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PAPER

Heart failure is common in diabetic
cats: findings from a retrospective
case-controlled study in first-opinion

practice

OeiecTives: To study the prognosis and cause of death in cats with
diabetes mellitus.

MeTtHops: Twenty consecutive cases of feline diabetes mellitus
diagnosed in first-opinion practice were followed. Three control cats,
without diabetes, were matched to each case of diabetes; these
were also followed.

ResuLts: One Somali cat with diabetes could not be matched, so
complete data analysis considered only 19 diabetics and 57
matched controls. Death occurred in 14 of 20 diabetics and 23 of 57
controls although one control cat was eventually lost to follow-up.
Heart disease and heart failure led to death in six diabetic cats. One
of these was the non-matched Somali; nevertheless, the death rate
from heart disease in the diabetics was five of 19 compared with two
of 57 in controls. The relative risk of heart failure in diabetic cats was
10-4 times that of the controls; this difference in rates was
statistically significant. Survival amongst diabetics was
significantly worse than for controls. For the control cats median
survival was 718 days after the index visit, whereas for the diabetic
cases median survival was 385 days after diagnosis.

CuinicaL SigNIFicaNce: Heart disease and failure are common in
diabetic cats. This observation deserves further attention.
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Diabetes mellitus is common in the cat
and the prevalence of this condition
appears to be increasing (Peterson 1998,
Rand and Marshall 2004, Rand and others
2004). The prognosis for cats with diabe-
tes mellitus in first-opinion practice has
received little attention in the literature;
few data indicate why diabetic cats die.
Death in people with diabetes is over-
whelmingly because of cardiovascular dis-
ease (Grundy and others 1999, Almdal
and others 2004, Bell 2004, Bertoni and
others 2004, Nichols and others 2004).
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Experimental induction of diabetes mel-
litus in various laboratory mammals also
causes cardiovascular disease and heart
failure so that the prevalence of cardiac
disease and failure in diabetic cats seemed
worthy of examination. The purpose of
this study was to examine the progno-
sis and cause of death for a cohort of con-
secutive cases of feline diabetes mellitus
diagnosed in a first-opinion veterinary
practice, and to compare these with con-
trol cats matched for age, breed and sex.

MATERIALS AND METHODS

Selection of cases

The computer records of Barton Veteri-
nary Hospital (BVH) were searched for
all cases of feline diabetes first diagnosed
during a six year period between June
1999 and June 2005. Searching was
achieved by identifying all cats for which
a fructosamine assay had been performed,
and/or where insulin therapy, or oral
hypoglycaemic medication, and/or a diet
designed for use with feline diabetes had
been dispensed. These raw records were
then reviewed in detail to identify cases,
which were confirmed as diabetic based
on compatible clinical signs, concurrent
hyperglycaemia and glycosuria, or concur-
rent elevated fructosamine levels, or both.
These records were further sorted to iden-
tify those cases, which had been diagnosed
in the first-opinion stream of the practice
and treated under our care thereafter.

Selection of controls

For each case of diabetes diagnosed
according to these criteria, three matched
non-diabetic control cats were sought by
the following routine. The date of diagno-
sis of each diabetic was identified together
with their breed, sex and age on that date.
The hospital database was searched for
matching control cats of the same age
(to the nearest year), breed and sex which
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had been seen at the hospital, either for
a routine vaccination or a new episode
of illness, within a maximum of 90 days
before or after the date of diagnosis of
the index diabetic case. If more than three
control cases were found, three control
cases were chosen at random.

RESULTS

Diabetic cats
A total of 28 cats with a new diagnosis of
diabetes were examined and treated at
BVH during the six year period in ques-
tion. Of these 28 cats, six were excluded
from further detailed analysis because
their condition was originally diagnosed
elsewhere and the cats were referred to
our second opinion service and/or their
condition was managed at another prac-
tice subsequent to the cat being seen at
our practice. Another two cats had both
diabetes and hyperthyroidism. These cases
were also excluded from further analysis.
The remaining 20 cats were the subject
of this study.

