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Abstract

Background: Dogs with eunatremic, eukalemic hypoadrenocorticism (EEH) typically

show signs of chronic gastrointestinal disease (CGD). Previous glucocorticoid admin-

istration (PGA) can give false-positive results on the ACTH stimulation test (ACTHst).

Hypothesis/Objectives: To determine the prevalence of EEH in dogs with signs of

CGD, and to identify clinical and clinicopathological features for EEH and PGA.

Animals: One hundred twelve dogs with CGD (101 non-PGA and 11 PGA), 20 dogs

with EEH.

Methods: Multicenter prospective cohort study. Basal serum cortisol (BSC) concen-

tration was measured in dogs with signs of CGD. When BSC was <2 μg/dL and in

PGA dogs, ACTHst plus measurement of endogenous ACTH (eACTH) were per-

formed. Records of dogs with EEH from 2009 to 2021 were reviewed.

Results: The BSC concentration was <2 μg/dL in 48/101 (47.5%) non-PGA and in

9/11 (82%) PGA dogs. EEH was diagnosed in 1/112 dog (prevalence 0.9%; 95% CI,

0.1%-4.8%); the ACTHst provided false-positive results in 2/11 PGA dogs. PGA dogs

showed lower C-reactive protein-to-haptoglobin ratio (median 0.01, range

0.003-0.08; P = .01), and higher haptoglobin (140, 26-285 mg/dL; P = .002) than

non-PGA dogs (0.04, 0.007-1.5; 38.5, 1-246 mg/dL, respectively). eACTH was higher

(P = .03) in EEH (396, 5->1250 pg/mL) than in non-PGA dogs (13.5, 7.3-46.6 pg/mL).

Cortisol-to-ACTH ratio was lower (P < .0001 and P = .01, respectively) in EEH

(0.002, 0.0002-0.2) than in non-PGA (0.1, 0.02-0.2) and PGA dogs (0.1, 0.02-0.2).

Conclusions and Clinical Importance: The prevalence of EEH in dogs with signs of

CGD was lower than previously reported. The clinical and clinicopathological features

herein identified could increase the index of suspicion for EEH or PGA in dogs with

an unclear history of glucocorticoid administration.

Abbreviations: ACTHst, ACTH stimulation test; BSC, basal serum cortisol; CAR, cortisol-to-ACTH ratio; CGD, chronic gastrointestinal disease; CHR, C-reactive protein-to-haptoglobin ratio;

CI, confidence interval; eACTH, endogenous ACTH concentration; EEH, eunatremic eukalemic hypoadrenocorticism; HA, hypoadrenocorticism; HPA, hypothalamic-pituitary-adrenal;

PGA, previous glucocorticoid administration; PU/PD, polyuria and polydipsia; RDW, red cell distribution width; SD, standard deviation; UCCR, urine cortisol-to-creatinine ratio.
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1 | INTRODUCTION

Hypoadrenocorticism (HA) is a rare endocrinopathy in dogs.1 Primary

HA refers to bilateral adrenal gland destruction and accounts for more

than 95% of cases.2 Secondary HA, a much rarer condition, is because

of reduced ACTH secretion from the pituitary gland.2 In the majority

of cases of primary HA, both glucocorticoid and mineralocorticoid

secretions are impaired, resulting in hypocortisolemia and electrolyte

abnormalities; nevertheless, up to 30% of dogs with primary HA have

normal electrolyte concentrations at diagnosis.3-5 This form of the dis-

ease is therefore defined as eunatremic, eukalemic hypoadrenocorti-

cism (EEH), also defined as “atypical” HA.6 Dogs with EEH are

characterized by a condition of permanent hypocortisolemia usually

associated with a low to undetectable aldosterone concentration,

despite having normal electrolyte concentrations.7,8 Eunatremic, euka-

lemic hypoadrenocorticism might go undetected for a long period

because of vague clinical signs and the absence of typical biochemical

abnormalities. Consequently, EEH might be mistaken for other dis-

eases, such as chronic gastrointestinal disease (CGD). Diagnosing HA

depends on adrenal gland function testing, such as the ACTH-

stimulation test (ACTHst). However, there have recently been prob-

lems with this test, including its high cost and the intermittent avail-

ability of exogenous ACTH in some countries.9,10 As a result, basal

serum cortisol (BSC) concentration, using a cut-off value of ≥2 μg/dL

(>55 nmol/L), is commonly used as a screening test to rule out

HA. BSC concentration <2 μg/dL (<55 nmol/L) has excellent sensitiv-

ity for HA (99.4%-100%).11-13 However, because of the low specificity

of the test (20%-78.2%), up to 33% of dogs with CGD, but without

HA, have a BSC <2 μg/dL (<55 nmol/L).11-16 For this reason, urine

cortisol-to-creatinine ratio (UCCR) and cortisol-to-ACTH ratio (CAR)

