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Summary Since insulin-like growth factor-I (IGF-1) was first discovered as a mediator
of glucose homeostasis, it has been extensively investigated in diabetes research in
humans, rodents and primates. To date, however, relatively little work has been
carried out on this hormone in the cat, despite the pathophysiological similarities
between human and feline diabetes mellitus, as well as the relatively common
nature of the disease in cats. This study reports on the IGF-I concentrations of 42
insulin treated diabetic cats and 25 normal cats. Diabetic subjects were grouped
according to length of insulin treatment as either short, medium or long term.
Analysis of variance (ANOVA) and Fischer's pair-wise comparisons revealed that
mean IGF-I levels in short-term diabetic cats were significantly lower than those in
normal cats whilst mean levels in long-term diabetics were significantly higher. The
direction and extent of these alterations may have implications for our understand-
ing of the pathophysiology of feline diabetes mellitus and for the use of this hormone

in the diagnosis of acromegaly in diabetic cats.

© 2004 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.

Introduction

Since 1963, when Froesch first reported that serum
had more insulin-like activity than could be ex-
plained by insulin alone (Froesch et al., 1963),
insulin-like growth factor-I (IGF-1) (then known as
non-suppressible insulin-like activity [NSILA]) has
been extensively investigated as a mediator of
growth and glucose homeostasis. These investi-
gations have considered the structure, function
and regulation of production of IGF-1, mainly in
humans, rodents and non-human primates. To this
date, however, relatively little attention has been
directed towards the study of IGF-I in diabetic cats,
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despite there being a number of clinical and patho-
physiological similarities between feline and human
diabetes mellitus (Struble and Nelson, 1997), and
the fact that the condition is not uncommon in the
domestic cat (Feldman and Nelson, 1996).

Some initial work has been performed by Lewitt
et al. These workers measured IGF-I concentrations
and IGF Binding protein (IGFBP) profiles in eight
diabetic and eight normal cats (Lewitt et al., 2000).
This work revealed a highly significant increase in
IGF-1 levels amongst non-acromegalic, diabetic
cats. These findings were of interest for two
reasons: firstly, in contrast to the diabetic cats in
the Lewitt study, human type-I diabetic patients
have been consistently reported to have decreased
levels of IGF-1 (Bismar et al., 1994; Dunger and
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Acerini, 1998) and human type-Il diabetic subjects
are reported to have variable changes in IGF-1, with
levels reported to either decrease (Bang et al.,
1994) or remain unchanged (Frystyk et al., 1999).
Secondly, since growth hormone's anabolic effects
are exerted by IGF-1, and serum IGF-I concentra-
tions tend to reflect average 24 h growth hormone
(GH) levels in humans (Clasey et al., 2001), some
authors have suggested that IGF-I be used as an aid
in the diagnosis of feline acromegaly (Norman and
Mooney, 2000). However, since none of the diabetic
cats in the Lewitt study had evidence of acromegaly
and all showed elevated IGF-I levels, the authors
felt that the use of IGF-I to screen for GH excess
may be unreliable. Considering these important
and unanticipated findings, we decided to further
investigate feline IGF-I concentrations in the dia-
betic state through both a larger sample size and an
analysis of the effect of length of disease.

Materials and methods

Subjects

Serum was collected from 42 insulin-treated dia-
betic cats (median age 11 years, range 4.5-18
years) presenting as clinical cases to the University
of Sydney Veterinary Centre (UVC-S), and to various
other veterinary hospitals across Australia. Whilst
diagnostic procedures varied across the insti-
tutions, all cats admitted to the study displayed
clinical evidence of diabetes mellitus, typically
polyuria and polydipsia, as well as persistent hyper-
glycaemia and an appropriate response to insulin
therapy. None of the animals included in this study
showed clinical evidence of acromegaly at any time
before or during the study period. We considered
clinical evidence of acromegaly to include classical
alterations of the flat bones and dentition as well as
evidence of insulin resistance and or poorly con-
trolled diabetes mellitus. In addition, no animal
was enrolled into the study, which had evidence of
other concurrent diseases at the time of serum
collection. Concurrent diseases in these patients
were ruled out on the basis of physical examin-
ation, blood biochemistry and pertinent medical
history. Information was obtained on breed, age,
sex and length of insulin treatment for all diabetic
cats in the study.

