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Abstract

Adrenal function may be altered in animals with hyperthyroidism. The aim of the study was to assess adrenal
function of hyperthyroid cats (n = 17) compared to healthy cats (n = 18) and cats with chronic diseases
(n = 18). Adrenal function was evaluated by adrenocorticotropic hormone (ACTH) stimulation test and the urinary
cortisol to creatinine ratio (UCCR) was determined. Length and width of both adrenal glands were measured via
ultrasound. Hyperthyroid cats had significantly higher cortisol levels before and after stimulation with ACTH than
the other groups. However, the UCCR was not elevated in hyperthyroid cats. The size of the adrenal glands of
hyperthyroid cats was not significantly different from the size of those of healthy cats. The results indicate that cats
with hyperthyroidism have a higher cortisol secretory capacity in a hospital setting. The normal size of the adrenal
glands suggests that cortisol levels may not be increased permanently.
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Introduction
Various studies suggest that hyperthyroidism influ-
ences adrenal function.-12 However, little is known
about the interaction of thyroid and adrenal function
in hyperthyroid cats. Liu et al found that the adrenal
glands of 8/23 hyperthyroid cats showed nodular
hyperplasia of the zona glomerulosa and fasciculata.!
To assess the effect of non-adrenal illness on adrenal
function by a combined dexamethasone suppression
adrenocorticotropic hormone (ACTH) stimulation test,
Zerbe et al compared groups of healthy, diabetic and
sick non-diabetic cats. The group of sick non-diabetic
cats included 50% hyperthyroid cats. They found a
trend for higher cortisol concentrations in cats with
hyperthyroidism, but the differences were not statisti-
cally significant between groups.!4 In another study, cats
with hyperthyroidism were found to have a signifi-
cantly elevated urinary corticoid to creatinine ratio.’
The aims of this study were to assess cortisol levels in
hyperthyroid cats compared with healthy cats and cats
with chronic diseases, to measure the urinary cortisol to
creatinine ratio (UCCR) and to assess adrenal gland size
in the different disease groups.

Materials and methods

Animals

Fifty-three cats were included in the study. Based on
a sample size determination and a clinically relevant

margin of 55 nmol/1 in cortisol concentration before and
after the application of ACTH, 17 animals per group were
calculated to achieve a power of 80% and an o of 0.05
(calculated using BiAS: http:/ /www.bias-online.de).
The study was conducted as a prospective trial
including 53 client-owned cats. It was approved by the
‘Regierung von Oberbayern’. Animals were presented
to the Clinic of Small Animal Medicine of the LMU
University of Munich with various signs of disease or for
preventive health care. Consent forms were signed by all
owners before their cats entered the study. Only patients
that were 8 years or older were included. Cats that had
been treated with glucocorticoids in the last 3 months
were excluded from the study. Cats were assigned to
three groups: healthy cats (n = 18), cats with hyperthy-
roidism (n = 17) and cats with other chronic diseases
(n = 18). Healthy cats showed no history or clinical
signs of illness and results of a total blood count and
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biochemistry profile were within normal limits.
Thyroxine levels were within the reference interval.
Hyperthyroid cats showed clinical signs of hyperthy-
roidism, such as weight loss, polyphagia, polydipsia,
polyuria, diarrhoea and vomiting, and had a palpable
thyroid gland, as well as elevated thyroxine (T,) and free
thyroxine (fT,) levels. Hyperthyroid cats under treat-
ment were only included if they were still symptomatic
and had elevated T, levels. Chronically ill cats (not
hyperthyroid) had the habitus of a chronically ill patient,
such as a dull haircoat or emaciation, or had shown signs
of illness for more than 4 weeks. Cats in this group had
chronic nephropathies (n = 6), chronic gastrointestinal
disease (n = 4), neoplasia (n = 3), diabetes mellitus (n =
2), chronic respiratory disease (n = 2) and blood-loss
anaemia caused by chronic flea infestation (n = 1). They
had T, and fT, values within, or below, the normal range.
T, values of hyperthyroid cats were significantly higher
than those of healthy and chronically ill cats (P <0.001).
Mean values were 8.1 + 3.0 pg/dl for hyperthyroid
cats, 1.8 + 0.7 pg/dl for healthy cats and 1.6 + 0.6 pg/dl
for cats with chronic disease. There was no significant
difference between healthy cats and cats with chronic
diseases. fT, values were significantly higher in hyper-
thyroid cats (7.7 + 2.3 ng/dl) than in chronically ill cats
(1.7 = 0.6 ng/dl, P <0.001).

