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Adrenal insufficiency: pathophysiology, diagnosis and
management
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Patients with adrenal insufficiency are at risk of life-threatening adrenal crises. It is vital
that pharmacists know how to treat this rare condition appropriately.
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After reading this article, you should be able to:

Outline the normal structure, function and regulation of the adrenal glands;
Describe the pathophysiology of adrenal insufficiency;
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Evaluate treatment options for patients with adrenal insufficiency;
Outline the safety considerations that pharmacists should be aware of when treating
patients with adrenal insufficiency.

The term ‘adrenal insufficiency’ refers to a group of conditions that all result from a defect
along the hypothalamic-pituitary-adrenal (HPA) axis and subsequent deficiency in one or
more of the adrenal hormones, primarily cortisol. It can be divided into primary, secondary
and tertiary forms, depending on the underlying cause . 

Autoimmune primary adrenal insufficiency, commonly known as Addison’s disease, can
occur at any age, but most often presents in patients between the ages of 20 years and
50 years . Although a relatively rare condition, there are approximately 9,000 patients
living with primary adrenal insufficiency and around 320 new diagnoses per year in the
UK . Secondary adrenal insufficiency is associated with impaired pituitary function.
Tertiary adrenal insufficiency is usually the result of exogenous glucocorticoid therapy,
especially when the therapy is prolonged. Data show that approximately 1% of the UK
population are taking oral glucocorticoid therapy at any given time .

Regardless of the underlying cause, all patients with adrenal insufficiency are at risk of a
life-threatening adrenal crisis if their steroid therapy is interrupted or the condition is not
managed appropriately during periods of physiological stress (such as intercurrent illness,
trauma or surgery) . In 2020, a national patient safety alert highlighted the need to
ensure that patients with adrenal insufficiency are managed appropriately after 4 deaths,
4 critical-care admissions and approximately 320 other patient-safety incidents involving
steroid replacement were identified over a two-year period . The alert also highlighted
that, although there are many resources to support clinicians in this area, both specialists
and patients reported that some clinical staff were unaware of the risks of inadequate
management and of how an adrenal crisis should be managed . As a result, it is crucial
that pharmacists across all sectors are alert to the risks of inadequate management of
adrenal insufficiency, whether that owes to dispensing and supply issues, continuity of
care across care interfaces, or in the acute setting.

Anatomy and function of the adrenal glands

The adrenal glands are two triangular organs, weighing approximately 4–5g each,
situated on the top of each kidney and consisting of two distinct areas, the outer cortex
and the inner medulla . The outer cortex, which represents approximately 90% of the
mass of the glands, is where the hormones associated with adrenal insufficiency are
synthesised and secreted, and the inner medulla is responsible for the synthesis and
secretion of catecholamines . 

The adrenal cortex is split into three distinct layers, each responsible for the secretion of
different hormones and each under control of either the HPA axis via adrenocorticotropic
hormone (ACTH) or the renin-angiotensin system (RAS) . This is summarised in
Figure 1.
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Once secreted, cortisol has a wide range of metabolic actions within the body involving
glucose (driving hyperglycaemia), protein catabolism and the redistribution of fats. It also
has regulatory functions involving negative feedback: inhibiting the release of
corticotropin-releasing hormone (CRH) and ACTH, vasoconstriction, bone metabolism
and inflammatory and immunomodulatory actions . Aldosterone acts primarily in the
distal tubules of the nephrons to promote sodium and water retention and potassium
excretion . Although adrenal androgens contribute to the development of secondary
sexual characteristics, maturation of the reproductive organs, sexual function, a feeling of
wellbeing and increased physical vigour, their effect is small when compared to gonadal
androgens and sex hormones .

As outlined in Figure 1 above, the secretion of cortisol and androgens is controlled by the
HPA axis, whereas the secretion of aldosterone is primarily under the control of the RAS.
In the HPA axis, the hypothalamus secretes CRH in response to stress, circadian rhythm
and low cortisol. CRH then stimulates the release of ACTH from the anterior pituitary,
which in turn stimulates the secretion of cortisol and androgens from the adrenal cortex.
Negative feedback in the form of increasing cortisol levels acts to inhibit the release of
both CRH and ACTH, with ACTH also acting to inhibit the release of CRH .