have been proposed as alternative screening tests for HA in

dogs.14,17-19

Even though the ACTHst remains the gold standard for HA diag-

nosis, previous glucocorticoid administration (PGA), commonly used in

dogs with signs of CGD, can give false positive results. In previous

studies, PGA was excluded based only on the history of the dog which

likely led to an overdiagnosis of EEH.3-5,15 Demonstrating a high

endogenous ACTH concentration (eACTH) could be an objective

method for differentiating EEH from false positive results of the

ACTHst because of PGA. Dogs with secondary HA have low eACTH;

however, this is a rare condition with marginal clinical relevance.2 To

confirm the diagnosis of EEH, it is appropriate to consider the anam-

nesis and the result of ACTHst; however, at the same time, it is impor-

tant to demonstrate that eACTH is elevated. This study aimed to

determine the prevalence of EEH in dogs with signs of CGD and to

identify the clinical and clinicopathological features which might help

in differentiating dogs with “atypical” HA from those with CGD, and

to recognize PGA in dogs with CGD.

2 | MATERIALS AND METHODS

2.1 | Study design

A multicenter prospective cohort study involving client-owned dogs

with chronic (>3 weeks) signs routinely seen in dogs with HA, such as

vomiting, diarrhea, decreased appetite, weakness or lethargy, from

2 different veterinary hospitals (Veterinary Teaching Hospital of the

University of Bologna, Veterinary Teaching Hospital of the University

of Lisbon) from June 2019 to December 2021 was carried out. The

presence of at least 1 of vomiting or diarrhea was a mandatory inclu-

sion criterion. All the dogs were enrolled according to the study proto-

col which was approved by the Scientific Ethics Committee of the

University of Bologna (no. 1255/2021). In addition, because of the

low prevalence of EEH in the dogs with signs of CGD, the medical

records of all the dogs with a diagnosis of EEH admitted to the Veteri-

nary Teaching Hospital of the University of Bologna between January

2009 and December 2021 were reviewed.

2.2 | Animals

The data obtained at the time of enrollment included signalment, his-

tory (including previous administration of glucocorticoids), physical

examination findings, and laboratory test results which included CBC,

serum chemistry profile and urinalysis. The diagnostic workup

included measurement of the BSC, and determination of the folate

and cobalamin concentrations. When the BSC was <2 μg/dL and in

the dogs with PGA, an ACTHst plus the measurement of eACTH were

carried out. Fecal flotation and standard egg count were performed in

all the dogs if recent fecal testing results were not available. The deci-

sion regarding additional diagnostics was the responsibility of the

clinician managing the case.

The dogs were divided into 2 groups: those which had not received

glucocorticoids in the previous 90 days (non-PGA) and those which

received systemic or topical glucocorticoids which had been suspended

for fewer than 90 days before admission (PGA). In the PGA dogs, the

ACTHst and the measurement of eACTH were repeated if the post-

ACTH serum cortisol concentration was <3 μg/dL (<83 nmol/L). The

time elapsed for repeating the tests was dictated by the dog's clinical

signs or the owner's willingness to return for the tests.

A diagnosis of EEH was made if the following criteria were met:

(a) post-ACTH serum cortisol concentration <2.0 μg/dL (<55.0 nmol/

L); (b) high (>58 pg/mL) or undetectable (<5 pg/mL) plasma eACTH

concentrations, and (c) the absence of electrolyte abnormalities. Dogs

with undetectable eACTH were excluded from the EEH group if a glu-

cocorticoid medication had been administered within 90 days before

testing.
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2.3 | Endocrine testing and analytical procedures

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

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

sigma S.P.A., Bologna, Italy). Blood samples for the determination of

eACTH concentrations were collected before the injection of syn-

thetic ACTH. The BSC and eACTH concentrations were used for cal-

culating the CAR.

