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Abstract 

Context: Glucocorticoids suppress the hypothalamic–pituitary–adrenal (HPA) axis, resulting in tertiary adrenal insufficiency (AI). When weaning 
patients off glucocorticoids there is no consensus on whether to maintain patients on prednisolone or convert to hydrocortisone.  

Objective: To investigate HPA axis recovery in patients on long-term prednisolone and assess outcome after hydrocortisone conversion.  

Methods: This was a retrospective cohort study at an outpatient endocrine steroid clinic. Patients were on long-term prednisolone and referred 
for HPA axis testing between 2015 and 2022. The main outcomes measured were (1) HPA axis recovery rate in patients on prednisolone 
demonstrated by a normal adrenocorticotrophic hormone (ACTH) stimulation test (AST) and (2) HPA axis recovery rate subanalysis of dose- 
matched patients with confirmed tertiary AI on prednisolone or hydrocortisone were measured.  

Results: In total, 206 patients on prednisolone were tested for tertiary AI. Of these, 176 remained on prednisolone while 30 were converted to 
hydrocortisone. The overall HPA axis recovery rate for patients on prednisolone after interval testing was 137/206 (66.5%). The HPA axis recovery 
rate in dose-matched prednisolone and hydrocortisone conversion groups was 7/10 (70%) and 2/13 (15%) (P = .008), respectively. There was no 
difference in mean (SD) age (67.1 [12.2] vs 63.4 [11.1] years; P = .464) and baseline cortisol (5.3 [4.2] vs 4.6 [3.1] µg/dL; P = .648) and median 
[interquartile, IQR] glucocorticoid duration (1213 [1114] vs 2316 [4808] days; P = .693) and baseline ACTH (20.5 [29.0] vs 16.3 [14.8] ng/L; 
P = .905) between dose-matched prednisolone and hydrocortisone groups. Follow-up duration in the prednisolone group was significantly 
lower (median [IQR] 348 [975] vs 667 [884] days; P = .012).  

Conclusion: Patients with glucocorticoid-induced AI maintained on once-daily prednisolone can recover HPA axis function when weaning. There 
is no apparent advantage to recover HPA axis function in converting to multiple-dosing hydrocortisone. 

Key Words: prednisolone, hydrocortisone, hypothalamic–pituitary–adrenal axis, glucocorticoids 

Abbreviations: ACTH, adrenocorticotrophic hormone; AI, adrenal insufficiency; AST, ACTH stimulation test; HPA, hypothalamic–pituitary–adrenal; IQR,  
interquartile range. 

Glucocorticoids are frequently used in the treatment of in-
flammatory conditions and malignancies (1). It is estimated 
that 1% to 3% of the general population is taking systemic 
glucocorticoids (2, 3), and in some countries the prevalence 
could be even higher due to inappropriate use (4, 5). 
Adrenal insufficiency (AI), or more appropriately adrenal sup-
pression, may result from the use of exogenous glucocorti-
coids, and a metanalysis has estimated that up to 50% of 
patients on oral steroids are at risk of adrenal suppression 
(1). Hypothalamic–pituitary–adrenal (HPA) axis suppression 
may occur when glucocorticoids are administered at doses of 
>5 mg per day of prednisolone or equivalent glucocorticoid 
dose for 4 weeks or longer (6, 7). Tertiary AI can occur with 
glucocorticoid administration via any route of administration 
and the risk rises with increasing cumulative dosage and lon-
ger duration of treatment (1). 

Glucocorticoids cause a wide range of adverse effects when 
taken at supraphysiological doses (8). For this reason, anti- 

inflammatory doses of glucocorticoids are tapered down as 
soon as possible after disease control is achieved. Once the 
glucocorticoid dose is weaned down to a physiological re-
placement dose, it is helpful to assess for HPA axis suppres-
sion (6). This can be done clinically, without hormone 
measurement; however, formal biochemical assessment can 
be undertaken by measuring a morning serum cortisol before 
glucocorticoid administration. If the result indicates possible 
adrenal suppression, this is then followed by the 250-µg adre-
nocorticotrophic hormone (ACTH) stimulation test (AST), 
also known as the short Synacthen test (9-11). Recently, wak-
ing salivary cortisone has shown promise to be a useful ad-
junct in assessment of adrenal function and also has the 
advantage of being carried out at home (12). 

