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Abstract
Design: Morning cortisol predicts the outcome of the short synacthen test (SST). There is a paucity of studies examining this in a dedicated 
cohort of children and adults weaning off glucocorticoids and using a modern immunoassay. This study aimed to identify early morning serum 
cortisol (EMC) cut-offs which predict the SST outcome in children and adults during glucocorticoid weaning.
Methods: A retrospective cohort study of pediatric and adult patients on long-term glucocorticoids with suspected glucocorticoid-induced 
adrenal insufficiency (GIAI) undergoing an SST. Our main outcomes were cut offs with 95% and 99% sensitivity and specificity for EMC 
analysed on modern immunoassays, determined via receiver operating characteristic (ROC) curve analysis. A pass on SST was defined as 30- 
min cortisol of ≥430 nmol/L (15.6 µg/dL).
Results: 151 and 372 SSTs were included in the pediatric and adult cohorts, respectively, of which 32% and 37% were passed. ROC curve analysis 
demonstrated that EMC performed well in both cohorts with area under curve (AUC) of 0.79 (95% CI, 0.71, 0.87) and 0.88 (95% CI, 0.84, 0.91), 
respectively. EMC cut offs to predict a pass on SST were 278 (10.1 µg/dL) and 290 nmol/L (10.5 µg/dL) at 95% sensitivity, and 316 (11.5 µg/dL) 
and 349 nmol/L (12.7 µg/dL) at 99% sensitivity, respectively. Further analysis in adults showed that using a 95% cut off in clinical practice was 
effective as 48/51 patients with EMC between 290 and 349 nmol/L (10.5-12.7 µg/dL), were weaned off without adverse events.
Conclusion: Morning serum cortisol can predict the SST outcome in children and adults weaning from glucocorticoids. An EMC > 290 nmol/L in 
adults predicts a patient can stop glucocorticoid therapy and will recover adrenal function.
Keywords: morning cortisol, adrenal insufficiency, glucocorticoids, weaning, adult, pediatric

Significance

Up to 3% of the general population is taking systemic glucocorticoids at any given time and approximately half are at risk of 
developing Glucocorticoid-Induced Adrenal Insufficiency (GIAI). Joint European Society of Endocrinology/Endocrine 
Society guidelines and National Institute for Health and Care Excellence in the United Kingdom recommend early morning 
cortisol (EMC) thresholds to decide which patients can be weaned off glucocorticoids, but evidence has been lacking. This is 
the first study to derive EMC cut offs for both children and adults weaning from glucocorticoids using 2 different modern 
immunoassays. Our cut offs provide further evidence in support of the guidelines. We recommend that these cut-offs should 
be harmonized with clinical practice to reduce the need for dynamic testing.

Introduction
Glucocorticoids are commonly used in a wide array of in
flammatory conditions and cancers.1 Up to 3% of the general 
population can be on systemic glucocorticoids at any given 
time,2 but this prevalence can be higher in some countries.3

Glucocorticoid-Induced Adrenal Insufficiency (GIAI) results 
from the suppression of hypothalamic-pituitary-adrenal 
(HPA) axis due to adrenal gland atrophy caused by using 
long-term and/or high-dose glucocorticoids. Approximately 

half of all patients on oral glucocorticoids are at risk of 
GIAI and this risk increases with longer duration and higher 
cumulative dosages.1,4

Those on supraphysiological doses of glucocorticoids 
(≥5 mg of prednisolone or equivalent for 4 weeks or longer 
for adults and potentially lower doses taken for 3 weeks or 
longer for children) are at risk of developing GIAI and there
fore need to be assessed before glucocorticoids are stopped.5,6

Once glucocorticoids are weaned down to a physiological re
placement dose, this assessment can be done clinically, seeking 
symptoms or signs of adrenal insufficiency, or through formal 
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biochemical testing to assess the HPA axis.6,7 The short syn
acthen test (SST), a dynamic test of adrenal function involving 
the injection of an analogue of ACTH (1,24-ACTH), is the 
most commonly used test of HPA axis function,8–10requiring 
patients to attend hospital/clinic for a minimum of 1-2 h and 
specialist staff to carry out the procedure. Although relatively 
safe, it is associated with complications including hypersensi
tivity allergic reactions,11 and should only be performed in 
centers with immediate resuscitation facilities.12 In recent 
years there have been shortages of synacthen, associated 
with large price increases and there are many parts of the 
world where it is unavailable.

