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Abstract

Background: The diagnostic cutoff for central adrenal insufficiency 
(AI) is traditionally set at a peak cortisol level of 18 µg/dL during 
stimulation tests. However, modern high-specificity cortisol assays 
typically yield lower values, necessitating a re-evaluation of diagnos-
tic thresholds. This study aimed to determine the optimal cutoff val-
ues and to explore a practical diagnostic approach for the corticotro-
pin-releasing hormone (CRH) stimulation test using a contemporary 
assay system.

Methods: We retrospectively analyzed 83 patients with hypothalam-
ic-pituitary structural lesions who underwent a CRH test between 
2016 and 2020. Patients were classified into an adrenal sufficiency 
group (AS, n = 44) or an AI group (n = 39) based on comprehensive 
clinical assessment, including symptoms and long-term follow-up. 
Receiver operating characteristic (ROC) curve analysis was per-
formed to identify diagnostic thresholds.

Results: Basal and peak cortisol levels were significantly lower in the 
AI group than in the AS group (P < 0.05). ROC analysis for diagnos-
ing AI showed that peak serum cortisol had the highest diagnostic 
performance (area under the curve, 0.94). The optimal peak cortisol 

cutoff value was 16.3 µg/dL (sensitivity: 94.9%, specificity: 79.6%). 
A peak cortisol threshold of 17.0 µg/dL achieved 100% sensitivity, 
whereas a basal cortisol level of 3.3 µg/dL, a peak cortisol threshold 
of 10.0 µg/dL, and a peak adrenocorticotropic hormone (ACTH) level 
of 36.5 pg/mL provided 100% specificity. Notably, peak cortisol val-
ues in the 10.1–16.9 µg/dL range showed significant overlap between 
the groups. Delayed ACTH peaks (≥ 60 min) were more frequent in 
the AI group but lacked definitive diagnostic specificity.

Conclusions: By integrating our findings with contemporary liter-
ature using modern high-specificity assays, we propose a practical 
step-by-step clinical approach that sequentially incorporates a basal 
cortisol rule-in threshold (≤ 3.0 µg/dL), peak ACTH threshold (≤ 35 
pg/mL), and a screening threshold for peak cortisol (17.0 µg/dL). 
Clinical judgment remains essential for patients with peak cortisol 
values between 10.1 and 16.9 µg/dL, for whom diagnosis and man-
agement should be individualized based on clinical symptoms and 
biochemical findings rather than a single binary threshold.

Keywords: Adrenal insufficiency; Cortisol; Corticotropin-releasing 
hormone test; Hypothalamus; Pituitary

Introduction

Adrenocorticotropic hormone (ACTH) deficiency due to pitui-
tary and hypothalamic diseases causes central adrenal insuffi-
ciency (AI), with clinical manifestations ranging from asymp-
tomatic cases to overt adrenal failure. Even asymptomatic 
individuals may develop hormone deficiency under stress, 
which occasionally progresses to adrenal crisis. Therefore, ap-
propriate hormone replacement therapy is necessary.

Several stimulation tests have been used to evaluate the 
hypothalamic–pituitary–adrenal (HPA) axis. The Endocrine 
Society guidelines recommend the insulin tolerance test (ITT) 
and rapid ACTH test [1], while in Japan, the corticotropin-
releasing hormone (CRH) test is additionally recommended 
[2]. In both guidelines, the peak cortisol cutoff value obtained 
from these tests is set at 18 µg/dL (500 nmol/L). However, this 
cutoff value was established using assay kits with low corti-
sol specificity; with the currently used high-specificity assay 
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systems, the appropriate cutoff value is expected to be lower 
than 18 µg/dL (500 nmol/L). Comparative analysis of rapid 
ACTH stimulation test results indicated that current assay kits 
have reduced the peak cortisol cutoff value from 18 µg/dL to 
approximately 14–16 µg/dL [3–5].

The ITT has traditionally been regarded as the gold stand-
ard for evaluating the HPA axis [6]. Adequate stimulation 
during the ITT requires lowering the blood glucose level to 
40–45 mg/dL; however, the test is contraindicated in patients 
with ischemic heart disease or epilepsy. Even when feasible, 
the ITT imposes a substantial burden on patients and requires 
close monitoring by medical staff. While the rapid ACTH test 
is safer by comparison, cortisol secretion from the adrenal cor-
tex may show a normal response if the duration since the onset 
of pituitary ACTH impairment is short; thus, it is unsuitable 
for acute or short-duration cases.

