabetes mellitus if signs of sys-
temic illness (depression and anorexia) and dehydra-
tion were detected.

Stabilisation

Cats entering the study with uncomplicated diabetes
were treated with their allocated insulin type as
soon as was practical (within 12 h).

Cats entering the study with complicated diabetes
were treated with fluid therapy and regular insulin
(Actrapid; Novo Nordisk, Bagsvaerd, Denmark) ad-
ministered intravenously until appetite returned or
hydration status normalised, and were then started
on subcutaneous insulin therapy (generally within
1e2 days of diagnosis).
Initial insulin dose

Cats received their allocated insulin twice daily sub-
cutaneously (SC) at an initial dose of 0.5 U/kg ideal
body weight if the blood glucose concentration on ad-
mission was greater than or equal to 20 mmol/l, and
0.25 U/kg if blood glucose concentration was less
than 20 mmol/l. Blood glucose concentration was
measured every 2 h for 12 h for each cat for the first
3 days of treatment with the allocated insulin, to en-
sure cats did not become hypoglycaemic. Insulin
dose was adjusted using dosing rules set at the begin-
ning of the study and based on blood glucose concen-
tration (Table 1). Cats were then discharged from
hospital and the owners requested to bring the cat
back for re-examination in 7 days. No increase in insu-
lin dose was made during the first 3 days, even if per-
sistent hyperglycaemia was present.

For subsequent veterinary reassessments from day
10 onwards, insulin dose was adjusted using dosing
rules based on blood glucose concentration (Table 2).
Withdrawing insulin and remission (non-insulin
dependence)

After a minimum of 2 weeks of insulin therapy, if the
pre-insulin blood glucose concentration was less than
12 mmol/l, insulin was withheld and serial blood glu-
cose measurements were continued for 12 h to deter-
mine if the cat was no longer insulin dependent and
thus in remission. Cats suspected of being in remis-
sion were discharged from hospital without insulin
treatment and had their blood glucose concentration
measured weekly for 3 months, to confirm remission.
Remission date was defined as the first date at which



Table 1. Dosing rules for adjusting insulin dose
on days 1, 2 and 3 in a controlled trial comparing
glycaemic control and remission in 24 newly diag-
nosed diabetic cats treated with glargine, PZI or
lente insulins

Insulin
type

Glucose variable
and cutpoint

Dose change*

Lente Nadir <3 mmol/l Reduce by 50%
Nadir 3 to<5 mmol/l Reduce by 1 U
Nadir 5e7 mmol/l Reduce by 0.5 U
Nadir >7 mmol/l No change

Glargine
and PZI

Nadir <3 mmol/l Reduce by 50%
Nadir 3 to<5 mmol/l Reduce by 1 U
Nadir 5e7 mmol/l Reduce by 0.5 U
Pre-insulin <12 mmol/l Reduce by 0.5 U
Pre-insulin <12 mmol/l
and dose was 1 U bid

Reduce to 1 U sid

Nadir >7 mmol/l No change

*Note that no increase in insulin dose was allowed
during the first 3 days.
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normoglycaemia (blood glucose 4e7 mmol/l) was ob-
served despite no exogenous insulin administration in
the previous 2 weeks. Time to remission was defined
as the time from initiation of insulin treatment to
date of remission.

Trial end-point

The trial endpoint for each cat was 112 days (16
weeks) after initiation of treatment or date of remis-
sion, whichever occurred first.
Table 2. Dosing rules for determining insulin dose fr
glycaemic control and remission in 24 newly diagnos
insulins

Insulin type Glucose variable and cut

Lente Pre-insulin <12 mmol/
Pre-insulin 13e16 mmo
Pre-insulin >16 mmol/
Nadir <3 mmol/l
Nadir 3e5 mmol/l
Nadir 5e7 mmol/l
Nadir 7e10 mmol/l
Nadir 10e12 mmol/l
Nadir >13 mmol/l