Although the aim was to create groups with an equal
age range, hyperthyroid cats were significantly older
than healthy cats (P <0.001) and cats with chronic dis-
eases (P = 0.001). Cats with chronic disease were signifi-
cantly older than healthy cats (P = 0.003). The mean age
of hyperthyroid cats was 15.2 + 2.8 years, of healthy cats
it was 10.2 + 2.3 years and of cats with chronic disease it
was 12.4 + 1.3 years.

Study design

Cats were allowed to acclimatise to the clinic environ-
ment before any procedures were performed. History
was taken for every patient and a physical examination
was conducted. T, and fT, levels were measured in
every cat and a complete blood count and serum bio-
chemistry profile was performed. Complete blood
counts and biochemistry profiles were performed by
standard laboratory methods. T, concentrations were
determined by Diagnostic Reagents Inc (DRI) immuno-
assay (Modular Analytics, Hitachi/Roche, Tokio/Risch,
Japan/Switzerland). fT, was assessed by equilibrium
dialysis and radioimmunoassay.

To assess adrenal function, the UCCR was deter-
mined, an ACTH stimulation test was performed and
the width and length of the adrenal glands were meas-
ured. Urine samples were obtained by cystocentesis in
the morning of the examination day before the ACTH
stimulation test. For the UCCR, cortisol was determined
by chemiluminescence immunoassay (Immulite 2000,

Siemens, Berlin/Munich, Germany) and creatinine was
measured by Jaffé’s method (Modular Analytics,
Hitachi/Roche, Tokio/Risch, Japan/Switzerland).

After cystocenthesis, an ACTH stimulation test
was performed: 0.125 mg of tetracosactide (Synacthen;
Novartis Pharma GmbH, Nuremberg, Germany) was
administered intravenously. Blood samples were taken at
0 and 60 min as discussed by Schoeman et al'® and DeClue
et al.'” Blood cortisol levels were determined by electro-
chemiluminescence immunoassay (Elecsys 2010; Roche
Diagnostics AG, Risch, Switzerland). All assays were set
up according to the manufacturer’s instructions.

After the ACTH-stimulation test, all 53 cats under-
went a complete abdominal ultrasound examination
without sedation. Ultrasound was performed with the
LOGIQ P6 (GE Healthcare, Chalfont St. Giles, UK) using
an 11-mHz linear transducer. Adrenal glands were exam-
ined as previously described.’®® Maximum length and
width of adrenal glands was measured by an experienced
examiner (AW).

Statistical analysis

SPSS Statistics version 17.0 (IBM Deutschland GmbH,
Munich, Germany) was used for statistical analysis.
Distributions of values of parameters were assessed visu-
ally with box-and-whisker plots and Q-Q plots for nor-
mality and analysed using one-way ANOVA and least
significant difference (LSD) post-hoc tests to test for
differences between groups. Correlation between two
parameters was analysed using Pearson’s correlation
coefficient. Statistical significance was set at P <0.05.

Results

Blood cortisol levels

Baseline cortisol levels were significantly higher in cats
with hyperthyroidism (251.7 + 145.7 nmol/l) than in
healthy cats (129.2 = 70.0 nmol/1, P = 0.001) and cats with
chronic diseases (121.3 = 79.4, P <0.001). There was no sta-
tistically significant difference between healthy cats and
cats with chronic diseases (P = 0.819). Cortisol levels 60
min after application of tetracosactide were significantly
higher in hyperthyroid cats (369.4 + 144.4 nmol/I) than in
healthy cats (256.3 + 81.6 nmol/1, P = 0.003) and cats with
chronic diseases (220.6 + 85.5 nmol/l, P <0.001). No sig-
nificant difference was found between healthy cats and
cats with chronic diseases (P = 0.321) (Figure 1).

