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Canine endocrinopathies are frequently encountered in general practice. The prevalence and 
the signalment of the disease differ depending on the affected hormone. Moreover, some 
endocrine disorders (e.g., hypoadrenocorticism) are notorious for their non-specific signs, 
making them challenging to diagnose. Knowledge of the clinical presentation of 
endocrinopathies is imperative for their recognition and treatment. This study aims to assess 
the signalment and hallmarks associated with common canine endocrinopathies 
(hypothyroidism, hypoadrenocorticism, hyperadrenocorticism, and diabetes mellitus) by 
analyzing clinical endocrine cases obtained in selected clinics in France and Estonia. In 
addition, current diagnostic methods and treatment options of chronic hypoadrenocorticism 
are discussed to provide a better understanding of this pathology.  

Endocrine cases were obtained through the clinics’ management software. The following 
variables were collected: breed, sex, age, age at time of diagnosis, concurrent disease, 
weight, neutered status, clinical signs, laboratory tests used, diagnosis, and treatment. Some 
results obtained from the analysis did not match the data found in scientific literature. In 
this paper, hypothyroidism affected females more frequently than males (41.2% vs. 58.8%, 
respectively). Sterilized females (70.0%) were more often affected than intact females 
(30.0%) whereas sterilized males developed hypothyroidism more commonly than intact 
males (71.4% vs. 28.6%, respectively). Hyperadrenocorticism was equally represented in 
females and males. Regarding diabetes mellitus, non-sterilized females were at higher odds 
than sterilized females (57.1% vs. 42.8%, respectively). Finally, hypoadrenocorticism was 
overrepresented in Yorkshires (33.3%). The treatment of chronic hypoadrenocorticism 
differed between countries: desoxycorticosterone pivalate and prednisone were used in 
France, while fludrocortisone acetate and prednisone in Estonia.  

Innovations in terms of diagnosis and treatment of hypoadrenocorticism have recently been 
offered. Based on studies, low-dose adrenocorticotropic hormone stimulation test is as 
efficient as a standard dose for screening dogs suspected of hypoadrenocorticism, and a 
decreased dose of desoxycorticosterone pivalate could be employed to stabilize electrolytes. 
I suggest that more attention should be paid to these interesting findings, since they 
potentially could modify the current approach to managing chronic hypoadrenocorticism. 
Keywords: Endocrinology, hypoadrenocorticism, desoxycortisterone pivalate, 

fludrocortisone acetate.  
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Koerte endokrinopaatiat kohtab veterinaarpraktikas sageli. Olenevalt hormonaalsest häirest on 
haiguse levimus ja kliiniline pilt erinev. Lisaks on endokrinoloogilised probleemid (nt 
hüpoadrenokortitsism) tuntud oma mittespetsiifiliste nähtude poolest, mistõttu on nende 
diagnoosimine keeruline. Teadmised endokrinopaatiatest kliinilises võtmes on hädavajalikud 
selle avastamiseks ja raviks. Käesoleva uuringu eesmärk on hinnata koerte endokrinopaatiate 
(hüpotüreoidism, hüpoadrenokortitsism, hüperadrenokortitsism ja suhkurtõbi) signaale ja 
tunnuseid. Analüüsiti Prantsusmaa ja Eesti kliinikutest kogutud andmeid. Lisaks käsitletakse 
põhjalikumalt tänapäeval kasutatavaid kroonilise hüpokortitsismi diagnoosimisvõtteid ja 
ravivõimalusi. 
 
Endokriinsed haigusjuhtumid  koguti kliinikutes kasutatava haldustarkvara kaudu ja koostati 
andmebaas järgmistest muutujatest: tõug, sugu, vanus, vanus diagnoosimise hetkel, kaasnevad 
haigused, kaal, kastreeritud/steriliseeritud, kliinilised tunnused, kasutatud laboratoorsed testid, 
täpne diagnoos ja ravi. Teostatud analüüsi tulemused 
ei ühtinud alati teaduskirjandusest leitud andmetega. Hüpotüreoidismi haigestusid sagedamini 
emaseid (58.8%) kui isaseid (41.2%) koerad. Seejuures oli haigestunute seas rohkem 
steriliseeritud (70.0%) kui steriliseerimata emaseid (30.0%), samas kui kastreeritud isastel 
tekkis kilpnäärme alatalitlus sagedamini kui kastreerimat isastel (vastavalt 71.4% vs. 28.6%). 
Hüperadrenokortitsismi esines võrdselt nii emastel kui ka isastel koertel. Diabeet esines 
sagedamini steriliseerimata emastel kui steriliseeritud emastel (vastavalt 57.1% vs 42.8%). 
Tõugude kokkuvõttes oli hüpoadrenokortitsismi võrreldes teistega rohkem Yorkshire terjeritel  
(33.3%). Kroonilise hüpoadrenokortitsismi ravi oli riigiti erinev. Prantsusmaal kasutati 
valdavalt desoksükortikosteroonpivalaati ja prednisooni ning Eestis fludrokortisoonatsetaati ja 
prednisooni. 
 
Hüpoadrenokortisismi diagnoosimise jaravi vallas on toimunud viimasel aja arengud.Uuringu
te põhjal onmadala doosiga adrenokortikotroopse hormooni stimulatsiooni testsama tõhus hüp
oadrenokortikismi kahtluse kiinnitamiseks koertele kui standardannus ning elektrolüütide stab
iliseerimiseks võib kasutada desoksükortikosteroonpivalaadi madalamad annust.Soovitan pöö
rata rohkem tähelepanu nendele leidudele, kuna needvõivad potentsiaalselt muuta praegust lä
henemisviisi kroonilise hüpoadrenokortisismi ravimisele ning diagnoosimisele.  
Märksõnad: endokrinopaatiad, hüpoadrenokortitsism, desoksükortikosteroonpivalaat, 
fludrokortisoon 
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LIST OF ABBREVIATIONS  
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ALP – Alkaline phosphatase 

AST –  Aspartate aminotransferase 

BUN – Blood urea nitrogen 

CBC – Complete blood count 

CREA – Creatinine 

DM – Diabetes mellitus 
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RBCs – Red blood cells 
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INTRODUCTION 

The recent advances in veterinary medicine have not only increased the life expectancy of 

companion animals, but also the incidence of aging-related diseases, endocrinopathies, among 

others (Pöppl et al., 2016). Endocrinopathies commonly affect dogs and are frequently 

encountered by veterinarians in small animal practice. In a study, endocrine disorders 

represented 1.9% of the total syndromic disorders recorded in purebred and crossbred dogs 

presented at a primary veterinary care service (O’Neill et al., 2014).  

Endocrine disorders in dogs and cats can be divided into 6 categories: deficient hormone 

production, excessive hormone production, resistance to hormone action, abnormalities in 

hormone transport, and abnormalities not impairing function (Rijnberk et al., 2010). 

Hormones are responsible for key homeostatic processes, and imbalances will inevitably 

affect various systems in the body. Common endocrinopathies include diseases affecting the 

thyroid and the adrenal glands, but also the endocrine pancreas and the parathyroid gland. 

Some endocrinopathies occurring in humans also affect dogs and cats (Rijnberk et al., 2003).  

Health problems do not develop randomly in animals, but instead seem to be associated with 

various risk factors, such as breed, age, and neuter status (O’Neill et al., 2021). 

Endocrinopathies are no exception to the rule, and their prevalence in the dog population 

differs according to several parameters. Moreover, the clinical symptoms of endocrine 

disorders can be vague and non-specific, making the diagnosis difficult to reach and 

endangering the patient. A proper description of the characteristics of patients affected by 

endocrinopathies and the frequency of these diseases help in the recognition of endocrine 

syndromes in the dog population (Pöppl et al., 2016). Therefore, to correctly diagnose and 

treat patients, veterinarians should have in mind the presentation of common endocrinopathies 

and the signalment of dogs frequently affected by them.  

The current paper aimed to review the signalment and hallmarks of selected canine 

endocrinopathies (hypothyroidism, hypoadrenocorticism, hyperadrenocorticism, and diabetes 

mellitus) by analyzing endocrine clinical cases obtained in two French clinics and one 

Estonian clinic. Emphasis was placed on hypoadrenocorticism, and the recent innovations in 

terms of diagnosis and treatment.  
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1. LITERATURE REVIEW 

1.1. Common endocrinopathies in the canine population  
1.1.1. Endocrinopathies affecting the thyroid gland  

1.1.1.1. Hypothyroidism  

Hypothyroidism (hypoT) is a condition that results from inadequate concentrations of the 

active circulating thyroid hormones thyroxine (T4) and triiodothyronine (T3) (Scott-

Moncrieff, 2009). It is one of the most common endocrine disorders in dogs, although its 

exact prevalence is unknown; some studies estimate it to be around 0.2-0.8% (Panciera et al., 

1994; Dixon et al., 1999), or more recently 0.4% (Gulzar et al., 2014). 

Hypothyroidism arises due to abnormality in the hypothalamic-pituitary-thyroid axis, 

depending on the location of the underlying lesion: the thyroid gland (primary), the pituitary 

gland (secondary, decreased thyroid-stimulating hormone secretion), or the hypothalamus 

(tertiary, thyrotropin-releasing hormone deficiency) (Scott-Moncrieff, 2015b). 

Depending on the onset age, the condition is further classified as acquired or congenital. 

Acquired primary hypothyroidism is the most common cause of thyroid failure in dogs, and 

accounts for more than 95% of cases (Scott-Moncrieff, 2015b). Lymphocytic thyroiditis, one 

of the two histologic forms of primary hypothyroidism (the other one being idiopathic 

atrophy) is associated with canine hypothyroidism in more than 50% of cases (Graham et al., 

2001). 

