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Abstract: Background — There is no single test that can definitively diagnose hypothalamic-pituitary-adrenal (HPA) insufficiency (HPAI). 
The goal of our study was to evaluate the effectiveness of measuring serum cortisol, serum dehydroepiandrosterone sulfate (DHEA-S), and 
plasma corticotropin (ACTH) levels vs. the short cosyntropin stimulation test (standard dose of 250 μg) for the diagnosis of HPAI.  
Methods — This cross-sectional study was conducted at Faiha Specialized Diabetes, Endocrine, and Metabolism Center (FDEMC) in Basra, 
Iraq, from November 2021 through October 2022. All patients with suspected HPAI were assessed at baseline for serum cortisol, serum 
DHEA-S, and plasma ACTH, and then underwent a formal short cosyntropin stimulation test as the gold standard.  
Results — A total of 169 patients participated in the study. Of these, 134 (79.3%) were women. Although the overall age of the cohort 
ranged from 20 to 80 years (mean ± standard error: 38.8 ± 0.94 years), the majority (77.5%) represented the 21-50-year age range. The 
cutoff value of serum cortisol predicting an abnormal short cosyntropin test result was <5.31 μg/dL, with a maximum sensitivity and 
specificity of 87.7% and 90.4%, respectively. The serum DHEA-S level of <31.11 μg/dL predicted an abnormal short cosyntropin test result, 
with a sensitivity of 89.2% and a specificity of 62.7%. The least reliable parameter was the plasma ACTH level, with a cutoff value of <5.30 
pg/mL, with the lowest sensitivity and specificity (68.8% and 74.5%, respectively).  
Conclusion — For excluding HPAI, the serum cortisol level at 9-11 a.m. has the best prognostic value, while DHEA-S has an intermediate 
value, and plasma ACTH is the least reliable test. The combination of serum cortisol and serum DHEA-S levels provides the best results for 
diagnosing HPAI. 
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Introduction  

Diagnosis of hypothalamic-pituitary-adrenal (HPA) insufficiency 
(HPAI) is challenging, and underrecognition of this disorder has 
serious consequences. Consequently, untreated secondary adrenal 
insufficiency (AI) is associated with increased mortality and 
morbidity [1]. Corticotropin, or adrenocorticotropic hormone 
(ACTH), regulates the function of the two inner layers of the 
adrenal cortex, the zona fasciculata and zona reticularis, which 
secrete glucocorticoids and adrenal androgens, respectively [2]. 
Corticotropin-releasing hormone (CRH) is a peptide hormone 
secreted by the hypothalamus. It is responsible for the secretion of 
ACTH by the pituitary gland. Based on this, measurement of 
plasma ACTH levels helps differentiate between primary and 
secondary AI. Cortisol and ACTH follow a circadian rhythm: cortisol 
reaches a maximum concentration in the early morning, between 
6 and 8 a.m. [3]. However, in clinical practice, early morning basal 
cortisol is used to diagnose AI. A serum cortisol level below 1.8 
μg/dL or above 18 μg/dL confirms and excludes, respectively, HPA 
insufficiency (HPAI) [4].  

Adrenal androgens, such as androstenedione, 
dehydroepiandrosterone (DHEA), and DHEA sulfate (DHEA-S), are 
less influenced by circadian rhythm and the latter have a long half-
life of 10-20 hours. This is especially true for DHEA-S [5]. Normal 
age- and gender-specific DHEA-S levels demonstrate a sensitivity 
of 100% for excluding HPAI [6]. Plasma ACTH is less commonly 
used in the diagnostic evaluation of HPAI in clinical practice 
because it is within the normal range or lags behind the 
suppression of cortisol and DHEA-S [7]. Dynamic tests remain the 
best way to diagnose endocrine diseases. In AI, the gold standard 
is the insulin tolerance test, also known as insulin-induced 
hypoglycemia. It is currently banned and not used in HPAI [8]. 
Instead, at present, the most common method for assessing HPAI 
is the short cosyntropin stimulation test. The limitations of 
performance are related to low specificity and sensitivity (only 57-
79%) [9, 10]. Hence, more sensitive and specific methods for 
assessing HPA axis integrity are needed.  