There was no significant difference in delta cortisol
between hyperthyroid cats and healthy (P = 0.719) or
chronically ill cats (P = 0.482), or between healthy cats
and cats with chronic diseases (P = 0.283). Median values
were 117.8 = 81.3 nmol/I for hyperthyroid cats, 127.1
75.2 nmol/I for healthy cats and 99.4 + 73.8 nmol/1 for
cats with chronic diseases.

A correlation between total T, concentration and
baseline cortisol concentration (r = 0.634, P = 0.001) was
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Figure 1 Blood cortisol levels (nmol/l) prior to and 60 min
after application of tetracosactide in hyperthyroid, chronically
il and healthy cats
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Figure 2 Correlation between total T, (ug/dl) and baseline
cortisol concentration (nmol/l) in hyperthyroid, chronically ill
and healthy cats

seen (Figure 2). fT4 was also correlated with baseline cor-
tisol concentration (r = 0.505, P = 0.013).

Urinary cortisol to creatinine ratio

Mean values and standard deviation for the UCCR were
4.12 + 3.95 x10° for hyperthyroid cats, 2.60 + 2.98 x10°
for healthy cats and 2.53 + 2.14 x107 for cats with chronic
diseases. It was neither significantly higher in hyperthy-
roid cats than in healthy cats (P = 0.154) or in cats with
chronic diseases (P = 0.135), nor did the values of healthy
and chronically ill cats differ significantly (P = 0.941).

Ultrasonographical measurement of adrenal glands
All but one left adrenal gland of one hyperthyroid cat
could be visualised and measured (n = 105). There was
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Figure 3 Width of both adrenal glands (cm) in hyperthyroid,
chronically ill and healthy cats

no significant difference in the lengths of the right or left
adrenal gland between groups (P >0.4). The width of the
right adrenal glands in hyperthyroid cats (0.41 + 0.11 cm)
was not significantly different from healthy (0.40 + 0.09,
P =0.807) or chronically ill cats (0.38 + 0.08 cm, P = 0.272).
There was also no significant difference between healthy
cats or cats with chronic diseases (P = 0.384).

The width of the left adrenal gland of cats with hyper-
thyroidism (0.42 + 0.09 cm) was not significantly differ-
ent from healthy cats (0.39 + 0.06 cm, P = 0.317). Cats
with chronic diseases (0.37 + 0.06 cm, P = 0.041) had sig-
nificantly smaller adrenal glands than hyperthyroid cats.
There was no difference between healthy and chroni-
cally ill cats (P = 0.317) (Figure 3). There was no correla-
tion between the cats” weight and the length or width of
either adrenal gland (r <0.222, P >0.05).

Discussion

High cortisol levels have been reported in humans and
rats with hyperthyroidism. Gallagher et al demonstrated
that hyperthyroid human patients had more cortisol
secretory episodes per day and the duration of cortisol
secretion was longer than in healthy individuals.
Therefore, higher amounts of cortisol were produced.!
Boler et al showed that chronic administration of high
doses of T, resulted in high basal corticosterone levels in
rats.' Findings in the present study indicate that cats
with hyperthyroidism in a hospital environment also
have higher cortisol levels than healthy cats and cats
with chronic diseases.

Although most hyperthyroid individuals seem to
have an elevated cortisol response, there are studies in
rats®!® and humans’# that indicate that an opposite sce-
nario may also occur. It has been suggested that the
contradicting results in the studies that assess adrenal
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function in hyperthyroidism could originate from differ-
ences in duration of the hyperthyroid state. Johnson et al
treated thyroidectomised rats with T, once a day subcu-
taneously for 7 and 60 days. These ‘long-term hyperthy-
roid rats” (60 days) showed significantly lower cortisol
levels after stimulation with ACTH than controls but did
not show a difference in delta cortisol. ‘Short-term hyper-
thyroid rats’” (7 days), however, had a higher cortisol
response to ACTH.? If the results of the present study
were to be compared with the results of the study men-
tioned above, the cats would have to be classified as
‘long-term hyperthyroid’. As hyperthyroidism occurred
naturally in these cats, the duration of disease most cer-
tainly exceeded 7 days. In the present study, there was no
significant difference of delta cortisol in hyperthyroid
cats compared to healthy cats, but in contrast to the study
of Johnson et al, higher cortisol levels in hyperthyroid
cats after stimulation with ACTH were found. A reason
for this difference could be that in all rats hyperthyroid-
ism had been induced experimentally and it is likely that
relatively high doses of T, were administered. Of course,
there could also be differences between species.