Glargine and PZI Pre-insulin 12e14 mmo
Pre-insulin 15e20 mmo
and/or nadir 7e9 mm
Pre-insulin >20 mmol/
Pre-insulin <12 mmol/
Nadir 5e7 mmol/l
Nadir <5 mmol/l
Clinical hypoglycaemia
Hospital assessments

Cats were assessed by the same veterinarian on days
10, 17, 28 and then every 2 weeks (ie, days 42, 56,
70, 84, 98 and 112). Cats were admitted at each veter-
inary assessment and serial measurements of blood
glucose concentration made every 2 h over 12 h. Based
on the blood glucose concentrations, insulin dose was
adjusted according to the dosing rules (Table 2) and
the cat discharged the same day. Serum fructosamine
concentrations were measured every 4 weeks until the
trial end-point.

Diet

All cats were placed on a sole diet of ultra-low carbo-
hydrate-high protein commercial canned diet (Purina
Diabetes Management, Ralston Purina, St Louis, MO,
USA) (distribution of metabolisable energy: 7% carbo-
hydrate, 46% protein, 47% fat) for the duration of the
trial. Food intake was not restricted for any cat during
the first 2 weeks of insulin therapy. Dietary energy re-
striction was recommended after 2 weeks for cats with
body condition scores of 7 or above (on 1e9 scale).

Measurement of blood glucose concentration

Serial whole blood glucose concentration was mea-
sured using a hand held glucometer (Bayer Esprit)
which was regularly calibrated with an external
laboratory.

Comparisons between insulin types

Effects of insulin type on 12 h mean blood glucose
concentration and mean daily water intake at each
om day 10 onwards in a controlled trial comparing
ed diabetic cats treated with glargine, PZI or lente

point Insulin dose change

l Withhold and check for remission
l/l Dose was no more than 1 U
l Same dose

Reduce by 50%
Reduce by 1 U
Reduce by 0.5 U
Same
Increase by 0.5 U
Increase by 1 U

l/l Reduce by 0.5 U
l/l

ol/l
No change

l Increase 0.5 U
l Withhold and check for remission

Reduce by 0.5 U
Reduce by 1 U
Reduce by 50%
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veterinary assessment, and serum fructosamine con-
centration at days 28, 56, 84 and 112, were assessed
for cats receiving insulin using analysis of variance.
As each pair-wise comparison was of a priori interest,
in addition to overall P-values, each pair-wise com-
parison was tested using the residual mean square
of the full analysis of variance model. The effects of in-
sulin type on cumulative probability of remission over
time were compared using KaplaneMeier estimates
of survival functions for each insulin type. These sur-
vival functions described the probability that an indi-
vidual’s time from initiation of treatment to remission
exceeded a specified time. Overall survival functions
were compared between insulin types using log-
rank tests. For the 22 cats not in remission by day
17, the association between mean 12 h blood glucose
concentration on day 17 and occurrence of remission
was also assessed by comparing overall survival func-
tions using log-rank tests between cats with low and
high mean blood glucose concentrations using two
cutpoints (<16 versus �16 mmol/l and <10 versus
�10 mmol/l) without and with stratification by insu-
lin type. Overall survival functions were also com-
pared between Burmese and non-Burmese cats using
log-rank tests without and with stratification by insu-
lin type. Statistical analyses were performed using
Stata versions 9.2 and 10.1 (StataCorp, College Station,
TX, US). Data are summarised as mean� standard er-
ror of the mean (SEM) unless indicated otherwise.
Table 3. Signalment and baseline data for treatmen
control and remission in 24 newly diagnosed diabetic

Len

Age (years) 11.5� 2.1 (
Body weight (kg) 5.7� 1.0 (
Male: female 6:
Body condition score (on scale of 1e9) 5.7� 1.2 (
Blood glucose concentration (mmol/l)
[ref¼ 3.2e7.5 mmol/l]

24.3� 5.9 (

Fructosamine concentration(mmol/l)
[ref¼ 249e406 mmol/l]