By contrast, the CRH test has fewer adverse effects and 
is therefore safer; furthermore, it can be performed simulta-
neously with the thyrotropin-releasing hormone (TRH) and 
gonadotropin-releasing hormone tests. Consequently, it offers 
the advantage of being safely administered with minimal pa-
tient burden, regardless of the timing of onset, in cases where 
hypopituitarism is suspected. Given these factors, in Japanese 
clinical practice, many suspected cases of hypopituitarism are 
evaluated using the CRH test alone. In interpreting these re-
sults, endocrinologists determine the necessity of hydrocorti-
sone replacement by comprehensively evaluating individual 
clinical and laboratory findings while considering the 18-µg/
dL threshold stipulated in the aforementioned guidelines and 
the fact that modern assay systems tend to yield lower values. 
However, to date, few studies have validated the precise cutoff 
values and clinical utility of the CRH test using contemporary 
assay systems. Therefore, the present study aimed to evaluate 
the utility of the CRH test for central AI in the context of cur-
rent assay systems.

Materials and Methods

Study design and population

This retrospective cross-sectional study included consecutive 
patients who underwent a CRH stimulation test at Gunma Uni-

versity Hospital between 2016 and 2020 and presented with 
structural abnormalities of the pituitary or hypothalamus on 
imaging. Patients were excluded if they had insufficient data, 
markedly elevated baseline cortisol levels, and functional pi-
tuitary adenomas. Furthermore, none of the patients had a prior 
history of corticosteroid treatment at pharmacological doses. 
The predefined inclusion and exclusion criteria are summa-
rized in Table 1. The final sample size was determined by the 
total number of eligible patients who met the predefined inclu-
sion and exclusion criteria during the study period.

The reference standard for the diagnosis of central AI 
was established based on expert clinical judgment, which 
comprised a comprehensive evaluation of clinical symptoms, 
basal pituitary-adrenal laboratory findings, and the clinical 
decision to initiate hydrocortisone replacement therapy. This 
clinical judgment was made collectively by endocrinologists 
at our hospital in patients presenting with symptoms sugges-
tive of AI, such as nausea, malaise, anorexia, or hyponatremia, 
alongside the status of other pituitary hormone axes. These as-
sessments were made considering the guideline-defined peak 
cortisol threshold of 18 µg/dL while also considering that 
equivalent values in modern assays typically range from 14 to 
16 µg/dL. Even in cases where regular hydrocortisone replace-
ment was deemed unnecessary, the potential risk of AI was 
thoroughly explained to the patients. These individuals were 
provided with as-needed hydrocortisone prescriptions and 
were instructed to notify their physicians if they were to un-
dergo invasive procedures or examinations. Patients continu-
ing treatment at our hospital were followed until December 
2024, while those referred to other institutions were followed 
until their final visit to our department.

Stimulation tests

The CRH stimulation test was performed in the early morning 
after an overnight fast and at least 30 min of bed rest. In pa-
tients who had been receiving hydrocortisone, treatment was 
discontinued at least 24 h before testing.

Synthetic CRH (100 µg; corticorelin, Nipro ES Pharma 
Corporation, Osaka, Japan) was administered intravenously as 
a bolus. Blood samples were collected at baseline and at 30, 
60, and 120 min after CRH administration to measure serum 
ACTH and cortisol levels. Peak ACTH and cortisol values 

Table 1.  Eligibility Criteria for the Study Population

Inclusion criteria
Patients who underwent the CRH stimulation test at Gunma University Hospital between 2016 and 2020.
Presence of structural abnormalities in the pituitary or hypothalamus confirmed by neuroimaging.
Exclusion criteria
Insufficient clinical or laboratory data.
Marked elevation of baseline serum cortisol levels.
Presence of functional pituitary adenomas.
Prior treatment with corticosteroid treatment at pharmacological doses.

CRH: corticotropin-releasing hormone.
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were defined as the highest concentrations observed after CRH 
administration.

To describe variability in ACTH response patterns, an 
exploratory operational definition was applied: a peak ACTH 
concentration occurring at ≥ 60 min after CRH adminis-
tration was defined as a delayed peak. This definition was 
adopted for descriptive purposes and was informed by the 
European Thyroid Association guideline, which describes a 
delayed thyroid-stimulating hormone peak (≥ 60 min) during 
the TRH stimulation test as a supportive finding in central 
hypothyroidism [7].

