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Abstract

Hyperadrenocorticism (HAC), also known as Cushing's syndrome, is caused by chronic exposure to excessive
glucocorticoids. The objective of this study was to determine the epidemiological and clinical (especially
ophthalmic) findings of dogs with HAC to increase recognition of suspicious cases in clinical routines. This study
was examined on thirty dogs from Tehran, Mazandaran, and Guilan provinces between April 2021 and May 2022.
The dogs included in the current study, who all had confirmed Hyperadrenocorticism, were selected based on the
clinical findings suggestive Cushing disease as well as positive low-dose dexamethasone-suppression test. Then,
general information, clinical signs, and ophthalmic factors were examined and recorded. The data were analyzed
using the Chi-square test, Fisher's exact test, McNemar test, independent samples t-test, one-way ANOVA and
LSD post hoc test. The mean age for the dogs with HAC was 9.7 years. The risk of HAC was also higher in
neutered than intact dogs and also in terrier breed than other ones. Furthermore, significant differences were
statistically observed concerning ophthalmic evaluations, including eye lesions, palpebral reflex, ophthalmic
structural disorders, conjunctival, sclera, lens, retina, iris, and optic nerve involvement. However, gender, breed,
common clinical manifestations, behavioural status, PLR test, menace test, dazzle test, cotton test, and corneal
involvement did not show significant differences statistically. It was concluded that indoor and gonadectomized
dogs had higher frequency in the studied population. We conducted epidemiological and clinical study of Cushing's
disease in dogs in Iran, and for the first time, we examined the eye factors associated with this syndrome. These
results support a better understanding of the canine hyperadrenocorticism in Iran. According to this study, the
studied population resembles the profile described in European and North American epidemiologic studies, and
the clinical picture of the HAC dog appears to be similar worldwide.

Key words: Polyuria, Polydipsia, Hyperadrenocorticism, Dog, Eye

Introduction

Hyperadrenocorticism (HAC), is commonly referred to as Cushing's
characterized by chronic exposure to high syndrome, named after Harvey Cushing, a
levels of glucocorticoids (Gilor and Graves, Boston neurosurgeon who first identified
2011; Martins et al, 2019). This disorder is HAC in humans in 1932 (Galac, 2010). In
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small animal practice, Cushing's syndrome
iIs one of the more common
endocrinopathies (Carotenuto et al, 2019).
Excess glucocorticoids lead to physical and
biochemical changes that significantly
affect the animal's quality of life.
Hypercortisolism generally results from
pathological overproduction of
adrenocorticotropic hormone (ACTH) by
either a functional pituitary tumor (PDH,
pituitary-dependent hypercortisolism) or a
primary adrenal disorder (ADH, adrenal-
dependent hypercortisolism) (Behrend,
2010; Carotenuto et al, 2019). Other causes
such as ectopic ACTH secretion or food-
dependent hypercortisolemia have been
reported in dogs; however, these conditions
seem rare (Carotenuto et al, 2019; Castillo
etal, 2014). In older dogs and certain breeds
such as Miniature Poodles, Boxers, and
Dachshunds, there appears to be a
significant  predisposition to  HAC
(Burkhardt et al, 2013; Fracassi et al, 2015;
Martins et al, 2019; Van Rijn et al, 2016).
Researchers have reported a potential
predisposition for female dogs in some
studies (Carotenuto et al, 2019; Gallelli et
al, 2010; Wood et al, 2007). Most clinical
manifestations occur slowly and gradually.
Among these manifestations, polyuria,
polydipsia, polyphagia, and abdominal
enlargement are notable. On the other hand,
ocular complications are common in
animals with endocrine disease. Regarding
laboratory findings, stress leukograms,
alkaline phosphatase activity increases, and
hypertriglyceridemia is prominent
(Behrend, 2015). The diagnosis is based on
the patient's history, a clinical evaluation,
imaging studies, and hormonal tests,
including the Low-Dose Dexamethasone
Suppression Test (LDDST) and the ACTH
stimulation test (Behrend et al, 2013). A
variety of therapeutic options, including
surgical and pharmacological treatments are
available. The HAC etiologic classification
determines the therapeutic approach since
most pituitary neoplasms are treated with
medications, in contrast to adrenal

