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Background and Aims: Morning cortisol level is the test for diagnosis of adrenal

insufficiency(AI). When the result of morning cortisol level was inconclu-

sive, the 250 �g ACTH stimulation test was used.  However the correlation

between the morning cortisol and the cortisol response in the ACTH stimu-

lation test has not been studied. So we studied to find out the morning

cortisol level that could predict the result of ACTH stimulation test.

Material and methods : This study was retrospective descriptive study. All adult patients

who were performed ACTH stimulation test in Prapokklao hospital from June

2006 through october 2008 were recruited. The correlation between the

morning cortisol and the results of the ACTH stimulation test were deter-

mined. The ROC curve was used to find out the best morning cortisol level

for the highest sensitivity and specificity of the ACTH stimulation test.

Results : One hundred and seventy-seven ACTH stimulation tests were done during

that time. There were 135 morning cortisol levels which were inconclusive

(3-18 mg/dl).  The morning cortisol levels
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were highly correlated to the peak cortisol responses after the ACTH stimu-

lation test. The morning cortisol levels which were below 8.25mg/dl can

predict the negative result of the response after the ACTH stimulation test

(peak cortisol level ? 18 mg/dl)  with  78.8% of sensitivity , 80% of specific-

ity, 73.24% of  positive predictive value and 84.62% of negative predictive

value (AUC=0.854).  The factors which correlated to the cortisol levels   after

ACTH stimulation test were the history of steroid usage (P<0.001),

cushingoid appearance (P<0.001) and eosinophilia (P=0.002).

Conclusions: The morning cortisol level which was below 8.25mg/dl was the predictive

negative result of the response after the ACTH stimulation test, especially

in patient who had the history of chronic steroid usage, cushingoid appear-

ance and eosinophilia.

Key word : ACTH  Stimulation test, Adrenal insufficiency, morning cortisol

level,Diagnosis

INTRODUCTION

Adrenal insufficiency is characterized

by impaired cortisol secretion as a result of

decrease of hypothalamus, pituitary or

adrenal gland itself. The clinical features are

related to the rate of onset, cause and

severity of adrenal insufficiency. The patient

may present with vague features e.g.

tiredness, nausea, vomiting, arthralgia and

weight loss. Clinical suspicion of the diagno-

sis should be confirmed with definitive

diagnostic tests. The measurement of basal

plasma cortisol can be used to exclude the

diagnosis if it is greater than 18 �g/dl.

Adrenal insufficiency was diagnosed if the

basal plama cortisol is lower than 3 �g/dl. In

practice, the basal or morning cortisol are

foten in the inconclusive range that required

the dynamic function test of HPA axis .

The reference test for establishing the

integrity of HPA axis require assessing the

response to either a strong stimulus (e.g.

Insulin-induced hypoglycemia) or an interrup-

tion of the negative feedback from cortisol

(overnight metyrapone test). However, these

reference tests have major drawbacks.1

Insulin-induced hypoglycemia (IIH) test

is the major gold standard for diagnosis the

adrenal insufficiency, but it is the unpleasant

test due to many contraindications and

serious side effect. It is contraindicated in

the elderly and those with a history of

seizure or cardiovascular disease and

requires adrenergic or neurological

symptoms.2

The overnight metyrapone test was
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introduced by Liddle et al in 1959. When IIH

test is contraindicated  and where the com-

pound is available, the short metyrapone test

(given as 30 mg/kg orally at midnight with

measurement of cortisol and 11-deoxycortisol

concentration at 8.00 am. Of the follow

morning) may be perform.3 This test carries

a risk of adrenal crisis, errors can occur from

other drugs affecting clearance of

metyrapone4 and require special lab for

measure 11-deoxycortisol concentration.

Moreover, metyrapone is not available in

Thailand.