Figure2 summarises the functionality of the HPA axis and its role in regulating cortisol
secretion. 
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Figure 2: The hypothalamic-pituitary-adrenal (HPA) axis
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ACTH: adrenocorticotropic hormone; CRH: corticotropin-releasing hormone
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Primary adrenal insufficiency is caused by a defect in the adrenal cortex itself, most
commonly resulting from either autoimmune destruction, adrenoleukodystrophy or
congenital adrenal hyperplasia . Autoimmune primary adrenal insufficiency has a
significant genetic component and a high degree of heritability, as well as being
associated with other autoimmune endocrinopathies, such as thyroid disorders and type 1
diabetes mellitus . Women are at slightly higher risk than men, although the difference
is small . Infections associated with primary adrenal insufficiency include tuberculosis,
HIV and cytomegalovirus . As a consequence of the gland itself being affected,
patients with primary adrenal insufficiency become deficient in all of the hormones usually
secreted from the cortex. 

Secondary adrenal insufficiency results from inadequate secretion of ACTH from the
anterior pituitary. It can be caused by pituitary tumours, irradiation, infection, pituitary
apoplexy or genetic disorders . The most common cause is a pituitary (or nearby)
tumour that impairs pituitary function itself, or its treatment does . The result is a
deficiency in the secretion of ACTH and, therefore, only hormones under the direct
control of ACTH (cortisol and, to a lesser extent, androgens) are affected . The adrenal
gland itself is not defective and so the release of aldosterone, which is primarily under the
control of the RAS, remains unaffected . Secondary adrenal insufficiency can present in
the context of hypopituitarism, where there is a deficiency in the production of other
pituitary hormones, such as growth hormone, gonadotrophins and thyroid-stimulating
hormone .

Tertiary adrenal insufficiency is caused by suppression of CRH secretion from the
hypothalamus. The most common cause is long-term use of physiological or
supraphysiological doses of exogenous glucocorticoids . These patients are not
typically symptomatic of adrenal insufficiency, as their cortisol requirements are being met
exogenously, but become so once the glucocorticoids are withdrawn. In patients with
adrenal overactivity(Cushing’s syndrome), elevated levels of endogenous cortisol
suppress the HPA axis in the same manner .

In addition to glucocorticoids, other medicines associated with adrenal insufficiency
include — but are not limited to — CYP3A4 inducers, such as phenytoin and rifampicin
(which induce the metabolism of cortisol), checkpoint inhibitors, opioids and lithium

. Potent inhibitors of CYP3A4, such as ketoconazole, fluconazole and
antiretrovirals, can inhibit the metabolism of cortisol, elevating levels and leading to
cushingoid features with subsequent suppression of the HPA axis . This effect has been
observed even with inhaled corticosteroids in patients treated with ritonavir .

Identifying patients at risk of tertiary adrenal insufficiency can be challenging, but there
are guidelines available from the National Institute for Health and Care Excellence
(NICE), the Specialist Pharmacy Service and the Society for Endocrinology detailing who
is at risk and how they should be managed safely . Any patient taking glucocorticoids
at a physiological equivalent dose or above (approximately 3–5mg of prednisolone per
day for those aged 16 years or over) for longer than 4 weeks (or 3 weeks if aged under
16 years) is at risk of adrenal insufficiency . Guidelines also highlight that patients
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taking multiple short courses of glucocorticoids are also at risk, although they
acknowledge that this is an area where there is little published evidence . There is also
a potential risk with other forms of exogenous glucocorticoids, such as intra-articular,
inhaled, nasal and topical administration .

Symptoms and presentation of adrenal insufficiency

The symptoms of adrenal insufficiency are often vague and non-specific, resulting in a
challenging and often delayed diagnosis. In 2010, results from a cross-sectional study
showed that fewer than 30% of women and 50% of men were diagnosed within six
months of symptom onset, while 20% experienced symptoms for over five years before
diagnosis . A consequence of such delays is that some patients present with an acute
life-threatening adrenal crisis before a diagnosis is made . NICE guidance recommends
that adrenal insufficiency should be considered in patients with unexplained
hyperpigmentation, or when there is no other clinical explanation for the presence of one
or more of the signs and symptoms listed in Table 1 .

