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ABSTRACT

Objectives Serum cortisol concentrations after adrenal stimulation with a high-dose cosyntropin
bolus is the test of choice for diagnosis of primary and non-acute central adrenal insufficiency.
We aim to: 1) assess the role of 30-min and 60-min sample timing, and the importance of assay-
specific normative cut-offs concentrations for adrenal insufficiency diagnosis, ii) to estimate
specificity and positive predictive value of 30-min and 60-min sampling time, and iii) to
establish an assay-specific lower limit of normality of serum cortisol concentrations after
cosyntropin stimulation.

Design and Setting: Observational retrospective study performed in a tertiary-level Spanish
hospital between 2011 and 2015.

Participants and interventions: Two groups were evaluated: i) A main study group that m 406
patients in whom serum cortisol was measured at 30 and 60 minutes after cosyntropin
stimulation, and ii) a confirmative group that included 153 women with a normal hypothalamic-
pituitary-adrenal axis in whom a cosyntropin test was conducted for other reasons. Diagnostic
agreement between sampling times was analysed considering classic (500 nmol/l) and assay-
specific serum cortisol cut-off concentrations.

Results Diagnostic agreement was greater when applying assay-specific cut-off values instead of
those derived from the literature. For suspected primary adrenal insufficiency, serum cortisol
measured 30-min after cosyntropin administration was enough to make a diagnosis in over 95%
of cases, without missing any necessary treatment. For central adrenal insufficiency suspicion,
60-min cortisol concentrations were more specific, establishing diagnosis in over 97% of cases.
Conclusions: Assay-specific cut-off cortisol concentrations instead of classic literature values

improve the diagnostic accuracy of the cosyntropin test. For primary adrenal insufficiency, 30-
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min subnormal serum cortisol responses are a reliable marker of adrenal function. On the
contrary, when secondary or tertiary adrenal insufficiency is suspected, a 60-min cortisol

measurement improves the diagnostic accuracy of the test.

Strengths and limitations:

A large series of subjects with suspected Al evaluated with a standardized dynamic study, in
whom, a systematic review of their clinical recordings was performed.

The present study enhances the importance of the use of local normative thresholds for adrenal
function assessment, situation than in the clinical practice is rarely considered among physicians.
Our present results may not be extrapolable to other populations in whom SC has been measured
with different immunoassays that would require different local normative data.

Analysis of specificity and positive predictive value has not been challenged against a
biochemical gold-standard in most cases and, we have not been able to establish false negative

rates, sensitivity and negative predictive values

Keywords: Adrenal insufficiency; biochemical diagnosis; cortisol; immunoassay; specificity.
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Introduction

The laboratory diagnosis of adrenal insufficiency (Al) at the clinical setting lies on the
finding of an inappropriately low morning circulating serum cortisol (SC) or subnormal SC
responses to adrenal stimulation (1). Classic adrenal stimulation protocol consists of SC
measurements at 30 and 60 minutes after a single 250 ug intravenous bolus or intramuscular
injection of tetracosactide (cosyntropin). A SC value 30 and/or 60-min after cosyntropin
administration > 500 nmol/l (18 pg/dl) is considered as a normal response (2). This protocol, also
known as a short standard high-dose test (SST), is the dynamic exploration of choice for primary
Al diagnosis (1, 3) and it is also used for non-acute central Al (4, 5). In critically ill patients, SST
may be performed to rule out a functional form of AI —critical illness-related corticosteroid
insufficiency— in subjects showing sustained refractory hypotension and no response to
vasopressors (2, 6). Although a definite biochemical definition for this condition is lacking, a SC
increase above 248 nmol/l (9 pg/dl) in response to cosyntropin is associated with a good
prognosis in septic patients (7).

The most appropriate sampling time for SC during the SST is controversial. SC
measurements 30 min after SST have been validated against a “gold standard” such as an insulin
tolerance test (8). Thus, some authors suggest that a single 30 min SC is enough to establish or
rule out a clinically significant Al (4, 9, 10). Other studies show that a 60 min sample may avoid
unnecessary overdiagnosis (11-13). Recent clinical practice guidelines recommend further
research to clarify whether 60 min SC sampling might be more specific for Al diagnosis (3, 14).

Liquid chromatography/mass spectrometry techniques are currently recommended for the
accurate measurement of circulating steroids. But in most centres, clinical routine still relies on

automated immunoassays for SC measurement (15). Considering that the classic cut-off value
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for the SST was established for SC as measured by older radioimmunoassays, and that
immunochemiluminescent assays differ in antibody specificity with radioimmunoassays (16),
establishing local assay-specific cut-off values is of paramount importance to properly classify
SC responses to cosyntropin (3, 16, 17). This fact is not a spurious one because despite being
well established that local assay-specific lower limits of normality (LLN) should be used for
dynamic assessments of the HPA axis (3), in our experience many physicians are still using
classic cut-offs in their routine practice. Also, other factors that may influence SC measurement
include the stimulation of hepatic synthesis and secretion of cortisol binding globulin by
oestrogens, sex and several non-glucocorticoid drugs (18).

To provide new insights into still open questions, our study’s aims were: i) to assess the
concordance between 30 and 60 min SC concentrations after SST at the clinical setting; ii) to
estimate the diagnostic agreement between both sampling times when using literature or assay-
and sex-specific cut-offs values, taking into account the origin of AlI; iii) to estimate the
specificity (Sp) and positive predictive value (PPV) of 30 and 60 min sampling times while
taking into account the origin of Al; and iv) to confirm assay-specific LLN for SC concentration

after SST in a group of subjects with a normal hypothalamic-pituitary-adrenal (HPA) function.

Subjects and methods
From January 1, 2011 to December 31, 2015 we conducted a longitudinal observational
study, performed in a third-level Spanish hospital, where we assessed SC responses to SST in
two study populations:
1) A subgroup of adult subjects (n = 451) in whom 0, 30 and 60 min SC concentrations were
assayed during a SST conducted at the clinical setting for suspected Al (main study
population).
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i1) A group of women with normal HPA axis (n = 153) prospectively recruited from our
Reproductive Endocrinology clinic during the study of functional hyperandrogenism whom 0
and 30 min SC concentrations were obtained during a SST performed for routine screening
of non-classic congenital adrenal hyperplasia by a local study protocol including SC values at
those sampling times (confirmative group). Non-classic congenital adrenal hyperplasia
screening was negative in all cases.
Before conducting the study, we obtained approval from the local ethics committee. All

women from our Reproductive Endocrinology clinic had previously signed an informed consent

form for the inclusion of a selection of coded clinical variables in an electronic database for

clinical research purposes that included the SC measurements presented here.

Main study population

Basal and stimulated SC values were extracted from the electronic database of our
Department of Clinical Biochemistry. We collected a minimum dataset in an electronic case
form from the clinical records of the patients including age, sex, weight, height, laboratory
measurements at the dates when the SST was conducted such as circulating electrolytes,
glomerular filtration rate and basal ACTH concentrations, clinical suspicion of primary or central
Al, other dynamic tests performed for the evaluation of adrenal function, history of pituitary
disease, time from hypothalamic-pituitary insult to SC determination, administration of drugs
that may interfere with the HPA axis, and the immunoassay used for SC assay. Baseline
characteristics of study population are shown in Table 1.

We considered a clinical suspicion of primary Al in cases when the patient had some known
adrenal disease, had required mineralocorticoid supplementation latter in their follow-up, had

received drugs that may interfere with cortisol biosynthesis, had not clinical suspicion of any
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hypothalamic-pituitary condition, and had not developed such a condition latter in time.
Conversely, we suspected a central Al in subjects known to suffer from hypothalamic-pituitary
disease, or had received drugs that may suppress the HPA axis.

We excluded from analysis those subjects stimulated with cosyntropin doses other than 250
ug (n = 4), subjects aged below 18-year old (n = 35), and subjects from whom we could not
obtain enough information from their clinical records as to establish a reason for conducting a
SST (n = 6). Therefore, the study group finally included in the analyses consisted of 406

subjects.

Confirmative group

The results of SST from 153 premenopausal women with a normal HPA axis aged from 14 to
42 years old were included. Three women showed clearly subnormal SC responses and were
consequently excluded from the study: in two, the HPA axis suppressive effect of progestins
administered during 10 days before the SST with the aim of inducing a withdrawal bleed could
justify the abnormal results; in the other case, we could not establish the cause of the subnormal

response with certainty because the patient was lost to follow-up.

Assays

During the study period, two immunoassays were used in our centre: i) Siemens Immulite
2000° Cortisol Immunoassay System from 2011 to July 1, 2013 (immunoassay 1) and ii) 4bbot
Laboratories Diagnostics Division Architect® Cortisol Immunoassay System from 2013 August

1, 2013 to December 31, 2015 (immunoassay 2).

Agreement among 30 and 60 min sampling times
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We analysed diagnostic agreement between the 30 and 60 min SC using two different
stimulated SC LLN: 1) the classic > 500 nmol/l (3), and ii) sex and assay-specific cut-off values
taking into account concomitant COC use if necessary (14). For immunoassay 1, the reported
LLN (2.5th percentile) was 470 nmol/l (17 pg/dl) in men and women, and 690 nmol/l (25 ug/dl)
for women taking COC. For immunoassay 2, the LLNs were 441 nmol/l (16 pg/dl) for men, 414

nmol/l (15 pg/dl) for women, and 579 nmol/l (21 pg/dl) for women taking COC (16).

Statistical analysis

Data are shown as mean + standard deviation or 95% confidence interval (CI), median
(minimum-maximum), and raw numbers (percentage) as needed. Normal distribution of
continuous variables was assessed by the Kolmogorov-Smirnov test for one sample after a two-
step approach for transforming skewed variables if necessary (19). Comparisons among
continuous variables were performed by the Student’s t test or a repeated-measure ANOVA.
Comparisons among categorical variables were performed by Fisher’s exact or y’ tests as
appropriate. Pearson’s analysis was used to correlate 30 and 60-min sampling times. Consistency
and absolute agreement among both point times of SST were determined by their intraclass
correlation coefficient (ICC) with a two-factor and random-effect model. Quantitative agreement
was graphically assessed by Bland-Altman plots. Biochemical agreement in the diagnosis of
normal or subnormal adrenal was assessed by using the kappa (k) coefficient. True positives
(TP) were defined as SSTs showing subnormal cortisol responses at both time points. True
negatives (TN) were defined as SSTs showing a normal cortisol response at both time points in
patients who did not need glucocorticoid replacement during their follow-up, did not suffer an

adrenal crisis, and did not have any other functional HPA test with a subnormal response if
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available. False positives (FP) were SSTs showing a subnormal response in only one of the
sampling times but not in the other. We calculated Sp and PPV [Sp = TN /(TN + FP) and PPV =
TP / (TP + FP)] for each sampling times after the SST. A P value < 0.05 was considered

statistically significant.

Results
Main study population

Of 406 cases included (261 tested by immunoassay 1 and 145 tested by immunoassay 2),
168 SSTs were performed to rule out primary Al; 226 to rule out central Al; and 12 SST were
performed in critically ill patients. Regarding all SSTs as a whole, SC concentrations at 30 and
60 min after SST increased when compared to unstimulated values (Figure 1A), and SC
concentrations at both 30 and 60 min showed a very strong linear correlation (Figure 1B). The
ICC among both sampling times showed a very good consistence index (0.948; 95%CI: 0.937 —
0.957) and a good absolute agreement (0.899, 95%CI: 0.476 — 0.962), although according to the
95%CI lower limit only qualify as fair. The Bland-Altman plot (Figure 1C) showed a good
agreement between 30 and 60 min sampling times, with a tendency towards greater differences
with increasing mean values of stimulated SC and only ~ 5% of extreme differences among both
times.

Diagnostic agreement among both times according to classic and to assay-specific cut-off
values is shown in Figure 2. With a classic cut-off point, 42 cases (10.3%) had a subnormal
response at 30 min, whereas it was > 500 nmol/l at 60 min. On the contrary, the response was
normal at 30 min in 5 cases (1.2%) but subnormal at 60 min. Using sex- and assay-specific
values, 37 cases (9.1%) had a subnormal response at 30 min but normal at 60 min. In 7 cases

(1.7%), the response was normal at 30 min and subnormal at 60 min.
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The analysis of the diagnostic agreement as a function of central or primary Al suspicion
is shown in Figure 3. As a rule, agreement among sampling times of the SST was better when
primary Al was suspected compared with central Al suspicions. When using classic cut-off
values to rule out primary Al, 8 cases (4.8%) showed a subnormal response at 30 min that
reached normal concentrations at 60 min, whereas no subject with a normal response at 30 min
had a subnormal response at 60 min. Using sex- and assay-specific cut-off values, in 7 cases
(4.2%) the response was subnormal at 30 min but reached normal concentrations at 60 min. Five
of them showed a subnormal SC response after SST that was very close to reaching the cut-off
value. In these subjects, the differences between the cut-off value and the stimulated SC ranged
from 22 to 39 nmol/l (0.8 to 1.4 pg/dl), very small concentrations that are in fact included within
the coefficient of variation of the assay (18,19), thereby suggesting no clinical consequences.
The two remaining patients showed peak SC concentrations of 303 and 360 nmol/l (11 and 13
ug/dl) at the 30 min sampling time: one had received oral glucocorticoid replacement therapy
that did not preclude the patient of responding to cosyntropin by showing a SC of 470 nmol/l (17
ug/dl) at the 60 min sample, and the other subject was submitted to SST because of the presence
of bilateral adrenal hyperplasia and did not show any signs or symptoms of Al nor suffered an
adrenal crisis during follow-up. None of the SSTs showing normal responses at 30 min had a
subnormal response at 60 min.

When central Al was suspected and a classic cut-off point was applied, 33 cases (14.6%)
had a normal response at 60 min and subnormal at 30 min. Only 3 subjects (1.3%) presented
with the opposite situation. Regarding specific cut-offs, 30 cases (13.3%) had a normal response
at 60 min but subnormal at 30 min, and in only 5 cases (2.2%) the contrary occurred. These 5
subjects had been evaluated in the context of withdrawal of prolonged glucocorticoid therapy

during the first year after a pituitary injury (surgery and/or pituitary radiotherapy). Three of them
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showed a complete recovery of their HPA axis throughout the follow-up period, whereas in the
other two patients, who had received pituitary radiotherapy, the subnormal response to
cosyntropin was maintained over time.

The Sp and PPV for different sampling times and cut-off values used here are shown in
Table 2. SC concentrations at 60 min had a higher Sp and PPV compared with 30 min
measurements, particularly when central Al was suspected. Nonetheless, the Sp of the
determination at 30 min was as high as 95% when SST had been performed to rule out primary
disease both when applying classic or sex- and assay-specific cut-off values.

We observed discordant results between classic and specific cut-off values in 50 cases. In
47 of these subjects the subnormal response observed considering the classic cut-off value was
normal if a sex- and assay-specific cutoff was applied. In 7 of them, SST was performed to rule
out a primary Al and the remaining 40 SSTs were performed to rule out a central Al
Glucocorticoid replacement was started in 18 cases, and no subject presented with signs or
symptoms of chronic or acute Al. Of the 50 discordant SSTs, 3 were conducted in women under
estrogenic therapy and presented a normal response according to the classic cut-off value, but
subnormal when considering a sex- and assay-specific cut-off, yet none of them required
glucocorticoid therapy.