neoplasms, which are treated with
adrenalectomy as the first-line treatment.
The prognosis of canine HAC varies
depending on the severity of the condition
and its comorbidities (Behrend, 2015).
Several epidemiological studies were
conducted on Cushing's disease, the factors
affecting the development of this disease, as
well as investigating the symptoms caused
by this disease in different countries (Barker
et al, 2005; Burkhardt et al, 2013;
Carotenuto et al, 2019; Fracassi et al, 2015;
Gallelli et al, 2010; O’Neill et al, 2016; Van
Rijn et al, 2016).

The objective of this study was to
determine the epidemiological, clinical, and
ophthalmological findings in dogs with
HAC to increase recognition of suspicious
cases in clinical routines. This is the first
epidemiological study conducted on
Cushing's disease in dogs in Iran. Moreover,
this study evaluated the eye factors caused
from the syndrome for the first time.

Material and methods

In this study, forty one dogs, suspected to
have Cushing's disease were studied
between April 2021 and May 2022. Several
clinical symptoms, including polydipsia,
polyuria, polyphagia, abdominal
enlargement and hair loss were associated
with these dogs. These features are clinical
signs of Cushing's syndrome (Nelson and
Couto, 2020). The dogs were randomly
selected from the three provinces of Tehran,
Mazandaran, and Guilan and referred to one
of the well-equipped clinics in Tehran
province following prior coordination for a
definitive diagnosis. First, we performed
the disease confirmation test using the
LDDST in suspicious dogs. To conduct this
test, the blood was taken from the cephalic
vein (at zero time), and dexamethasone
(Darou  Pakhsh Co.) was injected
intravenously at a 0.01 mg/kg dose.
Additionally, 4 hours (first time) and 8
hours (second time) after dexamethasone
injection, some blood was collected again
from the cephalic vein, and the amount of
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cortisol was measured (Nelson and Couto,
2020). Dogs with hypothyroidism, liver
failure, diabetes mellitus, and chronic
kidney disease and/or dogs being treated
with glucocorticoids, phenobarbital and
furosemide were excluded from the study.
Based on the results of diagnostic tests and
clinical symptoms, only 30 of the 41 dogs
used to this study had Cushing's disease.
Then, all of the information regarding the
dogs, such as their age, sex, breed, neutered
or intact status, place of life (indoor or
outdoor), referring provinces, and clinical
signs such as polydipsia, polyuria,
polyphagia, = abdominal  enlargement,
muscle weakness, skin disorders, alopecia,
panting, behavioral status like anxiety,
memory dysfunction, depression,
disorientation and ophthalmic signs, was
recorded in the prepared forms in advance.
The ophthalmic factors were examined via
a slit lamp examination, followed by
intraocular pressure (IOP) measures, tear
secretion, neurological eye tests, and tear
break-up time (TBUT). Using a slit lamp
device, eyelids, conjunctiva, cornea, iris,
sclera, lens, retina and optic nerve were
measured and classified into normal and
abnormal. The eye pressure in both eyes
was measured using a digital tonometer
(iCare TONOVET), generally between 15
and 25 mmHg in normal dogs (Maggs,
2016). We also recorded the amount of tear
secretion after sixty seconds in both eyes
using a Schirmer tear test (STT) strip (ERC
Schirmer tear test strip Co.) without using
an anesthetic drug. In normal dogs, the
standard amount of tear secretion is 15-25
mm in 60 seconds (Maggs, 2016). To
maintain similar conditions, all STTs were
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conducted in the morning (from 9:00 am to
1:00 pm), and for all measurements, the
same brand of Schirmer paper was used to
eliminate probable errors. In order to
measure eye nerves and the animal's vision,
several neurological tests, including
Pupillary Light Reflex (PLR), Palpebral
Reflex (PR), menace reflex and cotton ball
were conducted. Another test was the
TBUT, which measured the tear film break-
up time. In this test, the eye's corneal
surface was first stained with a fluorescein
strip (Elham Teb Co.); then, after blinking
the eye two to three times with our own
hands, a time was recorded until the first dry
spot appeared on the cornea. For normal
dogs, this time is greater than 20 seconds
(Maggs, 2016).

