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Efficacy of single serum cortisol reading obtained 
between 9 AM and 10 AM as an index of adrenal 
function in children treated with glucocorticoids  
or synthetic adrenocorticotropic hormone

Masahiro Goto, Nao Shibata, and Yukihiro Hasegawa
Division of Endocrinology and Metabolism, Tokyo Metropolitan Children’s Medical Center, Tokyo, Japan

Abstract.	To find a simple method to screen for iatrogenic childhood adrenal insufficiency, we 
retrospectively examined the results of CRH stimulation tests performed 212 times on 111 subjects 
(68 males; age at commencement of initial treatment ranged 0.0–19.8 yr; median age, 5.8 yr). Before 
the commencement of this study, 97 subjects had been treated with glucocorticoids and 14 subjects 
with West syndrome had been treated with synthetic adrenocorticotropic hormone. Duration of the 
primary treatment ranged from 15 to 2150 days. CRH stimulation tests were conducted between 
09:00 AM and 10:00 AM and peak cortisol values less than 15 µg/dL were considered indicative of 
adrenal insufficiency. The receiver operating characteristic curve showed that the optimal basal 
serum cortisol cut-off values when screening for adrenal suppression ranged from 5.35 to 5.80 µg/dL 
depending on the primary disease. All subjects having a serum cortisol value of less than 2.3 µg/dL 
had insufficient adrenal function while all subjects having greater than 11 µg/dL had intact adrenal 
function. We concluded that single serum cortisol values obtained between 09:00 AM and 10:00 AM 
had the potential to serve as an index of adrenal function in children treated with glucocorticoids or 
synthetic adrenocorticotropic hormone.
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Introduction

Iatrogenic adrenal insufficiency is one of the 
major causes of adrenal failure in the pediatric 
population (1). Glucocorticoids, used primarily 
to treat various diseases such as autoimmune 
diseases (2) and neoplastic disorders (3), can 
cause iatrogenic adrenal insufficiency by 
suppressing the hypothalamus-pituitary-adrenal 
axis after prolonged use (1–3). There has been 
no report of adrenal suppression caused by 
synthetic adrenocorticotropic hormone therapy 
among infants with West syndrome. However, 
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frequent use of this synthetic drug and the 
resultant protracted secretion of cortisol from 
the adrenal glands may cause suppression of the 
hypothalamus-pituitary-adrenal axis. Adrenal 
failure can be fatal if untreated (1, 4–6), and must 
therefore be diagnosed and treated immediately.

A simple method of screening pediatric 
patients for iatrogenic adrenal insufficiency is 
crucial for clinical practice for two reasons. First, 
many pediatric patients receive glucocorticoids 
or synthetic adrenocorticotropic hormone as 
part of their treatment. Second, some pediatric 
patients require repeated assessment of adrenal 
function. However, repetitive stimulation tests 
for adrenal function can be stressful. Previously, 
we reported that single serum cortisol values 
obtained at 09:00 AM correlated significantly 
with peak cortisol values in a CRH stimulation 
test in children with Kawasaki disease treated 
with prednisolone for approximately 20 days 
(7). We also reported that a single cortisol value 
higher than 5 µg/dL obtained at 09:00 AM can 
be a practical index of intact adrenal function in 
these children (8).

Here we report that a single cortisol value 
obtained between 09:00 AM and 10:00 AM could 
serve as a tool to screen for adrenal suppression 
in children treated with glucocorticoids for 
a primary disease other than Kawasaki 
disease, and in children treated with synthetic 
adrenocorticotropic hormone for West syndrome.