The goal of this study was to evaluate the performance of 
measuring serum cortisol, serum DHEA-S, and plasma ACTH levels 
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vs. the standard short cosyntropin simulation test (the standard 
dose of 250 μg) for diagnosing HPAI.  

 

Material and Methods 

Normal reference intervals 

Serum cortisol levels range from 5 to 25 μg/dL, while plasma 
ACTH levels range from 7 to 66 pg/mL, depending on the assay 
used. According to Mayo Clinic laboratories [11], reference 
intervals for serum DHEA-S levels depend on age and gender. 

Normal and low values are defined as follows: 

• Morning fasting test: normal cortisol ≥5 μg/dL, low 
cortisol <5 μg/dL; 

• DHEA-S level: normal ≥ 50 μg/dL, low <50 μg/dL; 

• Plasma ACTH level: normal ≥ 6 pg/mL, low <6 pg/mL; 

• Short cosyntropin stimulation test: normal or negative 
≥18.5-20 μg/dL; abnormal, dampened, or positive <18.5 μg/dL 
[12]. 

 

Setting and participants 

We recruited the participants for this cross-sectional study 
from the FDEMC (Basra, Iraq) between November 2021 and 
October 2022.  

In our study, we included patients with suspected HPAI, 
particularly those aged 15 years or older who were taking 
exogenous steroid medications intermittently or continuously for 
at least one month, or were experiencing symptoms and signs 
suggestive of AI, or unexplained symptoms such as weight loss, 
anorexia, and other gastrointestinal symptoms [13]. 

Exclusion criteria for the study were as follows: 

• Patients referred from the intensive care unit (ICU); 

• Current glucocorticosteroid therapy or replacement 
therapy within the previous week; 

• Pregnant women, as well as those who have taken oral 
contraceptives or hormone replacement therapy within the 
previous six weeks; 

• Drugs that affect cortisol metabolism, such as 
spironolactone and antiepileptic drugs; 

• Primary AI (Addison’s disease);  

• Patients who had undergone transsphenoidal surgery, 
had a history of trauma, radiation, or infection, or other structural 
pituitary diseases. 

Based on the above criteria, we initially included 252 patients 
who underwent cortisol, DHEA-S, and ACTH testing on the same 
day if they were fasting, or were asked to return the following day 
for testing in a fasting state. To determine cortisol and DHEA-S, 2 
mL of blood was collected and placed in a gel tube, and to 
determine ACTH, in an EDTA tube. If the results of either test were 
below the reference range (i.e., cortisol <5 μg/dL, DHEA-S level for 
certain age/gender and ACTH level <6 pg/mL), we asked 
participants to undergo a short cosyntropin stimulation test the 
following day, regardless of fasting: 2 mL of blood were placed in a 
gel tube, 250 μg of cosyntropin were then administered 
intramuscularly, and another 2 mL of blood were collected in a gel 
tube 30 minutes and 1 hour after the injection.  

The total number of participants meeting the biochemical 
criteria for HPAI was 228. Of these, 196 were admitted to the short 

cosyntropin stimulation test, and the remainder were treated 
according to the protocol. Of the 196 participants, 27 did not 
complete the test; hence, the remaining 169 constituted the final 
sample of the study (Figure 1). 

All study participants provided verbal informed consent, and 
the Ethics Committee of Basra College of Medicine approved the 
study protocol. 

 

Biochemical analyses 

All patients were given instructions the day before the 
procedure; fasting was not required. The procedure was 
performed between 9:00 and 11:00 a.m. A 10 mL blood sample 
was drawn from all patients to determine baseline cortisol, ACTH, 
and DHEA-S levels. All blood samples were serum, except for 
ACTH, which was measured in plasma. Then, 250 μg of cosyntropin 
was administered intramuscularly, and cortisol levels were 
measured at 0, 30, and 60 minutes. A normal adrenal reserve 
response is defined as a cortisol level greater than 18.0-20 μg/dL 
(500-555 nmol/L) at any time point, 30 or 60 minutes, or both. 

 

 
Figure 1. Algorithm for forming the research sample. 