The data were analyzed using the Chi-
square test, Fisher's exact test, McNemar
test, independent samples t-test, one-way
ANOVA and LSD post hoc test. As a result,
the differences were considered statistically
significant (P< 0.05).

Results

The overall data consisted of 41 dogs
attending three provinces in Iran between
April 2021 and May 2022. Based on the
history, clinical findings, and positive
results of the LDDS test, 30 dogs (73.17%)
were identified with HAC. The distribution
of percentages of cases is shown by
frequency and place of life in Figure 1 .

According to the number of cases
referred, the prevalence of dogs with HAC
in indoor living locations was almost four
times greater than that in outdoor living
spaces, indicating a statistically significant
difference (p<0.001) (Figure 1).
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Figure 1. Dog percentage distribution with HAC according to the frequency and location of life

Only thirty out of forty one dogs with
HAC had information regarding their age.
The mean (£ SD) age for dogs with HAC
was 9.7 (£ 1.9) years, and only 3 of 30 dogs
(10%) were less than 8 years old. For all 30
dogs with HAC, gender data (Figure 2)
were also available. Female dogs appeared
to be at a higher risk for HAC than males
but the difference was not significant
(p>0.05). In addition, neutered dogs had a
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higher risk of HAC than intact dogs, which
had a statistically significant difference
(p<0.05) (Figure 2).

Among 30 dogs with HAC admitted to
the three provinces during the study period,
in spite of the existence of differences
between breeds, no statistically significant
differences were observed (p>0.05) (Table

1).
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Figure 2. Distribution percentage of sex status’s in dogs with HAC

Table 1. Breed distribution of dogs with HAC in three provinces of Tehran, Mazandaran, Guilan

Breed Frequency Percentage

Boxer 3 10
German shepherd 4 13.3
Crossbred 4 13.3
Pomeranian 6 20
Poodle 4 13.3

Shih Tzu 2 6.7
Terrier 7 23.3
Total 30 100
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A summary of the most common clinical
manifestations in this case series is shown
in Figure 3. As is shown, polyuria,
polydipsia, and polyphagia were observed
in most cases. Additionally, other clinical
symptoms with no significant difference
were abdominal enlargement, alopecia,

Panting

Muscle Weakness

Skin Disorders
Ophthalmic disorders
Alopecia

Abdominal Enlargement
Polyphagia

Polydipsia

Polyuria

0 20

ophthalmic disorders, skin disorders,
muscle weakness, and panting (p>0.05).

According to Figure 4, dogs with HAC
showed memory dysfunction, anxiety,
depressive behavior, and disorientation;
however, no significant difference was
found. (p>0.05).
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Figure 3. Distribution percentage of clinical manifestation’s in dogs with HAC in three provinces of
Tehran, Mazandaran, Guilan
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Figure 4. Distribution percentage of behavioural status’s in dogs with HAC in three provinces of Tehran,
Mazandaran, Guilan

According to this study, most cases had
at least one ocular lesion, indicating a
significant  difference  (p<0.05). A
description of the neurological eye tests in
this case series is illustrated in figure 5 in
which a negative result of this test indicates
an unhealthy eye and a positive result
indicates a healthy eye. Regarding the PLR
test, although positive PLR was higher than
negative in both the oculus dextrus (OD)
and oculus sinister (OS), these differences
were not statistically significant (p>0.05).
Additionally, in the palpebral test, positive
results were approximately nine times
greater than negative results in both OD and
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OS, indicating a statistically significant
difference (p>0.05). Furthermore,
according to the menace test, despite the
discrepancies between the positive and
negative results, the difference between OD
and OS was not statistically significant
(p>0.05). Moreover, the dazzle test showed
a greater proportion of positivity than
negativity in OS and OD; however, this was
not statistically significant (p>0.05).
Additionally, although the positive results
were higher than the negative ones in OS
and OD, no statistically significant
differences were observed (p>0.05).
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Figure 5. Distribution of ophthalmic neurological tests in dogs with HAC in three provinces of Tehran,
Mazandaran, Guilan. PLR: Pupillary light reflex, Od: oculus dextrus, Os: oculus sinister