ACTH stimulation test is alternative test

that are quicker, cheaper, safer and more

available in general hospital. The rational for

using the corticotropin analog stimulation test

is the assumption that in chronic endogenous

corticotropin deficiency, acute responsiveness

of the adrenal zona fasciculata is diminished

and fails to mount an adequate cortisol re-

sponse.5  But the result of ACTH stimulation

test depend on degree and     duration of

ACTH deficiency which determine the degree

of adrenal atrophy.3

Standard ACTH stimulation test is

performed by administering intravenous

250 �g of cosyntropin. The cortisol level was

measured before cosyntropin injection, 30 min

and 60 min after cosyntropin injection.6,7

Various cut off levels or criteria were

proposed.3, 6, 8 However the correlation

between the basal cortisol levels including

the clinical and the cortisol response in the

ACTH stimulation test has not been studied.

Objective : To evaluate the relationship

between the basal or morning cortisol levels

and the cortisol reponses after the ACTH

stimulation test in evaluation of adrenal

insufficiency.

Materials and Methods

Study design

The retrospective study was done in

Prapokklao Hospital which are the tertiary

medical center at  Chanthaburi province,

Thailand.

Population characteristics

All adult patients who were performed

250 microgram ACTH stimulation test during

June 2006 through october 2008 were

included in this study.

Data collection

The data which are sex, age, primary

diagnosis, co-morbidities, drugs (which can

affect the cortisol level measurement),

history of steroid usage, cushingoid appear-

ance, status (inpatient or outpatient), basic

blood chemistry, cause of investigation,

cortisol level and the results of  ACTH

stimulation test were review from OPD cards

and IPD charts.

Reference test

The diagnosis of Hypothalamus-

Pituitary-Adrenal axis insufficiency (HPAI) was

based on an abnormal cortisol response to
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standard dose ACTH stimulation test (peak

stimulated cortical level < 18 mcg/dL)6, 9

Cortisol assay

The cortisol assay methods used in

Prapoklao hospital is electrochemilumines-

cence immunoassay (ECLIA) method.

(COBAS�, Roche diagnostics)

Standard dose ACTH stimulation test

The synthetic corticotropin analogues,

Tetracosactide hexaacetate (Cortrosyn�,

Organon Oss Holland. ) was administered

intravenously at a dose of 250 mcg and

serum cortisol levels were obtained at

baseline, 30 minutes and 60 minutes after

injection.6

Basal cortisol

The basal or morning plasma cortisol

level was defined by the plama cortisol that

performed in the morning at 8.00 am.

Statistical analysis

The data were analyzed by SPSS

version 14.0

The Receiver-Operator-Characteristic

(ROC) curve analysis was created to

evaluate the performance of basal cortisol in

predicting the results of the 250 �g ACTH

stimulation test (standard reference test).

Posit ive predictive value (PPV),

negative predictive value (NPV), sensitivity,

specificity and accuracy were calculated.

PPV (calculated as TP/(TP+FP)) was

defined as likelihood that a subject with a

positive test was adrenal insufficiency (an

abnormal response to ACTH stimulation test).

NPV (calculated as TN/(TN+FN)) was

defined as the likelihood that a subject with

a negative test (cortisol > cut off) was not

adrenal insufficiency (a normal response to

ACTH stimulation test).

Sensitivity (TP/(TP+FN)) and specific-

ity (TN/(TN+FP)) were defined as percent-

ages of patients who had peak cortisol value

below and above the specific cut off point,

respectively.

Accuracy ((TP+TN)/(TP+FP+TN+FN))

was defined as the percentage of patients

that were correctly identifies as adrenal

insufficiency of no adrenal insufficiency.

The factors that may correlate to the

result of standard dose ACTH stimulation test

was analyzed by independent sample T test

(data which is normal distribution) or

non-parametric (2-independent sample) test

(data which is not normal distribution). A

P value of < 0.05 was considered significant.

Result

Patient characteristic

177 patients were performed ACTH

stimulation test between June 2006 through

october 2008. Thirty six point seven percents

of the patients were diagnosed adrenal

insufficiency by abnormal cortisol response

after ACTH stimulation test. The most of

patients were diagnosed of secondary
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adrenal insufficiency (72.48%). The details

of diagnosis was shown in table 1 and graph

1.  Most patients were performed the test in

in-patient setting. The mean age was

63.52�15.39 year. Sixty eight point four

percents of patients of patients were female.

Most patients had co-morbidities (84.2%).