Tertiary AI is usually reversible with time. Individuals are 
maintained on the lowest physiological doses and tested at fre-
quent intervals (1, 6, 13). International consensus suggests 
converting prednisolone to hydrocortisone to facilitate  

Received: 18 October 2023. Editorial Decision: 25 January 2024. Corrected and Typeset: 14 February 2024 
© The Author(s) 2024. Published by Oxford University Press on behalf of the Endocrine Society. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons. 
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered 
or transformed in any way, and that the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com 

The Journal of Clinical Endocrinology & Metabolism, 2024, 00, 1–7 
https://doi.org/10.1210/clinem/dgae059 

Advance access publication 31 January 2024                                                                                                                                                     

Clinical Research Article 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jc
e
m

/a
d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

2
1
0
/c

lin
e
m

/d
g
a
e
0
5
9
/7

5
9
5
5
3
3
 b

y
 N

H
S

 E
n
g
la

n
d
 u

s
e
r o

n
 1

4
 F

e
b
ru

a
ry

 2
0
2
4

mailto:m.debono@sheffield.ac.uk
https://orcid.org/0000-0001-9932-0941
https://orcid.org/0000-0003-2390-5593
https://orcid.org/0000-0002-0835-5493
https://orcid.org/0000-0002-1059-9702
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1210/clinem/dgae059


weaning (14). Prednisolone has higher glucocorticoid receptor 
occupancy and a longer plasma half-life than hydrocortisone 
(120-360 minutes vs 90 minutes) (15-17). The biological half- 
lives of hydrocortisone and prednisolone are 8 to 12 hours 
and 18 to 36 hours, respectively, leading to prednisolone usu-
ally being administered once a day (18-21) while hydrocorti-
sone is usually prescribed either twice or thrice daily, with 
the highest dose in the morning (22). The supposition is that 
the hydrocortisone regimen is less likely to cause continuous 
suppression and therefore offers more physiological weaning, 
potentially encouraging reactivation of the HPA axis more 
quickly than prednisolone. Some consider prednisolone to 
be a better glucocorticoid for replacement in general (23), 
believing that the multidose hydrocortisone regimens result 
in peaks that may perseverate adrenal axis suppression 
(22, 24, 25). However, during the weaning process, there is 
no evidence to support either strategy. 

The primary aim of this study was to examine HPA axis re-
covery in patients who remained on long-term prednisolone 
throughout the weaning process. The secondary aim was to as-
sess the recovery rates in retrospectively dose-matched patients 
with confirmed tertiary adrenal insufficiency either on prednis-
olone or converted to hydrocortisone from prednisolone. 

Materials and Methods 

Study Design 

This was a retrospective observational cohort study of all 
adult patients diagnosed with tertiary AI attending a dedi-
cated endocrine steroid clinic between September 2015 and 
April 2022 at Sheffield Teaching Hospitals NHS Foundation 
Trust, UK. For the study, we first identified all patients who 
underwent an AST, using our AST database. Then we identi-
fied all those who had an AST for suspected tertiary AI second-
ary to oral and/or inhaled glucocorticoids and excluded all 
other patients who had an AST for any other indication. 
Patients on oral glucocorticoids other than prednisolone at 
the start of the study (hydrocortisone, dexamethasone, or bu-
desonide) were not included. Patients with known protein- 
losing disorders, known severe liver disease, on estrogens, or 
pregnant were not included, as salivary cortisone was used 
to make decisions on adrenal status in these patients instead. 
Patients who had been on nightshift work within the previous 
week and those with active infections were excluded from 
undergoing ASTs. Tertiary AI was defined as a failed AST 
(30-minute cortisol <430 nmol/L or <15.6 µg/dL) performed 
after the glucocorticoid dose was weaned down to a physio-
logical replacement dose of prednisolone ≤5 mg/day 
(26, 27). All patients had been on supraphysiological prednis-
olone doses for at least 3 months. 

Following a first failed AST, we followed up patients with 
interval ASTs every 6 to 12 months until HPA axis recovery 
(defined as a subsequent normal AST; 30-minute cortisol 
≥430 nmol/L or ≥15.6 µg/dL) or study end date (April 30, 
2022), whichever came first. During follow-up, an expert 
endocrinologist managed these patients in the endocrinology 
steroid clinic, maintaining them on the lowest possible physio-
logical replacement dose. If the subsequent AST(s) failed, pa-
tients on prednisolone were maintained on the same 
glucocorticoid. However, if they were symptomatic (steroid 
withdrawal syndrome or adrenal insufficiency symptoms), 
they were converted to hydrocortisone. Patients with 
confirmed adrenal insufficiency were given standardized 

education on steroid sick day rules and given a steroid emer-
gency card (25). For prednisolone, once the patients subse-
quently passed their AST, the glucocorticoid doses were 
weaned down by 1 mg every 3 to 4 weeks until completely 
stopped. All patients who came off their glucocorticoid were 
advised to monitor their symptoms and given an emergency 
glucocorticoid prescription to cover intercurrent illness for 6 
to 12 months after stopping glucocorticoids (28). 