Measurement of early morning cortisol (EMC) aims to cap
ture the physiological circadian peak in cortisol and can help 
guide physicians in safely weaning patients off glucocorticoids. 
EMC testing can reduce the need for SSTs13 and the joint 
European Society of Endocrinology (ESE) and Endocrine 
Society (ES) clinical guidelines on GIAI advise against the rou
tine use of SST and recommend EMC as the first line test to con
firm HPA axis recovery.6 The National Institute for Health and 
Care Excellence (NICE) in the United Kingdom have recom
mended EMC cut-offs in adults and children7 but there is a pau
city of data with which to define these cut-offs. Larger studies 
are needed to assess the use of EMC, measured using contem
porary immunoassays, in both pediatric and adult patients 
weaning from glucocorticoids.

At the time of diagnosis, adrenocorticotrophin hormone 
(ACTH) may be measured at baseline during an SST14,15 to 
differentiate the underlying cause of AI (primary vs second
ary/tertiary). The ability of ACTH or the cortisol:ACTH ratio 
to help predict the SST outcome in those on glucocorticoids is 
uncertain.

The aim of this study was to identify morning cortisol, 
ACTH, and cortisol:ACTH ratio cut-offs, measured using mod
ern immunoassays, which predict the SST outcome in separate 
pediatric and adult cohorts weaning from glucocorticoids.

Methods
This was a retrospective observational cohort study of pediat
ric and adult patients who underwent an SST for suspected 
GIAI. The pediatric cohort was patients under 18 years of 
age on long-term glucocorticoids who underwent an SST 
between January 2019 and January 2024 at Sheffield 
Children’s NHS Foundation Trust, UK. The patients in the 
adult cohort were all attending a dedicated endocrine steroid 
clinic and underwent an SST for suspected GIAI between 
September 2015 and April 2022 at Sheffield Teaching 
Hospitals NHS Foundation Trust UK. Patients on long-term 
oral [≥5 mg of prednisolone (or equivalent) for ≥4 weeks] 
or inhaled glucocorticoids, who underwent an SST for sus
pected GIAI were identified using electronic databases and 
any patient who had had an SST for any other indication 
were excluded. Electronic case notes of the patients on concur
rent opioids were reviewed and cases where adrenal 
insufficiency was suspected due to GIAI were included. The 
baseline (0 minute) cortisol on SST was used as EMC. 
Patients were asked to attend the Endocrine Unit between 8 
AM and 10:30 AM. Patients with known protein losing disor
ders, severe liver disease, on estrogens or pregnant were not in
cluded because of effects on cortisol-binding globulin and 
consequent total serum cortisol levels. SSTs performed on pa
tients with active infections or adults on night shift work 

within the previous week were also excluded from the analysis 
as normal circadian rhythm is disrupted in these patients.