Serum was also obtained from 25 normal, control
cats (median age 8 years, range 2—17 years). These
cats presented to the UVC-S and other Australian
veterinary hospitals for routine medical and surgi-
cal procedures such as vaccination, dental prophy-
laxis and de-sexing. Such cats were considered

normal if they were free of a recent history of
disease and a physical examination revealed no
grossly detectable signs of disease. For the pur-
poses of this study, recent history was deemed to
be a period of 12 months since the resolution of any
condition, which required veterinary attention. All
animals, both controls and diabetics, with a history
of endocrine or metabolic disease were excluded
from the study. Eighteen of the 25 normal cats had
blood glucose concentrations determined prior to
their enrollment in the study. Blood glucose levels
were within normal limits for all 18 of these ani-
mals. Since blood glucose was not determined on
the seven remaining cats, it is possible that one or
more of these subjects could have had elevated
blood glucose concentrations and may even have
been early diabetic subjects. However, considering
the lack of any historical or physical evidence to
this effect, the probability of such an occurrence is
anticipated to be very low and therefore these
subjects were included in the study. Owners' per-
mission was obtained prior to sample collection in
all cases.

Prior to IGF-1 determination and data analysis,
diabetic cats were divided into three groups based
on the length of insulin treatment. The first group
was comprised of short-term diabetics who had
been treated for 31 days or less (n=18). Subjects
allocated to the second group had been treated for
between 32 days and 14 months, inclusive (n=10).
The third group contained long-term diabetics
who had been treated for over 14 months (n=14).
Although these groupings may seem somewhat
arbitrary, they were chosen to approximate events
often observed in the management of feline dia-
betes mellitus, as well as to allow us to investigate
the effects of length of insulin treatment upon IGF-I
concentrations. A period of 31 days was chosen to
represent short-term diabetics. Evidence from our
hospital, and reports in the literature, support the
notion that cats tend to require a period of time,
which averages approximately 1 month, to adjust
to insulin regimens (Nelson, 1998). When consider-
ing long-term therapy, it has been documented that
cats typically live for a period of 1 to 3 years after
the initiation of insulin therapy. In one study of 104
insulin treated diabetic cats, the median age of
survival was found to be 17 months, although a
significant proportion survived only 12 months
(Goossens et al., 1998). We therefore chose 14
months as the lower bound for our long-term dia-
betic cats as this point represents relatively long-
term survival whilst still allowing sufficient
numbers of subjects to be obtained during the study
period. By default then, our medium-term subjects
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were those who had been treated for between 32
days and 14 months.

Sample handling

All serum samples were obtained after a fast of
between 6 and 10 h to lessen the effects of post-
prandial glucose increases and subsequent short-
term hormone changes. Whole blood was collected
by venipuncture and transferred to plain serum
tubes, which were left at room temperature for a
minimum of 45 min and a maximum of 1.5 h prior to
centrifugation and serum harvesting. Serum col-
lected at the university was refrigerated once har-
vested and analysed by radio immunoassay within 5
days of collection. Samples obtained from referring
hospitals were collected in a similar manner, as
directed by study personnel. All external samples
were sent on ice via overnight courier to the uni-
versity for immediate refrigeration. These samples
were also analysed within 5 days of receipt.

IGF-1 assay

IGF-1is a hormone, which is highly conserved across
many different genera and species (Daughaday and
Rotwein, 1989), thus there is a high degree of
cross-reactivity of cat IGF-1 with anti-human IGF-I
antibodies. This cross reactivity allows established
human IGF-I radioimmunoassays (RIAs) to be readily
adapted to investigate IGF-I concentrations in the
domestic cat (Church et al., 1994; Lewitt et al.,
2000). In this study, IGF-l1 was obtained by acid—
ethanol extraction of sera and then quantified by
RIA using human IGF-I standard, anti-human IGF-I
antibody and human IGF-1 tracer as per Lewitt
et al., 2000 (after Church et al., 1994). In their 1994
study, Church et al. confirmed the assay's speci-
ficity by the demonstrating parallel displacement
curves for serial dilutions of feline samples and
human IGF-I standards. They also determined the
intra-assay variation to be 3.9% for pooled feline
samples with low IGF-1 concentrations and 4.3% for
those with high IGF-l concentrations. Inter-assay
variation was found to be 5.7% and 7.9%, respect-
ively. From the time of the 1994 study until the
current study, this assay was performed at the
University of Sydney as a diagnostic test for ac-
romegaly in feline patients. The same assay and
apparatus was also used during the Lewitt et al.
study of 2000. Prior to the commencement of the
current study, specificity was reconfirmed by the
demonstration of parallel displacement curves.
Throughout the 10 runs in which the samples from
this study were analysed, the sensitivity of the

assay was found to be 1.8 nM. In addition, the
interassay variation was 5.5% for pooled feline
samples with low IGF-1 levels and 8.7% for those
with high IGF-I levels.

Statistics

To investigate statistical differences between the
IGF-1 concentrations of the four groups in this
study, we initially performed a one-way analysis of
variance (ANOVA). We then performed a series of
Fischer's pair-wise comparisons to compare all
group means and determine which were signifi-
cantly different from one another. All statistical
analyses were performed using the SAS statistical
package release 8.02 (SAS Institute, Cary, NC,
USA).