 

Table 1. Characteristics of the study participants 
Variable No. (%) 

Male 35 (20.7) 
Female 134 (79.3) 
Age, years (Mean ± SE; range: 20-80) 38.9±0.94 

DHEA-S 
Normal (≥50 µ/dL) 71 (42.0) 
Low (<50 µ/dL) 96 (56.8) 
Missing 2 (1.2) 

Cortisol 
Normal (≥5 µ/dL) 102 (60.3) 
Low (<5 µ/dL) 67 (39.7) 

ACTH 
Normal (≥6 pg/mL) 69 (40.8) 
Low (<6 pg/mL) 100 (59.2) 

Short cosyntropin test 
Negative (≥20 µ/dL) 104 (61.5) 
Positive (<18 µ/dL) 65 (38.5) 

ACTH, adrenocorticotropin; DHEA-S, dehydroepiandrosterone sulphate; SE, 
standard error of the mean. 
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Research instruments  

Plasma ACTH, serum cortisol, and serum DHEA-S levels were 
measured using an electrochemiluminescence immunoassay 
(ECLIA) on a Cobas e411 analyzer (Roche Diagnostics, Germany) 
using the manufacturer’s reagents and instructions. For ACTH, the 
measurement range was 1.0-2,000 pg/mL, and the intra-assay 
precision was specified at 5-100 pg/mL, i.e., coefficient of variation 
(CV) <5%. For cortisol, the measurement range was 0.018-63.4 
μg/dL, and the intra-assay precision was specified at >110 nmol/L 
(CV<6%). For DHEA-S, the measurement range was 0.100-1,000 
μg/dL, and the intra-assay precision was specified at 50-1,000 
μg/dL (CV<5%). 

 

Statistical analysis  

Data analysis was performed using the Statistical Package for 
the Social Sciences (SPSS) 15 (SPSS Inc., Chicago, IL, USA). 
Continuous variables are presented as mean and standard error of 
the mean (SE). Categorical variables are presented as percentages. 
The area under the receiver operating characteristic (ROC) curve 
was used to assess the diagnostic performance of each of the 
three parameters: plasma ACTH level, serum DHEA-S level, and 
serum cortisol level. Combinations of abnormal cortisol and ACTH 
levels (Panel I), abnormal DHEA-S and ACTH levels (Panel II), 
abnormal cortisol and DHEA-S levels (Panel III), and abnormal 
cortisol, DHEA-S, and ACTH levels (Panel IV) were used to predict 
abnormal short cosyntropin test results. Cutoff values for plasma 
ACTH, serum DHEA-S, and serum cortisol levels were calculated by 
plotting the true positive outcome (sensitivity) vs. the false 
positive outcome (1 – specificity). 

 

Results  

The cause of severe HPA syndrome, manifesting as AI in our 
patients, was exogenous glucocorticosteroid use in most patients 
or the presence of HPAI symptoms without a history of drug use. 
None of the participants in our study had a history of pituitary 
tumors, surgery, or radiation therapy. The total number of study 
participants was 169 patients (Table 1), of whom 134 (79.3%) were 
women. Although the age of the entire cohort ranged from 20 to 
80 years, represented by a mean ± SEM of 38.8±0.94 years, the 
majority (77.5%) were in the age group of 21 to 50 years. ACTH 
levels were suppressed in 40% of patients, and within the 
reference range in 59.2%.  

The mean ± SE for ACTH was 28.6±11.8 pg/mL. DHEA-S level 
was 75.36±8.6 μg/dL; its level was low in 56.8% of patients. Basal 
serum cortisol level was 9.7±0.857 μg/dL; its level was low in 
39.7% of patients. The short cosyntropin test results were 
abnormal in 65 patients (38.5%). 

The tables below present the sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) of all 
parameters (plasma ACTH, serum DHEA-S, and serum cortisol) 
compared to the standard test (the short cosyntropin test). 

The sensitivity of the plasma ACTH level was 68.8%, the 
specificity was 74.5%, the PPV was 62.9%, and the NPV was 79.2%. 
This translates into a false positive rate of 25.5%, a false negative 
rate of 31.2%, a true positive likelihood ratio of 2.92, and a true 
negative likelihood ratio of 0.418 (Table 2). 