Diagnosis and assessment of adrenal insufficiency

Once suspected, adrenal insufficiency can be confirmed by assaying morning cortisol
levels between the hours of 08:00 and 09:00. Random cortisol assays are not
recommended . The results of this assay should then guide decisions on referral, further
investigation and treatment as outlined below in Table 2 . 

The short Synacthen test can be used to confirm the diagnosis of adrenal insufficiency. It
involves the assaying of baseline cortisol and ACTH, followed by the intramuscular or IV
administration of 250 micrograms tetracosactide, followed by repeat cortisol assays after
30 minutes and 60 minutes . Tetracosactide is a synthetic form of ACTH and acts to
stimulate the zona fasciculata to release cortisol . A patient is considered to have
demonstrated a normal adrenal response if they achieve a stimulated plasma cortisol of
450nmol/L . Primary and secondary adrenal insufficiency can be distinguished by the
patient’s ACTH values, with levels >200ng/L indicating primary adrenal insufficiency and
ACTH levels <10ng/L indicating secondary adrenal insufficiency . It should be noted that
both the cortisol and ACTH values quoted here may differ from those at other centres
depending on the assay used, and local protocols should be followed. Although the timing
of the test is not critical, it is generally performed early in the day, with most UK centres
recommending a 09:00 or morning test . 

Other methods exist to diagnose secondary or tertiary adrenal insufficiency (central
adrenal insufficiency), such as insulin tolerance and glucagon stimulation tests, but these
are only performed under specialist supervision . The short Synacthen test is considered
the ‘gold standard’ diagnostic test and is recommended for all patients with suspected
primary adrenal insufficiency by the Endocrine Society, despite there being some ongoing
debate about exact cut-off values . 
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Pharmacists should be aware that there are medicines that can interfere with the
accuracy of this test. Patients taking physiological doses of glucocorticoids should not be
tested for adrenal insufficiency and anyone taking oral oestrogen should stop taking it for
six weeks prior to measuring serum cortisol, owing to its tendency to falsely elevate
cortisol levels .

Management of adrenal insufficiency

As primary adrenal insufficiency results in the underproduction of all the adrenal
hormones, patients need to be treated with both glucocorticoid and mineralocorticoid
replacement . However, patients with central adrenal insufficiency do not require
mineralocorticoids, because these are not under the control of the HPA axis .
Treatment with steroid hormones is usually a lifelong commitment for patients with
adrenal insufficiency, except for those with tertiary adrenal insufficiency, which is most
commonly associated with long-term use of systemic glucocorticoids. 

For patients aged 16 years and above, the first-line glucocorticoid is immediate-release
hydrocortisone at an initial dose of 15–25mg daily in two or three divided doses . The
largest portion of the daily dose should be given upon waking, with the rest either in the
early afternoon (for twice-daily dosing) or at lunchtime/later afternoon (for thrice-daily
dosing) to mimic the natural diurnal release of cortisol . The use of higher-frequency
regimens (e.g. four times daily) may be beneficial in individual cases .

For patients with poor adherence, longer-acting glucocorticoids (e.g. prednisolone), given
at a dose of 3–5mg per day, can be considered . A modified-release hydrocortisone
preparation, such as Plenadren (Takeda UK), is also an option to support adherence,
although it should not be considered first line . Plenadren tablets have an outer layer
that provides an immediate release of hydrocortisone and an inner core that provides an
extended release designed to mimic the normal diurnal secretion of cortisol . Efmody
(Diurnal) is another brand of modified-release hydrocortisone licensed for the treatment of
congenital adrenal hyperplasia in patients aged 12 years and over .

It is worth noting that the release profiles, indications and dosing regimens for
Plenadren and Efmody are very different and the two brands are not interchangeable.

The uptake of modified-release hydrocortisone in the UK has been limited, but some
advocate for its use in specific patients as it may have benefits in certain situations .
Recognising that adherence to multiple daily doses of hydrocortisone can be challenging
for some, especially younger people, NICE has now endorsed the use of modified-
release hydrocortisone as an alternative therapy .

