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Abstract
Hypothesis—A cortisol response to adrenocorticotropin injection is the standard test for
diagnosing adrenal insufficiency. Multiple steroid hormones can now be accurately measured by
tandem mass spectrometry in a single sample. The study objective was to determine whether a steroid
profile, created by simultaneous measurement of ten steroid hormones by tandem mass spectrometry,
would help determine the cause of adrenal insufficiency.

Design—A ten-steroid profile was measured by tandem mass spectrometry during the performance
of a standard high dose cortrosyn stimulation test. The steroids were measured at baseline, and 30
and 60 minutes following synthetic adrenocorticotropin injection. Adrenal insufficiency was defined
as a peak cortisol level of less than 20 μg/dL. Testing was conducted in the General Clinical Research
Center of a University Medical Center. Normal volunteers, patients suspected of having adrenal
insufficiency, and patients with known adrenal insufficiency participated.

Results—Our results showed that adrenal insufficiency of any cause was adequately diagnosed
using the response of 11-deoxycortisol, dehydroepiandrosterone, or these analytes combined in a
two-steroid profile. A three-steroid profile yielded a test with 100% accuracy for discriminating
primary adrenal insufficiency from normal status. Primary adrenal insufficiency was well separated
from secondary adrenal insufficiency using only a single aldosterone value. 11-deoxycortisol,
dehydroepiandrosterone, and a two-steroid profile each provided fair discrimination between
secondary adrenal insufficiency and normal status.

Conclusions—We conclude that stimulated levels of aldosterone, 11-deoxycortisol,
dehydroepiandrosterone, and a two- or three-steroid profile provided additional discrimination
between states of adrenal sufficiency and insufficiency. It is proposed that a steroid profile measuring

*Address all correspondence and requests for reprints to: Jacqueline Jonklaas, Division of Endocrinology and Metabolism, Georgetown
University Hospital, Suite 232, Bldg. D, 4000 Reservoir Road, NW, Washington, DC 20007. Phone number: 202 687 2818, Fax number:
202 687 2040. Email: jj@bc.georgetown.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Steroids. Author manuscript; available in PMC 2008 January 1.

Published in final edited form as:
Steroids. 2007 January ; 72(1): 71–84.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cortisol, aldosterone, 11-deoxycortisol, and dehydroepiandrosterone would potentially improve the
ability to determine the cause of adrenal insufficiency.
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INTRODUCTION
A deficient steroid hormone response to adrenocorticotropin (ACTH) is a hallmark of adrenal
insufficiency (AI) (1). Measurement of serum cortisol levels following synthetic ACTH
injection forms the traditional “gold standard” for diagnosing AI (1–3). A decreased cortisol
response is seen in both primary and chronic secondary AI (4), and diagnostic “cut-off” values
of between 18–20 μg/dL are well-documented (2,3,5–14). Aldosterone levels after ACTH
stimulation can be helpful to distinguish between primary and secondary AI. Despite the wealth
of data regarding ACTH-stimulated cortisol levels, studies of aldosterone responses to ACTH
stimulation in normal and adrenally insufficient subjects are few (9,12,15). Thus, the stimulated
aldosterone level appropriate for distinguishing between primary and secondary adrenal
insufficiency is uncertain.

There has been interest in using the levels of steroids other than cortisol and aldosterone to
discriminate normal adrenal function from AI, particularly in situations where the cause of AI
cannot readily be established. These steroid hormones include 11-deoxycortisol (7,13), 17-
hydroxyprogesterone (16), progesterone, androstenedione, dehydroepiandrosterone (DHEA)
(16), and dehydroepiandrosterone-sulfate (DHEA-S) (17,18). However, responses of these
other steroid hormones to ACTH stimulation have not been frequently studied.

Immunoassay is a sensitive method for measuring steroid hormones (19). However, testing
programs show lack of specificity in the commercially available immunoassays (20,21).
Tandem mass spectrometry (MS/MS) has been shown to have better specificity than
immunoassay (22), and has been used to measure cortisol during an ACTH stimulation test
(23). We developed a method to simultaneously measure nine steroid hormones by atmospheric
pressure photoionization ion source MS/MS and have shown this method to be highly specific
and sensitive (24,25). These nine hormones are cortisol, 11-deoxycortisol 17-
hydroxyprogesterone, progesterone, androstenedione, DHEA, DHEA-S, estradiol, and
testosterone. An additional refinement allows simultaneous of twelve steroids including
aldosterone (26).

