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Abstract

Objectives The aim of this study was to evaluate changes in circulating insulin-like growth factor type 1 (IGF-1)
concentrations in hyperthyroid cats, before and after thiamazole treatment.

Methods Thirty-four hyperthyroid cats were retrospectively included. Plasma free thyroxine (fT4) and IGF-1
concentrations were measured at diagnosis and 3 months after initiating antithyroid drug therapy.

Results Median fT4 significantly decreased (P <0.001) after treatment (from 78 pmol/l [range 43-122 pmol/I] to 31 pmol/l
[range below assay limit of detection to 88 pmol/l]), whereas IGF-1 values significantly increased (P <0.001)
after treatment (from 117 ng/ml [33-341 ng/ml] to 221 ng/ml [36-865 ng/ml]). fT4 and IGF-1 concentrations were
significantly negatively correlated both at diagnosis (r = -0.43, P = 0.01) and after treatment (r = -0.51, P = 0.002).
Conclusions and relevance In cats, IGF-1 concentrations appear to be inversely proportional to the severity of

hyperthyroidism and significantly increase after treatment with thiamazole.
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Introduction
Normal secretion and action of the thyroid hormones
and growth hormone (GH)/insulin-like growth factor
type 1 (IGF-1) are interdependent.!® Somatostatin
inhibits hypothalamic thyrotropin-releasing hormone
(TRH) and pituitary thyroid-stimulating hormone (TSH)
secretion.* Conversely, thyroid cells express IGF-1 recep-
tors allowing the pro-mitogenic effect of IGF-1 and
enhancing thyroglobulin secretion.>® Hyperplastic thy-
roid cells also synthesise both IGF-1 and insulin-like
growth factor binding protein 3.910

The relationship between thyroid hormone dysfunc-
tion and miscellaneous endocrine and metabolic distur-
bances has been studied in some species.? For example, a
previous study showed that hyperthyroid cats had higher
IGF-1 concentrations than healthy animals, although the
difference was not statistically significant and the results
varied according to the assay methods."! Furthermore,
IGF-1 is increased in dogs with primary hypothyroidism
when compared with healthy animals.’? In addition, a
previous study showed that thiamazole (Felimazole;
Dechra Veterinary Products) treatment of hyperthyroid

cats was associated with a significant rise in leptin con-
centrations.'® As there is increasing evidence that leptin
and IGF-1 signaling cooperate to promote cellular prolif-
eration, altered metabolic/hormonal state and increased
body weight (BW) through common intracellular path-
ways and bidirectional cross-talks,'*!5 it was hypothe-
sised that hyperthyroid cats had higher serum IGF-1
concentrations after antithyroid treatment, with a nega-
tive correlation between IGF-1 and free thyroxine (fT4),
in contrast to what is observed in the hypothyroid dog.
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The aim of the present work was to measure plasma
IGF-1 concentrations in hyperthyroid cats before and
after antithyroid treatment with thiamazole.

Materials and methods

Study design

Thirty-four cats were retrospectively included in the
study, based on a diagnosis of spontaneous hyperthy-
roidism (compatible physical signs, ie, weight loss, poly-
phagia, polyuria/polydipsia, gastrointestinal signs or
tachycardia associated with palpable thyroid nodule[s]
together with a plasma fT4 above 40 pmol/1)!¢17 leading
to thiamazole treatment and subsequent follow-up 3
months after diagnosis. Cats were considered as well
treated as soon as fT4 was <30 pmol/l. Animals with
concurrent diseases and/or receiving other treatments at
the time of diagnosis were excluded. IGF-1 was meas-
ured at the time of diagnosis and 3 months after the
beginning of the antithyroid treatment in all cats, using
surplus plasma samples. Informed owner consent was
obtained in all cases.