Finally, no discordant results were observed among sampling times and between classic

and sex- and assay-specific cut-off values in critically ill patients.

Confirmative group
Of these women (n = 150, 97 tested by immunoassay 1 and 53 tested by immunoassay 2),
30 (20%) presented with a subnormal response to SST according to classic cut-off values, yet

this figure was reduced to 3 (2%) when sex- and assay-specific cut-off values were used
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[observed agreement: 82%; k: 0.151 (95%CI: 0.066-0.235)]. The 3 women showing subnormal
response during SST using a sex- and assay-specific cut-off value showed stimulated SC
concentrations of 342 nmol/l (12.4 pg/dl), 353 nmol/l (12.8 pg/dl) and 372 nmol/l (13.5 pug/dl),
whereas the LLNs (2.5th percentile) of SC concentrations at 30 min sampling time of SST were
441 and 414 nmol/l for immunoassays 1 and 2, respectively (Figure 4). None of these female

controls developed any HPA disease during their follow-up.

DISCUSSION

Al is a clinical condition associated with a high morbidity and mortality. Unstimulated
early morning SC values below 138 nmol/l (5 pg/dl) show a high PPV for AIl, whereas
concentrations over 500 nmol/l predict a normal adrenal response. However, values between 138
and 500 nmol/l are considered indeterminate and require adrenal stimulation to confirm or rule
out a diagnosis (1-3).

Our data shows that both 30 and 60 min sampling times during SST have an adequate
index of consistency, but the same is not true in terms of absolute agreement, particularly if
central Al is suspected. Overall, a single determination at 60 min during the SST appears to have
the higher Sp and PPV for the diagnosis of subjects presenting with either primary or central Al.
In consonance, after evaluating retrospectively 73 subjects, Zueger et al.(20) reported that
sampling at 30 min of the SST did not provide any additional diagnostic advantage over
performing a single determination at 60 min of the test. Although similar results have been also
reported by others (12, 13), these studies did not take into account the primary or central origin
of Al and did not apply sex- and assay specific cut-off values, a fact of paramount importance
because of the considerable influence that cortisol immunoassays exerts on the final values

observed after SST (16, 17).
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Our results also indicate that SC measurement at 30 min during the SST, when using sex-
and assay-specific cut-off values, are enough to rule out clinically relevant primary Al since only
4.2% of patients in this particular situation showed a subnormal response at 30 min followed by
normal response at 60 min. Furthermore, these subjects presented with stimulated SC
concentrations which were very close to the cut-off point values, to the extent that the differences
with these normal limits may be explained by the intrinsic variability of the commercial
immunoassays. Even more important from a practice point of view, these subjects did not require
replacement therapy during their follow-up, did not suffer an acute adrenal crisis, and were not
diagnosed with any adrenal condition strongly suggesting that their HPA function was actually
normal.

However, in line with abovementioned studies, the 60-min sampling time appears to be
more specific than 30 min measurements when central Al is suspected. In such a case, 12% of
subjects presenting with a subnormal response at 30 min had a normal response at 60 min,
avoiding unnecessary treatments in them. Although a subnormal 30-min response in patients
with suspicion of secondary Al may not translate adrenal replacement needs in a non-critical
scenario, it is more than likely that many physicians feel more convenient with a stimulated
value over the LLN for not beginning that therapy, and 60-min sampling time is mildly better in
gauging that aim. Furthermore, the need of relying mostly on 60-min cortisol responses to
cosyntropin when a central Al is also supported by the fact that in 2 out of 5 cases showing a
subnormal response at 60 min but normal values at 30 min, an Al was confirmed latter in their
follow-up due to former pituitary radiotherapy.

Our present findings also reinforce the need of sex and assay-specific cut-off values to
interpret the results of the SST, in agreement with recent clinical guidelines (3). The use of such

cut-offs leads to a reduction in FP results, higher Sp and PPV, less discordant results among
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sampling times, and fewer unnecessary treatments [20 patients (5%) could have been treated
unnecessarily if a classic cut-off value was applied for diagnosis]. The reliability of sex- and
assay-specific cut-off values was confirmed in our population of premenopausal women with
normal HPA axis, in whom these cut-offs were more appropriate than relying on classic values to
assess the functionality of their HPA axis. In this population, the LLNs for 30 min stimulated SC
were very close to those reported for each immunoassay by the manufacturers, yet reinforcing
the need to establish local normative data in order to improve the diagnostic accuracy of cortisol
measurements during SSTs (16).

Among the strengths of our study, we would highlight the large series of subjects
suspected of AI who were evaluated with a standardized dynamic study, and the systematic
review of subjects’ clinical recordings that followed such evaluations. However, we are aware of
several weaknesses derived from the observational and retrospective design of the study, making
impossible to rule out information bias. Our best efforts might have not been enough to avoid
misclassification of patients according to the suspicion of primary or central Al. Also, the
administration of supraphysiological doses of cosyntropin does not permit ruling out partial
deficiencies either, particularly in those suspected of central HPA defects. Also, and even
considering the large sample of subjects included in our study, our present results may not be
extrapolable to other populations in whom SC has been measured with different immunoassays
that would require different local normative data. Moreover, analysis of Sp and PPV has not
been challenged against a biochemical gold-standard in most cases and, we have not been able to
establish false negative rates, sensitivity and negative predictive values. Nonetheless, besides
those assessments had been unethical in most cases, the lack of a laboratory gold-standard such
as an insulin tolerance test did not override our results, since from a practical point of view, we

are looking for patients needing replacement therapy and not for those with a partial AI who do
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not require any treatment. Lastly, we could not rule out entirely pre-treatment with progestogens
in the context of induction of withdrawal bleeding in our confirmative population. Because these
drugs might exert a mild suppressive effect on the HPA axis (18, 21), their administration in a

few cases could have, at least in theory, lowered stimulated SC values.

CONCLUSIONS

Compared with the use of classic cut-off values derived from the literature, application of
sex- and assay-specific cut-off values of SC responses to cosyntropin results into higher Sp and
PPV for establishing a diagnosis of Al, thereby avoiding unnecessary treatments. Measurement
of stimulated SC at 30 min after SST may suffice for the correct diagnosis of primary Al, yet 60

min measurements might be preferable when central Al is suspected.
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TABLE 1. Baseline characteristics population as a function as clinical suspicion of primary

adrenal disease, secondary adrenal disease or critical patient.

Suspicion of primary Al

Suspicion of Central Al

Critically-illpatients

(n=168) (n=226) (n=12)
Sex Female Male Female Male Female Male
(n=105) (n=163) (n=141) (n=285) (n=5) (n=7)
Age (vears) 53 £ 19 59 £+ 15 55 £ 16 55 £ 13 53 + 21 45 + 23
Weight(kg) 60 + 12 71 £+ 15 72 + 14 84 + 17 59 + 13 66 + 14
BMI (kg/m2 ) 24 + 5 24 + 5 28 £ 5 29 £ 5 23 + 4 25 + 4
Na(mmol/l) 138 + 4 137 £ 5 139 £ 2 140 £+ 4 141 +£ &8 141 + 9
K(mmol/l) 43 £ 06 44 = 07 41 £ 04 41 = 03 42 £+ 0.7 42 = 09
Ca (mmol/l) 23 £ 01 23 +£ 02 24 £ 01 23 £ 0.1 22 +£ 02 2.1 £+ 0.2
Cr(umol/l) 62 80 62 80 141 97
H (44-1114) (44-1158) (18 — 875) (44 —150) (35-856) (53 —283)
%I}m(lxll)l;gz 2 ) 88 85 84 93 37 78
) (4-137) (4-183) (5-361) (43 -163) (4-184) (20-132)

total serum calcium; sCr, serum creatinine; sK, serum potassium,;sNA, serum sodium.

Abbreviations, BMI, body mass index; F, female; GFR, glomerular filtration rate; M, male; sCa,

Data are presented as mean + standard deviation or median (minimum-maximum) according to

their distribution. To convert serum calcium to conventional system units, multiply by 4 (result

in mg/dl); to convert serum creatinine to conventional system units by 0.0113 (result in mg/dl).
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TABLE 2. Specificity and positive predictive value (PPV) for diagnosis of adrenal insufficiency,

after short high-dose cosyntropin test, according to serum cortisol cut-off points (classic and

BMJ Open

assay-specific), and as a function of suspected level of the defect.

Classic cut-off values

Sex- and assay-specific cut-off
values

Global Clinical suspicion

Primary
Al Al

Central

Clinical suspicion

Primary Central
Al Al

Global

Sampling time

(min)

Specificity (%)

PPV (%)

30 60 30 60 30 60

87 98 95 100 79 98

69 95 74 100 67 96

30 60 30 60 30 60

&89 98 95 100 83 97

67 92 75 100 61 90
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Legend to figures

Figure 1. Panel A: Mean difference among 30 and 60 min time points after cosyntropin
stimulation. Data are shown as mean + standard deviation, and mean difference (95%CI).
Comparisons among time points were performed by a repeated-measure ANOVA addressing
main effects by a Bonferroni’s confidence interval adjustment. Panel B: Pearson’s correlation
analysis between serum cortisol values at 30 and 60 min time points. Panel C: Bland-Altman
plot. Solid black line represents the perfect agreement among both time points. Solid blue line is
the mean of differences among both time points. Dashed blue lines are 2 standard deviation of
the mean of differences. Solid red line is the regression line of mean differences.To convert

serum cortisol to metric units, multiply by 0.03625 (result in pg/dl).

Figure 2.Subgroups of patients according to serum cortisol response after cosyntropin
stimulation as a function of classic and assay-specific cut-offs. Figures on top of bars indicate the
number of patients included in the subgroups. Diagnostic agreement is shown as the percentage

of observed agreements and kappa coefficients (95%CI).

Figure 3. Subgroups of patients according to serum cortisol response after cosyntropin
stimulation as a function of cut-off values and suspected primary or central Al. Figures on top of
the bars show the number of patients included in the different subgroups. Diagnostic agreement

is shown as the percentage of observed agreements and kappa coefficients (95%CI).

Figure 4. Descriptive statistics and distribution of 30 min stimulated serum cortisol
measurement in a population of premenopausal healthy women with evidence of normal HPA

axis function. The boundary of the box closest to zero indicates the 25™ percentile, the solid and
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long dash lines within the box marks the median and mean, respectively, and the boundary of the
farthest from zero indicates the 75thpercentile. Whiskers above and below the box indicate the
90™ and 10™ percentiles. The dashed red line indicates the lower limit of normality (2.5"

percentile) for each immunoassay.
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RESUMEN (Objetivos y Metodologia)

1.

OBJETIVOS:

Valorar la calidad asistencial de la prueba de estimulacion corta con 1-24 ACTHsintética
en nuestro centro hospitalario, en el diagnostico de pacientes con sospecha de
insuficiencia suprarrenaltanto primaria como secundaria, analizando los valores de
cortisol sérico en el tiempo 30 y 60 tras el inicio del estimulo, y valorar si son
equivalentes o no; de igual manera, buscamos establecer el limite inferior de la
normalidad con mayor sensibilidad y/o especificidad para el diagndstico de insuficiencia
suprarrenal. Finalmente buscamos conocer el valor predictivo de esta prueba en nuestro

centro hospitalario
METODOLOGIA

Es un estudio de disefio retrospectivo, observacional, en el cual se recolectaranaquellos
datos correspondientes a las determinaciones de cortisol plasmatico no estimulado, y en
los tiempos 30 y 60 tras el inicio del estimulo con 250 ug de 1-24 ACTH sintética,
prueba indicada tanto para el screening como para el diagndstico de insuficiencia
suprarrenal primaria y central. Para esto se realizara una revision de aquellos datos que
constan en el registro electronico del Servicio de Analisis Clinicos-Seccion de Hormonas
(afios 2011 a 2015) (n: 536).Luego de esto se obtendran aquellos datos clinicos y
bioquimicos relevantes, mediante el andlisis de la historia clinica electrénica, o del
archivo en papel en caso de ser necesario. En segundo lugar, buscaremos determinar el
punto de corte tras estimulo con mayor sensibilidad y/o especificidad para el diagnostico
de insuficiencia suprarrenal, y finalmente buscaremos determinar la existencia o no de
concordancia entre los tiempos 30 y 60 tras estimulo con 1-24 ACTH, buscando de esta

manera valorar la calidad asistencial de este test en el diagndstica de esta entidad clinica.
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INTRODUCCION

La insuficiencia suprarrenal (IS) es un trastorno que refleja una sintesis deficiente de
glucocorticoides, ya sea por un defecto primario a nivel de las glandulas suprarrenales, o por una
secrecion inadecuada de corticotropina (ACTH) por la hipofisis que produce una atrofia
suprarrenal secundaria (1). Presenta una elevada mortalidad, por lo que es importante, ante la
presencia de clinica compatible con la misma, realizar un adecuado diagnostico, el cual debe ser
confirmado mediante las pruebas de laboratorio correspondientes. De ahi la necesidad de
disponer de métodos de alta sensibilidad y especificidad que permitan establecer un diagnostico

y tratamiento precoz.

El diagnodstico de IS se basa en la demostracion de una produccién de cortisol
inadecuadamente baja (1). La determinacion de cortisol sérico no estimulado a las 8:00 AM
permite establecer una aproximacion diagnoéstica, dado que cifras por debajo de 5 pg/dl sugieren
una alta probabilidad de IS, mientras que valores por encima de 18 - 20 pg/dl predicen una
respuesta normal en las pruebas de estimulo (hipoglucemia insulinica o prueba de estimulacion
corta con ACTH sintética). Valores entre 5 a 18 pg/dl se consideran indeterminados y precisan

de pruebas que confirmen el diagnostico (1-2).

La prueba de estimulacion corta (EC), se realiza mediante la determinacion de los niveles
de cortisol sérico a los 30 minutosy/o 60 minutos de la administracionde 250 pg de 1-24 ACTH
sintética. Cualquier valor por encima de 18 - 20 pg/dl tras la prueba de estimulo, es considerado

como una respuesta normal (2). Es la prueba de eleccion para el diagnostico de IS primaria

(1,2).
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Por otra parte, esta prueba también se emplea en el diagnostico de IS secundaria a una
produccion enddgena insuficiente de ACTH, que conducird a atrofia suprarrenal y, por lo tanto, a
una respuesta pobre en la produccion de cortisol (3,4). Sin embargo, no se recomienda su
utilizacion en los primeros momentos tras el insulto hipotdlamo-hipofisario, ya que requiere
tiempo (4 a 6 semanas) para que se produzca una alteracion en la respuestaal estimular la reserva

suprarrenal (3, 4).

Debido a que algunos pacientes con insuficiencia suprarrenal central parcial presentan
una respuesta normal tras el EC con 250 pg de 1-24 ACTH, pero anormal tras otras pruebas de
estimulo, algunos autores han propuesto la realizacion de la EC con 1 pg (5). No obstante, un
porcentaje significativo de individuos sanos presentan respuestas “patologicas” con este estimulo
(6), lo que sugiere la existencia de problemas técnicos que influyen a la hora de realizar el EC
con 1 pg (6), como una administracion incompleta de la dosis bien por errores en la dilucion del
producto, o bien por adherencia de la ACTH a las paredes del catéter (6). Por este motivo, y dado
el mayor grado de evidencia disponible, actualmente también se recomienda la utilizacién del EC

con 250 pg de 1-24 ACTH para el diagnostico de IS secundaria (1-4).