All the analytical procedures were carried out at the veterinary

laboratory of the University of Bologna. The samples from Lisbon

were stored at �80�C and shipped overnight on dry ice to the veteri-

nary laboratory of the University of Bologna. Blood samples for the

determination of the eACTH were collected into EDTA-coated plastic

tubes placed on ice. The samples were immediately centrifuged at

4�C, 500 g for 8 minutes, and the plasma was immediately transferred

to plastic tubes, stored at 4�C and analyzed within 8 hours, or stored

at �80�C and thawed immediately before analysis. Blood samples for

the determination of the cortisol were collected in serum separating

tubes. Coagulated blood samples were centrifuged for 10 minutes at

3000 g; the serum was immediately transferred to plastic tubes,

stored at 4�C and analyzed the same day, or stored at �80�C and

thawed immediately before analysis. The serum cortisol and eACTH

concentrations were measured using a chemiluminescent enzyme

immunoassay (Immulite 2000, Siemens Healthcare) which had been

validated for dogs and is widely used in laboratories throughout the

world.20,21

2.4 | Statistical analysis

Statistical analysis was carried out using commercial statistical software

packages (GraphPad Prism 7, San Diego, California). Descriptive statis-

tics were generated to characterize the study population. Continuous

variables were presented as median and range (minimum and maximum

value). The categorical variables were described with frequencies, pro-

portions or percentages. The overall prevalence of EEH and its 95%

confidence interval (CI) according to Wilson were calculated. The differ-

ences between the groups (non-PGA, PGA, and EEH) regarding the cat-

egorical and numerical variables were analyzed using the Fisher's exact

test and the Kruskal-Wallis test with Dunn's post-test, respectively. For

dogs with cortisol values reported as “<1 μg/dL,” 0.5 μg/dL was used

for statistical calculations. For ACTH values reported as “<5 pg/mL”
and “>1250 pg/mL,” 5 and 1250 pg/mL were used for calculations,

respectively. The level of significance was set at P < .05.

3 | RESULTS

3.1 | Animals

A total of 112 dogs were enrolled, including 101 non-PGA and

11 PGA dogs. One dog was diagnosed with EEH, giving a prevalence

estimate of “atypical” HA in this cohort of dogs of 0.9% (95% CI,

0.1%-4.8%). Sixty-nine dogs were male, of which 41 were neutered,

and 43 were female, of which 22 were spayed. The median age was

3.0 years (range, 6 months to 12.1 years) and the median body weight

was 21.9 kg (range, 2.2-53.5 kg). Mixed breeds (n = 28) were most

common, followed by Labrador Retrievers (n = 7), German Shepherds

(n = 7), Jack Russell Terriers (n = 7), Weimaraners (n = 5), French

Bulldogs (n = 4), and 54 other purebred dogs of 33 different breeds.

The most common clinical signs on presentation are reported in

Table 1. Polyuria and polydipsia (PU/PD) were more commonly

reported in the PGA than the non-PGA dogs (P = .01).

In the PGA dogs, prednisolone was the most commonly used

medication in 8/11, followed by prednisone and topical triamcinolone

(otic and cutaneous routes), and betamethasone (ophthalmic route),

and hydrocortisone aceponate (cutaneous route) in 1 dog each. The

median dose was 0.5 mg/kg (range, 0.14-0.9). The median time of glu-

cocorticoid treatment and discontinuation was 60 (range, 2-300) and

25 (range, 6-63) days, respectively.

3.1.1 | Dogs with EEH

Eunatremic, eukalemic hypoadrenocorticism was the final diagnosis in

1 dog, a 7-year-old female spayed Miniature Pinscher with a 6-month

TABLE 1 Descriptive statistics of clinical signs in dogs with signs
of chronic gastrointestinal disease which had not received
glucocorticoids (non-PGA), dogs with previous glucocorticoid
administration (PGA), and dogs with eunatremic, eukalemic
hypoadrenocorticism (EEH).

Variable

Non-PGA PGA EEH

n n n

% % %

Vomiting 69

69

9

81

14

70

Diarrhea 83

83

11

100

16

80

Weakness or lethargy 12a

12

4

36

12a

60

Decreased appetite 29 a

29

6

55

13a

65

Anorexia 13

13

1

9

0

-

Weight loss 30

30

3

27

2

10

Hematochezia 26

26

1

9

2

10

Melena 5

5

0

-

0

-

Polyuria/polydipsia 3a

3

3a,b

27

0b

-

Note: Data are presented as frequencies and percentages. Significant

differences (P < .05) between groups are shown with the same superscript

symbols (a-b).
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history of weight loss, vomiting, diarrhea, and sporadic episodes (2-3

times a month) of hematemesis and hematochezia.