All cats diagnosed as diabetic exhibited
marked and persistent hyperglycaemia
and glycosuria at the time of diagnosis

C. J. L. Little & G. Gettinby

as well as compatible clinical signs. The
principal clinical signs recorded from
these animals were: polydipsia/polyuria
(80 per cent), weight loss (75 per cent),
polyphagia (65 per cent), depression/leth-
argy (25 per cent), capricious/variable
appetite (15 per cent), dysuria/haematuria
(15 per cent) and peripheral neuropathy
(10 per cent). Following routine haema-
tology, biochemistry and urinalyses, other
laboratory tests were frequently used in the
evaluation of these diabetic cats; those tests
used most frequently were: fructosamine
assays for diagnosis and/or monitoring
(in 75 per cent of cases), serial glucose
curves (70 per cent of cases) and measure-
ments of thyroid hormone (50 per cent of
cases). Systemic arterial blood pressure was
not measured in these cats.

The 20 cats consisted of 15 domestic
shorthairs (DSH), four domestic longhairs
(DLH) and one Somali cat. Males out-
numbered females (13:7); all were neu-
tered. Most cats were middle-aged or
older at the time of diagnosis (range six
to 16 years). Median age at diagnosis was
12 years.

We were unable to find any matching
control cats for the male Somali cat (case
16), consequently this cat was excluded

Table 1. Causes of death in the 14 diabetic cats which have died

from the case-control study for which only
19 diabetic cats were thus eligible.
Control cats (n=57) consisted of 45
DSH and 12 DLH. The sex ratio of these
cats was identical to the diabetic cases (36
males, 21 females) and again all were neu-
tered. Age structure of the control group
strongly resembled the age of the cases
(range five to 16 years, median 11-5 years).

Treatment and clinical outcomes
of the diabetic cases

At the time of writing, of these 20 diabetic
cats, 14 were dead and six were still alive.
The cause(s) to which death or euthanasia
was ascribed are given in Table 1. Of the
14 cats that died, six were caused by heart
failure. Details of the clinical and labora-
tory findings which confirmed the pres-
ence of heart failure in these cats are
given in Tables 2 and 3.

One cat was euthanased, without treat-
ment, three days after diagnosis (case 15).
Most of the cats that were treated eventu-
ally received insulin therapy (n=17) and
a diet particularly designed for diabe-
tic cats (n=11) (Hills Feline W/D n=6,
Hills Feline M/D n=5). However, some
of the cats were initially treated with an
oral hypoglycaemic agent (glipizide, see

Cause of death/euthanasia Numbers

Heart failure 6/14

Chronic renal failure 2/14

Poor diabetic 2/14
control: ‘“‘unstable’”

Hypoglycaemia with convulsions 1/14

Owner requested 1/14
euthanasia without treatment

Profound anaemia 1/14

Sudden death 1/14

Cases
2,4,7,10, 13, 16*

17,18

Details of diagnostic findings

See Tables 2 and 3

Azotaemia, cachexia and

Other information

One died,
five euthanased
Two euthanased

persistent polyuria

In spite of reasonable control
of the diabetes, based on
fructosamine and plasma
glucose monitoring

and glycosuria

Elevated fructosamine

Owners persisted with treatment for
17 (case 9) and 16 months
(case 12) respectively.
19 Hypoglycaemia. Neurological signs
persisted after euglycaemia

was achieved

Persistent/frequent hyperglycaemia

2 euthanased

One (12) treated
with glipizide only
Other (9) treated
with PZ1 insulin
once a day
Euthanased
Owner, a doctor,
was managing this
cat’s diabetes herself

15 — Euthanased
(three days after
diagnosis)
14 Investigation not permitted by owner Euthanased
8 Glycaemic control being attempted Died

with glipizide

*This cat was a male Somali and no matched controls were available. It was omitted from the case-control analyses

Journal of Small Animal Practice *

Vol 49 + January 2008 + © 2008 British Small Animal Veterinary Association



Heart failure is common in diabetic cats

eisdipAjod pue eunAjod ddnd 1901 Youeid ajpung S1y 9a8Y ‘|0191S3I0UD (04D ‘OpLBdAIBIL BuL

‘udyoid [B10] d1 ‘(000Z ueueyong pue J21SIT) WNS WEBH [e4gdMBA SHA ‘(wdig) anuiw Jad syjealq ul a1el Alojesidsay Yy ‘(wdg) aynuiw Jad sjeaq ul aies LeaH YH ‘@injesadwal Apoq | ‘AydesSoipiesoyo3 oyo3 ‘Aydes8oipie004399|3 HI3