Hormonal assay

Serum ACTH levels were measured using an Elecsys ACTH 
electrochemiluminescence immunoassay (Roche Diagnostics, 
Indianapolis, IN, USA), and cortisol levels were measured us-
ing the Elecsys Cortisol II, electrochemiluminescence immu-
noassay (Roche Diagnostics). Reference ranges for ACTH and 
cortisol were 7.2–63.3 pg/mL and 3.0–19.6 µg/dL (82.8–540 
nmol/L), respectively. All additional biochemical parameters 
were analyzed using standard laboratory methods.

Ethical compliance with human study

This study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects as 
well as with the Declaration of Helsinki and was approved by 
the Ethics Committee on Human Research of Gunma Univer-
sity (Approval Number: HS2019-082).

Statistical analysis

To address potential sources of bias, selection bias was mini-
mized by including all consecutive patients who met the 
predefined criteria, and measurement bias was mitigated 
through the use of a standardized single-assay system (Elec-
sys Cortisol II) for all participants. Hormone level data from 
the clinical study are presented as median and interquartile 
range. Proportions were compared using the Pearson Chi-
square test, and continuous variables between the two groups 
were compared using the non-parametric Wilcoxon test be-
cause the data were not normally distributed. The Fisher’s 
exact test was used for contingency table analyses between 
the two groups.

Receiver operating characteristic (ROC) curve analysis 
was performed, and the optimal cutoff values were determined 
by the Youden index, considering sensitivity and specificity. 
The 95% confidence intervals (CIs) for the ROC curves were 
calculated using R (R Core Team, Vienna, Austria). All other 
statistical analyses were performed using JMP Pro (version 
12.0.1; SAS, Cary, NC, USA), and statistical significance was 
defined as P < 0.05. This study was prepared and reported in 
accordance with the Standards for Reporting Diagnostic Ac-
curacy Studies 2015 (STARD 2015) guidelines.

Results

Study population and baseline characteristics of the AS 
and AI groups

The study flowchart is shown in Figure 1. Of the 156 patients 
who underwent the CRH test, we excluded patients with in-
sufficient data (n = 26), markedly elevated baseline cortisol 
levels (n = 5), and functional pituitary adenomas (n = 36). 
Subsequently, 89 patients remained. Among them, 44 patients 
had never received hydrocortisone prior to the CRH test or 
through the end of the follow-up period and were classified as 
the adrenal sufficiency (AS) group. The remaining 45 patients 
received hydrocortisone either before (n = 40) or immediate-
ly after (n = 5) the CRH test. During the follow-up, hydro-
cortisone was discontinued in six patients, who were further 
excluded. Then, the remaining 39 patients were classified as 
the AI group. The underlying etiologies in the AS group were 
lymphocytic hypophysitis in three patients, non-functioning 
pituitary adenoma in 29 patients, Rathke cleft cyst in nine pa-
tients, craniopharyngioma in two patients, and surgery for a 
Rathke cleft cyst in one patient. In the AI group, the etiolo-
gies included lymphocytic hypophysitis in four patients, im-
munoglobulin G4-related hypophysitis in one patient, pituitary 
apoplexy in one patient, non-functioning pituitary adenoma in 
20 patients, Rathke cleft cyst in two patients, craniopharyngio-
ma in three patients, and postoperative status in eight patients 
(non-functioning pituitary adenoma in two, Rathke cleft cyst 
in one, craniopharyngioma in two, functioning tumors in two, 
and other causes in one ).

The baseline characteristics are presented in Table 2. The 
AS and AI groups included 44 and 39 patients, respectively. 
The respective median ages and body weight (BW) were not 
significantly different between the groups. Severe adult growth 
hormone deficiency (AGHD) occurred in 18 (40.9%) and 29 
(74.3%) patients in the AS and AI groups, respectively. Hypo-
gonadotropic hypogonadism occurred in 17 (38.6%) and 30 
(76.9%) patients in the AS and AI groups, respectively. Central 
hypothyroidism occurred in 0 (0%) and 22 (56.4%) patients in 
the AS and AI groups, respectively.

Clinical manifestations in the AI group included nausea in 
three patients, fatigue in 20 patients, loss of appetite in eight 
patients, hyponatremia in five patients, and absence of symp-
toms in 15 patients. Some patients presented with multiple 
symptoms.

