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Diagnostic Tests and Diagnostic Thresholds for referral

1. Diagnostic Tests

1.1. Review question

What initial investigations should be done by the non-specialist for people with suspected
adrenal insufficiency?

1.1.1. Introduction

Healthcare providers in a wide range of primary and secondary care settings commonly
wonder whether a patient has adrenal insufficiency. The definitive (Short Synacthen) test is
complicated and costly to perform, requires specialist interpretation, and is not generally
readily available to non-endocrine specialists. In practice, random serum cortisol levels are
commonly measured by non-specialists as an adrenal insufficiency screening test, and the
patient is referred for further testing if the level is considered abnormal. However, this
approach can result in unnecessary referrals. Cortisol secretion is pulsatile and follows a
circadian rhythm, and secretion is maximal in the early morning, with levels declining during
the evening/night. Cortisol level is also affected by many factors including stress, exogenous
steroid, and other medications such as oral oestrogen preparations. Unless these factors are
taken into consideration, random cortisol testing is rarely helpful. There are new methods of
checking adrenal function -testing salivary cortisol and cortisone.

This review seeks to determine which initial tests should be performed by non-specialists to
screen for adrenal insufficiency, and how these tests should be interpreted to determine
which patients should be referred for specialist testing and those in whom adrenal
insufficiency can be safely excluded.

1.1.2. Summary of the protocol

For full details see the review protocol in Appendix A.

Table 1: PICO characteristics of review question
People with suspected adrenal insufficiency

Note: Could be well or unwell. Could be in primary or in hospital not under
the care of endocrinology.

Exclusion: Critically ill patients
Adrenal Insufficiency

e Serum cortisol (8-9 am)
e Salivary cortisol

e Random cortisol

o Electrolytes

e Blood glucose

e Combination of tests may be included.

Exclude: Specialist test for example those that determine the type or cause
of Al such as:

e Plasma ACTH test
e Corticotropin releasing hormone stimulation test.

6
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e DHEAs
Reference standards e Short Synacthen Test (standard and low dose)
Or
¢ Insulin tolerance test (insulin hypoglycaemia test)
Or

Clinical diagnosis by a specialist (a specialist will take into account the full
clinical picture, including signs, symptoms, risk factors and test results)

Statistical measures @ Diagnostic accuracy data

e Sensitivity (prioritised) [fewer false negatives i.e. very few people
with the condition will be missed]

e Specificity
Study design e Cross-sectional (single gate) studies
e Systematic reviews of diagnostic accuracy studies

1.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in Appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4. Diagnostic evidence

1.1.4.1. Included studies.

A search was conducted for cross-sectional (single gate) studies reporting the diagnostic
accuracy of initial tests, that can be performed by non-specialists, to identify people who
have adrenal insufficiency. Diagnosis of adrenal insufficiency was confirmed by the reference
standard which could be a short Synacthen test (standard and low dose), insulin tolerance
test or clinical diagnosis by a specialist.

Eleven diagnostic studies with prospective data collection were included in the review;" 37
11.13,17.18 these are summarised in Table 2 below. A variety of index tests and thresholds
were used and evidence from these studies is summarised in the clinical evidence summary
below in Table 3 and references in References .

Evidence for the following index tests were identified; basal serum cortisol (8 studies), basal
salivary cortisol (7 studies) and basal salivary cortisone (2 studies). No relevant diagnostic
test accuracy studies of random cortisol, electrolytes or blood glucose were identified.

The reference standards used to diagnose adrenal insufficiency varied between the studies.
six studies used the low-dose or standard dose short Synacthen test (SST) and five studies
used the insulin tolerance test (ITT).

Studies took place in a range of countries from around the world including Germany (3
studies), Hong Kong (2 studies), the UK (2 studies), Singapore, Korea, India and the
Netherlands (1 study). The maijority of studies were conducted in adult populations and one
study (Agwu 1999') looked at children from 2-19 years old with suspected adrenal
insufficiency.

The assessment of the evidence quality was conducted with emphasis on test sensitivity and
specificity as this was identified by the committee as the primary measure in guiding
decision-making. The committee also agreed that sensitivity is more important than

7
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specificity, as avoiding false negatives would be the main aim in assessing for this condition.
The committee set clinical decision thresholds as sensitivity/specificity 0.9 and 0.70 above
which a test would be recommended and 0.6 and 0.5 below which a test is of no clinical use.

See also the study selection flow chart in Appendix C, sensitivity and specificity forest plots in
Appendix E and study evidence tables in Appendix D.

1.1.4.2.

Excluded studies.

See the excluded studies list in Appendix E.

1.1.5. Summary of studies included in the diagnostic evidence.

Table 2: Summary of studies included in the evidence review.

Study
Agwu 1999!

Population

32 patients who
presented with
symptoms
suggestive of
adrenal
insufficiency.

Age (years):
62.8+1.7

Ratio
male:female:
2:19

Underlying
diagnoses: 14
had been
irradiated for
brain tumours; 2
had total body
irradiation for
relapsed non-
Hodgkin's
lymphoma and
acute
lymphoblastic
leukaemia; 13
had other

endocrinopathies

; 2 had growth

failure; and 1 had
histiocytosis with

prolonged
dexamethasone
treatment.

Target
condition

Adrenal
Insufficien

cy

Adrenal insufficiency: August 2024

Index test

08:00am Serum
cortisol.
Measured via
indwelling IV
catheter before
the patient got
out of bed.

Threshold: 500
nmol/l)

Reference
standard

Low dose
Synacthen test
(LDST) was
performed at 14:00.
A bolus injection of
500 ng/1.73 m? of
ACTH was given
intravenously and
sampling took place
at 0, 10, 15, 20, 25,
30, 35, 40, and 45
minutes.

The next day, a
standard short
Synacthen test
(SSST) was
performed at 09:00:
250 pg/1.73 m2 of
Synacthen was
given as an
intravenous bolus.
The 30-minute
peak was studied.

A normal response
to the Synacthen
test was defined as
a peak serum
cortisol of

2500 nmol/Land/or
incremental
concentration of
2200 nmol/l.

Assays: Cortisol
was measured
using a direct
coated tube assay
(Euro DPC Ltd,
Llanberies,
Gwynedd, UK).

Comments
Country: UK



Study

Choi 20023

Target

Population condition Index test

72 patients with Secondar
clinically y adrenal
suspected insufficien
secondary cy
adrenocortical

insufficiency

Morning fasting
serum cortisol
concentration
(0900am)

Threshold: to
maximise
sensitivity or
specificity

Age: mean; 46
years; range (28-
74 years)

Ratio
male:female:
30:42

Underlying
diagnoses:
reasons for
suspicion of
dysfunction of the
hypothalamic-
pituitary-
adrenocortical
axis were:
nasopharyngeal
carcinoma with
radiotherapy to
the pituitary
region (n=22),
iatrogenic
Cushing’s
syndrome (n=20),
non-functioning
pituitary
macroadenoma
(n=14), empty
sella syndrome
(n=8),

Reference
standard

This assay has a
lower limit of
detection of

6 nmol/l. The within
assay coefficients
of variation were
5.7% and 2.6% at
serum
concentrations of
28 nmol/Land

552 nmol/l,
respectively. The
between assay
coefficients of
variation were 9.1%
and 6.8% at serum
concentrations of
95 nmol/Land

459 nmoll/l,
respectively.

Insulin tolerance
test. Actrapid
insulin
(NovoNordisk,
Bagsvaerd,
Denmark) 0.1 U/kg
was given
intravenously after
a baseline blood
sample was taken
for glucose and
cortisol assay.
When
hypoglycaemia
developed a blood
sample was taken
for glucose and
cortisol assay, and
50% dextrose
solution 40 mL was
given to the patient
intravenously,
followed by oral
food. Blood
sampling for
cortisol
measurement was
done at intervals of
15 minutes during
the first 60 minutes,
and thereafter at
30-minute intervals.

Threshold: peak
cortisol response of
=550 nmol/L for
adrenal sufficiency

Comments

Country:
Hong Kong



Study

Debono
20235

Population
acromegaly
(n=5), Sheehan’s
syndrome (n=1),
Cooley’s
anaemia with
secondary
haemochromatos
is (n=1), and
prolactin-
secreting pituitary
macroadenoma
(n=1).

220 patients at
high risk for
adrenal
insufficiency. All
patients referred
foran ACTH
stimulation test to
assess for a new
diagnosis of
adrenal
insufficiency or
for recovery from
a previous
diagnosis of
adrenal
insufficiency.

Age (SD):
55.1(15.8) years

Gender (male to
female ratio):
106:102

Reason for
referral: Patients
who were
dependent on
any type of
glucocorticoid,
who had been on
an oral
glucocorticoid
prednisolone-
equivalent dose
of 5 mg/d for 4
weeks, and who
were referred for
adrenal testing
only after they
had been
weaned down to
prednisolone 5
mg/d or
equivalent or
converted to
physiologic

Target
condition

Adrenal
Insufficien

cy

Index test

Morning fasting
salivary
cortisone
(performed by
participants at
home)

Thresholds: 7
nmol/Land 17
nmol/l

Morning fasting
salivary cortisol
(performed by
participants at
home)

Thresholds: 1
nmol/Land 5
nmol/l

Baseline serum
cortisol
(performed in
clinic approx. 2
hours later)

Thresholds:
152 nmol/Land
310 nmol/l

Reference
standard

Assays: Cortisol
was assayed by the
chemiluminescence
method (Bayer-
Centaur, New York,
US). The coefficient
of variation for the
assay was less
than 5%.

Reference
standard

Standard dose
ACTH stimulation
test

At the endocrine
clinic. An ACTH
stimulation test was
performed with
intravenous
injection of 250 mg
of Synacthen
(Atnahs Pharma
UK Limited),
followed by a
serum cortisol level
blood draw at 30
minutes.

Threshold: peak
cortisol level of
2430 nmol/Lfor
adrenal sufficiency

Assays: Serum
cortisol was
analysed by
immunoassay
(Elecsys Cortisol I
assay; Roche) and
interpreted
immediately at
Sheffield Teaching
Hospitals NHS
Foundation Trust.
An extra serum
cortisol sample was
stored at -80C and,
together with the
salivary sample,
was then analysed
and interpreted by
liquid
chromatography—
tandem mass
spectrometry (LC-
MS/MS) as a batch

Comments

Country: UK

Setting:
NHS
hospital for
ACTH and
home-based
salivary
cortisone
test
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De Lange
19934

Deutschbei
n 20097

Target
Population condition
doses of
hydrocortisone
25 mg/d. Patients
receiving any
intermediate- or
long-acting
intramuscular or
intra-articular
glucocorticoid
injections were
recruited at least
3 months after
their last
injection. Patients
with pituitary
disease, such as
tumours,
inflammatory
disease, or those
with a history of
cranial
radiotherapy,
were considered
eligible for
inclusion.

58 patients with Adrenal
pituitary Insufficien
adenoma or cy
hypothalamic-

pituitary disease

Age: range 17-
73 years

Ratio
male:female:
33:25

Underlying
diagnoses: 45
had pituitary
adenoma (30
before treatment;
10 after
hypophysectomy
and 5 after X-ray
therapy). 13 had
proven or
suspected HPA
disease.

Adrenal
Insufficien

cy

77 patients with
suspected or

Index test

Morning fasting
plasma cortisol
concentration
(0900-1000)
Thresholds:
160 and 260
nmol/L

Assay: Plasma
cortisol was
measured by
RIA.

Basal salivary
cortisol. Saliva
was collected by

Reference
standard

at the end of the
study in a different
laboratory in
Manchester
University NHS
Foundation Trust.

Insulin tolerance
test.

Performed after
overnight fast.
Soluble insulin 0.15
U/kg was given
intravenously.
Blood sampling for
glucose and cortisol
measurement was
taken before and at
0, 30, 45, 60 and
90 minutes after
injection.

Threshold: rise in
plasma cortisol
above 500 nmol/L
for adrenal
sufficiency

Assay: Blood
glucose was
measured by a
hexokinase
method.

Insulin tolerance
test. After
administration of

Comments

Country:
Netherlands

Country:
Germany



Study

Population

proven disease
of the HPA axis

Age mean (SD):
44.2 (1.8) years

Ratio
male:female:
41:36

Underlying
diagnoses: 65
patients had
sellar masses, of
whom 11 were
not operated; all
54 surgically
treated patients
were tested at
least 3 months
after surgery
(median
postoperative
interval: 6.3
months; range: 3
— 68 months).
The remaining 12
patients showed
an impaired
secretion of
various
hormones but did
not have any
detectable
tumours within
the HPA.

Target
condition

Index test
chewing a
specific cotton
swab (Salivette,
Sarstedt,
Germany).
Following an
overnight fast,
basal cortisol
was collected
between 0800
and 0900 h.

Threshold:

Basal salivary
cortisol - an
optimal cut-off of
7.6 nmol/l, an
upper cut-off of
17.5 nmol/l, and
a lower cut-off of
5.0 nmol/Lwere
calculated.

Basal serum
cortisol: after
catheterisation
of a superficial
cubital vein and
a recovery
period of 15 min
to avoid stress-
induced bias,
blood samples
were directly
obtained into
serum tubes
(Monovetten,
Sarstedt,
Germany).
During High
dose SST,
serum and
saliva samples
were taken at 0,
30, 60, 90, and
120 min after i.v.
application of
250 mg
synthetic ACTH
(Synacthen,
Novartis).

Threshold:
ROC analysis
revealed an
optimal cut-off of

Reference
standard

insulin, both a
serum glucose
nadir below 40
mg/dl and
symptoms of
hypoglycaemia
were required as
evidence of
sufficient stress.
Samples for blood
glucose and serum
cortisol were taken
at 0, 15, 30, 45, 60,
90, and 120 min.

Comments

Threshold: Cortisol
sufficiency was
confirmed if the
peak serum cortisol
was more than 500
nmol/L.

Assays: Serum
cortisol was
measured by a
competitive
immunoassay
(Advia Centaur,
Bayer, Germany).
The lower detection
limit of this assay
was 5.5 nmol/l, and
intra- and inter-
assay coefficients
of variation were
less than 3.8 and
5.5%, respectively.



Study

Deutschbei
n 2009a°

Population

55 patients with
suspected or

proven disease
of the HPA axis

Age mean (SD):
45.9 (2.1) years

Ratio
male:female:
26:29

Underlying
diagnoses: Eight
subjects had a
present
neoplasia (4
prolactinomas, 2
somatotropic
adenomas, 1
non-functioning
adenoma, 1
meningioma),
and 40 subjects
(24 non-
functioning
adenomas, 8
somatotropic
adenomas, 3
craniopharyngio
mas, 3

Target
condition

Adrenal
Insufficien

cy

Index test

260 nmol/l, an
upper cut-off of
382 nmol/l, and
a lower cut-off of
103
nmol/Lrespectiv
ely.

Assay: Salivary
cortisol was
determined
using a
modification of a
commercial
radioimmunoass
ay (RIA)
(GammaCoat,
DiaSorin, USA),
decreasing the
sample volume
from 200 to 100
M I. The intra-
and inter-assay
coefficients of
variation were
5.4 and 15.9 %,
respectively.

Basal salivary
cortisol. Saliva
was collected by
chewing a
specific cotton
swab (Salivette,
Sarstedt,
Germany).
Following an
overnight fast,
basal cortisol
was collected
between 0800
and 0900 h.

Threshold:

Basal salivary
cortisol - an
optimal cut-off of
7.6 nmol/l, an
upper cut-off of
17.5 nmol/l, and
a lower cut-off of
5.0 nmol/Lwere
calculated.

Basal serum
cortisol: after
catheterisation
of a superficial
cubital vein and

Reference
standard

Insulin tolerance
test. After
administration of
insulin, both a
serum glucose
nadir below 40
mg/dl and
symptoms of
hypoglycaemia
were required as
evidence of
sufficient stress.
Samples for blood
glucose and serum
cortisol were taken
at 0, 15, 30, 45, 60,
90, and 120 min.

Threshold: Cortisol
sufficiency was
confirmed if the
peak serum cortisol
was more than 500
nmol/L.

Assays: Serum
cortisol was
measured by a
competitive
immunoassay
(Advia Centaur,

Comments

Country:
Germany



Study

George
2020°

Target
Population condition
prolactinomas, 2
meningiomas)
were tested at
least 3 months
after surgical
treatment
(median interval:
4.8 months).
Seven patients
suffered from
pituitary hormone
impairment
without
detectable sellar
tumors (3
secondary
hypogonadisms,
3 congenital
hormone
insufficiencies, 1
Sheehan
syndrome).

Adrenal
Insufficien

cy

67 patients with
suspected

Index test

a recovery
period of 15 min
to avoid stress-
induced bias,
blood samples
were directly
obtained into
serum tubes
(Monovetten,
Sarstedt,
Germany).
During High
dose SST,
serum and
saliva samples
were taken at 0,
30, 60, 90, and
120 min after i.v.
application of
250 mg
synthetic ACTH
(Synacthen,
Novartis).

Threshold:

ROC analysis
revealed an
optimal cut-off of
260 nmol/l, an
upper cut-off of
382 nmol/l, and
a lower cut-off of
103
nmol/Lrespectiv
ely.

Assay: Salivary
cortisol was
determined
using a
modification of a
commercial
radioimmunoass
ay (RIA)
(GammaCoat,
DiaSorin, USA),
decreasing the
sample volume
from 200 to 100
M I. The intra-
and inter-assay
coefficients of
variation were
5.4 and 15.9 %,
respectively.

Basal salivary
cortisol.

Reference
standard

Bayer, Germany).
The lower detection
limit of this assay
was 5.5 nmol/l, and
intra- and inter-
assay coefficients
of variation were
less than 3.8 and
5.5%, respectively.

ACTH short
Synacthen test
(SST).

Comments

Country:
India



Study

Kim 2020

Population

adrenal
insufficiency

Age mean (SD):
Al present=
40.69 (18.3), Al
absent = 32.99
(15.8)

Ratio
male:female:
29:38

Reason for
referral: patients
with clinical
suspicion of Al
(anorexia,
nausea, weight
loss, unexplained
hyponatraemia,
progressive
hyperpigmentatio
n, history of
pituitary
macroadenoma
or surgery)

Target
condition

120 subjects who Adrenal

underwent the
Short Synacthen

Insufficien
cy

Index test

All tests were
initiated
between 0800
and 0900 hours.
Saliva was
collected in plain
plastic
containers (CML
Biotech, Kochi)
using passive
drooling method
until a sufficient
volume
(approximately 2
ml) was
obtained.
Salivary
samples were
collected at 0
(Basal), 60 and
120 minutes for
measurement of
salivary cortisol.

Thresholds:
14.1 nmol/L -
optimal cut-off
values for
diagnosis of Al
based on SST
with a diagnostic
cut-off value of
<500nmol/L.

3.0 nmol/L cut-
off values for
diagnosis of Al
based on SST
with a diagnostic
cut-off value of
400.1 nmol/L.

Basal salivary
cortisol.
Samples were

Reference
standard

The SST was
performed by
administering 250
ug of Synacthen
intramuscularly,
and blood sampling
was done at 0, 30
and 60 minutes.

Threshold: Cortisol
sufficiency was
confirmed if the
peak serum cortisol
was more than 500
nmol/L(18 ug/dl).

Assay: Serum and
salivary cortisol
were measured by
electrochemilumine
scence method
(ECLIA) using
Cobas e 411
analysers with
commercially
available Elecsys
Cortisol Il (second
generation,
monoclonal
antibody) kits which
have showed a
good correlation
with gas
chromatography
mass spectrometry
(GC-MS).
Untreated
centrifuged saliva
was used for the
assay. The
measuring range
was 0.054-63.4
pg/dl. Intra-assay
coefficient of
variation (CV) at
high and low
concentrations
were 2.5% and
6.1%, respectively.
The functional
sensitivity (lower
limit of
quantification) of
the assay was 3
nmol/L.

ACTH. Stimulated

serum cortisol
levels were

Comments

Country:
Korea



Study

Mak 201713

Population

test because they
were suspected
of having primary
or secondary
Adrenal
insufficiency.

Age mean
(range): Al= 58
(42-67), non Al=
58 (43-67)

Ratio
male:female:
50:70

Underlying
diagnoses: The
subjects had a
history of pituitary
disease (n=67),
adrenal disease
(n=10), or
suspected
secondary Al
with iatrogenic
Cushing
syndrome (n=43).
Of these
subjects, 31
patients
underwent
pituitary surgery
and only one
patient took a
steroid
replacement
postoperatively.

171 patients
suspected of
having Al from
the clinical
context.

Target
condition

Adrenal
Insufficien

cy

Index test
collected
between 8:00
AM and 10:00
AM and the SST
was performed
subsequently.
Saliva was
collected by
chewing an oral
cotton swab
(Salivette,
Sarstedt,
Germany) for 2
to 5 minutes and
the samples
were frozen at
—20°C until
analysis.

Threshold:
Optimal

baseline salivary
cortisol cut point
of 3.2 nmol/L

Assay: Salivary
cortisol was
analysed using
an enzyme
immunoassay
kit (EIA,
Salimetrics Inc.,
State College,
PA, USA) [24].
The intra-assay
CV was 3.2% to
6.3%, and the
inter-assay CV
was 5.7% to
6.8%. The
expected
morning ranges
of salivary
cortisol derived
using this kit
were 3.11t022.4
nmol/L and 4.1
to 20.4 nmol/L in
adult men and
women aged 51
to 70,
respectively.

Basal salivary
cortisol. A saliva
sample for
steroid
measurement

Reference
standard
measured at 30
and 60 minutes
after intravenous
administration of
250 g of synthetic
adrenocorticotropic
hormone (ACTH1-
24) (Synacthen,
Novartis, Basel,
Switzerland).
Stimulated serum
blood samples
were immediately
centrifuged at 4°C
for 15 minutes and
the resulting serum
was stored at
—20°C until use.

Threshold: The Al
group was defined
by a level of
stimulated serum
cortisol less than
496.8 nmol/L.

Assay: Serum total
cortisol was
measured using a
Packard Cobra
Gamma Counter
analyser with
commercial
radioimmunoassay
(RIA) kits (CIS Bio
International,
Saclay, France;
inter-assay
coefficient of
variation [CV],
4.7%; intra-assay
CV, 4.2%).

Post low dose short
Synacthen test
peak serum
cortisol. All subjects
underwent the low-

Comments

Country:
Hong Kong



Study

Population

Age mean (SD):

Al group= 56.9
(14.2), non Al
group= 56.6
(12.4)

Ratio
male:female:
82:89

Reasons for
investigation:
nonspecific
clinical features
(n = 55) such as
unexplained
dizziness

and fatigue,
electrolyte
disturbance (n =
18) such as
hyponatremia,
diseases or
interventions
involving the
sellar and
suprasellar
regions (n = 124),
previous
administration of
€xogenous
glucocorticoids (n
= 32), and post
adrenalectomy (n
= 4)

Target
condition

Index test

was collected by
placing the
cotton tubes
(Salivette) in the
mouth, chewing
for2to 3
minutes, and
then carefully
putting the
Salivette into a
plastic container
without touching
it with hands.
Simultaneous
saliva and
serum samples
were collected
at baseline.

Threshold: 1.7
nmol/L

Basal salivary
cortisone. As
above.

Threshold: 12.5
nmol/L

Basal serum
cortisol.
Simultaneous
saliva and
serum samples
were collected
at baseline.

Threshold: 170
nmol/L

Assay: Salivary
cortisol and
cortisone were
assayed with
LC-MS/MS
using the
Waters Xevo TQ
MS system
(Waters, Milford,
MA). The assay
CV for salivary
cortisol was
~5% to 7%
across all
ranges; that for
salivary
cortisone was

Reference
standard

dose SST (LDSST)
in the morning. A 1-
mg bolus of
Synacthen was
then injected
intravenously. At 30
and 60 minutes
after the injection, 2
more pairs of
saliva and serum
samples were
collected. The
higher value of the
tested parameters,
at either 30 or 60
minutes, was
regarded as the
“peak” value.

Threshold: The
value
corresponding to
the mean 2 SDs of
the peak serum
cortisol in this
healthy cohort (376
nmol/L) was used
as the gold
standard

Assay: Serum total
cortisol was
assayed with the
competitive
chemiluminescent
microparticle
immunoassay using
the Abbott Architect
i2000SR system
(Abbott
Laboratories,
Abbott Park, IL).
The assay
coefficient of
variation (CV) was
4.0% to 6.2% at low
levels and 3.3% to
4.3% at high levels.
Serum CBG was
measured using a
commercial human
CBG enzyme-
linked
immunosorbent
assay kit
(BioVendor—
Laboratorni
Medicina, Brno,
Czech Republic).

Comments



Study

Schmidt
20037

Population

Fifty-four patients
were evaluated
because of
suspected
disease of the
HPA axis

Age mean (SD):
46.65+25
years

Ratio
male:female:
19:22

Underlying
diagnoses:
Thirty-five had a
history of
tumours in the
pituitary area (14
nonfunctioning
adenomas,
seven
somatotropic
adenomas, four
prolactinomas,
one case of
neurosarcoidosis,
two cases of
hypophysitis, six
craniopharyngeo
mas, and one
chordoma), one
patient had
diabetes
insipidus, and in
five cases
disease was
suspected
because of
clinical
symptoms.

Target
condition

Adrenal
Insufficien

cy

Index test
~7% to 10%
across all
ranges. The
lower limit of
detection was
0.5 nmol/L for
both salivary
cortisol and
cortisone.

Basal cortisol.
Unstimulated
serum cortisol
values between
0800 and 0900h
were taken for
comparison with
the peak cortisol
response to the
dynamic test.

Threshold:
Twelve morning
cortisol values
of the total of 20
healthy
volunteers were
available. The
mean basal
cortisol value
was 439.3 =/-
24.9 nmol/liter
(326.0-600.0
nmol/liter). The
lower limit of a
normal basal
cortisol was
calculated as
267 nmol/liter
(mean 2 sd).
ROC analysis
suggested an
optimal baseline
cortisol cut point
of 285 nmol/liter.

Reference
standard

Insulin tolerance
test. Patients
underwent an ITT
between 0900 and
1030 h by injection
of 0.15 IU/kg
regular insulin
(Actrapid, Novo
Nordisk, Mainz,
Germany) to
achieve blood
glucose levels less
than 40 mg/dl and
until symptoms of
hypoglycaemia
developed. Blood
samples were
taken at 0, 15, 30,
45, 60, 90, and 120
min.

Threshold:
Patients were
defined as adrenal
insufficient or
sufficient based on
their cortisol peak
response to
hypoglycaemia of
less than 500
nmol/liter or more
than 500 nmol/liter.

Assays: Serum
cortisol levels
(nanomoles per
liter) were assayed
at each time point
by competitive
immunoassay
(ADVIA Centaur
System, Bayer,
Fernwald,
Germany). The
lower detection limit
was assessed to be
5.5 nmol/liter (0.20
g/dl). Intraassay
variations as

Comments

Country:
Germany



Study

Tan 202318

Population

42 subjects who
were planned for
adrenocorticotrop
hic hormone
(ACTH)
stimulation test
(AST) for the
evaluation of
suspected Al.