Subjects and Methods

Patients
The patients used received treatment at 

a single medical institution. Between March 
2010 and October 2014, the CRH stimulation 
test was performed 220 times on 116 children, 
who had previously been treated either with 
glucocorticoids for a primary disease other 
than Kawasaki disease or with a synthetic 
adrenocorticotropic hormone for West syndrome. 
Eight tests performed on children younger than 
6 mo were excluded due to uncertainty regarding 
the establishment of circadian rhythm at this 
age (9). The remaining 212 tests, performed 
on 111 children (68 boys and 43 girls), were 
included in the following study (Table 1). The 
primary diseases of subjects were categorized 
as inflammatory bowel diseases (IBD), including 
ulcerative colitis and Crohn’s disease (n = 40), a 
subgroup including Henoch-Schonlein purpura 
and idiopathic thrombocytopenic purpura 
(referred as purpura hereafter) (n = 20), West 
syndrome (n = 14), and others (n = 37) including 
diseases such as leukemia and biliary atresia. 
There was no significant difference in the gender 
ratio between groups.

The age at commencement of glucocorticoid 
or synthetic adrenocorticotropic hormone 
therapy ranged from 0.0 to 19.8 yr (median 5.8 
yr) for the total subject population (hereafter, 
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Table 1	 Background characteristics of subjects

Population IBD Purpura West  
syndrome Others

Sex (M/F) 68/ 43 28/12 13/7 8/6 19/18
Age at start of initial 
treatment (yrs)

0.0–19.8 
(median 5.8)

3–15.7* 
(median 11.7)

2–7.5* 
(median 5)

0.3–1.5 
(median 0.6)

0.0–19.8 
(median 3.05)

Duration of initial 
treatment (d)

15–2150 
(median 47)

21–300* 
(median 64.5)

15–220 
(median 27)

26–36 
(median 29)

17–2150 
(median 66.5)

Number of CRH 
stimulation tests

212 85 50 16 61

IBD: inflammatory bowel disease. * Statistically significant difference compared with West syndrome group.
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‘population’). Among subjects with IBD, purpura, 
West syndrome, and others, the age range was 3 
to 15.7 yr (median 11.7 yr), 2 to 7.5 yr (median 5 
yr), 0.3 to 1.5 yr (median 0.6 yr), and 0.0 to 19.8 yr 
(median 3.05 yr), respectively. The age at initial 
treatment was significantly lower in children 
with West syndrome treated with synthetic 
adrenocorticotropic hormone than in the IBD 
or purpura groups. The duration of treatment 
ranged from 15 to 2150 days for the population 
(median 47 days). Specifically, the treatment 
duration ranged from 21 to 300 d (median 64.5 
d) for IBD patients, 15 to 220 d (median 27 d) 
for purpura patients, 26 to 36 d (median 29 d) 
for West syndrome patients, and 17 to 2150 d 
(median 66.5 d) for subjects with other primary 
diseases. The duration of the initial treatment 
was significantly longer for children with IBD 
than for those with West syndrome.

Methods
A retrospective chart review was conducted 

and the data from CRH stimulation tests 
were analyzed. Patients initially treated with 
glucocorticoids were prescribed oral cortisol at 
a physiological dose (8–10 mg/m2/d) daily and at 
a dose of 80–100 mg/m2/d in the event of stress 
such as febrile episodes. The patients with 
West syndrome, initially treated with synthetic 
adrenocorticotropic hormone, had not been 
administered oral cortisol. The test commenced 
between 09:00 AM and 10:00 AM after overnight 
fasting. The patients were requested not to take 
any glucocorticoids on the day of the examination. 
A dose of 1.5 µg/kg (max. dose 100 µg) of human 
CRH (Tanabe; Tanabe Mitsubishi Corporation, 
Osaka, Japan) was administered intravenously 
and blood samples were drawn at 0, 15, 30, 60, 90, 
and 120 min after treatment to measure serum 
cortisol and ACTH concentrations. The details of 
the kits used for this purpose and their precision 
are discussed elsewhere (7).