In addition, data from 19 dogs with EEH were retrospectively col-

lected. Ten dogs were male, of which 3 were neutered, and 9 were

female, all of which were spayed. Eleven different breeds were

counted. The most represented breeds were mixed breed (n = 6) and

Jack Russell Terrier (3), followed by 1 each of Golden Retriever,

Pekingese, Samoyed, Siberian Husky, Boxer, Labrador Retriever,

TABLE 2 Results of clinicopathological variables in dogs with signs of chronic gastrointestinal disease which had not received glucocorticoids
(non-PGA), dogs with previous glucocorticoid administration (PGA), and dogs with eunatremic, eukalemic hypoadrenocorticism (EEH).

Variable (unit)

Non-PGA PGA EEH

P valueResult (n) Range Result (n) Range Result (n) Range

Hematocrit (%) 50.5 (98)a 27.4-62 46.8 (11) 42.2-56.2 43.5 (20)a 34.4-55.8 .0006

MCV (fL) 69.1 (98) 59.7-80 70.2 (11) 65.2-78.3 68.9 (20) 62.8-76.9 .51

MCHC (g%) 34.1 (98) 31.9-37.2 34.5 (11) 32.1-36 33.6 (20) 30.8-36.4 .08

RDW (%) 12.1 (96)a 10.3-20.8 12.4 (11) 11.3-12.8 13.4 (20)a 10.6-17.7 .01

WBC (�103/μL) 9.7 (98) 3.3-45.2 9.9 (11) 5.8-14.5 8.9 (20) 5.1-34.6 .79

Neutrophils (�103/μL) 5.8 (98) 1.5-29.4 6.5 (11) 3.7-9.5 5.1 (20) 3.2-29.1 .63

Lymphocytes (�103/μL) 2.2 (98) 0.6-6.7 1.8 (11) 0.5-3.4 2.4 (20) 1-4.6 .10

Monocytes (�103/μL) 0.48 (98) 0.08-2.6 0.32 (11) 0.23-1.1 0.44 (20) 0.15-1.5 .23

Eosinophils (�103/μL) 0.43 (97) 0-2.3 0.18 (11) 0.07-1.7 0.35 (20) 0.06-1.9 .58

Platelets (�103/μL) 252 (98) 51-600 269 (11) 142-436 274 (20) 4-521 .39

Glucose (mg/dL) 95 (97) 62-153 95 (11) 81-114 91 (19) 50-115 .63

Fructosamine (μmol/L) 244 (74) 128-396 226 (9) 171-479 225 (13) 203-347 .79

ALT (U/L) 46 (98) 23-518 50 (11) 22-858 60.5 (20) 12-315 .22

AST (U/L) 38 (89) 12-89 32 (11) 18-66 40 (19) 13-146 .43

ALP (U/L) 39.5 (96) 11-368 51 (11) 16-309 56 (20) 12-300 .34

GGT (U/L) 3.1 (87) 0-9.4 2.3 (10) 0.3-18.8 3.2 (19) 0.8-18.8 .70

Total bilirubin (mg/dL) 0.21 (83) 0.06-0.31 0.18 (11) 0.09-0.35 0.2 (20) 0.07-03 .79

Total proteins (g/dL) 6.3 (96) 4.3-7.5 6.3 (11) 5.3-7.2 6.1 (20) 5-6.9 .05

Albumin (g/dL) 3.2 (98)a 1.5-3.9 3.3 (11)b 2.5-3.9 2.9 (20)a,b 1.6-3.6 .001

Albumin/globulin ratio 1.07 (96)a 0.6-3.3 1.1 (11) 0.7-1.2 0.9 (20)a 0.5-1.5 .007

Cholesterol (mg/dL) 186.5 (88) 75-403 213 (11) 134-821 174 (20) 54-381 .2

Triglycerides (mg/dL) 45.5 (76) 22-161 50 (10) 27-260 67 (15) 23-144 .69

Urea (mg/dL) 36 (96) 17-125 38 (11) 29-89 39 (20) 19-131 .25

Creatinine (mg/dL) 1.05 (98) 0.6-1.7 1 (11) 0.5-1.3 0.9 (20) 0.6-1.6 .83

CRP (mg/dL) 1.1 (77) 0.7-26.3 1.1 (9) 0.8-6.1 1.5 (12) 0.6-10.2 .4

Haptoglobin (mg/dL) 38.5 (72)a 1-246 140 (9)a 26-285 69 (10) 12-212 .002

CRP/Haptoglobin ratio 0.04 (72)a 0.007-1.5 0.01 (9)a 0.003-0.08 0.05 (10) 0.004-2.8 .01