The most common co-morbidities were

hypertension (30.5%) and DM (28.8%). The

* Diagnosis based on result of ACTH stimulation test & ACTH level.

** Due to loss to follow up, death & incomplete diagnostic work up.

Graph 1: Final diagnosis of the patients performed
ACTH stimulation test in PPK hospital

Graph 2: comorbidity of the patients  performed
ACTH stimulation test

details of co-morbidities were shown in graph

2. The patients who had history of steroid

usage was found in 39.4%. The most

common of steroid which was used were

herbal medicine (53.5%). The cushingoid

appearances were documented in only 19.2%.

The details of other patient characteristics

and the laboratories were shown in table 2.

Table 1 : result and diagnosis of study population (n=177)
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Table 2 : Patient characteristics of study population in Prapokklao hospital.
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Primary diagnosis

Majority of the patients were not

diagnosed adrenal insufficiency (63.3%).

Among the patients who were diagnosed

adrenal insufficiency, secondary adrenal

insufficiency was the most common (72.48%).

The exogenous steroid usage was the most

common cause. Primary adrenal insufficiency

was found in 1.1% (2 patients) which were

acute bilateral adrenal hemorrhage due to

DIC (1 patient) and disseminated fungal

infection in AIDS patient (1 patient)

Causes of investigation

The reasons of decision to perform

ACTH stimulation test are shown in graph 3.

Three most common causes of investigation

were history of steroid usage (20.3%),

unknown of shock or hypotension (19.2%)

and hyponatremia (18.6%)
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Graph 3 : Reasons of decision to perform

ACTH stimulation

Cortisol level

The cortisol level before performing

ACTH stimulation test was classified into 2

groups; basal morning cortisol level (8.00 am)

and cortisol level during shock (blood pres-

sure <90/60). The mean of basal cortisol level

were 9.11�3.81 mcg/dl and the mean of

corisol level during shock were 16.14�12.78.

The mean of peak cortisol level was

22.22�11.59 mcg/dl and the absolute corti-

sol increment was 11.56�7.92 mcg/dl after

ACTH stimulation test. The details were shown

in table 3.

Table 3: cortisol level before ACTH stimulation test & after ACTH stimulation test.
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There were 37.3% and 37.9% of the

patients was diagnosed of adrenal insuffi-

ciency when we used the criteria for diagno-

sis of adrenal insufficiency in patient who

had peak serum cortisol level after ACTH

stimulation test <18 mcg/dl or the  absolute

cortisol increment <9 mcg/dl after ACTH stimu-

lation test respectively. The mean of basal

cortisol level in patients who had diagnosed

adrenal insufficiency by peak serum cortisol

level after ACTH stimulation test was

5.67�3.41 mcg/dl and lower than patients

who did not have diagnosed adrenal insuffi-

ciency which was 13.84�6.73 mcg/dl signifi-

cantly with p value <0.001. The mean of basal

cortisol level in patients who had diagnosed

adrenal insufficiency by absolute cortisol

increment <9 mcg/dl after ACTH stimulation

test was 9.15�7.73 mcg/dl and lower than

patients who did not have diagnosed adre-

nal insufficiency which was 11.86�6.21 mcg/

dl significantly with p value 0.012. The mean

of basal cortisol level in patient who had

adrenal insufficiency by 2 criteria were shown

in table 4.

Table 4: The mean of basal cortisol level comparison between patient diagnosed HPAI from

ACTH stimulation test with 2 diagnostic criteria.

The factors which correlate to the peak

of cortisol levels after ACTH stimulation test

were the history of steroid usage (p value

<0.001), the presence of cushingoid appear-

ance (p value <0.001),  the presence of

eosinophilia (absolute eosinophil � �500

cells/cu.mm.)(p value 0.002), the ratio of  BUN

and Cr ( BUN/Cr �20 ) (p value 0.044),  and

serum albumin(p value 0.006),. The correla-

tion between any factors and the peak of

cortisol response were shown in table 5.
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Table 5: factors that influenced to peak cortisol level after ACTH stimulation test.
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The basal cortisol level was highly

correlate to the peak cortisol level (r=0.67).