Finalmente, en las unidades de cuidados intensivos, tanto pediatrica como de adultos, el
EC con 1-24 ACTH se utiliza, generalmente en pacientes con sepsis grave, que presentan
hipotension sostenida con falta de respuesta al tratamiento vasopresor o inotrépico, sospechando
por lo tanto en un déficit relativo de glucocorticoides, entidad conocida como insuficiencia
suprarrenal relativa o del paciente critico (2,8). No existe una clara definicion clinica o
bioquimica de IS relativa, por lo que hasta fecha actual se considera como diagnostico un
incremento del pico de cortisol en el tiempo 30 o 60 inferior a 9 ug/dl respecto a su valor basal

(7,8).
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JUSTIFICACION DEL PRESENTE PROYECTO DE INVESTIGACION

Actualmente, existen pocos estudios que avalen la necesidad de realizar la determinacion
de cortisol simultineamente en los tiempos 30 y 60 min. tras el estimulo con 1-24 ACTH, y
aunque ciertos autores sugieren innecesaria la determinacion del tiempo 60 (3, 9-10), no existe
evidencia suficiente que lo justifique, puesto que este momento de extraccion se ha demostrado
como mas apropiado en otros estudios (11-12). No obstante, las Guias Clinicas mas
recientemente publicadas sugieren la determinacion del cortisol sérico a los 30 minutos de la
estimulacion (13-14), aunque reconocen que evaluar la posibilidad de que la determinacién a los
60 minutos sea mas especifica requiere ser investigado (14). Estas controversias podrian estar
relacionadas con los métodos de determinacion de cortisol, via de administracion del estimulo
(acceso intravenoso o intramuscular), y la evaluacion conjunta de pacientes con déficit primario
o central, en los que el momento mas adecuado para la determinacion del cortisol sérico tras
estimulacion puede ser también diferente. Pese a estos datos, o como consecuencia de los
mismos, durante los ultimos afios en nuestro Servicio se realizan ambas determinaciones

(tiempos 30 y 60 min tras estimulo).

Junto con el momento mas adecuado para la extraccion de cortisol sérico, otro aspecto
importante es la determinacion del punto de corte de mayor sensibilidad y especificidad a la hora
de establecer el diagnostico de insuficiencia suprarrenal, dada las importantes implicaciones
clinicas de este diagndstico, y que deberia ensayo-especifico, puesto que el empleo de diferentes
anticuerpos de deteccion influye en el limite de normalidad tras el estimulo con 1-24 ACTH (14-
15). Aunque como ya se ha comentado, cldsicamente se considera un valor superior a 18-20
pg/dl como “normal”, existen pocos datos en poblacion de nuestro entorno que evaluen el valor
predictivo positivo de este punto de corte (10), y en nuestro centro en los ultimos afios se ha
cambiado el ensayo para la determinacion de cortisol, lo que ya ha demostrado variar el limite de

normalidad en estudios previos (15).
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Por lo tanto, con el objetivo de evaluar y mejorar la calidad asistencial en nuestro
Servicio en el diagnéstico de la insuficiencia suprarrenal mediante la estimulacion con 1-24
ACTH, parece pertinente la revision sistematica de nuestros resultados que permitiria determinar
el momento para la determinacion de cortisol y punto de corte méas adecuado, mejorandola
eficiencia de esta prueba diagndstica. A modo de ejemplo, la ausencia de diferenciasentre ambos
tiempos de evaluacién podria disminuir el tiempo y nimero de determinaciones con la
consiguiente reduccion de costes economicos, mejorar la calidad de atencion del paciente y

evitar posibles tratamientos innecesarios.
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HIPOTESIS DE TRABAJO

1)

2)

3)

La determinacion de cortisol plasmatico a los 30 minutos del estimulo con 1-24 ACTH es
lo suficientemente sensible para detectar a aquellos pacientes con insuficiente funcion

corticosuprarrenal, obviando la necesidad de la determinacion a los 60 minutos.

Algunos pacientes con insuficiencia suprarrenal central podrian presentar una respuesta
tardia al estimulo con 1-24 ACTH que precisaria la determinacion a los 60 minutos tras

estimulo.

El limite inferior de la normalidad utilizado para el diagndstico de insuficiencia
suprarrenal tras el estimulo con 1-24 ACTH en nuestro centro (18-20 mcg/dl), no es
adecuado con el inmunoensayo utilizado actualmente, sobreestimando el diagnostico de

insuficiencia suprarrenal.

OBJETIVOS ESPECIFICOS

3.

4,

Valorar la calidad asistencial del EC con 1-24 ACTH en nuestro centro hospitalario en el

diagnostico de pacientes con sospecha de IS tanto primaria como secundaria.

Establecer una correlacion entre los hallazgos de laboratorio obtenidos, con la sospecha
clinica que motivé el estudio en estos pacientes, valorando asi la eficacia y la calidad

asistencial.

Conocer el valor predictivo positivo de esta prueba en nuestro centro hospitalario,
analizando losresultados patoldgicos tras la prueba de estimulo, la existencia o no de IS y

la necesidad de tratamiento sustitutivo con glucocorticoides.
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Analizar los valores de cortisol sérico obtenidos en el tiempo 30 y 60 tras el inicio del
estimulo, compararlos y determinar si ambos resultados son equivalentes o no, para poder

justificar la necesidad de realizar o no ambos tiempos.

Establecer el limite inferior de la normalidad con mayor sensibilidad y/o especificidad

para el diagndstico de insuficiencia suprarrenal en nuestro medio.
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MATERIAL Y METODOS

Disefio del estudio y variables de analisis

Se trata de unestudio observacional retrospectivo en el que se recogeran los datos
correspondientes a las determinaciones de cortisol plasmatico de aquellos pacientes con
determinacion basal, y en los tiempos 30 y 60 minutos tras estimulo con 1-24 ACTH solicitados
para el despistaje-diagndstico de insuficiencia suprarrenal en nuestro centro, y disponibles en el
registro electronico del Servicio de Analisis Clinicos-Seccion de Hormonas (afios 2011 a 2015)
(n: 536). Junto con los valores de cortisol plasmatico en los 3 tiempos, los IPs o investigadores
colaboradores accederan a la historia clinica electronica, y si es preciso al archivo en papel con el
objetivo de obtener un minimo conjunto de datos que permita la consecucion de los objetivos del

estudio:

Edad en el momento de la determinacion.

- Sexo.

- Peso y Talla.

- Na, K y Calcio plasmaticos en el momento del estimulo.

- CryTFGe.

- Concentraciones de ACTH basal si estan disponibles.

- Motivo de la solicitud. Sospecha de insuficiencia suprarrenal 1? / Central / no determinada.

- Antecedentes de patologia hipotalamo-hipofisaria. Si existen tiempo de evolucion desde el

insulto hipotalamo-hipofisario y estudio de funcion suprarrenal.
- Antecedentes de patologia autoinmune poliglandular: tiroiditis, diabetes mellitus tipo 1, etc...

- Antecedentes o presencia de tratamiento estrogénico o gestacion.
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- Antecedentes o presencia de tratamiento con mitotane, ketoconazol, metopirona, fenitoina o

carbamacepina.

- Antecedentes de tratamiento glucocorticoideo previo al estudio. Dosis, preparado, tiempo de

administracion, tiempo de evolucion desde su suspension.

- Realizacion de otros estudios del eje hipotalamo-hipofisis-suprarrenal: hipoglucemia
insulinica, prueba de estimulo con glucagon, prueba de estimulo con CRH, prueba de

supresion con metopirona y resultado de la misma.
- Tipo de inmunoensayo: Immulite ® / Architect ®.

- Necesidad de tratamiento glucocorticoideo + mineralocorticoideo por déficit de produccion

posterior al estudio con la prueba de estimulacion.
- Presencia de cuadros clinicos compatibles con crisis suprarrenal aguda.

- Diagnostico final de funcionalidad del eje hipotalamo-hipofisis-suprarrenal.

Para determinar el punto de corte tras estimulo con mayor sensibilidad y/o especificidad para
el diagndstico de insuficiencia suprarrenal se definird como pacientes con eje hipotdlamo-
hipofisis-suprarrenal normal desde el punto de vista clinico a aquellos pacientes que cumplan

todos los siguientes criterios:

1) Ausencia de necesidad de administracion glucocorticoideo + mineralocorticoideo transitorio o

crénico con la indicacidon de tratamiento sustitutivo de la funcion cortiocosuprarrenal.

i1) Ausencia de cuadros clinicos compatibles con crisis suprarrenal aguda.

13
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i11) Ausencia de hiperpigmentacion cutanea de etiologia no filiada.

iv) Ausencia de hiponatremia o hiperpotasemia de origen no filiado.

v) Ausencia de hipoglucemia en pacientes sin diabetes mellitus de origen no filiado.
vi) Ausencia de pérdida de peso no justificada de origen no filiado.

vii) Ausencia de cuadros compatibles con hipotension ortostatica de origen no filiado.

viii) Ausencia de elevacion de ACTH 2 veces por encima del limite superior de la normalidad (>

300 pg/ml).

ix) Ausencia de demostracion de insuficiencia suprarrenal parcial o completa en alguna otra

prueba de valoracion del eje hipotdlamo-hipofisis-suprarrenal.

Para establecer la concordancia entre la determinacion de las concentraciones de cortisol

plasmatico entre los tiempos 30 y 60 minutos se utilizard como limite inferior de la normalidad:

1) Un valor de cortisol plasmatico tras estimulo con 1-24 ACTH > 18 pg/dl (punto de corte

clasico).

i1) Un valor de cortisol plasmatico tras estimulo con 1-24 ACTH especifico para inmunoensayo,

sexo y si esta presente, ingesta de ACO combinados (15).
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Presentacion y analisis de resultados

Los datos se presentan en forma de media + desviacion tipica o IC95%, mediana (rango
intercuatilico) (valor minimo-maximo), nimero crudos (porcentaje), de acuerdo a la naturaleza y
distribucion de las mismos, que se analizara mediante la prueba de Kolmogorov-Smirnov para
una muestra. Las comparaciones entre variables continuas se realizaran mediante la prueba U de
Mann-Whitney o ¢ de Student segun la distribucion de las mismas. Las comparaciones entre
variables cualitativas se realizaran mediante la prueba exacta de Fisher oy seglin sea necesario.
La correlacion entre los tiempos de determinacion 30 y 60 minutos se analizard mediante analisis
de Pearson, aplicando transformacion logaritmica de las variables si es necesario para asegurar la
normalidad de las mismas. La concordancia entre los tiempos de determinacion de cortisol
plasmatico se analizard mediante el coeficiente de correlacion intraclase y los métodos de
representacion grafica de Bland-Altman. La concordancia entre el diagnostico bioquimico de
funcionalidad suprarrenal normal tras estimulo en los tiempos 30 y 60 minutos se analizara
mediante la determinacion del coeficiente k. Los puntos de corte tras estimulacion con mayor
sensibilidad y especificidad para el diagnostico de insuficiencia suprarrenal se evaluaran
mediante curvas ROC. Se considerara estadisticamente significativo un valor p < 0,05. Los

analisis se realizaran con el paquete estadistico SPSS 15.0.
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Limitaciones del estudio

Las limitaciones del estudio provienen fundamentalmente de su disefio observacional y
retrospectivo, con la consiguiente pérdida de datos no recogidos en la historia clinica. Para
compensar por estas potenciales pérdidas, los analisis se realizardn tanto con los valores
disponibles como mediante andlisis de imputacion multiple. Por otro lado, otra de las
limitaciones del estudio es el establecimiento del patréon oro con el que comparar los resultados
de cortisol plasmatico tras estimulacién en términos de integridad del eje hipotdlamo-hipofisis-
suprarrenal. No obstante, como se han especificado previamente hemos establecido una serie de
criterios clinicos y bioquimicos, que garantizan con un grado muy elevado de seguridad la
ausencia de una insuficiencia suprarrenal completa, y razonablemente, una insuficiencia

suprarrenal parcial clinicamente significativa.
Seguridad

El estudio no supone ningtn riesgo para los pacientes incluidos en el mismo, dado que no

implica ninguna intervencioén dado su caracter observacional y retrospectivo.
Plan de Trabajo

La recogida de datos del Servicio de Analisis Clinicos y el conjunto minimo de datos de
la historia clinica detallado previamente, se realizard por el Equipo Investigador desde el 1 de
abril de 2016 al 30 de junio de 2016. El analisis de los mismos se realizard del 1 de julio de 2016
al 31 de septiembre de 2016. La comunicacion de resultados del 1 de octubre al 31 de diciembre

de 2016.
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Medios disponibles para la realizacion del proyecto

Equipo Investigador

El Equipo Investigador estd compuesto como co-investigadores principales de Manuel
Luque Ramirez, Facultativo Especialista de Area y Andrés Eduardo Ortiz Flores, M.LR. de 3°

afo del Servicio de Endocrinologia y Nutricion.

Como investigadores colaboradores participaran en la adquisicion, analisis de datos y reporte de
resultados, Elisa Santacruz Cerda, M.I.R. de 3° del Servicio de Endocrinologia y Nutricion, Ana
Garcia Cano y Lucia Jiménez Mendiguchia, Facultativos Especialistas de Area del Servicio de

Analisis Clinicos.
Medios Materiales

El presente estudio se realizara con el equipo informatico y software disponible en los
Servicios de Analisis Clinicos y Endocrinologia y Nutricién, no precisando la adquisicion de

ningun equipo ni material fungible.
Memoria Econémica

El presente estudio no tiene presupuestado ningiin gasto ni va a incurrir en ningun coste
extraordinario para el centro, puesto que los investigadores implicados realizaran el trabajo de
revision de historias clinicas fuera de su horario habitual, y el software informatico preciso para

la realizacion del mismo esta ya disponible, como se ha detallado previamente.
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Aspectos Eticos

Declaracion de cumplimiento, cumplimiento de los requisitos éticos y regulatorios.

Este estudio se realizard con arreglo al protocolo, a los principios establecidosen la
Declaracion de Helsinki, a las directrices de buenas practicas clinicas (BPC) del Comité

Internacional de Armonizacién y a la ley de Investigacion Biomédica (14/2007, de 3 de julio).

El protocolo del estudio y los documentos que demuestran la cualificacion del
investigador son remitidos al Comité Etico de Investigaciéon Clinica para su revision ética y su

aprobacion con arreglo a las normativas locales, antes del inicio del estudio.

Las modificaciones de la realizacion del estudio o de los andlisis previstos se

documentaran en una enmienda de protocolo y/o del plan de anélisis estadistico.
Confidencialidad de los pacientes

Los investigadores preservaran la confidencialidad de todos los pacientes que participen
en el estudio, con arreglo a las BPC, Declaracion de Helsinki y a la legislacion local (Ley

Orgéanica 15/1999, de 13 de diciembre, de Proteccion de Datos de Caracter Personal).