573� 96 (

Serum bicarbonate (mmol/l)
[ref¼ 12e24 mmol/l]

11.8� 5.4

b-hydroxybutyrate (mmol/l)
[ref¼<0.6 mmol/l]

5.7� 2.7

Acidotic* 4
Ketoticy 7
Ketoacidoticz 3
Positive urine sediment 3
Previous diabetogenic drug administrationx 1
Burmese breed 4

Data described using mean� SD. Values in parentheses i
*Serum bicarbonate concentration< 12 mmol/l.
ySerum b-hydroxybutyrate concentration> 0.6 mmol/l an
zPresence of both acidosis and ketosis.
xAdministered in the 3 months preceding diagnosis.
Results
Twenty-nine cats were enrolled in the study and five
of these were subsequently excluded by day 10 be-
cause of failure to eat the diet (two cats in both the
glargine and lente groups and one cat in the PZI
group). Three groups, each consisting of eight cats,
completed the study (n¼ 24).

Mean age was 12 years and just over half the cats
were purebred (12 were Burmese); four in each treat-
ment group; (Table 3). At diagnosis all cats were
markedly hyperglycaemic (mean 26 mmol/l), and
had elevated serum fructosamine concentrations
(mean 565 mmol/l) (Table 3). One cat in each of the
lente and PZI groups had received corticosteroids in
the 6 months prior to diagnosis (n¼ 1, oral prednisone
for 3 weeks just prior to diagnosis and intermittently
for several years for inflammatory bowel disease;
n¼ 1, long-acting depo injection 5 weeks prior to diag-
nosis for flea allergy/military dermatitis). (Table 3).
Four cats (lente¼ 3 and PZI¼ 1) had urine culture
and sensitivity testing performed due to an active
urine sediment, but only one cat (lente¼ 1) had a pos-
itive culture (Enterococcus species). A minority of cats
(12%) were diagnosed with complicated diabetes mel-
litus (lente¼ 2 and PZI¼ 1) and were treated with in-
tensive fluid therapy and intravenous regular insulin
administration (Table 3).

Glargine was associated with significantly lower
mean 12 h blood glucose concentrations than lente and
t groups in a controlled trial comparing glycaemic
cats treated with either glargine, PZI or lente insulin

te Glargine PZI

7.9e15.5) 11.4� 3.2 (7.0e16.8) 12.6� 2.8 (7.3e16.5)
4.6e7.2) 6.0� 1.2 (3.6e8.4) 5.4� 1.5 (4.5e7.6)
2 5:3 6:2
4e7) 6.6� 1.1 (5e9) 5.6� 1.5 (5e8)
17e31) 27.3� 5.3 (19e34) 26.7� 5.3 (19e33)

495e793) 554� 70 (486e657) 568� 60 (449e660)

(1e20) 15.3� 3.8 (6e20) 14.4� 4.3 (8e19)

(0.3e8.5) 1.9� 4.2 (0.1e8.6) 3.5� 2.9 (0.1e12.4)

1 2
5 4
1 1
0 1
0 1
4 4

ndicate range; ref¼ reference range for healthy cats.

d/or positive for urinary ketones.
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PZI, but daily water intake in glargine-treated cats was
not different in the first 28 days of therapy (after
which reduced group size made comparisons difficult;
Table 4). Fructosamine concentration was significantly
lower in glargine-treated cats from day 56 (Table 5). Dur-
ing the trial, two cats treated with lente insulin and one
cat treated with PZI had severe clinical hypoglycaemia
requiring intravenous glucose therapy. None of the glar-
gine-treated cats exhibited signs of hypoglycaemia, al-
though many had biochemical hypoglycaemia (blood
glucose <3 mmol/l without clinical signs).

There was no significant effect of insulin type
(P¼ 0.545) on change in body weight from initial hospi-
tal discharge to trial end. During the trial period, cats in
the lente and PZI groups lost a small amount of weight
(mean change� SD 68� 34 g and 144� 42 g, respec-
tively) while cats in the glargine group gained a small
amount of weight (mean change� SD 81� 46 g).

