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Abstract

Background: In dogs, duration of hypothalamic-pituitary-adrenal (HPA) axis suppression

after systemic glucocorticoid treatment is reported to vary from a few days to up

to 7 weeks after glucocorticoid discontinuation. These data are derived mainly from

experimental studies in healthy dogs and not from animals with spontaneous disease.

Hypothesis and Objective: To determine the timeline for recovery of the HPA axis in

a group of ill dogs treated with intermediate-acting glucocorticoids (IAGCs).

Animals: Twenty client-owned dogs that received IAGC for at least 1 week.

Methods: Single-center prospective observational study. An ACTH stimulation

test, endogenous ACTH concentration, serum biochemistry profile, and urinalysis

were performed at T0 (2-6 days after IAGC discontinuation) and then every 2 weeks

(eg, T1, T2, T3) until HPA axis recovery was documented (post-ACTH cortisol

concentration > 6 μg/dL).

Results: The median time of HPA axis recovery was 3 days (range, 2-133 days).

Eleven of 20 dogs showed recovery of the HPA axis at T0, 6/20 at T1, and 1 dog

each at T2, T5, and T9. Dose and duration of treatment were not correlated with tim-

ing of HPA axis recovery. Activities of ALT and ALP were significantly correlated with

the post-ACTH cortisol concentration (rs = �0.34, P = .03; rs = �0.31, P = .05).

Endogenous ACTH concentration was significantly correlated with pre (r = 0.72;

P < .0001) and post-ACTH cortisol concentrations (r = 0.35; P = .02). The timing of

HPA axis recovery of the dogs undergoing an alternate-day tapering dose was not

different compared to dogs that did not (3.5 vs 3 days, P = .89).

Conclusion and Clinical Importance: Most dogs experienced HPA axis recovery within

a few days after IAGC discontinuation. However, 2/20 dogs required >8 weeks.

Abbreviations: ACTHst, ACTH stimulation test; ALP, alkaline phosphatase; ALT, alanine aminotransferase; eACTH, endogenous ACTH; EEH, eunatremic, eukalemic HA; GCs, glucocorticoids;

GGT, gamma-glutamyl transpeptidase; HA, hypoadrenocorticism; HPA, hypothalamic-pituitary-adrenal; IAGCs, intermediate-acting glucocorticoids; IMHA, immune mediated hemolytic anemia;

Rs, Spearman's rank correlation coefficient; UPC, urinary protein to creatinine ratio; UPC, urine protein: creatinine ratio; USG, urine specific gravity.
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1 | INTRODUCTION

Hypoadrenocorticism (HA) is an uncommon disease in dogs.1

Dogs with HA frequently are presented with chronic nonspecific clini-

cal signs, including anorexia, vomiting, weight loss, and diarrhea.2-5

Because of the vague clinical signs, dogs with HA and, in particular,

those with eunatremic, eukalemic HA (EEH), often receive empirical

treatment with glucocorticoids (GCs) before reaching a final diagnosis.

The use of GCs results in the suppression of endogenous hypothalamic-

pituitary-adrenal (HPA) axis function by exerting negative feedback

effects at the level of the pituitary gland and hypothalamus.6 The ACTH

stimulation test (ACTHst) is the gold standard for HA diagnosis.3 How-

ever, previous GC administration can cause false positive results on the

ACTHst, resulting in a misdiagnosis of HA.3 For this reason, dogs with

HA, in particular EEH, represent a diagnostic challenge. Currently, no

guidelines exist regarding the required time until the ACTHst can be car-

ried out after a dog has been treated with different GC formulations.

Generally, the extent and duration of suppression of the HPA axis

depends on the dose, potency, half-life, and duration of GC treatment.6

However, in humans, the duration and severity of HPA suppression can-

not be reliably predicted by dose, duration or type of GC treatment.7,8

Few published studies are available regarding the duration of HPA axis

suppression in dogs receiving systemic GCs. In these studies, HPA axis

recovery in dogs treated with systemic GCs is reported to range from a

few days to up to 7 weeks after GC discontinuation.9-15 However, the

majority of these studies were carried out on healthy experimental dogs

and, as such, possible interference on HPA axis from concurrent diseases

has not been investigated. Moreover, in clinical practice, gradual tapering

of the GC dose is recommended if the treatment lasts for ≥2 weeks, or

if high doses are used.6 The effect of alternate-day treatment on HPA

axis recovery in a clinical context has not been investigated.