In this study we measured ten adrenal hormones in normal subjects and subjects with AI. The
first study aim was to assess whether any steroids other than cortisol increased significantly in
response to an ACTH stimulus. The second study aim was to determine the correlation between
peak cortisol levels and the peak levels of other steroids. We were interested in whether a
profile combining some of the other correlating steroids would also be helpful in determining
the cause of AI, or in making a diagnosis of AI, particularly in borderline or clinically difficult
cases. The final study aim was to generate additional data regarding aldosterone values in
normal subjects and subjects with AI.

An additional topic that is not examined in this analysis, but that is being addressed in a separate
manuscript is the performance of cortisol immunoassays compared with MS/MS assays. This
analysis examines the issue of whether patients are differently classified with respect to their
adrenal status using the two assays and a cortisol cut-off of 20 μg/dL or above. This will allow
validation of MS/MS assays and their comparison with existing “gold standard” methods.
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METHODS
Subjects and Protocol

Normal volunteers, patients suspected of being adrenally insufficient who required an ACTH
stimulation test for routine clinical evaluation, and patients with known adrenal insufficiency
were recruited. The study protocol was approved by the Institutional Review Board. Normal
subjects who were pregnant or breast-feeding, and patients with diabetes were excluded from
participation. Following informed consent, subjects underwent a standard high-dose ACTH
stimulation test performed on an outpatient basis in the General Clinical Research Center.
Patients were in a seated position and rested for at least 10 minutes before testing began. A 23-
gauge indwelling catheter was inserted and a baseline blood sample was drawn. Following
injection of 250 μg Cortrosyn™ blood samples were taken at 30 and 60 minutes. Blood pressure
and heart rate were measured before and after testing. A medication history was taken and only
patients with known AI were taking steroid-containing medications. On the test day patients
with known AI delayed their glucocorticoid and mineralocorticoid replacement until testing
was complete. Information regarding dietary salt intake was not collected.

Laboratory Measurements
At all three time points ten steroids were analyzed by MS/MS as previously described (24–
26). Serum samples were deproteinized and injected onto the column after centrifugation.
Chromatographic separation was carried out on a reverse phase C-18 (25) or C-8 (26) analytic
column. Samples were washed online and eluted using a methanol/water gradient and
introduced into the mass spectrometer. The current assay protocol (26) separates the total ion
chromatogram into four sections in order to optimize parameters for each individual analyte.
Atmospheric pressure photoionization was used to measure nine of the steroids in the positive
ion mode; aldosterone was measured in the negative mode. The method is based on isotope
dilution and is specific for the steroid of interest. Aldosterone was analyzed after adding an
aliquot of cortisol to prevent precipitation of aldosterone with cortisol-binding globulin. There
was less interference with neighboring peaks when aldosterone was separated from other
steroids in the negative ion mode in a separate time period. This assay has no cross-reactivity
with fludrocortisone. The API-3000 or API-5000 mass spectrometer was used for all assays.
Our first generation steroid profile assay required 760 μL of serum and measured 9 steroids in
18 minutes (25). Our second generation assay uses 200 μL of serum and measures 12 steroids
in 11 minutes (26). Assay accuracy was evaluated in two ways. The assays were compared
with MS/MS assays performed at the Mayo Clinic: correlation coefficients ranged from 0.908
to 0.999 (26). Recovery studies were also performed and yielded mean recoveries of the
analytes of 90% to 110% (26).

Patients suspected of having AI also had cortisol levels determined by immunoassay in a
clinical laboratory; these results were used to guide clinical decision-making. However, for the
purposes of this analysis a peak cortisol concentration of 20 μg/dL or above determined by
MS/MS (at any of the three time points) was interpreted as normal adrenal function. Failure to
achieve a peak cortisol value of 20 μg/dL was deemed AI.