It should be noted that the drug and dosing recommendations discussed above differ for
patients aged under 16 years and that pregnant patients frequently require higher doses,
especially in the third trimester .
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Mineralocorticoid replacement is only required in patients with primary adrenal
insufficiency, since aldosterone release is predominantly under the control of the RAS
rather than the HPA axis . Fludrocortisone at an initial dose of 50–100 micrograms
daily without salt restriction is recommended, with doses adjusted based on salt craving,
postural hypotension, oedema and serum electrolytes . A dose of 50–200 micrograms
daily is sufficient for the majority of patients, but higher doses may be needed in younger
and more physically active individuals . Fludrocortisone is usually taken as a single
dose in the morning to reflect the naturally higher levels of aldosterone at this time of day

. Patients taking prednisolone and dexamethasone may require higher doses of
fludrocortisone, owing to their reduced mineralocorticoid activity relative to hydrocortisone

. Neonates and children are less sensitive to mineralocorticoids so may require
higher doses relative to adults .

Patients with adrenal insufficiency are deficient in adrenal androgens, but the benefits of
androgen replacement are less well defined than the benefits of glucocorticoids and
mineralocorticoids . In 2009, results from a meta-analysis of the effect of
dehydroepiandrosterone (DHEA) treatment on quality of life in women revealed that,
while DHEA replacement may improve quality of life and depression in women with
adrenal insufficiency, there was insufficient evidence to support its routine use .
Furthermore, there are unquantified concerns about the risk of oestrogen-sensitive
cancers, venous thromboembolism and cardiovascular disease with the use of DHEA .

The latest NICE guidelines make no recommendations regarding androgen replacement,
but the Endocrine Society suggests considering a trial of DHEA replacement in women
with adrenal insufficiency experiencing low libido, depressive symptoms and/or low
energy levels, despite their glucocorticoid and mineralocorticoid replacement being
optimised . This should be trialled for six months and stopped if the patient does not
experience a sustained benefit .

The management of glucocorticoid-induced tertiary adrenal insufficiency is different to
that described above. In these patients, neither the HPA axis nor the adrenal glands
themselves are dysfunctional per se, but the long-term use of physiological or
supraphysiological doses of exogenous glucocorticoids results in suppression of the HPA
axis via the negative feedback mechanisms described above . Over a prolonged
period, this results in reduced responsiveness of the anterior pituitary and atrophy of the
adrenal cortex . Once exogenous glucocorticoids are withdrawn, there is a resurgence in
ACTH-mediated stimulation of the adrenal cortex which, in most instances, will recover
given sufficient time . 

The time taken to fully recover is dependent on overall exposure, the potency and dose of
the glucocorticoid used, duration of treatment and individual susceptibility . The latest
guidelines from the European Society of Endocrinology and Endocrine Society
recommend that glucocorticoids should be tapered down, with the rate depending on the
current dose, provided they are no longer required for management of the underlying
condition . Patients on higher doses (>30mg prednisolone per day) can have their dose
reduced in larger decrements, but the rate of tapering should be slowed once they
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approach a physiological dose. At this point, recovery of the HPA axis is possible, with
further — but more cautious — tapering and/or assessment of the HPA axis performed .
Table 3 outlines the suggested tapering regime . 

It is important to note that glucocorticoid withdrawal comes with a potentially life-
threatening risk of an acute adrenal crisis . For patients on longer-acting glucocorticoids,
such as dexamethasone, it is recommended that (if appropriate) they be switched to a
shorter-acting steroid, such as prednisolone or hydrocortisone, when tapering, because
longer-acting versions exert a more sustained suppressive effect on the HPA axis . 

In patients who have received a short course of glucocorticoids (<3–4 weeks), there is no
need to taper, and therapy can be stopped abruptly, regardless of dose, without any
further testing as the risk of HPA axis suppression is low .