Based on peak cortisol values from the CRH 
stimulation test, all subjects as well as those 
in primary disease groups (IBD, purpura, West 

syndrome, and others) were further divided 
into two subgroups. One group had insufficient 
adrenal function (peak cortisol values < 15 µg/
dL) and the other with intact adrenal function 
(peak cortisol values > 15 µg/dL), in accordance 
with the definition applied in our previous study 
(8). Scatter diagrams were then constructed, and 
the overlap of the two subgroups was calculated. 
Receiver operating characteristic (ROC) curves 
were also produced to calculate the optimal 
cut-off values (the points where the sum of 
sensitivity and specificity becomes maximum) 
for pre-test serum cortisol levels, to predict intact 
adrenal function (peak cortisol values > 15 µg/
dL). These were also used to calculate the area 
under the curve (AUC) and p values for both the 
whole population and the four primary disease 
groups. Based on the results of these analyses, 
the sensitivity, specificity, and likelihood ratio 
were calculated with pre-test  serum cortisol 
cut-off values posited at 5 µg/dL and 5.5 µg/dL.

Oral informed consent was obtained from 
the guardians before the stimulation tests. Data 
from previously performed stimulation tests 
were presented on the condition that the privacy 
of the subjects would be protected according to 
requirements of the ethics review board of Tokyo 
Metropolitan Children’s Medical Center (ID: 
H27b-126).

Statistical analysis
All statistical analyses and construction of 

graphics (scatter diagrams and ROC curves) were 
done using SPSS Statistics 20 (IBM). Continuous 
variable data were expressed as a range with a 
median. A nonparametric Mann-Whitney test 
was used to compare the data of the primary 
disease groups. A Fisher’s exact test was used to 
compare the gender ratios among these groups.

Results

The distribution of pre-test serum cortisol 
values is shown in Fig. 1. The whole population 
and the four primary disease groups were further 
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divided into two subgroups as mentioned above. 
The overlap of pre-test serum cortisol values 
among the West syndrome group (Fig. 1D), both 
for subjects with insufficient adrenal function 
and for those with intact adrenal function, was 
observed in 25% of the population. However, 
the overlap of cortisol values in these subgroups 
among the population (Fig. 1A), IBD (Fig. 1B), 
purpura (Fig. 1C), and other groups (Fig. 1E) was 
observed to be 77%, 72%, 74%, and 74% of their 
members, respectively. Within the population, 
all subjects with a serum cortisol value less than 
2.3 µg/dL at 0 min showed insufficient adrenal 
function, whereas all subjects with a value greater 
than 11 µg/dL showed intact adrenal function.

The ROC curves for pre-test serum cortisol 
values are shown in Fig. 2. For the population, the 
threshold maximizing the sum of sensitivity and 

specificity of intact adrenal function, AUCROC, 
and p value were 5.35 µg/dL, 0.756, and 0.000, 
respectively (Fig. 2A). The threshold, AUCROC, 
and p values were 5.35 µg/dL, 0.759, and 0.000 
for the IBD group (Fig. 2B), 5.55 µg/dL, 0.713, 
and 0.018 for the purpura group (Fig. 2C), 5.40 
µg/dL, 0.950, and 0.003 for the West syndrome 
group (Fig. 2D), and 5.80 µg/dL, 0.736, and 0.002 
for the others group (Fig. 2E), respectively.

Table 2 shows the degrees of sensitivity, 
specificity, and the likelihood ratio when the pre-
test serum cortisol cut-off values were posited at 
5 µg/dL and 5.5 µg/dL. The sensitivity was 1.000, 
the specificity was 0.833, and the likelihood 
ratio was 6 at both cut-off values for subjects 
with West syndrome. In contrast, those figures 
were lower in the population, IBD, purpura, and 
others groups.
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Fig. 1.	 Distribution of the pre-test serum cortisol values in the population (A), and IBD (B), purpura 
(C), West syndrome (D), and others (E) groups. Subjects were divided into subgroups based on 
insufficient adrenal function (peak cortisol values < 15 µg/dL) or intact adrenal function (peak 
cortisol values > 15 µg/dL).
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Discussion

This study demonstrated that optimal 
cut-off values of serum cortisol, obtained from 
sampling between 09:00 AM and 10:00 AM for 
screening for adrenal suppression in children 

treated with either glucocorticoids or synthetic 
adrenocorticotropic hormone, ranged from 5.35 to 
5.80 µg/dL depending on the primary disease. In 
addition, all subjects with serum cortisol values 
less than 2.3 µg/dL, during this time frame, 
showed insufficient adrenal function, whereas 
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Fig. 2.	 ROC curves of the pre-test serum cortisol values in the population (A), and IBD (B), purpura (C), 
West syndrome (D), and others (E) groups.

