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Abstract

Objective: Worldwide, adults and children are at risk of adrenal insufficiency largely

due to infectious diseases and adrenal suppression from use of anti‐inflammatory

glucocorticoids. Home waking salivary cortisone is an accurate screening test for

adrenal insufficiency, it has potential to reduce costs, and patients prefer it to

the adrenocorticotropin (ACTH) (synacthen) stimulation test. We carried out a

service evaluation of home waking salivary cortisone in clinical care to identify

implementation barriers.

Design, Patients and Measurements: Service evaluation in a centre where

212 patients referred for adrenal insufficiency had a waking salivary cortisone.

Problems encountered during testing were recorded and patient feedback, via focus

groups, collected.

Results: From all patients providing a waking salivary cortisone 55% had a normal

test, 23% adrenal suppression, and 22% an equivocal result requiring a clinical centre

ACTH stimulation test. The median (interquartile range [IQR]) for the time of the

saliva sample was 07:40 (07:00–08:40). The median (IQR) days between collection

and (i) delivery to local laboratory was 1 (0.25–2) day; (ii) reporting by local

laboratory was 13 (11–18) days. Patients considered the test is “easy to do” and

preferred it to the inpatient ACTH stimulation test. The principal challenge to clinical

implementation was results reporting to clinicians due to delays at the local

laboratory.

Conclusions: This service evaluation provides real‐world evidence that home waking

salivary cortisone is an effective, practical screening test for adrenal insufficiency.

It identified key barriers to testing implementation that need to be addressed when

introducing the test to a health service.
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1 | INTRODUCTION

Adrenal insufficiency, or cortisol deficiency, is a life‐threatening

condition which can be primary (adrenal), secondary (pituitary) and

tertiary (mainly adrenal suppression secondary to glucocorticoids or

opioids). Prevalence is rising due to the increased prescription of

glucocorticoid and opioid therapies that suppress adrenal func-

tion.1–4 The standard tests for adrenal insufficiency are a morning

serum cortisol and/or the Adrenocorticotropin (ACTH) stimulation

test (AST), also called the short synacthen test.5,6 It is estimated that

90,000 ASTs are performed a year in the United Kingdom. The AST

and serum cortisol require patients to attend a clinical centre and

undergo venesection and the administration of synacthen (cosyn-

tropin). The AST is classed as an inpatient admission with an

associated inpatient tariff and waiting times associated with

scheduling the AST can result in delayed diagnosis.7 It has recently

been shown in a diagnostic accuracy study that home waking salivary

cortisone is an accurate screening test for adrenal insufficiency.8 The

test is simple to perform and, as salivary cortisone is stable at room

temperature, it may be carried out at home and then sent by post to

the laboratory, making testing easier for the patient, and reducing

health care costs.7,9 The diagnostic accuracy study showed that home

waking salivary cortisone predicted the serum cortisol response to

synacthen in the AST and if home waking salivary cortisone were

used to screen patients, it would have obviated the need for an AST

in 70% of patients.8

Bridging the gap between research and the clinic is important but

not simple and it may take years to convince stakeholders and

clinicians to change their clinical practise.10 A new test should be

introduced with robust supporting evidence, and barriers to

implementation need to be sought and addressed. Multifaceted

interventions targeting change in behaviour or single interventions

such as audit and feedback are effective in helping change clinical

practice.11 A suitable approach is to evaluate research results locally

and then use and action these in everyday clinical management.12,13

We have introduced home waking salivary cortisone into our clinical

practice and have undertaken a service evaluation to confirm the

results of our diagnostic accuracy study and to identify barriers to

implementation of home waking salivary cortisone across a health

service.

