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This prospective, multicentre, non-blinded, open study
followed 46 cats with diabetes mellitus during treatment
with porcine lente insulin (also known as porcine insulin
zinc suspension, Caninsulin�, Intervet) for 16� 1 weeks
(stabilization phase), with additional monitoring of some
cats (n¼ 23) for a variable period. At least three of the
following were present at initial presentation: appropriate
history of clinical signs consistent with diabetes mellitus,
glucosuria, blood glucose greater than 15 mmol/l and
fructosamine greater than 380 mmol/l. Insulin treatment
was started at a dose rate of 0.25e0.5 IU/kg body weight
twice daily, with a maximum starting dose of 2 IU/
injection. Twenty-eight of the cats were classed as reaching
clinical stability during the study, in 23 of these cats this
was during the stabilization phase. Seven cats went into
remission during the stabilization phase and one of the cats
in week 56. Clinical signs of hypoglycaemia, significantly
associated with a dose of 3 units or 0.5 IU/kg or more per
cat (twice daily), were observed in nine of the 46 cats
during the stabilization phase and concomitant biochemical
hypoglycaemia was recorded in most cases. Biochemical
hypoglycaemia, recorded in 6% of the blood glucose curves
performed during the stabilization phase, was significantly
associated with a dose rate of 0.75 IU/kg or more twice
daily. This further highlights the need for cautious stepwise
changes in insulin dose. The protocol used in the present
study is suitable for and easy to use in practice. This study
confirmed the efficacy and safety of porcine lente insulin
(Caninsulin�) in diabetic cats under field conditions.
Date accepted: 24 October 2007 � 2008 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
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A
lthough several pathogenic processes
are involved in the development of dia-
betes, the vast majority of cases of dia-

betes fall into two broad aetiopathogenic
categories (type 1 and type 2), where there is
an absolute deficiency of insulin secretion (type 1)
or a combination of resistance to insulin action
and an inadequate compensatory insulin secre-
tory response (type 2) (American Diabetes Associ-
ation 2003). Diabetes mellitus, one of the most
common endocrine disorders of middle aged
and old cats (Rand and Martin 2001), is character-
ized by hyperglycaemia resulting from defects in
insulin secretion, insulin action, or both (type 2
diabetes).

Diabetic cats most commonly have partial pan-
creatic islet destruction associated with pancreatic
amyloidosis and are insulin-deficient (Stogdale
1986). Although cats with detectable insulin con-
centrations at the time of diagnosis can potentially
be treated with oral hypoglycaemic agents, such as
glipizide (Nelson et al 1993), the majority of dia-
betic cats require exogenous insulin administration
to control hyperglycaemia. Chronic exposure to hy-
perglycaemia can lead to cellular dysfunction that
may become irreversible, a process that is termed
glucose toxicity (Robertson et al 2003). In cats, clin-
ical remission of diabetes mellitus can occur even
after months of treatment, but is likely dependent
upon the underlying pathogenesis, together with
early therapy to minimize glucose toxicity, and is
only possible if the beta cell mass has not been de-
stroyed (Rand 1998, Feldman and Nelson 2004).

A number of studies have looked retrospec-
tively at cats with diabetes mellitus treated
with a variety of different insulins and different
regimes (insulin dose, insulin treatment regime
and diet) (Bertoy et al 1995, Crenshaw and Peter-
son 1996, Kraus et al 1997, Goossens et al 1998).
Only two published studies have attempted to
apply standardized criteria for both diagnosis
and treatment of diabetes mellitus in cats from
presentation (Nelson et al 2001, Martin and
Rand 2007a). The present multicentre, prospec-
tive study in veterinary practices in Europe
aimed to confirm the efficacy and safety of twice
daily administration of porcine lente insulin
(Caninsulin�, Intervet) to cats.
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Materials and methods

Animals

Cats newly diagnosed or previously treated but
poorly controlled with uncomplicated diabetes
mellitus were admitted to the study and their
clinical status assessed at admission (week 0,
day 0), on days 1e3 and in weeks 1, 3, 6, 9 and
either 12 or 16 (stabilization phase). Additional
monitoring beyond 16 weeks was optional,
with examinations performed roughly every 3
months for a variable period at the investigator’s
discretion. At admission, at least three of the fol-
lowing should have been present: appropriate
history of clinical signs consistent with diabetes
mellitus, glucosuria, blood glucose concentra-
tions greater than 15 mmol/l and fructosamine
concentrations greater than 380 mmol/l. Uncom-
plicated diabetes mellitus was defined as cats
with diabetes mellitus without identifiable co-
existing primary disease (eg, hyperthyroidism,
major infection or organ failure, acromegaly, hy-
peradrenocorticism) that had not received
steroid hormone treatment (short-acting cortico-
steroids within 14 days or long-acting corticoste-
roids or progestogens within 6 weeks). Cats
presented with diabetic ketoacidosis (DKA)
and/or with urinary tract infection could be
included in the study following appropriate
initial treatment (eg, fluid therapy, rapid acting
insulin, antimicrobial therapy) for stabilization
or elimination of infection.
Treatment