Calcium (mg/dL) 10.2 (84) 8.2-11.3 10.3 (11) 9.6-11.4 9.9 (20) 9.3-10.6 .05

Phosphate (mg/dL) 4 (84) 1.6-8.5 4 (11) 3.4-5.9 4.1 (20) 2.7-6.2 .43

Sodium (mEq/L) 148 (98) 130-159 148 141-157 148 (20) 140-153 .39

Potassium (mEq/L) 4.4 (98) 3.7-5.3 4.1 (11)a 3.6-5.1 4.8 (20)a 3.6-5.3 .03

Chloride (mEq/L) 113.4 (91) 90.8-124 111 (11) 102-122 113.7 (20) 103.7-120 .14

Cobalamin (mEq/L) 436.5 (88) 150-1000 371.5 (6) 219-584 509 (8) 216-1118 .58

Folate (μg/dL) 6.3 (88) 1-24 7.2 (6) 6.5-15.4 9.7 (8) 1-18.2 .23

Urinary specific gravity 1042 (49) 1006-1080 1044 (8) 1030-1062 1042 (16) 1029-1070 .94

UPC 0.13 (26) 0.06-1.7 0.3 (6) 0.1-2.6 0.1 (15) 0.07-0.6 .13

Note: Data are presented as median and range (min-max value). The P-values in bold correspond to statistically significant findings (P < .05). Significant

differences between groups are shown with the same superscript symbols (a-b).

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; CRP, C-reactive protein; GGT, gamma-glutamyl

transferase; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RDW, red cell distribution width; UPC, urine protein-

to-creatinine ratio; WBC; white blood cells.
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Ibizan Hound, German Shepherd, Pomeranian, and Border Collie. The

median age of the dogs with EEH was 5.4 years (range,

1.3-11.7 years) and the median body weight was 19 kg

(range, 3.7-36.2 kg). The clinical signs are reported in Table 1.

Decreased appetite (P = .003) and weakness or lethargy (P < .0001)

were more commonly reported in EEH dogs when compared with

non-PGA dogs whereas PU/PD were more common in PGA than in

EEH dogs (P = .04).

Endogenous ACTH concentration was available in 16/19 (84%)

dogs. Based on eACTH concentration, primary and secondary EEH

was diagnosed in 11/16 (69%) and 5/16 (31%) dogs, respectively.

Endogenous ACTH measurement was not available in the remaining

3 dogs. All the dogs diagnosed with EEH were treated with glucocorti-

coids and did not receive mineralocorticoid replacement. One or more

concurrent diseases were documented in 12/19 (63%) dogs, including

7 (37%) with primary inflammatory enteropathy (6/7 food-responsive

enteropathy and 1/7 immunosuppressant-responsive enteropathy);

2 (10%) with hypothyroidism; and 1 each with diabetes mellitus,

immune-mediated thrombocytopenia, lymphoma, or cutaneous mast

cell tumors. Follow-up information was available in 12/19 (63%) dogs

with a median follow-up time of 284 days (range, 31-2201). Of these,

none of the dogs developed electrolytes abnormalities after diagnosis.

3.2 | Laboratory findings and adrenal testing

The laboratory variables of the non-PGA, PGA, and EEH dogs are

shown in Table 2. Dogs with EEH showed significantly lower hemato-

crit (P = .0005), serum albumin concentration (P = .0001) and

albumin-to-globulin ratio (P = .007), and higher red cell distribution

width (RDW, P = .01) than non-PGA dogs. Moreover, the EEH dogs

had lower serum albumin (P = .02), and higher potassium (P = .03)

concentrations when compared with the PGA dogs. Haptoglobin con-

centration was significantly higher (P = .002) and the C-reactive

protein-to-haptoglobin ratio (CHR) significantly lower (P = .01) in the

PGA than in the non-PGA dogs.

The adrenal test results are reported in Table 3. In the non-

PGA dogs, 48/101 (47.5%) had BSC <2 μg/dL (Figure 1), and only

1 dog was diagnosed with EEH (post-ACTH cortisol 1.51 μg/dL;

eACTH > 1250 pg/mL). The BSC was <2 μg/dL in all the PGA dogs

in which it was measured (9/11, 82%) and was significantly lower

(P = .008) when compared with the non-PGA dogs (Figure 2). The

ACTHst provided a false-positive result in 2/11 PGA dogs

(Figure 3); the first dog had been treated with 0.3 mg/kg predniso-

lone for 7 months for suspected EEH and, at the time of admission,

the glucocorticoids had been discontinued for 6 days; a second dog

had been treated for 30 days before the ACTHst with 0.9 mg/kg

prednisolone for 4 days. In these dogs, the eACTH was low-normal

(5 and 17.5 pg/mL, respectively) and the repeated ACTHst (after

14 and 33 days, respectively) was normal. The dogs with EEH

showed lower BSC (P < .0001) and post-ACTH cortisol (P < .0001),

and higher eACTH (P = .03; Figure 4) than the non-PGA dogs.

