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Abstract

Background: Basal serum cortisol (BSC) ≥2 μg/dL (>55 nmol/L) has high sensitivity

but low specificity for hypoadrenocorticism (HA).

Objective: To determine whether the urinary corticoid:creatinine ratio (UCCR) can be

used to differentiate dogs with HA from healthy dogs and those with diseases mim-

icking HA (DMHA).

Animals: Nineteen healthy dogs, 18 dogs with DMHA, and 10 dogs with HA.

Methods: Retrospective study. The UCCR was determined on urine samples from

healthy dogs, dogs with DMHA, and dogs with HA. The diagnostic performance of

the UCCR was assessed based on receiver operating characteristics (ROC) curves,

calculating the area under the ROC curve.

Results: The UCCR was significantly lower in dogs with HA (0.65 � 10�6; range,

0.33-1.22 � 10�6) as compared to healthy dogs (3.38 � 10�6; range, 1.11-17.32 � 10�6)

and those with DMHA (10.28 � 10�6; range, 2.46-78.65 � 10�6) (P < .0001). There was

no overlap between dogs with HA and dogs with DMHA. In contrast, 1 healthy dog had a

UCCR value in the range of dogs with HA. The area under the ROC curve was 0.99. A

UCCR cut-off value of <1.4 yielded 100% sensitivity and 97.3% specificity in

diagnosing HA.

Conclusions and Clinical Importance: The UCCR seems to be a valuable and reliable

screening test for HA in dogs. The greatest advantage of this test is the need for only

a single urine sample.
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1 | INTRODUCTION

Hypoadrenocorticism (HA) is the umbrella term for a range of

naturally occurring or iatrogenic disorders, which cause a reduced

function of the adrenal cortex and result in a state of glucocorticoid

deficiency, mineralocorticoid deficiency, or both.1 In dogs, the

Abbreviations: ACTHST, ACTH stimulation test; AUC, area under the curve; DMHA, diseases

mimicking hypoadrenocorticism; HA, hypoadrenocorticism; ROC, receiving operating

characteristic curve; SBC, serum basal cortisol; UCCR, urinary cortisol:creatinine ratio.
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majority of cases of naturally occurring HA result from primary adre-

nal gland failure, which is thought to be a result of the immune-

mediated destruction of the adrenal cortices.2,3

Dogs with HA are frequently presented with vague, episodic, and

nonspecific clinical signs, including anorexia, vomiting, weight loss, and

diarrhea.2-5 The most common biochemical abnormalities include azote-

mia and electrolyte abnormalities, such as hyponatremia, hyperkalemia,

and a low-sodium-to-potassium ratio. However, up to 30% of dogs with

HA have what has been defined eunatremic eukalemic HA, where electro-

lyte concentrations remain within the reference range.4,6-9 The absence of

typical electrolyte abnormalities makes eunatremic eukalemic HA more

difficult to suspect and diagnose in a clinical setting. On the other hand,

signs of gastrointestinal disease secondary to a lack of glucocorticoids are

indistinguishable from clinical signs caused by primary gastrointestinal

disorders.3,10-12

A definitive diagnosis of HA requires an ACTH stimulation test

(ACTHST).2,3 However, the high cost and limited availability of syn-

thetic ACTH in some countries, coupled with the requirement for

repeated venipuncture, are some limitations of this test. Cortisol-to-

ACTH ratio also revealed a valuable tool for the diagnosis of primary

HA with the greatest advantage of a single blood sample needed.9,13,14

However, the main limitation of measurement of plasma ACTH in prac-

tice is the instability of the hormone. To avoid degradation, blood must

be collected in precooled Ethylene Diamine Tetra Acetic Acid plastic

tubes, processed immediately, chilled, and frozen until analysis. This

procedure is time-consuming and cost-intensive.