Designation of Adrenal Status
The peak steroid level was defined as the maximum value following ACTH injection. Delta
values were defined as the difference between the baseline value and either the 30-minute
value, the 60-minute value, or the peak value following ACTH injection. Subjects were initially
grouped into three categories (see Table 1a). The first group was normal subjects without any
clinical suspicion of AI. The second group was comprised of subjects suspected of having AI,
whose ACTH stimulation test was performed as standard of care, but whose peak cortisol
values were 20 ug/dL or above as measured by MS/MS. These subjects were classified as
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having normal adrenal function. The third group consisted of subjects having their ACTH
stimulation test performed because of clinical suspicion of AI, whose peak cortisol was less
than 20 μg/dL as measured by MS/MS. These subjects were thus designated as having AI. Also
included in this group were several patients with known AI who volunteered for the study.
Subjects with AI were designated as having either primary or secondary AI. Clinical
assessment, laboratory data, and chart review were used to determine whether the patient’s site
of adrenal axis dysfunction was primary or secondary (see Table 1b).

Statistical Analysis
A student t-test was performed to evaluate statistically significant differences in the peak
hormone levels by MS/MS between the normal volunteers and the normal standard of care
subjects. The same comparison was performed to determine if there was any difference in the
steroid peaks achieved in subjects with secondary AI versus subjects with primary AI. Paired
t-tests were also performed for each steroid hormone comparing the baseline, 30-minute, 60-
minute, and peak values to determine if there was a statistically significant increase in each
steroid hormone following ACTH stimulation in all subjects. A p value of < 0.05 was
considered significant. In addition, two sample comparisons using a Mann-Whitney approach
were also performed. No differences in results were found using the non-parametric approach
and so the more powerful t-test results are presented. The results of steroid responses to ACTH
injection were also displayed in a non-inferential manner using box plots.

The peak cortisol values were plotted against peak values for the other steroids for each subject.
The steroids that correlated best with serum cortisol were used in further non-inferential
analysis. Using available data, four cut-off values were selected for aldosterone, 11-
deoxycortisol, and DHEA that appeared to discriminate between the four categories of 1) any
AI versus normal, 2) primary AI versus normal, 3) primary versus secondary AI, and 4)
secondary AI versus normal. For the case of primary versus secondary AI, because a cortisol
value of < 20 μg/dL has no value in distinguishing between these states, additional lower
cortisol cut-off values that might serve this purpose were also selected. These cut-offs were
used to generate receiver operating characteristic curves for the four different screening tests.
The one cut-off value for each steroid that gave the best results in all four tests was then
tabulated to illustrate its overall performance in each screening test. The sensitivity, specificity,
positive predictive value, and negative predictive value of each selected steroid cut-off were
calculated.

RESULTS
Subjects

ACTH stimulation tests were performed in eighty subjects (see Table 1a). There were no
adverse events, other than transient flushing and light-headedness in a few subjects. Vital signs
did not change significantly during testing. Twenty-one subjects were volunteers not suspected
of having adrenal dysfunction. These individuals had normal cortisol responses to ACTH
stimulation. Fifty-five patients were suspected of having AI. Of these patients receiving
standard of care clinical evaluation, 40 (73%) were determined to have normal adrenal function
and 15 (27%) were diagnosed with AI. The four volunteers with known AI had inadequate
cortisol responses to ACTH.

Steroid hormone responses following ACTH stimulation in normal subjects
There were a total of 61 subjects in the combined group with normal adrenal function. The
mean peak steroid hormone levels of the normal subjects and the subjects undergoing standard
of care testing who had normal results were not significantly different (data not shown), except
for higher DHEA (p = 0.001) and DHEA-S (p < 0.001) values in the normal volunteers (Table
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2a). These differences were suspected to be due to their younger mean age (33 years compared
with 46 years). Therefore, all normal subjects were combined in subsequent analyses. Table
2a shows the steroid responses of the combined group reported as mean and standard error. P
values indicate significant increases in the steroid between baseline and peak.

There were statistically significant increases in levels of cortisol, aldosterone, 11-
deoxycortisol, DHEA, 17-hydroxyprogesterone, androstenedione, and DHEA-S following
ACTH stimulation in normal subjects. Absolute values are shown in Table 2a, and the mean,
median and distribution of the data are displayed as box plots in Figure 1. The changes in each
steroid from the baseline to the 30-minute, 60-minute, and peak values are shown in Table 3a.
The relationship between the age of all subjects and their DHEA-S values is shown in Figure
1h.