Our aim was to determine the timeline for recovery of the HPA

axis in a group of ill dogs treated with systemic intermediate-acting

GCs (IAGCs). Our hypothesis was that the timing of HPA axis recov-

ery is dependent on the individual and that dogs that underwent the

alternate-day tapering process may have more rapid recovery than

those that did not.

2 | MATERIALS AND METHODS

2.1 | Study design

A single-center prospective observational longitudinal study involving

client-owned dogs receiving systemic treatment with IAGCs (predni-

sone, prednisolone or methylprednisolone) that were admitted to

the Veterinary Teaching Hospital of the University of Bologna from

September 2020 to December 2022 was carried out. Dogs with

different medical conditions (immune-mediated, neoplastic, and

inflammatory) treated using IAGCs for at least 1 week were eligible

for inclusion in the study. Only dogs in which the therapeutic proto-

col, in terms of dose and timing, was well defined were included. Dogs

on topical GC treatment (alone or in combination with the systemic

treatment) and dogs on a different type of GC (eg, dexamethasone,

betamethasone) were not eligible for inclusion.

All dogs were enrolled according to the study protocol which was

approved by the Scientific Ethics Committee of the University of

Bologna.

2.2 | Animals

The following data were collected at the time of the enrollment (T0;

2-6 days after IAGC discontinuation): signalment, body weight, physi-

cal examination abnormalities, date of clinical evaluation, date of the

beginning of GC treatment, type of GC administered, therapeutic

protocol used (including dose of GC, tapering process and date of GC

discontinuation), and the disease for which the dog was receiving

GCs. At T0, an ACTHst, endogenous ACTH concentration (eACTH),

serum biochemistry profile, and urinalysis including urinary protein-

to-creatinine ratio (UPC) were performed. Serum biochemistry profile,

urinalysis, eACTH and ACTHst were performed every 2 weeks (eg,

T1 = 14 days post-T0, T2 = 28 days post-T0, T3 = 42 days post-T0,

T4 = 56 days post-T0) until HPA axis recovery, defined as post-ACTH

serum cortisol concentration > 6 μg/dL (endpoint), was documented.

2.3 | Endocrine testing and analytical procedures

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

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

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

concentrations were collected before the injection of synthetic ACTH.

All of the analytical procedures were carried out at the veterinary

laboratory of the University of Bologna. Blood samples for the deter-

mination 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 trans-

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

stored at �80�C and thawed immediately before analysis. Blood sam-

ples for cortisol determination were collected in serum separating

tubes. The 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. Serum cortisol and eACTH

concentrations were measured using a chemiluminescent enzyme
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immunoassay (Immulite 2000, Siemens Healthcare) that had been vali-

dated for dogs and is widely used in laboratories throughout the

world.16,17

Serum biochemistry profiles (AU 480, Beckman Coulter/Olympus,

Brea, California) and urinalyses were carried out using standard labo-

ratory methods at the medical laboratory of the referral institution.

2.4 | Statistical analysis

Statistical analysis was carried out using commercial statistical soft-

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

statistics were generated to characterize the study population. Con-

tinuous variables were presented as mean ± SD or median and range

(minimum and maximum value), depending on whether the data were

normally or not normally distributed, respectively. Categorical vari-

ables were described with frequencies, proportions or percentages.

Cumulative, maximum and median/mean daily GC dose and overall

duration of treatment were extrapolated from the therapeutic proto-

col of each dog. The time of HPA axis recovery was calculated as the

interval between the last GC administration and a post-ACTH serum

cortisol concentration > 6 μg/dL.

Correlations between the timing required for HPA axis recovery

and cumulative dose, maximum dose, median daily dose, duration

of treatment, and body weight were evaluated using Spearman's

rank correlation coefficient (Rs). The same statistical analysis was

used to investigate the correlation between post-ACTH cortisol

concentration and clinicopathological abnormalities associated with

GC treatment (alanine aminotransferase [ALT], alkaline phosphatase

[ALP], gamma-glutamyl transpeptidase [GGT], haptoglobin, choles-

terol, triglycerides, urine specific gravity [USG], and UPC) as well as

between pre- and post-ACTH cortisol concentration and eACTH

concentration.

Comparison between the timing required for HPA axis recovery

in dogs that did and those that did not undergo the alternate-day

tapering process was carried out using a Mann Whitney or t test.

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

3 | RESULTS

3.1 | Animals

A total of 23 dogs were included in the study. Of them, 2 dogs

were excluded because they were diagnosed with primary EEH. In

particular, the diagnosis of EEH was based on the presence of com-

patible clinical signs (eg, lethargy, hyporexia, diarrhea) coupled with

(1) a persistent post-ACTH serum cortisol concentration < 2 μg/dL

TABLE 1 (A) and (B) Results of the
ACTH stimulation test and endogenous
ACTH concentration in the two dogs
diagnosed with eunatremic eukalemic
hypoadrenocorticism.