Apnis |013U0D 9SED 8} Ul PasN 10U SBM 1ed SIU]

pasougelp

ain|ie} yeay Joye

sAep 294y}
paseueying

pasougelp

ain|ley ueay

Jaye Aep auo
paseueying

pesougelp
ain|iey yeay Jaye
shep QT pala

pasougelp

ain|ie) Ueay

J91Je S)8aM 831yl
paseueying

ain|ie) peay

10 sisougelp

Ja)ye yaam auo
paseueying

ain|ie} Ueay jo
sisougelp Joye
syow OT

paseueying

awoannQ

sinoy 8
painseaw jou JBAO PBUISIOM Uoyd
1Ud1U09 |0Y) wdq 0/ a1ed elpJeaApelq Aiojesidsal
pue 1] ‘uidloid piny JB[NOLIIUBA :300|q ‘wdiq O ¥y pasealoul
- Apnojo jw OET (€ alqeL 99s) + Meay 9ai18ep pAiyL pINy. [e4ndld |/|0WU 6:CT ‘0CT YH ‘0o-8€ L ‘adnd ‘lind SH99M dAl4 *9T
uawopge uj
[14U3 ping ‘ayiealq
0] Joyd |eujwopge uljloms
1/82¥ dL ‘wdag 00z~ YH leulwopaqe
alepnsuelsy waned gggy yum €6 SHA ‘ueay Jeing3aul ‘sso| yslom
P3aBIPON ssqy |uop 10N uolje(|lqy [ely AleBawoipiey  auop 0N ‘0,6:8€ L ‘AS1euyre Syjuow T 14
a|gejoesul
‘uolyeyinosne
uo spunos
(s1s@1ua009eI0Y]} yiealq pnoj 8uiyiesiq
1a)e) T-6 SHA ‘wdig 09 ¥Y yinow-uado
- paule1spoolq ‘|w 0gz (€ a|qe] 99s) + auop J0N Ale8awoipied |/|owu 0-ZzZ ‘wdq 89T YH ‘aouajaddeu| Syluow UsASS €T
elwylAyisApAyoey
I/loww 9/-0 RUERMTEM]]
10Y9 ‘|/joww ‘wdig 09 ¥y
TG0 8uULI/8TT dL ‘wdg O T YH eixaloue
—  ‘eyepnsueJy aind W OG (€ 9|0e ] 99S) + paywiad JoN uoisnya [ednd|d  duop 10N ‘0,G°8€ 1 ‘ssau||ing syjuow 9T A
.d1AYo yum
1U93SISU0D 10N, 199} pue
‘I/10Ww Z- 1oyd aeuuld pjod
1/8 € dL ‘I/10ww /70 SuL ‘uonelpAyap pjiw
alepnsuely ‘1/8 8€ dl ‘wdiq O ¥y e|xaloue
payipow ‘alepnsuely eipJeohpelq ‘wdg 0ZT YH ‘Builoms
‘awin|oA 931e payipow ‘jw Gz (€ 8lqey 98s) + snuis 9UOp 10N  8uop 10N ‘OotLE L |eulwopge ‘|Ing syjuow Og oT
uoleynosne
uo S39|}9eld
Alojesidsul
Jale| syoam soxa|dwod G- TT SHA ‘eaoudiadAy
9911 UOISNLD 8J1aAaS ainjewsa.d ‘Alegawolpled ‘eaoudsAp
‘syjuow gT 404 Jussald Je|noLiuan ‘sweJlgoyouolq Jle ‘wdiq 08 ¥y eaoudsAp
uaaq pey salaqelp ‘quanbauy Aluenie]  ‘Aysusp Areuow|nd ‘wdq 9T YH ‘sso| yslem
- Jaye uoisnye ueods (g a|qe] 99s) + ‘wylAys snuis u| asealoul Ayoled |/|owu 9-TZ ‘0.8€ 1 ‘goualaddeu| S)9aM QT z
alnjiey peay ailnjiey peay jJo ainjiey yeay
Jo sisouselp sisouselp J0 Juawdojarap pue
[¥1] J0 awi} je sulpuly Jo swiny sajaqelp Jo sisougelp
sa)Iosy uoisnya |einajd oyog 993 AydeiSoipey ewse|d -uonjeujwexa |edisAyd je A103SIH uaamlaq |eAaiajul| ase)

sjed onagelp Xis ul ainjiey pesy asougelp 0} pasn sguipuly d1sougelp pue AIo}siH 'Z d|qel

Journal of Small Animal Practice «+ Vol 49 « January 2008 « © 2008 British Small Animal Veterinary Association