Outcomes 

The primary outcome of the study was defined as the percent-
age of patients who were only on long-term prednisolone ±  

glucocorticoid inhalers at the start of the study period and 
throughout follow-up, who demonstrated recovery of the 
HPA axis biochemically by a normal AST (30-minute cortisol 
post – Synacthen ≥430 nmol/L or ≥15.6 µg/dL). The second-
ary outcome was the comparison of HPA axis recovery rates 
between patients with confirmed tertiary AI who were either 
maintained on prednisolone or converted to hydrocortisone 
during the study period. In order to reduce confounding bias 
due to lack of randomization in observational studies (29), 
in this subanalysis we dose matched our patients on prednis-
olone who were on 4 to 5 mg/day with patients converted to 
hydrocortisone 20 mg/day. A safety analysis was also per-
formed to determine the total number of hospital admissions 
including admissions related to adrenal crisis, as evidenced 
by the presence of hypotension (systolic blood pressure 
<100 mmHg) ± hyponatremia requiring parenteral hydrocor-
tisone during the follow-up period. 

ACTH Stimulation Test Protocol 

Endocrine nurse specialists carried out all ASTs on a dedicated 
investigation unit in the hospital. The protocol for the AST in-
cluded standard administration of intravenous or intramuscu-
lar injection of 250 µg of Synacthen (Atnahs Pharma UK 
Limited, Essex, UK) and measurement of plasma adrenocorti-
cotrophic hormone ACTH and serum cortisol at 0 minutes 
and serum cortisol at 30 minutes. Patients on prednisolone 
were advised to omit the dose on the day of test until comple-
tion of the AST, while patients on hydrocortisone were ad-
vised to omit the preceding evening dose in addition to the 
morning dose on the day of test. Those on inhaled corticoste-
roids were also asked to omit the dose the evening before and 
on the day until the test was complete. Measurement of blood 
markers was conducted using the Elecsys Cortisol II assay 
(Roche Diagnostics GmbH, Mannheim, Germany) (Cobas in-
terassay precision coefficient of variation 1.1-5.5%) for corti-
sol and Siemens Immulite 2000 and chemiluminescent assay 
(Siemens, Frimley, UK, interassay precision coefficient of vari-
ation 6.1% to 10.0%) for ACTH. 

Data/Statistics 

Data for all those in the study were extracted from patient case 
notes. In addition to age and sex, data on other potential con-
founding factors (length of weaning period to HPA activation, 
length of follow-up, underlying etiology, baseline serum corti-
sol, baseline plasma ACTH, opioid use, and duration of gluco-
corticoids) were also collected. All the data were recorded in a 
password-protected Excel spreadsheet and stored securely on 
a hospital computer in line with national governance proto-
cols. Continuous variables are represented as mean and SD  
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for normally distributed data, and as median and interquartile 
range [IQR] for non-normally distributed data, while categor-
ical variables are represented by the number of cases (n) and a 
percentage (%) of the total. Continuous variables were ana-
lyzed using the paired t test and Mann–Whitney U test for nor-
mally and non-normally distributed data, respectively, and 
categorical variables using the chi-squared (χ2) test. Analyses 
were conducted in SPSS version 27 and in all analyses; 
P < .05 was considered to be statistically significant. 

Approvals 

The study was registered with Sheffield Teaching Hospitals 
Clinical Effectiveness Unit (reference number 10195) as an in-
stitutional case note review. All data were collected as part of 
this project reflected routine clinical care and therefore formal 
ethics approval was not required. No funding was required. 
The study has been reported in line with the STROBE state-
ment for observational studies (30). 