Time
points

Pre-ACTH
cortisol
(μg/dL)

Post-ACTH
cortisol
(μg/dL)

eACTH
(pg/mL)

(A)

T0 0.30 0.30 95

T1 0.39 0.44 300

T2 0.71 0.84 246

T3 0.84 0.87 184

T4 1.31 1.29 267

T5 1.70 1.99 193

T6 1.34 2.15 122

T7 1.54 2.06 156

T8 1.51 2.72 146

T9 1.10 1.96 143

T10 0.86 1.13 238

T12 0.53 0.60 780

T13 0.43 0.37 843

(B)

T0 0.30 0.30 29

T1 0.30 0.30 196

T2 0.30 0.30 456

T3 0.30 0.30 760

T4 0.30 0.30 755

T5 0.30 0.30 661

T6 0.30 0.30 967
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(<55.0 nmol/L); (2) high (>58 pg/mL) plasma eACTH concentration,

and (3) absence of electrolyte abnormalities (Table 1 and Figure 1).

Moreover, 1 additional dog was excluded owing to immune-mediated

hemolytic anemia (IMHA) relapse and the necessity of reintroducing

GC treatment. The final study population included 13 females, of

which 10 were spayed, and 7 males of which 3 were neutered. The

median (range) age was 8.25 years (5 months-11.75 years) and

the median body weight was 22 kg (4.5-44 kg).

The breeds included mixed-breeds (8), German Shepherds (2),

Border Collies (2), American Staffordshire Terriers (2), Cocker Spaniels (1),

Springer Spaniels (1), Maltese (1), Maremma Sheepdogs (1), Doberman

Pinschers (1), and Spanish Greyhounds (1). The dogs had been

treated with IAGCs for the following medical conditions: IMHA (7),

immunosuppressant-responsive enteropathy (3), immune-mediated

polyarthritis (3), mast cell neoplasia (2), immune-mediated thrombocyto-

penia (1), meningoencephalitis of unknown origin (1), sterile steroid-

responsive lymphadenitis (1), suspicion of atypical hypoadrenocorticism

(1), and protein-losing enteropathy (1). The most commonly used GC

preparation was prednisolone in 16 of the 20 dogs, followed by methyl-

prednisolone in 4/20 dogs. The therapeutic protocol used for each case

is reported in Table S1. Table S2 shows the IAGC dose each dog was

receiving during the last 14 days of treatment before T0. The median

cumulative dose was 58.5 mg/kg (range, 14.7-370.5). The median maxi-

mum dose was 1.25 mg/kg/day (range, 0.2-4). The median of the mean

daily dose was 0.7 mg/kg/day (range, 0.1-1.9). The median duration of

the GC treatment was 65 days (range, 35-534).

3.2 | Timing of the HPA axis recovery

The median time of HPA axis recovery was 3 days (range,

2-133 days). In particular, 11/20 dogs experienced recovery of the

F IGURE 2 Barplot representing the percentage distribution of
the population based on time of hypothalamic-pituitary-adrenal axis

recovery.

F IGURE 1 (A) and (B) serum post-ACTH cortisol concentration and endogenous ACTH concentration during the different time points in the
two dogs diagnosed with eunatremic, eukalemic hypoadrenocorticism.
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HPA axis at T0, 6/20 at T1, and 1 dog each at T2, T5, and T9

(Figure 2). The pre- and post-ACTH cortisol concentrations and the

respective eACTH concentrations in all dogs at each time-point are

reported in Table S3. One dog (Case 11) had undetectable (<0.3 μg/dL)

pre- and post-ACTH cortisol concentrations up to T5. At T6,

the eACTH became increased (696 pg/mL) and, concurrently, pre-

and post-ACTH cortisol concentrations were detectable (2.89 and

3.26 μg/dL) for the first time. This dog reached the endpoint of the

study after 4 months of GC discontinuation (T9; Figure 3).

Thirteen dogs underwent an alternate-day tapering process and

7 dogs did not. The timing of the HPA axis recovery in the dogs that

underwent the alternate-day tapering process (3.5 days) was not dif-

ferent as compared to the dogs that did not (3 days; P = .89).

3.3 | Correlation analysis

Cumulative dose, maximum dose, median daily dose, duration of treat-

ment, and body weight were not correlated with the timing of HPA

axis recovery (Table 2).