As can be seen from the box plots and Table 3b, most steroids reached a peak value at 60
minutes after ACTH injection. This pattern was most pronounced for cortisol with its peak
occurring at 60 minutes in 60 of the 61 patients. However, aldosterone (Figure 1b) clearly had
a different pattern of response, with the peak value being seen at 30 minutes in the majority
(73%) of patients. Furthermore, the decline from the 30-minute to the 60-minute value was
statistically significant (p < 0.001). The peak 11-deoxycortisol and DHEA values occurred at
60 minutes in 85% and 72% of patients respectively. The timing of the peaks for the remainder
of the steroids is also shown in Table 3b.

Steroid hormone responses following ACTH stimulation in subjects with AI
The mean steroid levels during ACTH stimulation in the patients with AI are shown as absolute
values in Table 2b. The peak steroid responses to ACTH stimulation were statistically different
in patients with primary AI compared with those with secondary AI for cortisol, aldosterone
and 11-deoxycortisol. However, the responses of all other steroids did not differ between the
two categories of AI. These steroid responses are graphically displayed as box plots, alongside
similarly displayed data for normal subjects, in Figure 1.

Correlation of peak cortisol levels with the peak values of other steroids
The correlation between the peak cortisol levels and the peak levels of the other steroids were
determined (Table 3c). The correlation coefficient was initially calculated for all subjects. A
second analysis excluded patients with secondary AI to determine if any steroid was helpful
in discriminating between primary and secondary AI. Correlations for all patients across the
disease states were poor. The best correlation was seen for 11-deoxycortisol; the second best
for DHEA. Aldosterone was the only steroid with an improved correlation when subjects with
secondary AI were excluded, although neither correlation was close. Results for aldosterone,
11-deoxycortisol and DHEA are graphically displayed in Figure 2. Each data point represents
the peak levels of the two steroids for a particular patient.

Diagnostic cut-off values
Figure 2 data were used to select steroid cut-off values to analyze further in receiver operating
characteristic curves. The cut-offs selected were 4, 5, 6, and 7 ng/dL for aldosterone; 200, 300,
400, and 500 ng/dL for 11-deoxycortisol, and 100, 200, 300, and 400 ng/dL for DHEA. Because
a cortisol cut-off of 20 μg/dL cannot differentiate between primary and secondary AI,
additional cortisol cut-offs of 3, 4, 5, and 6 mcg/dL were selected for this purpose only. Receiver
operating characteristic curves for these cut-offs for each of the previously described screening
tests are shown in Figure 3. The screening tests analyzed were 1) any AI versus normal (shown
in squares), 2) primary AI versus normal (shown in circles), 3) primary versus secondary AI
(shown in diamonds), and 4) secondary AI versus normal (shown in triangles). As Figure 3
shows, the different cut-offs greatly affected the performance of the test. For aldosterone, the
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cut-off with maximum discrimination for all situations was 6 ng/dL. For the other steroids
maximum discrimination was achieved with 400 ng/dL for 11-deoxycortisol and 300 ng/dL
for DHEA. These three cut-off values are indicated in Figure 2 as lines on the Y-axis. A cortisol
cut-off value of 20 μg/dL is indicated on the X-axis.

The increment in DHEA-S with ACTH stimulation was minimal. However, as can be
visualized in Figure 1g, overall DHEA-S levels were very different in normal subjects,
compared with those with AI. Using a cut-off value of < 50 μg/dL as being indicative of AI,
the following test accuracy was achieved: 84% sensitivity, 61% specificity, 40% positive
predictive value, and 92% negative predictive value.

Screening Test Performance
The three best steroid cut-offs for all situations were further analyzed as shown in Table 4. The
sensitivity, specificity, positive predictive value, and negative predictive value were
determined for the three cut-offs to determine their overall performance as screening tests.

An aldosterone value of < 6 ng/dL had 100% sensitivity for separating primary AI from normal
adrenal status (Table 4b). However, it was a less specific test, as 10 subjects with normal status
had aldosterone levels < 6 ng/dL. The positive predictive value was therefore low at 41%. It
also discriminated between primary and secondary AI, with 100% sensitivity and 100%
negative predictive value (Table 4c). As expected, an aldosterone cut-off was of no value in
separating secondary AI from normal adrenal function (Table 4d).