C. J. L. Little & G. Gettinby

papi100a1 JON YN ‘PoISI| SBN[eA 80UdIBa1 ||B SPaaoxa ,,pagie|us,, 40 , MoIyL,, ‘Siejowelp dljoe 0} [elle Yo Jo
olley Oy : &7 “JojdWelp [euie Yo Y ‘Jelowelp d1uoY 0y ‘9ousiadwiooul SAleA dluoWINd |Ad ‘©0u3aduwiooul SAeA JIHOY |V ‘9ousiaduwooul SAeA pIdSnol| AL ‘©ousiedwooul SA[BA [BIHIA |AIN ‘S10ISAS pus wnidss JenolijusAioiul SISAL
‘al0)selp pus Wnidas JeNdLIUBAISIU| GISAI ‘O10ISAS puS ‘[[eM 9.} Je|NoLIUSA Yo STM4 ‘O|0ISEIP PUd ‘SSBUNDIYY [[EM 981} Je[NJLIUSA 1Yo dIM4 ‘9|01SAS pud JojoWelp Je|noLusA 1Yo STAT ‘9|0ISeIp pus ‘Iajewelp JendLjuaA Yo aIAl
ApN1s |043U0D 8SED BY} Ul POPN|OUI JOU SEM 18D SIU] 4

peaqg

peaq

peaqg

peaqg

peaqd

peaq

peap
10 aAllY

uoisnya |einajd
)00|q Yeay
99439p pIIYL
sa110se ‘ulalled
gdgy yim
uonejjuqy |ere
‘Aledawolpied
uoisnya |einald
‘wniie Ya| ul
«ous,,
uoisnya
|eJnald
sa110se
‘Buiuaxolyy
|leipieonad
‘uoisnya [einald

uoisnye [einald

sguipuy
19430

6/-1-88'0

G9'7-G6°0

dN
pagie|ul
T€cC

T:€0'T
padie|u3
T:9C

oy : V1

0°LT-0°L
CTT-S v

T-9T-€6

painseawl
J0U 1nq

.pale|ip Aap,,
pagie|ul
[4i°r4

86
pagie|u3
g-ce

(ww)
Vi

1-¢T-09
8TT-0v

6 TTCL

painseaw
10N

1T

G'6

98

(ww)
oy

4N

INd

- - 990 0607 090€ 86€V 099C <TI0V
9G-€¢ 098¢ 9G¢c€ 80TcCcS
19-6€ 0L,V Ovecc T8¥VS vvecc 80TCS

4R A ar I 44 €9 81 81 66
4N dN €€ L 14 S oT
<AL,

= 4 T8 08 egie] L 18

AL, <AL,
4 = 4°] 78 €L Ll E30)
«(AOWL,, .MoL,, .padieus,,
= SFaFr ge 88 8/ T8 o TT
(3ua9 Jad)
Sujuayoys  (wuw) (ww) (ww) (ww)

INL  ININ Jeuoljoeld  S3ISAI @3SAI

aimd S3an

(T66T) siaylo

' 1¢-8:0T pue uossis
(6.6T) sidy10
8TCCTT pue siadid
(G86T) WBIUY
86TCT pue sqooer
san|eA 9ouaJasey
TLT *9T
paniwiad
10U ‘Buop 10N 74
ST €T
9.7 L
€T oT
(014 G
(ww)
aini ase)

sjes opaqelp ‘sguipuy slydesSoipiesoysy *g ajqel

Journal of Small Animal Practice + Vol 49 + January 2008 « © 2008 British Small Animal Veterinary Association



below). Insulin therapy most frequently
consisted of Lente insulin given twice
daily. Insulin dose was adjusted based
on plasma glucose curves and fructosamine
assays in most cases. Maximum dose of
insulin recorded was six units twice daily.
Of the cats treated with insulin, four of
17 had insulin therapy withdrawn at some
time because the requirement for exogenous
insulin therapy eventually disappeared; in
three of these cases insulin therapy had to
be reinstituted some months later.
Glipizide (2-5 to 5-0 mg twice a day)
was used initially to treat several cats
(n=0) but this resulted in poor glycaemic
control in five cases, one of which died
suddenly (case 8; Table 1). One cat
treated in this way developed diabetic
hyperosmolar syndrome (case 3) and
another developed severe dehydration,
azotaemia and ketoacidosis with hypoka-
laemia (case 11). Four of these cats initially
treated with glipizide were eventually trea-
ted with insulin. One cat receiving glipi-
zide exhibited fair control of glycaemia
for many months, but eventually, because
of unstable blood glucose levels and ongo-
ing clinical signs, this cat was euthanased
at the owner’s request (case 12; Table 1).