Of the clinico-pathological abnormalities associated with GC

treatment, ALT and ALP activities were significantly negatively corre-

lated with the post-ACTH cortisol concentration (rs = �0.34, P = .03;

rs = �0.31, P = .05; Figure 4). Haptoglobin, GGT, cholesterol, triglyc-

erides, UPC, and USG were not correlated with the post-ACTH corti-

sol concentration (Figure 4). Endogenous ACTH was significantly

positively correlated with pre-ACTH (r = 0.72; P < .0001) and post-

ACTH (r = 0.35; P = .02) cortisol concentrations (Figure 5A,B).

F IGURE 3 Post-ACTH cortisol concentration and endogenous ACTH concentration during the different time points in Case 11.

TABLE 2 The correlations between
the timing of hypothalamic-pituitary-

adrenal (HPA) axis recovery and
cumulative dose, maximum dose, median
daily dose, duration of treatment,
and body weight.

Variables Rs (95% confidence interval) P values

Cumulative dose 0.062 �0.501 to 0.402 .79

Maximum dose 0.042 �0.419 to 0.486 .85

Median daily dose 0.010 �0.445 to 0.461 .96

Duration of treatment 0.008 �0.460 to 0.447 .97

Body weight �0.185 �0.589 to 0.293 .43

Note: None of the variables were correlated with the timing of HPA axis recovery.

Abbreviation: Rs, Spearman's correlation coefficient.

F IGURE 4 Correlations of clinical-
pathological abnormalities because of
glucocorticoids treatment with post-
ACTH cortisol concentrations. The
triangles represent a statistically
significant correlation and the circles
represent no significant correlation. ALP,
alkaline phosphatase; ALT, alanine
aminotransferase; eACTH, endogenous
ACTH; GGT, gamma-glutamyl
transpeptidase; UPC, urine protein:
creatinine ratio; USG, urine specific

gravity.
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4 | DISCUSSION

Our results showed that, in dogs treated with systemic IAGC for at least

7 days, the median time of HPA axis recovery was 3 days. Approxi-

mately half of the dogs (11/20) experienced complete recovery of the

HPA axis within a few days after IAGC discontinuation. However, 2 of

20 dogs required >8 weeks to achieve complete HPA axis recovery.

These data add important information to the current literature, which

was based on limited studies carried out mainly in healthy research dogs

receiving different types of GC preparations. In dogs, a single dose of

methylprednisolone acetate (2.5 mg/kg IM) has been shown to sup-

press the HPA axis for up to 7 weeks.10,12 A single dose of triamcino-

lone acetonide suppressed the HPA axis for 2 to 4 weeks11 whereas a

single dose of dexamethasone resulted in a decreased cortisol response

after an ACTHst for up to 32 hours.13 In contrast, prednisone, given at

a single dose of 2.2 mg/kg IM, did not result in adrenocortical suppres-

sion.11 However, even physiological doses of prednisone or predniso-

lone can suppress the HPA axis when given for a prolonged time.6 In

1 study, PO administration of prednisone at 0.55 mg/kg q12h for

35 days resulted in HPA axis suppression for up to 2 weeks after pred-

nisone discontinuation.14 In general, all synthetic GCs suppress

corticotropin-releasing hormone and ACTH secretion, but their effects

are not equivalent. In our study, only dogs receiving IAGCs were

included because these drugs are the PO GC medication most com-

monly used to treat chronic diseases in dogs. Considering only the

previous studies in which IAGC (prednisolone or methylpredniso-

lone) were used, the maximum time of HPA axis recovery was

2 weeks.14 Our results are, for the majority of the dogs, comparable

with those obtained in healthy experimental dogs in which IAGCs

were administered. Indeed, 17/20 dogs showed complete HPA axis

recovery within approximately 2 weeks after IAGC discontinuation.

However, 2/20 dogs required >8 weeks to show complete HPA axis

recovery. In particular, 1 of them (dog 11) showed complete HPA

axis recovery 18 weeks after IAGC discontinuation. This interval

was much longer compared to the maximum time previously

reported in the veterinary literature using IAGCs or any type of

GC. Recovery of the HPA axis after a single administration of meth-

ylprednisolone acetate required up to 7 weeks,12 but the latter is a

long-acting depot preparation of GCs and a longer duration of HPA

axis suppression is expected as compared to IAGCs.