Porcine lente insulin (40 IU/ml porcine insulin
zinc suspension, Caninsulin� (also known as
Vetsulin�), Intervet International bv, Boxmeer,
The Netherlands), an intermediate acting, por-
cine insulin zinc suspension, was administered
by subcutaneous injection using 40 IU/ml syrin-
ges. The starting dose was based on the initial
blood glucose concentration of each cat;
0.25 IU/kg if the blood glucose concentration
was less than 20 mmol/l and 0.5 IU/kg if greater
than 20 mmol/l. The maximum starting dose
was not to exceed 2 IU/dose and dose rates
greater than 0.5 IU/kg twice daily were not rec-
ommended during the first 3 weeks of treatment.
Concurrent treatment with steroid hormones,
oral hypoglycaemic agents or a2 agonists, since
stimulation of a2-adrenoceptors depresses insu-
lin secretion producing transient hyperglycae-
mia, was not permitted. Each cat was fed
a standard feline diet based on its usual routine.
The type of diet, amount of food, feeding regime
and any change of diet were documented.

Dose adjustments were based on a dosage
algorithm (Fig 1). Cats with hypoglycaemia
(showing clinical signs and/or documented



Recheck:
- If hypoglycaemia is suspected
- In week 1
- Every 3 weeks until stabilised
   then every 2-4 months

Clinical signs of hypoglycaemia?

YES

Reduce the insulin
dose

Perform a 12-hour
blood glucose curve

Blood glucose nadir
<3 mmol/l

NO

Blood glucose nadir

YES

Does the cat have a normal
water intake?

NO

Decrease insulin dose
by 1 IU

Increase insulin
dose by 1 IU

YES
Biochemical

hypoglycaemia

NO

5-7 days

Blood glucose nadir

>9 mmol/l 3-9 mmol/l≥

Fig 1. Algorithm for insulin dosage adjustment in cats (after Rand and Martin 2001).
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biochemical hypoglycaemia (any blood glucose
measurement of less than 3 mmol/l during any
12-h test period)) had their insulin dose reduced
by at least 1 IU. Cats with a pre-insulin blood
glucose concentration less than 9 mmol/l on
any examination day and/or clinical signs of hy-
poglycaemia had insulin administration post-
poned by 12 h and the insulin dose adjusted as
necessary, based on blood glucose concentration.
If, after 24 h, the blood glucose concentration
was still low, these cats were sent home without
insulin treatment and rechecked 1 week later to
confirm diabetic clinical remission.

Clinical examinations

At each visit, the investigator asked each cat
owner whether their cat had polyphagia and
other relevant clinical signs (polyuria and poly-
dipsia) and whether it had shown clinical signs
of hypoglycaemia. This was followed by
a thorough physical examination and measure-
ment of body weight. At each visit, the investiga-
tor recorded whether in their opinion the cat was
stable clinically or not. Clinical stability was de-
fined as a cat that was healthy and interactive
at home with a normal appetite and water intake
(based on the cat owner’s opinion) and stable
body weight.

Laboratory evaluations

Blood samples for blood glucose measurement
were taken from the cephalic vein and measured
using a hand-held, portable blood glucose metre
(Elite series, Bayer bv, Mijdrecht, The Nether-
lands). Each investigator used the same type of
portable blood glucose metre. Each portable glu-
cometre was calibrated for each new box of test
strips according to manufacturers’ recommenda-
tions. The blood glucose metre used had been
validated in diabetic cats and compared with
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the gold standard hexokinase method using a Co-
bas Integra Analyser (Roche, Basel, Switzerland)
(Wess and Reusch 2000). Within- and between-
day variation was also assessed (Wess and Re-
usch 2000). This hand-held blood glucose metre
measures in the range 1.1e33.3 mmol/l. Blood
glucose concentrations above 33.3 mmol/l give
a reading of ‘‘HI’’ and below 1.1 mmol/l a read-
ing of ‘‘LO’’. A nominal value (34.0 mmol/l) was
attributed to the ‘‘HI’’ values.