Breed  

Although all breeds are susceptible to develop hypothyroidism, some breeds are at a 

significantly increased risk to develop the condition. Golden Retrievers, Doberman Pinschers 

and Labrador Retrievers are the most reported breeds (Peterson et al., 1997). Great Danes, 

Poodles, English Setters, Rhodesian Ridgebacks, Spaniels, and Boxers are also considered to 

be at risk (Graham et al., 2007). Purebred dogs are more frequently affected than crossbreeds, 

hinting to a genetic component in the development of the disease (Milne et al., 1981).  
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Gender and neuter status  

Both males and females, whether neutered or entire, appear to be at similar risk of developing 

hypothyroidism (Scott-Moncrieff, 2015b).  

Age  

Hypothyroidism is typically a disease of middle-aged to older dogs. The mean age at 

diagnosis is approximately around 7 years ranging from 0.5-15 years and is uncommon in 

dogs younger than 2 years old (Scott-Moncrieff, 2015b).  

Clinical signs  

Manifestations associated with acquired hypothyroidism are non-specific and the onset is 

usually gradual. The signs can be metabolic (e.g., weight gain, lethargy, exercise intolerance, 

mental dullness), dermatologic (e.g., bilateral truncal alopecia, thin hair, hyperkeratosis), 

reproductive (persistent anestrus, decreased libido). Neuromuscular signs can be encountered, 

however, they are less common (Daminet, 2020). Congenital hypothyroidism, although rare 

in puppies, presents itself with disproportionate dwarfism, short limbs, and alopecia/dull hair 

(Scott-Moncrieff, 2015b). While some clinicopathologic changes can lead to a suspicion of 

hyperadrenocorticism, none is pathognomonic for the disease (Scott-Moncrieff, 2015b). 

Several tests should be performed in a dog suspected of having hyperadrenocorticism, such as 

a complete blood count (CBC), a serum chemistry profile and a urinalysis (Scott-Moncrieff, 

2015b).  

Differential diagnosis  

Alopecia, cutaneous cornification disorders, obesity/weight gain, and hypercholesterolemia 

are on the differential list (Daminet, 2020). 

Treatment 

All hypothyroid dogs require oral thyroid supplementation (levothyroxine sodium) with the 

following dosage: 0.01-0.02 mg/kg PO every 12h (Daminet, 2020). 
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Prognosis  

The prognosis for hypothyroidism in dogs depends on the underlying cause (Daminet, 2020). 

A dog with primary hypothyroidism receiving appropriate therapy should have a normal life 

expectancy, whereas a dog with secondary hypothyroidism has a guarded to poor prognosis 

(Scott-Moncrieff, 2015b). 

1.1.2. Endocrinopathies affecting the adrenal gland  

1.1.2.1. Hypoadrenocorticism  

Hypoadrenocorticism (hAC), or Addison’s disease, results from a deficiency of corticosteroid 

secretion by the adrenal glands. Its prevalence is estimated to be approximately 0.06% to 

0.28% (Kelch et al., 1998).  

Breed   

Some breeds are overrepresented, and inheritance has been proven (e.g., Standard Poodles, 

Nova Scotia Duck Tolling Retrievers, Portuguese Water Dogs and Bearded Collies) (Palić et 

al., 2020). Other breeds commonly afflicted with hypoadrenocorticism where inheritance has 

not been proven are mixed breed dogs, Poodles (other than Standard Poodles), Golden 

Retrievers, Cairn Terriers, Rottweilers, Great Danes, and West Highland White Terriers 

(Lathan et al., 2018).  

Gender and neuter status  

Hypoadrenocorticism afflicts more female than male dogs (64% and 69% of reported cases 

being females) (Peterson et al., 1996; Adler et al., 2007; Seth et al., 2011; Hanson et al., 

2016). In a study, neutered females and neutered males were found to be three times more 

likely to develop hypoadrenocorticism than intact animals (Kelch et al., 1998).  

Age  

Hypoadrenocorticism is a disease of young to middle-aged dogs with the approximate mean 

age at diagnosis being 3-4 years (Hess, 2017).  



 11 

Clinical signs  

Hypoadrenocorticism is known as the “Great Pretender”. The presentation of the disease can 

be misleading and challenging for the veterinarian since its symptoms are notoriously vague 

and non-specific. The most common signs include general weakness, lethargy, anorexia, 

regurgitation, and vomiting (Scott-Moncrieff, 2015b). More rarely, signs such as weight loss 

and hindlimb weaknesses have been reported (Niessen, 2020). The onset of 

hypoadrenocorticism can be gradual or acute, with “waxing and waning” signs (Scott-

Moncrieff, 2015b). A stressful event can sometimes trigger hAC (Niessen, 2020). 

Differential diagnosis  

The list of differential diagnoses associated with hAC depends on the clinical and laboratory 

abnormalities: hypothyroidism, alopecia X, diabetes mellitus, acute kidney failure should be 

ruled out (Niessen, 2020). A Trichuris vulpis infestation can cause a “pseudo-Addison” 

disease, with hyponatremia, hyperkalemia, a decreased sodium/potassium ratio and a normal 

ACTH stimulation test (ACTHst) (Venco et al., 2011). 

Treatment 

The treatment of hAC varies according to its form (acute vs. chronic, and primary vs. 

secondary hypoadrenocorticism). A life-long glucocorticoid and mineralocorticoid 

supplementation is given for primary hAC, whereas secondary hAC only requires 

glucocorticoid replacement (Lottati et al., 2014). Further details regarding acute and chronic 

hAC management are provided in the part dedicated to hAC. 

Prognosis  

The prognosis associated with hAC is good, provided that the dog receives an appropriate 

lifelong supplementation (Lottati et al., 2014). Prognosis is further detailed in the part 

dedicated to Addison’s disease.  

1.1.2.2. Hyperadrenocorticism  

Hyperadrenocorticism (HAC) or Cushing’s syndrome is a disorder caused by chronically 

elevated serum cortisol concentration (Gilor et al., 2011). It can either be spontaneous or 

iatrogenic. There are two main causes of spontaneous HAC. The most common form (80-
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85%) is termed pituitary-dependant hyperadrenocorticism (PDH), and it results from 

overproduction of adrenocorticotropic hormone (ACTH) by a small benign pituitary 

microadenoma. In 15-20% of the cases, HAC is caused by a benign or malignant adrenal 

tumor (functional adrenal tumor, FAT) (Behrend, 2015). Another important cause of HAC is 

iatrogenic, through the excessive administration of glucocorticoids to manage neoplastic, 

inflammatory, or immune-mediated conditions.  

Canine hyperadrenocorticism is routinely encountered within veterinary practice, with an 

estimated prevalence of 0.28% in one study (O’Neill et al., 2016). Another study, based on a 

canine population of 21.281 dogs, estimated the prevalence of HAC to be around 0.20% 

(Carotenuto et al., 2019).  

Breed  

HAC is believed to equally affect purebreds and mixed breed dogs (Bellumori et al., 2013). 

Among purebreds, PDH seems to be more common in smaller dogs (e.g., Poodles, 

Dachshunds, Terriers), and FAT in larger dogs (Behrend, 2015).  

Gender and neuter status  

Some previous studies reported a female predilection in dogs with HAC although gender 

disposition has not been confirmed in other studies (Gallielli et al., 2010). A recent study 

pointed out the higher risk in neutered animals compared to intact animals (Carotenuto et al., 

2019), but another research with a control group failed to identify sex and neuter status as 

being risk factors (O’Neill et al., 2016).  

Age  

Hyperadrenocorticism is considered to mainly affect middle-aged to older dogs, with an age 

at the time of diagnosis ranging from 6 months to 20 years, and a mean value of 

approximately 9-11 years (O’Neill et al., 2016).  

Clinical signs  

The most common clinical sign at the time of presentation is polyuria/polydipsia (PU/PD), in 

up to 91% dogs with HAC (Melián et al., 2017). Other common signs, in order of decreasing 

frequency, are alopecia, pendulous abdomen, hepatomegaly, polyphagia, muscle weakness, 
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and panting (30-74% of dogs) (Melián et al., 2017). Less frequent signs are lethargy, thin 

skin, thromboembolism, and ligament rupture (Behrend et al., 2012).  

Differential diagnosis  

The list of differentials associated with HAC depends on the clinical and laboratory 

abnormalities. Hypothyroidism, alopecia X, DM, as well as diseases causing PU/PD, 

polyphagia, alopecia, or panting should be ruled out by the practitioner (Behrend, 2020).  

Treatment 

Treatment options differ depending on the form of HAC: PDH is treated medically with drugs 

such as mitotane or trilostane; FAT requires adrenalectomy (Behrend, 2020). 

Prognosis  

The prognosis depends on the HAC form. If left untreated, life quality is poor (Behrend, 

2020). A treated PDH brings a good prognosis with a median life expectancy of 2 years, 

whereas large carcinomas and FAT with metastasis bring poor prognosis (Behrend, 2020).  

1.1.3. Endocrinopathies affecting the endocrine pancreas  

1.1.3.1. Diabetes mellitus  

Diabetes mellitus (DM) is a disorder of the endocrine pancreas characterized by chronic 

hyperglycaemia due to either a deficit in insulin production, action, or both (Fracassi, 2017). 

DM is a multifactorial disease, involving both genetic and environmental factors (diet, 

infectious diseases) (Monroe, 2009). Most dogs suffer from an insulin dependant (type 1) 

DM, characterized by permanent hypoinsulinemia (Nelson, 2015). 

The prevalence of DM has been investigated in several epidemiological studies and varies 

depending on the countries and the methods used. A study based on 180,000 dogs in Sweden 

estimated the cumulative proportion of dogs that would develop DM before 12 years of age to 

be 1.2% (Fall et al., 2007). In the UK, the prevalence was 0.32% (Davison et al., 2005), and 

1.33% in an Italian-based study (Fracassi et al., 2004). Guptill et al., (2003) reported a 

hospital prevalence of 0.64% in the United States.  



 14 

Breed  

 

Epidemiological studies have identified breed differences in the susceptibility to DM, 

suggesting a genetic component (Mattin et al., 2014). Some breeds seem to be more at risk to 

develop DM: Australian Terrier, Tibetan Terrier, Bichon Frise, Cairn Terrier (Nelson, 2015). 