Especially interesting were the trends in pre- and post-ACTH cor-

tisol and eACTH concentrations at the different time points in patient

11 (Figure 3) that required 18 weeks before reaching the endpoint of

the study. This dog showed undetectable pre- and post-ACTH cortisol

concentrations up to T5. At the same time point, eACTH was detect-

able (20 pg/mL) for the first time. At the next time point (T6), the

eACTH concentration was very high (696 pg/mL), and the results of

the ACTHst showed a subnormal response to ACTH stimulation (pre-

ACTH cortisol = 2.9 μg/dL and post-ACTH cortisol = 3.3 μg/dL).

Considering these results, a misdiagnosis of HA in a dog with poten-

tially compatible clinical signs would have been possible. Therefore, it

is necessary to consider that after GC treatment discontinuation,

some dogs may require a long HPA axis recovery time. To confirm the

presence of HA in such cases, sequential ACTHsts and eACTH mea-

surements might be needed.

In our study, all the dogs underwent a progressive tapering of the

IAGC dose, and 13 of the 20 dogs underwent an alternate-day taper-

ing process. The latter should allow the HPA axis to recover on the

off days and is assumed to allow more rapid HPA axis recovery. How-

ever, according to our results, the timing of HPA axis recovery in dogs

that underwent an alternate-day tapering process (3.5 days) was com-

parable to the dogs that did not (3 days). These results suggest that a

gradual decrease in the GC dose, even without an alternate-day taper-

ing process, might allow rapid recovery of the HPA axis. Additional

studies are needed to assess whether the alternate-day tapering pro-

cess affects HPA axis recovery time.

The duration of time required for full HPA axis recovery is said to

depend on the duration, dose, preparation, and frequency of adminis-

tration of the GCs.6 In our study, no correlations between the timing

of HPA axis recovery and cumulative dose, maximum dose, median

daily dose, and duration of treatment were found. Other studies in

humans had similar findings.18-21 Therefore, according to these

results, the dose and the duration of treatment do not seem to affect

the timing of HPA axis recovery. However, the small sample size could

have caused a type II statistical error. In support of this, the 2 dogs

F IGURE 5 (A) The correlation between basal cortisol and
endogenous ACTH (eACTH) concentration. Basal cortisol was
positively correlated with eACTH (rs = 0.72; P < .0001). (B) The
correlation between post-ACTH cortisol and eACTH concentration.
Post-ACTH cortisol was positively correlated with eACTH
(rs = 0.36; P = .02).
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(Cases 3 and 11) that requires the longest time to show complete

recovery of the HPA axis had received the longest duration of treat-

ment and the highest median daily dose.

Anecdotally, and based on a recent study,16 dogs with higher

body weight experience a higher frequency of adverse effects as com-

pared to dogs with lower body weights when receiving GC treatment.

Considering this aspect, we wanted to investigate the correlation

between the timing of HPA axis recovery and body weight. According

to our results, the timing of HPA axis recovery was not significantly

correlated with body weight. Once again, the lack of significance

might be a consequence of the small sample size.

Increased liver enzyme activities are among the most common

biochemical abnormalities in dogs receiving GC treatment.6 In our

study, ALT and ALP activities were significantly negatively correlated

with the post-ACTH cortisol concentration whereas GGT activity was

not. This finding can be explained by the fact that after GC treatment

is discontinued, liver enzyme activities progressively decrease and

return to baseline. At the same time, the post-ACTH cortisol concen-

tration increases because of the progressive recovery of the HPA axis.

The lack of significance for GGT activity might be the result of the less

consistent effect of GC treatment on GGT as compared to ALP and

ALT.17,22-27

Endogenous ACTH concentration was significantly positively

correlated with both pre-and post-ACTH cortisol concentrations.

The use of GCs results in the suppression of the endogenous HPA

axis function by exerting negative feedback effects on the pituitary

gland and hypothalamus. After discontinuing GC treatment, the

negative feedback induced by the exogenous GC administration

decreases, resulting in a progressive increase in eACTH and, at the

same time, a progressive increase in basal and post-ACTH cortisol

concentrations.

An interesting and unexpected finding of our study was that dur-

ing case recruitment, 2 dogs were excluded from the final analysis

because they had been diagnosed with EEH. The diagnosis of EEH

was based on the presence of compatible clinical signs (eg, lethargy,

hyporexia, diarrhea) coupled with (1) persistent post-ACTH serum cor-

tisol concentration < 2 μg/dL (<55.0 nmol/L); (2) high (>58 pg/mL)