Blood samples were taken for blood glucose
measurement at admission, prior to the first in-
sulin dose and at 3, 6, and 9 h afterwards and
prior to the second and third insulin doses. At
subsequent visits, blood samples were collected
in the same manner prior to insulin injection
and then every 2 h for 12 h.

Haematology, clinical chemistry (including to-
tal bilirubin, fasting bile acids, aspartate amino-
transferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase, urea, creatinine,
sodium, potassium, chloride, calcium and
phosphate concentrations) and total thyroxine
concentration were evaluated at admission. Fruc-
tosamine, total protein, albumin, lipase, triglyc-
erides and cholesterol were measured at
admission and at each subsequent visit. Fructos-
amine values greater than 500 mmol/l were con-
sidered to reflect less than adequate control.
For other parameters, the results for each cat
were assessed based on the reference range for
the laboratory where the analysis was performed
and values more than 10% outside the reference
range were considered to reflect significant organ
damage or dysfunction.

At admission and in weeks 1, 3, 6, 9, 12 and/or
16 and thereafter, if deemed necessary by the in-
vestigator, a urine sample was collected from
each cat by antepubic cystocentesis. This was
tested using a urine dipstick (Multistix 10SG,
Bayer, Newbury, UK), which includes tests for
ketones, and glucose and submitted for bacterial
culture and sensitivity testing.
Statistics

The individual animal was the statistical unit.
The data were described using descriptive statis-
tics. The level of significance (a) was set at 0.05.
The ShapiroeWilk test was used to test if the
data were distributed normally. Data are pre-
sented as mean and the standard deviation
(mean� SD) and median (range), as appropriate.
Data were put in contingency tables to examine
whether there was a relationship between the
investigator classing the cat as clinically stable
or not and relevant biochemistry parameters
(fructosamine, fructosamine at admission, mean
blood glucose (12 h), blood glucose nadir) and
insulin dose using Fisher’s exact test. This was
also used to examine the differences between
cats that went into diabetic clinical remission
and those that did not. The relative risk (RR)
and 95% confidence interval (CI) are presented,
where appropriate.
Results

Animals

Fifty-six cats were included in the study. Ten cats
could not be included in the final data analysis
due to significant concurrent disease (one hyper-
thyroidism and one acromegaly), prohibited
treatment (one topical corticosteroids), insuffi-
cient data (seven cats [two died, three owner
compliance, and two difficulty in taking blood
samples]). Forty-six cats (32 males [27 castrated],
13 females [10 spayed] and one cat of unspecified
sex) aged 10.7� 2.9 years (n¼ 44) and weighing
5.0 kg (2.3e11.4 kg) were included in the data
analysis. The majority of the cats (n¼ 40, 87%)
were non-purebred cats (domestic/European
short/long haired): there were six purebred
cats (two Maine Coon and one each of Burmese,
Siamese, Abyssinian and Foreign shorthair).
Thirty-nine of the 46 cats (85%) had just been di-
agnosed with diabetes mellitus, with clinical
signs reported to be present for 5 weeks (range
1e40 weeks, n¼ 35).

Admission

The clinical signs at admission are shown in
Table 2. Cats that had been treated previously
(seven cats, 15%) or those that met only three
of the four inclusion criteria are shown in Table 1.
The initial blood glucose concentration was
24.0� 6.1 mmol/l (n¼ 44) and fructosamine
(Table 3) was 581� 147 mmol/l (n¼ 44). Glucosu-
ria was reported in all cats where it was mea-
sured (n¼ 44). Ketonuria was present in 12 of
these cats (27%).

At admission, 34 of the cats had uncomplicated
diabetes mellitus, nine DKA and two hyperosmo-
lar, hyperglycaemic, non-ketotic (HHNK) syn-
drome. With the exception of one cat with DKA,
all of the cats with DKA or HHNK syndrome
and five other cats were managed initially using
fluid therapy alone, rapid acting insulin alone or



Table 1. Cats meeting only three of the four inclusion criteria or that had been treated for diabetes prior to
admission to the trial

Cat Duration of
clinical signs

Previous treatment for diabetes Clinical
signs

Glucosuria Blood
glucose

>15 mmol/l

Fructosamine
>380 mmol/l

#1 2 days Bovine protamine zinc insulin
(Insuvet PZI, Schering Plough
Animal Health, UK)

þ þ � þ

#14 3 days Porcine lente insulin
(Caninsulin, Intervet)