For this reason, basal serum cortisol (BSC) concentration, an easier

and cheaper screening diagnostic test, is routinely used in dogs with suspi-

cion of HA. Using a cut-off value of ≥2 μg/dL (>55 nmol/L), the negative

predictive value is reported to be between 99.8 and 100%.15-17 However,

the specificity of the test varies from 20% to 78.2%.14-16 Therefore, due

to the low specificity of the test, an ACTHST must be performed in dogs

with BSC ≤2 μg/dL (≤ 55 nmol/L) to exclude HA. Since up to 33% of dogs

with signs of chronic gastrointestinal disease, but without HA, which are

those most commonly screened for HA in clinical practice, have an BSC

<2 μg/dL (<55 nmol/L),17,18 this means that the ACTHST must often be

carried out to exclude HA, with a consequent increase in the diagnostic

costs and time for the client.

The urinary corticoid:creatinine ratio (UCCR) provides an inte-

grated measurement of corticoid production over a given interval,

thereby overcoming the problem of fluctuations in plasma concentra-

tions.19 The greatest advantage is the need for only a single urine

sample. Moreover, it is easy to carry out and relatively economical.

The UCCR is currently routinely used as a screening test for dogs with

spontaneous hypercortisolism,20 and few studies have investigated its

performance in monitoring dogs with hypercortisolism on a trilostane

or mitotane regimen.21-26 However, the use of the UCCR has not

been evaluated in diagnosing spontaneous HA.

The aim of this study was to determine whether the UCCR could

be used to differentiate dogs with HA from normal dogs and those

with diseases mimicking HA (DMHA). Our hypothesis was that the

UCCR would prove to have a diagnostic value in differentiating dogs

with HA from dogs with DMHA.

2 | MATERIALS AND METHODS

2.1 | Animals and study design

Urine samples stored at �20�C from privately owned dogs were retro-

spectively selected from the University of Bologna Veterinary Teaching

Hospital digital database. The urine samples had been collected from

June 2019 to February 2021 from dogs with HA or DMHA at the time

of diagnosis, and at routine check-ups from the healthy dogs. As per

Directive 2010/63/EU of the European Parliament and of the Council

of September 22, 2010, regarding the protection of animals used for

scientific purposes, the Italian legislature (D. Lgs. n. 26/2014) does not

require approval from ethical committees for the use of stored samples

in retrospective studies.

Dogs were included in the HA group if the post-ACTH serum corti-

sol was ≤2 μg/dL (≤55 nmol/L), and a clinical diagnosis of naturally

occurring HA was made. Dogs were excluded from the study if a gluco-

corticoid medication had been administered within 90 days before test-

ing. Other dogs for which HA was suspected on the basis of clinical

signs (vomiting, diarrhea, weakness, lethargy) but was subsequently

excluded based on the BSC >2 μg/dL (>55 nmol/L) or ACTHST results

(post-ACTH serum cortisol >5 μg/dL [>138 nmol/L])27 were included in

the DMHA group. Dogs were defined as healthy if no abnormal clinical

signs were reported and if hematology, serum biochemistry, and urinal-

ysis results were within the reference intervals.

2.2 | Sample collection and endocrine tests

For the ACTHST, blood samples were taken before and 60 minutes

after the IV injection of 5 μg/kg synthetic ACTH (Synacthen,

Alfasigma S.P.A., Bologna, Italy). Blood samples for the determina-

tion of cortisol were collected in serum separating tubes. Coagu-

lated blood samples were centrifuged for 10 minutes at 3000g; the

serum was immediately transferred to plastic tubes, stored at 4�C

and analyzed the same day, or stored at �20�C and thawed imme-

diately before analysis.

For the UCCR determination, stored urine samples were thawed

at room temperature and immediately analyzed to measure creatinine

and cortisol urine concentration. The urine samples were collected by

free-catch (at home or in the hospital) or by US-guided cystocentesis.

The UCCR was measured on the same day for all 3 groups of dogs

(healthy, HA, DMHA).