plasma eACTH concentrations and (3) the absence of electrolyte

abnormalities. In these dogs, GC treatment was discontinued 12 and

16 weeks before the EEH diagnosis. Both dogs had received predniso-

lone for the treatment of IMHA. The high occurrence of EEH in this

population of dogs might reflect a common etiopathogenesis for

both HA and IMHA. Indeed, IMHA involves autoimmunity to self-

antigens on the erythrocyte cell membrane.28 Several studies provide

strong evidence for HA also being an immune-mediated condi-

tion.29-31 Also, polyglandular endocrine disease has been reported in

veterinary medicine.32-37 Up to 2.3% of dogs diagnosed with endo-

crine disease are diagnosed with multiple endocrinopathies.38 How-

ever, concurrent non-endocrine autoimmune disorders have only

rarely been reported.39-41 The occurrence of multiple immune-

mediated diseases might be coincidental or reflect a common etio-

pathogenesis, but the latter often is considered to be likely owing to

an underlying predisposition (genetic, environmental) or an immune

trigger (infective, neoplastic, drug, toxin). Thus, the presence of

1 endocrine automimmune disorder should alert clinicians to the pos-

sibility of the patient developing concurrent immune-mediated

diseases.

Our study had some limitations. First, the small sample size might

have decreased statistical power, leading to type II errors. Second, the

dogs included in the study underwent different therapeutic protocols

in terms of dosage and duration of treatment. Third, the majority of

dogs received IAGCs for immune-mediated diseases, which are associ-

ated with higher doses of GCs as compared to the doses usually

received by dogs with suspected HA. This factor may have influenced

our results, but it might reflect the real conditions of the clinical

setting.

In conclusion, the optimal time to test for HPA axis recovery after

prolonged GC use remains controversial because the variability of

data regarding the recovery timelines. Clinicians should be aware that,

after IAGC treatment for a prolonged period, the earliest that HPA

axis recovery may be seen is approximately 2 to 6 days after GC dis-

continuation. However, some dogs can require >8 weeks. This

extended time period could cause false positive results on the

ACTHst, resulting in a misdiagnosis of HA.

ACKNOWLEDGMENT

Funding provided by the Established Investigator Award from the

European College of Veterinary Internal Medicine-Companion Ani-

mals (ECVIM-CA) Clinical Studies Fund (PURINA resident research

award, application year 2020; grant awarded in 2021). Part of this

study was presented as an oral abstract at the 2022 American College

of Veterinary Internal Medicine (ACVIM) Forum, Austin, Texas.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE

(IACUC) OR OTHER APPROVAL DECLARATION

Approved by the Scientific Ethics Committee of the University of

Bologna, Italy (protocol number 42842).

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID

Francesca Del Baldo https://orcid.org/0000-0002-5577-0657

Andrea Corsini https://orcid.org/0000-0003-1673-8715

Antonio Maria Tardo https://orcid.org/0009-0009-3636-0415

Federico Fracassi https://orcid.org/0000-0003-3121-2199

REFERENCES

1. Hanson JM, Tengvall K, Bonnett BN, Hedhammar Å. Naturally occur-

ring adrenocortical insufficiency–an epidemiological study based on a

DEL BALDO ET AL. 7

 19391676, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.16979 by U
niversity D

egli Studi D
i Parm

a Settore B
iblioteche, W

iley O
nline L

ibrary on [07/02/2024]. 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

https://orcid.org/0000-0002-5577-0657
https://orcid.org/0000-0002-5577-0657
https://orcid.org/0000-0003-1673-8715
https://orcid.org/0000-0003-1673-8715
https://orcid.org/0009-0009-3636-0415
https://orcid.org/0009-0009-3636-0415
https://orcid.org/0000-0003-3121-2199
https://orcid.org/0000-0003-3121-2199


swedish-insured dog population of 525,028 dogs. J Vet Intern Med.

2016;30(1):76-84.

2. Peterson ME, Kintzer PP, Kass PH. Pretreatment clinical and labora-

tory findings in dogs with hypoadrenocorticism: 225 cases (1979–
1993). J Am Vet Med Assoc. 1996;208:85-91.

3. Scott-Moncrieff JC. Hypoadrenocorticism. In: Feldman EC,

Nelson RW, Reusch C, Scott-Moncrieff JC, eds. Canine and Feline

Endocrinology. St. Louis, MO: Elsevier Health Sciences; 2014:

485-520.

4. Thompson AL, Scott-Moncrieff JC, Anderson JD. Comparison of clas-

sic hypoadrenocorticism with glucocorticoid-deficient hypoadreno-

corticism in dogs: 46 cases (1985–2005). J Am Vet Med Assoc. 2007;

230:1190-1194.

5. Melian C, Peterson ME. Diagnosis and treatment of naturally occur-

ring hypoadrenocorticism in 42 dogs. J Small Anim Pract. 1996;37:

268-275.