La informacién obtenida y difundida por la puesta en marcha del presente estudio es
considerada confidencial y deberd ser tratada en todo momento como tal. Las pacientes del
estudio se identificaran con un cddigo numérico tanto en el cuaderno de recogida de datos (CRD)
en una base informatizada. S6lo aquellos datos de la historia clinica que estén relacionados con
el estudio, variables especificadas previamente, seran objeto de comprobacion. Esta
comprobacion se hara en presencia del Investigador Principal / Investigadores Colaboradores,
responsables de garantizar la confidencialidad de todos los datos de las historias clinicas
pertenecientes a las pacientes participantes en el estudio. Los datos recogidos para el estudio
estaran identificados mediante un cédigo y solo el investigador principal / colaboradores podran

relacionar dichos datos con el paciente y con su historia clinica.
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El tratamiento de los datos se hara con las medidas de seguridad establecidas en
cumplimiento de la Ley Orgénica 15/1999 de Proteccion de Datos de Caracter Personal. Tanto
los investigadores responsables del ensayo clinico, como un representante de las Autoridades
Sanitarias y el CEIC del Hospital Universitario Ramén y Cajal tendran acceso a la informacion

registrada a lo largo del estudio. En la publicacién de los resultados del estudio no se revelara la

identidad de los participantes.
Consideraciones acerca del consentimiento informado (CI).

El presente proyecto de investigacion no contempla en ningun caso entrevistar a los
sujetos a los que se practico la prueba de estimulacion con 1-24 ACTH, ademas de adoptar un
método de disociacion seguro para evitar manejar datos personales durante el analisis de los
resultados. Su caracter retrospectivo, en pacientes que en muchos casos no tienen seguimiento
posterior en el centro, y su objetivo de evaluacion de calidad asistencial, hace que en
consideracion de los investigadores del mismo no sea precisa la solicitud de consentimiento
informado especifico, mas alld del consentimiento genérico que otorga el paciente por su
atencion en un Hospital Universitario del Servicio Madrilefio de Salud. No obstante, este punto

del protocolo debe ser valorado favorablemente por el CEIC del Centro.
Compensacion a los investigadores

Se trata de un estudio de Promocién Interna, que no cuenta con ninguna subvencion a
cargo de fondos publicos, y en el que no se contempla compensacion econdmica a los

investigadores participantes en el estudio.
Difusion de resultados

Los investigadores se comprometen a publicar los resultados derivados del presente
estudio, independientemente de los resultados y conclusiones del mismo, respetando siempre la

confidencialidad de la identidad de los sujetos participantes.
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ABSTRACT

Objectives With the final aim of validating the use of a single post-stimulus sampling protocol
for the cosyntropin test (SST) in our institution, our primary objectives were: 1) to determine the
concordance between 30 and 60 min serum cortisol measurements (SC) during the SST; ii) to
evaluate the diagnostic agreement between both sampling times when using classic or assay- and
sex-specific cut-offs values for SC. Secondary objectives included :1) estimating the specificity
and positive predictive value of 30 and 60 min sampling times while considering the suspected
origin of adrenal insufficiency; iv) to obtain assay-specific cut-offs for SC after SST in a group
of subjects with a normal hypothalamic-pituitary-adrenal (HPA) axis.

Design and setting Cross-sectional study conducted in an Academic Hospital between 2011 and
2015.

Participants and interventions Two groups were evaluated: 1) a main study group including
370 patients in whom SC was measured at 30 and 60 minutes during the SST; and ii) a
confirmative group that included 150 women presenting with a normal HPA axis in whom the
SST was conducted to rule out late onset congenital adrenal hyperplasia. Diagnostic agreement
between both sampling times was assessed by considering both classic (500 nmol/l) and sex- and
assay-specific SC cut-off concentrations.

Results Diagnostic agreement between both sampling times was greater when applying sex- and
assay-specific cut-off values instead of classic cut-offs. For suspected primary adrenal
insufficiency, SC measured at 30-min was enough to make a diagnosis in over 95% of cases,
without missing any necessary treatment. When the suspicion was central adrenal insufficiency,

the 60 min SC measurement was more specific, establishing diagnosis in over 97% of cases.
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Conclusions: The use of sex- and assay-specific SC cut-off values improve the diagnostic
accuracy of SST for the evaluation of suspected adrenal insuficiency. For primary disease, a
subnormal SC response at 30 min is a reliable marker of adrenal dysfunction. On the contrary,
when central adrenal insufficiency is suspected, the 60 min SC measurement improves the

diagnostic accuracy of the test.

Strengths and limitations:

e We assessed a very large series of well-characterized subjects with a suspicion of adrenal
insufficiency and a minimum clinical follow up of 12 months after the cosyntropin test.

e We used a pre-test distinction between primary and central adrenal insufficiency based on
clinical data.

e We used a local cohort of women with definitely normal cortisol secretion to validate our
findings.

e Our results were not challenged against a biochemical gold-standard and, therefore, false
negative rates, sensitivity, and negative predictive values were not established.

e The confirmatory group was comprised only by premenopausal women, and cosyntropin-
stimulated SC concentrations were only obtained at the 30 min sampling time in these

subjects.

Keywords: Adrenal insufficiency; biochemical diagnosis; cosyntropin test; immunoassay;

reference values; sampling times; serum cortisol; specificity.
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Introduction

The laboratory diagnosis of adrenal insufficiency (Al) at the clinical setting relies on the
finding of an inappropriately low morning circulating serum cortisol (SC) or subnormal SC
responses to adrenal stimulation [1]. However, the diagnosis of Al diagnosis should not be made
according only to laboratory tests, since analytical results must always be interpreted in the
context of the whole clinical picture of the individual patient [1-3]. The most widely used
adrenal stimulation protocol consists of measuring SC in samples obtained 30 and 60 min after a
single 250 ug intravenous bolus or intramuscular injection of tetracosactide (cosyntropin). The
normal response consists of a SC value > 500 nmol/l (18 pg/dl) 30 at any time after cosyntropin
administration. This protocol, also known as a short standard high-dose test (SST), is the
dynamic exploration of choice for primary Al diagnosis [1,3] and it is also used for non-acute
central Al [4,5]. In critically ill patients, SST may be performed to rule out a functional form of
Al —critical illness-related corticosteroid insufficiency— in subjects showing sustained refractory
hypotension and no response to vasopressor drugs [2,6]. Clinical guidelines suggest that this
condition may be best diagnosed by a random SC below 276 nmol/l (10 pg/dl) or when the
increase in SC after cosyntropin is less than 248 nmol/l (9 pg/dl) [7,8].

The issue of which sampling time - 30 min or 60 min — of the SST is the most appropriate
is controversial. The 30 min SC measurements have been validated against a “gold standard”
such as the insulin tolerance test (ITT) [9]. Hence, some authors [4,10,11] suggest that a single
SC measurement 30 min after cosyntropin administration is enough to establish or rule out
clinically relevant AIL. Other studies show that a 60 min sample may avoid unnecessary
overdiagnosis [12—14]. Recent clinical practice guidelines recommend further research to clarify

whether 60 min SC might be more specific than 30 min measurements for Al diagnosis [3,15].
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Even though Iliquid chromatography/mass spectrometry techniques are currently
recommended for the accurate measurement of circulating steroids, in most centres clinical
routine still relies on automated immunoassays for SC [16]. Considering that the classic cut-off
value for the SST was established for SC as measured by older radioimmunoassays, and that
immunochemiluminescent assays differ in antibody specificity with these earlier assays [17],
establishing local assay-specific cut-off values is of paramount importance to properly classify
SC responses to cosyntropin [3,17,18]. This issue is not inconsequential because, despite the
recommendation of using local assay-specific lower limits of normality (LLN) for the dynamic
assessment of the hypothalamic-pituitary-adrenal (HPA) axis [3], in our experience many
physicians still apply classic cut-off values in their routine practice. Also, other factors that may
influence SC measurement include the stimulation of hepatic synthesis and secretion of cortisol
binding globulin by oestrogens, sex and several non-glucocorticoid drugs [18,19].

To provide new insights into these still open questions, and while validating the use of a
single post-stimulus sampling protocol for the routine cosyntropin test (SST) in our institution,
our primary goals were: 1) to assess the concordance between 30 and 60 min SC concentrations
after cosyntropin stimulation at the clinical setting; ii) to estimate the diagnostic agreement
between both sampling times when using classic cut-offs derived from the literature or assay-
and sex-specific cut-offs values, taking into account the suspected origin of Al. As secondary
objectives, we aimed to :1) estimate the specificity (Sp) and positive predictive value (PPV) of 30
and 60 min sampling times while taking into account the origin of Al; and ii) confirm assay-
specific LLN for SC concentration after cosyntropin in a group of subjects with a normal HPA

function.

Subjects and methods
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From January 1, 2011 to December 31, 2015 we conducted a cross-sectional study in an
academic hospital from Spain. We assessed SC responses during a SST in two study populations:
1) Main study population: Four hundred fifty one adults in whom SC concentrations at 0, 30
and 60 min during a SST conducted at the clinical setting for suspected Al
11) Confirmative group: One hundred fifty three women with normal HPA axis recruited
from our Reproductive Endocrinology clinic during the study of functional
hyperandrogenism in whom SC concentrations were obtained at 0 and 30 min during a SST
performed for the routine screening of non-classic congenital adrenal hyperplasia (NCAH).
NCAH had been ruled out in all those women because cosyntropin-stimulated 17-
hydroxyprogesterone and 11-deoxycortisol concentrations were below 10 ng/ml and 21
ng/ml, respectively [20]. None of these women were using combined contraceptives or any
other hormonal therapy at the time of sampling.
Before conducting the study, we obtained approval from the local ethics committee. All
women from our Reproductive Endocrinology clinic had previously signed an informed consent
form for the inclusion of a selection of coded clinical variables in an electronic database for

clinical research purposes that included the SC measurements presented here.

Main study population

Basal and stimulated SC values were extracted from the electronic database of our
Department of Clinical Biochemistry. We collected a minimum dataset in an electronic case
form from the clinical records of the patients including age, sex, weight, height, laboratory
measurements at the dates when the SST was conducted such as circulating electrolytes,
glomerular filtration rate and basal ACTH concentrations at the time of SST, clinical suspicion

of primary or central Al, other dynamic tests performed for the evaluation of adrenal function,
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history of pituitary disease, time from hypothalamic-pituitary insult to SC determination,
administration of drugs that may interfere with the HPA axis, time of follow-up, and the
immunoassay used for SC assay. Baseline characteristics of study population are shown in Table
1.

We considered a clinical suspicion of potential primary Al in cases when the patients were
known to have adrenal disease, had required mineralocorticoid supplementation during follow-
up, had received drugs that may interfere with cortisol biosynthesis, had not clinical suspicion of
any hypothalamic-pituitary condition, and had not developed such a condition later in time.
Conversely, we suspected a potential central Al in subjects known to suffer from hypothalamic-
pituitary disease, had received drugs that may suppress the HPA axis, or when her/his refering
physician reported a clinical suspicion of central Al in the clinical record. All patients included
here had a minimum follow-up of 12 months after obtaining the SST.

We excluded from analysis: 1) seven subjects submitted to dynamic tests other than SST
such as the insulin tolerance test (n = 2), corticotrophin-releasing hormone test (n = 2), oral
glucose tolerance test (n = 2) and glucagon stimulation test (n = 1); ii) thirty six subjects aged
below 18 years; ii1) twenty subjects with a follow-up shorter than 12 months; iv) twelve subjects
in whom critically-ill related Al was suspected; and v) six subjects from whom we could not
obtain enough information from their clinical records as to explain the reason for conducting a

SST.Therefore, the study group finally included in the analyses consisted of 370subjects.

Confirmative group
The results of SST from 153 premenopausal women with a normal HPA axis aged from 14 to
42 years old were included. Three women who showed a clearly subnormal SC response were

excluded from the analysis. In two of these women the suppressive effect on the HPA axis of the
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progestins administered during 10 days before the SST with the aim of inducing a withdrawal
vaginal bleeding could justify the abnormal results; in the other case, we could not establish the

cause of the subnormal response with certainty because the patient was lost to follow-up.

Assays

During the study period, two immunoassays were used in our centre: i) from 2011 to July 1,
2013 the Siemens Immulite 2000° Cortisol Immunoassay System (immunoassay 1) was used and
had 6.0% and 7.8% intra- and inter-assay coefficient of variation (CV) respectively; and ii1) from
2013 August 1, 2013 to December 31, 2015, the Abbot Laboratories Diagnostics Division
Architect® Cortisol Immunoassay System (immunoassay 2) was used, showing 3.2% and 3.4%

intra- and inter-assay CVs, respectively.

Analysis of the agreement between the 30 and 60 min sampling times

We analysed diagnostic agreement between the 30 and 60 min SC in patients of the main
study population — in the confirmation subgroup the 60 min measurement was not obtained —
considering two different LLN for cosyntropin-stimulated SC: 1) the classic > 500 nmol/l (3), and
i1) sex- and assay-specific cut-off values taking into also account the use of combined oral
contraceptives (COC) by 8 women [18]. For immunoassay 1, the reported LLN (2.5th percentile)
was 470 nmol/l (17 pg/dl) in men and women, and 690 nmol/l (25 pg/dl) for women taking
COC. For immunoassay 2, the LLNs were 441 nmol/l (16 pg/dl) for men, 414 nmol/l (15 pg/dl)

for women, and 579 nmol/l (21 pg/dl) for women taking COC [17].

Statistical analysis
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Data are shown as mean # standard deviation or 95% confidence interval (CI), median
(minimum-maximum), and raw numbers (percentage) as appropriate. The normal distribution of
continuous variables was assessed by the Kolmogorov-Smirnov test for one sample after a two-
step approach for transforming skewed variables if necessary [21]. Comparisons among
continuous variables were performed by repeated-measures ANOVA. Comparisons among
categorical variables were performed by Fisher’s exact or y” tests as appropriate. Pearson’s
analysis served to correlate SC at 30 and 60 min samples. Consistency and absolute agreement
among both point times of SST were determined by their intra-class correlation coefficient (ICC)
with a two-factor and random-effect model. Quantitative agreement was graphically assessed by
Bland-Altman plots. Biochemical agreement in the diagnosis of normal or subnormal adrenal
was assessed by using the kappa (k) coefficient. True positives (TP) were defined as SSTs
showing subnormal cortisol responses at both time points in patients who required adrenal
replacement therapy. True negatives (TN) were defined as SSTs showing a normal cortisol
response at both time points in patients who did not need glucocorticoid replacement during their
follow-up, did not suffer an adrenal crisis, and, when submitted to other dynamic HPA test,
showed normal responses. False positives (FP) for one of the sampling times consisted of the
finding of a subnormal response in one of the sampling times but not in the other. We calculated
Sp and PPV [Sp = TN / (TN + FP) and PPV = TP / (TP + FP)] for each SC sampling times

during the SST. A P value < 0.05 was considered statistically significant.

Results

Main study population

-10 -

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 35

1ybuAdod Aq parosiold 1senb Ag 120z ‘6T IMdy uo /wod fwq uadoligy/:dny woly pspeojumod "8T0Z ABIN § U0 £/26T0-2T0Z-uadolwa/oeTT 0T se paysiignd 1s1y :uado (NG


http://bmjopen.bmj.com/

Page 11 of 35

oNOYTULT D WN =

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

BMJ Open

Of 370 SSTs including 30 and 60 min sampling times, SC was assayed by immunoassay
1 in 227 cases and by immunoassay 2 in the remaining 143 tests. Basal and cosyntropin-
stimulated SC concentrations, ACTH levels when available, and the median duration of follow-
up in patients with either normal or insufficient responses are shown in Table 2.