The sensitivity of the serum DHEA-S level was 89.2%, the 
specificity was 62.7%, the PPV was 60.4%, and the NPV was 90.1%. 
This translates into a false positive rate of 37.3%, a false negative 
rate of 10.8%, a true positive likelihood ratio of 2.39, and a true 
negative likelihood ratio of 0.172 (Table 3). 

The sensitivity of the serum cortisol level was 87.7%, the 
specificity was 90.4%, the PPV was 85.1%, and the NPV was 92.2%. 
This translates into a false positive rate of 9.6%, a false negative 
rate of 12.3%, a true positive likelihood ratio of 9.13, and a true 
negative likelihood ratio of 0.136 (Table 4; Figure 2). 

The serum cortisol cutoff values predicting an abnormal short 
cosyntropin test result were <5.31 μg/dL, with a maximum 
sensitivity and specificity of 87.7% and 90.4%, respectively. The 
DHEA-S cutoff values predicting an abnormal short cosyntropin 
test result were <31.11 μg/dL, with a sensitivity of 89.2% and a 
specificity of 62.7%. The least reliable parameter predicting an 
abnormal short cosyntropin test result was the plasma ACTH level, 
with a cutoff <5.30 pg/mL, and with the lowest sensitivity (68.8%) 
and specificity (74.5%) (Table 5). 

Table 5 presents the comparison of baseline parameters with 
cosyntropin test results. The highest specificity and sensitivity for 
HPAI were observed with the combination use of basal morning 
serum cortisol and serum DHEA-S levels, reaching 86.2% and 
97.1%, respectively. The only equivalent indicator was basal 
morning cortisol, with a specificity and sensitivity of 87.7% and 
90.4%, respectively. Combining all parameters (serum cortisol, 
serum DHEA-S, and plasma ACTH levels) increases specificity to 
99% but reduces sensitivity to a very low level (60.0%). 

 

 
Table 2. Sensitivity and specificity of plasma ACTH vs. the short cosyntropin test 

 Positive (dampened) (<18 µ/dL) Negative (≥20 µ/dL)  

Plasma ACTH level 
Low (<6 pg/mL) 43 26 62.9% PPV 

Normal (≥6 pg/mL) 22 78 79.2% NPV 

 68.8% Sensitivity 74.5% Specificity 
 

Total  65 104 

ACTH, adrenocorticotropin; NPV, negative predictive value; PPV, positive predictive value. 

 

Table 3. Sensitivity and specificity of serum DHEA-S vs. the short cosyntropin test 

 Positive (dampened) (<18 µ/dL) Negative (≥20 µ/dL)  

Serum DHEA-S level 
Low (<50 µ/dL) 58 38 60.4% PPV 

Normal (≥ 50µ/dL) 7 66 90.1% NPV 

 89.2% Sensitivity 63.4% Specificity  
 Total  65 104 

DHEA-S, dehydroepiandrosterone sulphate; NPV, negative predictive value; PPV, positive predictive value. 
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Table 4. Sensitivity and specificity of serum cortisol vs. the short cosyntropin test 

 Positive (dampened) (<18 µ/dL) Negative (≥20 µ/dL)  

Cortisol level 
Low (<5 µ/dL) 57 10 85.1% PPV 

Normal (≥5 µ/dL) 8 94 92.2% NPV 

 87.7% Sensitivity 90.4% Specificity  
 Total  65 104 

NPV, negative predictive value; PPV, positive predictive value. 

 

Table 5. Cutoff values of serum cortisol, DHEA-S, and plasma ACTH and their predictive performance in indicating an abnormal short cosyntropin test 
result 

Test The area under the ROC curve (95% CI) Cutoff value Sensitivity Specificity 

Plasma ACTH 0.762 (0.679-0.834) 5.30 pg/mL 68.8% 74.5% 
Serum DHEA-S 0.887 (0.829-0.936) 31.11 µg/dL 89.2% 62.7% 
Serum cortisol 0.941 (0.903-0.979) 5.31 µg/dL 87.7% 90.4% 
Cortisol (<5 µ/dL) and ACTH ( 6 pg/mL) (Panel I) 0.775 (0.696-0.855) – 60.0% 95.1% 
DHEA-S (<50 µ/dL) and ACTH (<6 pg/mL) (Panel II) 0.776 (0.697-0.855) – 63.1% 92.2% 
Cortisol (<5 µ/dL) and DHEA-S (<50 µ/dL) (Panel III) 0.916 (0.863-0.969) – 86.2% 97.1% 
Cortisol (<5 µ/dL), DHEA-S (<50 µ/dL), and ACTH (<6 pg/mL) (Panel IV) 0.795 (0.717-0.873) – 60.0% 99.0% 

ACTH, adrenocorticotropin; DHEA-S, dehydroepiandrosterone sulphate; ROC, receiver-operating characteristics. 