Conversely, German Shepherd, Golden Retriever, and Boxer seem to be at low risk 

(Catchpole et al., 2005). However, the relatively high proportion of some breeds in the 

diabetic population might simply reflect their popularity (Fracassi, 2017). A survey compared 

the number of affected dogs to the number of non-diabetic dogs of the same breeds admitted 

to a veterinary hospital and concluded that Samoyeds, Miniature Schnauzers and Miniature 

Poodles were at greater risk (Hess et al., 2000).  

 

Gender and neuter status  

 

Females seem to be more at risk to developing DM in some studies (Guptill et al., 2003; Fall 

et al., 2007), although this finding was not confirmed in other studies (Catchpole et al., 2005; 

Davison et al., 2005; Mattin et al., 2014). Entire females and neutered females have the same 

DM risk, whereas neutered males were found to have higher DM odds than entire males 

(Guptill et al., 2003; Mattin et al, 2014). It should also be noted that in a study, dogs 

weighting <22.7 kg were at an increased risk of DM compared with dogs >45.4 kg (Guptill et 

al., 2003).  

Age  

Diabetes mellitus affects mainly middle-aged to older dogs, from 5-12 years of age (Guptill et 

al., 2003; Davison et al., 2005; Mattin et al., 2014). Juvenile-onset DM, under one year of 

age, has been reported, but it remains uncommon (Greco, 2006).  

Clinical signs  

The typical presentation of a dog with DM includes clinical signs of PU/PD, polyphagia, and 

weight loss (Nelson, 2015). Occasionally, a dog can be presented with a sudden blindness 

caused by cataract formation. Moreover, diabetic dogs are at risk to develop systemic signs of 

illness (lethargy, anorexia), whereas progressive ketonemia and metabolic acidosis can 

develop as well (Nelson, 2015).  
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Differential diagnosis  

 

Stress hyperglycemia and other PU/PD causes (liver/renal disease, hypercalcaemia, 

hypokalemia) should be kept in mind as differentials (Fracassi, 2017).  

 

Treatment 

 

When treating DM, the veterinarian typically aims to achieve two goals: first, to decrease the 

clinical manifestations due to hyperglycemia, then, to minimize the impact of therapy on the 

owners (Fracassi, 2017). Before initiating any therapy, the owners should be aware of the 

efforts and the management costs of a diabetic dog (Monroe, 2009). To manage 

hyperglycemia, dogs with DM typically require two daily injections of insulin and a rigorous 

daily routine (Fracassi, 2017).  

Prognosis  

The prognosis of DM depends on several factors: the owner’s willingness to thoroughly 

manage and treat the disorder, the facility with which the glycemia is regulated, and the 

avoidance of chronic complications associated with the diabetic state, among other factors 

(Nelson, 2015). A high mortality rate is seen during the first 6 months of treatment, mainly 

due to concurrent diseases (e.g., ketoacidosis, pancreatitis, or infections) (Fracassi, 2017).  

1.2. Canine hypoadrenocorticism, the “Great Pretender” 

Hypoadrenocorticism or Addison’s disease was first described in an 1855 study by Dr. 

Thomas Addison in which he described the case of 11 people with a “supra-renal capsule” 

disease (Hess, 2017).  By the 1980s, the disease started to appear in the veterinary literature, 

and knowledge about this condition has continued to develop till this very day.  

1.2.1. Anatomy and physiology of the adrenal glands  

The adrenal glands (glandula suprarenalis, glandula adrenalis) are located near the 

craniomedial border of the kidney (Boysen et al., 2016).   

The adrenal cortex, comprising approximately 75% of the gland, consists of 3 layers: the 

inner zona reticularis, the zona fasciculata, and the outer zona glomerulosa. Those three zones 



 16 

produce endogenous steroid hormones, or corticosteroids. These hormones are all synthetized 

from the steroid cholesterol, and they all share similar chemical formulas (Church, 2012). 

Cells of the zona reticularis (ZR) and fasciculata (ZF) produce cortisol (the main endogenous 

glucocorticoid) and sex hormones (androgens and estrogens). Aldosterone, the principal 

mineralocorticoid, is only synthetized in the zona glomerulosa (ZG) (Boysen et al., 2016).  

The adrenal medulla contains chromaffin cells that secrete catecholamines (epinephrine, 

norepinephrine) (Lottati et al., 2014). 

 

Aldosterone’s actions and regulation  

 

The principal physiological effects of mineralocorticoids are the maintenance of electrolyte 

balance and the blood pressure homeostasis (Klein et al., 2010a).   

Aldosterone’s net effect includes reabsorption of sodium (Na+) and chloride (Cl-) with 

concomitant excretion of potassium (K+), and hydrogen (H+). Secondary to sodium retention, 

water absorption and expansion of the extracellular fluid volume occurs (Klein et al., 2010a). 

Aldosterone also acts, though in a minor fashion, in the intestinal mucosa, salivary glands and 

sweat glands (Boysen et al., 2016). 

The most important direct stimulus for the secretion of aldosterone is angiotensin II, a part of 

the renin-angiotensin system (RAAS) (Klein et al., 2010a). Cells in the juxtaglomerular 

apparatus of the kidneys produce an enzyme (renin) when a drop in blood pressure is 

detected. Renin acts on angiotensinogen to form angiotensin I, an a2 globulin produced by the 

liver. Angiotensin I is further hydrolyzed to angiotensin II by an angiotensin-converting 

enzyme (Scott-Moncrieff, 2015a). Angiotensin II acts on the zona glomerulosa, leading to the 

production of mineralocorticoids (Behrend, 2015). Independently from the RAS, an increase 

in K+ concentration also leads to the release of aldosterone (Greco et al., 2013). Reduced 

extracellular fluid volume, systemic blood pressure, sodium concentration in renal filtrate, or 

hyperkalemia are the factors stimulating aldosterone secretion (Boysen et al., 2016). 

Aldosterone deficiency results in hyponatremia and hyperkalemia (Adler et al., 2007). 

Cortisol’s actions and regulation  

Glucocorticoids play an important role in the maintenance of homeostasis by acting on 

several organs and tissues. Nearly every body tissue is under the influence of glucocorticoids 
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(Lottati et al., 2014). At the liver level: cortisol stimulates hepatic gluconeogenesis 

(conversion of amino acids to carbohydrates) and glycolysis, respectively increasing hepatic 

glycogen and blood glucose level (Scott-Moncrieff, 2015a). Cortisol increases the rate of 

lipolysis on adipose tissue and reposition fat into the abdomen and liver. Glucocorticoids 

maintain normal blood pressure, water balance and vascular volume, and increase vascular 

sensitivity to catecholamines (Klein et al., 2010a). Cortisol also has an anti-inflammatory 

effect. Cortisol also maintains normal function and maintenance of the gastrointestinal 

mucosa (Peterson et al., 1996).  

Cortisol synthesis and secretion by the adrenal glands is controlled by the hypothalamic 

pituitary adrenal (HPA) axis, which is influenced by positive and negative feedback loops 

(Lottati et al., 2014). 

Corticotrophin-releasing hormone (CRH), in the hypothalamus, stimulates secretion of 

adrenocorticotropic hormone (ACTH) from the pituitary gland (Scott-Moncrieff, 2015a). 

ACTH then enters bloodstream and stimulates the synthesis and secretion of cortisol by 

attaching to receptors in the adrenal cortex. Stress, hypoglycaemia, and physical exercise 

stimulate CRH release (Behrend, 2015). The HPA axis operates by a feedback inhibition 

loop, with cortisol exerting strong negative feedback on the pituitary gland and the 

hypothalamus (Klein et al., 2010a).  

In addition to CRH, other factors can induce the release of ACTH by the pituitary gland, such 

as: arginine vasopressin, angiotensin II, atrial natriuretic factors, and vasoactive peptides 

(Stewart, 2011).  

1.2.2. Pathophysiology  

Primary hypoadrenocorticism is the most common form of HA (95% of cases), most often 

due to immune-mediated destruction of the three layers of the adrenal cortex (Boysen et al., 

2016). Rarer causes of primary adrenal cortex destruction include fungal infiltration, 

neoplasia, and trauma (Klein et al., 2010a). 

 For clinical signs of glucocorticoids and mineralocorticoid deficiency to appear (under non-

stressful conditions), the loss of more than 90% of adrenocortical function is required (Lottati 

et al., 2014). Thus, clinical hypoadrenocorticism only occurs with both adrenal cortices 

destroyed (Behrend, 2015).  
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Classic (or typical) hypoadrenocorticism is seen when there is a decrease in both 

glucocorticoids and mineralocorticoids secretion from the adrenal glands (Klein et al., 2010a). 

When only cortisol secretion is lacking, but sodium and potassium concentrations are still 

within a normal range, the hypoadrenocorticism is termed “atypical HA” (Hess, 2017). This 

form is rarer, representing only 5-10% of hypoadrenocorticism cases (Lottati et al., 2014). 

 

Other causes of adrenocortical destruction, although less common, include iatrogenic 

administration of mitotane/trilostane for hyperadrenocorticism treatment or neoplasia, 

infection/infarction of the adrenal glands (Lottati et al., 2014). Deficiency of 

mineralocorticoid secretion coupled with a normal glucocorticoid secretion has been reported, 

although very rarely (Scott-Moncrieff, 2015a). 

In the case of secondary hypoadrenocorticism, a rarer form, failure within the 

hypothalamus or the pituitary gland, respectively, impairs corticotropin-releasing hormone 

(CRH) or adrenocorticotropic hormone (ACTH) secretion (Boysen et al., 2016). Causes of 

failure include neoplasia, inflammation, infection, or trauma (Hess, 2017). This condition 

involves only glucocorticoid deficiency: ACTH concentrations are low, because of impaired 

secretion (Lottati et al., 2014). Since ACTH does not influence the release of 

mineralocorticoids, Na+ and K+ are spared and stay within normal ranges.  