3 | ANALYTICAL PROCEDURES

Serum cortisol and urine cortisol concentrations were measured with

a chemiluminescent enzyme immunoassay using the antibody poll

before kit lot 55 026 (Immulite 2000, Siemens Healthcare), which had

been validated for dogs and is widely used in laboratories throughout

the world.28 Urine creatinine concentrations were measured using

an automatic analyzer (AU480, Beckman Coulter/Olympus, Brea,
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California). The UCCR was calculated from creatine and cortisol values

as previously described.29

3.1 | Statistical analysis

Statistical analysis was carried out using commercial statistical soft-

ware packages (GraphPad Prism 7, San Diego, California). Data were

presented as median and range and analyzed by nonparametric

tests. Differences between groups for categorical and numerical

variables were analyzed using the Fisher's exact test and the

Kruskal-Wallis test, respectively. The Kruskal-Wallis test followed

by Dunn's post-test was carried out to compare the UCCR from

dogs with HA, dogs with DMHA and healthy dogs. A receiving

operating characteristic (ROC) curve was used to determine the

area under the curve (AUC) and select the optimum UCCR cut-off

values to diagnose or exclude HA. The ROC curve analysis was car-

ried out by combining healthy and DMHA dogs versus HA dogs. A

95% confidence interval was calculated for the ROC curve. The

level of significance was set at P < .05.

4 | RESULTS

4.1 | Animals

Ten dogs with HA were included. Their ages ranged from 40 to

92 months (median, 60.5 months) and their bodyweights from 3.7

to 39.6 kg (median, 13.2 kg). There were 4 males (3 castrated) and

6 females (5 spayed). The HA group consisted of 6 purebred

dogs (2 Jack Russell Terriers, 1 English Setter, 1 Cocker Spaniel,

1 Rottweiler, 1 Miniature Pinscher) and 4 mixed breed dogs. All the

dogs were diagnosed with primary HA. Only 1 dog had primary

eunatremic eukalemic HA.

Eighteen dogs with DMHA were included. Their ages ranged

from 8 to 147 months (median, 48 months) and their bodyweights

from 5 to 53.5 kg (median, 24.1 kg). There were 12 males (2 cas-

trated) and 6 females (3 spayed). This group consisted of 13 pure-

bred dogs (2 Golden Retrievers, 1 Labrador Retriever, 2 Jack

Russell Terriers, 2 Poodles, 1 Dog de Bordeaux, 1 Bernese Moun-

tain dog, 1 French Bulldog, 1 Cavalier King Charles Spaniel, 1 Great

Dane, and 1 Vizsla) and 5 mixed breed dogs. The final diagnoses

were chronic gastroenteritis (12), acute gastroenteritis (4), pancrea-

titis (1), and adrenal neoplasia (1).

Nineteen healthy dogs were included. Their ages ranged from

13 to 98 months (median, 61 months) and their bodyweights from 6.5

to 32.0 kg (median, 23 kg). There were 7 males (4 castrated) and

12 females (8 spayed). This group consisted of 10 mixed breed dogs

and 9 purebred dogs (2 Border Collie, 1 Boxer, 1 Cavalier King Charles

Spaniel, 1 Lagotto Romganolo, 1 Jack Russell Terrier, 1 Spanish Grey-

hound, 1 Labrador Retriever, and 1 Cane Corso).

There were no significant differences between groups for age,

sex, and bodyweight.

Twelve (66%) out of the 18 dogs with DMHA had BSC ≤2 μg/dL

(<55 nmol/L). In these dogs, HA was excluded on the basis of post-

ACTH serum cortisol >5 μg/dL (>138 nmol/L). The remaining 6 dogs

had BSC > 2 μg/dL (>55 nmol/L); therefore, no additional tests were

needed.