Table 2	 Diagnostic accuracy of cutoff values for morning serum cortisol levels among patients 
with different diseases

Population IBD Purpura West syndrome Others

Sensitivity 0.784 
0.716

0.780 
0.780

0.714 
0.629

1.000 
1.000

0.789 
0.684

Specificity 0.564 
0.641

0.543 
0.657

0.533 
0.666

0.833 
0.833

0.522 
0.565

Likelihood ratio 1.8 
2.0

1.7 
2.3

1.5 
1.9

6 
6

1.7 
1.6

Upper row: cutoff value for serum cortisol levels = 5.0 µg/dL. Lower row: cutoff value for serum cortisol 
levels = 5.5 µg/dL. IBD: inflammatory bowel disease.
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all subjects with values greater than 11 µg/dL 
showed intact adrenal function.

Current emphasis on adrenal insufficiency 
as a potentially fatal disorder has led to the 
recognition of the importance of rapid diagnosis 
and treatment (1, 4–6). Several proposals for 
managing adrenal insufficiency have already 
been published (10–13). Moreover, the guidelines 
recently published by the Japan Endocrine 
Society state that adrenocortical insufficiency 
can be excluded in patients with morning (by 
09:00 AM) serum cortisol values greater than 18 
µg/dL, but should be highly suspected in those 
with values of less than 4 µg/dL (14), for the same 
period. However, it should be noted that these 
figures were based on data obtained previously 
from an adult population (15, 16).

Our study, based on results of the CRH 
stimulation test performed in more than 100 
children, has the following advantages. First, 
the study has demonstrated that single serum 
cortisol values obtained between 09:00 AM 
and 10:00 AM, a more practical time frame 
for routine clinical practice, can be applied to 
screening for adrenal suppression in children 
suspected of iatrogenic adrenal insufficiency. 
Previous reports and reviews recommended 
measuring serum cortisol values between 06:00 
AM and 08:00 AM, and considered 10 µg/dL as 
an appropriate cut-off value for intact adrenal 
function (3, 17). Second, the study established 
specific values for serum cortisol levels based 
on data obtained from children with suspected 
iatrogenic adrenal insufficiency, which can 
accurately confirm either insufficient adrenal 
function or intact adrenal function. Third, the 
data presented in this report can more reliably 
be applied to children.

This study has the following limitations. 
First, as this was a retrospective study, blood 
samples were not collected at exactly the same 
time. The time of collection for each subject varied 
widely from 09:00 AM to 10:00 AM. Normally, 
later collection times correspond to lower serum 
cortisol levels. Thus, the variation in collection 

time may have influenced the results.
Second, the variation in the duration of 

glucocorticoid administration, which depended 
on the subjects’ primary disease and clinical 
course, may have influenced our results. Most 
subjects with IBD, and some subjects with 
purpura or some other primary disease, were 
treated with glucocorticoids for a relatively 
long time. Some of these subjects showed peak 
serum cortisol values of less than 15 µg/dL in the 
CRH stimulation test even when serum cortisol 
values at 0 min exceeded 10 µg/dL (Fig. 1B, C, 
E). This may be one reason why the degrees of 
AUC in these categories were not as high as that 
in subjects with West syndrome or Kawasaki 
disease (8). We could not get satisfactorily high 
degrees of AUC from ROC curves even when we 
divided our subjects (excluding patients with 
West syndrome) into subgroups according to the 
duration of initial treatment (data not shown). 
This may be attributed to the diversity of their 
primary diseases and variable total doses during 
initial treatments. However, the optimal cut-off 
values showed a tendency to fall into the range 
of 5.35 to 5.80 µg/dL for all subjects regardless 
of differences in primary disease or duration of 
primary treatment. This finding suggests that 
serum cortisol values collected between 09:00 
AM and 10:00 AM, as well as those collected 
conventionally between 06:00 AM and 08:00 
AM, can also be applied to screen for adrenal 
suppression through a simple lowering of the 
cut-off values.