As per the established steroid weaning clinical care pathways 
in both hospitals, patients were first weaned down to a physio
logical replacement dose by the relevant specialty (in children 
∼6-8 mg/m2/day hydrocortisone or prednisolone equivalent 
and in adults, prednisolone 3-5 mg/day or hydrocortisone 
15-25 mg/day) and then a morning cortisol was performed. If 
the morning cortisol result was <336 nmol/L (12.2 µg/dL) in 
the pediatric cohort or <350 nmol/L (<12.7 µg/dL) in the adult 
cohort, the patient was referred to endocrinology for an SST, 
while maintaining them on a physiological steroid replacement 
dose. For pediatric patients who passed their SST we advised 
they stop their glucocorticoids with no further weaning or sick 
day/emergency cover but asked that they reported any symp
toms suggestive of adrenal insufficiency/steroid withdrawals to 
their medical team. Recent practice for pediatric patients with 
GIAI who have a peak cortisol between 350 and 429 nmol/L 
(12.7-15.6 µg/dL) is to treat with sick days rules only. Patients 
who failed the SST with a peak cortisol <350 nmol/L 
(<12.7 µg/dL) continued on physiological glucocorticoid re
placement and received standardized education on steroid sick 
day rules, on administration of intramuscular hydrocortisone 
and were given a British Society for Pediatric Endocrinology 
& Diabetes (BSPED) steroid emergency card.16 They were 
monitored using EMC usually done every 3 months, to guide 
timing of subsequent SSTs. Adult patients who passed the SST 
were weaned 1 mg every 2 to 4 weeks until completely stopped. 
This approach is taken to counteract withdrawal symptoms in 
patients even with normal adrenal function.17 All patients 
who came off their glucocorticoids were advised to monitor 
their symptoms and given an emergency glucocorticoid prescrip
tion to cover intercurrent illness for 6 to 12 months after stop
ping glucocorticoids.18 Those who failed the test were given 
standard education on sick day rules and intramuscular hydro
cortisone and monitored via a dedicated steroid clinic with EMC 
used to guide timing of subsequent SSTs, which were usually 
done every 3-6 months.

Short synacthen test protocol
Endocrine nurse specialists carried out the SSTs on a dedicated 
investigation unit in both the pediatric and adult hospitals. 
The protocol for the SST involves administration of intraven
ous or intramuscular Synacthen (Atnahs Pharma UK Limited, 
Essex, UK) (145 µg/m2 for pediatric patients and 250 µg 
for adults) and measurement of plasma adrenocorticotrophic 
hormone (ACTH) and serum cortisol at 0 min and serum cor
tisol at 30 min. The SST was performed ∼24 h after the last 
prednisolone dose and patients on hydrocortisone or/and 
inhaled glucocorticoids were asked to omit the dose the even
ing before and the morning of the SST until the test was com
pleted. A pass SST was defined as post-ACTH 30-min cortisol 
of ≥430 nmol (≥15.6 µg/dL) for both cohorts.19,20

Measurement of serum cortisol in the pediatric cohort was 
conducted using Vitros 5600 (Ortho Clinical Diagnostics ana
lyser, New York, USA) interassay precision coefficient of vari
ation (CV) 4.1% to 5%. The serum cortisol was measured 
using Elecsys Cortisol II assay (Roche Diagnostics GmbH, 
Mannheim, Germany) (Cobas® interassay precision CV 
1.1% to 5.5%) in the adult cohort. ACTH samples were im
mediately packed in ice and transported to the laboratory 
within 10 min of collection. ACTH levels were measured 
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using Siemens Immulite 2000 chemiluminescent assay 
(Siemens, Frimley, United Kingdom interassay precision CV 
6.1% to 10.0%) in both cohorts.

Data/statistics
Demographic, clinical and laboratory data for all those in the 
study were extracted from patient case notes. The diagnostic 
performance of morning cortisol, ACTH and cortisol:ACTH 
ratio to predict a pass SST was determined via receiver operat
ing characteristic (ROC) curve analysis by plotting true positive 
rate (sensitivity) against the false-positive rate (1-specificity) for 
all results in the dataset. The area under curve (AUC) was re
ported with associated 95% confidence intervals (CIs). Cut 
offs with 95% and 99% sensitivity for each variable predicting 
a pass on SST were identified. Likewise, 95% and 99% specifi
city cut offs for morning cortisol, ACTH and cortisol:ACTH ra
tio were determined to predict a fail on SST.

To compare if 95% or 99% cut offs should be chosen for 
predicting a pass SST in clinical practice, outcomes of all adult 
patients with results falling in between the 2 cut-offs were ex
amined for successful glucocorticoid weaning, mortality and 
number of hospital admissions in the 12 months following 
weaning of glucocorticoids. Sensitivity analyses comparing 
EMC values before and after 9 AM, and those on and without 
opioids were also conducted.

All the data were recorded in password-protected Excel 
spreadsheets and stored securely on hospital computers in 
line with national governance protocols. Continuous variables 
are represented as mean and standard deviation (SD) for nor
mally distributed data, and as median and inter-quartile range 
[IQR] for non-normally distributed data, while categorical 
variables are represented by the number of cases (n) and a per
centage (%) of the total. The data were analysed using SPSS 
version 27.