In the structural study of the eyes,
negative indicates a healthy structure, while
positive indicates an unhealthy one. Among
dogs with HAC and ophthalmic structure
disorders, eyelid involvement  was
significant both in OS and OD (p<0.05).
Moreover, the number of healthy eyes
among dogs with HAC was statistically
significantly lower than the number of eyes
that had conjunctival involvements
(p<0.05). Additionally, regarding corneal
involvement, no significant differences
were observed (p>0.05). In contrast, the
results of the positive tests were
significantly greater than those of the
negative tests based on the involvement of
the iris (p<0.05). In addition, in terms of
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sclera involvement, the positive results
were significantly more than negative ones
in both eyes (p<0.05). The results of the lens
lesions were such that 13.3% of the right
eye and 10% of the sinister eye were

negative, indicating a statistically
significant difference (p<0.05).
Additionally, more eyes with retinal

involvement were observed in OD and OS,
which was statistically significant (p<0.05).
Finally, optic nerve involvement was highly
prevalent in dogs with HAC, indicating a
significant difference (p<0.05) (figure 6).

In terms of IOP, TBUT, and STT, the
mean values for Od were lower than those
for Os, which was statistically significant
(p<0.001) (table 2).

93/3

90

86/7

733 70 7313 7313

N
(<2
2
3
N
o
2
3
N
(=23
=

o

\

INj
-
w
@
<

CCCECCEELEE TN CLECEEEEEEE TR IO

]

il =

1111

il =
M
TS
I
Mo

-
@
=}
N
Y
@
=
>
5y

Sclera

o
S
=
5]
>
@
3
<
@

& Os Positive

Figure 6. Ophthalmic structure disorders in dogs with HAC in three provinces of Tehran, Mazandaran,
Guilan. Od: oculus dextrus, Os: oculus sinister

Iranian Veterinary Journal




Evaluation of epidemiological and clinical findings of canine . . .

Table 2. Mean values, standard deviation, range, and reference interval for the IOP, TBUT, STT in dogs
with HAC in three provinces of Tehran, Mazandaran, Guilan. Od: oculus dextrus, Os: oculus sinister

Mean

Parameters (standard deviation) Range Reference
od Os od Os fange
I0P 18.86 (£2.64) | 19.06 (x£3.15) 9.00 10.00 15-25
TBUT | 22.76 (+659) | 23.70 (+7.20) | 22 24 20s<
STT | 17.70 (+501) | 17.73(:5.39) | 18 18 15-25

Discussion

An accurate clinical-epidemiological
profile contributes to the development of a
diagnosis. Thus, it is essential to determine
the clinical and epidemiological aspects of
diseases. During the present study, classic
disease presentations were observed, with
well-defined clinical findings; however,
clinical manifestations were discreet in
some patients. These cases did not present
alterations considered to be frequent such as
polyuria and polyphagia. Despite all the
advances in technology and methodology
regarding hormonal analysis, clinical
aspects and complementary exams are
essential to determining the diagnosis
(Behrend, 2015; Benchekroun et al, 2010;
Martins et al, 2019).

During the period between April 2021
and May 2022, this rate of involvement was
determined by suspected cases with clinical
symptoms, not from all cases referred to
clinics, which differs from a study of 119
primary-care Vveterinary practices in the
United Kingdom that estimated the
prevalence of HAC involvement in all
referred cases (not suspicious cases with
clinical symptoms) (O’Neill et al, 2016). In
addition, 80% of indoor dogs had HAC,
which may have been caused by different
factors than outdoor dogs. It is due to
several factors, such as the referral of more
indoor dogs to clinics and the lack of
supervisors to monitor the health and
treatment of outdoor dogs. There s,
however, a possibility that the incidence of
this disease may be the same in both forms
of living. In contrast, increased exposure to
endocrine  disruptors, such as food
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contaminants (Koestel et al, 2017), toys, or
plastic utensils, may also be contributing
factors (Wooten and Smith, 2013). Such
substances  interfere  with  several
physiological mechanisms, from the
inhibition of hormone synthesis, that
happens with lindane reducing StAR