From day 28 onwards, many cats achieved remis-
sion. By day 42, only 2/8 cats in the glargine group
were receiving insulin while 6/8 cats in the lente group
and 5/8 cats in the PZI group still required insulin ther-
apy (Table 4). By day 112, all eight cats in the glargine
group had achieved remission while 2/8 cats in the
lente group and 3/8 cats in the PZI group had achieved
remission (Table 4). There was a significant effect of
Table 4. Mean 12 h blood glucose concentrations an
caemic control and remission in 24 newly diagnose
lente insulins

Day Lente Glargine

Mean daily
glucose conc.

(mmol/l)

Water
intake

(ml/kg/d)

n Mean daily
glucose conc.

(mmol/l)

Wat
inta

(ml/k

1 16.4� 2.4 e 8 16.9� 1.2 e
2 19.4� 1.9 e 8 10.8� 2.9 e
3 20.4� 2.0 e 8 18.4� 2.6 e
10 17.7� 2.7 41� 9 8 13.1� 2.7 32�
17 15.6� 6.9y 39� 32 7 11.4� 2.7x 32�
28 22.8� 1.8 52� 10 7 13.3� 2.7 45�
42 23.4� 2.1 63� 9 6 21.1� 2.7 81�
56 21.6� 1.0 59� 9 6 6.0� 0.9 39�
70 15.7� 1.1 66� 7 6 4.2 21
84 19.4� 0.4 65� 9 6 17.6 12
98 16.1� 2.5 49� 7 6 3.4 20
112a 19.6� 1.4 56� 8 6 e e
112b 20.5� 1.9 33� 8 6 e e
112c 21.2� 2.1 34� 9 6 e e

n¼ number of cats receiving insulin and hence the numbe
lating group means. Data reported as mean� SEM. Water
cats received parenteral fluids. Days 112a, 112b and 112c r
blood glucose curve. Bolding highlights means that diffe
row, means with different superscripts are significantly d
*Comparisons between all three insulin types were not ma
glargine group. Means are presented for descriptive purp
yComparisons are between PZI and lente only as there w
insulin type (P¼ 0.014) on probability of remission (Ta-
ble 6, Fig 1). The probability of remission occurring
with glargine was greater than for both PZI
(P¼ 0.010) and lente (P¼ 0.013), but no significant dif-
ference was observed between lente and PZI
(P¼ 0.696). For the 22 cats not in remission by day 17,
cats with lower mean 12 h blood glucose concentration
on day 17 had a higher probability of subsequent re-
mission than cats with higher mean glucose concentra-
tion, when mean glucose concentrations of<10 mmol/
l versus �10 mmol/l and <16 mmol/l versus
�16 mmol/l were compared. P-values for the non-
stratified model and with stratification on insulin
type were 0.007 and 0.058, respectively, for 16 mmol/
l, and P< 0.001 with and without stratification for
10 mmol/l.

Probabilities of remission were similar and did
not differ significantly between Burmese and non-
Burmese cats (P-values for non-stratified model and
with stratification on insulin type were 0.903 and
0.688, respectively). Of the 12 Burmese and 12 non-
Burmese cats, six and seven, respectively, achieved re-
mission by 112 days. All four Burmese cats treated
with glargine achieved remission as did the four
non-Burmese cats in that group. In the PZI group,
3/4 Burmese cats achieved remission compared with
d water intakes in a controlled trial comparing gly-
d diabetic cats treated with either glargine, PZI or

PZI

er
ke
g/d)

n Mean daily
glucose conc.