6. Reusch CE. Glucocorticoid therapy. In: Feldman EC, Nelson RW,

Reusch CE, Scott-Moncrieff JC, Behrend E, eds. Canine and Feline

Endocrinology. 4th ed. St. Louis: Elsevier; 2015:555-574.

7. Schlaghecke R, Kornely E, Santen RT, Ridderskamp P. The effect of

long-term glucocorticoid therapy on pituitary–adrenal responses to

exogenous corticotropin-releasing hormone. N Engl J Med. 1992;326:

226-230.

8. Mendoza-Cruz AC, Wargon O, Adams S, Tran H, Verge CF.

Hypothalamic-pituitary-adrenal axis recovery following prolonged

prednisolone therapy in infants. J Clin Endocrinol Metab. 2013;98:

E1936-E1940.

9. Spencer KB, Thompson FN, Clekis T, Lorenz MD. Adrenal gland func-

tion in dogs given methylprednisolone. Am J Vet Res. 1980;41(9):

1503-1506.

10. Kemppainen RJ, Lorenz MD, Thompson FN. Adrenocortical suppres-

sion in the dog after a single dose of methylprednisolone acetate.

Am J Vet Res. 1981;42(5):822-824.

11. Kemppainen RJ, Lorenz MD, Thompson FN. Adrenocortical

suppression in the dog given a single intramuscular dose of predni-

sone or triamcinolone acetonide. Am J Vet Res. 1982;43(2):

204-206.

12. Meyer DJ. Prolonged liver test abnormalities and adrenocortical sup-

pression in a dog following a single intramuscular glucocorticoid dose.

J Am Anim Hosp Assoc. 1982;18:725.

13. Kemppainen RJ, Sartin JL. Effects of single intravenous doses of

dexamethasone on baseline plasma cortisol concentrations and

responses to synthetic ACTH in healthy dogs. Am J Vet Res. 1984;

45:742.

14. Moore GE, Hoenig M. Duration of pituitary and adreno-

cortical suppression after long-term administration of anti-

inflammatory doses of prednisone in dogs. Am J Vet Res. 1992;

53(5):716-720.

15. Brockus CW, Dillon AR, Kemppainen RJ. Effect of alternate-day pred-

nisolone administration on hypophyseal-adrenocortical activity in

dogs. Am J Vet Res. 1999;60(6):698-702.

16. Sri-Jayantha LS, Doornink MT, Urie BK. Increased risk of select gluco-

corticoid adverse events in dogs of higher body weight. Can Vet J.

2022;63(1):32-38.

17. Dillon AR, Spano SJ, Powers RD. Prednisone induced hematologic,

biochemical and histologic changes in the dog. J Am Hosp Assoc.

1980;16:831-837.

18. Nichols T, Nugent CA, Tyler FH. Diurnal variation in suppression of

adrenal function by glucocorticoids. J Clin Endocrinol. 1965;25:

343-349.

19. Schlaghecke R, Kornely E, Santen RT, Ridderskamp P. The effect of

longterm glucocorticoid therapy on pituitary-adrenal responses to

exogenous corticotropin-releasing hormone. N Engl J Med. 1992;326:

226-230.

20. Meakin JW, Tantongco MS, Crabbe J, Bayles TB, Nelson DH. Pituitar-

yadrenal function following long-term steroid therapy. Am J Med.

1960;29:459-464.

21. Streck WF, Lockwood DH. Pituitary adrenal recovery following

shortterm suppression with corticosteroids. Am J Med. 1979;66:

910-914.

22. Badylak SF, Van Vleet JF. Sequential morphologic and clinicopatho-

logic alterations in dogs with experimentally induced glucocorticoid

hepatopathy. Am J Vet Res. 1981;42(8):1310-1318.

23. Braun JP, Guelfi JF, Thouvenot JP, Rico AG. Haematological and

biochemical effects of a single intramuscular dose of 6 alpha-

methylprednisolone acetate in the dog. Res Vet Sci. 1981;31:

236-238.

24. DeNovo RC, Prasse KW. Comparison of serum biochemical

and hepatic functional alterations in dogs treated with corticosteroids

and hepatic duct ligation. Am J Vet Res. 1983;44:1703-1709.

25. Cizinauskas S, Jaggy A, Tipold A. Long-term treatment of dogs with

steroid-responsive meningitis-arteritis: clinical, laboratory and thera-

peutic results. J Small Anim Pract. 2000;41:295-301.