Moreover, the CAR was significantly lower (P < .0001 and P = .01,

respectively) in the EEH dogs when compared with the non-PGA

and the PGA dogs (Figure 5).

TABLE 3 Results of adrenal testing in dogs with signs of chronic gastrointestinal disease which had not received glucocorticoids (non-PGA),
dogs with previous glucocorticoid administration (PGA), and dogs with eunatremic, eukalemic hypoadrenocorticism (EEH).

Variable (unit)

Non-PGA PGA EEH

P valueResult (n) Range Result (n) Range Result (n) Range

Basal cortisol (μg/dL) 2.1 (100)a,b 0.4-11.3 1.3 (9)a 0.5-1.7 0.6 (20)b 0.1-1.3 <.0001

Post-ACTH cortisol (μg/dL) 9.9 (47)a 3.2-16.8 8.3 (11)b 0.6-12.5 1 (20)a,b 0.2-1.9 <.0001

Endogenous ACTH (pg/mL) 13.5 (47)a 7.3-46.6 14.2 (11) 5-83.4 396 (17)a 5->1250 .03

Cortisol-to-ACTH ratio 0.1 (47)a 0.02-0.2 0.1 (9)b 0.02-0.2 0.002 (17)a,b 0.0002-0.2 .0001

Note: Data are presented as median and range (min-max value). The P-values in bold correspond to statistically significant findings (P < .05). Significant

differences between groups are shown with the same superscript symbols (a-b).

F IGURE 1 Basal serum cortisol concentration in 101 dogs with
signs of chronic gastrointestinal disease which had not received
glucocorticoids. The dashed gray line represents a 2 μg/dL (55 nmol/
L) cut-off for excluding hypoadrenocorticism. The red dot represents
the dog with the final diagnosis of eunatremic, eukalemic
hypoadrenocorticism.
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4 | DISCUSSION

In this multicenter prospective study, the prevalence of EEH in a

cohort of dogs with CGD presented to 2 referral institutions was

0.9% (95% CI, 0.1%-4.8%). The estimated prevalence in the present

study closely corresponded with the overall prevalence of HA in the

general canine population (between 0.06% and 1.1%),1,22-24 and with

that recently reported in a large group of dogs with signs of CGD.16

However, the results of this study demonstrated a lower prevalence

of EEH than previously described in dogs with signs of CGD pre-

sented to several referral centers in Germany and in the

Netherlands.15 In the latter study, 6 of the 151 (4%) dogs with signs

of CGD were diagnosed with HA and none of these dogs had abnor-

malities in serum electrolyte concentrations.15 Unfortunately, as in

many other studies,5,15,16,26 eACTH was not measured which might

have led to an overestimation of the true prevalence of EEH. More-

over, it remains unknown whether those cases suffered from primary

F IGURE 2 Comparison of basal serum cortisol concentration in
dogs with signs of chronic gastrointestinal disease which had not
received glucocorticoids (non-PGA) (n = 100), dogs with previous
glucocorticoid administration (PGA) (n = 9), and dogs with eunatremic
eukalemic hypoadrenocorticism (EEH) (n = 20). The dashed gray line
represents a 2 μg/dL (55 nmol/L) cut-off for excluding
hypoadrenocorticism. The horizontal bars represent the median values.

F IGURE 3 Serum cortisol concentrations before and after
stimulation with synthetic ACTH in 11 dogs with previous
glucocorticoid administration (PGA). The dashed gray line represents a
3 μg/dL (83 nmol/L) cut-off.

F IGURE 4 Comparison of the endogenous ACTH (eACTH)
concentration in dogs with signs of chronic gastrointestinal disease
which had not received glucocorticoids (non-PGA) (n = 100), dogs with
previous glucocorticoid administration (PGA) (n = 11), and dogs with
eunatremic eukalemic hypoadrenocorticism (EEH) (n = 20). The dots
with yellow borders represent dogs with secondary hypoadrenocorticism.
The horizontal bars represent the median values.