Age mean (SD):
Al group = 62.2
(14.6), non Al
group = 51.1
(16.4) years

Ratio
male:female:
26:16

Underlying
diagnoses:
Thirty-five had a
history of tumors
in the pituitary
area (14
nonfunctioning
adenomas,
seven
somatotropic
adenomas, four
prolactinomas,
one case of
neurosarcoidosis,
two cases of
hypophysitis, six
craniopharyngeo
mas, and one

Target
condition

Adrenal
Insufficien

cy

Index test

Salivary cortisol.
Conducted in
the outpatient
endocrine unit
between 08:00
and 10:00 by
specialised
nursing staff.

An intravenous
cannula was
inserted
followed by the
simultaneous
collection of
baseline plasma
and saliva
samples (0-min
sample. Saliva
specimens were
collected using
the SARSTEDT
Salivette®.
Subjects were
instructed to
place the
SARSTEDT
Salivette® into
their mouth for 2
min to obtain at
least 1.5 mL of
saliva per
specimen.

Threshold: cut
off 2.7 nmol/L

Assay: Salivary
cortisol

Reference
standard
coefficient of
variation for various
cortisol values were
3.69% (107.05
nmol/L), 3.09%
(155.33 nmol/L),
2.89% (390.95
nmol/L), 3.82%
(759.55 nmol/L),
and 2.98%
(1024.97 nmol/L).
Interassay
variations for the
above-mentioned
cortisol
concentrations
were 5.45, 3.83,
3.07, 1.86, and
3.99%.

Serum cortisol after
AST. Conducted in
the outpatient
endocrine unit
between 08:00 and
10:00am.

An intravenous
cannula was
inserted. Blood was
collected in an
EDTA tube and
analysed upon
receipt by the
laboratory. About
250 pg of ACTH
(Synacthen®,
Novartis) was then
injected
intravenously,
followed by the
simultaneous
collection of serum
and salivary cortisol
samples at 30 and
60 min.

Threshold: Al was
diagnosed if peak
serum cortisol
levels failed to
reach 500 nmol/L

Assay: Serum
cortisol was
measured using the
Beckman Coulter
UniCel DxI 800
Access

Comments

Country:
Singapore
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Target
condition

Study Population
chordoma), one
patient had
diabetes
insipidus, and in
five cases
disease was
suspected
because of
clinical
symptoms.

See Appendix D for full evidence tables.

Adrenal insufficiency: August 2024

Index test
measurement
was performed
at the Mayo
Medical
Laboratories.
Salivary cortisol
was extracted
from the
specimen using
online turbulent
flow high-
performance
liquid

chromatography
and analysed by

liquid

chromatography

tandem mass
spectrometry
(LC-MS/MS).
The detection
limit was 0.11
nmol/L. The
intra-assay
coefficient of
variation was
7.2% at 3.0
nmol/L, and the
inter-assay
coefficient of
variation was
5.8% at1.4
nmol/L.

20

Reference
standard
Immunoassay
Systems. The
detection limit was
11 nmol/L. The
assay exhibited a
total imprecision of
<12% at
approximately 138
nmol/L and <10%
for higher
concentrations of
cortisol.

Comments
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1.1.6. Summary of the diagnostic evidence

The assessment of the evidence quality was conducted with emphasis on test sensitivity and specificity as this was identified by the committee as

the primary pair of measures in guiding decision-making, with sensitivity being prioritised. The committee set clinical decision thresholds as

sensitivity/specificity =0.9/0.7 above which a test would be recommended and 0.6/0.5 below which a test is of no clinical use.
1.1.7. Analyses by index test

Table 3: Clinical evidence summary: diagnostic test accuracy for morning serum cortisol
Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl)
Morning serum cortisol (threshold <112 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 72 Very serious' Not serious Not serious Unclear? Not reported

study Very serious!  Not serious Not serious Unclear? Sensitivity 1.00 (no false
negatives)

Morning serum cortisol (threshold 152 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Serious® Sensitivity = 0.65 (0.54-0.75)

study Not serious Not serious Not serious Not serious Specificity = 0.95 (0.89-0.98

Morning serum cortisol (threshold <160 nmol/L nmol/L) to detect Al in people with suspected Al

1 cross-sectional 58 Not serious Not serious Serious?® Unclear? Sensitivity = 0.64

study Not serious Not serious Serious3 Unclear? Specificity = 0.91

Morning serum cortisol (threshold 170 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 171 Serious* Not serious Not serious Not Serious Sensitivity=0.76 (0.63-0.86)

study Serious* Not serious Not serious Not serious Specificity=0.88 (0.81-0.94)

Morning serum cortisol (threshold 260 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency

1 cross-sectional 55 Very serious® Not serious Not serious Serious® Sensitivity=0.73 (0.54-0.88)

study Very serious®  Not serious Not serious Serious’ Specificity=0.72 (0.51-0.88)

Morning serum cortisol (threshold <260 nmol/L nmol/L) to detect Al in people with suspected

1 cross-sectional 58 Not serious Not serious Serious?® Unclear? Sensitivity = 0.96

study Not serious Not serious Serious3 Unclear? Specificity = 0.64

Adrenal insufficiency: August 2024
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Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning serum cortisol (threshold 283 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness
1 cross-sectional 77 Very serious® Not serious Not serious Serious® Sensitivity=0.73 (0.57-0.86) VERY LOW
study Very serious®  Not serious Not serious Serious’ Specificity=0.69 (0.52-0.84) VERY LOW
Morning serum cortisol (threshold 285 nmol/L) to detect Al in people with suspected hypothalamic-pituitary-adrenal disease
1 cross-sectional 41 Serious* Not serious Not serious Serious? Sensitivity=1.00 (0.83-1) LOW
study Serious* Not serious Not serious Very serious® Specificity=0.62 (0.38-0.82) VERY LOW
Morning serum cortisol (threshold 310 nmol/L nmol/L) to detect Al in people with suspected Al
1 cross - sectional 208 Not serious Not serious Not serious Serious? Sensitivity=0.96 (0.89-0.99) MODERATE
study Not serious Not serious Not serious Not serious Specificity=0.41 (0.32-0.50) HIGH
Morning serum cortisol (threshold 2420 nmol/L) to detect Al in people with suspected Al
1 cross-sectional 72 Very serious'’ Not serious Not serious Unclear? Sensitivity 1.00 (no false VERY LOW
study negatives)

Very serious'’ Not serious Not serious Unclear? Not reported VERY LOW
Morning serum cortisol (threshold 500 nmol/L) to detect Al in children with suspected Al
1 cross-sectional 32 Serious* Not serious Not serious Serious? Sensitivity=1.00 (0.72-1) LOW
study Serious* Not serious Not serious Not serious Specificity=0.33 (0.15-0.57) MODERATE

T Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient
selection and inappropriate time interval between the index test and reference standard.

2 No confidence interval reported and primary data not available so unable to calculate imprecision. Downgraded by 2 increments.

3 The evidence was downgraded by 1 increment due to serious indirectness (serious intervention indirectness due to concerns over the conduction of the index test. Basal plasma
cortisol was measured on 2 consecutive days and the mean of these two cortisol measures is reported).

4 Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment due to high risk of bias arising from unclear reporting on patient
selection.

5 Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient

selection and patient flow.

6 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).

7 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘high Specificity’ (70%).

8 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘high sensitivity’ (90%).

9 Downgraded by 2 increments as the confidence interval crossed two decision thresholds (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘low specificity’ (60%) and high specificity (70%).

Adrenal insufficiency: August 2024
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Table 4: Clinical evidence summary: diagnostic test accuracy for morning salivary cortisol

Studies N Risk of bias Inconsistency Indirectness
Morning salivary cortisol (threshold 1 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Not serious
Bl Not serious Not serious Not serious Not serious
Morning salivary cortisol (threshold 1.7 nmol/L) to detect Al in people with suspected Al
1 cross-sectional 171 Serious’ Not serious Not serious Serious?
study Serious’ Not serious Not serious Not serious
Morning salivary cortisol (threshold 2.7 nmol/L) to detect Al in people with suspected Al
1 cross-sectional 42 Very Not serious Not serious Serious?
study serious?®
Very Not serious Not serious Serious*
serious?®

Morning salivary cortisol (threshold 3.0 nmol/L) to detect Al in people with suspected Al

Imprecision

Effect size (95%Cl)

Sensitivity=0.52 (0.41-0.62)
Specificity=0.97 (0.91-0.99)

Sensitivity=0.63 (0.49-0.75)
Specificity=0.96 (0.90-0.99)

Sensitivity=0.52 (0.30-0.74)

Specificity=0.86 (0.64-0.97)

Sensitivity=0.74 (0.57-0.88)
Specificity=0.84 (0.67-0.95)

Sensitivity=0.85 (0.69-0.95)

1 cross-sectional 67 Serious' Not serious Not serious Serious?
study Serious’ Not serious Not serious Serious*
Morning salivary cortisol (threshold 3.2 nmol/L) to detect Al in people with suspected primary or secondary Al
1 cross-sectional 120 Serious' Not serious Not serious Serious®
study Serious’ Not serious Not serious Serious*

Morning salivary cortisol (threshold 5.0 nmol/L) to detect Al in people with suspected Al

Specificity=0.73 (0.63-0.82)

Sensitivity=0.95 (0.88-0.98)
Specificity=0.61 (0.51-0.70)

Sensitivity=0.53 (0.34-0.72)

1 cross-sectional 208 Not serious Not serious Not serious Serious®
study Not serious  Not serious Not serious Not serious
Morning salivary cortisol (threshold 7.6 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency
1 cross-sectional 55 Very Not serious Not serious Serious?
study serious®
Very serious® Not serious Serious*

Morning salivary cortisol (threshold 14.1 nmol/L) to detect Al in people with suspected Al
1 cross-sectional 67 Serious' Not serious Not serious Serious®
study Serious'

Not serious Not serious

Adrenal insufficiency: August 2024

Not serious

Specificity=0.84 (0.64-0.95)

Sensitivity=0.94 (0.79-0.99)
Specificity=0.14 (0.05-0.30)
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Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning salivary cortisol (threshold 15.1 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness
1 cross-sectional 77 Very Not serious Not serious Serious® Sensitivity=0.85 (0.71-0.94) VERY LOW
study serious®
Very Not serious Not serious Very serious’ Specificity=0.56 (0.38-0.72) VERY LOW
serious®

! Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment due to high risk of bias arising from unclear reporting on patient
selection.

2 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).

3 Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient
selection and patient flow.

4Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘high Specificity’ (70%).
SDowngraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘high sensitivity’ (90%).

5 Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient
selection and patient flow.

” Downgraded by 2 increments as the confidence interval crossed two decision thresholds (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low specificity’ (60%) and high specificity (70%).

Table 5: Clinical evidence summary: diagnostic test accuracy for morning salivary cortisone

Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning salivary cortisone (threshold 7 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Not serious Sensitivity=0.74 (0.63-0.82) HIGH

study Not serious Not serious Not serious Not serious Specificity=0.97 (0.91-0.99) HIGH
Morning salivary cortisone (threshold 12.5 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 171 Serious' Not serious Not serious Not serious Sensitivity=0.73 (0.60-0.84) MODERATE
study Serious' Not serious Not serious Not serious Specificity=0.88 (0.81-0.94) MODERATE
Morning salivary cortisone (threshold 17 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Not serious Sensitivity=0.97 (0.91-0.99) HIGH

study Not serious  Not serious Not serious Serious? Specificity=0.56 (0.46-0.65) MODERATE

Adrenal insufficiency: August 2024
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! Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment due to high risk of bias arising from unclear reporting on patient
selection.

2Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘Low Specificity’ (60%).

1.1.8. Analyses by study (multiple index tests in single population)

Note: these data are duplicated in the analyses by index test above.

Table 6: Clinical evidence summary: diagnostic test accuracy for morning serum and salivary cortisol
Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality

Morning serum cortisol (threshold 283 nmol/L) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

1 cross-sectional 77 Very serious’ Not serious Not serious Serious? Sensitivity=0.73 (0.57-0.86) LOW
study Very serious'’ Not serious Not serious Serious? Specificity=0.69 (0.52-0.84) LOW

Morning salivary cortisol (threshold 15.1 nmol/L) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

1 cross-sectional 77 Very serious'’ Not serious Not serious Serious* Sensitivity=0.85 (0.71-0.94) VERY LOW

study Very serious'  Not serious Not serious Very Serious®  Specificity=0.56 (0.38-0.72) VERY LOW

! Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient
selection and patient flow.

2 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).

3 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘high Specificity’ (70%).

4Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘high sensitivity’ (90%).

5Downgraded by 2 increments as the confidence interval crossed two decision thresholds (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low specificity’ (60%) and high specificity (70%).

Table 7: Clinical evidence summary: diagnostic test accuracy for morning serum and salivary cortisol

Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning serum cortisol (threshold 260 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency
55 Very serious’ Not serious Not serious Serious? Sensitivity=0.73 (0.54-0.88) VERY LOW

Adrenal insufficiency: August 2024
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Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality

1 cross-sectional Very serious’ Not serious Not serious Serious? Specificity=0.72 (0.51-0.88) VERY LOW
study

Morning salivary cortisol (threshold 7.6 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency

1 cross-sectional 55 Very serious’ Not serious Not serious Serious* Sensitivity=0.53 (0.34-0.72) VERY LOW
study Very serious' Not serious Not serious Serious® Specificity=0.84 (0.64-0.95) VERY LOW

' Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient

selection and patient flow.

2Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).

3 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘high Specificity’ (70%).

4Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).

5Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘high Specificity’ (70%).

Table 8: Clinical evidence summary: diagnostic test accuracy for morning serum cortisol, morning salivary cortisol and morning
salivary cortisone

Lower thresholds

Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning serum cortisol (threshold 152 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Serious® Sensitivity = 0.65 (0.54-0.75) MODERATE
study Not serious Not serious Not serious Not serious Specificity = 0.95 (0.89-0.98) HIGH
Morning salivary cortisol (threshold 1nmol/L) to detect Al in people with suspected Al

1 cross-sectional Not serious Not serious Not serious Not serious Sensitivity=0.52 (0.41-0.62) HIGH

study 208 Not serious Not serious Not serious Not serious Specificity=0.97 (0.91-0.99) HIGH
Morning salivary cortisone (threshold 7 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Not serious Sensitivity=0.74 (0.63-0.82) HIGH

study Not serious Not serious Not serious Not serious Specificity=0.97 (0.91-0.99) HIGH

"Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).

Adrenal insufficiency: August 2024
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Higher thresholds

Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning serum cortisol (threshold 310 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Serious' Sensitivity=0.96 (0.89-0.99) MODERATE
study Not serious Not serious Not serious Not serious Specificity=0.41 (0.32-0.50) MODERATE
Morning salivary cortisol (threshold 5.0 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 208 Not serious Not serious Not serious Serious' Sensitivity=0.95 (0.88-0.98) MODERATE
study Not serious Not serious Not serious Not serious Specificity=0.61 (0.51-0.70) HIGH

Morning salivary cortisone (threshold 17 nmol/L) to detect Al in people with suspected Al
1 cross-sectional 208 Not serious Not serious Not serious Not serious Sensitivity=0.97 (0.91-0.99) HIGH
study Not serious Not serious Not serious Serious? Specificity=0.56 (0.46-0.65) MODERATE

" Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘high sensitivity’ (90%).

2Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘Low Specificity’ (60%).

Table 9: Clinical evidence summary: diagnostic test accuracy for morning serum cortisol, morning salivary cortisol and morning
salivary cortisone

Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning serum cortisol (threshold 170 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 171 Serious' Not serious Not serious Not Serious Sensitivity=0.76 (0.63-0.86) MODERATE
study Serious’ Not serious Not serious Not serious Specificity=0.88 (0.81-0.94) MODERATE
Morning salivary cortisol (threshold 1.7 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 171 Serious' Not serious Not serious Serious? Sensitivity=0.63 (0.49-0.75) VERY LOW
study Serious' Not serious Not serious Not serious Specificity=0.96 (0.90-0.99) VERY LOW
Morning salivary cortisone (threshold 12.5 nmol/L) to detect Al in people with suspected Al

1 cross-sectional 171 Serious' Not serious Not serious No serious Sensitivity=0.73 (0.60-0.84) VERY LOW
study Serious' Not serious Not serious Not serious Specificity=0.88 (0.81-0.94) VERY LOW

Adrenal insufficiency: August 2024
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! Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment due to high risk of bias arising from unclear reporting on patient

selection.
2 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).
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1.1.9. Economic evidence

1.1.9.1. Included studies.

No health economic studies were included.

1.1.9.2. Excluded studies.

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in Appendix B.

1.1.10. Economic model

This area was not prioritised for new cost-effectiveness analysis.

1.1.11. Unit costs

Relevant unit costs are provided below to aid the consideration of cost-effectiveness.

Table 10: Unit costs of tests and referral

Resource Unit costs
Primary care
Serum cortisol test (community / hospital outpatient) (a) £5.88 - £6.25
Salivary cortisol test (b) £28.17
Advice and guidance (c) £12.08 - £24.17
Secondary care
Referral to secondary care, adult / paediatric (d) £293.42 / £417.78
Short Synacthen test (e) £398.36
Insulin tolerance test (f) £469.60

Sources:

(a) Consisting of a blood test taken either in the community (ten minutes of a Band 3 health care assistant
time £4.33 [calculated based on reported wage from PSSRU 2022 and proportional Salary oncosts,
Overheads and Capital used by PSSRU for Community-based social care professionals, £26 per hour])
or in an outpatient hospital setting by a phlebotomist (£4.70 [Phlebotomy DAPS08, NHS reference costs
21/2279]). Blood test analysis: £1.55 (Clinical biochemistry DAPS04, NHS reference cost 21/22).7°

(b) Salivary sample taken at home using Salivette, cost of Salivette (£184.95 for 500 units).”?. Postage and
packaging (£3.50) and laboratory analysis approximately (£14.30). Additional posting may be required
when the local hospital needs to send to another laboratory (medical courier service £10). These
estimates are based on committee opinion and communication with Debono et al.

(c) Cost based on 5 to 10 minutes of consultant endocrinology time required (based on committee opinion).
Unit cost from PSSRU 2022.7°

(d) Weighted average (consultant led, non-consultant led and multiprofessional) cost of first endocrinology
face to face appointment. NHS reference costs 2021/2022).°

(e) Costincludes: daycase £398.36 (KAOSC Other Endocrine Disorders with CC Score 0-1, NHS reference
costs 2021/2022) this is assumed to include cost of Synacthen (Synacthen 250ug ampoule: £38, BNF,
November 2023).2

(f) Cost excluding VAT. Costed as part of NICE Medtech innovation briefing [MIB320] on ‘Macimorelin for
diagnosing growth hormone deficiency’, published March 20235
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2. Diagnostic thresholds for referral

2.1. Review question

When should people with suspected adrenal insufficiency be referred to specialists for further
investigation?

2.1.1. Introduction

Adrenal insufficiency is a diagnosis that must not be missed because it is inevitably fatal if
untreated. With simple daily, oral glucocorticoid medication patients make an excellent
recovery and are able to live close to normal lives. The clinical features of adrenal
insufficiency are frequently non-specific so clinicians must consider it, as otherwise
undiagnosed patients can be missed with disastrous consequences. There is new literature
looking at different thresholds to safely diagnose adrenal insufficiency, and also data from
newer salivary cortisol and cortisone tests.

This review looks at the investigation process for adrenal sufficiency. It assesses the
diagnostic accuracy of different screening tests and also provides information to inform the
choice of threshold for test results to inform referral to a specialist for further investigation.

2.1.2. Summary of the protocol

For full details see the review protocol in Appendix A.

Table 11: PICO characteristics of review question

Inclusion:

o People with suspected adrenal insufficiency.

e Patients who are well or unwell.

e Patients in primary care or in hospital not under the care of endocrinology.

Exclusion:
o Critically ill patients
Adrenal Insufficiency
Include:
e Serum cortisol (8-9 am)
e Salivary cortisol
e Salivary cortisone
e Combined ACTH and cortisol

Exclude: Specialist tests, including those that determine the type or cause of
Al such as:

e Plasma ACTH test
e Corticotropin releasing hormone stimulation test.

e DHEAs

e Short Synacthen Test (standard and low dose)
Or

e Insulin tolerance test (insulin hypoglycaemia test)

Or
o Clinical diagnosis by a specialist

30
Adrenal insufficiency: August 2024



FINAL
Diagnostic thresholds for referral and Diagnostic Thresholds for referral

Statistical Diagnostic accuracy data
measures e Sensitivity (prioritised)
e Specificity
Study design e Cross-sectional (single gate) studies

e Systematic reviews of diagnostic accuracy studies

e If no or insufficient diagnostic accuracy studies are identified,
prospective cohort studies may be included

2.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in Appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

2.1.4. Diagnostic evidence

2.1.4.1. Included studies

A search was conducted for cross-sectional (single gate) studies reporting the diagnostic
accuracy of initial tests, that can be performed by non-specialists, to identify people who
have adrenal insufficiency. Diagnosis of adrenal insufficiency was confirmed by the reference
standard which could be a short Synacthen test (standard and low dose), insulin tolerance
test or clinical diagnosis by a specialist.

Five diagnostic studies®’ with prospective data were included in the review. These studies
assessed the diagnostic accuracy of different index tests and provided information to inform
the choice of threshold for referral to a specialist. These studies are summarised in Table 2
below. A variety of index tests and thresholds were used and evidence from these studies is
summarised in the clinical evidence summary below in Table 3 and references in
References.

Evidence for the following index tests were identified; basal serum or plasma cortisol (5
studies), basal salivary cortisol (3 studies) and basal salivary cortisone (1 study). All
evidence was reported in adult populations with suspected adrenal insufficiency and no
studies were identified in children.

The reference standard used to diagnose adrenal insufficiency was the insulin tolerance test
in 4 studies and the ACTH stimulation test in 1 study.

Of the included studies, 2 were conducted in Germany,1 in the UK, 1 in Hong Kong, and 1 in
the Netherlands.

The assessment of the evidence quality was conducted with emphasis on test sensitivity and
specificity as this was identified by the committee as the primary measure in guiding
decision-making. The committee also agreed that sensitivity is more important than
specificity, as avoiding false negatives would be the main aim in assessing for this condition
in a non-specialist setting before any further tests were conducted. The committee set clinical
decision thresholds as sensitivity/specificity 0.9 and 0.70 above which a test would be
recommended and 0.6 and 0.5 below which a test is of no clinical use.

See also the study selection flow chart in Appendix C, and study evidence tables in Appendix
D.
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Excluded studies.

See the excluded studies list in Appendix E.
2.1.5. Summary of studies included in the diagnostic evidence.

Table 12: Summary of studies included in the evidence review.

Study Population Target condition Index test

Choi 20023 72 patients with clinically Secondary adrenal  Morning fasting serum
suspected secondary insufficiency cortisol concentration
adrenocortical insufficiency (0900am)
Age: mean; 46 years; range Threshold: to maximise
(28-74 years) sensitivity or specificity

Ratio male: female: 30:42

Underlying diagnoses:
reasons for suspicion of
dysfunction of the
hypothalamic-pituitary-
adrenocortical axis were:
nasopharyngeal carcinoma
with radiotherapy to the
pituitary region (n=22),
iatrogenic Cushing’s
syndrome (n=20), non-
functioning pituitary
macroadenoma (n=14),
empty sella syndrome (n=8),
acromegaly (n=5),
Sheehan’s syndrome (n=1),

Adrenal insufficiency: August 2024

Reference standard

Insulin tolerance test. Actrapid
insulin (NovoNordisk, Bagsvaerd,
Denmark) 0.1 U/kg was given
intravenously after a baseline
blood sample was taken for
glucose and cortisol assay. When
hypoglycaemia developed a blood
sample was taken for glucose and
cortisol assay, and 50% dextrose
solution 40 mL was given to the
patient intravenously, followed by
oral food. Blood sampling for
cortisol measurement was done at
intervals of 15 minutes during the
first 60 minutes, and thereafter at
30-minute intervals.

Threshold: peak cortisol response
of 2550 nmol/L for adrenal
sufficiency

Assays: Cortisol was assayed by
the chemiluminescence method
(Bayer-Centaur, New York, US).
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Study

Debono
20235

Population

Cooley’s anaemia with
secondary
haemochromatosis (n=1),
and prolactin-secreting
pituitary macroadenoma
(n=1).

220 patients at high risk for
adrenal insufficiency. All
patients referred for an
ACTH stimulation test to
assess for a new diagnosis
of adrenal insufficiency or for
recovery from a previous
diagnosis of adrenal
insufficiency.

Age: 55.1-15.8 years

Gender (male to female
ratio): 106:102

Reason for referral:
Patients who were
dependent on any type of
glucocorticoid, who had been
on an oral glucocorticoid
prednisolone-equivalent
dose of 5 mg/d for 4 weeks,
and who were referred for
adrenal testing only after
they had been weaned down
to prednisolone 5 mg/d or
equivalent or converted to
physiologic doses of
hydrocortisone 25 mg/d.

Target condition

Adrenal
Insufficiency

Index test

Morning fasting salivary
cortisone (performed by
participants at home)

Thresholds: 7
nmol/Land 17

nmol/L

Morning fasting salivary
cortisol (performed by
participants at home)

Thresholds: 1
nmol/Land 5 nmol/L

Baseline serum cortisol
(performed in clinic
approx. 2 hours later)

Thresholds: 152
nmol/Land 310 nmol/I

Reference standard

The coefficient of variation for the
assay was less than 5%.

Reference standard. Standard
dose ACTH stimulation test At the
endocrine clinic. An ACTH
stimulation test was performed with
intravenous injection of 250 mg of
Synacthen (Atnahs Pharma UK
Limited), followed by a serum
cortisol level blood draw at 30
minutes.

Threshold: peak cortisol level of
2430 nmol/Lfor adrenal sufficiency

Assays: Serum cortisol was
analysed by immunoassay
(Elecsys Cortisol Il assay; Roche)
and interpreted immediately at
Sheffield Teaching Hospitals NHS
Foundation Trust. An extra serum
cortisol sample was stored at -80C
and, together with the salivary
sample, was then analysed and
interpreted by liquid
chromatography—tandem mass
spectrometry (LC-MS/MS) as a
batch at the end of the study in a
different laboratory in Manchester
University NHS Foundation Trust.

Comments

Country: UK

Setting: NHS
hospital for ACTH
and home based
salivary cortisone
test
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Study

De Lange 19934

Deutschbein
20097

Population

Patients receiving any
intermediate- or long-acting
intramuscular or intra-
articular glucocorticoid
injections were recruited at
least 3 months after their last
injection. Patients with
pituitary disease, such as
tumours, inflammatory
disease, or those with a
history of cranial
radiotherapy, were
considered eligible for
inclusion.

58 patients with pituitary
adenoma or hypothalamic-
pituitary disease

Adrenal
Insufficiency

Age: range 17-73 years
Ratio male: female: 33:25

Underlying diagnoses: 45
had pituitary adenoma (30
before treatment; 10 after
hypophysectomy and 5 after
X-ray therapy). 13 had
proven or suspected HPA
disease.

Adrenal
Insufficiency

77 patients with suspected or
proven disease of the HPA
axis

Adrenal insufficiency: August 2024

Target condition

Index test

Morning fasting plasma
cortisol concentration
(0900-1000).