Approvals
The study was registered with both Trusts’ Clinical Audit & 
Effectiveness Units (Sheffield Children’s Trust, reference 

number SE1825; Sheffield Teaching Hospitals, reference num
ber 10195) as an institutional case note review. All data col
lected as part of this project reflected routine clinical care and 
therefore a formal ethical approval was not required. The study 
was conducted in accordance with the principles set out in the 
Declaration of Helsinki. No funding was required. The study 
has been reported in line with the STROBE statement for obser
vational studies.21

Results
In the pediatric cohort, 151 SSTs from 101 patients were iden
tified over the 5-year study period, 48 (31.8%) SSTs reach the 
threshold for a pass. In the adult cohort, 372 SSTs were in
cluded, performed on 237 patients, 136 (36.6%) of which 
were a pass. Most patients in the pediatric cohort were only 
on oral glucocorticoids n = 109 (72.2%), in contrast to the 
adult cohort where most (n = 229) were on combined oral 
and inhaled glucocorticoids (61.6%). Underlying haemato
logical (24.5%) and respiratory (23.2%) etiology were 
the main reason for steroid treatment and SST testing in 
the pediatric cohort, while in the adult cohort, respiratory 
etiology alone accounted for 58.9% of the SSTs. The flow
chart for the study design is summarized in Figure 1 and 
the baseline demographics and clinical features of the final 
number of patients included in the study are described in 
Table 1.

ROC curve analysis and cut offs
ROC curve analysis of morning cortisol, ACTH and cortisol: 
ACTH ratio is summarized in Figure 2 for pediatric [A] and 
adult [B] cohorts. Morning cortisol was the best performing 
test in both groups, with AUC of 0.79 (95% CI, 0.71, 0.87) 
in children and 0.88 (95% CI, 0.84, 0.91) in adults. The 
AUC for cortisol:ACTH ratio and ACTH alone was 0.77 
and 0.46 for children and 0.80 and 0.54 for adults, respective
ly. The 95% morning cortisol cut offs to exclude GIAI 
were 278 (10.1 µg/dL) and 290 nmol/L (10.5 µg/dL) for the 
pediatric and adult cohorts respectively. The 95% and 99% 

Figure 1. Flowchart demonstrating the study design (created with biorender.com). AI, adrenal insufficiency; GIAI, glucocorticoid-induced adrenal 
insufficiency; ROC, receiver operator characteristic; SST, short synacthen test.
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sensitivity and specificity cut offs of all 3 parameters to predict 
a pass and fail on SST for both groups are summarized in the 
Table 2.

Comparison of 95% and 99% sensitivity EMC cut offs 
to predict pass SST in the adult cohort
Of the 372 SSTs performed in our adult cohort, 51 patients had 
morning cortisol results between 290 nmol/L (10.5 µg/dL) and 
349 nmol/L (12.7 µg/dL), the 95% and 99% sensitivity cut offs 
calculated, of whom 82% (n = 42) passed their SST. Of the re
maining 9 patients, 6 had a borderline 30-min SST cortisol re
sult, between 396 nmol/L (14.4 µg/dL) and 429 nmol/L 
(15.5 µg/dL), and were successfully weaned off glucocorticoids 
over the next 8-12 weeks. The remaining 3 patients were not 
weaned off glucocorticoids: 2 due to their relatively lower 
30-min SST cortisol levels (340 nmol/L (12.3 µg/dL) and 
380 nmol/L (13.8 µg/dL)) and one due to complex symptoms 
and health-related issues (chronic fatigue syndrome/myalgic en
cephalomyelitis) (Table 3). The total glucocorticoid weaning 
rate in these patients during the period studied was therefore 
94% (48/51). The total rate of false negative results for using 
95% and 99% EMC cut offs to predict pass SST was 3.4% 
and 2.8%, respectively. During the 12-month period 
post-SST, there were no deaths and 2 hospital admissions, 
both of which were unrelated to AI. There were also no 

reported cases of adrenal crisis or AI-related hospital admis
sions for children who were weaned off glucocorticoids.