F IGURE 5 Comparison of the cortisol-to-ACTH ratio (CAR) in
dogs with signs of chronic gastrointestinal diseases which had not
received glucocorticoids (non-PGA) (n = 100), dogs with previous
glucocorticoid administration (PGA) (n = 11), and dogs with eunatremic
eukalemic hypoadrenocorticism (EEH) (n = 20). The dots with yellow
borders represent dogs with secondary hypoadrenocorticism. The
horizontal bars represent the median values.

98 TARDO ET AL.

 19391676, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.16921 by A
rea Sistem

i D
ipart &

 D
ocum

ent, W
iley O

nline L
ibrary on [22/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



HA or if some of them might have had secondary HA. It is important

to remember that the measurement of eACTH remains a cornerstone

for the diagnosis of HA, especially when abnormalities in serum elec-

trolyte concentrations are not detected.2 Failure to evaluate this vari-

able might result in a distorted prevalence of EEH. In addition, the

differences between the 2 studies could have been because of the dif-

ferent inclusion criteria, especially with regard to PGA. In the present

study, the ACTHst provided a false positive result in 2 dogs with PGA.

It should be noted that 1 of the dogs had been treated with predniso-

lone for only 4 days and eACTH was found to be undetectable

30 days after glucocorticoid discontinuation. Based on these findings,

the dog could have been diagnosed as having secondary HA. It is

therefore important to exclude PGA in dogs with low pre- and post-

ACTH cortisol concentrations. Glucocorticoids lead to suppression of

the hypothalamic-pituitary-adrenal (HPA) axis and its duration varies

based on preparation, dose, and individual sensitivity to steroid

drugs.25 To date, there are no published guidelines regarding the delay

required for adequate HPA recovery after the administration of sys-

temic or topical glucocorticoids. Due to the marked inter-individual

variability, in the authors' opinion, it is difficult to establish the best

timing for carrying out an ACTHst after glucocorticoids discontinua-

tion. Even in this context, eACTH measurement appears to be of

utmost importance as it allows the clinician to suspect iatrogenic HA.

The present study identified clinical and laboratory variables that

were significantly different between the PGA dogs and the other

study groups. Polyuria and polydipsia were more commonly reported

in the PGA dogs when compared with the EEH and the non-PGA

dogs. Glucocorticoids have the potential of causing PU/PD; this might

result in an increased perception of these signs by the owner. Hence,

PU/PD should raise the clinician's index of suspicion for PGA. How-

ever, PU/PD can also be caused by gastrointestinal diseases and

should be interpreted carefully in a dog with signs of CGD.27 Serum

albumin and potassium concentrations were significantly different

between the PGA and the EEH dogs; however, substantial overlap

was observed. In the current study, serum haptoglobin concentration

was significantly higher and the CHR significantly lower in the PGA

than in the non-PGA dogs. Haptoglobin is a moderate acute-phase

protein particularly sensitive to glucocorticoids; elevated concentra-

tions are found both after treatment with glucocorticoids and during

naturally occurring hypercortisolism.28,29 However, haptoglobin is a

positive acute-phase protein and results could be biased if a dog has

a concomitant inflammatory disease such as CGD. In this context,

measurement of the CHR could be useful for differentiating PGA from

non-PGA dogs since exogenous glucocorticoid treatment appears to

blunt the magnitude of C-reactive protein elevation in dogs with

inflammatory state.29 The finding of high serum haptoglobin concen-

tration and low CHR in a dog with signs of CGD should alert the clini-

cian to consider the possibility of PGA. Given the present results,

these measurements should be considered to be a part of the diagnos-

tic work-up when PGA is suspected.