In conclusion, single serum cortisol values 
obtained between 09:00 AM and 10:00 AM can 
serve as a potential index of adrenal suppression 
in children suspected of iatrogenic adrenal 
insufficiency. Adrenal suppression can be either 
confirmed or excluded when serum cortisol 
values obtained are either less than 2.3 µg/dL 
or greater than 11 µg/dL.

Acknowledgments

We would like to thank Mr. James Robert 

Vol.25 / No.3



Cortisol values at 9–10 AM in children 89

Valera for proofreading and editing this 
manuscript.

Conflict of Interest: None of the authors has 
any potential conflicts of interest associated with 
this research.

References

	1.	 Shulman DI, Palmert MR, Kemp SF, Lawson 
Wilkins Drug and Therapeutics Committee. 
Adrenal insufficiency: still a cause of morbidity 
and death in childhood. Pediatrics 2007;119: 
e484–94. [Medline]  [CrossRef]

	2.	 Sidoroff M, Kolho KL. Screening for adrenal 
suppression in children with inflammatory bowel 
disease discontinuing glucocorticoid therapy. 
BMC Gastroenterol 2014;14: 51. [Medline]  
[CrossRef]

	3.	 Felner EI, Thompson MT, Ratliff AF, White PC, 
Dickson BA. Time course of recovery of adrenal 
function in children treated for leukemia. J 
Pediatr 2000;137: 21–4. [Medline]  [CrossRef]

	4.	 Dorin RI, Qualls CR, Crapo LM. Diagnosis of 
adrenal insufficiency. Ann Intern Med 2003;139: 
194–204. [Medline]  [CrossRef]

	5.	 Watts NB, Tindall GT. Rapid assessment of 
corticotropin reserve after pituitary surgery. 
JAMA 1988;259: 708–11. [Medline]  [CrossRef]

	6.	 Johannsson G, Falorni A, Skrtic S, Lennernäs 
H, Quinkler M, Monson JP, et al. Adrenal 
insufficiency: review of clinical outcomes with 
current glucocorticoid replacement therapy. 
Clin Endocrinol (Oxf) 2015;82: 2–11. [Medline]  
[CrossRef]

	7.	 Goto M, Miyagawa N, Kikunaga K, Miura 
M, Hasegawa Y. High incidence of adrenal 
suppression in children with Kawasaki disease 
treated with intravenous immunoglobulin 
plus prednisolone. Endocr J 2015;62: 145–51. 
[Medline]  [CrossRef]

	8.	 Goto M, Miyagawa N, Kikunaga K, Miura M, 
Hasegawa Y. Single serum cortisol values at 
09:00 h can be indices of adrenocortical function 

in children with Kawasaki disease treated with 
intravenous immunoglobulin plus prednisolone. 
Clin Pediatr Endocrinol 2015;24: 69–75. 
[Medline]  [CrossRef]

	9.	 Santiago LB, Jorge SM, Moreira AC. Longitudinal 
evaluation of the development of salivary cortisol 
circadian rhythm in infancy. Clin Endocrinol 
(Oxf) 1996;44: 157–61. [Medline]  [CrossRef]

	10.	 Bancos I, Hahner S, Tomlinson J, Arlt W. 
Diagnosis and management of adrenal 
insufficiency. Lancet Diabetes Endocrinol 
2015;3: 216–26. [Medline]  [CrossRef]