SC concentrations when patients in the main study group were analyzed as a whole are
represented in Figure 1A. SC concentrations at 30 and 60 min during the SST increased when
compared to baseline values (Figure 1, panel A), and showed a very strong linear correlation
(Figure 1, panel B). Baseline SC concentrations correlated with 30 min SC measurements (r =
0.735, P=10.001), and with 60 min SC values (r = 0.660, P = 0.001).

Similar results were observed when analyzing separately the 150 SSTs performed with
the aim of to ruling out primary Al (correlation between baseline SC and 30 min SC: r = 0.720, P
=0.001), and correlation between baseline SC and 60 min SC: r = 0.640, P = 0.001) and the 220
SSTs conducted to exclude central Al (correlation between baseline SC and 30 min SC: r =
0.723, P=10.001, and correlation between baseline SC and 60 min SC: r=0.644 (P =0.001).

The ICC among SC concentrations as assayed at both sampling times showed a very
good consistence index (0.940; 95%CI: 0.928 — 0.952) and a good absolute agreement (0.889,
95%CI: 0.465 — 0.957), even though the latter only qualifies as fair according to the lower limit
of the 95%CI. The Bland-Altman plot (Figure 1, panel C) showed a good agreement between
SC assayed at 30 and 60 min, with a slight tendency towards greater percentage differences with
decreasing mean values of stimulated SC.

Figure 2 and Table 2 show SC concentrations as a function of the clinical suspicion and
whether or not the result of the SST was normal. The diagnostic agreement among both sampling
times according to classic and to sex — and assay-specific cut-off values is shown in Figure 3.

Disagreements between both sampling times were as follows. When relying on the classic SC
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cut-off point (= 500 nmol/l), 39 cases (10.5%) had a subnormal response at 30 min that reached
normal values at 60 min whilst, in 3 patients (0.8%), a normal response at 30 min ended being
subnormal at 60 min. Using sex- and assay-specific values, 34 cases (9.2%) showed subnormal
responses at 30 min but normal SC concentrations at 60 min, whereas in 5 cases (1.3%), the
response was normal at 30 min but subnormal at 60 min.

The analysis of the diagnostic agreement as a function of the suspicion of primary versus
central Al is shown in Figure 4. As a rule, agreement among both sampling times of the SST
was better when primary Al was suspected compared with a suspicion of central AI. When using
classic cut-off values to rule out primary Al, 7 cases (4.7%) showed a subnormal response at 30
min that reached normal concentrations at 60 min, whereas no subject with a normal response at
30 min had a subnormal response at 60 min. Using sex- and assay-specific cut-off values, in 6
cases (4.0%) the response was subnormal at 30 min but reached normal concentrations at 60 min.
Four of them showed a subnormal SC responses to cosyntropin that were very close to the cut-
off value. In these subjects, the differences between the cut-off value and the stimulated SC
ranged from 22 to 39 nmol/l (0.8 to 1.4 pg/dl), very small concentrations that are, in fact,
included within the CV of the assays, thereby suggesting no clinical relevance. The two
remaining patients showed peak SC concentrations of 320 and 364 nmol/l (11,6 and 13,2pg/dl) at
the 30 min sampling time: one had received oral glucocorticoid replacement therapy that did not
preclude the patient of responding to cosyntropin by showing a SC of 470 nmol/l (17 pg/dl) at
the 60 min sample, and the other subject was submitted to SST because of the presence of
bilateral adrenal hyperplasia and did not show any signs or symptoms of Al nor suffered an
adrenal crisis during follow-up. None of the SSTs showing normal responses at 30 min had a

subnormal response at 60 min.
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When central Al was suspected and the classic cut-off point was applied, 32 cases
(14.5%) had a normal SC response at 60 min but a subnormal SC value at 30 min. Only 3
subjects (1.4%) presented with the opposite situation. Using sex- and assay-specific cut-off
cocnentrations, 28 cases (12.7%) showed a normal response at 60 min but a subnormal result at
30 min, yet in only 5 cases (2.3%) the contrary occurred. These 5 subjects had been evaluated in
the context of withdrawal of prolonged glucocorticoid therapy during the first year after a
pituitary insult (surgery and/or pituitary radiotherapy). Three of them showed a complete
recovery of their HPA axis throughout the follow-up period, whereas in the other two patients,
who had received pituitary radiotherapy, the subnormal response to cosyntropin was maintained
over time.

The Sp and PPV for different sampling times and cut-off values used here are shown in
Table 3. SC concentrations at 60 min had a higher Sp and PPV compared with 30 min
measurements, particularly when central Al was suspected. Nonetheless, the Sp of the
determination at 30 min was as high as 95% when SST had been performed to rule out primary
disease both when applying classic or sex- and assay-specific cut-off values.

We observed discordant results between classic and sex-and assay-specific cut-off
concentrations in 50 cases. In 47 of these subjects, a subnormal response using the classic cut-off
value turned into a normal response had sex- and assay-specific cut-offs been used. In 7 of them,
SST was performed to rule out primary Al and in the remaining 40 subjects the SSTs were
conducted to rule out central Al. Glucocorticoid replacement was started in 18 cases, and no
subject presented with signs or symptoms of chronic or acute Al In addition, from the 50
discordant SSTs, 3 were conducted in women under estrogenic therapy and presented a normal
response according to the classic cut-off value, but subnormal when considering sex- and assay-

specific cut-offs, yet none of them required glucocorticoid therapy.
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Confirmative group

Thirty (20%) of these women presented with a subnormal response to SST according to
classic cut-off values, yet this figure was reduced to only 3 (2%) when sex- and assay-specific
cut-off values were used [observed agreement: 82%; k: 0.151 (95%CI: 0.066-0.235)]. The three
women showing a subnormal response during SST using a sex- and assay-specific cut-off value
showed stimulated SC concentrations of 342 nmol/l (12.4 pg/dl), 353 nmol/l (12.8 pg/dl) and
372 nmol/l (13.5 pg/dl), whereas the LLNs (2.5th percentile) of SC concentrations at 30 min
sampling time of SST were 436 nmol/l (15.8 pg/dl) and 411 nmol/l (14.9 pg/dl) for
immunoassays 1 and 2, respectively. The 5t percentiles for both immunoassays were 450 nmol/l
(16.3 pg/dl) and 414 nmol/1 (15.0 pg/dl), respectively, showing minimal differences with the

LLNs (Figure 5). None of these female controls developed any HPA disease during their follow-

up.

DISCUSSION

Al is a clinical condition associated with a high morbidity and mortality. Unstimulated
early morning SC values below 138 nmol/l (5 pg/dl) show a high PPV for AIl, whereas
concentrations over 500 nmol/l predict a normal adrenal response. However, values between 138
and 500 nmol/l are considered indeterminate and require adrenal stimulation to confirm or rule
out a diagnosis, always in consonance with the clinical picture [1-3].

Baseline SC concentrations showed stronger linear correlations with cosyntropin-
stimulated SC levels at 30 and 60 min samples of the SST, in agreement with previous reports
[22]. Our data also show that both 30 and 60 min SC measurments during a SST have an

adequate index of consistency, but the same is not true in terms of absolute agreement,
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particularly when a central Al is suspected. Furthermore, a single determination at 60 min during
the SST appears to have the higher Sp and PPV for the diagnosis of subjects presenting with
either primary or central Al. In consonance, after evaluating retrospectively 73 subjects, Zueger
et al. [23] reported that sampling at 30 min of the SST did not provide any additional diagnostic
advantage over performing a single determination at 60 min of the test. Although similar results
have been also reported by others [13,14], these studies did not take into account the primary or
central origin of Al and did not apply sex- and assay specific cut-off values, a fact of paramount
importance because of the considerable influence that cortisol immunoassays exerts on the final
values observed after cosyntropin-stimulation [17,18].

Our results also indicate that SC measurement at 30 min during the SST, when using sex-
and assay-specific cut-off values, are enough to rule out clinically relevant primary Al since only
4% of patients in this particular situation showed a subnormal response at 30 min followed by
normal response at 60 min. Furthermore, these subjects presented with stimulated SC
concentrations which were very close to the cut-off concentrations, to the extent that the
differences with these normal limits may be explained by the analytical variability of thes
commercial immunoassays used here. Even more important from a clinical point of view, none
of these subjects required replacement therapy during their follow-up, suffered an acute adrenal
crisis, nor were diagnosed with any adrenal condition during follow-up, strongly suggesting that
their HPA function was actually normal at the time the SST was performed. The use of sex- and
assay-specific cut-off values appears to be essential, since other authors have suggested that
some healthy individual may have a delayed response to SST using classic reference values [24].

On the other hand, 60 min samples appears to be more specific than 30 min
measurements when central Al is suspected. In such a case, 12.7% of the subjects presenting

with a subnormal response at 30 min actually had a normal response at 60 min, avoiding
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unnecessary treatments in them. Although a subnormal response 30 min after cosyntropin-
stimulation in patients with suspicion of secondary Al may not translate into the need of adrenal
replacement in a non-critical scenario, it is likely that most physicians would feel more confident
with not starting replacement therapy after obtaining a cosyntropin-stimulated SC concentration
above the LLN, favoring the use of 60 min samples over 20 min determinations for this
particular reason. Furthermore, relying mostly on 60 min SC responses to cosyntropin when
suspecting a central origin of Al is also supported by the fact that, in 2 out of the 5 patients in our
series who showed a subnormal response at 60 min preceded by normal SC values at 30 min, Al
was actually confirmed during follow-up because of former pituitary radiotherapy.

Our present findings also reinforce the need of sex- and assay-specific cut-off values to
interpret the results of the SST, in agreement with recent clinical guidelines[3]. The use of such
cut-off values lead in our study to a reduction in FP results, higher Sp and PPV, less discordant
results among sampling times of the SST, and fewer unnecessary treatments [20 patients (5%)
could have been treated unnecessarily if classic cut-off values were applied for diagnosis]. The
reliability of sex- and assay-specific cut-off values was confirmed in our population of
premenopausal women with normal HPA axis, in whom these cut-offs were more appropriate
than relying on classic values to assess the functionality of their HPA axis. In this population, the
LLNs for stimulated SC at 30 min were very close to those reported for each immunoassay by
the manufacturers, which relied on the 2.5™ percentile [17], yet reinforcing the need to establish
local normative data in order to improve the diagnostic accuracy of cortisol measurements during
SSTs [17,25].

Among the strengths of our study, we would highlight the large series of subjects
suspected of suffering AI who were evaluated with a standardized dynamic study, and the careful

review of subjects’ medical records that followed such evaluations. However, we are aware of
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several weaknesses derived from the observational and retrospective design of the study, making
impossible to rule out information bias. Our best efforts might have not been enough to avoid
misclassification of patients according to the suspicion of primary or central Al. Also, the
administration of supraphysiological doses of cosyntropin does not permit ruling out partial
deficiencies either, particularly in those suspected of central HPA defects. Also, and even
considering the large sample of subjects included in our study, our present results may not be
extrapolable to other populations in whom SC has been measured with different immunoassays
that would require specific local normative data. Moreover, analysis of Sp and PPV has not been
challenged against a biochemical gold-standard in most cases and, as a consequence, we have not
been able to establish false negative rates, sensitivity and negative predictive values.
Nonetheless, besides those assessments had been unethical in most cases, the lack of a laboratory
gold-standard such as an ITT did not override our results, since from a practical point of view,
we are looking for patients needing replacement therapy and not for those with a partial AI who
do not require any treatment. Another limitation was that the confirmation group is not fully
representative of our main study population since was only comprised of premenopausal women
and stimulated SC was only available at the 30 min sampling time. Lastly, we could not rule out
entirely pre-treatment with progestogens in the context of induction of withdrawal bleeding in
our confirmative population. Because these drugs might exert a mild suppressive effect on the
HPA axis [19,26], their administration in a few cases could have, at least in theory, lowered

stimulated SC values.

CONCLUSIONS
Compared with the use of classic cut-off values derived from the literature, application of

sex- and assay-specific cut-off values of SC responses to cosyntropin results into higher Sp and
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PPV for establishing a diagnosis of Al, thereby avoiding unnecessary treatments. Measurement
of stimulated SC at 30 min after cosyntropin-stimulation may suffice for the correct diagnosis of

primary Al, yet 60 min measurements might be preferable when central Al is suspected.
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TABLE 1. Baseline characteristics population as a function as clinical suspicion of primary or

secondary adrenal disease

Page 24 of 35

Clinical suspicion of primary Al

Clinical suspicion of central Al

(n = 150) (n=220)

Sex Female Male Female Male

(n=98) (n=152) (n=139) (n=81)
Age (vears) 53 + 19 56 + 15 55 + 16 55 + 13
Weight(kg) 59 £ 12 7 £ 14 72 + 14 84 + 16
BMI (kg/m’) 24 £ 5 24 + 5 28 + 5 29 + 5
Na (mmol/l) 138 + 3 137 + 5 139 + 2 140 + 4
K (mmol/l) 43 + 06 44 + 07 41 + 04 41 + 03
Ca (mmol/l) 23 + 01 23 + 02 24 + 01 23 + 0.1

62 80 62 80

Cr (umol/l) (44 - 1114) (44— 1158) (18 — 875) (44 — 150)
¢GFR (MDRD) 87 86 84 93
(ml/min/1.73m’) (4-137) (4-183) (5-1361) (43 — 163)

Abbreviations, BMI, body mass index; Ca, total serum calcium, Cr, serum creatinine; eGFR,

estimated glomerular filtration rate; K, serum potassium; Na, serum sodium.

Data are presented as mean + SD or median (minimum-maximum) as appropriate.
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TABLE 2. Basal and cosyntropin-stimulated serum cortisol concentrations as a function of the
presence of a normal or abnormal result during the SST, and mean follow-up of the
patients in each subgroup. From the whole sample, ACTH measurements were available

for 342 samples.

Normal responses at Confirmed Confirmed
both times primary Al secondary Al
(n=307) (n=18) (n=45)
Basal ACTH (pmol/l) 4(1-43) 6(1-71) 3(1-11)
Basal SC (nmol/l) 386+ 166 165110 138 + 83
SC at 30 min (nmol/l) 662 + 193 248 £110 276 £ 110
SC at 60 min (nmol/l) 745 +£221 304 + 138 304 £ 110
37+17 43 + 18 36+ 15

Follow-up (months)

Data are presented as mean + SD or median (minimum-maximum) as appropriate. To convert SC
to metric units, multiply nmol/l by 0.03625 (result in pg/dl). To convert ACTH to metric units,
multiply pmol/l by 4.54545 (result in pg/ml). = Despite not having any hypothalamic-pituitary
condition at diagnosis or throughout their follow-up, and not having received drugs that suppress
the HPA axis, seven patients with clinical suspicion of primary disease who required
replacement therapy presented with normal ACTH levels. Three of them had begun
glucocorticoid therapy at the time of SST. In another 4 cases, there is a strong suspicion of that
was the case, although the possibility of an inadequate sample proccesing also existed (i.e.:
sample transport at room temperature). Abbreviations, ACTH, adrenocorticotropin hormone; Al

adrenal insufficiency, SC, serum cortisol.
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TABLE 3. Specificity and positive predictive value (PPV) of the short high-dose cosyntropin
test, for the diagnosis of adrenal insufficiency (Al), according to serum cortisol cut-off
concentrations (classic and sex- and assay-specific), and as a function of the suspected origin of

the disease.