In the current study, 47.5% of the non-PGA and all the PGA dogs

had a BSC concentration <2 μg/dL (<55 nmoL/L). This finding was

consistent with other investigations, demonstrating that up to 33% of

dogs with nonadrenal illness have a BSC concentration <2 μg/dL (<55

nmoL/L).11-16 Moreover, BSC was significantly lower in the PGA than

in the non-PGA dogs. Determination of the BSC concentration has a

high sensitivity (100% if <2 μg/dL) for HA, but a low specificity of only

20%-78.2%.11-14 Therefore, because of the low specificity of the test,

an ACTHst should be carried out in dogs with BSC <2 μg/dL

(<55 nmol/L) in order to exclude HA. In this study, an ACTHst was

carried out in approximately half of the dogs with signs of CGD which

are the signs most commonly screened for HA in clinical practice, with

a consequent increase in diagnostic cost and time for the client. This

raises the question of whether BSC concentration should be mea-

sured in all dogs with signs of CGD. For this reason, the CAR and the

UCCR have been proposed as alternative screening tests for HA in

dogs.14,17-19 The CAR is a valuable and reliable tool for diagnosing pri-

mary HA, the advantage of which is that only a single blood sample

needed.14,17 However, the diagnostic utility of this test can be limited

in clinical practice owing to the critical sampling collection and han-

dling needed for eACTH measurement. The present results were in

agreement with previous reports14,17 and demonstrated that the CAR

could be considered a useful diagnostic test for discriminating EEH

dogs from those with signs of CGD and PGA. However, when also

considering dogs with secondary HA some overlap between the

groups was detected. In dogs with secondary HA, the UCCR could be

more useful as compared to the CAR. Recent studies have shown the

excellent diagnostic performance of the UCCR in dogs with HA, hav-

ing a reported sensitivity and specificity ranging from 97.2% to 100%

and 93.6% to 97.3%, respectively.18,19 The anti-cortisol antibody used

in the chemiluminescent enzyme immunoassay has recently been

changed by the manufacturer, which indicates that the UCCR perfor-

mance reported herein might need to be validated again with a new

assay. Since the authors did not evaluate the UCCR, it is not possible

to draw any conclusion regarding this test.

The present study described a large cohort of dogs with EEH in

which eACTH was measured. Based on eACTH concentration, pri-

mary and secondary EEH was diagnosed in 69% and 31% of dogs,

respectively. Secondary HA because of the reduced secretion of

eACTH from the pituitary gland is considered a rare cause of adreno-

cortical failure (fewer than 5% of cases),2 and its prevalence in dogs

with EEH has not been reported in any study. Dogs with EEH were

more likely to have decreased appetite, weakness or lethargy when

compared with non-PGA dogs. These differences reflected the fact

that “atypical” cases might go undetected for a longer period since

the clinical signs are non-specific and often wax and wane. However,

data from EEH dogs were retrospectively collected, and these cases

were selected based on their diagnosis rather than signs of CGD. This

might have biased the comparison between groups with regard to

clinical signs. Concurrent diseases were documented in 63% of the

dogs, and the majority of the comorbidities were immune disorders.

Immune-mediated destruction of the adrenal gland in humans is com-

monly associated with other immune disorders.2 Polyglandular auto-

immune disease is rare in dogs, with HA and hypothyroidism being

the most common concurrent disorders.2 Hypothyroidism was

diagnosed in 2/19 (10%) dogs with EEH, and the most common
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comorbidity was primary inflammatory enteropathy. However, it is

difficult to determine whether signs of gastrointestinal disease in dogs

with EEH might be related to disruptions of the epithelial barrier of

the gastrointestinal tract because of cortisol deficiency or concurrent

primary gastrointestinal disease. A small percentage of dogs with EEH

can develop abnormalities in serum electrolyte concentrations indica-

tive of mineralocorticoid deficiency weeks to months after diagno-

sis.2,3,7 Interestingly, none of the EEH dogs developed electrolyte

abnormalities over a follow-up time of 31 days to 6 years, but aldoste-

rone concentrations were not measured. Therefore, one cannot be

sure that the dogs enrolled did not have some degree of mineralocor-

ticoid deficiency.

The present study identified clinicopathologic features, including

hematocrit, RDW, serum albumin, and an albumin/globulin ratio which

were significantly different between the EEH and the non-PGA dogs.

These variables could be utilized to increase the index of suspicion for

EEH; however, substantial overlap was observed, indicating that gold

standard adrenal function testing should be carried out in dogs with a

compatible clinical presentation regardless of clinicopathological

abnormalities.

The present study had some limitations, including the small sam-

ple size in the EEH and the PGA groups which could have influenced

the statistical power. Data from the dogs with EEH were collected ret-

rospectively, and the absence of some parameters might have partially

biased the results. This study was not designed to investigate the

HPA recovery time. Hence, the ACTHst was carried out at different

times after glucocorticoid discontinuation and was not carried out at a

specific predetermined time. Furthermore, the glucocorticoid dose

was different for each dog in the PGA group. This might have influ-

enced the results; however, it reflected the real condition of the clini-

cal setting.

In conclusion, the prevalence of EEH in dogs with signs of CGD

was lower than previously reported. The results of this study showed

that glucocorticoid administration, even for a few days, could cause

false positive results on the ACTHst. The clinical and clinicopathologi-

cal variables identified in the present study could increase the index

of suspicion for EEH or PGA in dogs with an unclear history of gluco-

corticoid administration. Since dogs with HA require lifelong treat-

ment, it is important to measure eACTH and to repeat the ACTHst

when PGA is suspected.
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