2 | METHODS

2.1 | Study design and procedures

This was a service evaluation to assess the use of waking salivary

cortisone as a screening test for adrenal insufficiency at the

Endocrine Unit and was approved and registered by The Sheffield

Teaching Hospitals National Health Service (NHS) Foundation Trust,

United Kingdom, as an Institutional Case Notes review (Registration

Number 10195). The study evaluated data collected over 6 weeks

between the 1 September 2022 and the 20 October 2022. All

patients referred to be assessed for the presence of any type of

adrenal insufficiency were sent a Sarstedt Salivette by post

immediately on referral, together with a self‐addressed stamped

envelope and instructions on how to carry out the test. All patients

were adults ≥16 years old. Patients on exogenous glucocorticoids

were asked to omit glucocorticoids the evening before and on the

day of the test until after the saliva test was collected. Patients on

oral glucocorticoids were only assessed for adrenal insufficiency if on

physiological doses of hydrocortisone (≤25mg/day) or prednisolone

(≤5mg/day) and patients on higher doses were not considered for

testing. Waking was defined as the moment one gets out of bed to

commence the day before cleaning teeth and having anything to eat

or drink. Patients recorded the time and date the salivary sample was

taken. Any patients needing an urgent result within a week, in view of

reporting delays, had an AST.

Patients providing inadequate samples (needs at least 50 µL for

assay and not blood stained) or samples arriving more than 3 days

after collection (delayed) were invited for AST. Patients not sending

the samples were then followed up and invited for AST. For those

who sent contaminated samples, identified when salivary cortisol was

higher than salivary cortisone usually secondary to hydrocortisone

residue or blood, it was left to the clinician's discretion whether to

accept the waking salivary cortisone result (when not reflecting

cortisone levels influenced by hydrocortisone administration), repeat

the sample or carry out an AST. The samples were sent to the local

laboratory at Sheffield Teaching Hospitals where they were recorded

and were then sent via courier to the central laboratory, Wythen-

shawe Hospital, Manchester, where they were analysed and then

reported to Sheffield where they were reported to the clinician on

the electronic system in Sheffield. The time taken from collection to

delivery at the local laboratory and to the reporting of the results

after analysis at the central laboratory was also recorded. Cortisone

levels in saliva were measured by liquid chromatography with tandem

mass spectrometry (LC‐MS/MS).8

Any difficulties encountered with the collection of samples, their

analysis, the interpretation of data, and reporting of results were

recorded.

To make a comparison with current standard management of

referrals, for assessment of adrenal status, we carried out a case

review measuring the time between new referral to date of

nonurgent AST report between 1 September 2019 and 20 October

2019. This period was chosen to reflect the same time period as the

service evaluation but before the COVID pandemic to mitigate any

pandemic‐related effects on the endocrine or laboratory services.

2.2 | Patients and focus groups

Patients attending the Endocrine Unit were invited to participate in a

focus group discussion that was approved by the SouthYorkshire and

Humber Research Ethics Committee (Reference 19/YH/0333).

Potential participants from a range of backgrounds (e.g., age, sex,

and ethnicity) tested for adrenal insufficiency using waking salivary
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cortisone were approached. Potential participants were contacted by

telephone by a member of the clinical team, who explained why they

had been contacted and gave a brief description of the purpose of

the focus group. Participants who expressed an interest in taking part

were then emailed the focus group patient information sheet (PIS)

and asked to confirm by return email participation after reading the

PIS. A Microsoft Teams joining link was then sent to them via email.

The meeting was recorded, and a transcript generated using the

option available in Microsoft Teams, and summative notes were taken

throughout. This was made clear to the participants at the start of the

focus group.

The aims were to discuss:

• Patient acceptability of testing at home versus in hospital.

• The ease of the salivary test compared with the AST.

• Recommendations on how the salivary test could be rolled out

into routine practice (including views on how results of the salivary

test could be reported to patients).

• Recommendations and guidance for the introduction of the

salivary test into routine practice.

• The degree to which adoption of the technology and its clinical

findings reflected those of the diagnostic accuracy study.

2.3 | Outcome measures

As part of the evaluation, we recorded patient demographic data, the

outcomes of waking saliva cortisone interpretation, the number of

samples that were inadequate, not returned, or delayed return, or

contaminated. The timings between collection of samples and: (i)

arrival at Sheffield Teaching Hospitals local laboratory; (ii) reporting

of result on electronic system after analysed by central laboratory in

Manchester were reported. The samples were evaluated by

consultant endocrinologists using the following predefined protocol:

• Patients with waking saliva cortisone <7 nmol/L were diagnosed

as having adrenal insufficiency.