Thresholds: 160 and
260 nmol/L

Assay: Plasma cortisol
was measured by RIA.

Basal salivary cortisol.
Saliva was collected by
chewing a specific cotton
swab (Salivette,

Reference standard

Insulin tolerance test.

Performed after overnight fast.
Soluble insulin 0.15 U/kg was
given intravenously.

Blood sampling for glucose and
cortisol measurement was taken
before and at 0, 30, 45, 60 and 90
minutes after injection.

Threshold: rise in plasma cortisol
above 500 nmol/L for adrenal
sufficiency.

Assay: Blood glucose was
measured by a hexokinase
method.

Insulin tolerance test. After
administration of insulin, both a
serum glucose nadir below 40
mg/dl and symptoms of
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Study

Population

Age mean (SD): 44.2 (1.8)
years

Ratio male: female: 41:36

Underlying diagnoses: 65
patients had sellar masses,
of whom 11 were not
operated; all 54 surgically
treated patients were tested
at least 3 months after
surgery (median
postoperative interval: 6.3
months; range: 3 — 68
months).

The remaining 12 patients
showed an impaired
secretion of various
hormones but did not have
any detectable tumours
within the HPA.

Adrenal insufficiency: August 2024

Target condition

Index test

Sarstedt, Germany).
Following an overnight
fast, basal cortisol was
collected between 0800
and 0900 h.

Threshold:

Basal salivary cortisol -
upper cut-off of 17.5
nmol/l, and a lower cut-
off of 5.0 nmol/Lwere
calculated. The
remaining subjects were
investigated by the
standard dose SST.

Basal serum cortisol:
after catheterisation of a
superficial cubital vein
and a recovery period of
15 min to avoid stress-
induced bias, blood
samples were directly
obtained into serum
tubes (Monovetten,
Sarstedt, Germany).
During SST, serum and
saliva samples were
taken at 0, 30, 60, 90,
and 120 min after i.v.
application of 250 mg
synthetic ACTH
(Synacthen, Novartis).

Threshold:

Reference standard
hypoglycaemia were required as
evidence of sufficient stress.
Samples for blood glucose and
serum cortisol were taken at 0, 15,
30, 45, 60, 90, and 120 min.

Threshold: Cortisol sufficiency was
confirmed if the peak serum
cortisol was more than 500 nmol/L.

Assays: Serum cortisol was
measured by a competitive
immunoassay (Advia Centaur,
Bayer, Germany). The lower
detection limit of this assay was
5.5 nmol/l, and intra- and inter-
assay coefficients of variation were
less than 3.8 and 5.5%,
respectively. Salivary cortisol was
determined using a modification of
a commercial radioimmunoassay
(RIA) (GammaCoat, DiaSorin,
USA), decreasing the sample
volume from 200 to 100 p I. The
intra- and inter-assay coefficients
of variation were 5.4 and 15.9 %,
respectively.

35

Comments
Patient cohort may
overlap with
Deutschbein 2009a



FINAL

Diagnostic thresholds for referral and Diagnostic Thresholds for referral

Study

Deutschbein
2009a°

Population

55 patients with suspected or
proven disease of the HPA
axis

Age mean (SD): 45.9 (2.1)
years

Ratio male: female: 26:29

Underlying diagnoses:
Eight subjects had a present
neoplasia (4 prolactinomas,
2 somatotropic adenomas, 1
non-functioning adenoma, 1
meningioma), and 40
subjects (24 non-functioning
adenomas, 8 somatotropic
adenomas, 3
craniopharyngiomas, 3
prolactinomas, 2
meningiomas) were tested at
least 3 months after surgical
treatment (median interval:
4.8 months). Seven patients
suffered from pituitary
hormone impairment without
detectable sellar tumors (3
secondary hypogonadisms, 3
congenital hormone
insufficiencies, 1 Sheehan
syndrome).

Adrenal insufficiency: August 2024

Target condition

Adrenal
Insufficiency

Index test

upper cut-off 382 nmol/I,
and lower cut-off 103
nmol/l.

Basal salivary cortisol.
Saliva was collected by
chewing a specific cotton
swab (Salivette,
Sarstedt, Germany).
Following an overnight
fast, basal cortisol was
collected between 0800
and 0900 h.

Threshold:

Basal salivary cortisol -
upper cut-off of 17.5
nmol/l, lower cut-off of
5.0 nmol/l.

Basal serum cortisol:
after catheterisation of a
superficial cubital vein
and a recovery period of
15 min to avoid stress-
induced bias, blood
samples were directly
obtained into serum
tubes (Monovetten,
Sarstedt, Germany).
During SST, serum and
saliva samples were
taken at 0, 30, 60, 90,
and 120 min afteri.v.
application of 250 mg

Reference standard

Insulin tolerance test. After
administration of insulin, both a
serum glucose nadir below 40
mg/dl and symptoms of
hypoglycaemia were required as
evidence of sufficient stress.
Samples for blood glucose and
serum cortisol were taken at 0, 15,
30, 45, 60, 90, and 120 min.

Threshold: Cortisol sufficiency
was confirmed if the peak serum
cortisol was more than 500 nmol/L.

Assays: Serum cortisol was
measured by a competitive
immunoassay (Advia Centaur,
Bayer, Germany). The lower
detection limit of this assay was
5.5 nmol/l, and intra- and inter-
assay coefficients of variation were
less than 3.8 and 5.5%,
respectively. Salivary cortisol was
determined using a modification of
a commercial radioimmunoassay
(RIA) (GammaCoat, DiaSorin,
USA), decreasing the sample
volume from 200 to 100 p I. The
intra- and inter-assay coefficients
of variation were 5.4 and 15.9 %,
respectively.
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Study Population Target condition Index test Reference standard Comments

synthetic ACTH
(Synacthen, Novartis).

Threshold:

upper cut-off 382 nmoll/l,
and lower cut-off 103
nmol/l.

See Appendix D for full evidence tables.

2.1.6. Summary of the diagnostic evidence

The assessment of the evidence quality was conducted with emphasis on test sensitivity and specificity as this was identified by the committee as
the primary pair of measures in guiding decision-making, with sensitivity being prioritised. The committee set clinical decision thresholds as
sensitivity/specificity =0.9/0.7 above which a test would be recommended and 0.6/0.5 below which a test is of no clinical use.

2.1.7. Analyses by index test

Table 13: Clinical evidence summary: diagnostic test accuracy for morning serum cortisol
Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality

Morning serum cortisol (threshold <103 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

2 cross-sectional 132 Very Not serious Not serious Unclear? NR VERY LOW
studies serious’
Very Not serious Not serious Unclear? Specificity 295% VERY LOW
serious’
Morning serum cortisol (threshold <112 nmol/L) to detect Al in people with suspected Al
1 cross-sectional 72 Very serious?® Not serious Not serious Unclear? Not reported VERY LOW
study Very serious®  Not serious Not serious Unclear? Sensitivity 1.00 (no false VERY LOW
negatives)

Morning serum cortisol (threshold 152 nmol/L) to detect Al in people with suspected Al
208 Not serious Not serious Not serious Serious® Sensitivity = 0.65 (0.54-0.75) MODERATE

Adrenal insufficiency: August 2024
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Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
1 diagnostic Not serious Not serious Not serious Not serious Specificity = 0.95 (0.89-0.98 HIGH
study

Morning serum cortisol (threshold <160 nmol/L nmol/L) to detect Al in people with suspected Al

1 cross-sectional 58 Not serious Not serious Serious* Unclear? Sensitivity = 0.64 LOW
study Not serious Not serious Serious* Unclear? Specificity = 0.91 LOW
Morning serum cortisol (threshold <260 nmol/L nmol/L) to detect Al in people with suspected

1 cross-sectional 58 Not serious Not serious Serious* Unclear? Sensitivity = 0.96 LOW
study Not serious Not serious Serious* Unclear? Specificity = 0.64 LOW
Morning serum cortisol (threshold 310 nmol/L nmol/L) to detect Al in people with suspected Al

1 diagnostic 208 Not serious Not serious Not serious Serious® Sensitivity=0.96 (0.89-0.99) MODERATE
study Not serious Not serious Not serious Not serious Specificity=0.41 (0.32-0.50) HIGH

Morning serum cortisol (threshold <382 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

1 cross-sectional 55 Very Not serious Not serious Unclear? Sensitivity=295% VERY LOW
study serious'
Very Not serious Not serious Unclear? NR VERY LOW
serious'’
Morning serum cortisol (threshold <420 nmol/L) to detect Al in people with suspected Al
1 cross-sectional 72 Very serious? Not serious Not serious Unclear? Sensitivity 1.00 (no false VERY LOW
study negatives)
Very serious?® Not serious Not serious Unclear? Not reported VERY LOW

Morning serum cortisol (threshold <470 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

1 cross-sectional 77 Very Not serious Not serious Unclear? Sensitivity=295% VERY LOW
study serious'
Very Not serious Not serious Unclear? NR VERY LOW
serious'’

" Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient
selection and patient flow.
2 No confidence interval reported and primary data not available so unable to calculate imprecision. Downgraded by 2 increments.

Adrenal insufficiency: August 2024
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3 Risk of bias was assessed using the QUADAS-
2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient selection and inappropriate time interval between
the index test and reference standard

4 The evidence was downgraded by 1 increment due to serious indirectness (serious population indirectness due to concerns over the conduction of the index test. Basal plasma
cortisol was measured on 2 consecutive days and the mean of these two cortisol measures is reported).

5 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘low sensitivity’ (60%).

6 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘high sensitivity’ (90%)

Table 14: Clinical evidence summary: diagnostic test accuracy for morning salivary cortisol

Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning salivary cortisol (threshold 1 nmol/L) to detect Al in people with suspected A

1 208 Not serious Not serious Not serious Not serious Sensitivity=0.52 (0.41-0.62) HIGH
diagnosti Not serious  Not serious Not serious Not serious Specificity=0.97 (0.91-0.99) HIGH

c study

Morning salivary cortisol (threshold <5.0 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

2 cross-sectional 132 Very Not serious Not serious Unclear? NR VERY LOW
study serious'
Very Not serious Not serious Unclear? Specificity 295% VERY LOW
serious'’

Morning salivary cortisol (threshold 5.0 nmol/L) to detect Al in people with suspected Al
1 diagnosti 208 Not serious Not serious Not serious Serious? Sensitivity=0.95 (0.88-0.98) MODERATE
c study Not serious Not serious Not serious Not serious Specificity=0.61 (0.51-0.70) HIGH

Morning salivary cortisol (threshold <17.5 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

1 cross-sectional 55 Very Not serious Not serious Unclear? Sensitivity=295% VERY LOW
study serious'
Very Not serious Not serious Unclear? NR VERY LOW
serious'’

Morning salivary cortisol (threshold <21.1 nmol/l) to detect Al in people with suspected secondary adrenal insufficiency in patients with hypothalamic-pituitary
illness

Adrenal insufficiency: August 2024
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Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
1 cross-sectional 77 Very Not serious Not serious Unclear? Sensitivity=295% VERY LOW
study serious'’
Very Not serious Not serious Unclear? NR VERY LOW
serious’

! Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 2 increments due to very high risk of bias arising from unclear reporting on patient
selection and patient flow.

2 No confidence interval reported and primary data not available so unable to calculate imprecision. Downgraded by 2 increments.

3 Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence

interval crossed the decision threshold corresponding to ‘high sensitivity’ (90%).

Table 15: Clinical evidence summary: diagnostic test accuracy for morning salivary cortisone

Studies N Risk of bias Inconsistency Indirectness Imprecision Effect size (95%Cl) Quality
Morning salivary cortisone (threshold 7 nmol/L) to detect Al in people with suspected Al

1 diagnostic 208 Not serious Not serious Not serious Not serious Sensitivity=0.74 (0.63-0.82) HIGH

study Not serious Not serious Not serious Not serious Specificity=0.97 (0.91-0.99) HIGH
Morning salivary cortisone (threshold 17 nmol/L) to detect Al in people with suspected Al

1 diagnostic 208 Not serious Not serious Not serious Not serious Sensitivity=0.97 (0.91-0.99) HIGH

study Not serious Not serious Not serious Serious’ Specificity=0.56 (0.46-0.65) MODERATE

" Downgraded by 1 increment as the confidence interval crossed one decision threshold (thresholds set at 60% and 90% for sensitivity; 50% and 70% for specificity. Confidence
interval crossed the decision threshold corresponding to ‘Low Specificity’ (60%).

Adrenal insufficiency: August 2024
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2.1.8. Additional data not suitable for GRADE analysis

Two studies provided further information on the proportion of people with a diagnosis
matching the reference test that could not be analysed or assessed in GRADE. This included
one study that examined a 2-step diagnostic pathway, with basal serum or salivary cortisol
initially, and then a short Synacthen test from those in whom uncertainty regarding the
diagnosis remained. These results are summarised in Table 16. However, note that it is
possible these studies were based on overlapping cohorts of patients but there was
insufficient information to determine whether this was the case. A scatter plot of individual
serum cortisol peak values during ITT plotted against matched basal serum and salivary
cortisol levels is presented in Figure 9.

Table 16: Proportion of patients correctly diagnosed by index tests using upper and
lower thresholds with 295% sensitivity and specificity, respectively.
Proportion with

correct diagnosis on

Study the index test(s)
Serum cortisol

Deutschbein
2009

Index test Reference standard

Basal serum cortisol upper
cutoff of 470 nmol/l, and a
lower cutoff of 103 nmol

ITT (threshold: peak
serum cortisol <500
nmol/L)

23% (77% required
further tests)

Deutschbein

Basal serum cortisol: upper
cutoff of 382 nmol/l, and
lower cutoff of 103 nmol
followed by short Synacthen
test (90 minutes) in those
with uncertain results (upper
limit 686 nmol/Land lower
limit 455 nmol/l)

Salivary cortisol

Deutschbein Basal salivary cortisol upper
2009 cutoff of 21.1 nmol/l, and a
lower cutoff of 5.0 nmol

Basal salivary cortisol upper
cutoff of 17.5 nmol/l, and a
lower cutoff of 5.0 nmol
followed by short Synacthen
test (90 minutes) in those
with uncertain results (upper
limit 135.5 nmol/Land lower
limit 35.5 nmol/l)

2009a

Deutschbein
2009a

2.1.9. Summary of thresholds

ITT (threshold: peak
serum cortisol <500
nmol/L)

27% (73% required
further tests)

49% after additional
test

33% (67% required
further tests)

35% after first test;
45% after additional
test

The evidence in the above sections is summarised in Table 17 to highlight the thresholds
reported for maximum sensitivity and specificity.

Table 17: Thresholds reported for maximum sensitivity and specificity.

N Reference Threshold for Threshold for
Population standard maximum sensitivity maximum specificity
Index test: morning serum cortisol
HPAllness and 77 ITT 470 nmol/l 103 nmol/l
suspected Al
Suspected Al 72 ITT 420 nmol/l 112 nmol/l
41
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N Reference Threshold for Threshold for

Population standard maximum sensitivity maximum specificity

HPA illnessand 55 ITT 382 nmol/l 103 nmol/l

suspected Al

Suspected Al 58 ITT 260 nmol/l 160 nmol/l

Suspected Al 208 ACTH 310 nmol/l 152 nmol/Il

Index test: morning salivary cortisol

HPA illnessand 77 ITT 21.1 nmol/l 5.0 nmol/l

suspected Al

HPAillness and 55 ITT 17.5 nmol/l 5.0 nmol/l

suspected Al

Suspected Al 208 ACTH 5 nmol/l 1.0 nmol/l

Index test: morning salivary cortisone

Suspected Al 208 ACTH 17 nmol/l 7 nmol/I
2.1.10. Economic evidence

2.1.10.1. Included studies.

No health economic studies were included.

2.1.10.2. Excluded studies.

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in Appendix B.

2.1.11. Economic model

This area was not prioritised for new cost-effectiveness analysis.

2.1.12. Unit costs

Relevant unit costs are provided above to aid consideration of cost effectiveness. See Table
10.

2.1.12.1. Economic
¢ No relevant economic evaluations were identified.
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3. The committee’s discussion and
interpretation of the evidence

The committee discussion of the review on diagnostic thresholds for referral 2.4 is included
here in the discussion of the review on initial investigations by non-specialists 2.3.

3.1.1. The outcomes that matter most

Diagnostic accuracy

The committee considered the diagnostic measures of sensitivity and specificity of the index
tests; serum cortisol, salivary cortisol and salivary cortisone for detecting adrenal
insufficiency. Clinical decision thresholds were set by the committee as
sensitivity/specificity=0.9 and 0.7 above which a test would be recommended and 0.6 and
0.5 below which a test is of no clinical use.

The committee were interested in establishing whether any of the index tests had greater
diagnostic accuracy than others in detecting adrenal insufficiency. Therefore, sensitivity was
considered the most important measure, as adrenal insufficiency is a potentially critical
condition and so the consequences of missing a diagnosis could have serious implications.

3.1.2. The quality of the evidence

Eleven cross-sectional studies or (single gate) diagnostic accuracy studies with prospective
data were included in this review.

» Evidence for the following index tests were identified:
o basal serum cortisol (8 studies)
o basal salivary cortisol (7 studies)
o basal salivary cortisone (2 studies)

Ten of these studies were in adults and one study, looking at basal serum cortisol, was
conducted in children. All studies provided sensitivity and specificity data for the index tests
at various cut points. Four studies reported accuracy data for two or three of the index tests
which allowed direct comparison, and these were presented separately to the committee to
aid their decision-making.

Diagnostic accuracy analyses were carried out at specific cut-off points for each index test in
order to diagnose adrenal insufficiency compared to a relevant reference standard. The
reference standards used varied between the studies. Six studies used the low-dose or
standard-dose short Synacthen test, and five studies used the insulin tolerance test. Results
were presented as sensitivity and specificity data along with a 2x2 table where this was
possible to calculate.

The evidence available was limited and only eleven studies with small sample sizes of <100
participants were identified. Due to the heterogeneity between the studies, in terms of the
different reference standards, including populations and assays employed, meta-analysis of
the data was not possible, consequently, all outcomes are based on single studies.

The quality of the evidence ranged from very low to high quality but was most commonly low
quality. Evidence was generally downgraded due to the risk of bias and imprecision around
the effect estimate. Risk of bias, as determined by the QUADAS-2, was often rated high or
very high due to concerns with patient selection, the timing between the index test and
reference standard or concerns arising from patient flow due to no details on any missing
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data. A number of outcomes were also downgraded due to imprecision. This arose from the
confidence interval crossing one or two decision thresholds (thresholds set at 60% and 90%
for sensitivity; 50% and 70% for specificity), or due to the study not reporting a confidence
interval or sufficient primary data, meaning calculation of imprecision was not possible. In
outcomes where the confidence intervals were not reported, it was downgraded twice for
imprecision, as this was deemed the most suitable way to capture the uncertainty and poor
reporting. One outcome was downgraded for indirectness which was due to the index test
being carried out on two consecutive days and taking the mean result of both tests. The
committee agreed this would not happen in clinical practice, so the outcome was included
but downgraded.

No relevant diagnostic test accuracy studies of random cortisol, electrolytes or blood glucose
were identified.

3.1.3. Benefits and harms

The evidence base for index tests (that can be performed by non-specialists) to diagnose
adrenal insufficiency was limited. Consequently, the committee decided to use their expertise
to inform the recommendations and supplement the available evidence. The sensitivities and
specificities of the index tests varied widely within and between studies, depending on the
different cut-offs and reference standards used.

Serum cortisol

Evidence for 8-9 am serum cortisol came from 8 studies and sensitivity and specificity data
was available for 14 outcomes looking at different thresholds. Thresholds ranged from 112
nmol/Lto 500 nmol/l. Some studies reported lower cut-offs to optimise the specificity or higher
cut-offs to maximise sensitivity, while some studies reported optimal thresholds based on
area under the curve analyses.

No paired sensitivity and specificity data reached the decision thresholds
(sensitivity/specificity=0.9/0.7) for being a clinically useful diagnostic test. However, the
committee agreed that as this test would be used as an initial first-line test rather than a
stand-alone diagnostic test, then reaching these values was not strictly necessary and
avoiding false negative results would be the priority. The committee considered two
outcomes with cut-offs of 260 nmol/Land 285nmol/Lthat reported the best-paired values for
diagnostic accuracy and reached the decision threshold for sensitivity but just fell short of the
threshold for specificity, however, these were based on very small studies of low quality so
they did not take these into account in their decision making.

Salivary cortisol

Evidence for morning salivary cortisol came from 7 studies and sensitivity and specificity data
was available for 11 outcomes looking at different thresholds. Thresholds ranged from 1
nmol/Lto 21 nmol/Lwith some studies reporting cut-offs to optimise sensitivity or specificity,
although the maijority reported optimal thresholds. The committee highlighted the large range
in reported cut-offs across the outcomes and agreed this was due to differences in the
assays employed, with more up-to-date assays enabling lower cut points to be used.

No paired sensitivity and specificity data reached the thresholds for being a clinically useful
diagnostic test, however, a recent UK-based study (De Bono 2023%) reported a cut-off of 5.0
nmol/Lwith good, paired values for diagnostic accuracy and reached the threshold for
sensitivity but fell just below for specificity.

The committee noted that the studies examining salivary cortisol were more up-to-date than
those for serum cortisol and used newer assays with greater accuracy. They agreed that the
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use of salivary cortisol instead of serum as a first line test is an emerging field and further
research is required.

Salivary cortisone

Evidence for salivary cortisone was very limited and only came from 2 studies reporting 3
different cut offs (7 nmol/l, 12.5 nmol/Land 17nmol/l). While these outcomes reported paired
diagnostic accuracy values similar to those reported for salivary and serum cortisol, the
committee acknowledged that the evidence base was very limited and again further research
iS necessary.

First line testing

The committee considered the diagnostic accuracy data presented from the 3 index tests
and concluded that the evidence base for serum cortisol and salivary were fairly similar with
sensitivity and specificity data varying largely between the studies, and dependent on the
cut-offs and assays used.

Due to the limited and low-quality evidence, the committee used their consensus opinion and
clinical experience to help form recommendations. They agreed that serum cortisol should be
used as a first line test for people suspected of having adrenal insufficiency. This could be
performed in primary care or in hospital by non-specialists and should be based on signs or
symptoms or associated risk factors of adrenal insufficiency which are identified in review F.

The committee agreed to make a strong ‘offer’ recommendation and to advise clinicians to
use 9am serum cortisol tests over the other index tests, as they are already widely used in
current practice, readily available, relatively inexpensive and would ultimately lead to cost
savings if referrals for unnecessary short Synacthen tests can be avoided. The committee
also identified specific cut points of when to refer to a specialist for further testing which are
identified in review D and discussed below.

The committee specified that people taking oral oestrogen should stop taking it, 6 weeks
prior to having their serum cortisol measured. They explained that oral oestrogen increases
the circulating cortisol-binding globin levels which results in an increased total cortisol
concentration. This leads to falsely elevated cortisol levels and inaccurate test readings. The
committee suggested that if oral oestrogen is being used for hormone replacement therapy
then it could be switched to a transdermal preparation which has less effect on the circulating
cortisol-binding globin levels. Alternatively, if oestrogen is being used for contraceptive
purposes, then other methods of contraception should be considered to avoid unplanned
pregnancies.

The committee highlighted that an 8-9 am serum cortisol test must be carried out within this
time window in order to measure peak levels. They explained that random cortisol tests
carried out later in the day (i.e., 10 am) would not be of any clinical use as levels may be too
low and could lead to unnecessary referrals. The committee agreed that random cortisol
tests should not be carried out in primary care due to the reasons specified above.

The committee also wished to highlight that shift workers may have variation in diurnal
rhythm and this should be taken into consideration when interpreting the results.

Despite not identifying any evidence for the measurement of electrolytes, the committee
agreed that everyone who is being tested for serum cortisol should also have their electrolyte
levels checked. They reasoned that these tests are quick and easy to perform alongside
serum cortisol tests and would provide additional information to help diagnose adrenal
insufficiency or indicate when a more urgent referral for emergency care is required (i.e., if
the reading is below 125 mmol/l).
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The committee discussed the use of salivary cortisol and cortisone as alternative first-line
tests and acknowledged the growing evidence base in the field. They noted the benefits of
patients being able to carry out these tests by themselves at home and avoiding the
necessity for blood tests. They also noted that these tests are being performed with newer
assays with improved diagnostic accuracy. However, the committee concluded that as these
tests are not routinely used in the UK there are not enough facilities available for them to be
used effectively in a non-specialist setting. The committee explained that currently there are
only two testing centres in the UK with machines that enable the analysis of mass
spectrometry assays. Therefore, tests would need to be sent away to these centres and
results may take up to five weeks to process, which is not practical or clinically appropriate in
the maijority of scenarios. The committee therefore agreed that a research recommendation,
looking at the diagnostic accuracy, cut-offs for referral and cost effectiveness of salivary
cortisol and cortisone tests for detecting adrenal insufficiency would be useful in order to
establish efficacy and encourage implementation in the UK. See Appendix J.

Thresholds for test results

The committee considered the cut-offs reported in the evidence in order to determine when
to refer for further second-line testing. Cut-offs reported in the evidence for serum cortisol
ranged from 112 nmol/Lto 500 nmol/l. While two cut points of 260 nmol/Land 285
nmol/Lproduced the highest paired sensitivity and specificity values, there was no clear trend
throughout the evidence to support any particular cut-offs for 9 am serum cortisol tests.

The committee discussed the difficulties in setting cut-off points, as these vary greatly
depending on the assay used and only have clinical use if specific to a particular assay.
However, the committee agreed that it would be useful for non-specialists to have some
guidance on at what point to refer onwards (providing it is highlighted that the cut-offs are
only for use with modern immunoassay assays and that local guidelines may need to be
followed if alternative assays are used).

When interpreting 8am to 9am cortisol results it is important to take into account clinical
context- patients with a symptoms of adrenal insufficiency together with hyponatremia may
warrant discussion with endocrinology especially if cortisol is between 150-200nmol/L. They
may have developed acute adrenal insufficiency related to other treatments such as check
point inhibitors.

The committee decided to set a cut off for onward referral at <150 nmol/Lor for repeat testing
if the value is between 150 — 300 nmol/l. This was partly based on the evidence which
suggested high sensitivity (>95%) at 265 and 280 nmol/Land on consensus opinion. The
committee also highlighted that the commonly used Elecsys Cortisol Il assay suggests a cut-
off of 300 nmol/l.

The committee discussed the option of setting high cut-offs to maximise sensitivity and
ensure no one with the condition is missed. However, they deliberated that high cut-offs
would increase the risk of false positive results and lead to increased numbers of referrals
and unnecessary tests. Therefore, the committee agreed on the cut-off of 150 nmol/l, and
anyone with a reading below this figure should be referred to a specialist for a nurse led short
Synacthen test. They agreed that a referral to a consultant would not routinely be necessary.

The committee also defined a range of values from 150 to 300 nmol/Lin which the results of
the 9 am serum cortisol may not be an adequate indicator of adrenal insufficiency on its own.
They explained that when these readings are combined with further evidence in the form of
clinical presentation or with results from electrolyte readings, they may be more indicative of
adrenal insufficiency. The committee deliberated over the upper threshold of this ‘grey zone’,
weighing up the risk of false negative results against the impact of offering more people
additional testing. They therefore decided that people should be retested if the number was
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between 150 and 300 nmol/l/ and if the reading remains in this ‘grey zone’ they should then
be referred to endocrinology if serum cortisol remains at that level.