Using 95% sensitivity and specificity cut offs to predict a 
pass or fail SST, 68 (45%) SSTs in the pediatric cohort and 
215 (58%) SSTs in the adult cohort could have been avoided.

Discussion
The study results show that morning cortisol performs better 
than ACTH and cortisol:ACTH ratio in predicting SST outcome 
in children and adults on glucocorticoids. For children and 
adults, the morning cortisol cut offs to predict a pass on SST 
were 278 (10.1 µg/dL) and 290 nmol/L (10.5 µg/dL) at 95% sen
sitivity, and 316 nmol/L (11.5 µg/dL) and 349 nmol/L (12.7 µg/ 
dL) at 99% sensitivity, respectively. Using a 95% sensitivity cut 
off, 278 nmol/L (10.1 µg/dL) in children and 290 nmol/L 
(10.5 µg/dL) in adults can be used to wean off glucocorticoids 
with appropriate education. However, if morning cortisol read
ings are low (115 nmol/L [4.2 µg/dL] and 133 nmol/L [4.8 µg/ 
dL] respectively), then adrenal insufficiency is likely, and a con
firmatory SST can be avoided. In our pediatric and adult cohorts 
45% and 58% of SSTs could have been avoided using these cut 
offs. Based on our study findings, we propose using morning cor
tisol to aid safe and timely cessation of steroids in pediatric and 
adult patients (Figure 3), with specific thresholds derived for lo
cal assays.

Table 1. Baseline demographics and clinical features of patients in adult and pediatric cohorts included in the study.

Pediatric cohort Adult cohort

Number of patients 
N

101 237

Number of SSTs 
N

151 372

Number of Females 
n (%)

49 (48.5%) 146 (61.6%)

Mean Age (SD) (years) 
Range

8.6 (5.2) 
[0.3-18.1]

59.6 (15.1) 
[17.9-87.8]

Number of passed SSTs 
n (%)

48 (31.8%) 136 (36.6%)

Median time of 0 min sample [IQR] 
Range

09:11 [09:00- 09:30] 
08:40-10:30

09:35 [09:10-09:50] 
08:15-10:30

Type of glucocorticoids 
n (%)

Oral + Inhaled = 18 (11.9%) 
*High dose = 6 (33.3%) 
Medium dose = 4 (22.2%) 
Low dose = 8 (44.4%) 
Oral = 109 (72.2%) 
Inhaled only = 16 (10.6%) 
High dose = 3 (18.8%) 
Medium dose = 9 (56.3%) 
Low dose =4 (25%) 
Others = 8 (5.3%) 
(Topical with or without inhaled or other routes of administration

Oral + Inhaled = 229 (61.6%) 
High dose = 147 (64.2%) 
Medium dose = 71 (31.0%) 
Low dose = 11 (4.8%) 
Oral = 141 (37.9%) 
Inhaled only = 2 (0.5%) 
High dose = 2 (100%)

Etiology 
n (%)

Haematology = 37 (24.5%) 
Respiratory = 35 (23.2%) 
Neonatology = 21 (13.9%) 
Rheumatology = 20 (13.2%) 
Gastroenterology = 13 (8.6%) 
Dermatology = 6 (3.9%) 
Neurology = 5 (3.3%) 
Others = 14 (9.3%)

Respiratory = 219 (58.9%) 
Rheumatology = 76 (20.4%) 
Haematology = 31 (8.3%) 
Oncology = 16 (4.3%) 
Endocrinology = 8 (2.2%) 
Gastroenterology = 8 (2.2%) 
Dermatology =7 (1.9%) 
Others = 7 (1.9%)

Number of SSTs while taking opioids 
n (%)

8 (5.3%) 50 (13.4%)

Abbreviations: IQR, Interquartile range; SD, Standard deviation; SST, Short synacthen test.
*Dose 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 than 800 micrograms budesonide, be considered a low dose).
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Serum cortisol values are usually measured in nmol/L and µg/ 
dL. The cut-offs recommended by the joint ESE/ES guidelines 
are 300 and 150 nmol/L, and 10.0 µg/dL and 5 µg/dL respect
ively, which are not exactly equivalent (calculated equivalent 
values would be 10.9 and 5.4 µg/dL).6 Our proposed cut offs 
of 278/290 nmol/L (10.1/10.5 µg/dL) and 115/133 nmol/L 
(4.2/4.8 µg/dL) provide support for the recommended values. 
NICE also suggests the same cut offs of 300 nmol/L and 
150 nmol/L to predict adrenal sufficiency and insufficiency.7

The cut offs derived from our study of children and adults pro
vide supporting evidence for the thresholds recommended in 
these guidelines during weaning of glucocorticoids.