• Patients with levels ≥17 nmol/L were diagnosed as not having

adrenal insufficiency.

• Patients with levels between 7 and 16.9 nmol/L, were considered

equivocal and were invited for an AST.

• An AST 30‐min cortisol of >430 nmol/L on Roche Elecsys Cortisol

II assay was considered a normal test.8

M. D. provided support with any difficulties encountered by

nonexperienced consultants when interpreting the results.

2.4 | Statistical methods

The baseline demographic and clinic characteristics of the partici-

pants were collected. For the noncontinuous variables median and

interquartile range (IQR) are presented. For the categorical variables,

the number and percentage of participants in each of the categories

and the total number of observations are presented.

3 | RESULTS

3.1 | Demographic data

Over 6 weeks 265 patients were referred to be assessed for the

presence of adrenal insufficiency by eight endocrinology consultants

and 212 patients were assessed using a waking salivary cortisone as a

first‐line screening test (Figure 1). Seventy‐three were men and

median (IQR) age was 52 (39–67) years. Thirty‐six percent of patients

were assessed for steroid‐induced adrenal insufficiency. Reasons for

the assessment can be found in Table 1.

3.2 | Waking saliva cortisone outcomes

Out of 212 patients, 45 (21%) had an equivocal result. Forty‐seven

(22%) patients were diagnosed with new onset or persistent adrenal

insufficiency and 112 (53%) patients were diagnosed as not suffering

from adrenal insufficiency (Figure 2). Eight patients (4%) had

inadequate or delayed samples. The median (IQR) was 1.8 nmol/L

(0.5–5.2), 12.1 nmol/L (8.9–14.6) and 28.6 nmol/L (22.7–36.7) for the

adrenal insufficiency, equivocal and normal groups, respectively.

From the 45 patients with an equivocal result 38 had an AST and

50% passed the test.

Based on the results of the waking salivary cortisone collected over

6 weeks, 22/77 patients being assessed for steroid‐induced adrenal

suppression were given a regime to wean off steroids completely with

advice to continue following steroid sick day rules for 6–12months. For

37/77 patients no change was necessary, and 13/77 patients were

advised to wean down to a lower dose of steroids. Four patients on

intermittent steroids had a normal test and one patient not on oral

steroids was started on hydrocortisone. From the postadrenalectomy

patients, 2/6 patients were weaned off hydrocortisone completely and

3/6 had their dose reduced. None of these patients suffered an adrenal

crisis following cessation of steroids. Patients were followed up for at

least 6 months after the service evaluation.

3.3 | Sample processing

The median (IQR) time of sample on waking was 07:40 (07:00–08:40).

The median (IQR) time between waking saliva collection and: (i) samples

delivered at Sheffield Teaching Hospitals laboratory was 1 day

(0.25–2); (ii) for reporting by the local laboratory after analysis at the

Central Laboratory in Manchester was 13 days (11–18).

Twenty‐one patients had contaminated samples, 15 of which

were with hydrocortisone; these were then followed by an AST or

repeat sample in 15 patients while in six patients the saliva cortisone

could be interpreted.

DEBONO ET AL. | 3
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Three samples were delayed and had to be discarded. Five

samples were inadequate. Ten salivary samples were not returned

and only one patient responded to follow up. One patient needing an

urgent AST did not respond and two patients with equivocal waking

saliva cortisone did not respond to an invitation for AST testing. No

kits were lost in the post.

For time comparison from referral to test reporting we looked at

a time period before the pandemic and before we introduced salivary

testing. The median (range) time between referral and reporting of

the AST from 1 September 2019 to 20 October 2019 was 21 (9–76)

days; n = 13.

3.4 | Clinical barrier

One out of eight endocrinologists initially found difficulty with results

interpretation and the use of recommended cut‐offs. Towards the

end of the 6‐week evaluation no other queries were raised.