The committee considered setting a lower threshold, below which immediate treatment
should be provided. They agreed that if the cortisol level is below 150 nmol/L then immediate
management of adrenal insufficiency should be initiated (as outlined in section 1.3 of the
guideline document) and if the person is acutely unwell emergency management (as outlined
in section 1.7 of the guideline document) should be initiated. A referral to endocrinology
should also be made. For people with readings above the upper threshold of 300 nmol/I,
adrenal insufficiency is very unlikely, and an alternative diagnosis should be considered if
their symptoms persist.

The committee concluded that 8-9 am serum cortisol testing should be used as a first-line
diagnostic test to screen for people 1 year and over who present with signs and symptoms
indicative of adrenal insufficiency. Due to the variation in diurnal rhythm, for babies under 1
year, serum cortisol levels can be measured at any time of day but paediatric or paediatric
endocrinology advice for interpretation of results should be sought. As these tests are only a
first screen for adrenal insufficiency the committee decided to set the threshold for further
investigation or repeat testing fairly high at <300nmol/Lin order to avoid any false negative
results and missed diagnoses. Correct utilisation of these tests should hopefully reduce the
need to perform more costly and time-consuming short Synacthen tests in people presenting
with symptoms of adrenal insufficiency.

The committee agreed that these thresholds could be used for children and adults with
suspected adrenal insufficiency including those withdrawing from glucocorticoids (i.e.
population in evidence review C).

3.1.4. Cost-effectiveness and resource use

No health economic studies were identified for this review. Unit costs were presented and
discussed with the committee to aid the committee’s consideration of cost-effectiveness.

Serum cortisol tests were estimated to be £6 per test. The costs include the cost of a blood
test taken either in the community at a General Practitioner’s surgery by a healthcare
assistant (ten minutes of a Band 3 health care assistant time £4.33) or in an outpatient
hospital setting by a phlebotomist (£4.70) and the cost of laboratory analysis (£1.55 for
clinical biochemistry). The committee recommended 9am serum cortisol tests over the other
index tests as they are readily available, relatively inexpensive and would ultimately lead to
cost savings if referrals for unnecessary short Synacthen tests can be avoided.

The committee specified that an 8-9 am serum cortisol test must be carried out within this
time window to measure peak levels. They explained that tests carried out later out in the
day (i.e., 10am) would not be of any clinical use as levels may be too low and could lead to
unnecessary referrals. This is also true of random cortisol testing which is occurring in
current practice. The committee also noted that secondary care will often ask for 9 am
cortisol to be done before accepting a referral. The ‘do not do random cortisol testing’
recommendation may result in cost savings as this will avoid unnecessary duplication of tests
or inappropriate referrals.

Providing serum cortisol testing as a first test is considered current practice, although the 8-9
am timing is not well adhered to. The recommendations made are unlikely to result in a
significant increase in serum cortisol tests but are likely to reduce unnecessary secondary
care referrals and testing, which in turn could result in resource savings.

The committee decided to set a cut-off for onward referral at <200 nmol/Lor for repeat testing
if the value is between 201 — 300 nmol/l. This was partly based on the evidence which
suggested high sensitivity (>95%) at 265 and 280 nmol/Land on consensus opinion. The
committee deliberated that higher cut-offs would increase the risk of false positive results and
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lead to increased cost to the NHS associated with unnecessary referrals and short
Synacthen testing. In terms of retesting, this may be a change in current practice, however,
the committee considered that repeating a serum cortisol test was less costly than
unnecessary referrals based on a single test with numbers between 201 and 300 nmol/l,
which may be happening in current practice.

Salivary cortisol testing includes the cost of the ‘Salivette’ to collect the saliva and then the
laboratory and postage costs. The former was estimated to be £0.37 per unit, the latter
£27.80. The committee noted that salivary cortisol testing is not widely used and there are
only two testing centres in the UK with machines that enable the analysis of mass
spectrometry assays. It was noted that there could be significant set-up costs if it were to be
recommended due to the current lack of infrastructure available for analysing these samples
nationally. The committee noted that reliance on the available laboratories may result in
delays in results of up to 5 weeks which would be impractical and possibly clinically
inappropriate. Given the health economic uncertainty and the lack of use in current practice,
the committee agreed that a research recommendation looking at the diagnostic accuracy
and cuts-offs for referral (including cost-effectiveness) for salivary cortisol tests would be
useful.

The unit cost of referral to secondary endocrinology care was also presented, this was £293
for adults and £418 for paediatrics (a weighted average of consultant-led, non-consultant led
and multi-professional cost of first endocrinology face-to-face appointment). In addition, the
unit cost of endocrinology ‘advice and guidance’ was estimated to be between £12 and £24
depending on the duration (5 to 10 minutes). The unit cost of a short Synacthen test was
presented as a day case cost (£398). The cost of Synacthen would be included in the day
case cost as it is not listed as a high-cost drug. This is a broad HRG unit cost which will
cover many interventions and so may not provide an exact estimate of the cost of this test. In
addition, the committee noted that the unit cost of Synacthen in hospitals currently is higher
than that listed in the drug tariff / BNF (£45 versus £38). Insulin tolerance tests are likely to
be bundled in the same day case cost as a short Synacthen test, but the committee noted it
is likely to be more expensive as it is a more resource-intensive test. The cost of an insulin
tolerance test was calculated as part of the NICE Medtech innovation briefing [MIB320] on
‘Macimorelin for diagnosing growth hormone deficiency’ at £470.

3.1.5. Recommendations supported by this evidence review.

This evidence review supports recommendations1.2.5 — 1.2.13 and the recommendation for
research on the clinical and cost-effectiveness of salivary cortisone or cortisol to identify
people with adrenal insufficiency.
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Appendices

Appendix A Review protocols

A.1 Review protocol for [add key area, for example, unplanned hospital admission]

ID

Field

Content
1. | Review title Initial investigations by non-specialists
2. | Review question 2.3 What initial investigations should be done by the non-specialist for people with suspected adrenal insufficiency?
3. | Objective To determine which initial tests, that can be done by non-specialists, are most accurate in identifying people who may
have adrenal insufficiency.
4. | Searches

The following databases (from inception) will be searched:
e Cochrane Database of Systematic Reviews (CDSR)
e Embase

e MEDLINE
e Epistemonikos

Searches will be restricted by:
e English language studies
e Human studies

The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for inclusion if
relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods chapter for full
details).
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5. Condition or domain
being studied

Adrenal Insufficiency

6. | Population

Inclusion:

People with suspected adrenal insufficiency

Note: Could be well or unwell. Could be in primary or in hospital not under the care of endocrinology.
Exclusion:

Critically ill patients

7. Test

e Serum cortisol (8-9 am)
e Salivary cortisol
e Random cortisol
e Electrolytes
e Blood glucose
e Combination of tests may be included.
Exclude:
Specialist test for example those that determine the type or cause of Al such as:
e plasma ACTH test
e Corticotropin releasing hormone stimulation test.
e DHEAs
Note for reviewers:

The short Synacthen test, also known as the cosyntropin, tetracosactide or ACTH stimulation test, is a ‘dynamic’ test
where a fragment of ACTH (1-24) is given to the patient (IV or IM) and the serum cortisol is measured after 30 or 60
minutes. So, this maximally stimulates the adrenal glands, and you measure how much cortisol is produced. It's a way to
get rid of the normal pulsatile ultradian rhythm and get a standard measure of adrenal function.

The standard dose of Synacthen/cosyntropin/tetracosactide is 250mcg, but there is some literature on ‘low-dose’
Synacthen tests, using 1mcg.

Adrenal insufficiency: August 2024
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A plasma ACTH test is a direct measurement of the circulating ACTH level normally reading out in pmol/L or pg/dL,
whereas the Synacthen test readout is cortisol measured in nmol/L or ng/dL.

8. | Reference standard Short Synacthen Test (standard and low dose)
Or
Insulin tolerance test (insulin hypoglycaemia test)
Or
Clinical diagnosis by a specialist (a specialist will take into account the full clinical picture, including signs, symptoms, risk
factors and test results)

9. _Types of study to be ¢ Cross-sectional (single gate) studies

included

e Systematic reviews of diagnostic accuracy studies
e If no or insufficient diagnostic accuracy studies are identified, prospective cohort studies may be included

10. | Other exclusion criteria Non comparative cohort studies
Before and after studies
Case control studies
Retrospective cohort studies will only be included if no cross-sectional or prospective cohort studies are identified.
Non-English language studies.
Conference abstracts will be excluded because they are unlikely to contain enough information to assess whether the
population matches the review question in terms of previous medication use, or enough detail on outcome definitions, or
on the methodology to assess the risk of bias of the study.

11. | Context

12. | Primary outcomes Diagnostic accuracy data

(critical outcomes) e Sensitivity (prioritised) [fewer false negatives i.e., very few people with the condition will be missed]
e Specificity

The GC has prioritised sensitivity and specificity as the most important outcomes for their interpretation of the evidence.
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The following thresholds will be used for imprecision for DTA measures and for deciding on the usefulness of the tests in
detecting adrenal insufficiency:

Sensitivity
e Upper0.9
e Lower0.6
Specificity
e Upper0.7
e Lower0.5

Likelihood ratios or other measures such as C statistic or area under ROC curve will only be reported if they are the only
measures available, sensitivity and specificity are not reported and cannot be calculated from raw data. Should this be
the case, cut-offs for summarising the performance of diagnostic tests or prediction models will be agreed with the
guideline committee before the analysis of the evidence is conducted and the protocol will be updated accordingly.

13.

Data extraction (selection
and coding)

EndNote will be used for reference management, sifting, citations and bibliographies.
All references identified by the searches and from other sources will be uploaded into EPPI reviewer and de-duplicated.

10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by discussion or, if necessary, a
third independent reviewer.

The full text of potentially eligible studies will be retrieved and will be assessed in line with the criteria outlined above.

A standardised form will be used to extract data from studies (see _Developing NICE guidelines: the manual_section 6.4).
10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:

e papers were included /excluded appropriately.

¢ a sample of the data extractions.

¢ correct methods are used to synthesise data.

¢ a sample of the risk of bias assessments.

Disagreements between the review authors over the risk of bias in particular studies will be resolved by discussion, with
involvement of a third review author where necessary.
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Study investigators may be contacted for missing data where time and resources allow.

14. | Risk of bias (quality)
assessment

Risk of bias will be assessed using the appropriate checklist as described in Developing NICE guidelines: the manual.
These may include:

e Systematic reviews: Risk of Bias in Systematic Reviews (ROBIS)

¢ Nonrandomised study, including cohort studies: Cochrane ROBINS-I

e Cross sectional study: JBI checklist for cross sectional study

e Check list for diagnostic test accuracy studies: QUADAS-2

15. | Strategy for data
synthesis

Diagnostic meta-analysis using Cochrane Review Manager (RevMan5) will be conducted where appropriate.

Heterogeneity between the studies in effect measures will be assessed using the |? statistic and visually inspected. An I?
value greater than 50% will be considered indicative of substantial heterogeneity. Sensitivity analyses will be conducted
based on pre-specified subgroups using stratified meta-analysis to explore the heterogeneity in effect estimates. If this
does not explain the heterogeneity, the results will be presented pooled using random effects.

Where meta-analysis is not possible, data will be presented, and quality assessed individually per outcome.

GRADEpro will be used to assess the quality of evidence for each outcome, taking into account individual study quality
and the meta-analysis results. The 4 main quality elements (risk of bias, indirectness, inconsistency, and imprecision) will
be appraised for each outcome. Publication bias will be considered with the guideline committee, and if suspected will be
tested for when there are more than 5 studies for that outcome.

The risk of bias across all available evidence was evaluated for each outcome using an adaptation of the ‘Grading of
Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the international GRADE
working group http://www.gradeworkinggroup.org/

16. | Analysis of sub-groups

Subgroups that will be investigated if heterogeneity is present:

None identified

17. | Type and method of
review

O Intervention

Diagnostic

Adrenal insufficiency: August 2024

55



http://www.gradeworkinggroup.org/

FINAL
Diagnostic Tests and Diagnostic Thresholds for referral

date

O Prognostic
O Qualitative
O Epidemiologic
O Service Delivery
O Other (please specify)
18. | Language English
19. | Country England
20. | Anticipated or actual start

5a. Named contact
Guideline Development Team NGC

5b Named contact e-mail.

21. | Anticipated completion
date
22. | Stage of review at time of | pejie stage Started Completed
this submission
Preliminary searches v 2
Piloting of the study selection process ra v
Formal screening of search results against eligibility criteria v 2
Data extraction v 2
Risk of bias (quality) assessment ra v
Data analysis v 2
23. | Named contact
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Hypoadrenalism@nice.org.uk
5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE)

24.

Review team members

From NICE:

Sharon Swain [Guideline lead]

Saoussen Ftouh [Senior systematic reviewer]
Alexandra Bannon [Health economist]

Stephen Deed [Information specialist]

25.

Funding sources/sponsor

Development of this systematic review is being funded by NICE.

26.

Conflicts of interest

All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence review
team and expert witnesses) must declare any potential conflicts of interest in line with NICE's code of practice for
declaring and dealing with conflicts of interest. Any relevant interests, or changes to interests, will also be declared
publicly at the start of each guideline committee meeting. Before each meeting, any potential conflicts of interest will be
considered by the guideline committee Chair and a senior member of the development team. Any decisions to exclude a
person from all or part of a meeting will be documented. Any changes to a member's declaration of interests will be
recorded in the minutes of the meeting. Declarations of interests will be published with the final guideline.

27.

Collaborators

Development of this systematic review will be overseen by an advisory committee who will use the review to inform the
development of evidence-based recommendations in line with section 3 of Developing NICE guidelines: the manual
Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/quidance/indevelopment/gid-ng10237

28.

Other registration details

29.

Reference/URL for
published protocol

30.

Dissemination plans

NICE may use a range of different methods to raise awareness of the guideline. These include standard approaches
such as:

¢ notifying registered stakeholders of publication
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e publicising the guideline through NICE's newsletter and alerts

issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social media
channels, and publicising the guideline within NICE.

31. | Keywords

32. | Details of existing review
of same topic by same

authors
33. | Current review status O Ongoing
Completed but not published
O Completed and published
O Completed, published and being
updated
O Discontinued

34. | Additional information

35. | Details of final

publication www.nice.org.uk

A.2 Review protocol for initial investigations by non-specialists — thresholds for referral

ID | Field Content

1. | Review title When to refer for specialist investigation

2. | Review question 2.4 When should people with suspected adrenal insufficiency be referred to specialists for further investigation?

3. | Objective To determine when a person with suspected Al should be referred to a specialist based on specific cut-offs for cortisol

tests.
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4. Searches

The following databases (from inception) will be searched:
e Cochrane Database of Systematic Reviews (CDSR)
e Embase

e MEDLINE
¢ Epistemonikos

Searches will be restricted by:
¢ English language studies
e Human studies

The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for inclusion if
relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods chapter for full
details).

5. Condition or domain
being studied

Adrenal Insufficiency

6. | Population

Inclusion:
People suspected of having adrenal insufficiency.
Exclusion:

None identified

7. Test

Diagnostic accuracy based on cut-off:
e Cortisol Tests —8- 9 am
e Salivary cortisol
e Salivary cortisone

e Short Synacthen test
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e ACTH and cortisol

Note assay specific cut-offs and which assays being used — exclude if they don’t’ state the assay.

(critical outcomes)

8. | Reference standard Short Synacthen Test (standard and low dose)
Or
Insulin tolerance test (insulin hypoglycaemia test)
Or
Clinical diagnosis by a specialist (a specialist will take into account the full clinical picture, including signs, symptoms, risk
factors and test results)
9. Iﬁfge%f study to be e Cross sectional (single gate) diagnostic studies
e Systematic reviews of diagnostic accuracy studies
e If no or insufficient diagnostic accuracy studies are identified, prospective cohort studies may be included
10. | Other exclusion criteria Non comparative cohort studies
Before and after studies
Case control studies
Retrospective cohort studies will only be included if no cross-sectional or prospective cohort studies are identified.
Non-English language studies.
Conference abstracts will be excluded because they are unlikely to contain enough information to assess whether the
population matches the review question in terms of previous medication use, or enough detail on outcome definitions, or
on the methodology to assess the risk of bias of the study.
11. | Context
12. | Primary outcomes Diagnostic accuracy data

e Sensitivity (prioritised) [fewer false negatives i.e. very few people with the condition will be missed]
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e  Specificity
The GC has prioritised sensitivity and specificity as the most important outcomes for their interpretation of the evidence.

The following thresholds will be used for imprecision for DTA measures and for deciding on the usefulness of the tests in
detecting adrenal insufficiency:

Sensitivity
e Upper0.9
e Lower0.6
Specificity
e Upper0.7
e Lower0.5

Likelihood ratios or other measures such as C statistic or area under ROC curve will only be reported if they are the only
measures available, sensitivity and specificity are not reported and cannot be calculated from raw data. Should this be
the case, cut-offs for summarising the performance of diagnostic tests or prediction models will be agreed with the
guideline committee before the analysis of the evidence is conducted and the protocol will be updated accordingly.

13. | Data extraction (selection
and coding)

EndNote will be used for reference management, sifting, citations and bibliographies.
All references identified by the searches and from other sources will be uploaded into EPPI reviewer and de-duplicated.

10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by discussion or, if necessary, a
third independent reviewer.

The full text of potentially eligible studies will be retrieved and will be assessed in line with the criteria outlined above.

A standardised form will be used to extract data from studies (see Developing NICE guidelines: the manual section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:
e papers were included /excluded appropriately.

e a sample of the data extractions

¢ correct methods are used to synthesise data.

e a sample of the risk of bias assessments
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Disagreements between the review authors over the risk of bias in particular studies will be resolved by discussion, with
involvement of a third review author where necessary.
Study investigators may be contacted for missing data where time and resources allow.

14. aR;Sslc(a::wE:t(qua”ty) Risk of bias will be assessed using the appropriate checklist as described in Developing NICE guidelines: the manual.
These may include:
e Systematic reviews: Risk of Bias in Systematic Reviews (ROBIS)
¢ Nonrandomised study, including cohort studies: Cochrane ROBINS-I
e Cross sectional study: JBI checklist for cross sectional study
e Check list for diagnostic test accuracy studies: QUADAS-2

15. | Strategy for data

synthegs)i/s Diagnostic meta-analysis using Cochrane Review Manager (RevMan5) will be conducted where appropriate.

Heterogeneity between the studies in effect measures will be assessed using the 1? statistic and visually inspected. An I?
value greater than 50% will be considered indicative of substantial heterogeneity. Sensitivity analyses will be conducted
based on pre-specified subgroups using stratified meta-analysis to explore the heterogeneity in effect estimates. If this
does not explain the heterogeneity, the results will be presented pooled using random effects.
Where meta-analysis is not possible, data will be presented, and quality assessed individually per outcome.
GRADEDpro will be used to assess the quality of evidence for each outcome, taking into account individual study quality
and the meta-analysis results. The 4 main quality elements (risk of bias, indirectness, inconsistency, and imprecision) will
be appraised for each outcome. Publication bias will be considered with the guideline committee, and if suspected will be
tested for when there are more than 5 studies for that outcome.
The risk of bias across all available evidence was evaluated for each outcome using an adaptation of the ‘Grading of
Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the international GRADE
working group http://www.gradeworkinggroup.org/

16. | Analysis of sub-groups Subgroups that will be investigated if heterogeneity is present:
None identified

17. [ Intervention
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Type and method of

5a. Named contact

Guideline Development Team NGC

! Diagnostic
review
O Prognostic
O Qualitative
O Epidemiologic
O Service Delivery
O Other (please specify)
18. | Language English
19. | Country England
20. | Anticipated or actual start
date
21. | Anticipated completion
date
22. | Stage of review at time of | pejie stage Started Completed
this submission
Preliminary searches v 2
Piloting of the study selection process v v
Formal screening of search results against eligibility criteria v 2
Data extraction v 2
Risk of bias (quality) assessment v v
Data analysis v 2
23. | Named contact
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5b Named contact e-mail
Hypoadrenalism@nice.org.uk
5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE)

24.

Review team members

Sharon Swain [Guideline lead]

Saoussen Ftouh [Senior systematic reviewer]
[Systematic reviewer]

Alexandra Bonnon [Health economist]

Stephen Deed [Information specialist]

25.

Funding sources/sponsor

Development of this systematic review is being funded by NICE.

26.

Conflicts of interest

All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence review
team and expert witnesses) must declare any potential conflicts of interest in line with NICE's code of practice for
declaring and dealing with conflicts of interest. Any relevant interests, or changes to interests, will also be declared
publicly at the start of each guideline committee meeting. Before each meeting, any potential conflicts of interest will be
considered by the guideline committee Chair and a senior member of the development team. Any decisions to exclude a
person from all or part of a meeting will be documented. Any changes to a member's declaration of interests will be
recorded in the minutes of the meeting. Declarations of interests will be published with the final guideline.

27.

Collaborators

Development of this systematic review will be overseen by an advisory committee who will use the review to inform the
development of evidence-based recommendations in line with section 3 of Developing NICE guidelines: the manual
Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/quidance/indevelopment/gid-ng10237

28.

Other registration details

29.

Reference/URL for
published protocol

30.

Dissemination plans

NICE may use a range of different methods to raise awareness of the guideline. These include standard approaches
such as:

Adrenal insufficiency: August 2024

64



mailto:Hypoadrenalism
https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.nice.org.uk/guidance/indevelopment/gid-ng10237

FINAL
Diagnostic Tests and Diagnostic Thresholds for referral

¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts
e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social media
channels, and publicising the guideline within NICE.
31. | Keywords R
32. | Details of existing review | _
of same topic by same
authors
33. | Current review status 0 Ongoing
Completed but not published
O Completed and published
O Completed, published and being
updated
O Discontinued
34. | Additional information
35. Detqils Qf final www.nice.org.uk
publication
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A.3 Health economic review protocol

Table 18: Health economic review protocol

Review
question

Objectives

Search
criteria

Search
strategy

Review
strategy

All questions — health economic evidence

To identify health economic studies relevant to any of the review questions.

¢ Populations, interventions, and comparators must be as specified in the clinical
review protocol above.

o Studies must be of a relevant health economic study design (cost—utility analysis,
cost-effectiveness analysis, cost—benefit analysis, cost—-consequences analysis,
comparative cost analysis).

o Studies must not be a letter, editorial or commentary, or a review of health
economic evaluations. (Recent reviews will be ordered although not reviewed. The
bibliographies will be checked for relevant studies, which will then be ordered.)

e Unpublished reports will not be considered unless submitted as part of a call for
evidence.

e Studies must be in English.

A health economic study search will be undertaken using population-specific terms
and a health economic study filter — see appendix B below.

Studies not meeting any of the search criteria above will be excluded. Studies
published before 2007, abstract-only studies and studies from non-OECD countries
or the USA will also be excluded.

Each remaining study will be assessed for applicability and methodological limitations
using the NICE economic evaluation checklist which can be found in appendix H of
Developing NICE guidelines: the manual (2014).14

Inclusion and exclusion criteria

o If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’, then it will
be included in the guideline. A health economic evidence table will be completed,
and it will be included in the health economic evidence profile.

o If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’, then it
will usually be excluded from the guideline. If it is excluded, then a health economic
evidence table will not be completed, and it will not be included in the health
economic evidence profile.

o If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both then there is discretion over whether it should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question, in discussion with the guideline
committee if required. The ultimate aim is to include health economic studies that are
helpful for decision-making in the context of the guideline and the current NHS
setting. If several studies are considered of sufficiently high applicability and
methodological quality that they could all be included, then the health economist, in
discussion with the committee if required, may decide to include only the most
applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with
explanation in the excluded health economic studies appendix below.

The health economist will be guided by the following hierarchies.
Setting:
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o UK NHS (most applicable).

e OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).

e OECD countries with predominantly private health insurance systems (for example,
Switzerland).

¢ Studies set in non-OECD countries or in the USA will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:

o Cost-utility analysis (most applicable).

o Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness
analysis, cost—consequences analysis).

e Comparative cost analysis.

o Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.

Year of analysis:
o The more recent the study, the more applicable it will be.

o Studies published in 2007 or later but that depend on unit costs and resource data
entirely or predominantly from before 2007 will be rated as ‘Not applicable’.

o Studies published before 2007 be excluded before being assessed for applicability
and methodological limitations.

Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review the
more useful the analysis will be for decision-making in the guideline.
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Appendix B Literature search strategies

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual.™

For more information, please see the Methodology review published as part of the
accompanying documents for this guideline.

B.1 Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies as these concepts may not be indexed or described in the
title or abstract and are therefore difficult to retrieve. Search filters were applied to the search
where appropriate.

Table 19: Database parameters, filters and limits applied.

Database Dates searched Search filter used

Medline (OVID) 1946 — 26 September 2023 Systematic review studies
Observational studies
Diagnostic studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language
Embase (OVID) 1974 — 26 September 2023 Systematic review studies

Observational studies

Diagnostic studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language

The Cochrane Library (Wiley) Cochrane Database of Exclusions (clinical trials,
Systematic Reviews to Issue 9  conference abstracts)
of 12, 26 September 2023

Epistemonikos Inception to 26 September Systematic review
(The Epistemonikos 2023
Foundation) Exclusions (Cochrane reviews)

Medline (Ovid) search terms

1. exp Adrenal Insufficiency/

2. Adrenal Hyperplasia, Congenital/

3. (addison* disease or addisonian*).ti,ab,kf.

4. ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or
suppress* or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal* or
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problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption*)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop* or adreno corticotrop* or ACTH or
corticotropi* releas* or corticotrophi* releas™ or corticoliberin or CRH) adj3 (insufficien*
or inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish*
or lack* or less or lessen* or low or lower* or limited)).ti,ab,kf.

6. (hypoadrenal® or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.

7. ((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.

8. ((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.

9. (Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease).ti,ab,kf.

10. ((Aligrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.

11. (CAH or X-ALD).ti,ab.

12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab kf.

13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.

14. or/1-13

15. letter/

16. editorial/

17. news/

18. exp historical article/

19. Anecdotes as Topic/

20. comment/

21. case reports/

22. (letter or comment™).ti.

23. or/15-22

24. randomized controlled trial/ or random®.ti,ab.

25. 23 not 24

26. animals/ not humans/

27. exp Animals, Laboratory/

28. exp Animal Experimentation/

29. exp Models, Animal/

30. exp Rodentia/

31. (rat or rats or mouse or mice or rodent*).ti.

32. or/25-31

33. 14 not 32

34. limit 33 to English language

35. Hydrocortisone/

36. ((cortisol or cortisone) adj3 (assay* or test* or level* or measure* or serum or blood or
plasma or saliva® or random or 8am or "8 am" or "8 a.m" or 9am or "9 am" or "9 a.m" or
"8-9 am" or "8-9 a.m" or morning or awaken*)).ti,ab,kf.

37. Electrolytes/

38. electrolyte*.ti,ab,kf.

39. Blood Glucose/

40. ((blood or serum or plasma) adj3 (sugar or glucose)).ti,ab,kf.