(mmol/l)

Water
intake

(ml/kg/d)

n P e
mean

glucose

P e
water
intake

8 17.2� 2.6 e 8 0.967 e
8 18.9� 3.2 e 8 0.065 e
8 20.3� 2.5 e 8 0.808 e

14 8 16.4� 3.3 47� 10 8 0.531 0.648
43 8 21.3� 1.1y 35� 9 7 0.023 0.921
4 4 16.7� 3.7 33� 16 7 0.211 0.505
1 2 21.8� 1.8 31� 2 5 * *
5 2 19.6� 1.6 34� 6 5 * *

1 19.6� 2.4 33� 5 5 * *
1 16.9� 2.4 37� 5 5 * *
1 17.8� 1.4 43� 6 5 * *
0 19.0� 0.7 46� 5 5 0.785y 0.433y
0 13.3� 0.9 43� 7 5 0.023y 0.450y
0 15.5� 1.7 47� 4 5 0.124y 0.321y

r of individual water intake observations used in calcu-
intake on days 1, 2 and 3 were not compared as some

epresent consecutive 12-h periods during the final 36 h
r significantly (P< 0.05) from other means in the same
ifferent from each other.
de after day 28 as only one or two cats remained in the
oses only.
ere no glargine-treated cats still receiving insulin.



Table 5. Serum fructosamine concentrations from day 0 to day 112 in a controlled trial comparing gly-
caemic control and remission in 24 newly diagnosed diabetic cats treated with either glargine, PZI or
lente insulin

Day Lente Glargine PZI P value

n n n

0 573 8 554 8 568 8 *
28 465� 49 8 343� 38 8 444� 42 8 0.125
56 539� 31a 6 342� 31b 2 543� 35a 5 0.019
84 517� 24a 6 182b 1 540� 32a 5 0.002
112 479� 17 6 0 562� 65 5 0.210

n¼ number of cats receiving insulin within 7 days of test day.Data reported as mean� SEM. Bolding highlights
means that differ significantly (P< 0.05) from other means in the same row. Means with different superscripts
are significantly different from each other.
*Insulin therapy had not commenced so group comparison is of baseline data and not the effect of insulin type on
fructosamine concentration.
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0/4 non-Burmese cats in that group. In the lente
group, 0/4 Burmese cats achieved remission com-
pared with 2/4 non-Burmese cats in that group.

Two cats (lente¼ 1 and PZI¼ 1) which had corticoste-
roids administered prior to diagnosis had their steroids
withdrawn, and both cats achieved remission (lente¼ 17
days, PZI¼ 35 days). Of the cats that did not have steroids
administered prior to diagnosis, all eight treated with
glargine achieved remission, while only 2/7 PZI treated
cats and 1/7 lente-treated cats achieved remission.
Discussion
The most important finding from this study in
newly diagnosed diabetic cats was that treatment
with glargine resulted in a higher probability of
remission compared with PZI or lente insulin. Glar-
gine-treated cats also had better glycaemic control
based on lower mean blood glucose concentrations
by 17 days after initiating therapy. Achieving non-
insulin dependence (remission) is likely to enhance
the quality of life of the owner and the cat, because
Table 6. Proportion of cats going into remission and ti
trolled trial comparing glycaemic control and remissio
either glargine, PZI or lente insulin

Proportion of cats going into remission by day 42
(number of eight cats)
Proportion of cats going into remission by day 112
(number of eight cats)
Median time (days) from initiation of treatment
to remission for cats that achieved remission (range)

Time to remission reported as median and values in par
hypothesis that the cumulative probability of remissio
P value¼ 0.014. Pair-wise comparisons for glargine versus
sus lente, P¼ 0.012.
daily insulin injections are no longer required and
veterinary visits are usually fewer. The cost to the
owner is also reduced.