Recent literature published on humans suggests that
permanently elevated cortisol levels caused by chronic
diseases are associated with osteoporosis, hypertension,
diabetes mellitus, susceptibility to infections and depres-
sion. High cortisol levels may lead to increased mortality
in humans with chronic diseases.?’ Elevated cortisol lev-
els could, therefore, be regarded as a negative prognostic
indicator in humans. As elevated cortisol levels were
found in the hyperthyroid cats under hospital conditions
in the present study, it would be interesting to explore
whether hyperthyroid cats also have high cortisol levels
in their home environment and whether these levels also
decrease life expectancy in cats. De Lange et al'> found
high UCCRs after collecting urine of cats at home, which
could be a indicator for high cortisol levels in a home
environment.

Although adrenal function was increased and blood
cortisol levels were elevated, the UCCR was not
increased in the present study. This finding is in contrast
to the findings of de Lange et al.’®> A reason for high
blood cortisol level without an elevated UCCR could be
either that the excreted metabolites in the urine were
inappropriately measured by the assay or that the excess
cortisol was not excreted in the urine. The method
by which cortisol was measured does not cross react
with most natural cortisol metabolites (e.g., cortison,
11-deoxycortisol, corticosterone). It has been shown that
only 1.85% (median) of administered [3H] cortisol is
excreted through the urine in cats and that cats mainly
excrete conjugated cortisol and/or its metabolites
through the urine,?! which were not measured in the
assay. Measuring UCCR with the Immulite 2000

(chemiluminescence immunoassay) in order to assess
adrenal function in cats may not provide reliable results.
Therefore, a limitation of this study is that the UCCR
was not measured by a radioimmunoassay that would
be able to also detect cortisol metabolites. It has also been
shown that cats excrete administered steroid hormones
almost entirely in the faeces.?? This leads to the conclu-
sion that the use of UCCR might not be very helpful in
assessing adrenal function in cats.

There was no statistically significant difference in the
width of the adrenal glands of hyperthyroid and healthy
cats. Only the left adrenal gland of chronically ill cats
was significantly smaller than that of hyperthyroid cats
but not than that of healthy cats. This significant differ-
ence was only obtained for the left adrenal gland but not
for the right one. This could be caused by the fact that the
ultrasonographical access to the right adrenal gland is
usually more difficult.??> Another possibility is that the
left adrenal gland reacts to changes in adrenal function
more sensitively than the right adrenal gland. Wenger et
al found that the size of the left and right adrenal gland
in dogs with primary hypoadrenocorticism is affected
differently by cortisol levels.?

Owing to the significantly higher cortisol levels of
hyperthyroid cats, an increase in the size of the adrenal
glands would be expected, as the thickness of the
adrenals is mainly determined by the cortex. The zona
fasciculate, which is responsible for cortisol production,
forms the major fraction of the cortex. However, there
was no difference in the width of both adrenal glands
between hyperthyroid and healthy cats. A possible
explanation for the elevated cortisol levels (measured
under hospital conditions) in the cats of the present
study without enlarged adrenal glands could be that
hyperthyroid cats do not have constantly high cortisol
levels, but exhibit a higher cortisol secretory capacity
to stressful situations. Results of this study imply that
the width of the adrenal glands measured during
ultrasound examination cannot be used as an adjunctive
diagnostic tool in assessing hyperthyroidism in cats.
Although a positive correlation between bodyweight
and adrenal gland length was found in dogs,? this could
not be demonstrated in cats examined in this study. The
less pronounced difference of body weights in cats in
general could serve as an explanation.

In conclusion, it can be said that hyperthyroid
cats have high cortisol levels before and after stimula-
tion with ACTH under hospital conditions. However,
despite their elevated blood cortisol levels, they did not
have thicker adrenal glands than healthy cats when
assessed by ultrasonography. This could mean that
hyperthyroid cats do not have permanently elevated
cortisol levels, but only react with high cortisol levels to
stressful situations. Future studies are needed to
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examine cortisol levels in hyperthyroid cats in their
home environment.
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