Results

The mean IGF-I concentration of the control cats
was found to be 42.4 nM (z16.6 nM SD), a value
similar to that reported by other investigators
(Lewitt et al., 2000). Amongst the diabetic cats,
IGF-1 concentrations were found to be: 22.1 nM
(£14.62 nM), 51.0 nM (£19.0 nM) and 145 nM
(x54.6 nM) for short-, medium- and long-term
insulin treated diabetics, respectively. Figure 1
illustrates these results in the form of a dot plot.

A one-way ANOVA revealed a highly significant
P-value (P<0.0001), strongly indicating that at least
one group mean was significantly different from the
others. Subsequently, a series of Fischer's pair-wise
comparisons indicated that the mean IGF-1 concen-
tration in the control cats and in the medium-term
diabetic cats were not significantly different (at
P=0.05). Significant differences existed between all
other combinations of groups. That is, control cats
had more IGF-I than short-term diabetics and less
than long-term diabetics whereas short-term dia-
betic cats had less IGF-I than control cats and both
medium and long-term diabetic cats.

Discussion

Our results indicate that cats that have received
long-term insulin therapy for their diabetes have
significantly higher levels of circulating IGF-I than
short and medium-term insulin treated diabetic
cats, as well as normal cats. To our knowledge,
such changes have not been previously reported in
the domestic cat. These findings have a number of
important implications: firstly, as Lewitt et al.,
concluded, caution may be necessary when IGF-I
levels are employed to diagnose acromegaly in dia-
betic cats. Our findings suggest that such caution is
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Figure 1 IGF-I concentration by group.

most warranted when a diagnosis of acromegaly is
sought based on IGF-1 levels in long-term insulin
treated diabetic cats, since our study has indicated
that such cats may have IGF-1 levels significantly
above normal, in the absence of clinical signs of
acromegaly, including the absence of overt insulin
resistance. Finally, as discussed below, our findings
may also have implications for the understanding
of the aetiology and pathophysiology of feline
diabetes mellitus.

In mammals, nearly all circulating IGF-I is pro-
duced by the liver under the positive influence of
pituitary derived GH (Wheelhouse et al., 1999).
However, portal insulin is a critical permissive fac-
tor, without which the liver is unable to produce
IGF-I (Hanaire-Broutin et al., 1996a; Russell-Jones
et al., 1992). Exogenous insulin administered via
the subcutaneous route fails to alter portal insulin
levels in humans. In order to allow for portal insulin
levels to rise and hepatic IGF-I production to con-
tinue, exogenous insulin must be administered via
the intraperitoneal route (Hanaire-Broutin et al.,
1996b). IGF-I acts as a major negative feedback
inhibitor of pituitary GH production (Ghigo et al.,
1999).

Type-1 diabetes mellitus is characterised by
p-cell destruction and an absolute requirement for
exogenous insulin. Humans with type-l diabetes

have been reported to have significantly lower IGF-I
levels than normal subjects. This is due to the fact
that such patients lack p-cell function and are
typically maintained on subcutaneous insulin
therapy, thus they lack portal insulinisation (Amiel
et al., 1984; Batch et al., 1991). Human type-I
diabetics also tend to have elevated GH secretion
owing to reduced or absent IGF-I negative feedback
(reviewed in Dunger et al., 2002).

Unlike type-I diabetes mellitus, the type-Il form
of the disease is defined as a condition of relative
insulin deficiency seen with or without reduced
p-cell function (Greco et al., 1995). Owing to the
broad definition of the condition, type-Il diabetes
may have many different aetiologies and the con-
dition thus represents a broader clinical syndrome
than the type-I form of the disease. Considering the
pathophysiological heterogeneity amongst human
type-1l patients, it is not surprising that conflicting
reports have been generated regarding GH, insulin
and IGF-1 levels in such patients. Various studies
have reported IGF-l levels to be reduced (Bang
et al., 1994; Tan and Baxter, 1986) or unchanged
(Frystyk et al., 1999; Moses et al., 1996), whilst
GH secretory frequency has been reported to in-
crease (Barnes et al., 1985) or remain unchanged
(Kjeldsen et al., 1975). Insulin levels are also
variable amongst this group of patients, however,
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owing to insulin resistance many human type-II
diabetics are hyperinsulinaemic (Krans, 1999). It is
therefore likely that IGF-I levels in human type-ll
diabetics will vary depending on the prevailing hor-
monal balance of the individual patient. IGF-I levels
will be a function of GH secretion in those with
residual f-cell function. However, in those with
hypoinsulinaemia, IGF-1 levels will be dominated
by the concomitant lack of the permissive factor,
portal insulin.