41. (insulin adj4 test*).ti,ab, kf.

42. (Synacthen or tetracosactide).ti,ab,kf.

43. exp Adrenocorticotropic Hormone/
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44. ((adrenocorticotrop* or "adreno corticotrop*" or corticotrop* or ACTH or cosyntrop*)
adj3 (assay* or test* or level* or measure* or stimulation)).ti,ab,kf.

45, Dehydroepiandrosterone Sulfate/

46. ((DHEA* or "dehydroepiandrosterone sulfate" or "dehydroepiandrosterone sulphate" or
"prasterone sulfate" or "prasterone sulphate") adj3 (assay* or test* or level* or
measure*)).ti,ab,kf.

47. or/35-46

48. 34 and 47

49. exp "sensitivity and specificity"/

50. (sensitivity or specificity).ti,ab.

51. ((pre test or pretest or post test) adj probability).ti,ab.

52. (predictive value* or PPV or NPV).ti,ab.

53. likelihood ratio*.ti,ab.

54. likelihood function/

55. ((area under adj4 curve) or AUC).ti,ab.

56. (receive* operat* characteristic* or receive* operat* curve* or ROC curve®*).ti,ab.

57. gold standard.ab.

58. exp Diagnostic errors/

59. (false positiv* or false negativ*).ti,ab.

60. Diagnosis, Differential/

61. (diagnos* adj3 (performance* or accurac* or utilit* or value* or efficien* or effectiveness
or precision or validat* or validity or differential or error*)).ti,ab.

62. or/49-61

63. Epidemiologic studies/

64. Observational study/

65. exp Cohort studies/

66. (cohort adj (study or studies or analys* or data)).ti,ab.

67. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

68. ((longitudinal or retrospective or prospective) and (study or studies or review or analys*
or cohort* or data)).ti,ab.

69. Controlled Before-After Studies/

70. Historically Controlled Study/

71. Interrupted Time Series Analysis/

72. (before adj2 after adj2 (study or studies or data)).ti,ab.

73. exp case control study/

74. case control*.ti,ab.

75. Cross-sectional studies/

76. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

77. or/63-76

78. Meta-Analysis/

79. Meta-Analysis as Topic/

80. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

81. ((systematic* or evidence*) adj3 (review™ or overview™)).ti,ab.

82. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

83. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

84. (search* adj4 literature).ab.
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85. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

86. cochrane.jw.

87. ((multiple treatment™ or indirect or mixed) adj2 comparison®).ti,ab.

88. or/78-87

89. 48 and (62 or 77 or 88)

Embase (Ovid) search terms

1. exp Adrenal cortex insufficiency/

2 Congenital adrenal hyperplasia/

3. (addison* disease or addisonian*).ti,ab,kf.

4 ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or

suppress™ or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal* or
problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption*)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop® or adreno corticotrop* or ACTH or
corticotropi* releas™ or corticotrophi* releas™ or corticoliberin or CRH) adj3 (insufficien*
or inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish*
or lack* or less or lessen* or low or lower* or limited)).ti,ab,kf.

6. (hypoadrenal* or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.

7. ((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.

8. ((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.

9. (Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease).ti,ab,kf.

10. ((Aligrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.

11. (CAH or X-ALD).ti,ab.

12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab,kf.

13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.

14. or/1-13

15. letter.pt. or letter/

16. note.pt.

17. editorial.pt.

18. case report/ or case study/

19. (letter or comment*).1i.

20. (conference abstract® or conference review or conference paper or conference
proceeding).db,pt,su.

21. or/15-20

22. randomized controlled trial/ or random®.ti,ab.

23. 21 not 22

24. animal/ not human/

25. nonhuman/

26. exp Animal Experiment/

27. exp Experimental Animal/

28. animal model/

29. exp Rodent/

30. (rat or rats or mouse or mice or rodent*).ti.

31. or/23-30

71

Adrenal insufficiency: August 2024



FINAL

Diagnostic Tests and Diagnostic Thresholds for referral

32. 14 not 31

33. limit 32 to English language

34. hydrocortisone/

35. ((cortisol or cortisone) adj3 (assay* or test* or level* or measure* or serum or blood or
plasma or saliva* or random or 8am or "8 am" or "8 a.m" or 9am or "9 am" or "9 a.m" or
"8-9 am" or "8-9 a.m" or morning or awaken*)).ti,ab,kf.

36. electrolyte/

37. electrolyte*.ti,ab,kf.

38. glucose blood level/

39. ((blood or serum or plasma) adj3 (sugar or glucose)).ti,ab,kf.

40. (insulin adj4 test*).ti,ab kf.

41. tetracosactide/

42. (Synacthen or tetracosactide).ti,ab,kf.

43. corticotropin/

44. ((adrenocorticotrop* or "adreno corticotrop*" or corticotrop* or ACTH or cosyntrop*)
adj3 (assay* or test* or level* or measure* or stimulation)).ti,ab,kf.

45. prasterone sulfate/

46. ((DHEA* or "dehydroepiandrosterone sulfate" or "dehydroepiandrosterone sulphate" or
"prasterone sulfate" or "prasterone sulphate") adj3 (assay* or test* or level* or
measure*)).ti,ab,kf.

47. or/34-46

48. 33 and 47

49. exp "sensitivity and specificity"/

50. (sensitivity or specificity).ti,ab.

51. ((pre test or pretest or post test) adj probability).ti,ab.

52. (predictive value* or PPV or NPV).ti,ab.

53. likelihood ratio*.ti,ab.

54. ((area under adj4 curve) or AUC).ti,ab.

55. (receive™® operat* characteristic* or receive* operat* curve* or ROC curve®).ti,ab.

56. diagnostic accuracy/

57. diagnostic test accuracy study/

58. gold standard.ab.

59. exp diagnostic error/

60. (false positiv* or false negativ*).ti,ab.

61. differential diagnosis/

62. (diagnos™ adj3 (performance* or accurac*® or utilit* or value* or efficien* or effectiveness
or precision or validat* or validity or differential or error*)).ti,ab.

63. or/49-62

64. Clinical study/

65. Observational study/

66. Family study/

67. Longitudinal study/

68. Retrospective study/

69. Prospective study/

70. Cohort analysis/

71. Follow-up/

72. cohort®.ti,ab.

73. 71and 72

72

Adrenal insufficiency: August 2024




FINAL

Diagnostic Tests and Diagnostic Thresholds for referral

74. (cohort adj (study or studies or analys* or data)).ti,ab.

75. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

76. ((longitudinal or retrospective or prospective) and (study or studies or review or analys®
or cohort* or data)).ti,ab.

77. (before adj2 after adj2 (study or studies or data)).ti,ab.

78. exp case control study/

79. case control*.ti,ab.

80. cross-sectional study/

81. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

82. or/64-70,73-81

83. Systematic Review/

84. Meta-Analysis/

85. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

86. ((systematic* or evidence*) adj3 (review™ or overview™)).ti,ab.

87. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

88. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

89. (search* adj4 literature).ab.

90. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

91. cochrane.jw.

92. ((multiple treatment* or indirect or mixed) adj2 comparison®).ti,ab.

93. or/83-92

94. 48 and (63 or 82 or 93)

Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Adrenal Insufficiency] explode all trees

#2. MeSH descriptor: [Adrenal Hyperplasia, Congenital] this term only

#3. ((addison* NEXT disease) or addisonian*):ti,ab,kw

#4. ((adrenal* or adrenocort* or adreno-cort*) near/3 (insufficien* or inadequa* or deficien*
or suppress* or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal*
or problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption®)):ti,ab,kw

#5. ((cortisol or aldosterone or adrenocorticotrop* or adreno-corticotrop* or ACTH or
(corticotropi* NEXT releas*) or (corticotrophi* NEXT releas*) or corticoliberin or CRH)
near/3 (insufficien* or inadequa* or deficien* or suppress* or reduc* or decreas™ or
descend* or diminish* or lack* or less or lessen* or low or lower* or limited)):ti,ab,kw

#6. (hypoadrenal® or hypo-adrenal® or hypoadrenocorticism or "hypo adrenocorticism" or
adrenoleukodystrophy or "adreno leukodystrophy" or adrenomyeloneuropathy or
"adreno myeloneuropathy" or hypoaldosteronism or "hypo aldosteronism"):ti,ab,kw

#7. ((adrenogenital or "adreno genital") near/1 (syndrome or disorder*)):ti,ab,kw

#8. ((haemorrhag® or hemorrhag* or bleed*) near/3 adrenal*):ti,ab,kw

#9. ((Bronze NEXT Schilder*) or "Melanodermic Leukodystrophy" or (Schilder NEXT
Addison*) or (Siemerling NEXT Creutzfeldt*)):ti,ab,kw

#10. ((Aligrove or 3A or TripleA or AAA) near/1 syndrome):ti,ab,kw

#11. (CAH or "X-ALD"):ti,ab

#12. ((Waterhouse NEXT Friderichsen*) or "antiphospholipid syndrome"):ti,ab,kw

#13. "Autoimmune polyendocrinopathy candidiasis ectodermal dystrophy":ti,ab,kw
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#14. (or #1-#13)

#15. MeSH descriptor: [Hydrocortisone] this term only

#16. ((cortisol or cortisone) near/3 (assay* or test* or level* or measure* or serum or blood
or plasma or saliva* or random or 8am or "8 am" or "8 a.m" or 9am or "9 am" or "9 a.m"
or "8-9 am" or "8-9 a.m" or morning or awaken*)):ti,ab,kw

#17. MeSH descriptor: [Electrolytes] this term only

#18. electrolyte™:ti,ab,kw

#19. MeSH descriptor: [Blood Glucose] this term only

#20. ((blood or serum or plasma) near/3 (sugar or glucose)):ti,ab,kw

#21. (insulin near/4 test*):ti,ab,kw

#22. (Synacthen or tetracosactide):ti,ab,kw

#23. MeSH descriptor: [Adrenocorticotropic Hormone] explode all trees

#24. ((adrenocorticotrop* or adreno-corticotrop* or corticotrop* or ACTH or cosyntrop*)
near/3 (assay” or test* or level* or measure* or stimulation)):ti,ab,kw

#25. MeSH descriptor: [Dehydroepiandrosterone Sulfate] this term only

#26. ((DHEA* or "dehydroepiandrosterone sulfate" or "dehydroepiandrosterone sulphate" or
"prasterone sulfate" or "prasterone sulphate") near/3 (assay* or test* or level* or
measure*)):ti,ab,kw

#27. (or #15-#26)

#28. #14 and #27

#29. conference:pt or (clinicaltrials or trialsearch):so

#30. #28 not #29

Epistemonikos search terms

1.

(title:("adrenal insufficiency" OR "adrenal inadequacy" OR "adrenal deficiency” OR
"adrenal suppression" OR "adrenal hypofunction" OR "adrenal disorder" OR "adrenal
underactivity" OR "adrenal dysfunction" OR "adrenal crisis" OR "adrenal crises" OR
"adrenal hypoplasia" OR "adrenal congenital hyperplasia" OR "addison disease" OR
"addisons disease" OR "addison's disease" OR addisonian* OR hypoadrenal* OR
"hypo adrenalism" OR hypoadrenocorticism OR "hypo adrenocorticism" OR
adrenoleukodystrophy OR "adreno leukodystrophy" OR adrenomyeloneuropathy OR
"adreno myeloneuropathy" OR hypoaldosteronism OR "hypo aldosteronism") OR
abstract:("adrenal insufficiency" OR "adrenal inadequacy" OR "adrenal deficiency" OR
"adrenal suppression" OR "adrenal hypofunction" OR "adrenal disorder" OR "adrenal
underactivity" OR "adrenal dysfunction" OR "adrenal crisis" OR "adrenal crises" OR
"adrenal hypoplasia" OR "adrenal congenital hyperplasia" OR "addison disease" OR
"addisons disease" OR "addison's disease" OR addisonian* OR hypoadrenal* OR
"hypo adrenalism" OR hypoadrenocorticism OR "hypo adrenocorticism" OR
adrenoleukodystrophy OR "adreno leukodystrophy" OR adrenomyeloneuropathy OR
"adreno myeloneuropathy" OR hypoaldosteronism OR "hypo aldosteronism™)) AND
(title:("cortisol test" OR "serum cortisol" OR "salivary cortisol" OR "salivary cortisone"
OR "random cortisol" OR "8am cortisol" OR "8 am cortisol" OR "8 a.m cortisol" OR
"9am cortisol" OR "9 am cortisol" OR "9 a.m cortisol" OR "8-9 am cortisol" OR "8-9 a.m
cortisol" OR "morning cortisol" OR "awakening cortisol" OR electrolyte* OR "blood
sugar" OR "blood glucose" OR "insulin tolerance test" OR "insulin-induced
hypoglycemia test" OR Synacthen OR tetracosactide OR "adrenocorticotropic hormone
test" OR "adrenocorticotropic hormone stimulation" OR "ACTH test" OR "ACTH
stimulation" OR "cosyntropin test" OR "cosyntropin stimulation" OR DHEA* OR
"dehydroepiandrosterone sulfate" OR "dehydroepiandrosterone sulphate" OR
"prasterone sulfate" OR "prasterone sulphate") OR abstract:("cortisol test" OR "serum
cortisol" OR "salivary cortisol" OR "salivary cortisone" OR "random cortisol" OR "8am
cortisol" OR "8 am cortisol" OR "8 a.m cortisol" OR "9am cortisol" OR "9 am cortisol"
OR "9 a.m cortisol" OR "8-9 am cortisol" OR "8-9 a.m cortisol" OR "morning cortisol"
OR "awakening cortisol" OR electrolyte* OR "blood sugar" OR "blood glucose" OR
"insulin tolerance test" OR "insulin-induced hypoglycemia test" OR Synacthen OR

tetracosactide OR "adrenocorticotropic hormone test" OR "adrenocorticotropic
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hormone stimulation" OR "ACTH test" OR "ACTH stimulation" OR "cosyntropin test"
OR "cosyntropin stimulation” OR DHEA* OR "dehydroepiandrosterone sulfate" OR
"dehydroepiandrosterone sulphate" OR "prasterone sulfate" OR "prasterone
sulphate"))

- Health Economics literature search strategy

Health economic evidence was identified by conducting searches using terms for a broad
Adrenal Insufficiency population. The following databases were searched: NHS Economic
Evaluation Database (NHS EED - this ceased to be updated after 31st March 2015), Health
Technology Assessment database (HTA - this ceased to be updated from 31st March 2018)
and The International Network of Agencies for Health Technology Assessment (INAHTA).
Searches for recent evidence were run on Medline and Embase from 2014 onwards.

Table 2: Database parameters, filters and limits applied.
Search filters and limits

Database Dates searched applied
Medline (OVID) 1 January 2014 — 26 Health economics studies
September 2023

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language

Embase (OVID) 1 January 2014 — 26 Health economics studies
September 2023

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language

NHS Economic Evaluation Inception —31st March 2015

Database (NHS EED)

(Centre for Research and

Dissemination - CRD)

Health Technology Inception — 31st March 2018

Assessment Database (HTA)

(Centre for Research and

Dissemination — CRD)

The International Network of Inception - 26 September 2023  English language
Agencies for Health

Technology Assessment
(INAHTA)

Medline (Ovid) search terms

1. exp Adrenal Insufficiency/
2. Adrenal Hyperplasia, Congenital/
3. (addison* disease or addisonian*).ti,ab,kf.
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4. ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or
suppress* or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal* or
problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption*)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop* or adreno corticotrop* or ACTH or
corticotropi* releas™ or corticotrophi* releas™ or corticoliberin or CRH) adj3 (insufficien*
or inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish*
or lack* or less or lessen* or low or lower* or limited)).ti,ab,kf.

6. (hypoadrenal* or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.
((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.
((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.

9. (Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease).ti,ab,kf.

10. ((Aligrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.

11. (CAH or X-ALD).ti,ab.

12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab,kf.

13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.

14. or/1-13

15. letter/

16. editorial/

17. news/

18. exp historical article/

19. Anecdotes as Topic/

20. comment/

21. case reports/

22. (letter or comment*).1i.

23. or/15-22

24. randomized controlled trial/ or random®.ti,ab.

25. 23 not 24

26. animals/ not humans/

27. exp Animals, Laboratory/

28. exp Animal Experimentation/

29. exp Models, Animal/

30. exp Rodentia/

31. (rat or rats or mouse or mice or rodent*).ti.

32. or/25-31

33. 14 not 32

34. limit 33 to English language

35. Economics/

36. Value of life/

37. exp "Costs and Cost Analysis"/

38. exp Economics, Hospital/

39. exp Economics, Medical/
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40. Economics, Nursing/

41. Economics, Pharmaceutical/

42. exp "Fees and Charges"/

43. exp Budgets/

44, budget*.ti,ab.

45. cost™ ti.

46. (economic* or pharmaco?economic®).ti.

47. (price™ or pricing*).ti,ab.

48. (cost* adj2 (effective™ or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

49. (financ* or fee or fees).ti,ab.

50. (value adj2 (money or monetary)).ti,ab.

51. or/35-50

52. 34 and 51

53. limit 52 to yr="2014 -Current"

Embase (Ovid) search terms

1.

exp Adrenal cortex insufficiency/

2. Congenital adrenal hyperplasia/

3. (addison* disease or addisonian®).ti,ab,kf.

4 ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or
suppress® or hypofunction® or disorder* or underactiv* or dysfunction* or abnormal* or
problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption®)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop* or adreno corticotrop* or ACTH or
corticotropi* releas* or corticotrophi* releas™ or corticoliberin or CRH) adj3 (insufficien*
or inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish*
or lack*® or less or lessen* or low or lower™ or limited)).ti,ab,kf.

6. (hypoadrenal® or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.
((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.

8. ((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.

(Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease).ti,ab,kf.

10. ((Aligrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.

11. (CAH or X-ALD).ti,ab.

12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab,kf.

13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.

14. or/1-13

15. letter.pt. or letter/

16. note.pt.

17. editorial.pt.

18. case report/ or case study/

19. (letter or comment*).1i.

20. (conference abstract® or conference review or conference paper or conference

proceeding).db,pt,su.
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21. or/15-20

22. randomized controlled trial/ or random*.ti,ab.

23. 21 not 22

24, animal/ not human/

25. nonhuman/

26. exp Animal Experiment/

27. exp Experimental Animal/

28. animal model/

29. exp Rodent/

30. (rat or rats or mouse or mice or rodent*).ti.

31. or/23-30

32. 14 not 31

33. limit 32 to English language

34. health economics/

35. exp economic evaluation/

36. exp health care cost/

37. exp fee/

38. budget/

39. funding/

40. budget*.ti,ab.

41. cost™ ti.

42. (economic* or pharmaco?economic*).ti.

43. (price* or pricing™).ti,ab.

44, (cost* adj2 (effective™ or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

45. (financ* or fee or fees).ti,ab.

46. (value adj2 (money or monetary)).ti,ab.

47. or/34-46

48. 33 and 47

49. limit 48 to yr="2014 -Current"

NHS EED and HTA (CRD) search terms

#1. MeSH DESCRIPTOR Adrenal Insufficiency EXPLODE ALL TREES

#2. MeSH DESCRIPTOR Adrenal Hyperplasia, Congenital EXPLODE ALL TREES

#3. (addison* disease or addisonian)

#4. (adrenal*) AND (insufficien* or inadequa* or deficien* or hypofunction* or disorder* or
underactiv* or dysfunction* or abnormal* or problem* or crisis or crises or dysgenesis
or destruction or destroy* or hyperplasia or hypoplasia or failure* or fails or failed)

#5. (cortisol or aldosterone or adrenocortical or adrenocorticotropi* or ACTH or
corticotropi* releas™ or corticotrophi* releas™ or corticoliberin or CRH) AND (insufficien*
or inadequac* or deficien* or reduc* or decreas* or descend* or diminish* or lack* or
less or lessen” or low or lower* or produc* or limited)

#6. (hypoadrenalism or hypoadrenocorticism or adrenoleukodystrophy or
adrenomyeloneuropathy or hypoaldosteronism)

#7. ((Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease))

#8. (Aligrove or 3A or TripleA or AAA) AND (syndrome)

#9. (X-ALD)

#10. ((Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome))
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#11. ((Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy))
#12. (adrenogenital or adreno genital) AND (syndrome)
#13. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12
INAHTA search terms
1. (("Adrenal Insufficiency"[mhe]) OR (hypoadrenalism) OR (addison*) OR (adrenal insufficiency)
OR (adrenal crisis))
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Appendix C  Diagnostic evidence study selection

Figure 1: Flow chart of clinical study selection for the review of diagnostic tests and
thresholds for referral

Records identified through Additional records identified through
database searching, n=7578 other sources, n=2
\ 4

Records screened, n=7580

Records excluded, n=7470

\ 4

A\ 4

Full-text papers assessed for
eligibility, n=110

v v

(Papers included in reviews 2.3- \ Papers excluded from reviews 2.3-2.4, (D)
2.4 (D), n=11 n=98

Papers included in review:
e Q23(D) n=11 Reasons for exclusion: see appendix |

e Q24(D) n=5

\_ J
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Appendix D Diagnostic evidence

D.1 Diagnostic Tests

Reference Agwu 1999’
Study type Cross sectional diagnostic accuracy study
Study Data source: Hospital assessments (unclear if inpatients or outpatients)

methodology
Recruitment: Children presenting with symptoms suggestive of Al were admitted (recruitment period not specified).

Number of n= 32
patients
Patient Age (range): 2-19 years

characteristics
Gender (male to female ratio): 14:18

Ethnicity: not reported

Setting: In hospital

Country: UK

Inclusion criteria: symptoms suggestive of Al

Exclusion criteria: not stated.

Underlying diagnoses: 14 had been irradiated for brain tumours; 2 had total body irradiation for relapsed non-Hodgkin's lymphoma and

acute lymphoblastic leukaemia; 13 had other endocrinopathies; 2 had growth failure; and 1 had histiocytosis with prolonged
dexamethasone treatment.

Target Adrenal insufficiency
condition(s)
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Reference Agwu 1999’

Index test(s) Index test

and reference  08:00-09:00 hour serum cortisol concentration (measured via indwelling IV catheter before the patient got out of bed)
standard Threshold: A normal cortisol level was defined as >500 nmol/I.

Reference standard
Low dose Synacthen test (LDST) was performed at 14:00 after a 2-hour rest after lunch. A bolus injection of 500 ng/1.73 m? of ACTH
was given intravenously and sampling took place at 0, 10, 15, 20, 25, 30, 35, 40, and 45 minutes.

The next day, a standard short Synacthen test (SSST) was performed at 09:00: 250 ug/1.73 m? of Synacthen was given as an
intravenous bolus with sampling at 0, 30, and 60 minutes. The 30-minute peak was studied.

Thresholds: A normal response to the Synacthen test was defined as a peak serum cortisol of 2500 nmol/Land/or incremental
concentration of 2200 nmol/I.

Assays: Cortisol was measured using a direct coated tube assay (Euro DPC Ltd, Llanberies, Gwynedd, UK). This assay has a lower
limit of detection of 6 nmol/l. The within assay coefficients of variation were 5.7% and 2.6% at serum concentrations of 28 nmol/Land
552 nmol/l, respectively. The between assay coefficients of variation were 9.1% and 6.8% at serum concentrations of 95 nmol/Land
459 nmol/l, respectively.

Time: between measurement of index test and reference standard: 6 hours for LDST and 24 hours for SSST

2x2 table Reference standard + Reference standard - Total
(LDST increment <200nmol/l) (LDST increment <200nmol/l)
Index test + 11 14 25
(0800 serum cortisol <500 nmol/l)
Index test — 0 7 7
(0800 serum cortisol <500 nmol/l)
Total 11 21 32
Statistical Index text (0800 serum cortisol — threshold 500 nmol/l)
measures Sensitivity: 100%
Specificity: 33%
PPV: 0.44
NPV: 1.00
PLR: 1.50
NLR: 0.00
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Reference Agwu 1999’
AUC: NA

Source of Not stated

funding

Limitations Risk of bias: Unclear methods of recruitment
Indirectness: None

Comments

Reference Choi 20023

Study type Cross sectional/prospective diagnostic accuracy study

Study Data source: Hospital assessments

methodology
Recruitment: patients with clinically suspected secondary adrenocortical insufficiency recruited from March 1997 to December 2000.
Number of n=72
patients
Patient Age: mean — 46 years; range (28-74 years)
characteristics
Gender (male to female ratio): 30:42

Ethnicity: Chinese

Setting: Regional hospital (unclear if in- or out-patients)

Country: Hong Kong

Inclusion criteria: clinically suspected secondary adrenocortical insufficiency

Exclusion criteria: contraindications for ITT such as epilepsy or ischaemic heart disease
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Reference

Target
condition(s)
Index test(s)
and reference
standard

Statistical
measures

Choi 20023

Underlying diagnoses: reasons for suspicion of dysfunction of the hypothalamic-pituitary-adrenocortical axis were nasopharyngeal
carcinoma with radiotherapy to the pituitary region (n=22), iatrogenic Cushing’s syndrome (n=20), non-functioning pituitary
macroadenoma (n=14), empty sella syndrome (n=8), acromegaly (n=5), Sheehan’s syndrome (n=1), Cooley’s anaemia with secondary
haemochromatosis (n=1), and prolactin-secreting pituitary macroadenoma (n=1).

Prior tests/treatment: Patients receiving chronic steroid therapy for other medical ilinesses were advised to cease steroid therapy 1
week before the tests.
Secondary adrenal insufficiency

Index test
Morning fasting serum cortisol concentration (0900)
Threshold: to maximise sensitivity or specificity

Reference standard (insulin tolerance test)

Performed by a specialty nurse supervised by a doctor after overnight fast.

Actrapid insulin (NovoNordisk, Bagsvaerd, Denmark) 0.1 U/kg was given intravenously after a baseline blood sample was taken for
glucose and cortisol assay. Diabetic patients receiving insulin treatment were given actrapid insulin 0.15 U/kg plus 50% of their morning
dose of short-acting insulin. Bedside haemoglucostix (Surestep Plus; Lifescan, Milpitas, US) testing was performed at 15-minute
intervals and blood was sampled for laboratory glucose assay. When hypoglycaemia developed (bedside haemoglucostix result of less
than 2.2 mmol/L and occurrence of hypoglycaemic symptoms), a blood sample was taken for glucose and cortisol assay, and 50%
dextrose solution 40 mL was given to the patient intravenously, followed by oral food. If hypoglycaemia had not occurred by 45 minutes,
an additional dose of actrapid insulin 0.1 U/kg was given. Blood sampling for cortisol measurement was done at intervals of 15 minutes
during the first 60 minutes, and thereafter at 30-minute intervals.

Threshold: peak cortisol response of 2550 nmol/L for adrenal sufficiency

Assays: Cortisol was assayed by the chemiluminescence method (Bayer-Centaur, New York, US). The coefficient of variation for the
assay was less than 5%.

Time between measurement of index test and reference standard: 4-7 days

Index text (fasting morning cortisol)

Fasting morning cortisol range: 51 to 537 nmol/L.