Management of acute adrenal crisis

Patients with adrenal insufficiency are at risk of life-threatening adrenal crises. These
occur because of the adrenal glands’ inability to produce sufficient cortisol in response to
an acute increase in demand, such as physiological or psychological stress . The
primary clinical features are hypotension and dehydration, but there is a long list of other,
often vague, signs and symptoms including (but not limited to) fatigue, dizziness,
collapse, confusion, abdominal pain, vomiting, muscle cramps and, in severe cases,
hypovolaemic shock . Potential biochemical findings include hyponatraemia,
hyperkalaemia (in primary adrenal insufficiency), pre-renal acute kidney injury,
normochromic anaemia and hypoglycaemia . 

Prompt recognition and management can save lives; therefore, once suspected, patients
should be treated with an immediate parenteral dose of 100mg hydrocortisone. In
hospital, this is usually given by IV injection but patients and carers in other contexts and
settings can self-administer this via intramuscular (IM) injection, using their emergency
management kit . An emergency management kit contains hydrocortisone for
intramuscular injection that can be given by anyone, including the person with adrenal
insufficiency, when adrenal crisis is suspected .

This should be followed by the administration of 200mg hydrocortisone every 24 hours,
either by continuous infusion or intermittent infusions of 50mg every 6 hours . It is
important to emphasise to both patients and clinicians that there is no risk of overdose
from hydrocortisone in an emergency . Immediate rehydration with 1.0L sodium chloride
0.9% given over 30 minutes, followed by further IV fluids, is also essential . Further
fluid requirements should be determined by the patient’s haemodynamic parameters and
their electrolyte status, but is usually in the region of 4.0–6.0L in 24 hours . IV
hydrocortisone and fluid replacement should continue until the patient is stable and able
to take their glucocorticoids orally . As above, these recommendations relate
specifically to the treatment of adult patients.
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It is recommended to use increased oral doses (sick-day dosing) until the underlying
cause of the adrenal crisis has been rectified and the patient is stable, after which they
can be tapered back to their usual hydrocortisone dose (or started in the case of newly
diagnosed patients) . Sick-day dosing is covered further under ‘Patient counselling and
support’.

Fludrocortisone is not required while the patient is receiving ≥50mg hydrocortisone in 24
hours . 

The prevention of adrenal crisis in patients in the peri-operative period is beyond the
scope of this article; however, the Association of Anaesthetists, Royal College of
Physicians and the Society for Endocrinology have produced joint guidelines on this, and
further information is also available in the Handbook of Perioperative Medicines . 

Monitoring of patients with adrenal insufficiency

NICE guidelines recommend that patients with adrenal insufficiency are offered ongoing
reviews by a specialist team, the frequency of which will depend on the patient’s clinical
and individual needs . Patient age, growth rate, changes in family and personal
circumstances, transition between services, concern about adherence or the ability to
safely manage their condition, and vulnerability are a few of the factors that should be
considered . During these reviews, clinicians should enquire about psychological
wellbeing, the patient’s understanding of the condition, adherence, use of increased
doses during intercurrent illness, their understanding of the sick-day rules and any
hospital admissions . The Society for Endocrinology has produced a consultation
reference guide for adult patients with primary adrenal insufficiency that serves as a
useful aide memoire for clinicians supporting patients at diagnosis and follow-up .

Although glucocorticoids and mineralocorticoids are associated with a significant number
of side effects, most patients with adrenal insufficiency do not experience the long-term
adverse effects typically associated with these drugs. This is because they are being
used at physiological replacement doses rather than the much higher pharmacological
doses used to treat allergic or inflammatory conditions, although some patients do report
that they experience gastric irritation with hydrocortisone . The short-term use of higher
doses, such as those seen in acutely unwell patients, is unlikely to be associated with any
longer-term effects. Despite this, clinicians should be alert to the signs of over- and under-
replacement and adjust doses accordingly (see Table 4) .

The Endocrine Society recommends monitoring glucocorticoid replacement using clinical
assessment and response to therapy only and not hormonal monitoring . This
recommendation notwithstanding, cortisol day curves are available to test the
effectiveness of replacement therapy in patients who remain symptomatic despite
conventional replacement regimes and can help identify optimal treatment .
Monitoring of salt craving, blood pressure, postural hypotension, oedema and serum
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electrolytes is recommended to guide dosing for mineralocorticoid replacement . In the
event of hypertension developing, the dose of fludrocortisone can be reduced and
appropriate antihypertensive therapy started if indicated .