Control cats’ clinical outcomes
At the time of writing, 23 of the control
cats are known to have died and 33 are

Heart failure is common in diabetic cats

known to be still alive. One of these con-
trol cats has been lost to follow-up. Of
the 23 deaths in this group, seven were
attributed to chronic renal disease, four
to neoplasia (mammary adenocarcinoma,
squamous cell carcinoma of the mouth,
salivary gland carcinoma and undiagnosed
neoplasm of the lower bowel), four were
attributed to  hyperthyroidism (in two
cases complicated by other conditions;
cholangiohepatitis and recurrent idio-
pathic cystitis) and two to heart failure.
For the cats where heart failure was diag-
nosed, details of the clinical and labora-
tory findings, the
presence of heart failure in these cats are

which confirmed

given in Table 4. Various other abnormal-
ities were listed as the immediate cause
of death or euthanasia in one control
case each (road traffic accident, feline
immunodeficiency virus, chronic abscess,
undifferentiated anaemia with hypoalbu-
minaemia). In two control cases that were
euthanased, no diagnosis was recorded.
Neither of these cats was showing signs
attributable to cardiovascular or respira-
tory disease.

Data management and

statistical analyses

Information on each of the 19 eligible
cases and their three matched controls

was classified according to heart disease
(presence or absence), survival outcome
(alive or dead at the end of the study), sur-
vival time since diagnosis (days), sex (male
or female neuter), age (years) and breed
(DSH or DLH).

Cases and controls were compared
using binary logistic regression to identify
which factors were associated with (i) the
risk of heart disease and (ii) the risk of
mortality during the course of the study.
Factors found not to be significant were
retained as forced covariates within the
model after investigating the stability of
fitting other models with and without each
factor. Two-factor interactions between
fitted factors were examined. Results con-
sisting of the odds ratios, 95 per cent
confidence intervals (CI) and statistical
significance of the final models were
obtained.

In addition, survival analysis and the
Weibull distribution model were used to
identify those factors and their 95 per cent
CI which significantly influenced how
long case and control cats lived following
recruitment. As some cats were still alive
following the end of the study, the data
were adjusted for censored observations.

Data were summarised using classifica-
tion tables and a box plot used to compare
the distribution of life times of cases and
controls.

Table 4. History and diagnostic findings used to diagnose heart failure in two non-diabetic control cats

Controls History Physical examination
findings
Control Inappetence, T 37-4°C, HR 185 bpm,
2b sudden RR 74 brpm, grade
onset I11/VI systolic heart
dyspnoea murmur, crackles
heard on pulmonary
auscultation,
normal percussion
Pulmonary oedema
fluid expelled through
mouth, cardiopulmonary
massage required,
given intravenous
frusemide and placed
in an oxygen cage
Improved
Control Weight T 38:4°C, HR 120 bpm
14b loss, Grade Il/VI systolic
abdominal heart murmur, Retinal
swelling, haemorrhages, Fluid
blindness thrill in abdomen

Radiography ECG Echo

Diffuse increased Not done Not done
lung density with

air bronchograms

Cardiac silhouette
partially obscured
but cardiomegaly
VHS 8.7

Not
permitted

Not
permitted

Not permitted

Pleural Ascites Outcome
effusion
Absent Absent Died four days
after heart failure
diagnosed
Not Modified Euthanased
permitted transudate two months
TP 40 g/I after heart failure
diagnosed

ECG Electrocardiography, Echo Echocardiography, T Body temperature, HR Heart rate in beats per minute (bpm), RR Respiratory rate in breaths per minute (brpm),

VHS Vertebral Heart Sum (Lister and Buchanan 2000)
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Statistical analyses were undertaken
using Minitab version 14 statistical soft-
ware and P values less than 0-05 were con-
sidered to be significant.

Results of statistical evaluation
Table 5 shows the incidence of heart dis-
ease and the frequency of survival found
for diabetic cases and non-diabetic control
cats. The proportion of diabetic cats with
heart disease in the case-control study was
five of 19 (26-3 per cent) compared with
the lower rate of two of 57 (35 per cent)
for controls. Similarly, the mortality rate
amongst diabetic cats was 13 of 19
(68-4 per cent), which was much higher
than that for controls at 23 of 57 (40-4
per cent). As to be expected, there was lit-
tle difference in the proportions of cats of
different sex and breeds between diabetic
and non-diabetic cats in view of the con-
trols being selected to match cases. The
mean ages of cases and controls were
11-6 and 11-4 years respectively.