4.2 | UCCR

The median UCCR was 0.65 � 10�6 (0.33-1.22 � 10�6), 10.28 � 10�6

(2.46-78.65 � 10�6), and 3.38 � 10�6 (1.11-17.32 � 10�6) in dogs

with HA, dogs with DMHA and healthy dogs, respectively. The median

UCCR was significantly lower (P < .0001) in the dogs with HA as com-

pared to the dogs with DMHA and the healthy dogs (Figure 1). There

was no overlap between dogs with HA and dogs with DMHA. In con-

trast, 1 healthy dog had a UCCR value in the range of dogs with HA

(Figure 1). The UCCR was significantly higher in dogs with DMHA as

compared to healthy dogs (P = .01) (Figure 1). The median UCCR in

dogs with DMHA and BSC ≤2 μg/dL (≤55 nmol/L) was 8.7 � 10�6

(2.46-78.56 � 10�6). The area under the ROC curve was 0.99 (95% CI:

0.98-1.00). A cut-off value of UCCR <1.4 revealed 100% sensitivity

(95% CI: 69.1-100) and 97.3% specificity (95% CI: 85.8-99.9) in

diagnosing HA.

F IGURE 1 Scatter scale plot comparing urinary corticoid:creatinine
ratio (UCCR) of dogs with hypoadrenocorticism (HA, n = 10), dogs with
disease mimicking hypoadrenocorticism (DMHA, n = 18) and healthy
dogs (healthy, n = 19). The horizontal bars represent the median, the
maximum, and the minimum value of each group
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5 | DISCUSSION

The results of this study show that the dogs with HA had a signifi-

cantly lower UCCR than the healthy dogs and dogs with DMHA. A

UCCR value >1.4 � 10�6 could be useful in excluding HA in dogs

since the sensitivity of the test using this cut-off was 100%. Using the

same cut-off value, the specificity of the test was 97.3%. None of the

dogs with DMHA had a UCCR <1.4 � 10�6 (the lowest UCCR value

detected was 2.46 � 10�6). However, 1 healthy dog had a UCCR

value <1.4 � 10�6 (UCCR = 1.11 � 10�6).

Basal serum cortisol concentration is currently routinely used as a

screening test for HA in dogs because of the evidence that BSC

>2 μg/dL (>55 nmoL/L) is 100% sensitive for excluding HA.16 How-

ever, the specificity of the test for the same cut-off is low and varies

from 20% to 78.2%.14-16 The specificity of the BSC is higher if using a

cut-off <1 μg/dL (28 nmol/L) and varies from 91.5% to 98.2%.15-17

However, the sensitivity of the test for this cut-off decreases up

to 85.7%,16 resulting in an increased number of false negatives.

There are potentially serious consequences of missing a diagnosis of

HA. Therefore, currently, the use of the higher cut-off >2 μg/dL (>55

nmoL/L) is advocated to exclude the disease. According to our results,

the specificity of the UCCR was higher (97.3%) than the specificity of

BSC. Furthermore, considering only dogs with DMHA, which are

those routinely screened for HA in the clinical practice, the specificity

of the test was 100%. The higher specificity of the UCCR as compared

to BSC in detecting HA could be explained by the normal episodic

secretion of cortisol in dogs. In this species, cortisol concentrations

can become intermittently low or undetectable over a 24-hour

period.30,31 In contrast, the UCCR provides a measurement of corti-

coid production over a period of several hours, thereby overcoming

the problem of fluctuations in plasma concentrations.19 Although

these results require confirmation by large-scale studies, the UCCR

might allow a clearer differentiation between dogs with HA and dogs

with DMHA. Therefore, the use of the UCCR could be an alternative

screening test for HA, thus reducing costs for the owners. In addition,

measuring the UCCR is less time-consuming and less invasive for the

animal.