þ þ � þ

#15 3 weeks None þ þ � þ
#18 5 months Porcine lente insulin

(Caninsulin, Intervet), glipizide
þ þ þ þ

#19 3 months Oral hypoglycaemic agent
(unspecified)

þ þ þ þ

#20 5 months None þ þ �* þ
#24 3 months Porcine lente insulin (Caninsulin,

Intervet), recombinant human
lente insulin (Humulin, Eli Lilly)
and glipizide

þ NS þ þ

#26 19 months Treatment with various insulins
(unspecified)

þ þ þ �

#28 6 months None þ þ þ NS
#33 Short history

(unspecified)
None þ þ þ NS

#36 18 months Recombinant human insulin
crystalline zinc suspension
(Ultratard, Novo Nordisk)

þ þ þ þ

#38 1 week None þ þ þ �
#41 1 year None þ þ þ �y
#48 6 days None þ þ þ e

NS, No sample.
*Cat #20, initial blood glucose 14.4 mmol/l, second pre-treatment sample 1 day later 22.9 mmol/l. Cat did not go
into clinical remission.
yCat #41, initial fructosamine 367 mmol/l, week 1: 367 mmol/l, week 3: 417 mmol/l and week 6: 367 mmol/l. Remis-
sion in week 8: fructosamine 220 mmol/l.
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a combination of these. Three cats (7%) had posi-
tive urine culture (Escherichia coli) at admission.
Sixteen urine samples were taken from cats for
bacterial culture for suspected urinary tract infec-
tion at later dates. One cat had a positive urine
culture (E coli and alpha haemolytic Streptococcus
species) after 9 weeks of treatment.

Haematology and clinical chemistry findings
included leucocytosis (32%), elevated fasting
bile acids (32%), elevated liver enzymes (AST
74%; ALT 53% and alkaline phosphatase 27%)
and abnormal electrolyte concentrations (includ-
ing hypo- (13%) and hyper-kalaemia (4%) and
hypo- (12%), hyper-phosphataemia (12%) and
hypertriglyceridaemia (33%)). Only one cat had
total thyroxine concentrations above the upper
limit of the reference range but the cat did not
have clinical signs consistent with a diagnosis
of hyperthyroidism and the total thyroxine con-
centration measurement was repeated and was
within the reference range on all other occa-
sions. Twenty cats (48%) had evidence of euthy-
roid sick syndrome: total thyroxine or free
thyroxine below the lower limit of the reference
range.

Where the type of food was specified (n¼ 41),
10 cats were fed dry food only, 11 moist food
only and 20 a mixture of dry and moist food.
All but one of these cats were fed commercial
cat food. Only nine cats (20%) were fed a diet
that may help manage body weight (Hill’s w/d
or r/d, Hill’s Pet Nutrition Ltd or Whiskas low
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Week 49� 5, n, % 482� 114, 7, 53 4.58�

Data expressed as mean� SD if distributed normally or
(fructosamine) or more than 10% outside of the referenc
weeks 2, 3, 8 (three cats), 18, 20 and 56.
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Fig 2. Blood glucose curve (mean� SD, n¼ 46) after initial treatment with porcine lente insulin.
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There was no significant association (P> 0.05)
between the investigators’ classification of a cat
as stable clinically and previous treatment for
diabetes mellitus, or admission blood glucose,
admission fructosamine or body weight at
admission, or time to blood glucose nadir or
maximum blood glucose concentration, fructos-
amine, insulin dose, or body weight at the end
of the stabilization phase or change in body
weight from admission to the end of the stabili-
zation phase. The mean 12-h blood glucose
curves in cats classified as stable or not are
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Fig 3. Mean blood glucose curves during the stabilization pha
weeks 1 and 16. Values in other weeks (not shown) are numer
shown in Fig 4. Insulin dose, mean blood glucose
and peak insulin action are shown in Table 4.

Twenty-three of the 39 cats (59%) that had not
gone into remission by the end of the stabiliza-
tion phase were re-examined at a later date
(Tables 3 and 4). Clinical chemistry results from
these cats in Table 3 and insulin dose, mean
blood glucose and peak insulin action are shown
in Table 4. Five of these cats were recorded as
reaching clinical stability in weeks 20, 29, 30, 37
and 54, respectively, and one further cat went
into diabetic clinical remission (in week 56).
6 8 10 12
e (hours)

5)
3)
0)

week 9 (n=33)
week 13 (n=36)
week 16 (n=30)

se. Error bars represent the standard deviation of the mean in
ically similar.