The small group size limited the power of the study
to detect small to modest differences between groups
in the probability of remission and other parameters
including mean glucose concentration. However, sig-
nificant differences were detected for some variables.
Assuming no bias, this is likely because in the popula-
tions represented by the study population, the true
differences between insulin types were large. Prior
steroid use is the only factor documented in the liter-
ature to pose a potential bias for remission, therefore,
the glargine group was disadvantaged with respect to
probability of remission compared to the other groups
(one cat in both the lente and PZI groups had prior
steroid administration and both achieved remis-
sion).8,9,21 There are no controlled studies reporting
that cats with ketoacidosis have a poorer response to
insulin or outcome than cats with uncomplicated dia-
betes and a recent study found 58% of ketoacidotic
cats achieved remission.9 Although obesity is
me from initiation of treatment to remission in a con-
n in 24 newly diagnosed diabetic cats treated with

Lente Glargine PZI P value

0.25 (2) 0.75 (6) 0.38 (3) 0.014

0.25 (2) 1.00 (8) 0.38 (3)

19 (17e21) 28 (28e100) 35 (17e35)

entheses indicate range. P value is for testing the null
n over time does not differ between groups.Overall
PZI, P¼ 0.016; lente versus PZI, P¼ 0.696; glargine ver-



Fig 1. Cumulative proportion of cats going into remission
by time after initiation of treatment in a controlled trial
comparing glycaemic control and remission probabilities in
24 newly diagnosed diabetic cats treated with glargine
(- - - -), PZI (————) or lente (________) insulin.
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associated with increased risk of diabetes, it was not
found to be positively or negatively associated with
remission.8 If there was any bias associated with obe-
sity, the glargine group was disadvantaged compared
to the other groups, because glargine-treated cats
tended to gain weight during the study and lente
and PZI treated groups lost weight (although differ-
ences between groups were not significant). Therefore,
of the known biases for remission and glycaemic con-
trol, the glargine group was disadvantaged, reinforc-
ing the positive findings of the study.

Burmese cats in Australia, New Zealand and the
United Kingdom are reported to be predisposed to di-
abetes.2,10,11 There is no evidence that diabetic Bur-
mese cats are more or less likely to achieve
remission than non-Burmese diabetic cats, but to
avoid any potential bias, treatment groups were
matched with four Burmese per group. The observed
effects of insulin type were not confounded by breed,
and Burmese cats had a similar probability of remis-
sion as non-Burmese cats.

Diets low in carbohydrate result in lower post-
prandial blood glucose concentrations,12 and most
diabetic cats have reduced exogenous insulin require-
ments when fed a low carbohydrate diet.4 To remove
confounding effects of diet on blood glucose concen-
tration, all cats were exclusively fed the same ultra-
low carbohydrate, high protein canned diet (Purina
Diabetes Management, Ralston Purina). The low car-
bohydrate diet was expected to lead to reduced insu-
lin requirements, improved glycaemic control and
increased probability of remission, but any effect
was equally distributed between groups.

A second important finding was that probability of
subsequent remission was substantially higher
amongst cats with lower mean 12 h blood glucose
concentrations on day 17 (<10 mmol/l versus
�10 mmol/l and <16 mmol/l versus �16 mmol/l).
Two interrelated factors probably explain this finding.
Firstly, cats with lower mean 12 h blood glucose con-
centrations on day 17 probably had more b-cell func-
tion, a critical factor in cats becoming non-insulin
dependent. Human diabetic patients with some en-
dogenous insulin secretion have lower mean blood
glucose concentrations and better glycaemic control
than those with minimal b-cell function.13 The second
factor relates to glucose toxicity, a phenomenon of ini-
tially reversible and later irreversible loss of b-cell
function secondary to high blood glucose concentra-
tions.14,15 Good glycaemic control enhances b-cell
recovery from glucose toxicity and facilitates non-in-
sulin dependence in humans.14 Thus, it is likely that
the sooner a newly diagnosed diabetic cat has suffi-
ciently low blood glucose concentrations for the ef-
fects of glucose toxicity to resolve, the greater the
probability that b-cells will regain function, resulting
in remission. This finding also suggests that low
mean daily glucose concentration soon after diagnosis
may be a good prognostic indicator for predicting re-
mission, regardless of insulin type.