3.5 | Patient focus groups

The focus group was conducted with nine patients who had done

the waking saliva test and an AST test and lasted 1 h 47min. Six

participants identified as female and three as male, and they ranged

in age from 42 to 67 years. Seven of these individuals were White

British, 1 was Black African‐Caribbean, and 1 was from another

White background.

3.5.1 | Positive findings

Participants found the waking salivary test to be easy to perform at

home. The written instructions were useful and easy to follow, even

for nonnative English speakers. They believed the test saved the NHS

F IGURE 1 Consort flow chart indicating the total number of patients referred to the Endocrine Unit between 1 September 2022 to
20 October 2022 to confirm or exclude adrenal suppression.

TABLE 1 Baseline demographics of patients referred to the
Endocrine Unit between 1 September 2022 and 20 October 2022
who provided a waking salivary cortisone to diagnose/confirm or
exclude adrenal suppression.

Variable Value

n 212

Age (years; median [IQR]) 52 (39–67)

Sex 139F; 73M

Testing reason

− Steroid‐induced adrenal
insufficiency

77 (36%)

− Symptoms (not on steroids) 54 (25%)

− Pituitary (tumours/radiotherapy) 65 (31%)

− Opioids 2 (0.9%)

− Postadrenalectomy 6 (2.8%)

− Immunotherapy 5 (2.4%)

− No cause 3 (1.4%)

Time of sample (median; IQR) 07:40 (07:00–08:40)

Days between collection and reporting

from local lab (median; IQR)

13 (11–18)

Days between collection and delivery
to local lab (median; IQR)

1 (0.25–2)

Abbreviation: IQR, interquartile range.

4 | DEBONO ET AL.
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time and money, reduced travel and, therefore, has environmental

and financial benefits and reduces stress due to not having to have

any needles. The reduced number of tests conducted in hospital

would free up appointment slots reducing waiting times for patients

and allow health care professionals to deliver other areas of

specialist care.

3.5.2 | Negative findings

The cotton swab was large, which made it uncomfortable and

unpleasant to chew. Some people may find it difficult to produce

enough saliva for the test, for example, those with conditions that

result in dry membranes. They raised concern that by staying at home

patients would not develop a relationship with the endocrine clinical

team; regular users of the Endocrine Unit enjoy the experience of

attending the unit and having contact with professionals.

3.5.3 | Suggestions

The focus group patients suggested that one should attempt to

improve the taste of the plain cotton swab by making it peppermint

flavour to aid palatability. They believed a link to a video with

instructions might be useful for people who have difficulty reading

English or more visual learners; this could be part of a 'testing kit'

including the salivette, written instructions and a video link

demonstrating how to carry out the test and steroid sick day rule

advise for those diagnosed with adrenal suppression. The patients

suggested a range of methods for receiving the home testing kit

including by post, collection from the Endocrine Unit (or other

relevant department) at the hospital, their GP, or local pharmacy if

the test was available on prescription. All participants agreed that

posting their samples in a return envelope is easy to do, dropping

them off at their local GP surgery was an alternative suggestion. The

participants agreed that a quick phone call with the results would

be ideal, but that they were also happy to receive emails. They did

however note that not everyone has access to a smartphone or

computer, in which case a letter sent by traditional mail would be

suitable.

4 | DISCUSSION

We have performed a service evaluation of home waking salivary

cortisone following its introduction as a screening test for adrenal

insufficiency in clinical care. In a diagnostic accuracy study, we had

shown that waking salivary cortisone is an accurate predictor of the

30‐min cortisol post‐ACTH stimulation and established that a cut‐off

value of ≥17 nmol/L excluded adrenal insufficiency with a sensitivity

of 97% and a value <7 nmol/L confirmed adrenal insufficiency with a

specificity of 97%. By using these criteria, one obviated the need for

an ACTH stimulation test in 70% of patients.8 In this service

evaluation the results replicated the diagnostic accuracy study with

75% of patients not requiring an ACTH stimulation test (Figure 2).