1.2.3. Clinical and laboratory presentation  

Clinical symptoms  

Hypoadrenocorticism is termed the “Great Pretender” because it causes vague and non- 

specific clinical signs mimicking other different diseases in the dog (Klein et al., 2010a). No 

symptom is pathognomonic for canine hypoadrenocorticism (Peterson et al., 2009).  

Depending on the clinical presentation of hypoadrenocorticism, the severity of symptoms 

varies. The clinical signs may range from mild, intermittent gastrointestinal disturbances 

(emesis, diarrhoea) to acute presentation (hypovolemic shock, arrythmias, death), termed 

“Addisonian crisis” (Lathan et al., 2018). Vomiting, diarrhoea, and melaena are the most 

common clinical signs reported in dogs with hypoadrenocorticism (Thompson et al., 2007).  



 19 

In case of typical hypoadrenocorticism (deficiency in glucocorticoids and mineralocorticoids), 

common clinical signs are lethargy, anorexia, decreased appetite, vomiting, and weight loss 

(Klein et al., 2010a). 

While glucocorticoid deficiency might cause vague signs such as lethargy, weakness, 

anorexia, weight loss, vomiting, the disease manifestation is mainly caused by 

mineralocorticoid deficiency. In that case, polyuria, polydipsia, hypovolemic shock, collapse, 

and dehydration are more prominent (Scott-Moncrieff, 2015a). Animals may present with 

episodes of weakness, collapse, or seizures due to hypoglycaemia (Lathan et al., 2018). Many 

symptoms are related to hypotonic dehydration through the loss of sodium (Rijnberk et al., 

2010). As a result, diagnosing primary atypical hypoadrenocorticism is more challenging, 

with signs related to glucocorticoids deficiency alone more insidious (Lottati et al., 2014).  

Laboratory findings  

Haematology  

A classical haematologic finding in dogs with hypoadrenocorticism is a reverse stress 

leukogram, with the presence of lymphocytosis and/or eosinophilia (Scott-Moncrieff, 2015a). 

Therefore, the absence of a stress leukogram (lymphopenia, neutrophilia, and eosinopenia) in 

an ill or “stressed” patient is a sensitive finding of hypoadrenocorticism (Church, 2012). 

Cortisol causes lymphopenia because of the redistribution of recirculating lymphocytes 

(Scott-Moncrieff, 2015a). A non-regenerative, normocytic normochromic anemia is also a 

typical hematological abnormality in patients with Addison’s disease. Indeed, a deficiency in 

cortisol leads to a lack of RBCs production (Scott-Moncrieff, 2015a). Commonly, the severity 

of anemia is mild-to-moderate, with hematocrits of 20% to 35%. 

Serum biochemistry  

The most common abnormalities on the serum chemistry profile in patients suffering from 

hypoadrenocorticism are hyperkalaemia, hyponatraemia and azotaemia (Scott-Moncrieff, 

2015a). Although hyponatremia and hyperkalemia are classic signs of hypoadrenocorticism, 

30% of dogs will present normal electrolyte concentration (Thompson et al., 2007). 

Moreover, since prior treatment with fluids and/or steroids may mask serum abnormalities, 

primary hypoadrenocorticism should never be excluded based on normal serum electrolyte 

concentrations alone (Peterson et al., 2009). On the contrary, it should be kept in mind that 
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hyponatremia and hyperkalemia can be associated with a wide variety of diseases. Other 

common abnormalities include hypocholesterolaemia, hypoproteinaemia/ hypoalbuminaemia, 

hypercalcaemia, hyperphosphatemia and hypoglycaemia (Boysen et al., 2016).  

Mild metabolic acidosis can develop because of the impaired ability to reabsorb bicarbonate 

and chloride ions in the renal tubules, but also because the poorly perfused kidneys fail to 

excrete metabolic waste products and hydrogen ions (Scott-Moncrieff, 2015a).  

A decreased sodium to potassium ratio (<27) has been suggested as a cut-off ratio to detect 

hypoadrenocorticism, with the specificity of 24 Na/K ratio being 100% in a study (Adler et 

al., 2007). However, other studies reported much lower specificity for the Na/K ratio (Scott- 

Moncrieff, 2015a).  

1.2.4. Diagnosis  

Due to the myriad of non-specific symptoms, hypoadrenocorticism cannot be diagnosed 

based solely on clinical examination, and further investigations are always warranted (Spence 

et al., 2018). Hypoadrenocorticism should be suspected after evaluation of the patient’s 

history, clinical signs, diagnostic imaging, and laboratory abnormalities (Lottati et al., 2014). 

A careful interpretation of hematologic parameters and serum biochemistry can help in the 

decision to whether pursue adrenal axis testing (Hess, 2017).  

Diagnostic imaging  

Dogs with untreated hypoadrenocorticism may present with thoracic and abdominal abnormal 

radiographs. Abnormalities likely occur because of hypovolemia, and include microcardia, 

small lobar pulmonary artery, and microhepatia (Melián et al., 1999).  

Abdominal ultrasonography  

In a patient suffering from hypoadrenocorticism, a reduction in size of the adrenal glands can 

occasionally be seen. Sometimes, adrenals are not visible on ultrasonographic examination 

(Wenger et al., 2010).  

Electrocardiography  
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An electrocardiogram can display changes consistent with hyperkalemia: increased T-wave 

amplitude, decreased P-wave amplitude, and bradycardia (Lottati et al., 2014).  

Basal cortisol concentrations 

The measurement of a resting (basal) cortisol concentration can be used as a screening tool to 

exclude hAC (Scott-Moncrieff, 2015a). Hypoadrenocorticism can be excluded when a 

baseline serum cortisol level exceeds 2 mcg/dL. However, a cortisol level below this 

threshold (<2 mcg/dL) calls for an ACTH stimulation test (Lennon et al., 2007). Limitations 

exist regarding the use of basal cortisol concentration: cortisol concentration fluctuate 

throughout the day, and some dogs with non-adrenal illness will display low basal cortisol 

levels (Klein et al., 2010b). 

ACTH stimulation test (ACTHst)  

ACTHst assesses the adrenal reserve and is considered the gold standard for diagnosing 

hypoadrenocorticism (Scott-Moncrieff, 2015a). The ability of the zona fasciculata and the 

zona reticularis to produce cortisol in response to a maximal stimulus is evaluated (Klein et 

al., 2010b). The ACTHst procedure is as follows:  

1- Collection of a blood sample to evaluate pre-ATCH cortisol level.  

2- Administration of synthetic adrenocorticotropic hormone, 5 μg/kg IV. 

3- Collection of a blood sample 60 minutes after synthetic adrenocorticotropic hormone 

administration (post-ACTH cortisol level).  

The products of choice to perform an ACTHst, either Cortrosyn [cosyntropin] or Synacthen 

[tetracosactrin], contain the first 24 amino acids of ACTH and are considered interchangeable 

(Hess, 2017).  

The diagnosis of canine hypoadrenocorticism is confirmed when a serum cortisol 

concentration ≤2ug/dL pre- and one-hour post-ACTH administration is obtained (Thompson 

et al., 2007). Several factors other than hypoadrenocorticism can cause an inadequate 

response to ACTH stimulation, such as prior glucocorticoid administration, loss of potency of 

the ACTH product, and errors in administration (Scott-Moncrieff, 2015a). 
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1.2.5. Treatment  

The approach to the treatment of hypoadrenocorticism varies according to the disease 

presentation; namely on whether the patient is presenting in an acute Addisonian crisis or 

with more chronic clinical signs of the illness (Scott-Moncrieff, 2015a).  

Acute hypoadrenocorticism (Addisonian crisis)  

An Addisonian crisis in a dog represents an emergency, and prompt application of a proper 

treatment will have a vital impact on a good outcome (Scott-Moncrieff, 2015a). This 

presentation of hypoadrenocorticism is life-threatening since dehydration, hypotension, acid-

base abnormalities, and severe hypovolemia are associated with it (Klein et al., 2010b).  

The emergency treatment of an Addisonian crisis aims at restoring the intravascular volume, 

correcting the concurrent hyponatremia and hyperkalemia, providing glucocorticoids and 

recognize/reverse arrythmias, with priority given to aggressive IV fluid resuscitation (Schaer 

et al., 2001). Indeed, death in the Addisonian crisis is often attributed to hypovolaemia and 

shock (Klein et al., 2010b).  

Practitioners should remember to always confirm the diagnosis of hypoadrenocorticism at the 

time of the initial presentation, since it is difficult to retrospectively confirm the diagnosis 

after the administration of glucocorticoid therapy (Scott-Moncrieff, 2015a). Treating the 

shock while simultaneously confirming the diagnosis of acute hypoadrenocorticism with an 

ACTH- stimulation test is the primary therapy goal (Scott-Moncrieff, 2015a). Ideally, when a 

dog presents with an acute Addisonian crisis, samples should be collected to constitute a 

minimum database consisting of CBC, serum biochemistry, and urinalysis (Lottati et al., 

2014). However, there might be times when the patient status is critical, and the veterinarian 

is unable to rapidly confirm a diagnosis. Treatment is then required before a diagnosis of 

hypoadrenocorticism has been reached (Church, 2012).  

Fluid therapy  

Fluid therapy should be initiated as soon as possible with infusion of up to 90 ml/kg of a 

crystalloid solution (Ringer-lactate or 0.9% saline solution) as 20-30 mL/kg boluses until 

perfusion parameters improve (Scott-Moncrieff, 2015a). Response to fluid administration is 
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assessed based on heart rate, blood pressure, capillary refill time, and mental status (Lathan et 

al., 2018).  
 

With more Na+ and Cl-, and less K+ than other crystalloid fluids, 0.9% saline is regarded as 

the most appropriate fluid of choice in case of emergency (Scott-Moncrieff, 2015a). The low 

pH of saline and its acidifying effect may rise concern for some practitioners; however, the 

clinical significance of hyponatremia and hyperkalemia outweighs the risk of iatrogenic 

acidosis (Hess, 2017).  