 

Table 6. Pairwise comparison of ROC curves for ACTH, DHEA-S, and 
cortisol 

Test  AUC difference SE 
95% Confidence 

interval 
p-value 

Cortisol-DHEA-S 5.80 21.6 2.0 -11.8 0.058 
Cortisol-ACTH 19.0  24.4  11.0-27.1 0.000 
DHEA-S-ACTH 13.2  26.1 11.8-22.5.0 0.005 

ACTH, adrenocorticotropin; DHEA-S, dehydroepiandrosterone sulphate; 
ROC, receiver-operating characteristics; AUC: area under the curve; SE, 
standard error. 

 

Table 7. Assessing the performance of individual laboratory tests and 
their combinations using Youden’s J statistic 

Test Sensitivity Specificity Youden’s J statistic 

Cortisol+ DHEA-S 86.2 97.1 83.3 
Cortisol 89.2 91.2 80.4 
DHEA-S 95.2 66.3 61.5 
Cortisol+ DHEA-S+ ACTH 60.0 99.0 59.0 
DHEA-S+ ACTH 63.1 92.2 55.3 
Cortisol+ ACTH 60.0 95.1 55.1 
ACTH 67.7 75.5 43.2 

ACTH, adrenocorticotropin; DHEA-S, dehydroepiandrosterone sulphate. 

 

 

Figure 2. Sensitivity, specificity, PPV, NPV, and predictive values of 
different tests vs. the short cosyntropin test (ACTH, adrenocorticotropin; 
DHEA-S, dehydroepiandrosterone sulphate). 

Using a combination of laboratory tests to improve the 
prediction of abnormal short cosyntropin test results shows that 
the joint use of morning serum cortisol and serum DHEA-S levels 
produces the best results. 

In paired comparisons, morning cortisol level shows the best 
results in HPAI screening compared with ACTH and DHEA-S 
(p=0.005 and p=0.058, respectively) (Table 6). It ranks first among 
test combinations, as clearly demonstrated by the descriptive 
nonparametric Youden index (Youden’s J statistic) (Table 7). 

 

Discussion  

Hypothalamic pituitary adrenal insufficiency (HPAI) is often 
partial, resulting from insufficient secretion of CRH and/or ACTH. 
This makes diagnosing HPAI quite challenging for many 
endocrinologists. Patients with partial ACTH deficiency show an 
unresponsive short cosyntropin stimulation test, especially if the 
cortisol cutoff value is ≤18.1 μg/dL. Using a cutoff value of 20 
μg/dL increases sensitivity [10]. 

Adrenal insufficiency (AI) after discontinuation of 
glucocorticoids is common. There is no single type of steroids, 
dosage, duration of treatment, or indications for disease that can 
reliably exclude AI [13]. 

The use of over-the-counter glucocorticoids has been common 
in Iraq for many years, significantly increasing the risk of HPAI, 
especially if these medications are suddenly discontinued. Most 
cases of HPAI reported at FDEMC were linked to the use of 
exogenous corticosteroids, primarily those obtained over-the-
counter. More than two-thirds of patients were women aged 21-
50 years. A similar trend was previously observed at FDEMC, with 
women accounting for 69% of those self-prescribing 
corticosteroids [14]. Comparable findings have been reported 
worldwide [15]. 

The effectiveness of DHEA-S is moderate. A study has shown 
that a normal level of DHEA-S, according to age- and gender-
specific DHEA-S values, can effectively rule out HPAI. However, 
DHEA-S alone is insufficient for the diagnosis of HPAI, and its low 
values should be considered in addition to other adrenal function 
tests. Serum DHEA-S is utilized as a screening tool for the diagnosis 
of HPAI and is recommended for this purpose. It is important to 
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note that access to a short cosyntropin test is not always available, 
and insulin stress testing poses a risk in our region [4, 5, 16]. 