The time from referral to adrenal function testing is significantly

reduced using waking salivary cortisone as the test kit can be sent out

immediately and only took 1 day for the sample to be delivered to the

local laboratory after collection. This is faster compared to the time

from referral to carry out a nonurgent AST in a clinical centre of

F IGURE 2 Bar chart comparing the prevalence of adrenal suppression using waking salivary cortisone in the diagnostic accuracy study and
the service evaluation. The bars show the prevalence of adrenal insufficiency (waking salivary cortisone <7 nmol/L), equivocal tests (waking
salivary cortisone between 7 and 16.9 nmol/L) and patients with adrenal insufficiency excluded (waking salivary cortisone ≥17 nmol/L),
comparing the diagnostic accuracy study and the service evaluation [χ2 testing (χ2(2) = 11.39, p = .003)]. In the service evaluation, all patients
referred with a potential diagnosis of adrenal insufficiency were assessed, whereas in the diagnostic accuracy study, only patients with a high
risk for adrenal suppression were assessed. The number of inadequate or delayed samples in both studies are also shown to be very similar.
[Color figure can be viewed at wileyonlinelibrary.com]
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around 21 days, increasing to 76 days during busy periods. Delayed

diagnosis of adrenal insufficiency is frequent, with some patients

diagnosed only at an acute hospital admission and, therefore, at risk

of adrenal crisis.14 The home saliva test, therefore, potentially

reduces this risk if analysed and reported in a timely manner after

sample delivery.

There were more patients diagnosed with adrenal insufficiency in

the diagnostic accuracy study compared to the service evaluation,

33% versus 22% (Figure 2).8 The reason for this is that the population

in the service evaluation included all patients referred with potential

adrenal insufficiency as opposed to only high‐risk patients included in

the diagnostic accuracy study. The number of inadequate samples in

this service evaluation was similar to that in the diagnostic accuracy

study with more contaminated samples. The patients in clinical care

included in the service evaluation had no video link to instructions on

how to do the test and written recommendations were less detailed

and this could explain the more contaminated samples but in general

problems related to testing were similar. This suggests that as the

clinical protocol was like the study protocol, the latter can be

implemented in clinical care. Focus group feedback was positive with

patients preferring home waking salivary cortisone to the AST.

Patients believed the test reduces health care costs and enhances

patient benefit by reducing travel to clinical centres, the stress of

attending a hospital and reduces the environmental burden.

One of the major inconveniences we faced was the time between

sample collection and result reporting by the local laboratory after

analysis at a central laboratory. At our Clinical Chemistry department,

we do not have the facility to measure saliva cortisone and cortisol by

LC‐MS/MS and therefore samples were sent to an external laboratory

to be analysed. Analysis and reporting by the central laboratory were

not the cause for delay, but rather that the local laboratory required

the sample to be sent to them for registration rather than straight to

the central laboratory and then sent by courier on a once weekly basis.

This needs to be addressed as it results in delay in diagnosis as well as

additional cost of transferring to the central laboratory. This is an issue

in the health service that needs to be resolved as point of care and

home testing becomes more available with central laboratories. The

turnaround to receive a result from when the sample is received in the

central laboratory was only 48 h. The central laboratory used by our

centre at Wythenshawe Hospital, University Hospital of South

Manchester is well placed to deal with samples from external sources.

The laboratory acts as a reference site for over 100 hospitals in the

United Kingdom and 10 hospitals in the Republic of Ireland. Thus, if

samples were sent directly from the patient to the central laboratory

and reported direct to clinicians, time from referral to results could be

3 days. There are six labs in total in the sample exchange scheme of

UKNEQAS measuring cortisol/cortisone and another 20 labs capable of

measuring salivary cortisone in the United Kingdom. There are another

36 labs measuring steroids in northern Europe/Scandinavia using

LC‐MS/MS, four of these are already measuring salivary cortisone.