The rate of increase in plasma sodium concentration should not exceed 0.5 mEq/L/h. A too 

rapid correction of hyponatremia increases the risk of central pontine myelinosis (Boysen et 

al., 2016).  

Thus, there is a conflict between the need to correct hyponatremia rapidly whilst making sure 

the concentration does not rise too quickly (Herrtage et al., 2012). Patients with 

gastrointestinal haemorrhage (15% of dogs with hypoadrenocorticism) may require blood 

transfusion in addition to isotonic crystalloids, depending on the haematocrit and the response 

to fluid therapy (Peterson et al., 1996).  

IV infusions of a synthetic colloids can be used in case of hypotensive and hypoproteinemic 

(total proteins <4.5 g/dL) patients (Scott-Moncrieff, 2015a). Sodium concentration should not 

be increased by more than 10 to 12 mEq/L/day, thus making hypertonic saline inappropriate 

for fluid resuscitation (Scott-Moncrieff, 2015a).  

Crystalloids such as lactated Ringer’s solution or Normosol-R can be alternatives to 0.9% 

saline. Even if their concentration of K+ is less than that of 0.9% saline, infusion of those 

fluids far outweighs the harm of no fluid administration at all (Klein et al., 2010b). These 

types of fluids dilute the serum potassium content, improve renal perfusion, and improve 

metabolic acidosis, directing potassium into the cells (Brown et al., 2008).  

Hypoglycaemia, although uncommon, is addressed with an initial bolus of 0.5 to 1.0 mL/kg 

of 50% dextrose if clinical signs are present. If clinical signs are not present, dextrose at 2.5% 

or 5% (depending on the severity of hypoglycemia) should be added to the saline, with 

parameters such as packed cell volume, serum electrolytes and blood glucose should be 

carefully monitored every 6-8 hours until the values have normalized (Klein et al., 2010b).  
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Glucocorticoid replacement  

Administering glucocorticoid supplementation in an Addisonian crisis context aims at 

improving vascular integrity, gastro-intestinal integrity, maintenance of blood pressure, and 

improvement of circulating volume (Klein et al., 2010b). The glucocorticoid supplementation 

should be instituted after the life-threatening issues have been addressed and corrected. The 

recommended initial dose ranges from three-to-ten times physiologic requirements (Scott-

Moncrieff, 2015a). Repeated administration every two-to-six hour should follow the initial 

dosage (Klein et al., 2010b). Ideally, the supplementation should be delayed until after the 

ACTH-stimulation test has been performed. If not, dexamethasone (0.1 to 2.0 mg/kg IV) is 

the drug of choice because it does not cross-react with most cortisol assays (Scott-Moncrieff, 

2015a). Other options include prednisolone and hydrocortisone, although it should be kept in 

mind that both interfere with the ACTH-stimulation test. Therefore, their use should be 

withheld until the test results are obtained (Klein et al., 2010b).  

Mineralocorticoid replacement  

In an emergency setting, avoid subcutaneous administration of the synthetic mineralocorticoid 

desoxycorticosterone pivalate (DOCP) in the dehydrated patient because the absorption will 

be poor, and PO administration of any medication in patients exhibiting gastrointestinal signs 

(Lottati et al., 2014). The choice to supplement mineralocorticoids in the face of Addisonian 

crisis is debated: while some authors believe that fluid therapy and glucocorticosteroids are 

enough to stabilize the patient, other prefer to provide supplementation (Klein et al., 2010b). 

Chronic hypoadrenocorticism  

Patients with primary hypoadrenocorticism associated with electrolytes abnormalities will 

require both glucocorticoid and mineralocorticoid supplementation for the rest of their lives 

(Peterson et al., 2009), whereas a patient with primary hypoadrenocorticism maintaining 

normal electrolytes (atypical hypoadrenocorticism) will require glucocorticoid therapy and 

close electrolyte monitoring. Patients with secondary hypoadrenocorticism should be treated 

with glucocorticoids, however, they will unlikely need mineralocorticoid supplementation 

(Boysen et al., 2016).  

Glucocorticoid replacement  
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Prednisone is the glucocorticoid of choice in dogs, with a starting dose of 0.1 to 0.22 

mg/kg/day (Scott-Moncrieff, 2015a), however prednisolone and cortisone acetate can also be 

considered (Lottati et al., 2014). The dose is then tapered based on the clinical signs and the 

side effects exhibited by the patient: it will be increased in case of GI signs, and decreased in 

case of PU/PD, polyphagia, and panting (Lathan et al., 2018).  

Mineralocorticoid replacement  

Desoxycortisone pivalate (DOCP) and fludrocortisone acetate (FC) can be used as 

mineralocorticoid supplements (Hess, 2017).  

DOCP is the treatment of choice in most dogs suffering from hypoadrenocorticism (Scott- 

Moncrieff, 2015a). It is available under two forms: Percorten®-V or Zycortal®.  

An ester of desoxycorticosterone, DOCP is an injectable, long-acting drug that possesses pure 

mineralocorticoid activity (Klein et al., 2010b). It can be administered either intramuscularly 

(IM) or subcutaneously (SC), but not intravenously (Lathan et al., 2018). The initial dose is 

2.2 mg/kg every 25 days (Klein et al., 2010b), although a DOCP dose of less than 2.2 mg/kg 

could suffice in some cases (Peterson et al., 2009). Patient’s electrolytes and creatinine levels 

should be checked at week 2, 3 and 4 to titrate the dosage of DOCP (Church, 2012). Since 

DOCP has no glucocorticoid activity, prednisone should be administered conjointly (Boysen 

et al., 2016).  

 

Fludrocortisone acetate is an oral medication that possesses both mineralocorticoid and 

glucocorticoid activity, suppressing the need to administer separate corticosteroids (Lottati et 

al., 2014). This drug is the most used for treating human primary hypoadrenocorticism, and 

its use has been recommended in dogs (Kintzer et al., 1997). It is available in tablets form and 

can be given twice daily (0.01 mg/kg PO q12h) (Hess, 2017). The dosage is adjusted after the 

assessment of Na and K concentration every 5 days and increased until the Na:K ratio >28 

(Hess, 2017). Disadvantages associated with the use of FC are the adverse effects (PU/PD), 

the development of resistance to it, or its elevated cost (Peterson et al., 2009).  

Plasma renin activity (PRA) is a promising tool that assists in the monitoring of 

mineralocorticoid treatment (Baumstark et al., 2014). PRA is significantly higher in dogs with 

newly diagnosed primary hypoadrenocorticism than in healthy dogs (Oelkers et al., 1992). On 

the contrary, PRA decreases during mineralocorticoid treatment (Baumstark et al., 2014). As 
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DOCP more effectively suppresses PRA compared to FC, it is considered the 

mineralocorticoid supplement of choice for dogs (Baumstark et al., 2014).  

1.2.6. Prognosis  

Addison’s disease is not curable, however, with early identification and proper treatment, the 

prognosis is excellent (Kintzer et al., 1997). Most dogs with hypoadrenocorticism can have 

normal life quality and normal life expectancy (Van Lanen et al., 2014).  

1.3. Conclusions of the literature review 

Endocrinopathies, diseases caused by hormonal abnormalities, frequently affect dogs. 

Hormones regulate several body functions, such as growth and development, metabolism, and 

electrolyte balances (Hiller-Sturmhöfel et al., 1998). Therefore, hormonal imbalances 

invariably lead to multivariate syndromes.  

Hypothyroidism, hyperadrenocorticism, hypoadrenocorticism, and diabetes mellitus are 

conditions arising from a malfunction of the thyroid gland, the adrenal glands, and the 

endocrine pancreas, respectively. The prevalence of each of these disorders in the canine 

population has been the subject of many studies, and the results vary depending on the 

method used and on the countries. It appears that hypothyroidism and hyperadrenocorticism 

are the most common endocrinopathies, whilst hypoadrenocorticism is less rarely 

encountered. The profile of dogs associated with each endocrine disease has also been 

investigated.  

The symptoms exhibited by patients also differ according to the disease. Dogs suffering from 

hypothyroidism show metabolic and dermatologic signs, while dogs with diabetes mellitus 

display PU/PD and polyphagia. Animals with hyperadrenocorticism will commonly display 

PU/PD and alopecia. Dogs with hypoadrenocorticism typically show non-specific signs such 

as vomiting and weight loss.  

Hypoadrenocorticism, the ”Great Pretender” is perceived as a challenging pathology to treat 

due to its non-specific clinical signs and potentially fatal outcome. The clinical approach to 

hypoadrenocorticism depends on its presentation: acute or chronic. Whilst the treatment of an 

acute Addisonian crisis is one of emergency, given the potential life-threatening 

consequences, the management of a patient with chronic hypoadrenocorticism consists of 
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lifelong hormonal replacement. Studies comparing the efficacy of DOCP and fludrocortisone 

as a mineralocorticoid replacement concluded that DOCP is the preferred treatment in case of 

chronic primary hypoadrenocorticism (Baumstark et al., 2014; White, 2018).  

In my opinion, further epidemiological studies on canine endocrinopathies are warranted. A 

better understanding of the factors influencing their occurrence would not only enhance 

veterinary knowledge but also improve the quality of medical care for patients.  
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2. AIMS OF THE STUDY 

The aim of this retrospective study was to describe both the signalment and the hallmarks of 

selected canine endocrinopathies (hyperadrenocorticism, hypoadrenocorticism, 

hypothyroidism, diabetes mellitus), and to compare them with the scientific literature. A focus 

was set on hypoadrenocorticism, more precisely on the clinicopathologic abnormalities, the 

current diagnostic methods, and the long-term management of chronic hypoadrenocorticism.  