Table 4. Insulin dose, mean blood glucose and p ak insulin actio in diabetic cats during treatment with porcine lente insulin

Insulin dose
(IU/kg twice daily)

(mean� SD)

Insulin d e
(IU/cat twice daily)

(median (ra ge))

Mean 12-h blood
glucose (mmol/l)

(mean� SD)

Blood glucose
nadir (mmol/l)

(mean� SD)

Time to nadir (h)
(median (range))

Week 0 (admission) 0.34� 0.14 (n¼ 46) 1 (1e4) (n¼ 46) 18.0� 6.2 (n¼ 46) 13.0� 6.9 (n¼ 46) 6 (3e12) (n¼ 46)
Week 0 (discharge) 0.34� 0.18 (n¼ 41) 1 (1e4) (n¼ 41) 17.8� 6.1 (n¼ 46)
Week 1� 0 0.45� 0.18 (n¼ 45) 2 (1e5) (n¼ 45) 19.2� 6.1 (n¼ 45) 14.0� 7.2 (n¼ 45) 5 (2e10) (n¼ 45)
Week 3� 1 0.52� 0.26 (n¼ 37) 3 (1e7) (n¼ 38) 18.5� 6.3 (n¼ 43) 10.9� 6.1 (n¼ 43) 5 (2e12) (n¼ 42)
Week 7� 1 0.60� 0.24 (n¼ 36) 3 (1e7) (n¼ 38) 18.2� 6.0 (n¼ 40) 11.8� 6.6 (n¼ 40) 6 (2e10) (n¼ 38)
Week 9� 1 0.67� 0.24 (n¼ 32) 3 (1e8) (n¼ 32) 17.1� 5.9 (n¼ 33) 11.3� 6.6 (n¼ 33) 6 (2e12) (n¼ 33)
Week 13� 1 0.74� 0.28 (n¼ 30) 3 (1e9) (n¼ 32) 16.6� 6.5 (n¼ 36) 10.9� 7.0 (n¼ 36) 6 (2e12) (n¼ 34)
Week 16� 1 0.64� 0.32 (n¼ 30) 4 (1e7) (n¼ 30) 15.4� 6.1 (n¼ 30) 9.4� 6.0 (n¼ 30) 6 (2e12) (n¼ 30)
Week 19� 1 0.55� 0.21 (n¼ 10) 3 (1e7) (n¼ 10) 15.2� 5.5 (n¼ 10) 9.9� 6.5 (n¼ 10) 6 (4e12) (n¼ 10)
Week 24� 1 0.63� 0.25 (n¼ 8) 4 (1e8) (n¼ 8) 18.3� 7.4 (n¼ 8) 11.2� 7.3 (n¼ 8) 6 (4e10) (n¼ 8)
Week 32� 3 0.64� 0.22 (n¼ 17) 3 (1e6) (n¼ 17) 16.5� 6.6 (n¼ 17) 10.2� 6.6 (n¼ 17) 5 (2e9) (n¼ 17)
Week 49� 5 0.69� 0.31 (n¼ 8) 4 (1e11) (n 8) 13.8� 6.8 (n¼ 8) 7.4� 5.3 (n¼ 8) 6 (3e10) (n¼ 8)

Data are expressed as mean� SD if distributed norma or as median (r nge) if not distributed normally. Cats went into clinical remission in weeks 2, 3, 8 (three
cats), 18, 20 and 56.

Table 5. Insulin dose, mean blood glucose, peak sulin action an fructosamine in cats still requiring porcine lente insulin treatment classified as
stable (n¼ 23) or not yet stable (n¼ 16) at the en of the stabiliz tion phase

Clinical status Body weight
(kg) (mean� SD)

Insulin dose
(IU/kg twice dail

(mean� SD)

Insulin d se
(IU/cat twic daily)

(median (ra ge))

Mean 12-h blood
glucose (mmol/l)

(mean� SD)

Blood glucose
nadir (mmol/l)

(mean� SD)

Time to nadir (h)
(median (range))

Fructosamine
(mmol/l)

(mean� SD)

Stable 5.2� 1.0 (n¼ 23) 0.64� 0.32 (n¼ 2 3 (1e6) (n 22) 14.0� 5.7 (n¼ 23) 7.7� 5.1 (n¼ 23) 4 (2e12) (n¼ 23) 504� 145 (n¼ 23)
Not yet stable 5.6� 1.2 (n¼ 16) 0.72� 0.40 (n¼ 1 4 (1e9) (n 14) 17.2� 5.4 (n¼ 16) 11.9� 5.7 (n¼ 16) 6 (2e12) (n¼ 16) 598� 160 (n¼ 16)