An 11-deoxycortisol value of < 400 ng/dL had a sensitivity and negative predictive value of
100% as a test for primary AI (Tables 4b and 4c). It was the best test, other than the defining
cortisol of < 20 μg/dL, for separating secondary AI and normal status (Table 4d). It was also
a reasonable test for separating any AI from normal status (Table 4a). DHEA, similarly, had
100% sensitivity and 100% negative predictive value as a test for primary AI (Tables 4b and
4c). It also had good sensitivity and negative predictive value for separating any AI from normal
status (Table 4a) and secondary AI from normal status (Table 4d).

A superior discrimination could be achieved by combining cut-off values in a two- or three-
steroid profile for 3 out of the 4 tests. When separating primary AI from normal status,
combining 3 cut-offs yielded a test with 100% accuracy (Table 4b). Overall test performance
was also improved by combining cut-offs for separating any AI from normal status (Table 4a)
and separating secondary AI from normal status (Table 4d). The exception was separation of
primary from secondary AI, where good results were obtained using a single aldosterone cut-
off (Table 4c). Combining four cut-offs improved specificity and positive predictive value over
aldosterone alone, but sensitivity and negative predictive value were sacrificed.

DISCUSSION
This study offers the advantage of studying the simultaneous responses of multiple adrenal
steroids to ACTH stimulation in a relatively large number of normal subjects. Most previously
published studies have reported data for single steroid measurements for smaller numbers of
subjects between 12 and 46 (6,10,12,14,15,27), although two studies did include larger-sized
control groups (7,28). There was great variability in steroid levels among our normal subjects,
particularly for steroids other than cortisol. Obviously factors such as age, menstrual status,
and time of day accounted for a portion of this variation. Although responses to ACTH were
consistent in individuals, many of the baseline values overlapped with the values seen following
ACTH stimulation across different subjects (Figure 1). For this reason, paired data analysis
using individuals as their own baseline was necessary to allow significant changes to be
discerned. Our data demonstrate that there were statistically significant increases in cortisol,
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aldosterone, 11-deoxycortisol, 17-hydroxyprogesterone, DHEA, DHEA-S and
androstenedione following stimulation by ACTH (Table 2a,Figure 1). Interestingly, the largest
fold-increase occurred with 11-deoxycortisol, precursor to cortisol, which increased by more
than 800% (mean baseline 79 ng/dL; mean peak 676 ng/dL), compared to increases of 280%
for cortisol (mean baseline 11.5 μg/dL; mean peak 31.1 μg/dL) and aldosterone (mean baseline
4.6 ng/dL; mean peak 12.5 ng/dL). DHEA-S showed the least degree of stimulation (13%)
with ACTH, likely because of its long half-life, which maintains relatively constant
concentrations throughout the day (29).

Peak steroid level for all steroids except aldosterone occurred at 60 minutes after ACTH
injection. Cortisol showed a very consistent timing of its peak, with 98% of peak values
occurring at 60 minutes. The remaining steroids with peak values at 60 minutes showed more
variable timing, with only approximately 70% of the peak levels actually occurring at this time.
Conversely, aldosterone showed a distinct pattern, with 73% of its peaks occurring at 30
minutes (Table 3b). These data suggest not only that adrenal insufficiency could be missed if
the 60-minute blood sample is omitted, but also that the 30-minute sample cannot be dispensed
with, as it provides optimal aldosterone levels for discriminating between primary and
secondary AI.

Both peak steroid levels and the increment in steroid levels after ACTH injection were
significantly diminished in subjects with AI (Tables 2b and 3a, Figure 1). As expected (9,12),
a significantly decreased aldosterone peak was seen in subjects with primary AI, compared
with those with secondary AI. Only one patient with primary AI had been started on
mineralocorticoid replacement prior to testing. This patient had normal plasma renin activity
on replacement. Replacement was delayed on the day of the test itself. Both these factors make
it unlikely that replacement was the cause of the deficient aldosterone response in this particular
patient. As also previously demonstrated (4,13), peak cortisol and 11-deoxycortisol values
were also significantly lower in patients with primary adrenal insufficiency. However, the
substantial variability in these two analyte responses (Figure 1a and 1c) has precluded their
use for reliably distinguishing primary from secondary AI.