Results of the binary logistic regression
analysis for an association between heart dis-
ease and the risk factors, age, sex, breed and
diabetes are shown in Table 6. Diabetes was
identified asasignificantrisk factor (P=0-01)
with cats suffering from diabetes being 10-4
times more likely to have heart disease (95
per cent CI from 1-8 to 61-2). There was
no association of heart disease with sex or
breed and age did not have any significant
effect on the risk of heart disease.

Table 7 similarly shows that the only
significant risk factor (P=0-002) associated
with mortality was diabetes. Cats with
diabetes were 3-4 times more likely to die
(95 per cent CI 1-1 to 10-6).

Examination of the distribution of the
survival times of cats following recruit-
ment to the study indicated that for con-
trols, 50 per cent did not survive more
than 718 days, whereas for diabetics, 50
per cent did not survive more than 385
days. The box plot of the survival times
by diabetic category are shown in Fig 1.
Multivariate regression analysis of the sur-
vival times indicated that sex and breed
did not influence the survival times,
whereas age and diabetes did, as shown
in Table 8. Diabetic cats had significantly
lower survival times (P=0-002) than con-
trols and as age increased, the survival time
of cats decreased significantly (P=0-004).

22
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Table 5. Number of diabetic cats (cases) and non-diabetic cats (controls)

in the case-control analyses classified according to the categorical variables
investigated in the study

Variable Level
Heart disease No

Yes
Survival No

Yes
Sex Female neuter

Male neuter

Breed Domestic longhair

Domestic shorthair

Diabetic
Cases Controls
14 515
5 2
13 23
6 34
7 21
12 36
4 13
15 44

Table 6. Results from the multivariate binary logistic regression analysis showing
the odds ratios, 95 per cent Cl and significance (LRT P values) associated with the

risk of heart disease for each of the categorical variables sex, breed and diabetes
after adjustment for age of cat

Predictor 0Odds ratio Lower 95 per cent Cl Upper 95 per cent Cl LRT P value
Age (years) 0-92 0-69 124 0-50
Sex (referent group FN)

MN 1.93 0-28 13.22 0-60
Breed (referent group DLH)

DSH 1-93 0-28 13.22 0-57
Diabetes (referent group NO)

YES 10-38 1.76 61.18 0-01

Cl Confidence interval, LRT Likelihood ration test, FN Female neutered, MN Male neutered, DLH Domestic longhair,

DSH Domestic shorthair

Table 7. Results from the multivariate binary logistic regression analysis showing
the odds ratios, 95 per cent Cl and significance (LRT P values) associated with the

risk of death for each of the categorical variables sex, breed and diabetes after
adjustment for age of cat

Predictor 0Odds ratio Lower 95 per cent CI Upper 95 per cent Cl LRT P value
Age (years) 115 0-95 1-38 0-15
Sex (referent group FN)

MN 0-66 0-22 195 0-45
Breed (referent group DLH)

DSH 0-53 0-14 1.98 0-35
Diabetes (referent group NO)

YES 3-39 1.08 10-60 0-036

Cl Confidence interval, LRT Likelihood ration test, FN Female neutered, MN Male neutered, DLH Domestic longhair,

DSH Domestic shorthair

DISCUSSION

The epidemiological features of diabetes
mellitus in this group of cats from first-
opinion practice are in keeping with those
reported elsewhere with a notable pre-
dominance of males (Panciera and others
1990, Peterson 1998, Rand and Marshall
2004, Rand and others 2004). None of the
cats were Burmese.

The present study is flawed because it
addresses a small sample of diabetic cats

seen at a single centre. It is also a retrospec-

Journal of Small Animal Practice *

tive study and retrospective studies should
always be interpreted with caution.