Threshold: 2420 nmol/L — sensitivity 100% (no false negatives)
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Choi 20023
Threshold: <112 nmol/L — specificity 100% (no false positives)

Not stated

Risk of bias: Unclear methods of recruitment; time between index and reference tests 4-7 days
Indirectness: None identified

Debono 2023°

Cross sectional/prospective diagnostic accuracy study
Data source: Hospital assessments

Recruitment: Patients were recruited by consecutive sampling at Sheffield Teaching Hospitals NHS Foundation Trust between
November 2019 and December 2021.
n = 220 (208 available for primary outcome measure)

Age: 55.1-15.8 years

Gender (male to female ratio): 106:102

Ethnicity: White: 90%, Asian: 5%, and the remaining patients were Black/Caribbean/African and multiracial.

Setting: NHS hospital for ACTH and home-based salivary cortisone test

Country: UK

Inclusion criteria: Patients at high risk for adrenal insufficiency. All patients referred for an ACTH stimulation test to assess for a new
diagnosis of adrenal insufficiency or for recovery from a previous diagnosis of adrenal insufficiency were considered for the study.
Patients older than age 18 years with a high probability of either primary, secondary, or tertiary adrenal insufficiency as determined by
the investigators were eligible for enrolment.

Exclusion criteria: Patients were excluded who were unable to produce a suitable saliva sample; night shift workers; patients with

known protein-losing disorders, known or suspected alcohol dependence, and known severe liver disease; patients with uncontrolled
active infection; and patients taking oestrogens or those who were pregnant. Patients taking drugs that influence the hypothalamic-
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Debono 2023°

pituitary-adrenal axis (e.g., opioids) had their medications omitted on the day of testing, per routine clinical practice. In view of the
coronavirus disease 2019 measures resulting in limited staff and fewer appointment slots to enable study tasks, some patients were
excluded from study participation so as not to hinder their clinical care.

Reason for referral: Patients who were dependent on any type of glucocorticoid, who had been on an oral glucocorticoid prednisolone-
equivalent dose of 5 mg/d for 4 weeks, and who were referred for adrenal testing only after they had been weaned down to prednisolone
5 mg/d or equivalent or converted to physiologic doses of hydrocortisone 25 mg/d. Patients receiving any intermediate- or long-acting
intramuscular or intra-articular glucocorticoid injections were recruited at least 3 months after their last injection. Patients with pituitary
disease, such as tumours, inflammatory disease, or those with a history of cranial radiotherapy, were considered eligible for inclusion.

Adrenal insufficiency

Index test: waking salivary cortisone, cortisol and baseline serum — (threshold: different cut offs reported)

Salivary sample upon waking using Salivette tubes containing synthetic swabs (Salivette Cortisol; Sarstedt). A total of 500 ml of saliva
was necessary to ensure a good representative sample, and 50 ml was used for the assay. All patients were given written instructions
with images and a video on how to collect their salivary sample. Patients were advised to refrain from smoking/vaping on the day of the
test. Patients taking glucocorticoids were asked to omit these medicines the evening before and the day of the test until all samples were
collected. Patients were allowed to follow their usual waking routines but were asked to collect their waking salivary sample the moment
they got out of bed to commence the day and before cleaning teeth, eating, or drinking.

Thresholds: salivary cortisone = 7 and 17nmol/l, salivary cortisol = 5 and 1 nmol/L, serum cortisol = 152 and 310 nmol/I|

Reference standard Standard dose ACTH stimulation test

At the endocrine clinic an intravenous cannula was inserted, and baseline serum cortisol was measured. An ACTH stimulation test was
performed with intravenous injection of 250 mg of Synacthen (Athahs Pharma UK Limited), followed by a serum cortisol level blood draw
at 30 minutes. Tests were performed by specialized endocrine nurses at the clinic. On completing the ACTH stimulation test, patients
completed the final part of the questionnaire assessing their views on the ACTH stimulation test and salivary sample collection. Results
of the ACTH stimulation test were interpreted by a consulting endocrinologist, or a specialized endocrine nurse who was unaware of the
waking cortisol data. An a priori criterion of a peak cortisol level of 15.6 mg/dl (430 nmol/l) measured by immunoassay indicated
adequate adrenal reserve, whereas those patients with levels less than this value were considered to have adrenal insufficiency
according to current clinical practice in our centre.

Threshold: peak cortisol level of 2430 nmol/Lfor adrenal sufficiency

Assays: Serum cortisol was analysed by immunoassay (Elecsys Cortisol Il assay; Roche) and interpreted immediately at Sheffield
Teaching Hospitals NHS Foundation Trust. An extra serum cortisol sample was stored at -80C and, together with the salivary sample,
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Debono 2023°

was then analysed and interpreted by liquid chromatography—tandem mass spectrometry (LC-MS/MS) as a batch at the end of the study

in a different laboratory in Manchester University NHS Foundation Trust.

Time: later in the same day (median value = approx. 3 hours later as self-reported by patients)

Index text (waking salivary cortisone — threshold 17 nmol/l)
Reference standard +
(ACTH stimulation test 430nmol/l)

Index test + 88

(waking salivary cortisone —

threshold 17 nmol/l)

Index test — 3

(waking salivary cortisone —

threshold 17 nmol/l)

Total 91

Index text (waking salivary cortisone — threshold 7 nmol/l)
Reference standard +
(ACTH stimulation test 430nmol/l)
Index test + 67
(waking salivary cortisone —
threshold 7 nmol/l)

Index test — (waking salivary 24
cortisone — threshold 7 nmol/l)
Total 91

Index text (waking salivary cortisol — threshold 5 nmol/l)
Reference standard +
(ACTH stimulation test 430nmol/l)
Index test + 86
(waking salivary cortisol — threshold
5 nmol/l)
Index test — (waking salivary cortisol 5
— threshold 5 nmol/l)
Total 91

Adrenal insufficiency: August 2024

Reference standard -
(ACTH stimulation test 430nmol/l)
51

66

117

Reference standard -

(ACTH stimulation test 430nmol/l)
4

113

117

Reference standard -

(ACTH stimulation test 430nmol/l)
46

71

117

87

Total

140

68

208

Total

70

138

208

Total

132

76

208
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Debono 2023°

Index text (waking salivary cortisol — threshold 1 nmol/l)
Reference standard +
(ACTH stimulation test 430nmol/l)
Index test + 47
(waking salivary cortisol — threshold
1 nmol/l)
Index test — (waking salivary cortisol 44
— threshold 1 nmol/l)
Total 91

Index text (Baseline serum cortisol — threshold 310 nmol/l)
Reference standard +
(ACTH stimulation test 430nmol/l)

Index test + 87

(waking salivary cortisol — threshold

1 nmol/l)

Index test — (waking salivary cortisol 4

— threshold 1 nmol/l)

Total 91

Index text (Baseline serum cortisol — threshold 152 nmoll/l)
Reference standard +
(ACTH stimulation test 430nmol/l)

Index test + 59

(waking salivary cortisol — threshold

1 nmol/l)

Index test — (waking salivary cortisol 32

— threshold 1 nmol/l)

Total 91

Index text (waking salivary cortisone — threshold 17 nmol/l)

Sensitivity: 97% (95% ClI, 91 to 99) reported in study
Specificity: 56%

PPV: 63%

NPV: 96% (95% ClI, 90 to 99) reported in study

Adrenal insufficiency: August 2024

Reference standard -

(ACTH stimulation test 430nmol/l)
4

113

117

Reference standard -

(ACTH stimulation test 430nmol/l)
69

48

117

Reference standard -

(ACTH stimulation test 430nmol/l)
6

111

117

88

Total

50

158

208

Total

156

52

208

Total

65

143

208
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Reference Debono 2023°

sensitivity and PLR: 2.20

negative NLR: 0.05
predictive
values) AUC: 0.95 (95% ClI, 0.92 to 0.97) reported in study

Index text (waking salivary cortisone — threshold 7 nmol/l)
Sensitivity: 73%

Specificity: 97% (95% ClI, 92 to 99) reported in study

PPV: 95% (95% CI, 87 to 99)

NPV: 0.83

PLR: 24.4

NLR: 0.28

Maximum thresholds - To achieve at least 99% sensitivity to exclude adrenal insufficiency and 99% specificity to confirm adrenal
insufficiency, one would need to use waking salivary cortisone cutoffs of 25 nmol/Land <1 nmol/l, respectively.

Index text (waking salivary cortisol — threshold 5 nmol/l)
Sensitivity: 95% (95% Cl, 88 to 99) reported in study
Specificity: 61%

PPV: 65%

NPV: 94% (95% ClI, 85 to 98) reported in study.

PLR: 2.40

NLR: 0.09

AUC: 0.89 (95% CI, 0.85 to 0.94) reported in study.

Index text (waking salivary cortisol — threshold 1 nmol/l)
Sensitivity: 52%

Specificity: 97% (95% Cl, 92 to 100) reported in study

PPV: 93% (95% CI, 80 to 99) reported in study.

NPV: 72%

PLR: 15.1

NLR: 0.50

Index text (baseline serum cortisol — threshold 310 nmol/l)
Sensitivity: 96% (95% ClI, 90 to 99) reported in study

Adrenal insufficiency: August 2024
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Debono 2023°

Specificity: 41%

PPV: 56%

NPV: 93% (95% ClI, 84 to 98) reported in study.
PLR: 1.64

NLR: 0.09

AUC: 0.90 (95% ClI, 0.86 to 0.94) reported in study.

Index text (baseline serum cortisol — threshold 152 nmol/l)
Sensitivity: 65%

Specificity: 95% (95% ClI, 90 to 98) reported in study

PPV: 91% (95% ClI, 81 to 97) reported in study.

NPV: 77%

PLR: 13.0

NLR: 0.37

Additional analyses: Examined the percentage of ACTH stimulation tests that could have been avoided using waking salivary cortisone
cutoffs as a screening test in a two-stage process. The ACTH stimulation test would have been avoided in 70% (154 of 220) of
participants — 73 patients with waking salivary cortisone.

Funded by the National Institute for Health Research (NIHR) under its Research for Patient Benefit Programme (grant reference number,
PBPG-1217-20007). Dr. Elder and Mr. Keevil are both supported by funding from UK Research and Innovation—-Innovation Scholars
secondments: Biomedical Sciences. The study was also supported by the NIHR Clinical Research Network Yorkshire and Humber IRAS
262618.

Risk of bias: None identified.

Indirectness: None identified.

De Lange 19934

Cross sectional diagnostic accuracy study
Data source: Hospital assessments

Recruitment: consecutive patients who had received adequately performed insulin-induced hypoglycaemia and metyrapone tests
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Reference De Lange 1993*
Number of n=58

patients

Patient Age: range 17-73 years

characteristics
Gender (male to female ratio): 33:25

Ethnicity: not stated

Setting: Regional hospital (unclear if in- or out-patients)

Country: Netherlands

Inclusion criteria: received adequately performed insulin-induced hypoglycaemia and metyrapone tests
Exclusion criteria: clinical evidence of adrenal insufficiency or Cushing’s syndrome

Underlying diagnoses: 45 had pituitary adenoma (30 before treatment; 10 after hypophysectomy and 5 after X-ray therapy). 13 had
proven or suspected HPA disease.

Prior tests/treatment: Corticosteroid medication was stopped at least 72 hours before investigation.

Target Adrenal insufficiency

condition(s)

Index test(s) Index test

and reference  Morning fasting plasma cortisol concentration (0900-1000)
standard Thresholds: 160 and 260 nmol/L

Reference standard (insulin tolerance test)

Performed after overnight fast.

Soluble insulin 0.15 U/kg was given intravenously.

Blood sampling for glucose and cortisol measurement was taken before and at 0, 30, 45, 60 and 90 minutes after injection.

Threshold: rise in plasma cortisol above 500 nmol/L for adrenal sufficiency (normal — n=33/58)

Assays: Plasma cortisol was measured by RIA.
Blood glucose was measured by a hexokinase method.

Adrenal insufficiency: August 2024
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Reference De Lange 1993*

Time between measurement of index test and reference standard: 0-1 days (2 samples taken for index test, one on the day of ITT and
one the following day)

Statistical Index text (fasting morning cortisol)
measures

Threshold: <260 nmol/L — sensitivity = 96%; specificity = 64%
Threshold: <160 nmol/L — sensitivity = 64%; specificity = 91%

Source of Not stated
funding
Limitations Risk of bias: none identified.
Indirectness: Basal cortisol was mean of morning measurements on 2 consecutive days
Comments
Reference Deutschbein 20097
Study type Cross sectional diagnostic accuracy study
Study Data source: Hospital assessments

methodology
Recruitment: patients were investigated because of suspected or proven disease of the HPA axis (dates of recruitment not reported)

Number of n=77
patients
Patient Age, mean (SD): 44.2 (1.8) years.

characteristics
Gender (male to female ratio): 41:36

Ethnicity: Not reported
Setting: hospital (unclear if inpatient or outpatient)
Country: Germany

Inclusion criteria: suspected or proven HPA axis disease

Adrenal insufficiency: August 2024
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Deutschbein 20097

Exclusion criteria: No subject had to be excluded because of contraindications to insulin-induced hypoglycaemia.

Underlying diagnoses

Reason for referral: 65 patients had sellar masses, of whom 11 were not operated; all 54 surgically treated patients were tested at least
3 months after surgery (median postoperative interval: 6.3 months; range: 3 — 68 months).

The remaining 12 patients showed an impaired secretion of various hormones but did not have any detectable tumours within the HPA.

Prior tests/treatment: At the time of hormonal evaluation, female patients were neither on contraceptives nor oestrogens. Patients on
chronic corticosteroid replacement therapy (generally 10—15 mg hydrocortisone per day) received their last dosage at 1400 h the day
before testing, resulting in a drug restriction period of at least 18 h.

Secondary adrenal insufficiency

Index tests: Basal serum and salivary cortisol

Basal salivary cortisol: saliva was collected by chewing a specific cotton swab (Salivette, Sarstedt, Germany). Following an overnight
fast, basal cortisol was collected between 0800 and 0900 h and before blood withdrawal.

Basal serum cortisol: venipuncture.

Threshold cut-off value:

Basal salivary cortisol - an optimal cut-off of 15.1 nmol/l, an upper cut-off of 21.1 nmol/l, and a lower cut-off of 5.0 nmol/Lwere calculated.
Basal serum cortisol - ROC analysis revealed an optimal cut-off of 283 nmol/l, an upper cut-off of 470 nmol/l, and a lower cut-off of 103
nmol/Lrespectively.

Assay:

Serum cortisol was measured by a competitive immunoassay (Advia Centaur, Bayer, Germany). The lower detection limit of this assay
was 5.5 nmol/l, and intra- and inter-assay coefficients of variation were less than 3.8 and 5.5%, respectively. Salivary cortisol was
determined using a modification of a commercial radioimmunoassay (RIA) (GammaCoat, DiaSorin, USA), decreasing the sample volume
from 200 to 100 p I. The intra- and inter-assay coefficients of variation were 5.4 and 15.9 %, respectively.

Reference standard: Insulin tolerance test (ITT)

The ITT was performed between 0800 and 1000, using a peak cortisol cut-off point of 500 nmol/Lto distinguish between adrenal
insufficient (Al) and adrenal sufficient (AS) patients. After administration of insulin, both a serum glucose nadir below 40 mg/dl and
symptoms of hypoglycaemia were required as evidence of sufficient stress. Samples for blood glucose and Se C were taken at 0, 15, 30,
45, 60, 90, and 120 min.

Threshold: Cortisol sufficiency was confirmed if the peak serum cortisol was more than 500 nmol/L(18 ug/dl).

Adrenal insufficiency: August 2024
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2x2 table
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true positive
and true
negative rates)

Statistical
measures

Source of
funding
Limitations

Deutschbein 20097

Time between measurement of index test and reference standard: ITT was performed wither immediately after basal samples or on
a separate day. Average time lag not reported.
Morning salivary cortisol (threshold 15.1 nmol/l)

Reference standard + Reference standard — Total
Index test + 35 16 51
Index test — 6 20 26
Total 41 36 77
Morning serum cortisol (threshold 283 nmol/l)

Reference standard + Reference standard — Total
Index test + 30 1 41
Index test — 1 25 36
Total 41 36 77

Index text — basal salivary cortisol cut off 15.1 nmol/l
Sensitivity 85%

Specificity 56%

AUC 0.74

An optimal cutoff of 15.1 nmol/l, an upper cutoff of 21.1 nmol / I, and a lower cutoff of 5.0 nmol / | were found.
By using the upper as well as the lower cutoff, a diagnosis corresponding to the ITT result was established in 21 of 77 patients (27 %),
whereas 56 patients (73 %) required additional testing procedures.

Index text — basal serum cortisol (cut off 283 nmol/l)
Sensitivity 73%

Specificity 69%

AUC 0.75

An optimal cutoff of 283 nmol/l, an upper cutoff of 470 nmol / |, and a lower cutoff of 103 nmol / | were found.

283

By applying both the upper and the lower cutoff, a diagnosis corresponding to the ITT result was established in 18 of 77 patients (23 %),
leaving 59 patients (77 %) for further evaluation.

Not stated

Risk of bias: very serious (due to patient selection and patient flow)
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Indirectness: none

Comments Unclear whether the patient sample overlaps with Deutschbein 2009a
Reference Deutschbein 2009a°

Study type Prospective diagnostic accuracy study

Study Data source: Hospital assessments (unclear if inpatients or outpatients)

methodology
Recruitment: Between 2005 and 2007 fifty-five patients were investigated because of suspected or proven disease of the HPA axis

Number of n =55
patients
Patient Age, mean (SD): 45.9 (2.1) years.

characteristics
Gender (male to female ratio): 26:29

Ethnicity: Not reported

Setting: outpatients

Country: Germany

Inclusion criteria: patients with suspected secondary adrenal insufficiency

Exclusion criteria: At the time of hormonal evaluation, female patients were neither on contraceptives nor oestrogens. Patients on
chronic corticosteroid replacement therapy (generally 10—15 mg hydrocortisone per day) received their last dosage at 1400 h the day
before testing, resulting in a drug restriction period of at least 18 h. No subject had to be excluded because of contraindications to
insulin-induced hypoglycemia.

Reason for referral: Eight subjects had a present neoplasia (4 prolactinomas, 2 somatotropic adenomas, 1 non-functioning adenoma, 1
meningioma), and 40 subjects (24 non-functioning adenomas, 8 somatotropic adenomas, 3 craniopharyngiomas, 3 prolactinomas, 2
meningiomas) were tested at least 3 months after surgical treatment (median interval: 4.8 months). Seven patients suffered from pituitary
hormone impairment without detectable sellar tumors (3 secondary hypogonadisms, 3 congenital hormone insufficiencies, 1 Sheehan
syndrome).
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Reference Deutschbein 2009a°

Target Adrenal insufficiency

condition(s)

Index test(s) Index tests: Basal serum and salivary cortisol

and reference  Basal salivary cortisol: saliva was collected by chewing a specific cotton swab (Salivette, Sarstedt, Germany). Following an overnight
standard fast, basal cortisol was collected between 0800 and 0900 h.

Basal serum cortisol: after catheterisation of a superficial cubital vein and a recovery period of 15 min to avoid stress-induced bias, blood
samples were directly obtained into serum tubes (Monovetten, Sarstedt, Germany).

During High dose SST, serum and saliva samples were taken at 0, 30, 60, 90, and 120 min after i.v. application of 250 mg synthetic
ACTH (Synacthen, Novartis).

Threshold cut-off value:

Basal salivary cortisol - an optimal cut-off of 7.6 nmol/l, an upper cut-off of 17.5 nmol/l, and a lower cut-off of 5.0 nmol/Lwere calculated.
Basal serum cortisol - ROC analysis revealed an optimal cut-off of 260 nmol/l, an upper cut-off of 382 nmol/l, and a lower cut-off of 103
nmol/Lrespectively.

Assay:
Saliva samples were measured by a modification of the ‘GammaCoat’ RIA for cortisol (DiaSorin, Stillwater, MN, USA), decreasing the

sample volume from 200 to 100 ml. The intra-assay and inter-assay coefficients of variation were 5.4% and 15.9%, respectively.

Reference standard: Insulin tolerance test (ITT)

The ITT served as reference test, using a peak cortisol cut-off point of 500 nmol/Lto distinguish between adrenal insufficient (Al) and
adrenal sufficient (AS) patients. After administration of insulin, both a serum glucose nadir below 40 mg/dl and symptoms of
hypoglycemia were required as evidence of sufficient stress. Samples for blood glucose and Se C were taken at 0, 15, 30, 45, 60, 90,
and 120 min.

Threshold: Cortisol sufficiency was confirmed if the peak serum cortisol was more than 500 nmol/L(18 ug/dl).

Assay: Serum and salivary cortisol were measured by electrochemiluminescence method (ECLIA) using Cobas e 411 analysers with
commercially available Elecsys Cortisol Il (second generation, monoclonal antibody) kits which have showed a good correlation with gas
chromatography mass spectrometry (GC-MS).

Serum cortisol levels were determined by competitive immunoassay, using commercial kits (Advia Centaur, Bayer). The analytical
sensitivity of the assay was 5.5 nmol/l. Intra-assay variations as coefficient of variation for various cortisol values were 3.7% (107.1
nmol/l), 3.1% (155.3 nmol/l), 2.9% (391.0 nmol/l), 3.8% (759.6 nmol/l), and 3.0% (1025.0 nmol/l). Inter assay variations for the cortisol
concentrations mentioned above were 5.5, 3.8, 3.1, 1.9, and 4.0%.
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funding

Deutschbein 2009a°

Time between measurement of index test and reference standard: The minimum and maximum intervals between both tests were 1
day and 17 days, respectively, with a median interval of 2 days (unclear if this was the basal values)
Morning salivary cortisol (threshold 7.6 nmol/l)

Reference standard + Reference standard — Total
Index test + 16 4 20
Index test — 14 21 35
Total 30 25 55
Morning serum cortisol (threshold 260 nmol/l)

Reference standard + Reference standard — Total
Index test + 22 7 29
Index test — 8 18 26
Total 30 25 55

Index text — basal salivary cortisol cut off 7.6 nmol/|
Sensitivity 53

Specificity 83

AUC 0.74

An upper cut-off of 17.5 nmol/l, and a lower cut-off of 5.0 nmol/Lwere calculated. The use of both the upper and lower thresholds allowed
a diagnosis in 19 of 55 patients (35%). If the remaining 36 subjects were then investigated by the high-dose short Synacthen test (HDT),
the combination of upper and lower cut-offs diagnosed 3 (HDT periods 0—60and 0—120 min), 4 (HDT period 0-30 min), and 5 additional
patients (HDT period 0-90 min). So, the combination of basal cortisol and HDT allowed a diagnosis in 42—45% of patients.

Index text — basal serum cortisol (cut off 260 nmol/I)

Sensitivity 73

Specificity 72

AUC 0.78

An upper cut-off of 382 nmol/l, and a lower cut-off of 103 nmol/Lwere identified. By applying the upper as well as the lower cut-off, 18 of
55 patients (33%) were diagnosed by their basal SeC levels, leaving 37 subjects for

an additional evaluation.

Of these subjects then investigated by upper and lower serum cut-offs defined for each HDT period, an additional eight subjects were
diagnosed during HDT period 0—60 min, and nine subjects during each of the other HDT periods (0—30, 0-90, and 0—120 min)
respectively.

So, the combination of basal cortisol and HDT allowed a diagnosis in 47—-49% of patients.

This research did not receive any specific grant from any funding agency in the public, commercial or not-for-profit sector.
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Deutschbein 2009a°
Risk of bias: very serious (due to patient selection and patient flow)
Indirectness: none

Unclear whether the patient sample overlaps with Deutschbein 2009
Query as to accuracy of reporting for sensitivity and specificity for salivary cortisol

George 2020°

Prospective diagnostic accuracy study

Data source: Outpatient assessments

Recruitment: Consecutive outpatients with suspected Al were prospectively recruited

n =67

Age, mean (SD): Al present - 40.69 + 18.3, Al absent - 32.99 + 15.8

Gender (male to female ratio): 29:38

Ethnicity: Not reported

Setting: Tertiary referral centre for endocrine disorders

Country: India

Inclusion criteria: All patients with clinical suspicion of Al (anorexia, nausea, weight loss, unexplained hyponatraemia, progressive
hyperpigmentation, history of pituitary macroadenoma or surgery) who attended the endocrine outpatient clinic and underwent SST
during the study period were included.

Exclusion criteria: Patients with a history of exogenous steroid intake for indications other than Al were excluded due to possible ethical
issues related to worsening of primary disease condition while stopping the medication for study purpose. Patients with oral ulcers or
poor oral hygiene were excluded. Patients who were already on replacement doses of steroids were advised to stop the medication

(hydrocortisone for 24 hours and prednisolone for 72 hours) under close inpatient monitoring.

Reason for referral: patients with clinical suspicion of Al (anorexia, nausea, weight loss, unexplained hyponatraemia, progressive
hyperpigmentation, history of pituitary macroadenoma or surgery)
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George 2020°
Adrenal insufficiency

Index tests: Basal salivary cortisol

All tests were initiated between 0800 and 0900 hours. Patients were instructed to refrain from brushing their teeth, smoking, eating or
drinking except water for at least 60 min before and during sampling. Drinking water was not allowed from 10 minutes before salivary
sample collection. Saliva was collected in plain plastic containers (CML Biotech, Kochi) using passive drooling method until a sufficient
volume (approximately 2 ml) was obtained. Salivary samples were collected at 0 (Basal), 60 (APSST 60) and 120 (APSST 120) minutes
for measurement of salivary cortisol.

APSST was done three days after the SST by IM administration of 30 units of porcine corticotrophin (Acton Prolongatum). The three-day
interval was chosen for logistical reasons of doing the tests in outpatient department and to avoid possible potentiation of ACTH action
interfering with the second stimulatory test.

Threshold cut-off value: 14.1 nmol/L - optimal cut-off values for diagnosis of Al based on SST with a diagnostic cut-off value of
<500nmol/L.
3.0 nmol/L cut-off values for diagnosis of Al based on SST with a diagnostic cut-off value of 400.1 nmol/L.

Assay: Serum and salivary cortisol were measured by electrochemiluminescence method (ECLIA) using Cobas e 411 analysers with
commercially available Elecsys Cortisol Il (second generation, monoclonal antibody) kits which have showed a good correlation with gas
chromatography mass spectrometry (GC-MS). Untreated centrifuged saliva was used for the assay. The measuring range was 0.054-
63.4 pg/dl. Intra-assay coefficient of variation (CV) at high and low concentrations were 2.5% and 6.1%, respectively. Intraassay
variability at high and low concentration had a CV of 3.6% and 11.8%, respectively. The functional sensitivity (lower limit of
quantification) of the assay was 3 nmol/L.

Reference standard: ACTH short Synacthen test
The SST was performed by administering 250 ug of Synacthen intramuscularly, and blood sampling was done at 0, 30 and 60 minutes.

Threshold: Cortisol sufficiency was confirmed if the peak serum cortisol was more than 500 nmol/L(18 ug/dl).

Assay: Serum and salivary cortisol were measured by electrochemiluminescence method (ECLIA) using Cobas e 411 analysers with
commercially available Elecsys Cortisol Il (second generation, monoclonal antibody) kits which have showed a good correlation with gas
chromatography mass spectrometry (GC-MS).