 

Endocrine clinical cases from two veterinary clinics in France, one located in Loudéac, and 

the other one in Paris, and one clinic in Tartu, Estonia, were collected and then analysed from 

September 2020 to April 2022.  
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3. MATERIALS & METHODOLOGY 

3.1. Animals and sampling 
A retrospective analysis was conducted to collect endocrine clinical cases from two veterinary 

clinics in France and one veterinary clinic in Estonia. Clinical information was gathered 

between September 2020 and April 2022. Four endocrinopathies were chosen as the focus of 

this paper, given their frequency in the canine population: hypothyroidism, 

hyperadrenocorticism, hypoadrenocorticism, and diabetes mellitus. The first clinic was a 

mixed (countryside) clinic employing 20 persons in Loudéac, France. The second clinic was a 

referee clinic in Paris, France, employing more than 100 persons. The third clinic included in 

this study was the EMÜ Väikeloomakliinik (Small Animal Clinic of the Estonian University 

of Life Sciences), in Tartu, Estonia. The French clinics were selected following the 

completion of a traineeship by the author of the current paper. The Estonian clinic was 

selected because the author studied at the Estonian University of Life Sciences from 2016-

2022. The French clinic in Loudéac used “Bourgelat” (Mustinfo) veterinary management 

software; the French clinic in Paris used “AssistoVet” (Assistovet Systems); the Estonian 

clinic used Provet Cloud (NordHealth). To be included in the study, two criteria had to be 

met: the endocrinopathy had to be confirmed as a final diagnosis by a veterinarian of the 

clinic, and the time of diagnosis had to be between September 2020 and April 2022. 

 

3.2. Statistical analysis 
The data of the study were compiled in an Excel table. For each patient, data included the 

following information: breed, sex, birth date, weight, neutered status, date of diagnosis, age at 

time of diagnosis, diagnosis, treatment, country, concurrent disease(s), clinical signs, 

haematology parameters, biochemistry parameters, urinalysis results, ionogram, diagnostic 

test(s) used for diagnosis, and stability. To describe the data, mean values and standard 

deviations were calculated for numerical variables and counts as well as percentages for 

grouping variables. The relationships between animals’ age and weight, and registered 

laboratory variables were studied using linear correlation analysis. All descriptive statistical 

analyses were performed, and figures/tables were constructed in MS Excel. To assess the 

reliability of calculated mean values and percentages, the 95% confidence intervals (95% CI) 

were estimated using the website “EpiTools” (Sergeant, 2018). 
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4. RESULTS 

4.1. General overview 

 
Figure 1. General distribution of endocrinopathies in the 44 dogs involved in the study.  

 

In total, 44 cases with an endocrinopathy of interest were obtained in France and in Estonia 

between September 2020 and April 2022. Overall, hypothyroidism, hyperadrenocorticism, 

hypoadrenocorticism, and diabetes mellitus were not equally represented. The distribution of 

endocrinopathies within the study is summarized in Figure 1. The same data were collected 

from each endocrinopathy. The number of endocrine clinical cases according to different 

study groups can be seen in Appendix 1. 

 

 
Figure 2. Endocrinopathy distribution depending on the country of collection.  
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The number of clinical cases collected differed between Estonia and France. Out of the 44 

cases, 26 cases were taken in France (59.1%), and 18 cases in Estonia (40.9%). The 

distribution of cases for each endocrinopathy based on the country can be seen in Figure 2. 

 
Figure 3. Gender distribution of patients affected by selected endocrinopathies. 

 

 
Figure 4. Mean age at endocrinopathy diagnosis (in years). The upper error line represents 

the maximum age at diagnosis (in years), and the lower error line the minimum age at 

diagnosis (in years).  
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Figure 5. Incidence of the development of selected endocrinopathies (n=44) in relation to 

gender and neutering status. 

 

 
Figure 6. Weight repartition of patients affected by selected endocrinopathies. The low error 

bar represents the minimum weight, and the upper error bar, the maximum weight. The cross 
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represents the mean, and the horizontal line the median. The upper side of the box indicates 

upper quartile, the lower side of the box indicates lower quartile.  

 

4.2. Hypothyroidism  
Hypothyroidism was the commonest endocrinopathy encountered in the study, with 17 

affected animals out of the 44 cases (Fig. 1). 

In the study, purebred animals (82.3%, 14/17) were affected more commonly than non-

purebred (17.6%, 3/17). The mean age at diagnosis was around 7.6 years old (95% CI 5.6-

9.6). Figure 4 displays the minimum and the maximum age at time of diagnosis. 

 

Females presented with hypothyroidism more frequently than males (Fig. 3). 

Intact male dogs (71.4%, 5/7) were more affected than neutered male dogs (28.6%, 2/7), 

whereas neutered females (70.0%, 7/10) were at increased risk compared to intact females 

(30.0%, 3/10) to developing the disease (Fig. 5).  

 
Figure 7. Clinical signs reported by owners of patients affected by hypothyroidism, in 

percentages (%). 

 

The most common clinical symptoms reported with hypothyroidism were lethargy (82.4%), 

followed by alopecia (41.2%). The array of symptoms associated with endocrinopathy in this 

paper can be visualized in Figure 7. The mean weight of patients affected by hypothyroidism 

was 20.1 kilograms (95% CI 17.5-22.6) (Fig 6).  
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29.4% of dogs (5/17) were diagnosed with one concurrent disease, namely megaoesophagus, 

alopecia X, hemangiosarcoma, chronic kidney disease, and myxomatous mitral valve 

degeneration. 

 

4.3. Hyperadrenocorticism 
Hyperadrenocorticism was the least commonly encountered endocrinopathy in this study, 

representing 18.2% of all cases (Figure 1). In the current study, purebred dogs (87.5%, 7/8) 

presented with HAC more than crossbreds (12.5%, 1/8) (Fig. 5). The mean age at diagnosis 

was around 10.0 years (95% CI 8.0-12.0). The minimum and the maximum age at time of 

diagnosis can be visualized in Figure 4. 

 

The gender repartition was equal (Fig. 3). Neutered females (75.0%, 3/4) seemed more at risk 

to developing the disease than sterilized females (25.0%, 1/4), while the male population for 

HAC only consisted of entire animals (Fig. 5).  

 
Figure 8. Clinical signs reported by owners of patients affected by hyperadrenocorticism, in 

percentages (%). 

 

As seen in Figure 8, PU/PD was the most common clinical sign (100%), followed by 

pendulous abdomen (62.5%), and alopecia (37.5%). Anorexia, weight loss, vomiting, and 

polyphagia were equally seen. The mean weight of patients affected by hyperadrenocorticism 

was 17.6 kilograms (95% CI 13.4-21.8) (Fig. 6). 
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Concurrent diseases were associated with HAC in 75.0% of cases (6/8). Moreover, 3 dogs 

developed more than one disease. Diabetes mellitus and pancreatitis concurrently afflicted 2 

dogs out of 8 (25.0%). Diabetes insipidus, epilepsy, hypothyroidism, orchiditis, and mast cell 

tumour were reported, although less frequently (12.5% each). Two dogs out of 8 had no 

associated disorders at the time of diagnosis (25.0%). 

 

4.4. Diabetes mellitus 
This paper comprised 10 diabetes mellitus cases (22.7%), making this endocrinopathy the 

second most common after hypothyroidism (Fig. 1). Purebreds were represented more often 

than non-purebreds (70.0% vs. 30.0%, respectively) (Appendix 1). The mean age at the time 

of onset was 8.9 years old (95% CI 7.0-10.8). Additional information regarding the age at 

time of diagnosis is shown in Figure 4. 

 
Figure 9. Clinical signs reported by owners of patients affected by diabetes mellitus, in 

percentages (%). 

 

Females seemed more at risk to developing diabetes mellitus (70.0%) than males (30.0%). 

Moreover, the neutering status seemed to impact the occurrence of the disease: non-sterilized 

animals developed the disease more often than sterilized individuals (Fig. 5). PU/PD 

(100.0%) and weight loss (80.0%) were the commonest clinical symptoms (Fig. 9). 

The mean weight of patients affected by DM was 15.1 kilograms (95% CI 3.4-22.8) (Fig. 6). 

The most common associated disease was pancreatitis, with 66.6% (95% CI 31.2%-83.2%) of 

dogs presenting this condition concurrently with DM. 
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4.5. Hypoadrenocorticism 
This endocrinopathy was the third most common in this piece of work, with 9 cases (20.5%).  

In the current paper, purebred dogs (77.7%, 7/9) developed the disease more than crossbreds 

(22.2%, 2/9), with the Yorkshire breed being overrepresented (33.3%, 3/9). The mean age at 

the disease onset was around 5.8 years (95% CI 2.9-8.7) (Fig. 4). 

In both France and Estonia, hypoadrenocorticism was found more in females (77.8%, 7/9) 

than in males (22.2%, 2/9) (Fig. 3). As seen in Figure 5, being neutered or entire did not 

seem to impact the development of the disease in males, as they were both equally 

represented in the study (50.0% each). On the contrary, sterilized females seemed more at risk 

to developing the disease than intact females (57.1% of neutered animals developed it, vs. 

42.9% in intact animals).  

 
Figure 10. Clinical signs reported by owners of patients affected by hypoadrenocorticism, in 

percentages (%). 

 

Lethargy (88.9%, 8/9) and anorexia (77.8%, 7/9) were the most common clinical symptoms in 

this paper. Additional clinical signs were also reported, although less frequently (Fig. 10). 

The mean weight of patients affected by hypoadrenocorticism was 16.4 kilograms (95% CI 

12.2-20.6) (Fig. 6). In the study, pancreatitis was the only concurrent disease reported with 

hAC, with 3 dogs affected (33.3%). In France, for both clinics, the clinical long-term 

management of chronic hAC consisted of DOCP + prednisolone (66.6%, 6/9). In Estonia, 

fludrocortisone acetate + prednisolone was employed (33.3%, 3/9). 
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4.5.1. Clinical abnormalities associated with hypoadrenocorticism in the study 

In this paper, patients affected by Addison’s disease presented haematologic, biochemical, 

and urinalysis abnormalities. A detailed summary of the clinical parameters gathered for all 

the selected endocrinopathies can be found in Appendix 2. 