Results 

Eight hundred and thirty-seven patients underwent an AST 
during the study period of 6 years and 8 months. After exclud-
ing those who underwent an AST for another indication, a to-
tal of 276 patients on long-term glucocorticoids suspected of 
having tertiary AI remained: 254 on oral glucocorticoids ±  

glucocorticoid inhalers and 22 on inhaled glucocorticoids 
only (Fig. 1). After excluding the patients on glucocorticoids 
other than prednisolone ± steroid inhalers at the start of the 
study, there were 206 patients who were included in the study. 
The baseline demographics and clinical parameters for these 
patients are summarized in Table 1 below. 

Primary Outcome 

Of the patients on prednisolone ± steroid inhalers at the start 
of the study (n = 206), 176 remained on prednisolone 
throughout the study period while 30 symptomatic patients, 
who all failed their first AST, were converted to hydrocorti-
sone. In total, 112/176 patients on prednisolone passed their 
first AST and were successfully weaned off glucocorticoids 
within the study period. Of the remaining 64 patients, 41 pa-
tients underwent a second AST, after which another 18 pa-
tients recovered their HPA axis. A further 10 patients 
underwent subsequent short Synacthen tests and 7 were suc-
cessfully weaned off glucocorticoids. Only 3 patients did not 
recover their HPA axis after having ≥3 ASTs. The remaining 
36 patients were awaiting a subsequent AST, lost to follow- 
up, or had died before the subsequent AST. Thus, the overall 
HPA axis recovery rate for all those patients who were on 
prednisolone ± glucocorticoid inhalers at the study start and 
who remained on prednisolone throughout the study period 
was 137/206 (66.5%) (Fig. 1). When excluding patients 

Figure 1. Consort diagram outlining study methodology and primary outcome (created with biorender.com). Abbreviations: ACTH, 

adrenocorticotrophic hormone; AI, adrenal Insufficiency; AST, ACTH stimulation test. Patients on prednisolone ± inhaled glucocorticoids (n = 206) were 

included in the study. Of these, 30 were converted to hydrocortisone due to symptoms, while the remaining 176 were still taking prednisolone as their 

oral glucocorticoid. The patients on prednisolone underwent testing with serial ASTs until they passed the AST. Thirty-six patients were still either 

waiting further ASTs at the end of the study or were lost to follow-up or died. The overall weaning rate for patients on prednisolone only throughout the 

study period was 137/206 (66.5%).   
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who were converted to hydrocortisone there were 137/176 
(77.8%) of the patients on prednisolone ± steroid inhalers 
who reactivated their HPA axis. 

Secondary Outcome 

During the study period, there were 161 patients who had 
failed an AST and therefore had confirmed tertiary AI. Of 
these, there were 71 patients on prednisolone ± glucocorticoid 
inhalers at the start of the study and underwent subsequent 
testing with AST(s). To assess whether conversion to hydro-
cortisone influenced recovery outcome, 10 and 13 patients 
on dose-matched prednisolone (4-5 mg) and hydrocortisone 
(20 mg), respectively, were analyzed (Fig. 2). The recovery 
rate in the prednisolone group was 70%, while in those pa-
tients converted to hydrocortisone it was 15% (P = .008). 
Results were similar for reactivation of the HPA axis in all 
adrenally suppressed patients who underwent subsequent 
testing. Prednisolone ≤5 mg/day; n = 41 vs hydrocortisone 
≤25 mg/day; n = 30% and 61% vs 27%; P = .004, recovered, 
respectively (Supplementary Table (31)). 

Analysis of Confounding Factors 

A comparison of demographic and clinical factors between 
the 2 dose-matched groups showed that there was no differ-
ence in age, indication for glucocorticoid treatment, or dur-
ation of glucocorticoids between the 2 groups. There were 
more females in the hydrocortisone group, albeit the differ-
ence fell short of statistical significance (P = .074). However, 
there was significantly higher use of opioids in the prednisol-
one group (P = .034). The mean baseline cortisol (0 minutes) 
and median ACTH at first AST was not different between 
the 2 groups. The mean number of ASTs per patient was sig-
nificantly fewer and the follow-up duration time in the pred-
nisolone group was significantly shorter than in the 
hydrocortisone group (Table 2). 

Hospital Admissions Comparison Between 
Prednisolone and Hydrocortisone Groups 

There were no hospital admissions due to adrenal crisis in the 
prednisolone group while there were 2 patients in hydrocorti-
sone group who had at least 1 hospital admission due to ad-
renal crisis (5 in 1 patient) during the study period. There 
was no inpatient mortality during any of the admissions. 
The total number of admissions for any indication was 14 in 
the prednisolone group and 26 in the hydrocortisone con-
verted group. 