Time between measurement of index test and reference standard: 3 days

Basal salivary cortisol (cut off 14.1 nmol/L) with an SST diagnostic cut-off value of <500nmol/L
Reference standard + Reference standard - Total

Index test + 30 30 60
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Reference
sensitivity,
specificity and
true positive
and true
negative rates)
(calculated
from reported
sensitivity,
specificity and
true positive
and true
negative rates)
Statistical
measures

Source of
funding
Limitations

Comments

George 2020°
Index test — 2 5 7
Total 32 35 67

Basal salivary cortisol (cut off 3.0 nmol/L) with an SST diagnostic cut-off value of <400.1 nmol/L

Reference standard + Reference standard — Total
Index test + 26 5 31
Index test — 9 27 36
Total 35 32 67

Index text — basal salivary cortisol (cut off 14.1 nmol/L) with an SST diagnostic cut-off value of <500nmol/L
Sensitivity 93 Cl (86.8-99.2)

Specificity 14.3 Cl (5.7- 22.9)

PPV 0.50

NPV 0.71

PLR 1.09

NLR 0.44

AUC 0.82

Youden’s Index 0.74

Index text — basal salivary cortisol (cut off 3.0 nmol/L) with an SST diagnostic cut-off value of <400.1 nmol/L
Sensitivity 73.9 (63.2-84.6)

Specificity 85.3 (76.6-93.9)

PPV 0.84

NPV 0.75

PLR 4.75

NLR 0.30

AUC 0.86

Youden’s Index 0.59

Not reported

Risk of bias: Serious (due to patient flow)
Indirectness: none

Index test was the APSST but for purposes of the review only the basal salivary cortisol values are being used

Adrenal insufficiency: August 2024
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Reference Kim 2020"!
Study type Prospective diagnostic study
Study Data source: Hospital assessments (unclear if inpatients or outpatients)

methodology
Recruitment: 120 patients were prospectively included from Seoul National University Hospital from April 2013 to January 2014 who
underwent the SST

Number of n=120
patients
Patient Age, mean (range): Al: 58 (42-67), non-Al: 58 (43-67)

characteristics
Gender (male to female ratio): 50:70

Ethnicity: Korean

Setting: outpatients national university hospital

Country: Korea

Inclusion criteria: people suspected of having primary or secondary Al.

Exclusion criteria: To prevent confounding factors, subjects with infection or bleeding in the oral cavity, a diagnosis of severe liver or renal
disease, oral contraceptive use, and pregnancy were excluded.

Reasons for investigation: The subjects had a history of pituitary disease (n=67), adrenal disease (n=10), or suspected secondary Al with
iatrogenic Cushing syndrome (n=43). Of these subjects, 31 patients underwent pituitary surgery and only one patient took a steroid
replacement postoperatively.

Target Adrenal insufficiency

condition(s)

Index test(s) Index test: Basal salivary cortisol

and reference  The subjects were instructed to avoid eating, drinking anything except water, brushing teeth, and smoking beginning 1 hour before the
standard test. Basal serum and salivary cortisol samples were collected between 8:00 AM and 10:00 AM and the SST was performed

subsequently. Saliva was collected by chewing an oral cotton swab (Salivette, Sarstedt, Germany) for 2 to 5 minutes and the samples
were frozen at —20°C until analysis.

Basal and stimulated serum blood samples were immediately centrifuged at 4°C for 15 minutes and the resulting serum was stored at
—20°C until use.

Adrenal insufficiency: August 2024
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Reference

2x2 table
(calculated
from reported
sensitivity,
specificity and
true positive
and true
negative rates)
Statistical
measures

Source of
funding
Limitations

Kim 2020"

Assay: Salivary cortisol was analysed using an enzyme immunoassay kit (EIA, Salimetrics Inc., State College, PA, USA). The intra-assay
CV was 3.2% to 6.3%, and the inter-assay CV was 5.7% to 6.8%. The expected morning ranges of salivary cortisol derived using this kit
were 3.1 to 22.4 nmol/L and 4.1 to 20.4 nmol/L in adult men and women aged 51 to 70, respectively.

Reference standard

Stimulated serum cortisol levels were measured at 30 and 60 minutes after intravenous administration of 250 pg of synthetic
adrenocorticotropic hormone (ACTH1-24) (Synacthen, Novartis, Basel, Switzerland). Stimulated serum blood samples were immediately
centrifuged at 4°C for 15 minutes and the resulting serum was stored at -20°C until use.

Threshold: The Al group was defined by a level of stimulated serum cortisol less than 496.8 nmol/L

Assays: Serum total cortisol was measured using a Packard Cobra Gamma Counter analyser with commercial radioimmunoassay (RIA)
kits (CIS Bio International, Saclay, France; inter-assay coefficient of variation [CV], 4.7%; intra-assay CV, 4.2%).

Time between measurement of index test and reference standard: reference standard was immediately after the index test

Reference standard + Reference standard — Total
Index test + 29 23 52
Index test — 5 63 68
Total 34 86 120

Index text —

Optimal baseline salivary cortisol cut point of 3.2 nmol/L
Sensitivity 84.9

Specificity 73.5

PPV 0.56

NPV 0.92

PLR 3.20

NLR 0.21

AUC 0.822 (95% ClI, 0.732—-0.913)

This research received a grant from Seoul National University Hospital (grant number 03-2013-0310).

Risk of bias: Unclear methods of recruitment (serious)

Adrenal insufficiency: August 2024
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Reference

Comments

Reference

Study type
Study
methodology

Number of
patients
Patient
characteristics

Target
condition(s)

Kim 2020"

Indirectness: none

Mak 20173

Prospective diagnostic accuracy

Data source: One hundred seventy-one Chinese patients referred for the investigation of adrenal insufficiency and underwent hospital
assessment.

Recruitment: 56 healthy subjects were recruited from hospital staff and their relatives to derive cut offs.
171 patients suspected of having Al from the clinical context constituted the patient group.

n=171

Age, mean (SD): Al group: 56.9 (14.2), non-Al group: 56.6 (12.4)

Gender (male to female ratio): 82:89

Ethnicity: Chinese

Setting: Prospective study in a regional hospital in Hong Kong from January 2014 to September 2015.
Country: Hong Kong

Inclusion criteria: patients suspected of having Al

Exclusion criteria: All subjects with acute hypocortisolism, hemodynamic instability at the time of testing, bleeding inside the oral cavity,
pregnancy, or mental incapacity for informed consent were excluded.

Reasons for investigation: nonspecific clinical features (n = 55) such as unexplained dizziness

and fatigue, electrolyte disturbance (n = 18) such as hyponatremia, diseases or interventions involving the sellar and suprasellar regions
(n = 124), previous administration of exogenous glucocorticoids (n = 32), and post adrenalectomy (n = 4)

Adrenal insufficiency
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Reference Mak 20173

Index test(s) Index test: basal serum cortisol, salivary cortisol, and cortisone during low dose short Synachten testing

and reference  Patients receiving chronic hydrocortisone replacement had to stop the drug for at least 3 days before the test. A saliva sample for steroid
standard measurement was collected by placing the cotton tubes (Salivette) in the mouth, chewing for 2 to 3 minutes, and then carefully putting

the Salivette into a plastic container without touching it with hands. No drinking, eating, using mouthwash, or brushing teeth was allowed
within 30 minutes before the collection of saliva samples, and subjects were advised to refrain from smoking or eating liquorice within 24
hours.

All subjects underwent the low-dose SST (LDSST) in the morning. Simultaneous saliva and serum samples were collected at baseline. A
1-mg bolus of Synacthen was then injected intravenously. At 30 and 60 minutes after the injection, 2 more pairs of

saliva and serum samples were collected. The higher value of the tested parameters, at either 30 or 60 minutes, was regarded as the
“peak” value.

Assay: Salivary cortisol and cortisone were assayed with LC-MS/MS using the Waters Xevo TQ MS system (Waters, Milford, MA). The
assay CV for salivary cortisol was ~5% to 7% across all ranges; that for salivary cortisone was ~7% to 10% across all ranges. The lower
limit of detection was 0.5 nmol/L for both salivary cortisol and cortisone.

Reference standard: post-LDSST peak serum cortisol. Cut off: 376 nmol/L

All subjects underwent the low-dose SST (LDSST) in the morning. Simultaneous saliva and serum samples were collected at baseline. A
1-mg bolus of Synacthen was then injected intravenously. At 30 and 60 minutes after the injection, 2 more pairs of saliva and serum
samples were collected. The higher value of the tested parameters, at either 30 or 60 minutes, was regarded as the “peak” value.

Threshold: The value corresponding to the mean 2 SDs of the peak serum cortisol in this healthy cohort (376 nmol/L) was used as the
gold standard

Assay: Serum total cortisol was assayed with the competitive chemiluminescent microparticle immunoassay using the Abbott Architect
i2000SR system (Abbott Laboratories, Abbott Park, IL). The assay coefficient of variation (CV) was 4.0% to 6.2% at low levels and 3.3%
to 4.3% at high levels. Serum CBG was measured using a commercial human CBG enzyme-linked immunosorbent assay kit
(BioVendor— Laboratorni Medicina, Brno, Czech Republic).

Time between measurement of index test and reference standard: simultaneously

2x2 table Basal salivary cortisol (threshold 1.7 nmol/L)

(calculated Reference standard + Reference standard - Total
from reported Index test + 37 5 42
sensitivity, Index test - 22 107 129
specificity and  Totg| 59 112 171

Adrenal insufficiency: August 2024
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Reference

true positive
and true
negative rates)
(calculated
from reported
sensitivity,
specificity and
true positive
and true
negative rates)

Statistical
measures

Mak 20173

Basal salivary cortisone (threshold 12.5 nmol/L)
Reference standard + Reference standard -

Index test + 43 13
Index test — 16 99
Total 59 112

Basal serum cortisol 170 nmol/L
Reference standard + Reference standard —

Index test + 45 13
Index test — 14 99
Total 59 112

Index text (Basal salivary cortisol) 1.7 nmol/L
Sensitivity 62.7

Specificity 95.5

PPV 0.88

NPV 0.83

PLR 14.05

NLR 0.39

AUC 0.836 (0.766—0.906)

Index text (Basal salivary cortisone) 12.5 nmol/L
Sensitivity 72.9

Specificity 88.4

PPV 0.77

NPV 0.86

PLR 6.279

NLR 0.307

AUC 0.862 (0.797-0.926)

Index text (Basal serum cortisol) 170 nmol/L
Sensitivity 76.3

Specificity 88.4

PPV 0.78

Adrenal insufficiency: August 2024
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Reference Mak 201713

NPV 0.88

PLR 6.571

NLR 0.268

AUC 0.903 (0.856-0.951)

Source of This work was supported by Grant KCC/RC/G/1415-A03 from the Hospital Authority, Hong Kong.
funding
Limitations Risk of bias: unclear patient selection (serious)
Indirectness: none
Comments
Reference Schmidt 20038
Study type Cross sectional diagnostic study
Study Data source: Hospital assessments (unclear if inpatient or outpatient)

methodology
Recruitment: Fifty-four patients were evaluated at our department because of suspected disease of the HPA axis from July 2001 until July

2002
Number of n =54
patients
Patient Age, mean (SD): 46.6 5 + 2.5 years.

characteristics
Gender (male to female ratio): 19:22

Ethnicity: Not reported
Setting: Single centre, department of endocrinology
Country: Germany

Inclusion criteria: patients with suspected hypothalamic-pituitary-adrenal disease

Adrenal insufficiency: August 2024
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Reference

Target
condition(s)
Index test(s)
and reference
standard

2x2 table
(calculated
from reported
sensitivity,
specificity and

Schmidt 20038
Exclusion criteria: Not reported.

Underlying diagnoses: Thirty-five had a history of tumours in the pituitary area (14 nonfunctioning adenomas, seven somatotropic
adenomas, four prolactinomas, one case of neurosarcoidosis, two cases of hypophysitis, six craniopharyngeomas, and one chordoma),
one patient had diabetes insipidus, and in five cases disease was suspected because of clinical symptoms.

Adrenal insufficiency

Index test
Basal cortisol. Unstimulated serum cortisol values between 0800 and 0900h were taken for comparison with the peak cortisol response to
the dynamic test.

Threshold: Twelve morning cortisol values of the total of 20 healthy volunteers were available. The mean basal cortisol value was 439.3
=/- 24.9 nmol/L (326.0—600.0 nmol/L). The lower limit of a normal basal cortisol was calculated as 267 nmol/L (mean 2 sd). ROC analysis
suggested an optimal baseline cortisol cut point of 285 nmol/L.

Reference standard

Patients underwent an ITT between 0900 and 1030 h by injection of 0.15 1U/kg regular insulin (Actrapid, Novo Nordisk, Mainz, Germany)
to achieve blood glucose levels less than 40 mg/dl and until symptoms of hypoglycaemia developed. Blood samples were taken at 0, 15,
30, 45, 60, 90, and 120 min.

Threshold: Patients were defined as adrenal insufficient or sufficient based on their cortisol peak response to hypoglycaemia of less than
500 nmol/L or more than 500 nmol/L.

Time between measurement of index test and reference standard: reference standard was immediately after the index test.

Assays: Serum cortisol levels (nanomoles per litre) were assayed at each time point by competitive immunoassay (ADVIA Centaur
System, Bayer, Fernwald, Germany). The lower detection limit was assessed to be 5.5 nmol/L (0.20 g/dl). Intraassay variations as
coefficient of variation for various cortisol values were 3.69% (107.05 nmol/L), 3.09% (155.33 nmol/L), 2.89% (390.95 nmol/L), 3.82%
(759.55 nmol/L), and 2.98% (1024.97 nmol/L). Inter assay variations for the above-mentioned cortisol concentrations were 5.45, 3.83,
3.07, 1.86, and 3.99%.

Reference standard + Reference standard — Total

Index test + 20 8 28
Index test — 0 13 13
Total 20 21 41

Adrenal insufficiency: August 2024
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Reference Schmidt 20038
true positive
and true
negative rates)
Statistical Index text —
measures Optimal baseline serum cortisol cut point of 285 nmol/l
Sensitivity 1
Specificity 0.6
PPV 0.70
NPV 1
PLR 2.5
NLR 0
AUC 0.88
Source of Not reported
funding
Limitations Risk of bias: serious (due to unclear methods of recruitment)
Indirectness: none
Comments
Reference Tan 20238
Study type Prospective diagnostic study
Study Data source: Outpatients assessment for adrenal insufficiency

methodology
Recruitment: 42 subjects were recruited from the endocrine testing clinic at the Department of Endocrinology at a tertiary centre (August
2020 to January 2022) who were planned for adrenocorticotrophic hormone (ACTH) stimulation test (AST) for the evaluation of
suspected Al.

Number of n =42
patients
Patient Age, mean (SD): Al group = 62.2 (14.6), non-Al group = 51.1 (16.4)

characteristics
Gender (male to female ratio): 26:16

Ethnicity: Not reported

Adrenal insufficiency: August 2024
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Reference

Target
condition(s)
Index test(s)
and reference
standard

Tan 20238
Setting: Outpatient endocrinology unit

Country: Singapore
Inclusion criteria: The study prospectively recruited 42 outpatients undergoing evaluation for Al.

Exclusion criteria: conditions that may affect cortisol binding, including liver cirrhosis, advanced chronic kidney disease (estimated
glomerular filtration rate < 30 mL/min/1.73m2 or end-stage kidney failure on renal replacement therapy), pregnancy, oral contraceptive
medication use, active malignancies or eating disorders, or weight loss of >10% over the past 3 months. Subjects with recent dental
procedures or oral bleeding and those unable to follow instructions or provide informed consent were also excluded.

Aetiologies of Al: The aetiologies of Al were due to exogenous glucocorticoid use in 16, primary Al in 2, hypopituitarism in 1, and post-
adrenalectomy for adrenal Cushing’s syndrome in 1. Thirteen were prescribed regular hydrocortisone replacement, 7 were given standby
hydrocortisone to be taken on sick days, and 1 was not prescribed hydrocortisone.

Adrenal insufficiency

Index test: Morning salivary cortisol

Eligible patients underwent the AST, which was conducted in the outpatient endocrine unit between 08:00 and 10:00 by specialised
nursing staff. Subjects on chronic hydrocortisone replacement were instructed to omit the medication on the morning of the test. They
were also instructed not to eat, drink, or brush their teeth for 15 min prior to specimen collection and throughout the duration of the test.

An intravenous cannula was inserted followed by the simultaneous collection of baseline plasma and saliva samples (0-min sample.
Saliva specimens were collected using the SARSTEDT Salivette®. Subjects were instructed to place the SARSTEDT Salivette® into
their mouth for 2 min to obtain at least 1.5 mL of saliva per specimen. About 250 ug of ACTH (Synacthen®, Novartis) was then injected
intravenously, followed by the simultaneous collection of serum and salivary cortisol samples at 30 and 60 min.

Assay: Salivary cortisol measurement was performed at the Mayo Medical Laboratories. Salivary cortisol was extracted from the
specimen using online turbulent flow high-performance liquid chromatography and analysed by liquid chromatography tandem mass
spectrometry (LC-MS/MS) using multiple reaction monitoring in positive mode. The detection limit was 0.11 nmol/L. The intra-assay
coefficient of variation was 7.2% at 3.0 nmol/L, and the inter-assay coefficient of variation was 5.8% at 1.4 nmol/L.

Reference standard: serum cortisol after AST
Eligible patients underwent the AST, which was conducted in the outpatient endocrine unit between 08:00 and 10:00 by specialised
nursing staff.

Adrenal insufficiency: August 2024
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Reference Tan 20238
An intravenous cannula was inserted followed by the simultaneous collection of baseline plasma and saliva samples (0-min sample).
Blood was collected in an EDTA tube and analysed upon receipt by the laboratory. About 250 ug of ACTH (Synacthen®, Novartis) was
then injected intravenously, followed by the simultaneous collection of serum and salivary cortisol samples at 30 and 60 min.

Threshold: Al was diagnosed if peak serum cortisol levels failed to reach 500 nmol/L
Time between measurement of index test and reference standard: simultaneously

Assay: Serum cortisol was measured using the Beckman Coulter UniCel DxI 800 Access Immunoassay Systems. The detection limit
was 11 nmol/L. The assay exhibited a total imprecision of <12% at approximately 138 nmol/L and <10% for higher concentrations of

cortisol.
2x2 table Reference standard + Reference standard - Total
(calculated Index test 11 3 14
from reported (baseline
sensitivity, cortisol) +
specificity and  Index test - 10 18 28
true positive total 21 21 42
and true
negative rates)
Statistical Index text: baseline early morning salivary cortisol (cut off 2.7 nmol/L)
measures Sensitivity 52.4
Specificity 85.7
PPV 0.79
NPV 0.64
PLR 3.66
NLR 0.56
AUC 0.661 (95% CI: 0.491-0.831)
Youden's index: The best 0-min salivary cortisol cut-off derived using Youden’s index was 2.7 nmol/L, with a sensitivity of 52.4% and a
specificity of 85.7%.
Source of This work was funded by Pitch for Funds Award, SingHealth Duke-National University of Singapore Medicine Academic Clinical
funding Programme Research Support Programme Grant (grant number 03/FY2018/P1/13-A28 FY2020PFFQ03).
Limitations Risk of bias: Unclear methods of recruitment and patient flow (very serious)
Indirectness: none
Comments

Adrenal insufficiency: August 2024
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D.2 Diagnostic Thresholds for Referral

Reference Choi 20023
Study type Cross sectional/prospective diagnostic accuracy study
Study Data source: Hospital assessments

methodology
Recruitment: patients with clinically suspected secondary adrenocortical insufficiency recruited from March 1997 to December 2000.
Number of n=72
patients
Patient Age: mean — 46 years; range (28-74 years)
characteristics
Gender (male to female ratio): 30:42

Ethnicity: Chinese

Setting: Regional hospital (unclear if in- or out-patients)

Country: Hong Kong

Inclusion criteria: clinically suspected secondary adrenocortical insufficiency

Exclusion criteria: contraindications for ITT such as epilepsy or ischaemic heart disease

Underlying diagnoses: reasons for suspicion of dysfunction of the hypothalamic-pituitary-adrenocortical axis were: nasopharyngeal
carcinoma with radiotherapy to the pituitary region (n=22), iatrogenic Cushing’s syndrome (n=20), non-functioning pituitary

macroadenoma (n=14), empty sella syndrome (n=8), acromegaly (n=5), Sheehan’s syndrome (n=1), Cooley’s anaemia with secondary
haemochromatosis (n=1), and prolactin-secreting pituitary macroadenoma (n=1).

Prior tests/treatment: Patients receiving chronic steroid therapy for other medical ilinesses were advised to cease steroid therapy 1
week before the tests.

Target Secondary adrenal insufficiency

condition(s)

Adrenal insufficiency: August 2024
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Reference

Index test(s)
and reference
standard

Statistical
measures

Source of
funding
Limitations

Comments

Reference

Study type

Choi 20023

Index test
Morning fasting serum cortisol concentration (0900)
Threshold: to maximise sensitivity or specificity

Reference standard (insulin tolerance test)

Performed by a specialty nurse supervised by a doctor after overnight fast.

Actrapid insulin (NovoNordisk, Bagsvaerd, Denmark) 0.1 U/kg was given intravenously after a baseline blood sample was taken for
glucose and cortisol assay. Diabetic patients receiving insulin treatment were given actrapid insulin 0.15 U/kg plus 50% of their morning
dose of short-acting insulin. Bedside haemoglucostix (Surestep Plus; Lifescan, Milpitas, US) testing was performed at 15-minute
intervals and blood was sampled for laboratory glucose assay. When hypoglycaemia developed (bedside haemoglucostix result of less
than 2.2 mmol/L and occurrence of hypoglycaemic symptoms), a blood sample was taken for glucose and cortisol assay, and 50%
dextrose solution 40 mL was given to the patient intravenously, followed by oral food. If hypoglycaemia had not occurred by 45 minutes,
an additional dose of actrapid insulin 0.1 U/kg was given. Blood sampling for cortisol measurement was done at intervals of 15 minutes
during the first 60 minutes, and thereafter at 30-minute intervals.

Threshold: peak cortisol response of 2550 nmol/L for adrenal sufficiency

Assays: Cortisol was assayed by the chemiluminescence method (Bayer-Centaur, New York, US). The coefficient of variation for the
assay was less than 5%.

Time between measurement of index test and reference standard: 4-7 days

Index text (fasting morning cortisol)

Fasting morning cortisol range: 51 to 537 nmol/L.
Threshold: 2420 nmol/L — sensitivity 100% (no false negatives)

Threshold: €112 nmol/L — specificity 100% (no false positives)
Not stated

Risk of bias: Unclear methods of recruitment; time between index and reference tests 4-7 days
Indirectness: None identified

Debono 2023°

Cross sectional/prospective diagnostic accuracy study

Adrenal insufficiency: August 2024
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Reference Debono 2023°

Study Data source: Hospital assessments

methodology
Recruitment: Patients were recruited by consecutive sampling at Sheffield Teaching Hospitals NHS Foundation Trust between
November 2019 and December 2021.

Number of n = 220 (208 available for primary outcome measure)
patients
Patient Age: 55.1-15.8 years

characteristics
Gender (male to female ratio): 106:102

Ethnicity: White: 90%, Asian: 5%, and the remaining patients were Black/Caribbean/African and multiracial.
Setting: NHS hospital for ACTH and home-based salivary cortisone test
Country: UK

Inclusion criteria: Patients at high risk for adrenal insufficiency. All patients referred for an ACTH stimulation test to assess for a new
diagnosis of adrenal insufficiency or for recovery from a previous diagnosis of adrenal insufficiency were considered for the study.
Patients older than age 18 years with a high probability of either primary, secondary, or tertiary adrenal insufficiency as determined by
the investigators were eligible for enrolment.

Exclusion criteria: Patients were excluded who were unable to produce a suitable saliva sample; night shift workers; patients with
known protein-losing disorders, known or suspected alcohol dependence, and known severe liver disease; patients with uncontrolled
active infection; and patients taking oestrogens or those who were pregnant. Patients taking drugs that influence the hypothalamic-
pituitary-adrenal axis (e.g., opioids) had their medications omitted on the day of testing, per routine clinical practice. In view of the
coronavirus disease 2019 measures resulting in limited staff and fewer appointment slots to enable study tasks, some patients were
excluded from study participation so as not to hinder their clinical care.

Reason for referral: Patients who were dependent on any type of glucocorticoid, who had been on an oral glucocorticoid prednisolone-
equivalent dose of 5 mg/d for 4 weeks, and who were referred for adrenal testing only after they had been weaned down to prednisolone
5 mg/d or equivalent or converted to physiologic doses of hydrocortisone 25 mg/d. Patients receiving any intermediate- or long-acting
intramuscular or intra-articular glucocorticoid injections were recruited at least 3 months after their last injection. Patients with pituitary
disease, such as tumours, inflammatory disease, or those with a history of cranial radiotherapy, were considered eligible for inclusion.

Target Adrenal insufficiency
condition(s)

Adrenal insufficiency: August 2024
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Reference

Index test(s)
and reference
standard

2x2 table
(calculated
from reported
sensitivity and
negative
predictive
values)

Debono 2023°

Index test: waking salivary cortisone, cortisol and baseline serum — (threshold: different cut offs reported)

Salivary sample upon waking using Salivette tubes containing synthetic swabs (Salivette Cortisol; Sarstedt). A total of 500 ml of saliva
was necessary to ensure a good representative sample, and 50 ml was used for the assay. All patients were given written instructions
with images and a video on how to collect their salivary sample. Patients were advised to refrain from smoking/vaping on the day of the
test. Patients taking glucocorticoids were asked to omit these medicines the evening before and the day of the test until all samples were
collected. Patients were allowed to follow their usual waking routines but were asked to collect their waking salivary sample the moment
they got out of bed to commence the day and before cleaning teeth, eating, or drinking.

Thresholds: salivary cortisone = 7 and 17nmol/l, salivary cortisol = 5 and 1 nmol/L, serum cortisol = 152 and 310 nmol/I

Reference standard Standard dose ACTH stimulation test

At the endocrine clinic an intravenous cannula was inserted, and baseline serum cortisol was measured. An ACTH stimulation test was
performed with intravenous injection of 250 mg of Synacthen (Atnahs Pharma UK Limited), followed by a serum cortisol level blood draw
at 30 minutes. Tests were performed by specialized endocrine nurses at the clinic. On completing the ACTH stimulation test, patients
completed the final part of the questionnaire assessing their views on the ACTH stimulation test and salivary sample collection. Results
of the ACTH stimulation test were interpreted by a consulting endocrinologist, or a specialized endocrine nurse who was unaware of the
waking cortisol data. An a priori criterion of a peak cortisol level of 15.6 mg/dl (430 nmol/l) measured by immunoassay indicated
adequate adrenal reserve, whereas those patients with levels less than this value were considered to have adrenal insufficiency
according to current clinical practice in our centre.

Threshold: peak cortisol level of 2430 nmol/Lfor adrenal sufficiency

Assays: Serum cortisol was analysed by immunoassay (Elecsys Cortisol Il assay; Roche) and interpreted immediately at Sheffield
Teaching Hospitals NHS Foundation Trust. An extra serum cortisol sample was stored at -80C and, together with the salivary sample,
was then analysed and interpreted by liquid chromatography—tandem mass spectrometry (LC-MS/MS) as a batch at the end of the study
in a different laboratory in Manchester University NHS Foundation Trust.