A matched case-control design was
chosen for this study in order to derive the
maximum amount of meaningful infor-
mation from a small number of diabetic
cats. Three controls were chosen from
the same practice as the cases; they were
matched for age, breed and sex to each
index case of diabetes. Fach control case
was enrolled into the study having been
seen for a routine vaccination or a new epi-
sode of disease within a short time period

Vol 49 + January 2008 + © 2008 British Small Animal Veterinary Association
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FIG 1. Box plot illustrating the difference in distribution of the survival times in days since
recruitment to the study of control and diabetic cats. * represents outliers

before or after the index case. This design
was chosen to attempt to select controls
that did not differ systematically from
the cases except for the absence of diabetes
and to avoid over-representation of ani-
mals with other chronic disease processes
in the control population.

The most important finding from this
study is that heart failure was frequent in
this sample of cats with diabetes mellitus.
Moreover, all cats with heart failure died
or were euthanased soon after the develop-
ment of this condition. The findings from
the case-control analyses have clearly iden-
tified diabetes as the one significant risk
factor associated with both heart disease
and mortality in this primary first-opinion
practice. Age, breed and sex of the cat were
not identified as risk factors. Diabetic cats
were 10-4 times (95 per cent CI 1-8 to
61-2) more likely to have heart disease

and 3-4 dmes (95 per cent CI 1-1 to
10-6) more likely to die than their age-
matched and breed-matched controls.
These results are consistent with diabetic
cats being more predisposed to heart dis-
ease, which in turn increases the risk of
mortality. The survival time of diabetic
cats from point of diagnosis did differ
significantly from their controls and
depended on the age of the cat. The
median survival time of diabetic cats
was just over one year (385 days) com-
pared with almost two years (718 days)
for their controls.

Of the six diabetic cats in this study
identified as having heart failure, five of
the six had a pleural effusion and two of
the six had ascites, a finding, which is
relatively uncommon in cats with heart
failure. Three of these diabetic cats were
found to have very enlarged left atria on

Table 8. Results from the multivariate survival time (days) analysis showing the
regression coefficients, 95 per cent Cls and significance (P values) associated with

each of the categorical variables sex, breed and diabetes after adjustment for age
of cat and fitting a Weibull distribution taking account of right censoring

Predictor Coefficient Lower 95 per cent Cl Upper 95 per cent CI P value
Shape 1.0219 0-7787 1-3411 -
Age (years) —0-1877 —0-3168 —0-0586 0-004
Sex (referent group FN)

MN —0-1139 —0-8749 0-6472 0-769
Breed (referent group DLH)

DSH 0-4162 —0-4429 1.2754 0-342
Diabetes (referent group NO)

YES —1.1052 —1.7899 —0-4206 0-002

Cl Confidence interval, FN Female neutered, MN Male neutered, DLH Domestic longhair, DSH Domestic shorthair
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echocardiography; in the other two cases
where echocardiography was permitted,
the findings were also compatible with
heart failure. In addition, three of these
cats had serious dysrhythmias docu-
mented by electrocardiography (ECG;
atrial fibrillation, ventricular premature
complexes and third degree heart block).
A fourth cat (case 7) also had a dysrhyth-
mia audible on auscultation in the latter
stages of the illness, ECG evaluation of
the rhythm was not sanctioned by the
owner so the exact nature of this rhythm
disturbance remains obscure. One other
cat (case 10) exhibited sinus bradycardia.

In the past, particularly before the
advent of echocardiography, many cats
with heart failure were probably misdiag-
nosed, because the most frequent signs of
heart failure recognised in other veterinary
species, such as coughing and tachycar-
dias, are infrequently found in cats with
heart failure. If a cat has a pleural effusion,
cardiac auscultation is often very challeng-
ing so that heart murmurs or gallop
sounds may not be identified with ease.
Moreover, until fairly recently, cats with
pleural effusions were often designated
as having idiopathic effusions or other
thoracic disease without performing echo-
cardiographic studies. These observations
may explain why heart failure has not been
identified as a frequent complication of
diabetes mellitus in cats.

The forms of heart disease and failure,
which the cats in this study exhibited, were
by no means identical; some showed signs
compatible with hypertrophic cardio-
myopathy, whereas others showed signs
principally indicating right-sided heart
failure. This heterogeneity in clinical ap-
pearance suggests that diabetes mellitus
probably does not cause cardiac disease in
cats directly or simply. However, in this
species, as in the human sufferer, diabetes
mellitus may promote or exacerbate exist-
ing heart disease. It is unfortunate that sys-
temic blood pressures were not measured
in these diabetic cats because if hyperten-
sion were present it might offer one expla-
nation for the development of heart
failure. Many human diabetics are hyper-
tensive. On the contrary, limited data sug-
gest that hypertension is not common in
feline diabetics (Sennello and others
2003).