Data are expressed as mean� SD if distributed norma y or as median ange) if not distributed normally.
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Fig 4. Blood glucose curves (mean� SD) from cats classified as clinically stable or not after the stabilization phase.
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Diabetic clinical remission

Seven cats (15%) were in clinical remission by the
end of the stabilization phase of the study. Only
one of the cats followed for a variable period
thereafter was recorded as going into clinical re-
mission. Insulin treatment was stopped in weeks
2, 3, 8 (n¼ 3), 18, 20 and 56. Blood glucose con-
centrations ranged between 1.1 and 11.2 mmol/l
(43 samples) at the time remission was suspected
and 3.2 and 8.3 mmol/l (25 samples) at the time
remission was confirmed. None of the cats that
went into clinical remission had been treated
previously for diabetes mellitus. All but one of
these cats had fructosamine concentrations less
than 500 mmol/l when remission was suspected
(306� 135 mmol/l, n¼ 7, one missing value)
and all of the cats had a fructosamine
concentration less than 500 mmol/l (254� 62
mmol/l, n¼ 8) when remission was confirmed 5
weeks later (median, range 1e9 weeks). The
lipase, cholesterol, triglycerides and total protein
concentrations from all of these cats were within
10% of the laboratories reference ranges.

Cats that did not go into remission by the end
of the stabilization period were significantly
more likely to have a maximum blood glucose
greater than 22.9 mmol/l (P¼ 0.039), mean 12-h
blood glucose of greater than 8.9 mmol/l
(P¼ 0.0002), nadir blood glucose concentration
greater than 5.9 mmol/l (P¼ 0.003) or a fructos-
amine concentration of greater than 460 mmol/l
(P¼ 0.021, RR 12.000 95% CI 1.585e90.844) at
this point. There was no statistically significant
association between fructosamine concentration
at admission, initial (admission) blood glucose,
time to blood glucose nadir, body weight or
change in body weight from admission and
a cat going into clinical diabetic remission.

Hypoglycaemia

Biochemical hypoglycaemia (any blood glucose
measurement less than 3 mmol/l during a 12-h
test period) was recorded in 25 of the 396 (6%)
blood glucose curves from 19 cats performed
during the stabilization phase (Table 6). A dose
rate of 0.75 IU/kg or more twice daily was signif-
icantly more likely to be associated with bio-
chemical hypoglycaemia (P¼ 0.041, RR 2.346
95% CI 1.155e4.768). Clinical hypoglycaemia
(n¼ 8, Table 6) was significantly likely to be asso-
ciated with a dose of greater than or equal to 3
units (P¼ 0.023, RR 9.040 95% CI 1.142e71.565)
or greater than or equal to 0.5 IU/kg (P¼ 0.037,
RR 8.000 95% CI 1.010e63.361) per cat twice
daily.
Discussion
This prospective, multicentre, non-blinded, open
study confirmed that twice daily porcine lente
insulin is safe and effective in the management
of uncomplicated diabetes in cats. The protocol
used is suitable for and easy to use in practice.
Not all cats with diabetes mellitus necessarily
have elevated fructosamine concentrations at di-
agnosis, although clinical signs and glucosuria
are usually present. Achieving diabetic stability
may take at least 3e4 months and although



Table 6. Cats with biochemical (n¼ 19) and/or clinical hypoglycaemia (n¼ 8) during treatment with por-
cine lente insulin

Hypoglycaemia Insulin dose
(IU/cat twice daily)

Insulin dose
(IU/kg twice daily)

Prior to clinical
remission, n

Statistics*, P

Biochemical (n¼ 19) 3 (1e9) 0.62� 0.33 4 0.866
Clinical (n¼ 8) 6 (1e9) 0.91� 0.44 2 0.994

*Fisher’s exact test was used to look at the relationship between the occurrence of biochemical or clinical hypogly-
caemia and the onset of clinical diabetic remission.
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clinical remission usually develops in this period
it may take considerably longer. Insulin treat-
ment of diabetic cats without dietary modifica-
tion will probably result in clinical remission in
around one-fifth and stability in two-thirds or
more of uncomplicated cases. Hypoglycaemia is
not an infrequent finding in diabetic cats. This
is usually associated with a high insulin dose,
care should be taken when increasing insulin
dose and doses greater than 2 units/cat twice
daily should be used with caution, particularly
in the first few weeks of treatment.