Hormone assays

All the assay procedures were performed in accordance
with the manufacturer’s instructions. Plasma fT4 was
measured by radioimmunoassay (RIA kit 1363; Beckman
Coulter). The kit was validated for linearity beforehand
by the manufacturer (between 11.0 and 100.0 pmol/1)
and analytical sensitivity (2.4 pmol/l). These data were
then checked in situ at three levels (15, 35 and 60 pmol/I)
with 20 replicates per level. Maximal intra- and interas-
say coefficients of variation (CVs) were 2.3% and 14.3%,
respectively, for the high level (which best approximated
the level of clinical decision of hyperthyroidism).

After dissociation from the insulin-like growth factor
binding proteins by an acidic bulffer, total IGF-1 concen-
trations were measured using a non-specific immunora-
diometric commercial kit based on two region-restricted,
affinity-purified polyclonal antibodies (Mediagnost IGF1
RI-CT R22; Diasorin). The manufacturer’s validation
data (linearity between 25.0 and 900.0 ng/ml) and ana-
lytical sensitivity (2.6 ng/ml) for this kit were checked in
situ at two levels (120 and 190 ng/ml) with 20 replicates
per level. Maximal intra- and interassay CVs were then
6.7% and 8.9% for the low level and 6.5% and 11.3% for
the high level, respectively.

Statistical analysis

Normality of the data was assessed by Shapiro-Wilk test,
using Statview software. None of the results were nor-
mally distributed and are therefore presented as median
and range. The effects of age, sex and BW on IGF-1 con-
centrations were determined by the Kruskal-Wallis test.
The IGF-1 values before and after treatment with thiama-
zole were compared using the Wilcoxon signed-rank test.

Correlations between variables were determined by
Spearman’s test. P <0.05 was considered significant.

Results

The hyperthyroid cats included 31 domestic shorthairs
and three Siamese; 17 were females (14 spayed) and 17
were castrated males, ranging in age from 10 to 17 years
(median 14 years). Clinical signs of hyperthyroidism had
developed 1-24 months (median 5 months) before pres-
entation. The physical examination revealed weight loss
(n = 24;70.6%), polyphagia (n = 15; 44.1%), tachycardia
(n = 11; 32.3%), polyuria/polydipsia (n = 10; 29.4%),
vomiting (n = 8; 23.5%), hyperactivity (n = 4; 11.8%) and
diarrhoea (n=3; 8.8%).

Reported thiamazole dose varied according to the fT4
concentration and clinical signs at diagnosis (mean dose
7.7 £ 2.7 mg/cat q24h, range 5-10 mg/cat q24h).

Median fT4 concentrations significantly decreased
after 3 months of thiamazole treatment (from 78 pmol/1
[range 43-122 pmol/1] to 31 pmol/I [range below assay
limit of detection to 88 pmol/l]), (P <0.001) with fT4
decreasing below 30 pmol/1 in 17 cats. No significant
change in BW after 3 months of treatment was observed.
There was no effect of sex, castration status, breed, BW
or age on IGF-1 concentrations. Hyperthyroid cats exhib-
ited a significant increase in IGF-1 values after treatment
(from 117 ng/ml [range 33-341 ng/ml] to 221 ng/ml
[range 36-865 ng/ml]) (P <0.001) (Figure 1). A signifi-
cant negative correlation between fT4 and IGF-1 was
observed at diagnosis (r = -0.43; P = 0.01) and after
treatment (r = —0.51; P = 0.002) (Figure 2). When cats
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Figure 1 Box plots of insulin-like growth factor type 1
(IGF-1) concentration in 34 hyperthyroid cats at diagnosis
and after thiamazole treatment. The horizontal line in each
box represents the median value. The boxes represent the
interquartile range (25th and 75th percentiles). Whiskers
represent the 5th and 95th percentiles. Outliers are plotted
separately as dots
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Figure 2 Correlation between free thyroxine (fT4; pmol/l) and insulin-like growth factor type 1 (IGF-1; ng/ml) concentrations
in 34 hyperthyroid cats (a) at diagnosis and (b) after treatment with thiamazole. fT4 and IGF-1 were significantly negatively
correlated both before (r = -0.43; P = 0.01) and after treatment (r = -0.51; P = 0.002)