Basal hormone levels and ACTH–cortisol responses to the 
CRH test

Pre-ACTH levels were significantly lower in the AI group than 
in the AS group (Fig. 2a). Similarly, pre-cortisol levels were 
significantly lower in the AI group than in the AS group (Fig. 
2b). Peak ACTH responses to the CRH test showed signifi-
cantly lower peaks in the AI group than in the AS group (Fig. 
2c). Peak cortisol levels were also significantly lower in the AI 
group than in the AS group (Fig. 2d).
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Figure 1. Study design. Flow diagram of patient selection and etiological classification. Among 156 patients, those with insuf-
ficient data, elevated baseline cortisol, or functional pituitary tumors were excluded. Then, patients were stratified according to 
hydrocortisone use (−, n = 44; +, n = 45), with additional exclusions for discontinuation during follow-up. The final cohorts com-
prised the adrenal sufficiency group (hydrocortisone −, n = 44) and the adrenal insufficiency group (hydrocortisone +, n = 39), 
along with their underlying etiologies.

Table 2.  Baseline Characteristics of the AS and AI Groups

AS AI P
No. of patients 44 39 -
Age (years), median (IQR) 49 (40–63) 55 (44–66) 0.2062
Sex (% male) 45.50% 58.90% -
Body weight (kg), median (IQR) 60.5 (54.6–71.8) 62.2 (57.8–74.0) 0.6058
Etiology
    Inflammatory disorders 3 5 -
    Pituitary apoplexy 0 1 -
    Pituitary tumors without prior surgery 40 25 -
    Postoperative pituitary tumors 1 8 -
Severe adult growth hormone deficiency 18 29 -
Hypogonadotropic hypogonadism 17 30 -
Central hypothyroidism 0 22 -
Number of impaired hormonal axes
    0 18 0 -
    1 16 8 -
    2 10 2 -
    3 or more 0 29 -
Pre-ACTH (pg/mL), median (IQR) 22.1 (15.6–34.3) 14.2 (7.7–23.5) 0.0067
Pre-cortisol (µg/dL), median (IQR) 7.1 (5.8–8.9) 3.8 (1.4–6.3) < 0.0001
Peak ACTH (pg/mL), median (IQR) 80.3 (63.6–133.1) 56.6 (35.5–90.5) 0.002
Peak cortisol (µg/dL), median (IQR) 18.7 (16.8–20.5) 9.8 (6.9–14.6) < 0.0001

ACTH: adrenocorticotropic hormone; AI: adrenal insufficiency group; AS: adrenal sufficiency group; BW: body weight; IQR: interquartile range.



Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press Inc™   |   https://jem.elmerpub.com176

CRH Test for Central Adrenal Insufficiency J Endocrinol Metab. 2026;16(4):172-181

Delayed response of ACTH on the CRH test (Elecsys Cor-
tisol II)

We also examined delayed ACTH after CRH stimulation (Ta-
ble 3). Delayed ACTH occurred more frequently in the AI 
group than in the AS group (59%, 23/39 versus 32%, 14/44; 
odds ratio = 3.08, 95% CI: 1.25–7.57; Fisher’s exact test, two-
sided P = 0.016).

Cutoff values for pre-stimulation ACTH, peak ACTH, pre-
stimulation cortisol, and peak cortisol on the CRH test for 
diagnosing AI

ROC analysis showed that pre-stimulation ACTH had an area 
under the curve (AUC) of 0.67 (95% CI: 0.55–0.79), and the 
optimal cutoff value determined by the Youden index was 12.1 
pg/mL (sensitivity, 43.5%; specificity, 90.9%) (Fig. 3a). Simi-
larly, pre-stimulation serum cortisol demonstrated an AUC of 
0.79 (95% CI: 0.69–0.90), with an optimal cutoff value of 5.6 
µg/dL (sensitivity, 71.8%; specificity, 79.6%). A lower cutoff 

of 3.3 µg/dL achieved 100% specificity, although sensitivity 
decreased to 46.1% (Fig. 3b). For peak ACTH, the AUC was 
0.70 (95% CI: 0.58–0.82), and the optimal cutoff value was 
62.6 pg/mL (sensitivity, 56.4%; specificity, 81.8%). A lower 
cutoff of 36.5 pg/mL achieved 100% specificity, although the 
sensitivity decreased to 28.2% (Fig. 3c). Finally, peak serum 
cortisol exhibited the highest diagnostic performance with an 
AUC of 0.94 (95% CI: 0.89–0.98). The optimal cutoff value 
was 16.3 µg/dL, corresponding to a sensitivity of 94.9% and 
a specificity of 79.6%. A higher cutoff of 17.0 µg/dL achieved 
100% sensitivity, with a specificity of 70.5%, and a lower 
cutoff value of 10.0 µg/dL achieved 53.8% sensitivity, with a 
specificity of 100% (Fig. 3d). Among these parameters, peak 
serum cortisol demonstrated the highest diagnostic accuracy.