Low‐ and middle‐income countries (LMIC) with areas distant to

central laboratories may also benefit from being able to send the

salivary samples by post. The need for noninvasive, simple‐to‐use

diagnostics is particularly pertinent in the developing world, where

many diseases remain poorly defined and may receive insufficient

treatment. Basic diagnostic tests like serum cortisol, ACTH and AST

are not available in some LMIC.15 Often, little information about the

burden of disease is available to guide government/population health

decisions and in this respect waking salivary cortisone may have the

greatest impact in communities that presently do not receive

adequate laboratory or other health services. The use of LC‐MS/

MS to measure saliva cortisol and cortisone eliminates problems due

to cross‐reactivity and allows the separate reporting of both salivary

cortisol and cortisone and also identifies when the patient's sample is

contaminated by hydrocortisone.16–18 LC‐MS/MS is not currently

used to measure steroids in most LMIC; however, with the increased

access to and adoption of remote and tele‐health systems post‐Covid

then the waking salivary cortisone offers a viable alternative to the

AST in LMIC as the salivary sample can be sent to a central laboratory

by routine post in these countries. Salivary cortisone is stable in room

temperature for at least 72 h and at 4°C for a week and withstands

repeated freeze‐thaw cycles.9 In clinical centres where salivettes are

not available passive drool can be used as there is no difference in

glucocorticoids measured.9

The issue of contaminated samples is important. The number of

contaminated samples was minimal but one should be vigilant to

identify these. In health, the saliva cortisone level is six times higher

than saliva cortisol. Higher saliva cortisol than cortisone levels

are a sign of a contaminated sample usually with hydrocortisone

tablet residues in the mouth if the patient has not omitted

the hydrocortisone as recommended on the evening and morning

before the test.16 The advantage is that one can identify patients who

have not omitted their tablets; this is also important as saliva

cortisone levels will also rise, reflecting higher serum cortisol levels

posthydrocortisone administration, and will confound the test result.

Blood in the mouth will also result in higher saliva cortisol levels as

serum cortisol is around four times higher than serum cortisone.16

Advice to avoid brushing teeth an hour before sampling is necessary.

Contaminated samples should be repeated or followed up with an

ACTH stimulation test unless the clinician is confident the salivary

cortisone can be interpreted. The number of contaminated samples

was higher in the service evaluation than in the study, 10% versus

5%, where patients were well supported. The minimal difference

highlights the importance of clear instructions and education when

patients are asked to do saliva tests in clinical care.

A problem highlighted during this clinical study was the

difficulty for one doctor to interpret the saliva test results as they

had no previous experience with the test. This signifies the need

for health care worker education on the rationale for the test

and provision of instructions on how to perform and interpret the

results.

Limitations of the evaluation are that the study was carried out

over a short 6‐week period mainly to assess the collection, sampling,

and reporting process of waking salivary cortisone results and to

establish barriers to implementing the test in clinical practise. One

salivary sample was measured to assess for adrenal insufficiency.

6 | DEBONO ET AL.
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In a feasibility study moderate reproducibility of a waking salivary

cortisone sample (mean coefficient of variation [CV%] 17.1%) was

shown but more formal and larger studies are necessary to assess

this. The reproducibility was much better than that of salivary cortisol

(mean CV% 31.9%).19 The study was undertaken in the same hospital

as the diagnostic accuracy study, and now needs to be extended to

assess generalisability; however, the study evaluated all nonurgent

patients needing a waking saliva cortisone eliminating any recruit-

ment bias and showed that the study protocol could be adopted in

routine clinical practice and was preferred by patients to the AST.

Our focus groups do give us important feedback about the use and

implementation of this test in clinical care but one must take into

consideration that this was a small number of people and it is hard to

know to what extent this represents the views of all users.

The results from this study indicate that waking salivary

cortisone is a suitable screening test that can be used in clinical care

especially if information technology processes are modified to allow

direct posting of the sample to a central laboratory with prompt

reporting at the local laboratory. The use of the test is supported by

world experts in the area.20 Future studies are needed to evaluate

the implementation of the test across multiple hospitals, together

with an assessment of the costs and effects of this novel diagnostic

pathway.
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