Patient counselling and support

Acute adrenal crises can often be prevented by ensuring patients adhere to sick-day
rules, therefore it is important that patients are familiar with these. Patients should double
their usual hydrocortisone dose if they experience a fever, are unwell with a bad cold, flu,
diarrhoea or other infection, or if they suffer a significant injury, ensuring that they are
taking a minimum of 40mg per day . Patients taking modified-release hydrocortisone
should temporarily switch to standard-release tablets . Patients taking prednisolone
should increase their dose to at least 10mg per day (in a single or split dose), but there is
generally no need to increase their dose if already taking ≥10mg . If severely ill and still
feeling unwell on prednisolone 10mg, patients should increase it again to 15–20mg/day in
divided doses . A temperature of >39 C indicates a more severe infection and the
patient should consider seeking immediate medical advice especially if deteriorating .
This sick-day dosing should continue for at least 48 hours or until they are feeling better,
but medical advice should be sought if it persists beyond 48 hours. If on antibiotics, sick-
day dosing should continue until the course is completed unless on a particularly
prolonged course where earlier tapering may be appropriate .

In the event of vomiting within 30 minutes of an oral dose, a repeat double dose should
be taken and, if vomiting persists, the administration of hydrocortisone 100mg by IM
injection should follow . 

In the event of psychological stress, sick-day dosing should be considered for 24–48
hours, although IM hydrocortisone may be required in the event of a severe mental health
crisis .

Patients with primary and secondary adrenal insufficiency should be issued with at least
two emergency kits containing either pre-mixed hydrocortisone sodium phosphate
(100mg/mL) or hydrocortisone sodium succinate powder (100mg) with water for
reconstitution . They should also be given the necessary sundries, including needles,
syringes and instructions on how to administer. Training should also be provided . The
Addison’s Disease Self Help Group has produced materials, such as leaflets and videos,
to support patients with this . It should be noted that these sundries are generally not
available from community pharmacies or primary care and should be provided by the
patient’s specialist endocrine team. The benefits of emergency kits in tertiary adrenal
insufficiency are less clear and this is reflected in the wording used within NICE’s
recommendation to ‘consider’ providing them to this group of patients .

Patients should also be provided with an NHS steroid emergency card or British Society
of Paediatric Endocrinology and Diabetes emergency steroid card, depending on their
age, and informed about other means of alerting others of their diagnosis, such as
medical-alert jewellery .
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Despite the wealth of information available to patients, it is important to acknowledge that
some patients do not always apply their existing knowledge to manage periods of illness
or stress . Healthcare professionals should make every contact count and initiate robust
conversations about sick-day rules and the importance of medication adherence,
supplemented with appropriate training, written materials and behavioural change
interventions, to keep these patients safe.

Best practice points

Adrenal insufficiency is a serious, long-term medical condition that can be challenging for
patients to manage, especially in times of illness or stress. If untreated (or inadequately
treated) it can be fatal and it is essential that healthcare professionals involved in the care
of these patients are aware of how they should be managed.

Pharmacists working across different sectors can support this in several ways, including:

Undertaking timely and thorough medicines reconciliation upon care transfer to
avoid delayed or omitted doses of steroids. Practically this means within 24 hours of
a hospital admission or transfer to a care home or intermediate care facility and
within one week of discharge from hospital ;
Ensuring patients are provided with an adequate supply of steroid medication,
including sufficient spare oral and parenteral doses to manage periods of
intercurrent illness. This includes ensuring that patients on modified-release
hydrocortisone are also provided with a supply of standard-release tablets for use in
an emergency;
Providing appropriate counselling on topics, such as sick-day rules, and signposting
patients to additional support materials such as the Addison’s Disease Self Help
Group and the Pituitary Foundation;
Supporting their organisation to adhere to national patient-safety alerts and
ensuring that patients are supplied with steroid emergency cards and written
information ;
Identifying patients who may be at risk of tertiary adrenal insufficiency on the basis
of their medication history, taking into account any recently discontinued medicines
;
Educating other healthcare professionals on the management of the condition.
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