Time: later in the same day (median value = approx. 3 hours later as self-reported by patients)

Index text (waking salivary cortisone — threshold 17 nmol/l)

Reference standard + Reference standard - Total
(ACTH stimulation test 430nmol/l) (ACTH stimulation test 430nmol/l)
Index test + 88 51 140
(waking salivary cortisone —
threshold 17 nmol/l)
Index test — 3 66 68

Adrenal insufficiency: August 2024
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Reference

Debono 2023°

(waking salivary cortisone —
threshold 17 nmol/l)
Total

91

Index text (waking salivary cortisone — threshold 7 nmol/l)

Index test +

(waking salivary cortisone —
threshold 7 nmol/l)

Index test — (waking salivary
cortisone — threshold 7 nmol/I)
Total

Reference standard +

(ACTH stimulation test 430nmol/l)
67

24

91

Index text (waking salivary cortisol — threshold 5 nmol/l)

Index test +
(waking salivary cortisol — threshold
5 nmol/l)

Index test — (waking salivary cortisol

— threshold 5 nmol/l)
Total

Reference standard +

(ACTH stimulation test 430nmol/l)
86

5

91

Index text (waking salivary cortisol — threshold 1 nmol/l)

Index test +
(waking salivary cortisol — threshold
1 nmol/l)

Index test — (waking salivary cortisol

— threshold 1 nmol/l)
Total

Reference standard +

(ACTH stimulation test 430nmol/l)
47

44

91

Index text (Baseline serum cortisol — threshold 310 nmol/l)

Adrenal insufficiency: August 2024

117

Reference standard -

(ACTH stimulation test 430nmol/l)
4

113

117

Reference standard -

(ACTH stimulation test 430nmol/l)
46

71

117

Reference standard -

(ACTH stimulation test 430nmol/l)
4

113

117

115

208

Total

70

138

208

Total

132

76

208

Total

50

158

208
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Statistical
measures
(some data
calculated from
reported
sensitivity and
negative
predictive
values)

Debono 2023°

Reference standard +
(ACTH stimulation test 430nmol/l)
Index test + 87
(waking salivary cortisol — threshold
1 nmol/l)
Index test — (waking salivary cortisol 4
— threshold 1 nmol/l)
Total 91
Index text (Baseline serum cortisol — threshold 152 nmol/l)
Reference standard +
(ACTH stimulation test 430nmol/l)
Index test + 59
(waking salivary cortisol — threshold
1 nmol/l)
Index test — (waking salivary cortisol 32
— threshold 1 nmol/l)
Total 91

Index text (waking salivary cortisone — threshold 17 nmol/l)
Sensitivity: 97% (95% ClI, 91 to 99) reported in study
Specificity: 56%

PPV: 63%

NPV: 96% (95% CI, 90 to 99) reported in study.

PLR: 2.20

NLR: 0.05

AUC: 0.95 (95% Cl, 0.92 to 0.97) reported in study.

Index text (waking salivary cortisone — threshold 7 nmol/l)
Sensitivity: 73%

Specificity: 97% (95% Cl, 92 to 99) reported in study

PPV: 95% (95% ClI, 87 to 99)

NPV: 0.83

PLR: 24.4

Adrenal insufficiency: August 2024

Reference standard -

(ACTH stimulation test 430nmol/l)
69

48

117

Reference standard -

(ACTH stimulation test 430nmol/l)
6

111

117

116

Total

156

52
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Total

65
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Reference Debono 2023°

NLR: 0.28

Maximum thresholds - To achieve at least 99% sensitivity to exclude adrenal insufficiency and 99% specificity to confirm adrenal
insufficiency, one would need to use waking salivary cortisone cutoffs of 25 nmol/Land <1 nmol/l, respectively.

Index text (waking salivary cortisol — threshold 5 nmol/l)
Sensitivity: 95% (95% ClI, 88 to 99) reported in study
Specificity: 61%

PPV: 65%

NPV: 94% (95% ClI, 85 to 98) reported in study.

PLR: 2.40

NLR: 0.09

AUC: 0.89 (95% ClI, 0.85 to 0.94) reported in study.

Index text (waking salivary cortisol — threshold 1 nmol/l)
Sensitivity: 52%

Specificity: 97% (95% Cl, 92 to 100) reported in study

PPV: 93% (95% CI, 80 to 99) reported in study.

NPV: 72%

PLR: 15.1

NLR: 0.50

Index text (baseline serum cortisol — threshold 310 nmol/l)
Sensitivity: 96% (95% ClI, 90 to 99) reported in study
Specificity: 41%

PPV: 56%

NPV: 93% (95% CI, 84 to 98) reported in study.

PLR: 1.64

NLR: 0.09

AUC: 0.90 (95% ClI, 0.86 to 0.94) reported in study.

Index text (baseline serum cortisol — threshold 152 nmol/l)
Sensitivity: 65%
Specificity: 95% (95% ClI, 90 to 98) reported in study

Adrenal insufficiency: August 2024
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Reference

Source of
funding

Limitations

Comments

Reference

Study type
Study
methodology

Number of
patients
Patient
characteristics

Debono 2023°

PPV: 91% (95% CI, 81 to 97) reported in study.

NPV: 77%
PLR: 13.0
NLR: 0.37

Additional analyses: Examined the percentage of ACTH stimulation tests that could have been avoided using waking salivary cortisone
cutoffs as a screening test in a two-stage process. The ACTH stimulation test would have been avoided in 70% (154 of 220) of
participants — 73 patients with waking salivary cortisone.

Funded by the National Institute for Health Research (NIHR) under its Research for Patient Benefit Programme (grant reference number,
PBPG-1217-20007). Dr. Elder and Mr. Keevil are both supported by funding from UK Research and Innovation—Innovation Scholars
secondments: Biomedical Sciences. The study was also supported by the NIHR Clinical Research Network Yorkshire and Humber IRAS
262618.

Risk of bias: None identified.
Indirectness: None identified.

De Lange 19934

Cross sectional diagnostic accuracy study
Data source: Hospital assessments

Recruitment: consecutive patients who had received adequately performed insulin-induced hypoglycaemia and metyrapone tests
n =58

Age: range 17-73 years
Gender (male to female ratio): 33:25
Ethnicity: not stated

Setting: Regional hospital (unclear if in- or out-patients)

Adrenal insufficiency: August 2024
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Reference

Target
condition(s)
Index test(s)
and reference
standard

Statistical
measures

Source of
funding

De Lange 1993*
Country: Netherlands

Inclusion criteria: received adequately performed insulin-induced hypoglycaemia and metyrapone tests.
Exclusion criteria: clinical evidence of adrenal insufficiency or Cushing’s syndrome

Underlying diagnoses: 45 had pituitary adenoma (30 before treatment; 10 after hypophysectomy and 5 after X-ray therapy). 13 had
proven or suspected HPA disease.

Prior tests/treatment: Corticosteroid medication was stopped at least 72 hours before investigation.
Adrenal insufficiency

Index test
Morning fasting plasma cortisol concentration (0900-1000)
Thresholds: 160 and 260 nmol/L

Reference standard (insulin tolerance test)

Performed after overnight fast.

Soluble insulin 0.15 U/kg was given intravenously.

Blood sampling for glucose and cortisol measurement was taken before and at 0, 30, 45, 60 and 90 minutes after injection.

Threshold: rise in plasma cortisol above 500 nmol/L for adrenal sufficiency (normal — n=33/58)

Assays: Plasma cortisol was measured by RIA.
Blood glucose was measured by a hexokinase method.

Time between measurement of index test and reference standard: 0-1 days (2 samples taken for index test, one on the day of ITT and
one the following day)

Index text (fasting morning cortisol)

Threshold: <260 nmol/L — sensitivity = 96%; specificity = 64%
Threshold: <160 nmol/L — sensitivity = 64%; specificity = 91%

Not stated

Adrenal insufficiency: August 2024
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Reference

Limitations

Comments

Reference

Study type
Study
methodology

Number of
patients
Patient
characteristics

De Lange 1993*

Risk of bias: None identified.
Indirectness: Basal cortisol was mean of morning measurements on 2 consecutive days

Deutschbein 20097

Cross sectional diagnostic accuracy study
Data source: Hospital assessments

Recruitment: patients were investigated because of suspected or proven disease of the HPA axis (dates of recruitment not reported)
n=77

Age, mean (SD): 44.2 (1.8) years.

Gender (male to female ratio): 41:36

Ethnicity: Not reported

Setting: hospital (unclear if inpatient or outpatient)

Country: Germany

Inclusion criteria: suspected or proven HPA axis disease

Exclusion criteria: No subject had to be excluded because of contraindications to insulin-induced hypoglycaemia.

Underlying diagnoses

Reason for referral: 65 patients had sellar masses, of whom 11 were not operated; all 54 surgically treated patients were tested at least

3 months after surgery (median postoperative interval: 6.3 months; range: 3 — 68 months).
The remaining 12 patients showed an impaired secretion of various hormones but did not have any detectable tumours within the HPA.

Prior tests/treatment: At the time of hormonal evaluation, female patients were neither on contraceptives nor oestrogens. Patients on
chronic corticosteroid replacement therapy (generally 10—15 mg hydrocortisone per day) received their last dosage at 1400 h the day
before testing, resulting in a drug restriction period of at least 18 h.

Adrenal insufficiency: August 2024
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Reference

Target
condition(s)
Index test(s)
and reference
standard

Data table

Deutschbein 20097
Secondary adrenal insufficiency

Index tests: Basal serum and salivary cortisol

Basal salivary cortisol: saliva was collected by chewing a specific cotton swab (Salivette, Sarstedt, Germany). Following an overnight
fast, basal cortisol was collected between 0800 and 0900 h and before blood withdrawal.

Basal serum cortisol: venipuncture.

Threshold cut-off value:

Basal salivary cortisol - an optimal cut-off of 15.1 nmol/l, an upper cut-off of 21.1 nmol/l, and a lower cut-off of 5.0 nmol/Lwere calculated.
Basal serum cortisol - ROC analysis revealed an optimal cut-off of 283 nmol/l, an upper cut-off of 470 nmol/l, and a lower cut-off of 103
nmol/Lrespectively.

Assay:
Serum cortisol was measured by a competitive immunoassay (Advia Centaur, Bayer, Germany). The lower detection limit of this assay

was 5.5 nmol/l, and intra- and inter-assay coefficients of variation were less than 3.8 and 5.5%, respectively. Salivary cortisol was
determined using a modification of a commercial radioimmunoassay (RIA) (GammaCoat, DiaSorin, USA), decreasing the sample volume
from 200 to 100 y I. The intra- and inter-assay coefficients of variation were 5.4 and 15.9 %, respectively.

Reference standard: Insulin tolerance test (ITT)

The ITT was performed between 0800 and 1000, using a peak cortisol cut-off point of 500 nmol/Lto distinguish between adrenal
insufficient (Al) and adrenal sufficient (AS) patients. After administration of insulin, both a serum glucose nadir below 40 mg/dl and
symptoms of hypoglycaemia were required as evidence of sufficient stress. Samples for blood glucose and Se C were taken at 0, 15, 30,
45, 60, 90, and 120 min.

Threshold: Cortisol sufficiency was confirmed if the peak serum cortisol was more than 500 nmol/L (18 pg/dl).

Time between measurement of index test and reference standard: ITT was performed wither immediately after basal samples or on
a separate day. Average time lag not reported.
Morning salivary cortisol (threshold 15.1 nmol/l)
Reference standard + Reference standard - Similar diagnoses
by ITT and
basal cortisol
Index test + 19% 1%
(<5.0 nmol/l)

Adrenal insufficiency: August 2024
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Reference

Statistical
measures

Source of
funding
Limitations

Comments

Deutschbein 20097

Index test 31% 38%
unclear (5.0-

21.1 nmol/l)

Index test — 3% 8%

(>21.1 nmol/l)
Morning serum cortisol (threshold 283 nmol/l)
Reference standard + Reference standard -

Index test + 17% 1%
(<103 nmol/l)

Index test 34% 39%
unclear (103-

470 nmol/l)

Index test — 3% 6%

(>470 nmol/l)

27%

Similar diagnoses
by ITT and
basal cortisol

23%

Upper and lower thresholds (with = 95% specificity either for adrenal sufficiency or adrenal insufficiency) were calculated based on ROC

analysis.

Index text — basal salivary cortisol (upper cutoff of 21.1 nmol/l, and a lower cutoff of 5.0 nmol/l)

By using the upper as well as the lower cutoff, a diagnosis corresponding to the ITT result was established in 21 of 77 patients (27 %),
whereas 56 patients (73 %) required additional testing procedures.

Index text — basal serum cortisol (upper cutoff of 470 nmol/l, and a lower cutoff of 103 nmol/l)

By applying both the upper and the lower cutoff, a diagnosis corresponding to the ITT result was established in 18 of 77 patients (23 %),

leaving 59 patients (77 %) for further evaluation.
Not stated

Risk of bias: very serious (due to patient selection and patient flow)

Indirectness: none

Unclear whether the patient sample overlaps with Deutschbein 2009a

Adrenal insufficiency: August 2024
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Reference Deutschbein 2009a°
Study type Prospective diagnostic accuracy study
Study Data source: Hospital assessments (unclear if inpatients or outpatients)

methodology
Recruitment: Between 2005 and 2007 fifty-five patients were investigated because of suspected or proven disease of the HPA axis

Number of n =55
patients
Patient Age, mean (SD): 45.9 (2.1) years.

characteristics
Gender (male to female ratio): 26:29

Ethnicity: Not reported

Setting: outpatients

Country: Germany

Inclusion criteria: patients with suspected secondary adrenal insufficiency

Exclusion criteria: At the time of hormonal evaluation, female patients were neither on contraceptives nor oestrogens. Patients on
chronic corticosteroid replacement therapy (generally 10—15 mg hydrocortisone per day) received their last dosage at 1400 h the day
before testing, resulting in a drug restriction period of at least 18 h. No subject had to be excluded because of contraindications to
insulin-induced hypoglycaemia.

Reason for referral: Eight subjects had a present neoplasia (4 prolactinomas, 2 somatotropic adenomas, 1 non-functioning adenoma, 1
meningioma), and 40 subjects (24 non-functioning adenomas, 8 somatotropic adenomas, 3 craniopharyngiomas, 3 prolactinomas, 2

meningiomas) were tested at least 3 months after surgical treatment (median interval: 4.8 months). Seven patients suffered from pituitary
hormone impairment without detectable sellar tumours (3 secondary hypogonadisms, 3 congenital hormone insufficiencies, 1 Sheehan

syndrome).
Target Adrenal insufficiency
condition(s)
Index test(s) Index tests: Basal serum and salivary cortisol
and reference  Basal salivary cortisol: saliva was collected by chewing a specific cotton swab (Salivette, Sarstedt, Germany). Following an overnight
standard fast, basal cortisol was collected between 0800 and 0900 h.

Basal serum cortisol: after catheterisation of a superficial cubital vein and a recovery period of 15 min to avoid stress-induced bias, blood
samples were directly obtained into serum tubes (Monovetten, Sarstedt, Germany).

Adrenal insufficiency: August 2024
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Reference Deutschbein 2009a°
During High dose SST, serum and saliva samples were taken at 0, 30, 60, 90, and 120 min after i.v. application of 250 mg synthetic
ACTH (Synacthen, Novartis).

Threshold cut-off value:

Basal salivary cortisol - an optimal cut-off of 7.6 nmol/l, an upper cut-off of 17.5 nmol/l, and a lower cut-off of 5.0 nmol/Lwere calculated.
Basal serum cortisol - ROC analysis revealed an optimal cut-off of 260 nmol/l, an upper cut-off of 382 nmol/l, and a lower cut-off of 103
nmol/Lrespectively.

Assay:
Saliva samples were measured by a modification of the ‘GammaCoat’ RIA for cortisol (DiaSorin, Stillwater, MN, USA), decreasing the

sample volume from 200 to 100 ml. The intra-assay and inter-assay coefficients of variation were 5.4% and 15.9%, respectively.

Serum cortisol levels were determined by competitive immunoassay, using commercial kits (Advia Centaur, Bayer). The analytical
sensitivity of the assay was 5.5 nmol/l. Intra-assay variations as coefficient of variation for various cortisol values were 3.7% (107.1
nmol/l), 3.1% (155.3 nmol/l), 2.9% (391.0 nmol/l), 3.8% (759.6 nmol/l), and 3.0% (1025.0 nmol/l). Inter assay variations for the cortisol
concentrations mentioned above were 5.5, 3.8, 3.1, 1.9, and 4.0%.

Reference standard: Insulin tolerance test (ITT)

The ITT served as reference test, using a peak cortisol cut-off point of 500 nmol/Lto distinguish between adrenal insufficient (Al) and
adrenal sufficient (AS) patients. After administration of insulin, both a serum glucose nadir below 40 mg/dl and symptoms of
hypoglycaemia were required as evidence of sufficient stress. Samples for blood glucose and Se C were taken at 0, 15, 30, 45, 60, 90,
and 120 min.

Threshold: Cortisol sufficiency was confirmed if the peak serum cortisol was more than 500 nmol/L(18 ug/dl).

Assay: Serum and salivary cortisol were measured by electrochemiluminescence method (ECLIA) using Cobas e 411 analysers with
commercially available Elecsys Cortisol Il (second generation, monoclonal antibody) kits which have showed a good correlation with gas
chromatography mass spectrometry (GC-MS).

Time between measurement of index test and reference standard: The minimum and maximum intervals between both tests were 1
day and 17 days, respectively, with a median interval of 2 days (unclear if this was the basal values)

Adrenal insufficiency: August 2024
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Reference
Statistical
measures

Source of
funding
Limitations

Comments

Deutschbein 2009a°
Index text — basal salivary cortisol

An upper cut-off of 17.5 nmol/l, and a lower cut-off of 5.0 nmol/Lwere calculated. The use of both the upper and lower thresholds allowed
a diagnosis in 19 of 55 patients (35%). If the remaining 36 subjects were then investigated by the short Synacthen test (SST), the
combination of upper and lower cut-offs diagnosed 3 (HDT periods 0—60 and 0—120 min), 4 (HDT period 0—30 min), and 5 additional
patients (HDT period 0-90 min). So, the combination of basal cortisol and HDT allowed a diagnosis in 42—45% of patients.

Index text — basal serum cortisol

An upper cut-off of 382 nmol/l, and a lower cut-off of 103 nmol/Lwere identified. By applying the upper as well as the lower cut-off, 18 of
55 patients (33%) were diagnosed by their basal serum cortisol levels, leaving 37 subjects for an additional evaluation.

Of these subjects then investigated by upper and lower serum cut-offs defined for each SST period, an additional eight subjects were
diagnosed during SST period 0—60 min, and nine subjects during each of the other SST periods (0-30, 0—90, and 0—120 min)
respectively.

So, the combination of basal cortisol and SST allowed a diagnosis in 47—49% of patients.

This research did not receive any specific grant from any funding agency in the public, commercial or not-for-profit sector.

Risk of bias: very serious (due to patient selection and patient flow)

Indirectness: none

Unclear whether the patient sample overlaps with Deutschbein 2009

Query as to accuracy of reporting for sensitivity and specificity for salivary cortisol

Adrenal insufficiency: August 2024
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Appendix E Forest plots

E.1 Diagnostic Tests Forest plots

E.1.1 Coupled sensitivity and specificity forest plots.

Figure 2: Sensitivity and specificity of serum cortisol for diagnosing Al in people with
suspected Al and
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Figure 3: Sensitivity and specificity of salivary cortisol for diagnosing Al in people
with suspected Al
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Figure 4: Sensitivity and specificity of salivary cortisone (threshold 12.5 nmol/L) for
diagnosing Al in people with suspected Al
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E.1.2 Analyses by study (multiple index tests in single population)

Note: these data are duplicated in the analyses by index test above.

Figure 5: Sensitivity and specificity of serum and salivary cortisol for diagnosing
secondary Al in people with HPA axis disorders
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Figure 6: Sensitivity and specificity of serum and salivary cortisol for diagnosing
secondary Al in people with HPA axis disorders
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Figure 7: Sensitivity and specificity of serum cortisol, salivary cortisol and salivary
cortisone for diagnosing Al in people with suspected Al
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Figure 9: Sensitivity and specificity of serum cortisol, salivary cortisol and salivary
cortisone for diagnosing Al in people with suspected Al
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E.2 Diagnostic thresholds for referral forest plots

Insufficient data were available from the included studies to produce forest plots.
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E.3 Index test and reference standard scatter plots

Figure 8: Individual serum cortisol peak values during ITT plotted against matched
basal serum (A) and salivary (B) cortisol levels.
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Upper and lower cutoffs for the index tests and the peak cortisol cut point of 500 nmol/Lin the reference standard
are shown as broken lines. Dots within the shaded areas represent those who were similarly diagnosed by the
index and reference tests.

Source: Deutschbein et al 2009

130
Adrenal insufficiency: August 2024



FINAL

Diagnostic Tests and Diagnostic Thresholds for referral

Appendix F

F.1 Diagnostic tests

Economic evidence study selection
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F.2 Diagnostic thresholds for referral
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Appendix G Economic evidence tables

G.1 Diagnostic tests

None

G.2 Diagnostic thresholds for referral

None.
Appendix H Health economic model

H.1 Diagnostic tests

No original economic modelling was undertaken for this review question.

H.2 Diagnostic thresholds for referral

No original economic modelling was undertaken for this review question.
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Appendix | Excluded studies

.1 Clinical studies- Diagnostic tests

Table 20: Studies excluded from the clinical review
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Exclusion reason
- Study does not contain any relevant index tests

- Review article but not a systematic review

- Conference abstract

- Study does not contain a relevant reference
standard

Plasma ACTH stimulation test

- Population not relevant to this review protocol
People with known Al

- Retrospective

- Study does not contain diagnostic accuracy
data

- Population not relevant to this review protocol
Known Al and healthy controls.

- Study does not report sensitivity or specificity
Youden's index only

- Study does not contain any relevant index tests

- Study does not contain diagnostic accuracy
data

correlation only
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Exclusion reason

- Population not relevant to this review protocol
critically ill - end stage renal disease

- Population not relevant to this review protocol
End stage renal disease

- Population not relevant to this review protocol
Includes some with known Al.

- Study design not relevant to this review
protocol

Recruitment method not clear
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data

- Study does not contain any relevant index tests
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.3 Health Economic studies
.3.1 Diagnostic tests
None

1.3.2 Diagnostic thresholds for referral

None.
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Appendix J Recommendations for research — full details

What is the clinical and cost-effectiveness of salivary cortisone or cortisol to identify people
with adrenal insufficiency?

J.1 Why this is important

J.1.1 Rationale for the recommendation for research

Importance to ‘patients’ *Unrecognised and/or untreated adrenal insufficiency leads inevitably to

or the population adrenal crisis and death. Currently many healthcare professionals will use
a short Synacthen test as a gold-standard test to assess adrenal function.
However, this is expensive as it is costed as a day case procedure, and
time intensive for people undergoing assessment and staff alike. Time is
about 2 hours for hospital staff and cost is in the region of £400. There
are research data showing that other methods of assessing adrenal
function are equally sensitive, but this has not yet been validated in large
populations or with a health economic analysis.
Comparative methodologies to be investigated would be 9am serum
cortisol, and early morning salivary cortisol and cortisone. | addition
patients on oral oestrogen would have to stop these products for 4-6
weeks to assess adrenal function by serum cortisol measurement or
Synacthen test. As salivary cortisol/cortisone is free cortisol/cortisone this
is not impacted by oral oestrogen effects on circulating CBG so may be a
more cost effecting a safer option than stopping oral oestrogen (Rees

JCEM 2023).
Relevance to NICE Whilst writing this guideline it is clear that widespread testing for adrenal
guidance function has the potential to have an impact of the health economy. There

are nearly 1 million prescriptions for exogenous glucocorticoids in the
NHS each year and some of these patients are at risk of adrenal
insufficiency. Therefore, we need to ensure there is a cost effective and
clinically safe way of assessing adrenal function in all populations at risk.
The knowledge from this research would then be incorporated into next
version of the guideline. These populations are described in the guideline.

Relevance to the NHS  Whilst deaths from adrenal insufficiency /adrenal crisis are rare they are
totally preventable. By simplifying the cost and person power needed for
testing for adrenal insufficiency this would benefit people undergoing
testing. As the proposed methods include salivary measurements then
there is additional benefit to people undergoing testing and staff, as
patients can do sample collection in their own home, widening access and
making testing acceptable to children and hard to reach populations.

National priorities There is a National Patient Safety and Learning report (NHSE 2020)
stating that all health care providers need to identify patients under their
care with adrenal insufficiency. This comes under the remit of CQC to
monitor and so is of importance for all health and care organisations.

Current evidence base  Currently there is new evidence looking at salivary cortisol and cortisone
as a method to assess adrenal function. (DeBono NEJM Evidence 2023)
Methodology here is an ambulatory early morning saliva sample taken at
home which is then sent back to hospitals. There is about a 5% rate of
inadequate samples sent back, and also some risk of contamination of
salivary samples from blood in the mouth, or if a patient is using oral
products with hydrocortisone in them. The methodology is using mass
spectrometry (LC-MS/MS) which is available in only a few NHS trusts so
there needs to be data to validate that this is worthwhile before endorsing
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Equality considerations

roll out as the main method of testing for adrenal insufficiency. There is a
cost to set up this service and also of buying LC-MS/MS machines for
about £100,000. These data also look at 9am serum cortisol which also
has good sensitivity and specificity with defined cut offs. 9am serum
cortisol is relatively easy but does mean attendance at a fixed time for a
blood test, and minute to minute variation owing to the pulsatile nature of
cortisol secretion. The extant study was in 200 patients so a low number
and selected from a secondary care population so a high-risk population.
Therefore, the data set needs to be a lot larger, and include patients seen
in primary care with different risks. By determining the real-world utility
these tests, and their health resource use implications, we would
determine which would be best use of NHS resource whilst diagnosing
people with adrenal insufficiency with the highest sensitivity.

Section xxx of guideline shows the limited amount of evidence and only 1
good study using these 3 ways of measuring cortisol ( deBono 2023) As
described above, current testing with a Synacthen test at a cost of around
£400 is cost effective.

Deutschbein 1993 also showed utility of salivary cortisol although in 55
patients so again more data is needed to justify expense of advocating
new methodology (LC_MS/MS) across the NHS for measuring salivary
cortisol /cortisone.

A single blood test or home saliva testing is much easier for patients.
Groups finding it hard to travel would benefit from home testing (eg.
mobility issues, agoraphobia). People with learning disability may find it
easier to have a single blood test rather than a day case admission- this
may need a best interest meeting for those who do not have capacity to
make decisions about their care. A single blood or saliva test may obviate
the need for this.

J.1.2 Modified PICO table

Population

Intervention
Comparator

Outcome

Study design
Timeframe

Additional information

People at risk of adrenal insufficiency as described in Section 2.3 of
guideline

Salivary cortisol vs salivary cortisone vs 8-9am serum cortisol
Between the 3 groups

Cortisol cut offs as described by deBONO et al 2023 NEJM evidence
Cross-sectional study design

TBC

None
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