 

Haematology 

Lymphocytosis was the most common hematologic abnormality in this study, with 66.7% of 

dogs affected (95% CI: 35.4-87.9). The mean lymphocyte counts in Addisonian patients 

equalled 3.4 x 109/L (95% CI: 1.9-4.9). 22.2% of dogs displayed eosinophilia on their CBC 

(95% CI: 63.2-54.7). An absence of stress leukogram (eosinophilia, lymphocytosis, 

neutropenia) was found in one patient (11.1%, 95% CI: 19.9-43.5). The mean neutrophil 

count was found to be 10.6 x 109/L (95% CI: 4.6-17.4). A mild normocytic, normochromic 

anaemia was found in only one patient (11.1%) (Table 1). 

 

Table 1. Laboratory abnormalities associated with hypoadrenocorticism 

 
 

Serum biochemistry 

In this work, mean blood sodium concentration of patients affected by hAC was 133.6 

mmol/L (CI 95% 128.5-138.5), with a minimum Na+ value of 124.0 mmol/L, and a maximum 
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Na+ of 142.0 mmol/L. The mean kalemia was 6.5 mmol/L (95% CI: 5.1-7.9), with a minimum 

K+ value of 4.5 mmol/L, and a maximum K+ of 9.7 mmol/L. 

The mean chloremia value in patients affected by hypoadrenocorticism was 103.0 mmol/L 

(95% CI: 98.6-107.4) with a minimum Cl- value of 91.0 mmol/L, and a maximum Cl- value of 

109.0 mmol/L. The mean Na/K ratio of patients suffering from hypoadrenocorticism equalled 

22.3 (95% Cl 17.3-27.3), with the minimum Na/K ratio being 12.8, and the maximum, 31.5. 

Concurrent hyponatremia and hyperkalemia were seen in 44.4% of dogs. The Na/K ratio of 

patients included in this study was <27 in 77.8% of dogs (Table 1). 

 

Increased blood urea nitrogen (BUN) was seen in 88.9% of patients, with the mean value of 

16.8 mmol/L, while an increase in creatinine was found in 22.2% of affected animals.  

 

Urinalysis 

66.7% of dogs had a urine specific gravity <1.030. The mean USG in dogs found in this study 

was 1.020 (95% CI 1.007-1.034) (Table 1). 

 

4.5.2. Correlations between laboratory parameters of hypoadrenocorticism 

Correlations were performed to analyse the relationships between laboratory parameters of 

Addison’s disease. A detailed table is available at the end of this paper (Appendix 3).  

A p-value <0.05 was deemed significant. The following correlations were highlighted: 

 

A strong positive statistically significant relationship was found between AST and age 

(r=0.80, p=0.009). Potassium had a strong statistically significant relationship with both urea 

(r= 0.80, p= 0.010) and creatinine (r= 0.80, p= 0.009). However, a strong negative statistically 

significant relationship was found between weight of the dog and the age at diagnosis (r= -

0.67, p= 0.048).  
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5. DISCUSSION 
In the current study, hypothyroidism was the most common endocrinopathy affecting dogs, 

in both countries. This finding correlates positively with the information available from other 

studies, stating that hypothyroidism is one of the most common canine endocrinopathies 

(Dixon et al, 1999; Gulzar et al., 2014). The finding that purebred dogs were more 

represented than mixed-breed dogs is also in accordance with the literature (Milne et al., 

1981). However, Golden Retrievers and Doberman Pinschers that reportedly are the more “at-

risk” breeds to developing the disease (Scott-Moncrieff, 2015b), were not represented in this 

piece of work. Females appeared more at risk to develop hypothyroidism than males, which is 

not consistent with reports in the literature that place males and females at equal risk (Scott-

Moncrieff, 2015b). We found that hypothyroidism most commonly affected middle-aged to 

older dogs, with a mean onset age of 7.6 years old, a finding also described in the literature 

(Scott-Moncrieff, 2015b).  

Diabetes mellitus was commonly encountered in this study, accounting for 22.7% of the total 

number of cases. The high proportion of dogs affected by DM is comparable with the 

literature (Fracassi, 2017). According to various studies, some breeds, such as Australian 

Terriers, Standard Schnauzers, Samoyeds, and Siberian Huskies, are more at risk to 

developing DM than others (Guptill et al., 2003). It is notable that an Australian Terrier and a 

Siberian Husky were encountered once across this study, although the main breed with DM 

was the Yorkshire, with 2 dogs. The current work found that female dogs were at increased 

risk of DM compared to male dogs, a finding comparable to previous studies (Guptill et al., 

2003; Fall et al., 2007), but in opposition with others, putting males at higher risk (Catchpole 

et al., 2005; Davison et al., 2005; Mattin et al., 2014). Guptill et al, indicated in a 2003 study 

that dogs weighting <22.7 kilograms were at increased risk compared to dogs weighting 

>45.4 kg. With the mean weight of patients of 15.1 kg, the current work found the same 

results. Both non-sterilized males and females were more at risk to developing DM in the 

current work which is inconsistent with literature (Guptill et al., 2003). The mean onset age 

was 8.9 years old, finding in accordance with studies in which the age of diabetic dogs at time 

of diagnosis ranges from 5 to 12 years (Guptill et al., 2003). 

Hyperadrenocorticism was least represented in this paper, with 18.2%. Males and females 

were equally represented in the current study, a finding contradicting those found in literature 

(Gallielli et al., 2010). Sterilized females had an increased odd of being affected by HAC, but 
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no certain assumption could be made for males since only entire males were included in this 

study. However, the current literature reports different findings regarding the influence of 

neutering status on the development of the disease: while some studies put sterilized animals 

at higher risks (Carotenuto et al., 2019), others fail to find a correlation between the gender 

and the neutered status (O’Neill et al., 2016). Although it can be found in literature that 

purebred and non-purebred are at equal risk to developing HAC, this retrospective study 

showed that purebred dogs were more represented than mixed-breed dogs. Some breeds were 

overrepresented in the collected cases: two HAC patients were Dachshunds (2/8, 25.0%). 

Chihuahua, Boxer, Miniature Schnauzer, Alaskan Malamute and French Bulldog each 

accounted for 12.5% of HAC cases, while the remaining 12.5% were mixed-breed dogs. This 

breed representation is consistent with a study according to which Dachshunds and Boxers are 

more prone to developing HAC (Ling et al., 1979). 

Hypoadrenocorticism (Addison’s disease), the main focus of this paper, was represented by 

9 dogs. Interestingly, the Yorkshire breed, often mentioned in the literature as a breed with a 

decreased risk of developing the disorder (Hess, 2017), was represented 3 times (33.3%). 

Another breed appearing in the paper was the Miniature Poodle, a breed at increased risk of 

developing Addison’s disease (Lottati et al., 2014). Females were at increased risk to 

developing the disease, a finding supported by various studies (Peterson et al., 1996; Adler et 

al., 2007; Seth et al., 2011; Hanson et al., 2016). The most recorded clinical signs, lethargy 

and anorexia, were comparable with previous reports. The mean age at time of diagnosis was 

slightly higher in the current paper (5.8 years) than in the literature: the mean age of 4.0 years 

was reported in a 2018 study (Lathan et al., 2018). 

The initial diagnostic work-up to diagnose hAC was similar between France and Estonia, with 

the performance of a CBC, serum biochemistry, and urinalysis.  

Although the absence of a stress leukogram is the most common hematologic abnormality in 

dogs with hAC (Scott-Moncrieff, 2015a), only one dog in the study presented this 

combination of lymphocytosis, neutrophilia, and eosinopenia.   

Electrolytes abnormalities were carefully monitored for each case, whereas some biochemical 

abnormalities were not in accordance with the literature. Despite a finding that hyponatremia 

occurs in 81% of dogs and hyperkalemia in 96% of patients with Addison’s disease (Peterson 

et al., 1996), the present study found a different trend: hyponatremia was seen more 

commonly than hyperkalemia (100% vs. 44.4%, respectively). Hypoadrenocorticism was 
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considered likely in case of concurrent hyponatremia and hyperkalemia (Na/K ratio <27). 

However, it should be reminded that a high ratio does not rule out Addison’s disease, and a 

low ratio does not confirm a diagnosis of hAC (Lathan et al., 2018). Even though 77.8% of 

Addisonian dogs in this study presented a Na/K ratio of <27, 22.2% had a ratio> 27, and both 

groups were still diagnosed with hypoadrenocorticism. Therefore, in my opinion, although the 

Na/K ratio can be used as a diagnostic aid, it should not be solely used by a veterinarian to 

include or exclude hypoadrenocorticism, and confirmatory testing should always be 

performed. 

 

According to literature, hypoglycaemia is seen in about 15% of patients affected by 

hypoadrenocorticism as a result of decreased glucose breakdown and gluconeogenesis 

(Lathan et al., 2018). However, the present study found a slightly lower prevalence, with 

11.1% of Addisonian patients presenting with hypoglycemia. 

Although diagnostic imaging is not necessary to confirm hypoadrenocorticism, 

ultrasonography and radiography are used as work-up tools in patients presenting 

gastrointestinal signs, as seen in Addisonian patients (Lathan et al., 2018). Ultrasonography is 

a valuable tool that can aid in the diagnosis of primary hypoadrenocorticism (Church, 2012). 

Indeed, atrophy of the adrenal glands should result in a diminution of their size, with adrenals 

appearing thinner and shorter in dogs with Addison’s disease compared to healthy dogs 

(Lottati et al., 2014). However, normal-looking adrenals should not be used to exclude 

hypoadrenocorticism (Adler et al., 2007). In both France and Estonia, ultrasonography was 

used in all cases of hAC as a tool to help in the diagnosis of hAC. Abdominal radiography 

was used only in Estonia. It is worth noticing that, even though radiography has no value to 

confirm a case of hypoadrenocorticism, it can be used to rule out differentials (Spence et al., 

2018). Therefore, I think that the use of radiography is helpful with a disease such as 

hypoadrenocorticism. Indeed, since its vague clinical signs mimic various conditions, the use 

of radiography is useful to rule out many differential diagnoses. 