Several studies have reported EMC cut offs to predict the 
SST outcome in the adult general population.22–24 However, 
there is scarcity of studies examining this in patients on gluco
corticoids for a non-endocrine indication using a contempor
ary immunoassay (Table 4). Results for most assays are 
comparable to ours. Sbardella et al.25 compared the cut offs 
between different assays in another study. The reported cut 

offs from Roche immunoassay (n = 404), were 331 nmol/L 
(12.0 µg/dL) and 386 nmol/L (14.0 µg/dL) for reported 95% 
and 99% specificity to pass the SST. However, cortisol values 
were measured using a slightly older first-generation assay 
which would explain reported higher readings compared 
with ours, as values using second generation assays are low
er.26,27 In addition to immunoassays, we have reviewed our se
rum cortisol data analysed on LC-MS/MS from a previously 
published glucocorticoid cohort (n = 139).28 We found that 
in this cohort, the 95% sensitivity cut off to predict adrenal 
sufficiency was ≥299 nmol/L (≥10.8 μg/dL), while the 95% 
specificity to fail the SST was <135 nmol/L (<4.9 μg/dL) 
(AUC 0.91 95% CI, 0.86, 0.96), both comparable with the re
sults reported here. There are some studies examining the role 
of EMC using low dose SST in children29 but there are no stud
ies examining the role of EMC in predicting SST outcome dur
ing glucocorticoid weaning in children.

Studies evaluating morning cortisol cut-offs have reported 
a range of sensitivities and specificities between 80% and 

Figure 2. Receiver operating characteristic (ROC) curve analysis of morning cortisol, ACTH and cortisol:ACTH ratio in [A] pediatric and [B] adult cohorts.
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Table 2. 95% and 99% specificity and sensitivity cut offs predicting to pass and fail SST in [A] pediatric and [B] adult cohorts.

[A] 95% sensitivity to exclude 
GIAI (corresponding 

specificity)

99% sensitivity to exclude 
GIAI (corresponding 

specificity)

95% specificity to confirm 
GIAI (corresponding 

sensitivity)

99% specificity to confirm 
GIAI (corresponding 

sensitivity)

Morning 
cortisol

278 nmol/L (43%) 
10.1 µg/dL

316 nmol/L (23%) 
11.5 µg/dL

115 nmol/L (37%) 
4.2 µg/dL

20 nmol/L (8%) 
0.7 µg/dL

ACTH 88 ng/L (0%) 
19.4 pmol/L

151 ng/L (0%) 
33.3 pmol/L

4.5 ng/L (8%) 
1.0 pmol/L

3.5 ng/L (6%) 
0.8 pmol/L

Cortisol: 
ACTH 
ratio

20.3 (21%) 37.3 (9%) 3.4 (29%) 2.3 (13%)

[B] 95% sensitivity to exclude AI 
(corresponding specificity)

99% sensitivity to exclude AI 
(corresponding specificity)

95% specificity to confirm AI 
(corresponding sensitivity)

99% specificity to confirm AI 
(corresponding sensitivity)

Morning 
cortisol

290 nmol/L (55%) 
10.5 µg/dL

349 nmol/L (24%) 
12.7 µg/dL

133 nmol/L (48%) 
4.8 µg/dL

89 nmol/L (35%) 
3.2 µg/dL

ACTH 87 ng/L (2%) 
19.2 pmol/L

135 ng/L (1%) 
29.7 pmol/L

6.5 ng/L (7%) 
1.4 pmol/L

3.5 ng/L (1%) 
0.8 pmol/L

Cortisol: 
ACTH 
ratio

19.2 (18%) 24.0 (0%) 4.5 (40%) 3.0 (25%)

Abbreviations: GIAI, glucocorticoid-induced Adrenal insufficiency.