In a study conducted by Hahner et al., the ratio of male to 
female participants with AI was 113:77, with a median age of 59 
years [17]. The predominance of female HPAI can be attributed to 
more frequent use of corticosteroids, which is somewhat unclear. 

     Our study found that the best results were associated with 
serum cortisol levels from 9 to 11 a.m., with a morning serum 
cortisol level <5.31 μg/dL consistent with a diagnosis of HPAI. 
Other researchers suggest that a serum cortisol level ≤5 μg/dL 
confirms the presence of HPAI [18]. 

In children, some experts suggest a normal, unstimulated 
serum cortisol level of 13.8 μg/dL. They recommend dynamic 
stimulation testing for those with morning cortisol levels ranging 
from 3.9-13.8 μg/dL [19]. DHEA-S cannot effectively distinguish 
primary AI from secondary AI, and low DHEA-S levels have also 
been observed in post-traumatic stress disorder and depressive 
symptoms [20]. 

Plasma ACTH showed the worst efficacy in this study. This 
result has been confirmed previously, while its use in the diagnosis 
of primary AI has been proven. This can be explained by the fact 
that impaired cortisol in HPAI is due to an ACTH-independent 
mechanism, e.g., decreased secretion and metabolism of cortisol 
by the liver and kidneys. This led to the term "relative insufficiency 
of the hypothalamic-pituitary-adrenal axis" [13, 21-24]. These 
mechanisms can increase cortisol levels during stress and be life-
saving, but stress lasting more than a week affects the integrity 
and function of the adrenal cortex [25]. 

Additionally, the diminished response to exogenous ACTH may 
indicate inadequate ACTH signaling in the adrenal cortex. This can 
influence the outcome of dynamic tests to diagnose HPAI. 
Consequently, the short cosyntropin test has low sensitivity with a 
wide range of values (57-79%). However, if a short cosyntropin 
test is normal, it confirms the good functioning of the HPA axis [13, 
26]. 

This study examined the use of a combination test with two or 
more parameters to predict HPAI and found that morning cortisol 
and DHEA-S provided the best predictive value. Many 
endocrinologists recommend this approach. A three-test panel, 
which includes serum cortisol, serum DHEA-S, and plasma ACTH, 
will offer the best specificity, albeit very low sensitivity. Mansour 
et al. [14] reported the prevalence of steroid use was 2.6%, which, 
according to the World Health Organization classification, means 
that the condition is rare. In this case, it is essential to have a test 
that can confirm the presence of the disease to avoid treatment 
intervention and unnecessary anxiety. On the one hand, the 
probability of a positive test result was 64.8%, which strongly 
confirms the presence of HPAI. On the other hand, the probability 
of a negative test result was approximately 0.83%, which rules out 
HPAI in approximately 99% of cases, but missed cases still exist.  

Conversely, the likelihood of a negative morning cortisol test 
for HPAI has decreased to about 0.36%. This contrasts with the 
report by Mansuor et al., which helps rule out AI and makes it 
suitable as a screening tool.  

A potential practical application of these study results is that 
DHEA-S could be used as a diagnostic tool for HPAI in the 
afternoon, since DHEA-S levels do not have circadian rhythms due 
to its long half-life. Since most cases of HPAI are admitted to 
emergency departments or hospitals in the afternoon, when 
conducting the short cosyntropin stimulation test is not feasible, 

serum cortisol and plasma ACTH levels become unreliable [10, 19, 
20, 25-27]. 

 

Conclusion  

Diagnosing AI is important. Measuring morning cortisol levels 
is a simple and convenient tool for detecting HPAI; however, 
DHEA-S is an alternative during the day due to its longer half-life. 
Using a combination of laboratory tests (cortisol + DHEA-S panel or 
the most effective cortisol + DHEA-S + ACTH panel) is a powerful 
tool for confirming HPAI. 

 

Limitations 

One of the limitations of our study was the small number of 
men in the sample, as well as the limited number of participants 
using steroids in the course of their treatment, which made it 
difficult to conduct a subgroup analysis. 
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