The majority of cats included in the present
study had not been treated previously for diabe-
tes mellitus. The seven cats that had been treated
for diabetes mellitus were not stable on that
treatment and met the inclusion criteria and
did not go into clinical remission (Table 1). It
has been shown that it is possible to reverse glu-
cose toxicity and restore sufficient beta cell func-
tion to produce clinical remission in cats that
have been diabetic for 14e30 months but this ap-
pears less likely in cats that have been diabetic
for 36e72 months (Bennett et al 2006). In the
present study, the one cat that had not been
treated previously for diabetes mellitus went
into clinical remission after 56 weeks of treat-
ment, underlying the need for perseverance in
the management of feline diabetics.

The results of the present study (around 60%
clinically stable after 3e4 months of treatment)
are in line with studies published previously,
using a variety of different insulins, whether
clinical assessment or blood glucose measure-
ments were used to assess stability (Bertoy et
al 1995, Goossens et al 1998, Martin and Rand
2007a).

Clinical remission (15% after the stabilization
phase of 3e4 months) in the present study is in
line with previous studies (Goossens et al 1998,
Martin and Rand 2007a). More recently, Weaver
et al (2006) reported a remission rate of 43% in
cats administered a different lente insulin twice
daily and fed a high-protein, low-carbohydrate
diet for 12 weeks. Insulin glargine, which is not
approved for veterinary use, in combination
with a high-protein, low-carbohydrate diet, has
been reported to result in higher clinical remis-
sion rates when administered twice daily (Rand
2006) but not once daily (Weaver et al 2006).
The regulations in many countries (eg, Europe)
mean that veterinary surgeons have a legal re-
sponsibility to prescribe an approved veterinary
medicinal product as the treatment of first choice
for diabetic cats. More recently, Bennett et al
(2006) showed that insulin (NPH, a different
lente insulin, ultralente or protamine zinc insu-
lin) could be discontinued in 41e68% of the 63
cats they studied when combined with dietary
change (to a moderate carbohydrate, high-fibre
or low-carbohydrate, low-fibre food), exercise
and weight loss. This is in line with previous
studies (Mazzaferro et al 2003) and emphasizes
the importance of diet on glycaemic control in di-
abetic cats.

Each investigator used the same type of porta-
ble blood glucose metre, which has been evalu-
ated and shown to give accurate readings
(relative to the hexokinase method) in blood
samples from cats (Wess and Reusch 2000), so
that blood glucose measurements could be com-
pared between centres. The low end and high
end ranges of portable blood glucose metres
are notoriously inaccurate. In particular, portable
blood glucose metres generally measure errone-
ously low, so as to warn of impending and po-
tentially life threatening hypoglycaemia. It is,
therefore, possible that the present study overes-
timated the number of cats with biochemical hy-
poglycaemia. In practice, a low reading from
a portable blood glucose metre should be con-
firmed using a reference analyser. In the present
study, all of the blood glucose curves were per-
formed in an in hospital situation and therefore
a degree of stress hyperglycaemia cannot be
ruled out. Ideally blood glucose concentrations
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should be maintained below the renal threshold
to prevent glucosuria and subsequent polyuria
and polydipsia whilst avoiding a too rapid de-
cline in blood glucose concentration and hypo-
glycaemia and resultant clinical signs and/or
rebound hyperglycaemia.

Fructosamine concentrations in cats can be
corrected for total protein (Reusch and Haberer
2001) but this is only essential if there is a prob-
lem with protein turnover or loss and was not
performed in the present study. It should also
be remembered that there is a lag between blood
glucose concentrations and their reflection in the
fructosamine concentrations due to the half-life
of serum proteins (Elliott et al 1999). The closer
fructosamine concentration is to the upper limit
of the reference range for non-diabetic cats, the
better the stability. Only one of the 14 cats (three
of which had been treated previously for diabe-
tes mellitus) with admission fructosamine less
than 500 mmol/l went into clinical remission, af-
ter 8 weeks of treatment.

Nelson et al (2001) reported that fructosamine
concentrations decreased from 598� 110 to
419� 128 mmol/l after 45 days of treatment,
with values remaining above the 500 mmol/l
cut-off in 15% of cats at this point. Martin and
Rand (2007b) concluded that in the laboratory
that they used fructosamine concentrations be-
low 422 mmol/l reflect exemplary control. In the
present study, although average fructosamine
concentration remained above 500 mmol/l, the
number of cats with elevated fructosamine de-
creased (from 30 to 20 cats) with time and 10
cats had fructosamine below 422 mmol/l. There
was an apparent worsening of the average fruc-
tosamine concentration (and a number of the
clinical chemistry parameters) at the 24� 1
week’s visit in the present study but is not
thought to be a reflection of loss of control of di-
abetes. The effect may in part be due to the low
number of cats examined at this time point.
Only one of the cats examined at 24� 1 weeks
had a fructosamine concentration less than
500 mmol/l at its previous visit.