We originally hypothesized that steroids that correlated best with cortisol and/or had a different
response in primary versus secondary AI may be useful adjuncts in the diagnosis of AI. With
respect to distinguishing any AI from normal status, 11-deoxycortisol and DHEA cut-offs were
helpful, as was a two-steroid profile of 11-deoxycortisol and DHEA (Table 4a). For separating
secondary AI from a normal status, 11-deoxycortisol, DHEA, and the two-steroid profile again
appeared helpful (Table 4d). However none of these equaled the performance of cortisol. A
stimulated aldosterone level of less than 6 ng/dL was as sensitive as cortisol levels (100%) for
distinguishing primary AI from normal status (Table 4b). A combined three-steroid profile
yielded a test with 100% accuracy for making the same distinction. In addition, our study
certainly confirms the fact that cortisol, the established marker, has an outstanding performance
in the diagnosis of AI.

A different conclusion, however, could be reached with respect to determining the cause of
AI. The aldosterone cut-off value also showed excellent discrimination of primary from
secondary AI (Table 4c). An alternative, accepted method of distinguishing primary and
secondary AI is to use a prolonged ACTH stimulation test. However, the considerable
advantage in the use of a single aldosterone cut-off is that the result can be quickly obtained
from assays easily performed on two blood samples obtained during a 60-minute test period.
In contrast, the prolonged ACTH stimulation test requires a cumbersome 48-hour test period.

It has previously been suggested that cortisol levels after ACTH stimulation may be lower in
primary than secondary AI (4). Although this difference is seen in various studies (6,12),
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cortisol responses are clearly also affected by the severity of the AI, regardless of its cause. In
our study, good accuracy in distinguishing primary from secondary AI was obtained using a
cortisol level lower than 5μg/dL. Admittedly, this observation is based on a small number of
patients. An alternative interpretation of these results is that our study patients with primary
AI had more severe hypoadrenalism. A three-steroid or four-steroid profile was also helpful
in distinguishing primary and secondary AI.

Although ACTH stimulated DHEA-S to a lesser degree than the other steroids, its overall levels
were indicative of adrenal status. DHEA-S levels of less than 50 μg/dL were seen in 84 % of
patients with AI, compared with 39% of normal patients. Other authors have made similar
observations, noting that simultaneous measurement of cortisol and DHEA-S was helpful in
diagnosing of secondary AI (18). Our results confirm that DHEA-S levels could be helpful in
evaluating cases of suspected AI, but also extend the finding of low DHEA-S levels to patients
with primary AI.

We were interested in examining whether use of aldosterone, 11-deoxycortisol, DHEA, or
DHEA-S levels might be particularly helpful in cases of borderline cortisol responses to ACTH,
or in difficult cases where biochemical evaluation and clinical data were discordant.
Unfortunately, we were not able to examine this issue because very few subjects (four) had
stimulated cortisol levels that fell into the gray zone of 17–19 μg/dL, not allowing for
meaningful examination of other steroids in these patients. However, each of these patients
also met at least 2 of the following criteria for AI: Aldosterone < 6 ng/dL, 11-deoxycortisol <
400 ng/dL, DHEA < 300 ng/dL, or DHEA-S < 50 μg/dL. Interestingly, if a cut-off of 18.6 μg/
dL is used to define AI, only one patient with secondary AI would be re-classified as not being
adrenally insufficient. No patients with primary AI would be re-classified.

In summary, steroid profiles provide additional information regarding adrenal function. A
steroid hormone profile can easily be measured during the performance of a routine ACTH
stimulation test, and potentially can be used to improve its diagnostic accuracy. Such
refinement of testing is not cumbersome due to the features of MS/MS, which allow for simple,
accurate, and simultaneous measurement of multiple steroids in large numbers of samples. In
addition to the high throughput, our assay requires minimal sample preparation and requires a
small volume of serum. All these features make it an attractive assay to use in a clinical setting.
Obviously our results are based on a small group of patients, and need to be confirmed in a
larger group. When trying to render a diagnosis of adrenal insufficiency of any cause 11-
deoxycortisol, DHEA, or a two-steroid profile may all be helpful. With respect to determining
whether a patient has primary or secondary AI, aldosterone levels of less than 6 were highly
predictive. This suggests, albeit based on a small sample size, that aldosterone measurements
should be employed more frequently in clinical practice. They may be particularly informative
in cases where ACTH measurement is not helpful due to previous initiation of steroid therapy,
or not possible because a frozen specimen is not available. When trying to distinguish between
primary AI and normal status, a three-steroid profile gives complete accuracy. There does not
appear to be an ideal test for making the distinction between secondary AI and normal status,
although the two-steroid panel performs reasonably well. Steroid profiles measured by MS/
MS are already of proven utility in other clinical settings; they have improved the accuracy of
screening for congenital adrenal hyperplasia in newborns (30–32).