Discussion

This study examined the usefulness of the CRH test for di-
agnosing central AI in clinical practice at a single institution 
using recent assay systems, and the findings suggest that the 
peak cortisol value has diagnostic relevance. Similar to this 
study, Izuchi et al evaluated peak cortisol levels during CRH 
stimulation tests for the diagnosis of AI using the Elecsys Cor-
tisol II assay. In their study, the cutoff value for cortisol 30 
min after stimulation was 12.6 µg/dL [8]. Their study reported 
cortisol levels of 16.2 (14.3–17.9) µg/dL in the normal adre-
nal function group and 1.7 (0.6–8.6) µg/dL in the AI group. 
Compared with our study, where the cortisol levels were 18.7 
(16.8–20.5) µg/dL in the AS group and 9.8 (6.9–14.6) µg/dL 
in the AI group, the cortisol values in the AI group of Izuchi et 
al’s study were markedly lower.

Table 3.  Delayed Response of ACTH in the CRH Test

Delayed peak Non-delayed peak Total
AS 14 (32%) 30 (68%) 44
AI 23 (59%) 16 (41%) 39
Total 37 46 83

ACTH: adrenocorticotropic hormone; AI: adrenal insufficiency group; 
AS: adrenal sufficiency group; CRH: corticotropin-releasing hormone.

Figure 2. Baseline and peak CRH-stimulated ACTH and cortisol levels. Comparison of basal and CRH-stimulated hormone levels 
between patients with AS and those with AI. (a) Baseline plasma ACTH levels (pre-ACTH), (b) baseline serum cortisol levels (pre-
cortisol), (c) peak ACTH levels (peak ACTH), and (d) peak serum cortisol levels (peak cortisol) during the CRH stimulation test are 
shown for the AS and AI groups. Box plots show the median (horizontal line), interquartile range (box), whiskers, and individual 
data points. Baseline and peak hormone levels are significantly lower in the AI group than in the AS group (P < 0.01). For optimal 
visualization of the primary data distributions, extreme outliers exceeding 200 pg/mL for peak ACTH in panel (c) and 30 µg/dL for 
peak cortisol in panel (d) were omitted from the plots; however, all data points were fully included in the statistical analyses. ACTH: 
adrenocorticotropic hormone; AI: adrenal insufficiency; AS: adrenal sufficiency; CRH: corticotropin-releasing hormone.
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Upon reviewing the breakdown of diseases, in Izuchi et 
als study, immune checkpoint inhibitor (ICI)-related pituitary 
dysfunction accounted for more than half of the AI group (51 
out of 91 cases). ICI-related pituitary dysfunction is charac-
terized by severe ACTH deficiency, often reaching near-total 
depletion. By contrast, in our study, among the 39 cases of AI, 
inflammatory diseases accounted for only five cases (includ-
ing lymphocytic hypophysitis combined with IgG4-related hy-
pophysitis), while 34 cases involved pituitary space-occupying 
lesions (including one case of pituitary apoplexy) pre- or post-
surgery. Therefore, it is considered that our study included 
many cases of partial ACTH deficiency caused by tumor com-
pression. This difference in the selected disease populations 

likely led to the variations in peak cortisol levels (or 30-min 
values) and the resulting cutoff values in the AI group.