protein  expression, and  decreasing
steroidogenesis, to steroid receptors
binding, altering the process of

transduction, signalling, and modulating
enzymatic pathways in the metabolism of
sexual hormones (for example, analogues of
dichlorodiphenyltrichloroethane) (Koestel
etal, 2017; Martins et al, 2019; Wooten and
Smith, 2013).

In the present study, the age of diagnosis
of this syndrome was 9.7 (x1.9) years,
which was consistent with the age
mentioned (approximately 9-11 years) in
other studies (Barker et al, 2005; Burkhardt
et al, 2013; Carotenuto et al, 2019; Fracassi
et al, 2015; Gallelli et al, 2010; O’Neill et
al, 2016; Van Rijn et al, 2015).

Research has consistently shown that
HAC occurs more often in female dogs
(Gallelli et al, 2010; Poppl et al, 2016;
Reusch and Feldman, 1991). However,
there was no consensus regarding the
existence of a gender predisposition over
time. HAC was also more prevalent in
female dogs in the present evaluation. On
the other hand, in another study, ACTH-
dependent HAC was more prevalent in
female dogs. In contrast, ACTH-
independent HAC was more prevalent in
male dogs (Martins et al, 2019). Regarding
reproductive health, studies have not shown
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a higher incidence of HAC diagnosis in
gonadectomized dogs (O’Neill et al, 2016).
Despite this, Belanger et al (2017) found
that gonadectomy was significantly
associated with a higher risk of developing
HAC in both males and females. Based on
the results of the current study, HAC seems
to be associated with gender. Furthermore,
neutered dogs had a higher risk than intact
ones and neutered females had a higher risk
than intact females, which is in agreement
with Peterson (2007), who states that
females are more predisposed to developing
HAC because of the interaction between
female sexual hormones and the
hypothalamic-pituitary axis. The only
environmental risk factor identified in
studies on canine HAC was gonadectomy in
female patients (Martins et al, 2019).
Dachshunds, Terriers, and Boxers have
been identified to have a significantly
higher risk of developing HC. Similar
conclusions were also reached by many
other studies (Bell et al., 2006; Burkhardt et
al, 2013; Carotenuto et al, 2019; Fracassi et
al, 2015; Hanson et al, 2007; Helm et al,
2011; O’Neill et al, 2016; Rodriguez
Pifieiro et al, 2011; Van Rijn et al, 2015,
2016). This finding has been confirmed and
reinforced in the present study. According
to this study, the terrier had the highest
percentage (23.3%), although this breed had
been associated with much lower risks in
other studies (Carotenuto et al, 2019;
Fracassi et al, 2015; Hanson et al, 2007;
Helm et al, 2011; O’Neill et al, 2016; Van
Rijn et al, 2016). In contrast, breeds like
Pomeranian, included in this study, have not
been found to have a significant risk
difference; for example, O'Neill et al.
(2016) reported an elevated risk for Bichon
Frisé, which was not included in this study.
The reason for the differences between the
results of our study and those of other
previously published reports may be the
result of either the different
distribution/representation of canine breeds
in different geographical areas or the
defining features of other studies that did

not take into account the prevalence of
different breeds. Even though there are
overlaps among the studies, none examines
the same breeds. In our study, we found a
high risk in the Pomeranian (20%), a breed
that was not described as predisposed in
other studies (Carotenuto et al, 2019;
Fracassi et al, 2015; Hanson et al, 2007,
Helm et al, 2011; O’Neill et al, 2016; Van
Rijn et al, 2016).