The present study followed cats with uncompli-
cated diabetes mellitus and attempted to exclude
concurrent diseases such as hyperthyroidism,
acromegaly, hyperadrenocorticism, major infec-
tion and major organ failure. The diagnosis of
intercurrent disorders in cats with diabetes
mellitus is important in particular with respect
to guiding expected response to treatment
and prognosis. However, not all concurrent
diseases are simple to diagnose and this is
particularly challenging in older cats where con-
current conditions are common and where a
number of conditions have non-specific clinical
signs and where making a definitive diagnosis is
difficult, eg, pancreatitis (Zoran 2006). It is, there-
fore, not possible within the confines of the diag-
nostic tests used in the present study to conclude
that all of the cats included were in fact uncompli-
cated cases.

In cats, a number of risk factors for the devel-
opment of diabetes mellitus have long been
known, namely age, obesity and sex (Panciera
et al 1990). The cats included in the present study
are similar to the feline populations that have
been studied previously in that they were pre-
dominately middle aged or older, male, neutered
cats. In the present study, few cats were reported
as being obese, although this may relate to the
time of presentation. Some authors have de-
scribed over-representation of Burmese cats in
the diabetic population (Rand et al 1997, McCann
et al 2007). Although far more domestic/Euro-
pean shorthair cats were included in the present
study, no conclusions can be drawn since the
study was multicentre and referral centre-based
and as such may represent a skewed sample of
the cat population as a whole.

In their prospective study, Nelson et al (2001)
reported biochemical hypoglycaemia in 31% of
67 cats. Clinical signs of hypoglycaemia were
seen in five of the cats (7%) in that study (Nelson
et al 2001). Hypoglycaemia was observed in cats
in the present study. Four of the cats with bio-
chemical hypoglycaemia, but no clinical hypo-
glycaemia, were on the point of going into
clinical diabetic remission. In general, clinical
signs of hypoglycaemia require that the patient
has been hypoglycaemic for a long period. There
was no statistically significant association be-
tween hypoglycaemia and clinical diabetic re-
mission in the present study (Table 6), but this
may be due to the relatively low number of
cats in the latter category. As a general rule, clin-
ical hypoglycaemia appeared to occur later in the
present study than biochemical hypoglycaemia
(14 weeks (8e18 weeks) compared with 9 weeks
(6e16 weeks)). The present study confirmed that
there was a significant association between high
insulin dose rates and hypoglycaemia. This fur-
ther underlines the need for care when using
high doses of insulin in cats with diabetes
mellitus.

The traditional goal of diabetes treatment was
the resolution of clinical signs (since this is the
main complaint of the pet owner) while avoiding
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death due to hypoglycaemia or DKA. This aim
has shifted towards achieving diabetic remission
by addressing the causes of overt diabetes such
as glucose toxicity and hypertriglyceridemia. Ex-
ogenous insulin may decrease endogenous insulin
secretion thereby reducing the likelihood of islet
amyloid deposition (Standl 2007). The manage-
ment of diabetes mellitus involves controlling
blood glucose concentrations using a combination
of insulin administration and diet and regulation
of activity. The present study focussed on only
one aspect of this e insulin treatment. It has
been shown that diets high in protein and low in
carbohydrate (Mazzaferro et al 2003, Bennett et
al 2006) reduce insulin requirements and that
other dietary elements, such as chromium (Apple-
ton et al 2002) and vanadium (Greco 1999), might
improve glucose tolerance. However, cats are no-
toriously fussy eaters (Mugford and Thorne
1980) and will not always eat a prescribed diet.
Specific diets were not enforced in the present
study and the diets fed reflect the situation in prac-
tice. Although this could be seen as a serious lim-
itation of the present study, it accurately reflects
the effect of porcine lente insulin treatment alone
on diabetic cats and as such perhaps further un-
derlines the need to combine the three approaches
outlined above, with special emphasis on diet and
insulin, to manage diabetic cats adequately.

The present study is the first, multicentre, pro-
spective clinical study that examined and con-
firmed the efficacy and safety of porcine lente
insulin in diabetic cats under field conditions.
The protocol used is suitable and easy to use in
practice. The study further highlights the need
for cautious stepwise changes in dose. Further
study examining the effect of porcine lente insu-
lin treatment in combination with a low-carbohy-
drate, high-protein diet is warranted.
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