Discussion 

This retrospective study found that most patients on long-term 
prednisolone have normal HPA axis function when referred for 
dynamic testing. When tertiary AI is confirmed, the weaning 
rate was high, and the process was short in most patients on 
low-dose daily prednisolone throughout the weaning process, 
with only 1.7% of patients remaining on prednisolone after 3 
or more failed ASTs. Conversion from prednisolone to hydro-
cortisone did not seem to enhance HPA axis recovery in those 
who were converted. There were no hospital admissions for ad-
renal crisis in the patients weaned from prednisolone and 6 in 
those on hydrocortisone. These results question the rationale 
for converting patients to a hydrocortisone replacement regi-
men to enhance HPA axis reactivation when weaning patients 
from anti-inflammatory glucocorticoids. 

Our findings show that most patients on long-term prednis-
olone (≥12 weeks) do not have tertiary AI when tested at 3 to 
5 mg per day, and, therefore, can be weaned further. The ab-
solute risk of tertiary AI due to oral glucocorticoids reported 
in a meta-analysis from 74 studies is 48.7% (95% CI 
36.9-60.6) (1). This is higher than the 33.5% (69/206) rate 
reported in this study. The difference may be explained by het-
erogeneity in the methodology, reporting, assays, glucocortic-
oid type, or testing in the studies included in the metanalysis. 
Also, the rate of tertiary AI in our study cohort has been only 
reported in those who underwent dynamic testing. The meta-
nalysis also showed good rates of further HPA axis recovery in 
patients when they are managed by review and retesting, simi-
lar to our findings. 

To our knowledge, there is only 1 study comparing reactiva-
tion of the HPA axis between patients on prednisolone and 
hydrocortisone (32). Although comparison of the weaning suc-
cess between the 2 glucocorticoids was not the primary aim of 
their study the authors reported a recovery rate in the prednis-
olone group higher than hydrocortisone (71% vs 27%). 

Table 1. Demographic and clinical parameters of all patients on 

prednisolone at start of the study  

Prednisolone  
n = 206  

Median (IQR) age (years) 63.3 (20.5) 

Sex n (%) Females = 129 (62.6%)   

Males = 77 (37.4%) 

Etiology Respiratory = 105 (51%)   

Rheumatology = 50 (24.3%)   

Hematology = 28 (13.6%)   

Malignancy = 5 (2.4%)   

Dermatology = 6 (2.9%)   

Gastroenterology = 3 (1.5%)   

Others = 6 (2.9%) 

Inhaled glucocorticoids n (%) 68 (33%)   

High dose = 62%a   

Medium or low dose = 38% 

Mean (SD) baseline cortisol at first AST 228 (120) nmol/L   

8.27 (4.4) μg/dL 
Median (IQR) baseline ACTH at first 
ASTb 

20.4 (20.0) ng/L (n = 190)   

4.5 (4.4) pmol/L 

Median (IQR) duration of glucocorticoids 
(days) 

853 (1273) 
n = 201 

Median (IQR) follow-up duration in 
patients with >1 ASTs (days) 

357 (405) 
(n = 71) 

Mean (SD) duration for weaning 
prednisolone from testing (days) 

141 (192) 
(n = 137) 