Classic cut-off values

Sex- and assay-specific cut-off
values

Global

Clinical suspicion

Global Clinical suspicion

Primary Central Primary Central
Al Al Al Al
Sampling time 30 60 30 60 30 60 30 60 30 60 30 60
(min)
Specificity (%) 8 99 95 100 79 98 89 98 96 100 84 97
PPV (%) 68 97 74 100 66 96 65 93 75 100 61 90
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Legend to figures

Figure 1. Panel A, Serum cortisol levels at different sampling times. Data are shown as mean
(95%CI) and mean differences (MD) (95%CI). Comparisons among time points were performed
by a repeated-measure ANOVA addressing main effects by a Bonferroni’s confidence interval
adjustment. * P value < 0.001. Panel B, Pearson’s correlation analysis between serum cortisol
values at 30 and 60 min sampling times. Solid red line represents the simple linear regression
and dotted black lines represent the 95%CI of the regression line. Panel C, Bland-Altman plot.
Solid black line represents the perfect agreement among both time points. Solid blue line is the
mean of the percentage difference among both sampling times, and dashed blue lines are + 2
standard deviation (SD) of that mean. Solid red line is the regression line of the percentage

differences.

Figure 2. Baseline and stimulated serum cortisol concentrations as a function of clinical
suspicion and response to cosyntropin test. Data are shown as mean and 95%Cl.4bbreviatures:

Al: Adrenal Insufficiency

Figure 3. Subgroups of patients according to serum cortisol responses to cosyntropin-stimulation
as a function of classic and sex- and assay-specific cut-offs. Figures on top of the bars indicate
the number of patients included in each subgroup. Diagnostic agreement is shown as the

percentage of observed agreements and kappa coefficients (95%CI).

Figure 4. Subgroups of patients according to serum cortisol responses to cosyntropin-stimulation

as a function of cut-off values and clinical suspicion of primary or central Al. Figures on top of
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the bars show the number of patients included in the different subgroups. Diagnostic agreement

is shown as the percentage of observed agreements and kappa coefficients (95%CI).

Figure 5. Descriptive statistics and distribution of 30 min cosyntropin-stimulated serum cortisol
concentrations in a population of premenopausal healthy women with evidence of normal HPA
axis function. The boundary of the box closest to zero indicates the 25h percentile, the solid and
long dash lines within the box marks the median and mean, respectively, and the boundary of the
farthest from zero indicates the 75 percentile. Whiskers above and below the box indicate the
90™ and 10™ percentiles. Black circles represent the 5t percentile and the dashed red line

indicates the lower limit of normality (2.5th percentile) for each immunoassay.
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ABSTRACT

Objectives Aiming to validate the use of a single post-stimulus sampling protocol for
cosyntropin test (SST) in our institution, our primary objectives were: 1) to determine the
concordance between 30 and 60-min serum cortisol (SC) measurements during SST; ii) to
evaluate diagnostic agreement between both sampling times when using classic or assay- and
sex-specific SC cut-offs values. Secondary objectives included: 1) estimating specificity and
positive predictive value of 30 and 60 min sampling times while considering the suspected origin
of adrenal insufficiency (Al); iv) to obtain assay-specific cut-offs for SC after SST in a group of

subjects with normal hypothalamic-pituitary-adrenal (HPA) axis.

Design and setting Retrospective chart review study conducted at an Spanish Academic

Hospital from 2011 to 2015

Participants and interventions Two groups were evaluated: 1) a main study group including
370 patients in whom SC was measured at 30 and 60 minutes during SST; and ii) a confirmative
group that included 150 women presenting with a normal HPA axis in whom SST was conducted
to rule out late onset congenital adrenal hyperplasia. Diagnostic agreement between both
sampling times was assessed by considering both classic (500 nmol/l) and assay-specific SC cut-

off concentrations.

Results Diagnostic agreement between both sampling times was greater when applying sex- and
assay-specific cut-off values instead of classic cut-offs. For suspected primary Al, 30-min SC
determination was enough to establish diagnosis in over 95% of cases, without missing any
necessary treatment. When central Al is suspected, 60 min SC measurement was more specific,

establishing diagnosis in over 97% of cases.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq paloalold 1senb Aq 20z ‘6T Udy uo /wod'(wg uadolwg//:dny woij papeojumoq 8T0Z ABIN G UO £/26T0-LT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

BMJ Open

Conclusions: Sex- and assay-specific SC cut-off values improve diagnostic accuracy of SST.
For primary disease, a subnormal SC response at 30 min is a reliable marker of adrenal
dysfunction. On the contrary, when central Al is suspected, 60-min SC measurement improves

diagnostic accuracy of the test.

Strengths and limitations:

e We assessed a very large series of well-characterized subjects with a suspicion of adrenal
insufficiency and a minimum clinical follow up of 12 months after the cosyntropin test.

e We used a pre-test distinction between primary and central adrenal insufficiency based on
clinical data.

e We used a local cohort of women with definitely normal cortisol secretion to validate our
findings.

e Our results were not challenged against a biochemical gold-standard and, therefore, false
negative rates, sensitivity, and negative predictive values were not established.

e The confirmatory group was comprised only by premenopausal women, and cosyntropin-
stimulated SC concentrations were only obtained at the 30 min sampling time in these

subjects.

Keywords: Adrenal insufficiency; biochemical diagnosis; cosyntropin test; immunoassay;

reference values; sampling times; serum cortisol; specificity.
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Introduction

The laboratory diagnosis of adrenal insufficiency (Al) at the clinical setting relies on the
finding of an inappropriately low morning circulating serum cortisol (SC) or subnormal SC
responses to adrenal stimulation [1]. However, the diagnosis of Al diagnosis should not be made
according only to laboratory tests, since analytical results must always be interpreted in the
context of the whole clinical picture of the individual patient [1-3]. The most widely used
adrenal stimulation protocol consists of measuring SC in samples obtained 30 and 60 min after a
single 250 ug intravenous bolus or intramuscular injection of tetracosactide (cosyntropin). The
normal response consists of a SC value > 500 nmol/l (18 pg/dl) 30 at any time after cosyntropin
administration. This protocol, also known as a short standard high-dose test (SST), is the
dynamic exploration of choice for primary Al diagnosis [1,3] and it is also used for non-acute
central Al [4,5]. In critically ill patients, SST may be performed to rule out a functional form of
Al —critical illness-related corticosteroid insufficiency— in subjects showing sustained refractory
hypotension and no response to vasopressor drugs [2,6]. Clinical guidelines suggest that this
condition may be best diagnosed by a random SC below 276 nmol/l (10 pg/dl) or when the
increase in SC after cosyntropin is less than 248 nmol/l (9 pg/dl) [7,8].

The issue of which sampling time - 30 min or 60 min — of the SST is the most appropriate
is controversial. The 30 min SC measurements have been validated against a “gold standard”
such as the insulin tolerance test (ITT) [9]. Hence, some authors [4,10,11] suggest that a single
SC measurement 30 min after cosyntropin administration is enough to establish or rule out
clinically relevant AI. Other studies show that a 60 min sample may avoid unnecessary
overdiagnosis [12—14]. Recent clinical practice guidelines recommend further research to clarify

whether 60 min SC might be more specific than 30 min measurements for Al diagnosis [3,15].
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Even though Iliquid chromatography/mass spectrometry techniques are currently
recommended for the accurate measurement of circulating steroids, in most centres clinical
routine still relies on automated immunoassays for SC [16]. Considering that the classic cut-off
value for the SST was established for SC as measured by older radioimmunoassays, and that
immunochemiluminescent assays differ in antibody specificity with these earlier assays [17],
establishing local assay-specific cut-off values is of paramount importance to properly classify
SC responses to cosyntropin [3,17,18]. When local validation is not feasible, published assay-
specific cut-off values should be considered [17]. This issue is not inconsequential because,
despite the recommendation of using local assay-specific lower limits of normality (LLN) for the
dynamic assessment of the hypothalamic-pituitary-adrenal (HPA) axis [3], in our experience
many physicians still apply classic cut-off values in their routine practice. Also, other factors that
may influence SC measurement include the stimulation of hepatic synthesis and secretion of
cortisol binding globulin by oestrogens, sex and several non-glucocorticoid drugs [18,19].

To provide new insights into these still open questions, and while validating the use of a
single post-stimulus sampling protocol for the routine cosyntropin test (SST) in our institution,
our primary goals were: 1) to assess the concordance between 30 and 60 min SC concentrations
after cosyntropin stimulation at the clinical setting; ii) to estimate the diagnostic agreement
between both sampling times when using classic cut-offs derived from the literature or assay-
and sex-specific cut-offs values, taking into account the suspected origin of AIl. As secondary
objectives, we aimed to: 1) estimate the specificity (Sp) and positive predictive value (PPV) of 30
and 60 min sampling times while taking into account the origin of Al; and ii) confirm assay-
specific LLN for SC concentration after cosyntropin in a group of subjects with a normal HPA

function.
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Subjects and methods
We conducted a retrospective chart review study addressing SC responses during SST in two
study populations from January 1, 2011 to December 31, 2015 at an academic hospital from
Spain:
1) Main study population: Four hundred fifty one adults in whom SC concentrations at 0, 30
and 60 min during a SST conducted at the clinical setting for suspected Al
i1) Confirmative group: One hundred fifty three women with normal HPA axis recruited from
our Reproductive Endocrinology clinic during the study of functional hyperandrogenism in
whom SC concentrations were obtained at 0 and 30 min during a SST performed for the
routine screening of non-classic congenital adrenal hyperplasia (NCAH). NCAH had been
ruled out in all those women because cosyntropin-stimulated 17-hydroxyprogesterone and
11-deoxycortisol concentrations were below 10 ng/ml and 21 ng/ml, respectively [20]. None
of the women in the confirmative group was using combined contraceptives or any other
hormonal therapy at the time of sampling.
Before conducting the study, we obtained approval from the local ethics committee. All
women from our Reproductive Endocrinology clinic had previously signed an informed consent
form for the inclusion of a selection of coded clinical variables in an electronic database for

clinical research purposes that included the SC measurements presented here.

Main study population

Basal and stimulated SC values were extracted from the electronic database of our
Department of Clinical Biochemistry. We collected a minimum dataset in an electronic case
form from the clinical records of the patients including age, sex, weight, height, laboratory

measurements at the dates when the SST was conducted such as circulating electrolytes,
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glomerular filtration rate and basal ACTH concentrations at the time of SST, clinical suspicion
of primary or central Al, other dynamic tests performed for the evaluation of adrenal function,
history of pituitary disease, time from hypothalamic-pituitary insult to SC determination,
administration of drugs that may interfere with the HPA axis, time of follow-up, and the
immunoassay used for SC assay. Baseline characteristics of study population are shown in Table
1.

We considered a clinical suspicion of potential primary Al in cases when the patients were
known to have adrenal disease, had required mineralocorticoid supplementation during follow-
up, had received drugs that may interfere with cortisol biosynthesis, had not clinical suspicion of
any hypothalamic-pituitary condition, and had not developed such a condition later in time.
Conversely, we suspected a potential central Al in subjects known to suffer from hypothalamic-
pituitary disease, had received drugs that may suppress the HPA axis, or when her/his referring
physician reported a clinical suspicion of central Al in the clinical record. According to their
clinical records, all patients included here had a minimum 12-month follow-up after obtaining
the SST at any outpatient or in-patient facility of our centre. We actively reviewed these records
looking for any latter diagnosis of Al.

We excluded from analysis: 1) seven subjects submitted to dynamic tests other than SST
such as the insulin tolerance test (n = 2), corticotrophin-releasing hormone test (n = 2), oral
glucose tolerance test (n = 2) and glucagon stimulation test (n = 1); ii) thirty six subjects aged
below 18 years; iii) twenty subjects with a follow-up shorter than 12 months; iv) twelve subjects
in whom critically-ill related Al was suspected; and v) six subjects from whom we could not
obtain enough information from their clinical records as to explain the reason for conducting a

SST. Therefore, the study group finally included in the analyses consisted of 370 subjects.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 39

yBuAdoo Aq paloalold 1senb Aq 20z ‘6T Udy uo /wod'(wg uadolwg//:dny woij papeojumoq 8T0Z ABIN G UO £/26T0-LT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

Page 9 of 39

oNOYTULT D WN =

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

BMJ Open

Confirmative group

The results of SST from 153 premenopausal women with a normal HPA axis aged from 14 to
42 years old were included. Three women who showed a clearly subnormal SC response were
excluded from the analysis. In two of these women the suppressive effect on the HPA axis of the
progestins administered during 10 days before the SST with the aim of inducing a withdrawal
vaginal bleeding could justify the abnormal results; in the other case, we could not establish the

cause of the subnormal response with certainty because the patient was lost to follow-up.

Assays

During the study period, two immunoassays were used in our centre: i) from 2011 to July 1,
2013 the Siemens Immulite 2000° Cortisol Immunoassay System (immunoassay 1) was used and
had 6.0% and 7.8% intra- and inter-assay coefficient of variation (CV) respectively; and i1) from
2013 August 1, 2013 to December 31, 2015, the Abbot Laboratories Diagnostics Division
Architect® Cortisol Immunoassay System (immunoassay 2) was used, showing 3.2% and 3.4%
intra- and inter-assay CVs, respectively. Plasma ACTH concentrations were measured by the
Siemens Immulite 2000° ACTH Immunoassay System with an analytical sensitivity of 1.1 pmol/l,
and intra- and interassay CVs below 10%. The upper limit of normality for healthy subjects was

10 pmol/I.

Analysis of the agreement between the 30 and 60 min sampling times

We analysed diagnostic agreement between the 30 and 60 min SC in patients of the main
study population — in the confirmation subgroup the 60 min measurement was not obtained —
considering two different LLN for cosyntropin-stimulated SC: 1) the classic > 500 nmol/l (3), and

i1) sex- and assay-specific cut-off values derived from the estimated lower reference limit for the
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SC response at 30-min to cosyntropin, taking also into account the concurrent use by 7 women of
combined oral contraceptives (COC) [18]. For immunoassay 1, the reported LLN (2.5th
percentile) was 470 nmol/l (17 pg/dl) in men and women, and 690 nmol/l (25 pg/dl) for women
taking COC. For immunoassay 2, the LLNs were 441 nmol/l (16 pg/dl) for men, 414 nmol/l (15

pg/dl) for women, and 579 nmol/l (21 pg/dl) for women taking COC [17].