	11.	 Johannsson G, Skrtic S, Lennernäs H, Quinkler 
M, Stewart PM. Improving outcomes in patients 
with adrenal insufficiency: a review of current 
and future treatments. Curr Med Res Opin 
2014;30: 1833–47. [Medline]  [CrossRef]

	12.	 Charmandari E, Nicolaides NC, Chrousos GP. 
Adrenal insufficiency. Lancet 2014;383: 2152–67. 
[Medline]  [CrossRef]

	13.	 Reddy P. Clinical approach to adrenal 
insufficiency in hospitalised patients. Int J Clin 
Pract 2011;65: 1059–66. [Medline]  [CrossRef]

	14.	 The Japan Endocrine Society, the Japanese 
Society for Pediatric Endocrinology, Japan 
Hormonal Steroid Society, Ministry of Health, 
Labour and Welfare, Ed. A guide to diagnosis 
and treatment of patients with adrenocortical 
insufficiency including adrenal crisis. Folia 
Endocrinologica Japonica (Japanese) 2015;91 
(Suppl.):1-78.

	15.	 Erturk E, Jaffe CA, Barkan AL. Evaluation 
of the integrity of the hypothalamic-pituitary-
adrenal axis by insulin hypoglycemia test. J Clin 
Endocrinol Metab 1998;83: 2350–4. [Medline]

	16.	 Berg C, Meinel T, Lahner H, Yuece A, Mann K, 
Petersenn S. Diagnostic utility of the glucagon 
stimulation test in comparison to the insulin 
tolerance test in patients following pituitary 
surgery. Eur J Endocrinol 2010;162: 477–82. 
[Medline]  [CrossRef]

	17.	 Grinspoon SK, Biller BM. Clinical review 62: 
Laboratory assessment of adrenal insufficiency. 
J Clin Endocrinol Metab 1994;79: 923–31. 
[Medline]

July 2016

http://www.ncbi.nlm.nih.gov/pubmed/17242136?dopt=Abstract
http://dx.doi.org/10.1542/peds.2006-1612
http://www.ncbi.nlm.nih.gov/pubmed/24661924?dopt=Abstract
http://dx.doi.org/10.1186/1471-230X-14-51
http://www.ncbi.nlm.nih.gov/pubmed/10891816?dopt=Abstract
http://dx.doi.org/10.1067/mpd.2000.107385
http://www.ncbi.nlm.nih.gov/pubmed/12899587?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-139-3-200308050-00017
http://www.ncbi.nlm.nih.gov/pubmed/2826832?dopt=Abstract
http://dx.doi.org/10.1001/jama.1988.03720050044021
http://www.ncbi.nlm.nih.gov/pubmed/25187037?dopt=Abstract
http://dx.doi.org/10.1111/cen.12603
http://www.ncbi.nlm.nih.gov/pubmed/25342092?dopt=Abstract
http://dx.doi.org/10.1507/endocrj.EJ14-0385
http://www.ncbi.nlm.nih.gov/pubmed/26594091?dopt=Abstract
http://dx.doi.org/10.1297/cpe.24.69
http://www.ncbi.nlm.nih.gov/pubmed/8849569?dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2265.1996.645466.x
http://www.ncbi.nlm.nih.gov/pubmed/25098712?dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(14)70142-1
http://www.ncbi.nlm.nih.gov/pubmed/24849526?dopt=Abstract
http://dx.doi.org/10.1185/03007995.2014.925865
http://www.ncbi.nlm.nih.gov/pubmed/24503135?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(13)61684-0
http://www.ncbi.nlm.nih.gov/pubmed/21762316?dopt=Abstract
http://dx.doi.org/10.1111/j.1742-1241.2011.02718.x
http://www.ncbi.nlm.nih.gov/pubmed/9661607?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996199?dopt=Abstract
http://dx.doi.org/10.1530/EJE-09-0824
http://www.ncbi.nlm.nih.gov/pubmed/7962298?dopt=Abstract