Abbreviations: ACTH, adrenocorticotrophic hormone; AST, ACTH 
stimulation test; IQR, interquartile range. 
aDose calculated as per National Institute of Clinical Excellence (NICE) clinical 
knowledge summaries (available via link: https://cks.nice.org.uk/topics/asthma/ 
prescribing-information/inhaled-corticosteroids/#:∼:text=More%20than% 
20800%20micrograms%20budesonide, be%20considered%20a%20low%20dose). 
High-dose inhaled glucocorticoids defined as beclometasone dipropionate 
pressured metered dose or dry power >1000 µg/day or extrafine >500 µg/day, 
budesonide >1000 µg/day, fluticasone propionate >500 µg/day, or fluticasone 
furoate >100 µg/day. 
b13/206 (6.3%) patients fully suppressed ACTH (<5 ng/L) at first AST (baseline).   
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However, it was a retrospective study of rheumatology patients 
who were not matched for glucocorticoid doses and the mean 
baseline cortisol in hydrocortisone group was lower than the 
prednisolone group, limiting the direct comparison between 
the 2 glucocorticoids. In addition, little information was pro-
vided on potential confounding factors. In our study, we ques-
tioned whether converting patients on long-term prednisolone, 
who were symptomatic on physiological dosing and who failed 
their AST to hydrocortisone had any impact on their rate of re-
covery. In our dose-matched analysis between these patients 
and those on long-term prednisolone converting to hydrocorti-
sone did not improve recovery rate, irrespective of there being 
no difference in duration of glucocorticoids, underlying eti-
ology, or mean baseline cortisol/ACTH between the groups. 
There were more females (non-significant) in the hydrocorti-
sone group; however, this is unlikely to have impacted on ter-
tiary AI rate recovery as there is no such reported association 
in the literature (1). We also found that there was a statistical 
difference in the use of opioids between the groups, but all 
the users were in our prednisolone rather than hydrocortisone 
group. Nonetheless our analysis is retrospective, and these 
data cannot establish for certain which is the best glucocortic-
oid for HPA axis recovery. In addition, some patients do not re-
cover from adrenal suppression, 15% after 3 years from 
cessation (33), possibly contributing to the lower rate of recov-
ery in patients converted to hydrocortisone. A randomized con-
trolled trial is needed to prospectively assess this. 

Despite a paucity of evidence, experts recommend conver-
sion to hydrocortisone in the weaning process. In a recently 
published Delphi study (14), which included 131 experts 
from pulmonology, endocrinology, rheumatology, and pa-
tient advocacy organization representatives from all over the 
world, 65% supported the statement that “the prednisolone 
to hydrocortisone conversion aids in the tapering process.” 
Although this statement did not reach final consensus 
(<70% agreement), it is noteworthy that only 8% experts dis-
agreed with the statement that patients should be converted to 
hydrocortisone when weaning patients off prednisolone. 
Conversion to hydrocortisone may have the advantage of 
avoiding other physicians inadvertently stopping prednisolone 
with no clinical monitoring or biochemical assessment for ad-
renal suppression. Conversely, we have shown that maintaining 
patients with glucocorticoid induced adrenal suppression on 
once daily low-dose prednisolone allows reactivation of the 
HPA axis in most patients. 

The mechanism allowing HPA recovery is not clear, but the 
assumption is that once glucocorticoid levels fall to or below 
physiological levels the HPA axis will start to recover. 
Identifying the most appropriate glucocorticoid replacement 
dose in a patient with tertiary adrenal insufficiency is not 
straightforward. No formal glucocorticoid biomarkers are 
available to help titrate dosing, therefore in most cases con-
ventional guidelines used in the treatment of patients with ad-
renal insufficiency are followed (21). The total physiological 

Figure 2. Consort diagram outlining study methodology and secondary outcome (created with biorender.com). Abbreviations: ACTH, 

adrenocorticotrophic hormone; AI, adrenal Insufficiency; AST, ACTH stimulation test. Of all patients referred to the steroid clinic who underwent AST 

testing, 161 failed the AST and had confirmed tertiary AI. Of these, only patients who were on prednisolone only and who underwent further AST 

testing (n = 71) were included in this analysis. Of these, 30 were converted to hydrocortisone due to symptoms while the rest (n = 41) remained on 

prednisolone. The patients in both groups were dose matched and recovery rates compared.   

The Journal of Clinical Endocrinology & Metabolism, 2024, Vol. 00, No. 0                                                                                                    5 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jc
e
m

/a
d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

2
1
0
/c

lin
e
m

/d
g
a
e
0
5
9
/7

5
9
5
5
3
3
 b

y
 N

H
S

 E
n
g
la

n
d
 u

s
e
r o

n
 1

4
 F

e
b
ru

a
ry

 2
0
2
4

https://biorender.com


adult dose equivalent of hydrocortisone recommended by 
guidelines is 15 to 25 mg per day in 2 to 3 divided doses 
(21, 34). Converting to hydrocortisone did not appear to al-
low faster reactivation of the HPA axis. A possible explan-
ation for delayed recovery when converting to multiple 
dosing hydrocortisone is that peaks of hydrocortisone result 
in excess glucocorticoid exposure over at least 12 hours of 
the day from waking. Recently, once-daily administered 
modified-release hydrocortisone preparations with longer 
half-lives have become available, but their role in recovery 
of HPA axis remains unknown. 