were split according to their biological response to thia-
mazole, IGF-1 concentrations at diagnosis did not differ
significantly between well-treated (median 117 ng/ml
[range 41-341 ng/ml]) and insufficiently treated (median
119 ng/ml [range 33-320 ng/ml]) cats (P = 0.87). IGF-1
concentrations significantly increased after treatment
both for well-treated (P <0.001) and insufficiently treated
(P = 0.02) cats. However, it seems that the increase in
IGF-1 concentrations was significantly higher (P = 0.005)
in well-treated cats (median 290 ng/ml [range 106-865
ng/ml]) compared with the others (median 114 ng/ml
[range 36419 ng/ml]).

Discussion
The results of the present study indicate that IGF-1 con-
centrations appear to be inversely proportional to the
severity of hyperthyroidism as assessed by measure-
ment of fT4 concentrations, and to increase significantly
after thiamazole treatment in the absence of significant
BW gain. The rise in IGF-1 concentrations was of par-
ticular significance in well-treated cats, which exhibited
significantly higher IGF-1 values compared with the
insufficiently treated hyperthyroid cats. The lower
IGF-1 concentrations in untreated hyperthyroid cats is
in contrast to the increased GH and IGF-1 concentra-
tions previously demonstrated in dogs with primary
hypothyroidism.1218-20

Numerous hypotheses for these lower IGF-1 values in
hyperthyroidism are possible. First, the lower IGF-1 val-
ues could be due to reduced GH secretion. Thyroid hor-
mones directly stimulate somatostatin secretion in order
to slow down hypothalamic TRH and pituitary TSH
secretions. Consequently, GH (and IGF-1) release is

inhibited.?® Second, hyperthyroidism as a chronic illness
is associated with a chronic stress response. The subse-
quent corticotropin-releasing hormone, adrenocortico-
tropic hormone and glucocorticoid secretions result in
decreased GH release and inhibition of IGF-1 action.*
Third, feline hyperthyroidism has been previously asso-
ciated with decreased leptin concentrations that signifi-
cantly increase after thiamazole treatment.!® Leptin is
known to stimulate indirectly GH secretion by inhibiting
hypothalamic somatostatin and neuropeptide Y, and by
stimulating growth hormone releasing hormone.>* The
liver is the main organ producing IGF-1,° and various
hepatic diseases induce decreased IGF-1 concentration
in humans and dogs.3?2-2¢ Although liver enzyme activi-
ties are increased in hyperthyroid cats,? liver function is
preserved and therefore an unlikely cause of decreased
IGF-1 concentrations.?® Finally, in humans, it has been
demonstrated that excess thyroid hormones decrease
peripheral vascular resistance by dilating the peripheral
arterioles.?”” Consequently, the effective volume decreases
and stimulating the renin-angiotensin-aldosterone sys-
tem (RAAS) in order to re-establish euvolaemia through
increased renal sodium retention.?”28 Although interac-
tions between RAAS and the IGF system are complex
and poorly understood, some studies have shown that
these two systems are negatively correlated.?83! The
pathophysiological mechanisms responsible for the
changes in IGF-1 concentrations in hyperthyroid cats
remain unclear and additional investigations, including
other components of the somatotropic system and evalu-
ation of the RAAS, would be necessary for a better
understanding. A longer study would also be interesting
to explore the correlation between BW gain and changes
in IGF-1 concentrations.
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Conclusions

It appears that the more severe hyperthyroidism is in
cats, as assessed by fT4 estimation, the lower the IGF-1
concentration. Following treatment of hyperthyroidism,
IGF-1 concentrations significantly increase. A longer
study would be necessary to assess whether IGF-1 meas-
urement provides any prognostic information in hyper-
thyroid cats at diagnosis or undergoing treatment.
Indeed, because IGF-1 has major roles in cell prolifera-
tion, tissue growth and immunity, its increase could be
involved in the general health status improvement dur-
ing the course of treatment of feline hyperthyroidism, as
it does in many human diseases.*
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