Statistical analysis

Data are shown as mean + standard deviation or 95% confidence interval (CI), median
(minimum-maximum), and raw numbers (percentage) as appropriate. The normal distribution of
continuous variables was assessed by the Kolmogorov-Smirnov test for one sample after a two-
step approach for transforming skewed variables if necessary [21]. Comparisons among
continuous variables were performed by repeated-measures ANOVA. Comparisons among
categorical variables were performed by Fisher’s exact or y” tests as appropriate. Pearson’s
analysis served to correlate SC at 30 and 60 min samples. Consistency and absolute agreement
among both point times of SST were determined by their intra-class correlation coefficient (ICC)
with a two-factor and random-effect model. Quantitative agreement was graphically assessed by
Bland-Altman plots. Biochemical agreement in the diagnosis of normal or subnormal adrenal
was assessed by using the kappa (k) coefficient. True positives (TP) were defined as SSTs
showing subnormal cortisol responses at both time points in patients who required adrenal
replacement therapy. True negatives (TN) were defined as SSTs showing a normal cortisol
response at both time points in patients who did not need glucocorticoid replacement during their
follow-up, did not suffer an adrenal crisis, and, when submitted to other dynamic HPA test,

showed normal responses. False positives (FP) for one of the sampling times consisted of the
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finding of a subnormal response in one of the sampling times but not in the other. We calculated
Sp and PPV [Sp = TN / (TN + FP) and PPV = TP / (TP + FP)] for each SC sampling times

during the SST. A P value < 0.05 was considered statistically significant.

Results
Main study population

Of 370 SSTs including 30 and 60 min sampling times, SC was assayed by immunoassay
1 in 227 cases and by immunoassay 2 in the remaining 143 tests. Basal and cosyntropin-
stimulated SC concentrations, ACTH levels when available, and the median duration of follow-
up in patients with either normal or insufficient responses are shown in Table 2.

SC concentrations when patients in the main study group were analyzed as a whole are
represented in Figure 1A. SC concentrations at 30 and 60 min during the SST increased when
compared to baseline values (Figure 1, panel A), and showed a very strong linear correlation
(Figure 1, panel B). Baseline SC concentrations correlated with 30 min SC measurements (r =
0.735, P=10.001), and with 60 min SC values (r = 0.660, P =0.001).

Similar results were observed when analyzing separately the 150 SSTs performed with
the aim of ruling out primary Al (correlation between baseline SC and 30 min SC: r=0.720, P =
0.001), and correlation between baseline SC and 60 min SC: r = 0.640, P = 0.001) and the 220
SSTs conducted to exclude central Al (correlation between baseline SC and 30 min SC: r =
0.723, P =0.001, and correlation between baseline SC and 60 min SC: r = 0.644 (P = 0.001).

The ICC among SC concentrations as assayed at both sampling times showed a very
good consistence index (0.940; 95%CI: 0.928 — 0.952) and a good absolute agreement (0.889,
95%CI: 0.465 — 0.957), even though the latter only qualifies as fair according to the lower limit

of the 95%CI. The Bland-Altman plot (Figure 1, panel C) showed a good agreement between
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SC assayed at 30 and 60 min, with a slight tendency towards greater percentage differences with
decreasing mean values of stimulated SC.

Figure 2 and Table 2 show SC concentrations as a function of the clinical suspicion and
whether or not the result of the SST was normal. The diagnostic agreement among both sampling
times according to classic and to sex — and assay-specific cut-off values is shown in Figure 3.
Disagreements between both sampling times were as follows. When relying on the classic SC
cut-off point (= 500 nmol/l), 39 cases (10.5%) had a subnormal response at 30 min that reached
normal values at 60 min whilst, in 3 patients (0.8%), a normal response at 30 min ended being
subnormal at 60 min. Using sex- and assay-specific values, 34 cases (9.2%) showed subnormal
responses at 30 min but normal SC concentrations at 60 min, whereas in 5 cases (1.3%), the
response was normal at 30 min but subnormal at 60 min.

The analysis of the diagnostic agreement as a function of the suspicion of primary versus
central Al is shown in Figure 4. As a rule, agreement among both sampling times of the SST
was better when primary Al was suspected compared with a suspicion of central AI. When using
classic cut-off values to rule out primary Al, 7 cases (4.7%) showed a subnormal response at 30
min that reached normal concentrations at 60 min, whereas no subject with a normal response at
30 min had a subnormal response at 60 min. Using sex- and assay-specific cut-off values, in 6
cases (4.0%) the response was subnormal at 30 min but reached normal concentrations at 60 min.
Four of them showed a subnormal SC responses to cosyntropin that were very close to the cut-
off value. In these subjects, the differences between the cut-off value and the stimulated SC
ranged from 22 to 39 nmol/l (0.8 to 1.4 pg/dl), very small concentrations that are, in fact,
included within the CV of the assays, thereby suggesting no clinical relevance. The two
remaining patients showed peak SC concentrations of 320 and 364 nmol/l (11,6 and 13,2pg/dl) at

the 30 min sampling time: one had received oral glucocorticoid replacement therapy that did not
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preclude the patient of responding to cosyntropin by showing a SC of 470 nmol/l (17 pg/dl) at
the 60 min sample, and the other subject was submitted to SST because of the presence of
bilateral adrenal hyperplasia and did not show any signs or symptoms of Al nor suffered an
adrenal crisis during follow-up. None of the SSTs showing normal responses at 30 min had a
subnormal response at 60 min.

When central Al was suspected and the classic cut-off point was applied, 32 cases
(14.5%) had a normal SC response at 60 min but a subnormal SC value at 30 min. Only 3
subjects (1.4%) presented with the opposite situation. Using sex- and assay-specific cut-off
concentrations, 28 cases (12.7%) showed a normal response at 60 min but a subnormal result at
30 min, yet in only 5 cases (2.3%) the contrary occurred. These 5 subjects had been evaluated in
the context of withdrawal of prolonged glucocorticoid therapy during the first year after a
pituitary insult (surgery and/or pituitary radiotherapy). Three of them showed a complete
recovery of their HPA axis throughout the follow-up period, whereas in the other two patients,
who had received pituitary radiotherapy, the subnormal response to cosyntropin was maintained
over time.

The Sp and PPV for different sampling times and cut-off values used here are shown in
Table 3. SC concentrations at 60 min had a higher Sp and PPV compared with 30 min
measurements, particularly when central Al was suspected. Nonetheless, the Sp of the
determination at 30 min was as high as 95% when SST had been performed to rule out primary
disease both when applying classic or sex- and assay-specific cut-off values.

We observed discordant results between classic and sex-and assay-specific cut-off
concentrations in 50 cases. In 47 of these subjects, a subnormal response using the classic cut-off
value turned into a normal response had sex- and assay-specific cut-offs been used. In 7 of them,

SST was performed to rule out primary Al and in the remaining 40 subjects the SSTs were
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conducted to rule out central Al. Glucocorticoid replacement was started in 18 cases, and no
subject presented with signs or symptoms of chronic or acute Al. In addition, from the 50
discordant SSTs, 3 were conducted in women under estrogenic therapy and presented a normal
response according to the classic cut-off value, but subnormal when considering sex- and assay-

specific cut-offs, yet none of them required glucocorticoid therapy.

Confirmative group

Thirty (20%) of these women presented with a subnormal response to SST according to
classic cut-off values, yet this figure was reduced to only 3 (2%) when sex- and assay-specific
cut-off values were used [observed agreement: 82%; k: 0.151 (95%CI: 0.066-0.235)]. The three
women showing a subnormal response during SST using a sex- and assay-specific cut-off value
showed stimulated SC concentrations of 342 nmol/l (12.4 pg/dl), 353 nmol/l (12.8 pg/dl) and
372 nmol/l (13.5 pg/dl), whereas the LLNs (2.5th percentile) of SC concentrations at 30 min
sampling time of SST were 436 nmol/l (15.8 pg/dl) and 411 nmol/l (14.9 pg/dl) for
immunoassays 1 and 2, respectively. The 5t percentiles for both immunoassays were 450 nmol/l
(16.3 pg/dl) and 414 nmol/I (15.0 pg/dl), respectively, showing minimal differences (~10%) with
the LLNs previously described (Figure 5). None of these female controls developed any HPA
disease during their follow-up.

We performed a sensitivity analysis of the results in the main study population, after
excluding women taking oral contraceptive therapy, using the LLNs derived from the women
with a normal HPA axis that composed our confirmatory group. Both sampling times showed a
similar agreement than that observed earlier when using LLNs derived from the literature
[observed agreement: 92%; k: 0.724 (95%CI: 0.632-0.816)]. In the whole group of subjects, 4

out of 286 individuals (1.4%) with a normal response at 30-min sampling time showed a
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subnormal response at 60-min. Conversely, 26 out of 77 subjects (34%) with a subnormal
response at 30-min had a normal response at 60-min. Then, we analyzed those data as a function
of the suspected reason for screening Al. Supporting our previous findings, agreement among
both SST sampling times was better when primary Al was suspected [observed agreement: 97%;
K: 0.846 (95%CI: 0.714-0.977)] compared with a suspicion of central Al [observed agreement:

89%:; «: 0.667 (95%CI: 0.548-0.785)], data being almost the same observed in Figure 4.

DISCUSSION

Al is a clinical condition associated with a high morbidity and mortality. Unstimulated
early morning SC values below 138 nmol/l (5 pg/dl) show a high PPV for AIl, whereas
concentrations over 500 nmol/l predict a normal adrenal response. However, values between 138
and 500 nmol/l are considered indeterminate and require adrenal stimulation to confirm or rule
out a diagnosis, always in consonance with the clinical picture [1-3].

Baseline SC concentrations showed stronger linear correlations with cosyntropin-
stimulated SC levels at 30 and 60 min samples of the SST, in agreement with previous reports
[22]. Our data also show that both 30 and 60 min SC measurements during a SST have an
adequate index of consistency, but the same is not true in terms of absolute agreement,
particularly when a central Al is suspected. Furthermore, a single determination at 60 min during
the SST appears to have the higher Sp and PPV for the diagnosis of subjects presenting with
either primary or central Al. In consonance, after evaluating retrospectively 73 subjects, Zueger
et al. [23] reported that sampling at 30 min of the SST did not provide any additional diagnostic
advantage over performing a single determination at 60 min of the test. Although similar results
have been also reported by others [13,14], these studies did not take into account the primary or

central origin of Al and did not apply sex- and assay specific cut-off values, a fact of paramount
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importance because of the considerable influence that cortisol immunoassays exerts on the final
values observed after cosyntropin-stimulation [17,18].

Our results also indicate that SC measurement at 30 min during the SST, when using sex-
and assay-specific cut-off values, are enough to rule out clinically relevant primary Al since only
4% of patients in this particular situation showed a subnormal response at 30 min followed by
normal response at 60 min. Furthermore, these subjects presented with stimulated SC
concentrations which were very close to the cut-off concentrations, to the extent that the
differences with these normal limits may be explained by the analytical variability of these
commercial immunoassays used here. Even more important from a clinical point of view, none
of these subjects required replacement therapy during their follow-up, suffered an acute adrenal
crisis, nor were diagnosed with any adrenal condition during follow-up, strongly suggesting that
their HPA function was actually normal at the time the SST was performed. The use of sex- and
assay-specific cut-off values appears to be essential, since other authors have suggested that
some healthy individual may have a delayed response to SST using classic reference values [24].

On the other hand, 60 min samples appear to be more specific than 30 min measurements
when central Al is suspected. In such a case, 12.7% of the subjects presenting with a subnormal
response at 30 min actually had a normal response at 60 min, avoiding unnecessary treatments in
them. Although a subnormal response 30 min after cosyntropin-stimulation in patients with
suspicion of secondary Al may not translate into the need of adrenal replacement in a non-
critical scenario, it is likely that most physicians would feel more confident with not starting
replacement therapy after obtaining a cosyntropin-stimulated SC concentration above the LLN,
favoring the use of 60 min samples over 20 min determinations for this particular reason.
Furthermore, relying mostly on 60 min SC responses to cosyntropin when suspecting a central

origin of Al is also supported by the fact that, in 2 out of the 5 patients in our series who showed
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a subnormal response at 60 min preceded by normal SC values at 30 min, Al was actually
confirmed during follow-up because of former pituitary radiotherapy.

Our present findings also reinforce the need of sex- and assay-specific cut-off values to
interpret the results of the SST, in agreement with recent clinical guidelines[3]. The use of such
cut-off values lead in our study to a reduction in FP results, higher Sp and PPV, less discordant
results among sampling times of the SST, and fewer unnecessary treatments [20 patients (5%)
could have been treated unnecessarily if classic cut-off values were applied for diagnosis]. The
reliability of sex- and assay-specific cut-off values was confirmed in our population of
premenopausal women with normal HPA axis, in whom these cut-offs were more appropriate
than relying on classic values to assess the functionality of their HPA axis. In this population, the
LLNs for stimulated SC at 30 min were very close to those reported for each immunoassay by
the manufacturers, which relied on the 2.5 percentile [17], yet reinforcing the need to establish
local normative data in order to improve the diagnostic accuracy of cortisol measurements during
SSTs [17,25].

Among the strengths of our study, we would highlight the large series of subjects
suspected of suffering Al who were evaluated with a standardized dynamic study, and the careful
review of subjects’ medical records that followed such evaluations. However, we are aware of
several weaknesses derived from the observational and retrospective design of the study, making
impossible to rule out information bias. Our best efforts might have not been enough to avoid
misclassification of patients according to the suspicion of primary or central Al Also, the
administration of supraphysiological doses of cosyntropin does not permit ruling out partial
deficiencies either, particularly in those suspected of central HPA defects. Another limitation is
that published assay-specific normative value used in our study derived from SC sampling at 30-

min [17]. Thus, the possibility exists that SC sampling at 60-min may require its own normative
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cut-off. Also, and even considering the large sample of subjects included in our study, our
present results may not be extrapolable to other populations in whom SC has been measured with
different immunoassays that would require specific local normative data. Moreover, analysis of
Sp and PPV has not been challenged against a biochemical gold-standard in most cases and, as a
consequence, we have not been able to establish false negative rates, sensitivity and negative
predictive values. Nonetheless, besides those assessments had been unethical in most cases, the
lack of a laboratory gold-standard such as an ITT did not override our results, since from a
practical point of view, we are looking for patients needing replacement therapy and not for
those with a partial Al who do not require any treatment. Another limitation was that the
confirmation group is not fully representative of our main study population since was only
comprised of premenopausal women and stimulated SC was only available at the 30 min
sampling time. Lastly, we could not rule out entirely pre-treatment with progestogens in the
context of induction of withdrawal bleeding in our confirmative population. Because these drugs
might exert a mild suppressive effect on the HPA axis [19,26], their administration in a few cases
could have, at least in theory, lowered stimulated SC values, precluding the generation of local
normative data from their results. Instead, we had to rely on published assay-specific cut-off

values for this reason.

CONCLUSIONS

To assist clinical judgement, and compared with the use of classic cut-off values derived
from the literature, application of sex- and assay-specific cut-off values of SC responses to
cosyntropin results into higher Sp and PPV for establishing a diagnosis of Al, thereby avoiding

unnecessary treatments. Measurement of stimulated SC at 30 min after cosyntropin-stimulation
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may suffice for supporting a clinical diagnosis of primary Al, yet 60 min measurements might be

preferable when central Al is suspected.

Conflict of interest: None.

Funding: This work has been supported by grant PI11400649) from Fondo de Investigacion
Sanitaria, Instituto de Salud Carlos III, Spanish Ministry of Economy and Competitiveness.
M.L.-R. has a local grant for clinical research from the Instituto Ramoén y Cajal de Investigacion
Sanitaria (IRYCIS). CIBERDEM is also an initiative of Instituto de Salud Carlos III, partially
supported by Fondo Europeo de Desarrollo Regional FEDER. There were no other sources of

funding.