Adrenal crisis resulting from hypocortisolemia is a poten-
tially life-threatening complication and results in mortality 
in approximately 6% of cases (35). Despite treatment, 6% 
to 8% of patients with AI suffer a crisis annually (36). We 
had 6 hospital admissions with adrenal crisis in this gluco-
corticoid cohort during the study period, none resulting in ser-
ious harm. The risk of adrenal crisis in tertiary AI is lower than 
in primary AI, possibly due to some residual cortisol secretion 
and aldosterone sufficiency (37, 38). Nonetheless, education 
on sick day rules and supply of parenteral glucocorticoids 
should be ensured in these patients as standard (25). 

Our study is mainly limited by its retrospective design and a 
prospective study is needed to verify the findings. The rate of 
tertiary AI is reported for patients who underwent dynamic 
testing and does not include patients who were weaned off 
glucocorticoids, without testing, or were tested with unstimu-
lated cortisol or salivary cortisone (12). Cumulative dosing 
was difficult to collect in view of retrospective study design 
limitations and therefore this was not considered in the ana-
lysis. Another limiting factor is that patients were converted 
to hydrocortisone by a clinician due to symptoms and therefore 
this selection was not random. On the other hand, baseline cor-
tisol and ACTH between prednisolone and hydrocortisone 
groups and doses were matched in the subanalysis indicating 

similar adrenal suppression, albeit in small numbers of patients. 
There was a difference in the duration of glucocorticoids in the 
2 groups, which was statistically not significant; however, this 
difference was not observed in the overall study population 
(median [IQR] duration of steroids in prednisolone n = 176: 
832 [1205] days vs hydrocortisone n = 30: 1199 [1530] days; 
P = .305). Symptoms were either secondary to adrenal insuffi-
ciency or to withdrawal syndrome; these were precipitated by 
weaning to lower prednisolone doses. Nonetheless, we have es-
tablished that converting a patient on prednisolone who has 
symptomatic adrenal suppression or withdrawal syndrome to 
hydrocortisone does not enhance the adrenal recovery rate, al-
though some patients might get symptomatic benefit. An alter-
native approach for symptomatic patients on prednisolone 
could be a change to a slower wean. 

We conclude that prednisolone allows HPA axis recovery in 
patients being weaned off glucocorticoids and can be consid-
ered as an appropriate option to continue long-term while 
awaiting recovery with periodic clinical and biochemical as-
sessments at frequencies decided by physicians depending on 
adrenal status (13). A prospective randomized study to deter-
mine the optimal weaning regimen comparing different treat-
ment regimens is needed in larger patient numbers. 

Disclosures 

John Newell-Price: Research income and consultancy paid to 
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Table 2. Comparison of various demographic and clinical parameters between dose matched prednisolone and hydrocortisone groups in the 

subanalysis  

Prednisolone  
n = 10 

Hydrocortisone  
n = 13 

P value  

Mean (SD) age (years) 67.1 (12.2) 63.4 (11.1)  .464 

Sex, n (%) Females = 5 (50%) Females = 11 (85%)  .074   

Males = 5 (50%) Males = 2 (15%)    

Etiology, n (%) Respiratory = 4 (40%) Respiratory = 10 (76%)  .150   

Rheumatology = 4 (40%) Rheumatology = 1 (8%)      

Malignancy = 1 (10%) Hematology = 1 (8%)      

Dermatology = 1 (10%) Gastroenterology = 1 (8%)    

Mean (SD) baseline cortisol at first AST 145 (115) nmol/L 
5.3 (4.2) μg/dL 

126 (86) nmol/L 
4.6 (3.1) μg/dL  

.648 

Median (IQR) baseline ACTH at 1st ASTa 20.5 (29.0) ng/L (n = 9) 
4.5 (6.4) pmol/L 

16.3 (14.8) ng/L (n = 10) 
3.6 (3.3) pmol/L  

.905 

Median (IQR) duration of glucocorticoids (days) 1213 (1114) 2316 (4808)  .693 

Number of patients on opioids, n (%) 3 (30%) 0 (0%)  .034 

Median (IQR) number of ASTs per person 2 (2) 3 (1)  .042 

Median (IQR) follow-up duration (days) 348 (975) 677 (884)  .012 

P values in bold indicates statistical significance. 
Abbreviations: AST, ACTH stimulation test ACTH, adrenocorticotrophic hormone; IQR, Interquartile range. 
aIn prednisolone group 3/10 patients had a suppressed ACTH at first AST (baseline). None of the patients had a suppressed ACTH at first AST in the hydrocortisone 
group.   
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