Fructosamine can be useful in assessing longer term
glycaemic control in diabetic cats. However, the long
half-life of fructosamine resulted in serum fructos-
amine concentrations at day 28 not reflecting the
significantly lower mean 12 h blood glucose concen-
trations seen in glargine-treated cats at day 17. This
emphasises the value of blood glucose concentration
rather than fructosamine concentration for adjusting
insulin dose. For cats where serial blood glucose mea-
surements in the hospital are problematic, home mon-
itoring of blood glucose concentrations likely provides
superior information to measurement of fructosamine
concentration.

Severe clinical hypoglycaemia (blood glucose
<3 mmol/l with clinical signs of ataxia, seizuring,
etc) due to excessive insulin dose can be life-threaten-
ing and requires prompt treatment, usually including
intravenous glucose supplementation. None of the
glargine-treated cats exhibited signs of hypoglycae-
mia while three cats in the other treatment groups
(lente¼ 2, PZI¼ 1) developed severe clinical hypogly-
caemia requiring intravenous glucose therapy. Cats
treated with glargine may be less likely to develop
clinical hypoglycaemia and glargine may allow for
tighter glycaemic control without increased risk of
clinical hypoglycaemia. While humans with type 1
diabetes treated with glargine achieve superior gly-
caemic control compared with patients treated with
shorter-acting insulins such as NPH, the major bene-
fit is that fewer hypoglycaemic episodes occur.16 Hu-
mans with type 2 diabetes treated with glargine also
have a reduced incidence of hypoglycaemia com-
pared with those treated with NPH insulin, but gly-
caemic control was similar.17 The lower frequency
of clinical hypoglycaemia is thought to be associated
with glargine’s consistent 24 h insulin profile com-
pared to the sharp peak of insulin activity which oc-
curs after administration of intermediate-acting
insulin. Thus, glargine may result in reduced risk of
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severe clinical hypoglycaemia over other insulins, po-
tentially allowing clinicians to safely aim for tight
glycaemic control.

Glargine has a very long duration of action in
healthy cats regardless of whether dosed once or
twice daily.18 A recent study reported that once
daily glargine administration provided effective
control and achieved similar efficacy to lente insulin
administered twice daily.7 The dosing protocol for
lente and the proportion of lente-treated cats achiev-
ing remission was similar to our study and that of
other studies using lente.19,20 However, the propor-
tion of glargine-treated cats achieving remission in
our study (8/8 cats) was much higher than in Weav-
er’s (2006) study (1/6 cats).7 This was probably due
to the initial daily glargine dose being double
(0.5 U/kg bid) that in the Weaver study (0.5 U/
kg sid) and the inclusion of only newly diagnosed
diabetic cats in our study. The substantially higher
probability of diabetic remission seen in our study
supports the use of twice daily administration of
glargine in all newly diagnosed diabetic cats at an
initial dose of 0.5 U/kg per injection.

Until recently, the goals of insulin therapy in dia-
betic cats have been to resolve clinical signs and pre-
vent ketoacidosis. With the advent of longer-acting
insulins and low carbohydrate diets, the goal of ther-
apy has changed, and it is now expected that most
newly diagnosed cats will achieve remission and not
require insulin injections. To maximise the chance of
remission, we suggest that all newly diagnosed dia-
betic cats initially be treated with twice daily glargine
and a low carbohydrate diet. Because good glycaemic
control soon after diagnosis is associated with in-
creased probability of remission, and cats treated
with glargine appear to have a reduced chance of clin-
ical hypoglycaemia, we suggest that for the first 6e8
weeks of therapy, insulin dose be adjusted to achieve
tight glycaemic control and cats monitored carefully.
Slightly overdosing with insulin may increase the
risk of biochemical hypoglycaemia, but the benefits
of reversing glucose toxicity and rapidly achieving re-
mission through early institution of good glycaemic
control outweigh the low risk of clinical
hypoglycemia.8

In summary, this study in newly diagnosed diabetic
cats showed that twice daily treatment with glargine
insulin provides better glycaemic control and higher
probability of remission compared to twice daily treat-
ment with PZI or lente insulin. Good glycaemic con-
trol soon after diagnosis is associated with increased
probability of remission and should be the goal of in-
sulin therapy.
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