According to O'Neill et al (2016), large
breed dogs present a lower risk of
developing ACTH-dependent HAC than
small breed ones. In the formation and
maintenance of modern breeds, selective
pressure may have led to significant
changes in size and muscle mass due to the
diversity among dog breeds. Medium and
small-sized dogs were more HAC affected,
which could be explained by data from a
study that compared gene expression
among dog sizes, identifying variants
regarding a lower expression of IRS-4,
IGSF-1 and ACSL-4 in small and medium-
sized dogs (Martins et al, 2019; Plassais et
al, 2017). Similarly, most dogs suffering
from HAC syndrome in this study were
small. There is evidence that such substrates
are essential in pituitary development
(Martins et al, 2019; Wang et al, 2017) and
steroidogenesis (Martins et al, 2019;
Midzak and Papadopoulos, 2016), which
may explain the correlation between the
occurrence of HAC and size.

Based on the results of the present study,
the main clinical manifestations of HAC are
classified as frequent, less frequent, and
infrequent. However, a greater
understanding of this endocrinopathy has
identified subtle clinical signs. Besides,
more classic manifestations in this study,
led to less frequent ones such as skin
disorders, muscle weakness and panting.
There are also infrequent ones, such as
abdominal enlargement, alopecia, and
ophthalmic disorders. Additionally,
polyuria, polydipsia, and polyphagia were
frequent symptoms. In other studies, less
frequent signs such as lethargy/apathy,
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hyperpigmentation, comedones, pyoderma,
poor hair regrowth and infrequent ones,
such as thromboembolism, ligament
ruptures, facial nerve paralysis, cutis
calcinosis, testicular atrophy, myopathy and
persistent  anestrous  were  observed
(Behrend, 2010; Martins et al, 2019).

Furthermore, Notari et al (2016) suggest
that previous experience with
glucocorticoids may be associated with
behavior problems caused by fear, anxiety,
and frustration. A study of the adverse
effects of HAC on behavior and cognition
in dogs is imperative since these changes
constantly  impair  the  dog-owner
relationship; that is, owners can consider
when making treatment decisions. In this
study, memory dysfunction was associated
with a higher risk (33.3%) than depressive
behavior (23.3%), disorientation (23.3%),
and anxiety (20%), correlating to da Silva et
al (2007) stating that dogs with HAC
exhibited a higher final score of cognitive
dysfunction, specifically, higher memory
dysfunction. Hypercortisolism appears to
accelerate neurodegenerative processes,
leading to more intense behavioral and
cognitive changes than observed in age-
matched dogs without HAC. There is,
however, a lack of studies in veterinary
medicine on the effects of chronic
hypercortisolism on dog cognition and
behavioral symptoms that might be
associated with HAC.

Several ocular abnormalities were
observed in the structural disorders and
neurological tests of this  study.
Approximately 73% of all eyes were
affected by one or more abnormalities,
which is a significant number. However,
some of these abnormalities, such as
cataracts, are linked to ageing in dogs. On
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the other hand, the left eye is more involved
in neurological tests than the right eye, for
which no specific reason can be identified.
In another study, ocular abnormalities were
found in both hyperthyroid and euthyroid
cats, with approximately 75% of all eyes
affected (Van der Woerdt and Peterson,
2000). According to the results of the STT
and TBUT tests, there is an increase in IOP
and eye dryness associated with this
disease.

Nevertheless, this is the  first
epidemiological, clinical, and
ophthalmological study on canine HAC in
Iran. This study concludes that the profile of
the population studied resembles that
described in European epidemiologic
researches, and the clinical picture of the
HAC dog across the globe is similar. This
clinicopathological characterization of the
north and central Iranian population
contributes to a better understanding of this
challenging and frequent disease in Iran. In
the presence of vague clinical signs or
minor laboratory or ultrasound
abnormalities that are compatible with
HAC, special attention should be paid.
Because dogs have a longer life expectancy
and are more likely to be diagnosed with
HAC when they are young, it is beneficial
to know how local cases of HAC behave in
contrast to international literature to support
accurate diagnosis in clinical routine. In
addition, unusual HAC-associated signs are
likely to appear in some dogs more
prominently than the clinical signs of
classic HAC. It is essential to recognize the
vast range of  clinicopathological
abnormalities secondary to this endocrine
disease in order to improve suspicion and
investigation of HAC.
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