The absolute of cortisol increment was

correlate to the peak of cortisol level (r=0.49)

but it was not correlate to the basal cortisol.

The ROC curve was done to find the

optimal cortisol level that should be use for

predicting the result of ACTH stimulation test

and was shown in graph 5. The cut-point

cortisol level was 8.25 mcg/dl with 78.8%

The correlation between basal cortisol

levels, the peak cortisol level and the

absolute of cortisol increment were shown in

graph 4.

Graph 4: correlation between 8.00 am  cortisol level, peak cortisol level  & absolute cortisol
increment of the study population.

sensitivity, 80% specificity, 73.42% positive

predictive value, 84.62% negative predictive

value and 79.19% accuracy of the result of

ACTH stimulation test as shown in table 6.
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The positive predictive value was

improve when we combine the basal cortisol

levels with the factors that significantly

affected the peak cortisol level after ACTH

stimulation test. The PPV was increase from

73.42% to 78.8%, 82.6%,  84.2% and 85.7%

when combine with history of steroid usage,

Hyponatremia (Na<135 mEq/dl), eosinophilia

and the presence of cushingoid appearance

respectively as shown in table 7.

Graph 5: Reciever operating characteristic curve (ROC Curve)

Table 6: The optimal cortisol level and the predictive value to diagnose adrenal insufficiency

The possibility of the normal cortisol

response after the ACTH stimulation test is

100% if the basal cortisol level is more than

13.20 mcg/dl.  And nobody had the normal

cortisol response after the ACTH stimulation

test if the basal cortisol level was below 3.54

mcg/dl, 4.06 mcg/dl with the presence of

cushinoid appearance, 4.09 mcg/dl with

eosinophilia and 4.18 mcg/dl with history of

steroid usage.



���������	
������
����	�����
������������	�������������� ������� !���"�#�����$��%&�&�'�%�&�&� (()28

DISCUSSION

The measurement of basal plasma

cortisol is simple and useful for diagnosis of

adrenal insufficiency when the level is lower

than 3 �g/dl. The diagnosis of adrenal

insufficiency should be exclude when the

basal cortisol level is greater than 18 �g/dl.

But in many circumstances the basal morn-

ing cortisol are in the inconclusive range that

required the dynamic function test of HPA

axis.

The insulin induced hypoglycemia test

(IIH) was the gold standard dynamic test for

diagnosis of adrenal insufficiency which

Plumpton and Besser showed the normal

cortisol response after ITT since 1969.10  But

the IIH has several limitations for example it

is labor intensive, requires medical supervi-

sion and can be hazardous particularly in

young children 11  and in adults with seizure

disorders or heart disease, and adequate

hypoglycemia is not achieved in some cases.12

The ACTH stimulation test which is the

alternative test was used increasingly. It could

assess the integrity of the HPA axis and be

simple, cheap, efficient, less side effect and

the accuracy is optimal.  Lindholm evaluate

the clinical value of the 30 minutes ACTH

test in assessing the hypothalamic-pituitary-

adrenocortical function13.  They found a

significant correlation (R=0.83) between the

result of IIH test and the 30-minuteACTH test

(except shortly after acute ACTH depriva-

tion). The later review 3, 6 supported the

usefulness of ACTH stimulation test in

evaluation of hypothalamus-pituitary-adrenal

Table 7: The combination between basal cortisol level and other factors  in predicting the

result of ACTH stimulation test.
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integrity with promising specificity (95%) and

sensitivity (97% and 57% in primary and

secondary adrenal insufficiency, respectively).