All laboratory-confirmed cases of hAC had an ACTH stimulation test performed, whether it 

was in France or in Estonia. It should be noted, however, that by measuring the cortisol 

levels, the ACTHst only evaluates the production of corticosteroid by the adrenal cortex, but 

not the mineralocorticoid production (Klein et al., 2010b). Therefore, the test cannot be used 

to differentiate primary HA from secondary HA. 



 42 

In both countries, the two blood samples (basal cortisol sample, T1, and post-ACTH 

stimulation sample, T2) were sent to external laboratories for testing. Loudéac sent the 

samples to LDH Vet, the laboratory of the Oniris Veterinary Medicine School in Nantes, the 

clinic in Paris to VEBIO, a laboratory near Paris, and the clinic in Tartu to LABOKLIN 

(Germany). In both countries the standard dose of cosyntropin (5 μg/kg) was used. 

A lower dose of cosyntropin (1 μg/kg) could also be used for the ACTH stimulation test, 

potentially lowering the cost of the test (Botsford et al., 2018). The same study reported that 

the use of a lower dose of cosyntropin is equivalent to the standard dose when it comes to 

screen and diagnose dogs with hAC. However, further investigations are needed, and a lower 

cosyntropin dose to diagnose hAC was used neither in Estonia nor in France.  

Table 2. Comparison of two mineralocorticoid supplements, DOCP and FC 

 

The correlation analysis performed to identify relationship between numerical parameters of 

hAC yielded interesting findings. Potassium had a strong statistically significant relationship 

with both urea and creatinine. This strong relationship can be explained by the fact that 

patients suffering from Addison’s disease are lacking aldosterone, the primary 

mineralocorticoid responsible for the homeostasis of sodium, potassium, and plasma volume. 

Hypovolemia, hypotension, and decreased renal perfusion will lead to pre-renal azotemia 

(Scott-Moncrieff, 2015b) 

 In the azotemic dogs, the present study revealed that BUN was increased in a higher 

proportion of dogs than creatinine. This finding is in accordance with the literature, according 

to which serum creatinine concentrations are less likely to be increased than BUN (Scott-

Moncrieff, 2015b). 
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An important difference between the two countries was the maintenance protocol of chronic 

Addison’s disease. France opted for DOCP, and Estonia for FC. A comparison of 

desoxycortisone pivalate and fludrocortisone acetate can be found in Table 2. Combining 

DOCP + prednisone was more common in this study than the use of fludrocortisone acetate + 

prednisone (66.6% vs. 33.3%, respectively). This finding is comparable with a recent study in 

which veterinarians’ preference for DOCP was linked to an improved patient response and 

clinical outcome (Rebocho et al., 2021). 

With DOCP, a long-lasting mineralocorticoid supplementation (25 days) is provided to the 

dog (Lottati et al., 2014). Both French clinics added prednisolone to also cover for the 

glucocorticoid deficiency. Although a 2.2 mg/kg DOCP dosage is recommended by the 

manufacturer, a recent study found that a starting dosage of 1.5 mg/kg is effective in the 

control of clinical signs, and the regulation of serum electrolytes in most dogs with primary 

hypoadrenocorticism (Sieber-Ruckstuhl et al., 2019). In a randomized control clinical trial of 

2020, it was found that the dogs receiving 2.2 mg/kg DOCP and those given 1.1 mg/kg, both 

had a mean Na/K ratio >32 at day 30 during re-evaluations (Vincent et al., 2021). Moreover, 

DOCP duration of action may be more than 25 days (Jaffey et al., 2017). Those recent 

findings have financial implications: the time interval between each control visit could be 

lengthened, and the dose decreased, reducing costs for the owner. France, in all cases of 

hypoadrenocorticism, used a lower drug amount than 2.2 mg/kg, depending on the case. The 

first control visit was performed 10 days following the initial injection, and a control visit 

instituted every 28 days after the first injection. The Na/K ratio was used to determine if the 

dosage was appropriate. The cut-off Na/K ratio value for an increase/decrease in DOCP 

dosage was <30. Above 30, the DOCP dosage was reduced. Between 27 and 30, the dosage 

was maintained. Below 27, DOCP was increased. 

Fludrocortisone acetate with a combined mineralocorticoid and glucocorticoid activity can 

abolish the need for a separate glucocorticoid (Lottati et al., 2014). It is given daily. Despite 

this dual activity, a glucocorticoid was always given in combination with FC in Estonia, 

probably to provide an additional coverage in case of stress or precipitating events. However, 

only 50% of dogs require a glucocorticoid supplementation in conjunction with FC (Lathan et 

al., 2018). The recommended dosage of FC, as indicated by the manufacturer, is 0.01-

0.02mg/kg per day (Hess, 2017). The clinic in Estonia followed this recommendation, and 
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depending on the cases, asked the owner to administer the dose either in one setting, or 

divided into two dosages. 

A control was warranted every 28 days at the clinic to measure electrolytes: in case of 

hyponatremia/hyperkalemia, the dose was increased by 0.05-0.1 mg/day. The dose was 

decreased if hypernatremia and hypokalemia were present. Finally, the dose was unchanged if 

the electrolytes were normalized. 

In my opinion, the use of DOCP for the management of chronic Addison is superior to FC. 

Firstly, a single injection (SC or IM) every 25 days at the veterinarian seems more convenient 

for both the owner and the animal. Daily administration of fludrocortisone acetate per os can 

be quite constraining for the owner, and any inconsistency in the treatment can have 

dangerous consequences for an Addisonian patient. Moreover, although its dual activity 

(glucocorticoid + mineralocorticoid) can be perceived as an advantage, it also makes it more 

difficult to adjust and find the right dosage. Giving DOCP (a mineralocorticoid) and 

prednisone (a glucocorticoid) allows the veterinarian to find the right dosage more easily, by 

separately altering both drugs. Knowing that a dog affected by hypoadrenocorticism will need 

supplementation for the rest of its life, the cost of the medication is important: DOCP is less 

expensive than fludrocortisone. Also, while FC often needs dose increase over time, DOCP 

dose can be lowered over time, further decreasing the cost of treatment. (Scott-Moncrieff, 

2006). Finally, various studies confirm the efficacy of DOCP treatment that has faster 

normalization of electrolytes than FC (Baumstark et al., 2014). 

Limitations of the study  

There are several limitations to the study. First, the sample size of the study (n=44) was quite 

small. The choice of the clinics in which the data was collected might also have had an impact 

on the cases. Furthermore, the two French clinics differed in terms of location: Loudéac is in 

the countryside of Brittany (a rural area) while Frégis is in Paris, the capital city of France. 

Therefore, the two clinics had a different type of clientele, owning different profile of dogs. 

Moreover, the COVID-19 pandemic likely had an impact on the final data due to mobility 

restrictions that complicated the gathering of cases. It might also be that some endocrine 

diseases were underdiagnosed during the most critical times of the pandemic (lack of funds to 

visit the veterinarian, restricted freedom of movement, apprehension to visit the veterinarian). 
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Since the total number of patients could not be found in Provet, Assisto, or Bourgelat, 

calculating the prevalence of endocrinopathies in the three clinics was impossible. Finally, to 

gather the clinical cases in Estonia, an online translator was required, making it possible that 

some details were not fully understood. This limitation was not encountered during the 

collection of French cases. 
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CONCLUSIONS 

The following signalments were obtained after the analysis of endocrine clinical cases: 

 

Hypothyroidism was the most common endocrinopathy in this study.  

• gender predilection: females more affected than males 

• purebreds more commonly affected than mixed breeds  

• no breed predisposition found 

• mean age at time of diagnosis: around 7.6 years old 

• intact male dogs more at risk than neutered male dogs, neutered females more at risk than 

entire females 

• clinical signs most commonly non-specific: lethargy and anorexia 

 

 Hyperadrenocorticism was the least common endocrinopathy in this study 

• no gender predisposition (males = females) 

• purebreds more commonly affected, daschunds overrepresented 

• mean age at onset: around 10 years old 

• sterilized females more at risk than entire females 

• PU/PD seen in 100% of cases 

 

Hypoadrenocorticism 

• gender predilection: females more affected than males 

• breed predisposition: Yorkshires overrepresented (33.3%) 

• mean age at time of diagnosis: 5.8 years old 

• sterilized females more at risk than entire females, sterilized and entire males: same risk 

• pancreatitis: most common concurrent disease 

 

Diabetes mellitus 

• gender predilection: females more affected than males 

• mean age at time of diagnosis: 8.9 years old 

• entire animals more at risk than neutered animals, both females and males 

• pancreatitis: most common concurrent disease 

• PU/PD in 100% of cases 
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Management of chronic hypoadrenocorticism 

• The treatment of hypoadrenocorticism differed depending on the country: the newest 

therapy, DOCP, was used in France, while FC was the chosen mineralocorticoid in Estonia.  

 

• DOCP is a better mineralocorticoid to manage chronic hypoadrenocorticism than FC. It is 

more effective in normalizing electrolytes (Baumstark et al., 2014; White, 2018).  

 

• Increased awareness of hypoadrenocorticism, accompanied by innovations in diagnostic 

tools and treatment options, will enhance the quality of life of dogs affected by the disease. 

 

Hypoadrenocorticism is a challenging endocrinopathy to diagnose and treat. Veterinarians 

should always keep this disease in mind as differential diagnosis for an animal presenting 

vague clinical signs. Although the “Great Pretender” is slowly getting unmasked by numerous 

studies, further research is warranted to get a better picture of this condition, especially in 

terms of testing and treatment.  
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