Table 3. Summary of patients (n = 9) with basal cortisol between 290 nmol/L and 349 nmol/L (10.5 and 12.7 µg/dL) and 30-minute cortisol <430 nmol/L 
(<15.6 g/dL) in adult cohort.

Patient 
number

0-min 
cortisol 

(nmol/L)

30-min 
cortisol 

(nmol/L)

Glucocorticoids 
weaned (Yes/No)

AI-related 
hospital 

admissions

All hospital 
admissions

Further comments

1 297 340 No 0 0 Two further failed SSTs 8 and 18 months 
later

2 323 380 No 0 0 Passed repeat SST 9 months later
3 297 396 Yes 0 0
4 346 399 Yes 0 1
5 304 399 Yes 0 0 Glucocorticoids stopped but re-started after 

another exacerbation of asthma
6 325 401 No 0 0 Remains on glucocorticoids due to complex 

symptomatology (chronic fatigue 
syndrome/myalgic encephalomyelitis)

7 298 402 Yes 0 0
8 337 420 Yes 0 1
9 347 429 Yes 0 0

Table 4. Summary of all studies examining morning cortisol cut offs to pass or fail short synacthen test in patients on glucocorticoids.

Study Study population Assay Cut offs reported

Sagar et al.40 n = 238 
Adults only 
Rheumatology only

Siemens ADVIA Centaur 100% specificity to pass SST: 350 nmol/L (12.7 µg/dL) 
100% sensitivity to fail SST: 100 nmol/L (3.6 µg/dL)

Sbardella et al.25 n = 40 
Adults and children >11 years old

Siemens ADVIA Centaur 95% and 100% specificity to pass SST: 272 nmol/L (9.9 µg/dL) 
and 323 nmol/L (11.7 µg/dL) 

100% sensitivity to fail SST: 211 nmol/L (7.6 µg/dL)
n = 32 
Adults

Abbott Architect 100% specificity to pass SST: 336 nmol/L (12.2 µg/dL) 
100% sensitivity to fail SST: 124 nmol/L (4.5 µg/dL)

n = 404 
Adults

Roche (1st generation) 95% and 99% specificity to pass SST: 331 nmol/L (12.0 µg/dL) 
and 386 nmol/L (14.0 µg/dL)

Tomkins et al.41 n = 67 
Adults 
Post- kidney transplant

Roche (2nd generation) 100% specificity to pass SST: 288 nmol/L (10.4 µg/dL)

Diddhenipothage 
et al.32

n = 137 
Adults

Abbott Architect i-2000 100% specificity to pass SST: 376 nmol/L (13.6 µg/dL)

Abbreviations: SST, Short synacthen test.
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100%,23,25,30–32 with 95% and 99% cut offs being the most 
widely reported. For most biochemical measurements, the 5th 
and 95th percentiles (2 standard deviations from the mean) are 
used,33 however for some eg, high sensitive troponin, 1st and 
99th percentile (3 standard deviations from mean) are recom
mended.34 No such consensus exists for morning cortisol. 
Using 99% cut offs would result in lower false negative rates 
than 95% but the latter may be more suitable for screening pur
poses. In this study, we followed up adult patients for 12 months 
after they were weaned off glucocorticoids and confirmed no 
AI-related hospital admissions or deaths, suggesting that 95th 
cut off readings can be used cautiously with appropriate patient 
education. There were also no AI-related hospital admissions or 
deaths in the pediatric cohort after weaning off glucocorticoids.