Furthermore, Mitsui et al conducted a similar study us-
ing conventional and modern assays, reporting cutoff values 
for diagnosis of 12.6 µg/dL for the 30-min cortisol value and 
14.3 µg/dL for the peak cortisol value [9]. Despite including 
cases measured with conventional assays, their cutoff values 
remained lower than those in our study. An examination of the 
disease breakdown in their study revealed that among 87 cas-
es of AI, isolated ACTH deficiency, characterized by severe, 
near-total depletion of ACTH, accounted for approximately 
30% (32 cases). These findings suggest that cutoff values may 
be substantially influenced not only by the generation of the 

Figure 3. ROC curves for baseline and CRH-stimulated peak ACTH and cortisol levels in diagnosing central adrenal insufficien-
cy. ROC curves for CRH test parameters in the diagnosis of adrenal insufficiency. (a) Pre-ACTH, (b) pre-cortisol, (c) peak ACTH, 
and (d) peak cortisol levels. The AUC is shown in each panel. Arrows indicate optimal cutoff values determined by the Youden 
index; alternative cutoff values providing 100% sensitivity or specificity are also indicated where applicable. ACTH: adrenocor-
ticotropic hormone; AUC: area under the curve; CRH: corticotropin-releasing hormone; ROC: receiver operating characteristic.



Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press Inc™   |   https://jem.elmerpub.com178

CRH Test for Central Adrenal Insufficiency J Endocrinol Metab. 2026;16(4):172-181

assay used but also by the characteristics of the selected dis-
ease groups.

The status of the ITT as the gold standard, as well as the 
adoption of 18 µg/dL as the diagnostic cutoff value for central 
AI, are rooted in clinical studies conducted in healthy individu-
als between the 1970s and early 1990s. The ITT is considered 
an HPA axis test because it mimics such stress conditions, and 
Allen et al and Nelson et al noted a peak cortisol level of 15 µg/
dL in healthy individuals [10, 11]. Similarly, Streeten et al re-
ported that healthy participants reached a cortisol level of 29.4 
± 2.0 µg/dL at 60 min during the ITT [6]. Bliss et al measured 
17-hydroxycorticosteroids during the ITT and described peak 
values of 25–34 µg/dL [12]. Four studies assessing peak 11-hy-
droxycorticosteroids levels during the ITT showed that mini-
mum values were consistently ≥ 21 µg/dL [13–16]. Similarly, 
Staub et al also reported that the minimum peak cortisol level 
was 18.9 µg/dL [17]. These results indicate that an intact HPA 
axis should yield peak cortisol levels ≥ 18–20 µg/dL during the 
ITT. Based on the actual data from these reports, the peak value 
of 18.0 µg/dL should be interpreted as a threshold for ensuring 
100% diagnostic sensitivity rather than as a definitive diagnos-
tic cutoff value. In clinical practice, this traditional threshold 
is largely based on the principle that missing a diagnosis of AI 
because of false negatives poses critical, life-threatening risks 
to patients. In the present study, 100% sensitivity was observed 
at 17.0 µg/dL, whereas the statistically optimal diagnostic cut-
off value was 16.3 µg/dL. Notably, the study by Izuchi et al did 
not report a specific threshold value achieving 100% sensitivity 
[8]. Meanwhile, Mitsui et al reported a 100% sensitivity thresh-
old of 17.1 µg/dL [9]. Given that Mitsui et al’s study utilized 
a mixture of conventional and modern assays, their reported 
threshold value would theoretically be lower if evaluated exclu-
sively with contemporary high-specificity assays. Taking these 
factors into comprehensive consideration, our findings support 
the use of 17.0 µg/dL as a practical screening threshold for peak 
cortisol levels in the CRH test to optimize patient safety in real-
world clinical settings.

Several reports have also discussed the relationship be-
tween the ITT and CRH test. In patients receiving long-term 
exogenous glucocorticoids, the peak cortisol level was lower 
in the CRH test than in the ITT test, although they remained 
correlated, and both were useful for diagnosing central AI [18]. 
Conversely, in 2003, Schmidt et al reported that when the ITT 
result was used as the reference, the CRH test result maxi-
mized sensitivity and specificity at a peak cortisol level of 13.7 
µg/dL; however, sensitivity was only 75% and specificity was 
98%, resulting in a high false negative. Thus, the CRH test was 
considered to have limited diagnostic utility [19]. Maghnie et 
al evaluated adrenal cortical function in cases of severe adult 
growth hormone deficiency. Using a cortisol peak of 18 µg/dL 
as the cutoff value, seven out of 12 patients were diagnosed 
with AI via the ITT. Of the seven cases of AI identified by 
the ITT, only three were able to be diagnosed using the CRH 
test. This suggests that the same cutoff value may not be appli-
cable, with inconsistency in CRH responsiveness proposed as 
a contributing factor [20]. Dullaart et al reported that healthy 
individuals show a stronger cortisol response to the CRH test 
than to the ITT, whereas individuals with AI show a weaker 
response to the CRH test than to the ITT [21]. Based on these 

reports, the cortisol response may be higher in the CRH test 
than in the ITT. Therefore, we must recognize that when diag-
nosing AI using only the CRH test, there is a risk of missing 
cases requiring supplementation due to false negatives.