Data sharing statement: Individual participant data that underlie the results reported in this
article, after deidentification, so as the study protocol would be available immediately after
publication to anyone who wishes to access the data to achieve aims in the approved proposal
and for individual participant data meta-analysis. Proposals should be directed to
andres_ortiz_f(@yahoo.com or to manuel.luque@salud.madrid.org. To gain access, data

requestors will need to sign a data access agreement.

Authorship statement: A.O.-F. y M.L.-R. designed the protocol and performed the statistical
analysis. A.O.-F. y E.S.-C. reviewed the clinical data using the electronic or written records if

necessary. A.G.-C. and L.J.-M. performed the electronic search of serum cortisol samples. A.O.-

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq paloalold 1senb Aq 20z ‘6T Udy uo /wod'(wg uadolwg//:dny woij papeojumoq 8T0Z ABIN G UO £/26T0-LT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

428

429

430

431

432

BMJ Open

F. y M.L.-R. wrote the first draft of the study. All the authors, including L.N.-C. and H.F.E.-.M,
reviewed the manuscript before its submission and contributed to intellectual content. All the
authors have accepted responsibility for the entire content of the manuscript and approved the

final submission.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 39

yBuAdoo Aq paloalold 1senb Aq 20z ‘6T Udy uo /wod'(wg uadolwg//:dny woij papeojumoq 8T0Z ABIN G UO £/26T0-LT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

Page 21 of 39

oNOYTULT D WN =

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

BMJ Open

REFERENCES

1.

Charmandari E, Nicolaides NC, Chrousos GP. Adrenal insufficiency. The Lancet.
2014;383(9935):2152-67.

Neary N, Nieman L. Adrenal Insufficiency- etiology, diagnosis and treatment. Curr Opin
Endocrinol Diabetes Obes. 2010;17(3):217-23.

Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A, Hammer GD, et al.
Diagnosis and Treatment of Primary Adrenal Insufficiency: An Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab. 2016;101(2):364-89.

Grossman AB. The Diagnosis and Management of Central Hypoadrenalism. J Clin
Endocrinol Metab. 2010;95(11):4855-63.

Agha A, Tomlinson JW, Clark PM, Holder G, Stewart PM. The Long-Term Predictive
Accuracy of the Short Synacthen (Corticotropin) Stimulation Test for Assessment of the
Hypothalamic-Pituitary-Adrenal Axis. J Clin Endocrinol Metab. 2006;91(1):43-7.

Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K, et al. Hydrocortisone
Therapy for Patients with Septic Shock. N Engl J Med. 2008;358(2):111-24.

Marik PE, Pastores SM, Annane D, ef alRecommendations for the diagnosis and
management of corticosteroid insufficiency in critically ill adult patients: consensus
statements from an international task force by the American College of Critical Care
Medicine. Crit Care Med 2008;36:1937-49.

Annane D, Sébille V, Troché G, Raphaél J-C, Gajdos P, Bellissant E. A 3-Level Prognostic
Classification in Septic Shock Based on Cortisol Levels and Cortisol Response to

Corticotropin. JAMA. 2000;283(8):1038-45.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq paloalold 1senb Aq 20z ‘6T Udy uo /wod'(wg uadolwg//:dny woij papeojumoq 8T0Z ABIN G UO £/26T0-LT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

10.

11.

12.

13.

14.

15.

16.

17.

BMJ Open

Lindholm J, Kehlet H. Re-Evaluation of the Clinical Value of the 30 Min Acth Test in
Assessing the Hypothalamic-Pituitary-Adrenocortical Function. Clin Endocrinol (Oxf).
1987;26(1):53-9.

Hurel SJ, Thompson CJ, Watson MJ, Harris MM, Baylis PH, Kendall-Taylor P. The short
Synacthen and insulin stress tests in the assessment of the hypothalamic—pituitary—adrenal
axis. Clin Endocrinol (Oxf). 1996;44(2):141-6.

Gonzalbez J, Villabona C, Ramoén J, Navarro MA, Giménez O, Ricart W, etal.
Establishment of reference values for standard dose short synacthen test (250 pg), low dose
short synacthen test (1 ug) and insulin tolerance test for assessment of the hypothalamo—
pituitary—adrenal axis in normal subjects. Clin Endocrinol (Oxf). 2000;53(2):199-204.
Longui CA, Vottero A, Harris AG, Chrousos GP. Plasma cortisol responses after
intramuscular corticotropin 1-24 in healthy men. Metab - Clin Exp. 1998;47(11):1419-22.
Mansoor S, Islam N, Siddiqui I, Jabbar A. Sixty-minute post-Synacthen serum cortisol level:
a reliable and cost-effective screening test for excluding adrenal insufficiency compared to
the conventional short Synacthen test. Singapore Med J. 2007;48(6):519-23.

Chitale A, Musonda P, McGregor AM, Dhatariya KK. Determining the utility of the 60 min
cortisol measurement in the short synacthen test. Clin Endocrinol (Oxf). 2013;79(1):14-9.

de Miguel Novoa P, Vela ET, Garcia NP, Rodriguez MM, Guerras IS, Martinez de Salinas
Santamaria Mde L, et al. Guidelines for the diagnosis and treatment of adrenal insufficiency
in the adult. Endocrinol Nutr Organo Soc Espanola Endocrinol Nutr. 2014;61 (Suppl 1):1-35.
Turpeinen U, Himéldinen E. Determination of cortisol in serum, saliva and urine. Best Pract
Res Clin Endocrinol Metab. 2013;27(6):795-801.

El-Farhan N, Pickett A, Ducroq D, Bailey C, Mitchem K, Morgan N, et al. Method-specific

serum cortisol responses to the adrenocorticotrophin test: comparison of gas

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 39

1ybuAdod Aq parosiold 1senb Ag 120z ‘6T IMdy uo /wod fwq uadoligy/:dny woly pspeojumod "8T0Z ABIN § U0 £/26T0-2T0Z-uadolwa/oeTT 0T se paysiignd 1s1y :uado (NG


http://bmjopen.bmj.com/

Page 23 of 39

oNOYTULT D WN =

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

18.

19.

20.

21.

22

23.

24.

BMJ Open

chromatography-mass spectrometry and five automated immunoassays. Clin Endocrinol
(Oxf). 2013;78(5):673-80.

Klose M, Lange M, Rasmussen AK, Skakkebak NE, Hilsted L, Haug E, etal. Factors
Influencing the Adrenocorticotropin Test: Role of Contemporary Cortisol Assays, Body
Composition, and Oral Contraceptive Agents. J Clin Endocrinol Metab. 2007;92(4):1326-33.
Kontula K, Paavonen T, Luukkainen T, Andersson LC. Binding of progestins to the
glucocorticoid receptor: Correlation to their glucocorticoid-like effects on in vitro functions
of human mononuclear leukocytes. Biochem Pharmacol. 1983;32(9):1511-8.
Escobar-Morreale HF, Sanchon R, San Millan JL. A prospective study of the prevalence of
nonclassical congenital adrenal hyperplasia among women presenting with hyperandrogenic
symptoms and signs. J Clin Endocrinol Metab. 2008;93(2):527-33.

Templeton G. A Two-Step Approach for Transforming Continuous Variables to Normal:
Implications and Recommendations for IS Research. Commun Assoc Inf Syst. 2011;28(1).
Available at: http://aisel.aisnet.org/cais/vol28/iss1/4

Dorin RI, Qiao ZG, Bouchonville M, et al.Characterization of Cortisol Secretion Rate in
Secondary Adrenal Insufficiency. J Endocr Soc 2017;1:945-56.

Zueger T, Jordi M, Laimer M, et al.Utility of 30 and 60 minute cortisol samples after high-
dose synthetic ACTH-1-24 injection in the diagnosis of adrenal insufficiency. Swiss Med
Wkly 2014;144:w13987.

Karaca Z, Lale A, Tanriverdi F, et al. The comparison of low and standard dose ACTH and
glucagon stimulation tests in the evaluation of hypothalamo-pituitary-adrenal axis in healthy

adults. Pituitary 2011;14:134-40.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq paloalold 1senb Aq 20z ‘6T Udy uo /wod'(wg uadolwg//:dny woij papeojumoq 8T0Z ABIN G UO £/26T0-LT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

501

502

503

504

505

BMJ Open

25. Clark PM, Neylon I, Raggatt PR, et al. Defining the normal cortisol response to the short
Synacthen test: implications for the investigation of hypothalamic-pituitary disorders. Clin
Endocrinol (Oxf) 1998;49:287-92.

26. Bornstein SR. Predisposing Factors for Adrenal Insufficiency. N Engl J Med.

2009;360(22):2328-39.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 39

yBuAdoo Aq paloalold 1senb Aq 20z ‘6T Udy uo /wod'(wg uadolwg//:dny woij papeojumoq 8T0Z ABIN G UO £/26T0-LT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

Page 25 of 39

oNOYTULT D WN =

BMJ Open

TABLE 1. Baseline characteristics of the main study population as a function of the clinical suspicion of primary or central adrenal

disease.
Clinical suspicion of primary Al Clinical suspicion of central AI
(n = 150) (n=220)
Assay 1 Assay 2 Assay 1 Assay 2
Sex Women Men Women Men Women Men Women Men
(n=70) (n=36) (n=28) (n=16) (n=75) (n=46) (n=164) (n=35)

Age (vears) 52 + 19 58 £ 14 55 + 18 51 £ 14 54 + 14 57 £ 13 56 + 18 54 + 13
Weight(kg) 59 £ 13 69 £ 14 59 + 9 78 £ 14 73 + 14 84 £+ 12 72 £ 13 83 + 20
BMI (kg/m’) 24 £ 5 24 + 4 23 £ 4 26 £ 5 29 £ 6 29 £ 3 28 £ 5 29 £ 6
Na (mmol/l) 138 £ 3 137 + 5 138 £ 4 138 + 4 139 £ 2 139 £ 4 140 £ 2 140 = 3
K (mmol/l) 43 + 06 45 £ 08 41 + 05 42 + 03 4 £+ 03 41 £ 04 42 + 03 42 + 04
Ca (mmol/l) 24 £ 01 23 £ 02 23 +£ 01 24 £ 01 24 £ 01 23 +£ 01 24 £ 01 24 + 0.1
Cr (umol/l) 62 80 71 80 62 71 71 71

(44-1114) (44-1158) (53-230) (62 -115) (44 —875) (53 -150) (18-97) (44 —141)
eGFR (MDRD) 88 80 77 98 90 95 81 91
(ml/min/1.73m°) (4 —137) (4—-183) (20-110) (57-125) (5 -144) (43 —-154) (48—-361) (44 -163)
ACTH (pmol/l) (1 —316) (1 -521) (1 —425) (1 —6230) (1 —328) (1 —417) (1 —443) (1 —519)
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Abbreviations, BMI, body mass index; Ca, total serum calcium; Cr, serum creatinine; eGFR, estimated glomerular filtration rate; K, serum

potassium,; Na, serum sodium. Data are presented as mean = SD or median (minimum-maximum) as appropriate.
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TABLE 2. Basal and cosyntropin-stimulated serum cortisol concentrations as a function of the
presence of a normal or abnormal result during the SST, and mean follow-up of the
patients in each subgroup. From the whole sample, ACTH measurements were available

for 342 samples.

Normal responses at Confirmed Confirmed

both times primary Al secondary Al

(n=307) (n=18) (n =45)
Basal ACTH (pmol/l) 4(1-43) 6(1-71) 3(1-11)
Basal SC (nmol/l) 386 + 166 165+ 110 138+ 83
SC at 30 min (nmol/l) 662 + 193 248 £ 110 276 + 110
SC at 60 min (nmol/l) 745 + 221 304 + 138 304+ 110
Follow-up (months) 37+ 17 43 + 18 36 15

Data are presented as mean = SD or median (minimum-maximum) as appropriate. To convert SC
to metric units, multiply nmol/l by 0.03625 (result in pg/dl). To convert ACTH to metric units,
multiply pmol/l by 4.54545 (result in pg/ml). ’ Despite not having any hypothalamic-pituitary
condition at diagnosis or throughout their follow-up, and not having received drugs that suppress
the HPA axis, seven patients with clinical suspicion of primary disease who required
replacement therapy presented with normal ACTH levels. Three of them had begun
glucocorticoid therapy at the time of SST. In another 4 cases, there is a strong suspicion of that
was the case, although the possibility of an inadequate sample processing also existed (i.e.:
sample transport at room temperature). Abbreviations, ACTH, adrenocorticotropin hormone; Al,

adrenal insufficiency, SC, serum cortisol.
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TABLE 3. Specificity and positive predictive value (PPV) of the short high-dose cosyntropin

test, for the diagnosis of adrenal insufficiency (Al), according to serum cortisol cut-off

concentrations (classic and sex- and assay-specific), and as a function of the suspected origin of

the disease.

Classic cut-off values

Sex- and assay-specific cut-off
values

Clinical suspicion

Primary Central
Al Al

Global

Clinical suspicion

Primary Central
Al Al

Global

Sampling time 30 60 30 60 30 60
(min)

Specificity (%) 8 99 95 100 79 98

PPV (%) 68 97 74 100 66 96

30 60 30 60 30 60

89 98 9 100 84 97

65 93 75 100 61 90
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Legend to figures

Figure 1. Panel A, Serum cortisol levels at different sampling times. Data are shown as mean
(95%CI) and mean differences (MD) (95%CI). Comparisons among time points were performed
by a repeated-measure ANOVA addressing main effects by a Bonferroni’s confidence interval
adjustment.*P value < 0.001. Panel B, Pearson’s correlation analysis between serum cortisol
values at 30 and 60 min sampling times. Solid red line represents the simple linear regression
and dotted black lines represent the 95%CI of the regression line. Panel C, Bland-Altman plot.
Solid black line represents the perfect agreement among both time points. Solid blue line is the
mean of the percentage difference among both sampling times, and dashed blue lines are + 2
standard deviation (SD) of that mean. Solid red line is the regression line of the percentage

differences.

Figure 2. Baseline and stimulated serum cortisol concentrations as a function of clinical
suspicion and response to cosyntropin test. Data are shown as mean and 95%CIl.4bbreviatures:

Al: Adrenal Insufficiency

Figure 3. Subgroups of patients according to serum cortisol responses to cosyntropin-stimulation
as a function of classic and sex- and assay-specific cut-offs. Figures on top of the bars indicate
the number of patients included in each subgroup. Diagnostic agreement is shown as the

percentage of observed agreements and kappa coefficients (95%CI).

Figure 4. Subgroups of patients according to serum cortisol responses to cosyntropin-stimulation

as a function of cut-off values and clinical suspicion of primary or central Al. Figures on top of
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the bars show the number of patients included in the different subgroups. Diagnostic agreement

is shown as the percentage of observed agreements and kappa coefficients (95%CI).

Figure 5. Descriptive statistics and distribution of 30 min cosyntropin-stimulated serum cortisol
concentrations in a population of premenopausal healthy women with evidence of normal HPA
axis function. The boundary of the box closest to zero indicates the 25h percentile, the solid and
long dash lines within the box marks the median and mean, respectively, and the boundary of the
farthest from zero indicates the 75 percentile. Whiskers above and below the box indicate the
90™ and 10™ percentiles. Black circles represent the 5t percentile and the dashed red line

indicates the lower limit of normality (2.5th percentile) for each immunoassay.
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