The ACTH stimulation test in secondary

adrenal insufficiency relies on assumption that

chronic ACTH deficiency result in adrenal

atrophy and hence hyporesponsiveness to

exogenous administration of synthetic

ACTH.1,5,14 Major concern of ACTH stimula-

tion test is a high rate of false normal

responses, especially in patients with mild

secondary adrenal insufficiency or recent

onset of secondary adrenal insufficiency15,16,17,18

, but some authors found that ACTH stimula-

tion test possesses a high predictive value

in excluding ACTH deficiency in patients

undergoing Pituitary Surgery and/or radio

therapy.19 While others showed a long-term

predictive accuracy and safety with reference

to clinical outcome.20

Although ACTH stimulation test has

many advantages, in real life practice, ACTH

stimulation test can be performed only in

tertiary hospitals where the Cortrosyn and

cortisol assay are available. Primary hospital

should have a tool for making a decision to

refer suspected patients to tertiary hospital

for performing ACTH stimulation test with a

simple clinical data, basic laboratory value

and the basal cortisol level. Our retrospec-

tive study showed that the basal cortisol level

which was more than 8.25 mcg/dl had 78.8%

sensitivity, 80% specificity, 73.42% positive

predictive value, 84.62% negative predictive

value and 79.19% accuracy of the result of

ACTH stimulation test. When the basal

cortisol level was below 3.54 mcg/dl, 4.06

mcg/dl with the presence of cushingoid

appearance, 4.09 mcg/dl with eosinophilia

and 4.18 mcg/dl with history of steroid

usage, the abnormal of ACTH stimulation test

can be predictive. On the other way if the

basal cortisol level is more than 13.20 mcg/

dl, the normal response after ACTH stimula-

tion test can be predictive.

Our study showed that the prevalence

of patient characteristics e.g. history of

steroid usage, the cushingoid appearance,

hyponatremia (Na<135 mEq/dl), eosinophilia

were increased significantly in the adrenal

insufficiency group. The prevalence of

hypercalcemia in adrenal insufficiency group

was increased in some studies but not in our

study. So we considered the significant

factors that could be increase the positive

predictive values. The PPV was increase from

73.42% to 78.8%, 84.2% and 85.7% when

combine with history of steroid usage,

Hyponatremia, eosinophilia and the presence

of cushingoid appearance respectively. Even

though hypoalbuminemia was correlate to the

peak cortisol level, we should consider about

the lower cortisol  binding protein in hypoal-

buminemia group. So the level of cortisol

should be carefully interpreted in patient who

was hypoalbuminemia.
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There are 2 studies about the basal

cortisol levels and the response to dynamic

test for adrenal insufficiency. The study by

Hagg E, et al. in 1987 showed that basal

cortisol of >10.875 mcg/dl almost excluded

and of <3.625 mcg/dl strongly suggest

adrenal  insufficiency by IIH.13 And the study

from Taiwan in 2002 by Lee MT, et al.

studied the relationship between basal corti-

sol level and the standard dose (250 micro-

gram) ACTH stimulation test in the evalua-

tion of adrenal insufficiency. This retrospec-

tive study conducted in 106 unstressed

patients with suspected hypothalamic-

pituitary-adrenal disease. A mean basal morn-

ing serum cortisol of � 10.88 mcg/dl excluded

the possibility of adrenal insufficiency and a

level of < 3.99 mcg/dl suggested adrenal

insufficiency. A mean basal cortisol level of

� 8.48 mcg/dl predicted a normal cortisol

response in the ACTH stimulation test with

sensitivity 80.6% and specificity 91.4%.21 The

clinical or laboratory which can be found in

adrenal insufficiency were not shown these

studies so we could not compare about the

clinical or laboratory clues with our study.

The limitation of our study was the

retrospective study which some data were

incomplete. The majority of cases in our study

were secondary adrenal insufficiency from

exogenous steroid usage which may not

apply to every causes of adrenal insufficiency.

Even though the ACTH stimulation test is not

the gold standard for diagnosis of adrenal

insufficiency, our study is the real practice

which the insulin induce hypoglycemia is not

frequently used. The major causes of our

investigation about adrenal insufficiency were

history of steroid usage (20.3%), unknown

cause of shock or hypotension (19.2%) and

hyponatremia (18.6%) which were in real life.

The mainly results of the ACTH stimulation

test in this study were not diagnosed

adrenal insufficiency (63.3%) which showed

the unnecessary test. The knowledge from

this study could help us to make the suitable

decision to perform ACTH stimulation test by

the basal cortisol level and the clinical e.g.

the history of steroid usage, the cushinoid

appearance and eosinophilia.
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