Additionally, as is also true when performing the ITT, as 
long as a cutoff value is determined within a continuous range 
of numerical data, clinical judgment will always be required 
for interpreting values near that threshold. In the present study, 
a peak cortisol level of 17.0 µg/dL was the value that ensured 
100% diagnostic sensitivity for AI; however, the AS and AI 
groups overlapped within the range of 10.1–16.9 µg/dL. Sim-
ilarly, Mitsui et al reported that a peak cortisol level of 17.1 
µg/dL provided 100% diagnostic sensitivity, yet the AS and 
AI groups coexisted within the range of 10.0–17.0 µg/dL [9]. 
For cases where CRH test peak values fall within these ranges, 
Mitsui et al proposed that the necessity of hydrocortisone re-
placement should be determined by referencing basal DHEA-S 
levels [9]. Likewise, in the present study, the normal adrenal 
function and AI groups overlapped in cases where peak cortisol 
levels were 10.1–16.9 µg/dL, requiring comprehensive clinical 
judgment based on symptoms and laboratory findings. We hy-
pothesized that a delayed peak ACTH response might serve as 
a useful reference in such cases; however, in practice, delayed 
ACTH peak responses were significantly more frequent in the 
AI group than in the AS group, although a substantial propor-
tion of delayed responses was also observed in the AS group. 
Therefore, delayed peak ACTH levels cannot be considered a 
useful parameter for establishing a definitive diagnosis. Conse-
quently, managing patients with peak cortisol values within the 
10.1–16.9 µg/dL range remains a clinical challenge that cannot 
be resolved by a single binary threshold. In real-world practice, 
these patients require individualized, case-by-case manage-
ment strategies. If clinicians elect to initiate hydrocortisone re-
placement because of significant symptoms, careful monitoring 
for iatrogenic Cushing’s syndrome is warranted. Conversely, if 
replacement is deferred, close vigilance for the development of 
AI symptoms or adrenal crisis remains essential.

Basal cortisol levels have long been proposed as a use-
ful tool for the diagnosis of AI. Schmidt et al reported that 
when the ITT is used as the reference, a basal cortisol level 
of 3.55 µg/dL (98 nmol/L) demonstrated 100% specificity, 
whereas 10.32 µg/dL (285 nmol/L) demonstrated 100% sen-
sitivity [19]. Historically, the landmark meta-analysis by Ka-
zlauskaite et al, which reviewed studies using older-generation 
cortisol assays, reported a weighted mean “rule-in” threshold 
of ≤ 5.0 µg/dL, though several strict cohorts within that analy-
sis frequently identified lower definitive thresholds ranging 
between 3.0 and 3.5 µg/dL [22]. Given that older assays gen-
erally exhibited greater cross-reactivity and produced higher 
absolute values than contemporary platforms, these historical 
thresholds would be expected to shift lower in modern assay 
systems. In fact, a recent investigation by de Vries et al uti-
lizing the modern, high-specificity Elecsys Cortisol II assay 
with the ITT reference demonstrated that a basal cortisol cutoff 
of 82 nmol/L—which precisely converts to 2.97 µg/dL (ap-
proximately 3.0 µg/dL)—corresponded to 100% specificity 
for diagnosing central AI [23]. In our current study, which also 
employed the Elecsys Cortisol II assay, a basal cortisol level 
of 3.3 µg/dL yielded 100% specificity. Integrating our statisti-
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cal findings with the contemporary literature (2.97 µg/dL) [23] 
and prioritizing day-to-day clinical practicality, our findings 
support ≤ 3.0 µg/dL as a practical rule-in threshold to safely 
omit stimulation tests and initiate hydrocortisone replacement.