It is possible that one or more of these
diabetic cats with heart failure might have
had acromegaly, a disease which is known
to cause diabetes and heart failure in cats
(Peterson and others 1990). However, the
usual principal sign of acromegaly is
uncontrolled hyperglycaemia in spite of
insulin dosage exceeding 20 iu per day
(Norman and Mooney 2000, Peterson
2004). The maximum dose of insulin
given to a cat in this study was 12 iu
per day. Acromegaly is also much less
common than uncomplicated diabetes
mellicus. However, in none of the cats
in the present study was insulin-like
growth factor measured and no other tests
were used to deliberately seek out cases of
acromegaly.

One or more of the cats with diabetes
and heart failure could have had hyperthy-
roidism, a disease which is very common
in older cats and which sometimes can
cause heart failure (Mooney and Petersen
2004). Diabetic cats with known hyper-
thyroidism were deliberately excluded
from this study in the recruitment criteria.
Signs of thyroid enlargement were regu-
larly sought by clinical examination of
the diabetic cats and thyroid assays were
performed in 10 cats during the course
of their illness, including three of those
cats found to develop heart failure. None
of these cats was diagnosed as suffer-
ing from hyperthyroidism but, because
routine thyroid monitoring was not
performed in all cases, this possibility
cannot be excluded.

Studies of the prognosis and outcome
for cats with diabetes have been relatively
few. However, if we examine some of
these publications, most of which describe
cases from secondary or tertiary referral
hospitals, we discover that in common
with the observations in the present study,
heart disease may have been present in
a considerable number of these diabetic
cats. For instance, in a large study of
104 cats with diabetes (Crenshaw and
Peterson 1996), concurrency between dia-
betes mellitus and heart disease was not
remarked upon as an important finding
and yet heart murmurs (19 of 104) and
gallop rhythms (seven of 104) were fre-
quently identified during physical exami-
nation of these cats. Additionally, these
authors reported cardiac enlargement in
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14 of 52 cases (27 per cent) where a chest
radiograph was taken. In another much
smaller study, which investigated the
effects of diet on glycaemia in 16 diabetic
cats (Nelson and others 2000), at the time
of entry into the study two cats had heart
murmurs and another two cats exhibited
audible cardiac gallop sounds. A recent
publication, which focused on cats in an
emergency hospital, also reported heart
murmurs and gallop sounds in a signifi-
cant proportion of cats with diabetes seen
in crisis situations (Koenig and others
2004). Congestive heart failure was re-
corded in five of 17 cats with hypergly-
caemic hyperosmolar syndrome, one of
33 cats with diabetic ketoacidosis and
six of 78 cats with uncomplicated diabetes
mellitus. Again the authors did not recog-
nise or report an overt relationship
between diabetes mellitus and heart fail-
ure. However, in two other retrospective
studies of diabetes mellitus, heart disease
or heart failure were not reported at all in
diabetic cats (Kraus and others 1997,
Goossens and others 1998).

In human beings, diabetes mellitus is
an independent risk factor for the develop-
ment of heart disease and heart failure.
The exact relationship between diabetes
and cardiovascular disease in people is
complex. Diabetes causes an atherogenic
dyslipidaemia, which leads to accelerated
coronary artery disease and myocardial
ischaemia. A specific myocardial disease,
diabetic cardiomyopathy, is also reported.
Hypertension, an autonomic neuropathy
leading to decreased cardiac vagal tone,
glycation of myocardial proteins and
endothelial dysfunction may all contribute
to the development of diabetic cardiomy-
opathy, but human diabetics are also fre-
quently obese and chronically physically
inactive and this lifestyle appears to con-
tribute to both diabetes and heart disease
(Julu 1993, Grundy and others 1999,
McNally and Lawrence 2003, Almdal
and others 2004, Bell 2004, Bertoni and
others 2004, Nichols and others 2004).
Cardiovascular diseases are listed as the
cause of death in about 65 per cent of per-
sons with diabetes (Grundy and others
1999).

Diet and exercise probably are impor-
tant in the aetiology of diabetes in cats,
as they are in people (Rand and Marshall

2005). Eighty years ago, Joslin drew atten-
tion to a link between diabetes, obesity
and cardiovascular disease in people
(Joslin 1927). A similar link may exist
in the cat. The implications of these find-
ings for both veterinary and compara-
tive medicine certainly warrant further
investigation.
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