ACTH is checked at 0 min on an SST by some clinicians to 
predict adrenal status.10 0 min ACTH is also used to distin
guish between primary and secondary/tertiary AI.14 In pa
tients on supraphysiological doses of glucocorticoids, ACTH 
secretion from the pituitary gland is suppressed.5 When supra
physiological exogenous glucocorticoids are discontinued 
ACTH levels are reported to recover first followed by resump
tion of cortisol production.35 In our clinical practice ACTH 
has been used on a case-by-case basis to guide physicians in 
identifying reactivation of the HPA axis,5 but, strong evidence 
behind this approach is lacking. Our group has recently devel
oped a multivariable model to predict the outcome of the next 
SST using baseline and 30-min cortisol readings from the pre
vious SST (n = 175 patients with sequential SSTs, including 
n = 109 with tertiary AI).36 We found that the addition of 
basal ACTH did not improve the predictive model. In our 
study here, the cortisol:ACTH ratio was 77% predictive of 
the SST outcome, possibly suggesting a dynamic relationship 
between changes in cortisol and ACTH as the HPA axis is re
activating. However, we did not find additional value of cor
tisol:ACTH over EMC alone.

The major clinical risk while weaning glucocorticoids is ad
renal crisis which has a reported mortality of up to 6%.37 The 
reported incidence of adrenal crises in AI patients is 5-10 per 
100 patient years.37 When following our adult patients with 
morning cortisol between 290 nmol/L and 349 nmol, there 
were 2 non-AI related admissions and no deaths. The risk of 
adrenal crisis is thought to be lower in those with GIAI due 
to an intact renin angiotensin aldosterone system and residual 
cortisol production.38,39 Nevertheless, it is important to en
sure that all patients with GIAI receive standard sick day rules 
education.18

In patients with equivocal or borderline results ie, between 
lower and higher cut-offs, the guidelines suggest monitoring 
with morning cortisol after a few weeks or months.6 In a pa
tient with equivocal results, one can either wean the glucocor
ticoids with patient education on sick day rules and how to 
identify symptoms of adrenal insufficiency or gradually reduce 
the glucocorticoid dose and continue to monitor clinically and 
biochemically using EMC or waking salivary cortisone 
(WSC).28 If a patient develops symptoms of AI, the dose will 
need to be increased back to the pre-symptomatic dose or, if 
stopped, re-started, and slower weaning recommended. 
Although the ESE/ES guidelines do not recommend routine 
use of the SST, an alternative approach in patients with equivo
cal results is to immediately proceed to a SST in this 
group. 30% (25/84) of children and 36% (56/157) of the adult 
patients in our study passed the SST and were weaned off glu
cocorticoids raising the question whether the SST could exped
ite the weaning process when compared with using a serum 
cortisol. This approach may have a role when it is difficult to 
wean patients off glucocorticoids, especially if they are present
ing with withdrawal symptoms and need reassurance.

The main limitation of the study is its retrospective design. 
We would recommend validation in a prospective study. The 
ESE/ES and NICE guidelines recommend cortisol sampling 

Figure 3. Flowchart summarizing a proposed approach to discontinue glucocorticoid therapy.
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to be undertaken early between 8 and 9 AM to capture the cir
cadian cortisol peak while our patients were asked to attend 
for testing between 8 AM and 10:30 AM. A separate analysis 
in adults comparing EMC values before and after 9 AM dem
onstrated that EMC taken before 9 AM cut offs were slightly 
higher than those taken after 9 AM, as expected, however, 
there was not a significant impact on the overall results and 
the difference in cut offs are comparable within the limits of 
CV% of the assays (Table S1). Few SSTs were performed while 
the participants were on opioids which can reduce EMC levels. 
However, main etiology of AI was glucocorticoid-induced in 
these patients and a sensitivity analysis excluding these pa
tients did not influence the results (Table S2). Furthermore, 
we only have data for patients on glucocorticoids who were re
ferred to endocrinology for assessment of their HPA axis, 
whereas many patients are managed within their speciality.

In conclusion, this is the first study to derive morning corti
sol cut offs for both children and adults weaning from gluco
corticoids using 2 different modern immunoassays. Our cut 
offs provide further evidence in support of the recommenda
tions from ES/ESE and NICE guidelines. These cut-offs should 
be harmonized with clinical practice to reduce the number of 
SSTs required. The study also shows that measurement of 
ACTH with cortisol routinely with all SSTs does not help pre
dict the SST outcome and therefore is only required to investi
gate the etiology of adrenal insufficiency when it is unknown.

Supplementary material
Supplementary material is available at European Journal of 
Endocrinology online.
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