Basal ACTH levels showed wide interindividual variation 
in the AS and AI groups, preventing construction of a mean-
ingful ROC curve. This variability is attributed to the secre-
tion of ACTH with low biological activity in cases of central 
AI [24, 25]. ACTH peak levels were distributed across a wide 
range above basal values, suggesting contributions from bio-
logically low ACTH, and in some hypothalamic dysfunction 
cases, exaggerated responses [26, 27]. Nevertheless, we hy-
pothesized that a distinctly low peak ACTH level—represent-
ing severe, near-total depletion of ACTH—could still hold 
substantial diagnostic relevance for central AI. Although the 
statistically optimal cutoff value of 62.6 pg/mL offered limited 
diagnostic utility due to modest accuracy (sensitivity, 56.4%; 
specificity, 81.8%), a detailed ROC table analysis success-
fully identified 36.5 pg/mL as a threshold that showed 100% 
specificity (0% false-positive rate) in our cohort for diagnos-
ing central AI. To our knowledge, no prior studies have spe-
cifically evaluated or defined peak ACTH thresholds aimed 
at maximizing diagnostic specificity in the CRH test. While 
our actual statistical finding was 36.5 pg/mL, we propose a 
rounded, integer-based threshold of 35 pg/mL as a practical 
clinical rule-in criterion to enhance day-to-day clinical utility. 
Considering the fundamental physiological sequence of the 
HPA axis—where CRH stimulation triggers pituitary ACTH 
secretion, which subsequently drives adrenal cortisol output—
employing a step-by-step diagnostic workflow based on this 
upstream-to-downstream cascade appears biologically plausi-
ble. Clinically, patients with a peak ACTH level ≤ 35 pg/mL 
were consistently classified as having central AI in our cohort. 
Conversely, for patients with a peak ACTH level exceeding 
35 pg/mL, a higher numerical value does not guarantee ad-
equacy; as noted above, circulating molecules may lack the 
biological potency required to stimulate the adrenal cortex. 
Therefore, in these upstream-sufficient or exaggerated cases, 
evaluating the final downstream adrenal response via peak 
cortisol levels (utilizing the aforementioned screening thresh-
old of 17.0 µg/dL) may represent a physiologically plausible 
clinical approach to establishing an accurate diagnosis.

This study has some limitations. It had a retrospective 
single-center study design, and the number of cases was lim-
ited. Additionally, as symptoms of AI may also occur in other 
disorders, some patients classified as having AI may not have 
had true AI. Furthermore, the AS and AI groups included pa-
tients with impaired secretion of other pituitary hormones. In 
cases complicated by untreated growth hormone deficiency 
or hypothyroidism, delayed cortisol metabolism may result in 
peak responses to CRH stimulation being overestimated (i.e., 
appearing higher) relative to the patient’s true adrenal reserve. 
Although the ITT remains the gold standard for diagnosing 
central AI, this study was not designed to evaluate the diagnos-
tic utility of the CRH stimulation test using the ITT as the refer-
ence standard. Lastly, the study population was predominantly 
Japanese, potentially limiting generalizability of the results.

In conclusion, this single-center retrospective study pro-

vides updated diagnostic insights for the CRH stimulation test 
using a contemporary, high-specificity cortisol assay. While 
the ITT remains the gold standard, the CRH test offers a safer, 
more convenient alternative, particularly for patients with con-
traindications or those requiring a less burdensome evaluation. 
Our findings suggest that while a basal serum cortisol level 
≤ 3.0 µg/dL showed 100% specificity in our cohort to rule in 
central AI and may allow stimulation testing to be omitted, a 
single peak cortisol cutoff—such as the statistically optimal 
16.3 µg/dL—is insufficient to manage the clinical complexi-
ties of the disease. We propose a practical step-by-step clini-
cal approach (Fig. 4) that sequentially integrates basal cortisol 
(≤ 3.0 µg/dL), peak ACTH (≤ 35 pg/mL), and a conservative 
clinical screening threshold for peak cortisol (17.0 µg/dL). 
Patients with peak cortisol values between 10.1 and 16.9 µg/
dL require individualized clinical assessment and management 
rather than a uniform diagnostic decision. If hydrocortisone re-
placement is initiated based on clinical symptoms, monitoring 
for overtreatment is warranted; conversely, if replacement is 
deferred, careful follow-up for the development of AI remains 
important. Further validation in independent studies utilizing 
contemporary, high-specificity assay systems across diverse 
patient populations—reflecting variations in underlying eti-
ologies and degrees of pituitary longitudinal dysfunction—is 
needed to build upon our findings. Continuous clinical efforts, 
including our ongoing evaluations, will be essential to accu-
mulate real-world evidence and further improve the clinical 
assessment of patients with peak cortisol values in the overlap-
ping range, thereby supporting safer and more individualized 
patient management.
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