26. Muñoz J, Soblechero P, Duque FJ, et al. Effects of oral prednisone

administration on serum cystatin C in dogs. J Vet Intern Med. 2017;

31:1765-1770.

27. Masters AK, Berger DJ, Ware WA, et al. Effects of short-term anti-

inflammatory glucocorticoid treatment on clinicopathologic, echocar-

diographic, and hemodynamic variables in systemically healthy dogs.

Am J Vet Res. 2018;79:411-423.

28. Morley P, Mathes M, Guth A, Dow S. Anti-erythrocyte antibodies and

disease associations in anemic and nonanemic dogs. J Vet Intern Med.

2008;22(4):886-892.

29. Frank CB, Valentin SY, Scott-Moncrieff JC, Miller MA. Correlation of

inflammation with adrenocortical atrophy in canine adrenalitis.

J Comp Pathol. 2013;149(2–3):268-279.
30. Massey J, Boag A, Short AD, et al. MHC class II association study in

eight breeds of dog with hypoadrenocorticism. Immunogenetics.

2013;65(4):291-297.

31. Short AD, Boag A, Catchpole B, et al. A candidate gene analysis of

canine hypoadrenocorticism in 3 dog breeds. J Hered. 2013;104(6):

807-820.

32. Hess R, Ward C. Diabetes mellitus, hyperadrenocorticism, and hypo-

thyroidism in a dog. J Am Anim Hosp Assoc. 1998;34(3):204-207.

33. Adissu HA, Hamel-Jolette A, Foster RA. Lymphocytic adenohypophy-

sitis and adrenalitis in a dog with adrenal and thyroid atrophy. Vet

Pathol. 2010;47(6):1082-1085.

34. Cartwright JA, Stone J, Rick M, Dunning MD. Polyglandular endocri-

nopathy type II (Schmidt's syndrome) in a Dobermann pinscher.

J Small Anim Pract. 2016;57(9):491-494.

35. Kooistra HS, Rijnberk A, van den Ingh TSGAM. Polyglandular defi-

ciency syndrome in a boxer dog: thyroid hormone and glucocorticoid

deficiency. Vet Q. 1995;17(2):59-63.

36. Pikula J, Pikulova J, Bandouchova H, Hajkova P, Faldyna M. Schmidt's

syndrome in a dog: a case report. Vet Med-Czech. 2007;52(9):

419-422.

37. Vanmal B, Martle V, Binst D, Smets P, Daminet S, Paepe D. Combined

atypical primary hypoadrenocorticism and primary hypothyroidism in

a dog. Vlaams Diergen Tijds. 2016;85(6):355-364.

38. Blois SL, Dickie E, Kruth SA, Allen DG. Multiple endocrine diseases in

dogs: 35 cases (1996-2009). J Am Vet Med Assoc. 2011;238(12):

1616-1621.

39. Malerba E, Morini M, Fracassi F. Generalized vitiligo in a dog

with primary hypoadrenocorticism. Vet Dermatol. 2015;26(5):376-

378, e86.

40. Kuijlaars M, Donald AY, Ridyard AE. Autoimmune polyendocrine syn-

drome in a standard poodle with concurrent non-endocrine immune-

mediated diseases. Vet Rec Case Rep. 2021;9:e90.

8 DEL BALDO ET AL.

 19391676, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.16979 by U
niversity D

egli Studi D
i Parm

a Settore B
iblioteche, W

iley O
nline L

ibrary on [07/02/2024]. 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



41. Jackson D, Di Bella A. Concurrent hypoadrenocorticism, immune-

mediated thrombocytopenia and immune-mediated haemolytic anaemia

in a Jack Russell terrier dog. Vet Rec Case Rep. 2022;10:e491.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Del Baldo F, Corsini A, Tardo AM,

et al. Hypothalamic-pituitary-adrenal axis recovery after

intermediate-acting glucocorticoid treatment in client-owned

dogs. J Vet Intern Med. 2024;1‐9. doi:10.1111/jvim.16979

DEL BALDO ET AL. 9

 19391676, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.16979 by U
niversity D

egli Studi D
i Parm

a Settore B
iblioteche, W

iley O
nline L

ibrary on [07/02/2024]. 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

info:doi/10.1111/jvim.16979

	Hypothalamic-pituitary-adrenal axis recovery after intermediate-acting glucocorticoid treatment in client-owned dogs
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design
	2.2  Animals
	2.3  Endocrine testing and analytical procedures
	2.4  Statistical analysis

	3  RESULTS
	3.1  Animals
	3.2  Timing of the HPA axis recovery
	3.3  Correlation analysis

	4  DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