Cats have been reported to suffer both type-I
and type-Il diabetes mellitus based on a number of
factors including: variable responses to oral hypo-
glycaemics, diet and response to insulin therapy as
well as pathological findings and reported re-
sponses to insulin secretagogue tests (reviewed in
Rand, 1999). However, the relative proportion of
cats suffering from each type of the disease is often
difficult to determine. Whilst the majority of cats
may present in an insulin dependent state, this may
not truly reflect the proportion of cats with type-I
diabetes mellitus. It is likely that delays in diagnosis
and the effects of chronic hyperglycaemia lead
to glucose toxicity and p-cell exhaustion, thus in-
creasing the apparent frequency of type-| diabetes
mellitus (Link and Rand, 1996). Further support of a
type-Il aetiology in the cat is seen in the pathologi-
cal findings of a study in which only a small pro-
portion of diabetic cats showed histological lesions
similar to those seen in type-l diabetic humans
(Goossens et al., 1998).

Whilst considering the known state of the
insulin/GH/IGF-I axis in humans, rodents and non-
human primates, as well as the work of Link and
Rand on the effects of hyperglycaemia in the cat,
we feel that the changes in IGF-1 levels seen
amongst the groups of diabetic subjects in this
study support the concept of glucose toxicity in the
cat as well as the notion that the majority of feline
diabetics have the type-1l form of the disease. It is
our contention that most newly diagnosed diabetic
cats mimic type-l human diabetics in reference to
an absolute insulin requirement as well as reduced
IGF-1 levels. We speculate that delays in diagnosis
lead to long periods of hyperglycaemia, which ulti-
mately reduce residual fg-cell function and portal
insulinisation. The low portal insulin levels then
inhibit IGF-1 production. Such inhibition of produc-
tion is manifested as the significantly lower IGF-I
concentrations seen amongst the short-term insulin
treated diabetic cats in our study relative to the
normal, control cats. As treatment is instituted, we
hypothesise that the effects of hyperglycaemia on
p-cell function decrease and subsequently en-
dogenous insulin secretion recovers to a variable

degree. Such a recovery may then allow for portal
insulin levels to rise to levels sufficient for hepatic
IGF-1 to be produced again. This theory is supported
by the normal levels of IGF-l1 seen amongst the
medium-term diabetic cats in our study.

The explanation of the supra-physiological IGF-I
levels seen in the long-term insulin treated diabetic
cats in this study is somewhat more troublesome.
As discussed above, improved f-cell function in the
insulin treated diabetic cat may explain the nor-
malisation of serum IGF-I levels. However, even if
p-cell function fully recovered, it is unlikely that
this alone would explain IGF-1 concentrations ex-
ceeding those seen in normal cats. Since GH is the
main positive regulator of IGF-I, it is possible that
increases in GH secretion in the long-term insulin-
treated diabetic cats could explain these findings,
even in the absence of clinical acromegaly or insu-
lin resistance. Perhaps the combined effects of the
disease and insulin treatment lead to an adaptive
process whereby GH secretion increases but the
insulin antagonistic effects of GH are moderated.
Such a hypothesis could be investigated by compar-
ing the level of diabetic control amongst short-,
medium- and long-term insulin treated diabetic
cats and correlating this information with the sub-
jects' GH and IGF-I levels. Such a comparison can-
not be performed in the current study as we only
have subjective data indicating that all cats were
well controlled at the time of entry into the study,
as opposed to more specific measures of glycaemic
control such insulin dosages and glycosylated
haemoglobin or fructosamine levels.

Currently the measurement of GH levels in
domestic cats is limited to a small number of
laboratories around the world, and as such GH
levels were not obtained for the cats in this study.
Future work in this field would benefit greatly from
simultaneous measurement of GH, IGF-1 and insulin
levels to confirm our theories and extend our
knowledge of the feline GH/IGF-I axis.

In conclusion, this study appears to confirm the
suggestion of Lewitt et al., that caution may be
warranted when employing IGF-1 levels to diagnose
acromegaly in diabetic cats. However, we qualify
this suggestion by emphasising that such caution
may be best reserved for long-term diabetic cats in
whom IGF-I levels may be elevated in the absence
of clinical evidence of acromegaly. In addition, we
believe that the trend of IGF-I concentrations seen
in the diabetic subjects in this research is further
evidence that the majority of diabetic cats are
indeed type-ll diabetics. The effects of long-term
hyperglycaemia and delays in diagnosis likely lead
to p-cell burnout and initially low IGF-I levels
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immediately following diagnosis. The normal and
subsequently supra-physiological IGF-I levels seen
in medium and long-term insulin treated diabetic
cats, respectively, occur once insulin therapy has
improved f-cell function and allowed for a degree
of portal insulinisation to return. Ultimately this
study has increased our understanding of the
feline GH/IGF-I axis whilst raising new questions for
further research in this field.
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