Accurate diagnosis of AI is critical. Although AI can be fatal without treatment, there is a clear
need to avoid over-diagnosis. Therapy for AI often involves lifelong medication, and
unnecessary therapy is associated with suppression of the adrenal axis, risk of osteoporosis,
and glucose intolerance, even with the low dose steroids used for replacement (33,34). We
believe that MS/MS measurement of steroid hormone profiles will prove to be a useful tool to
achieve the goal of accuracy in the diagnosis of AI. In conclusion, a steroid profile comprising
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cortisol, aldosterone, 11-deoxycortisol, and DHEA levels can be quickly and accurately
generated and could be routinely employed to aid in the assignment of the cause of AI.
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Figure 1.
Steroid levels before, and 30 and 60 minutes after ACTH injection. Normal subjects are shown
on the left panel, subjects with secondary AI in the middle panel, and those with primary AI
in the right panel. The top and bottom of the box represent the 75th and 25th percentile. The
line through the middle of the box and the square correspond to the 50th percentile (median)
and mean respectively. The whiskers on the top and bottom of the box extend to the 90th and
10th percentile.
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Figure 2.
Peak cortisol levels on the x-axis plotted against other steroid levels on the y-axis
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Figure 3.
Receiver operating curves for diagnosing types of AI using four selected cut-offs for four
steroids
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Table 3
Characteristics of Steroid “Deltas” and Peaks

3a Delta Values following ACTH stimulation (difference between baseline steroid value and value at peak*, difference between baseline and 30
minute value**, difference between baseline and 60 minute value***)

STEROID Normal subjects Subjects with AI
Peak Delta* (mean ± SE) Peak Delta* (mean ± SE)

Cortisol (μg/dL) 19.6 ± 6.6 5.7 ± 4.5
Aldosterone (ng/dL) 7.8 ± 5.5 6.4 ± 5.5

11-deoxycortisol (ng/dL) 579.5 ± 264.8 177.2 ± 127.0
DHEA (μg/dL) 358.4 ± 260.8 43.4 ± 69.5

17-hydroxyprogesterone (ng/dL) 119.8 ± 157.6 88.4 ± 124.5
Androstenedione (ng/mL) 0.4 ± 0.3 0.1 ± 0.2

DHEA-S (μg/dL) 17.0 ± 22.6 7.7 ± 12.1
30 minute Delta** (mean ± SE) 30 minute Delta** (mean ± SE)

Cortisol (μg/dL) 15.1 ± 4.9 4.2 ± 3.8
Aldosterone (ng/dL) 7.3 ± 5.7 5.8 ± 5.9

11-deoxycortisol (ng/dL) 492.5 ± 245.7 143.6 ± 107.6
DHEA (μg/dL) 287.7 ± 226.7 10.0 ± 57.1

60 minute Delta*** (mean ± SE) 60 minute Delta*** (mean ± SE)
Cortisol (μg/dL) 19.6 ± 6.6 5.6 ± 4.9

Aldosterone (ng/dL) 4.8 ± 4.5 4.9 ± 5.8
11-deoxycortisol (ng/dL) 591.5 ± 268.4 164.0 ± 131.3

DHEA (μg/dL) 344.6 ± 262.6 21.2 ± 103.7
3b Distribution of Steroid Peaks following ACTH injection in normal subjects

STEROID Peak at 30 minutes (%) Peak at 60 minutes (%)
Cortisol 2 98

Aldosterone 73 27
11-deoxycortisol 15 85

DHEA 28 72
17-hydroxyprogesterone 36 64

Androstenedione 36 64
DHEA-S 23 77

3c Correlation between peak cortisol values and peak values of other steroids
STEROID Correlation coefficient using all

subjects
Correlation coefficient for subjects

excluding secondary AI
Aldosterone 0.19 0.37

11-deoxycortisol 0.67 0.59
DHEA 0.48 0.38

17-hydroxyprogesterone 0.26 0.25
Androstenedione 0.41 0.37

DHEA-S 0.33 0.18
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