In humans, measuring urinary free cortisol levels has a low diag-

nostic sensitivity in detecting HA since approximately 20% of people

with adrenal insufficiency have normal values.32,33 Therefore, it is not

considered a valid test for the diagnosis of HA in humans.34 The low

sensitivity of the test could be related to the severity of adrenal insuf-

ficiency with lower cortisol urinary excretion in the case of more

severe adrenal insufficiency and low-normal results in patients with

partial adrenal insufficiency.35 This discrepancy between the present

results and those reported in human medicine requires confirmation

by large-scale studies. However, a possible explanation could be the

degree of adrenal insufficiency which, in veterinary patients, could be

more severe at the time of diagnosis as compared to human patients

in whom the clinical signs of adrenal insufficiency are more likely to

be recognized earlier compared to veterinary patients.

Up to 30% of dogs with HA have what has been called

eunatremic eukalemic HA where serum electrolyte concentrations are

normal at the time of diagnosis.4,6,7,9 This subset of dogs might be

more likely to undergo screening tests as opposed to a complete

ACTHST given the lower index of suspicion of disease. As such, it is

important to consider the diagnostic performance of UCCR in both

subsets (with normal and abnormal electrolytes) of dogs. Only 1 dog

included in the present study had eunatremic eukalemic HA and its

UCCR was similar to the values obtained in dogs with hyponatremic

HA, hyperkalemic HA, or both. However, the diagnostic utility of the

UCCR in dogs with and without electrolyte abnormalities should be

additionally investigated.

In this study, only dogs with spontaneous HA have been included.

Dogs with iatrogenic HA receiving glucocorticoids that do not cross-

react with cortisol assay, such as dexamethasone, might have a value

of UCCR overlapping with those of dogs with spontaneous HA. If so,

a complete and detailed clinical history would be necessary to distin-

guish between dogs with spontaneous and iatrogenic HA. However,

to confirm this hypothesis, further studies are needed.

Measurement of cortisol-to-ACTH ratio is an alternative valuable

and reliable tool for the diagnosis of primary HA in dogs.9,13,14 Similar

to the UCCR, it allows to discriminate between dogs with HA and

those with DMHA with a sensitivity of 100% and a specificity of

99%.14 However, the diagnostic utility of this test is limited in clinical

practice because of the critical sampling collection and handling

needed for the ACTH measurement. Moreover, the cortisol-to-ACTH

ratio might be less useful compared to the UCCR in dogs with

secondary HA.

The present study had several limitations. First, the small number

of dogs included in each group could have markedly affected the cal-

culated sensitivities and specificities of the UCCR to detect HA in

dogs. Unfortunately, the number of dogs included in each group

was limited since, few days after the analysis of the samples, there

was a change in the Immulite 2000 antibody used for cortisol mea-

surement. An initial review by the European Society of Veterinary

Endocrinology—Endocrine Quality Assurance, based on >40 canine

urine results, suggested that the new kit canine urine cortisol results

were lower (average bias �70%) than the values obtained with the

previous kit Lot (from kit Lot 550 backward).36 Based on the above,

the use of the new assay could have resulted in greater overlap

between the UCCR values of dogs with HA and those with DMHA or

healthy dogs. Therefore, the UCCR cut-off established in this study

might need to be validated again with the new assay. Finally, due to

the retrospective nature of the study, the method of urine collection

was not standardized and not recorded. Veterinary care and setting

could increase the overall stress level and, consequently, the UCCR in

dogs.37,38 This could have affected the results of the present study,

resulting in higher UCCR values if the urine was collected in the hospi-

tal and lower if the urine was collected at home. In this regard, the col-

lection of urine in the hospital can offer an advantage in dogs that

underwent UCCR measurement as a screening test of HA. Indeed,

veterinary care and setting can induce a stress response with subse-

quent increased serum cortisol concentration and UCCR in dogs with

DMHA but not in dogs with HA, which are not able to mount a stress

response because of the adrenal gland failure.
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In conclusion, the determination of the UCCR seems to be a valu-

able and reliable screening test for HA in dogs. Using a cut-off

>1.4 � 10�6, differentiation between dogs with HA and those with

DMHA was 100%. The most significant advantage of this test is the

need for only a single urine sample.
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