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Adrenal insufficiency (Al) can be classified into three distinct categories based on its underlying causes: primary adrenal disorders,
secondary deficiencies in adrenocorticotropin, or hypothalamic suppression from external factors, most commonly glucocorticoid
medications used for anti-inflammatory therapy. The hallmark clinical features of Al include fatigue, appetite loss, unintentional
weight loss, low blood pressure, and hyponatremia. Individuals with primary Al additionally manifest skin hyperpigmentation, hy-
perkalemia, and salt craving. The diagnosis of Al is frequently delayed due to the non-specific symptoms and signs early in the dis-
ease course, which poses a significant challenge to its early detection prior to an adrenal crisis. Despite the widespread availability of
lifesaving glucocorticoid medications for decades, notable challenges persist, particularly in the domains of timely diagnosis while
simultaneously avoiding misdiagnosis, patient education for averting adrenal crises, and the determination of optimal replacement
therapies. This article reviews recent advancements in the contemporary diagnostic strategy and approaches to optimal treatment for
AL
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INTRODUCTION

Adrenal insufficiency (Al) is a medical condition characterized
by adrenal cortex hypofunction, specifically including inade-
quate cortisol production to meet the demands of significant
physiological stress. This disease can be functionally grouped
into three categories based on its underlying causes: primary,
central, and hypothalamic-pituitary-adrenal (HPA) axis suppres-
sion (Table 1) [1,2]. Primary Al results from intrinsic pathology
of both adrenal glands, leading to a deficiency in all adrenal

hormones: cortisol, aldosterone, 19-carbon steroids, and sec-
ondarily also epinephrine [3,4]. Central Al, on the other hand,
arises when cortisol synthesis is impaired due to inadequate pi-
tuitary adrenocorticotropic hormone (ACTH). This disruption is
often due to the presence of tumors in the sella turcica or hypo-
thalamic regions or can occur as a result of surgical or radio-
therapy treatments targeting such tumors [5]. Central Al might
be primarily a consequence of either pituitary or hypothalamic
disease, or both, and it is neither possible nor practical to at-
tempt to distinguish among these etiologies. HPA axis suppres-
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Table 1. Types of Al and Clinical Features
Primary Al Central Al Hea e
suppression
Cortisol Low Low Low
DHEAS Low Low Low
ACTH High Low Low
Aldosterone Low Varies Varies
Renin High Varies Varies
CST cortisol Low Low Low
Actions Determine Check Can recover
etiology pituitary axes function
Al, adrenal insufficiency; HPA, hypothalamic-pituitary-adrenal,
DHEAS, dehydroepiandrosterone-sulfate; ACTH, adrenocorticotropic
hormone; CST, cosyntropin stimulation test.

sion is commonly induced after the sustained use of exogenous
glucocorticoid medications and always involves hypothalamic
corticotropin-releasing hormone (CRH) insufficiency. The im-
portant distinction is that HPA axis suppression is by definition
reversible through a gradual discontinuation of the treatment,
whereas primary and central Al are usually permanent [6].

Lifesaving glucocorticoid medications have been widely
available since the 1960s, and cortisol assays are routinely avail-
able throughout the world; nevertheless, significant challenges
remain in both diagnosing Al and establishing the most effica-
cious replacement therapies. Within the context of this review,
we attempt to synthesize important data from recent literature to
present an efficient and reliable approach to the diagnosis of Al
and to glucocorticoid replacement therapy for individuals with
AL

IMPLICATIONS OF NON-SPECIFIC SIGNS
AND SYMPTOMS IN PATIENTS WITH AI

The presentation of Al is frequently non-specific, contributing
to delays in diagnosis [7]. The manifestations of Al primarily
resulting from cortisol deficiency include profound fatigue, loss
of appetite, weight loss, nausea, vomiting, and low-grade fever.
Additionally, individuals may experience body aches, joint pain,
altered level of consciousness, and in primary Al, low blood
pressure or orthostatic hypotension [1]. Androgen deficiency in
women with Al leads to decreased body hair and reduced libido,
as adrenal-derived androgens contribute significantly to the total
androgen pool in women [8]. Conversely, in men, the primary
source of androgens for body hair is the testes rather than the
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adrenals.

Laboratory analyses in individuals with AI commonly show
hyponatremia [9]. This physiological phenomenon arises from
the insufficiency of cortisol, which leads to an inability to sup-
press arginine vasopressin from the hypothalamus. Consequent-
ly, cortisol deficiency impairs renal free water clearance, result-
ing in heightened water retention despite reduced plasma osmo-
lality. These processes collectively underlie the euvolemic hy-
ponatremia observed in individuals with all forms of AI [10]. In
addition, aldosterone deficiency also contributes to hyponatre-
mia in primary Al, particularly in young children, which leads
to hypovolemic hyponatremia from renal loss of both water and
sodium plus prerenal azotemia [11]. Additionally, laboratory in-
vestigations in both primary and central Al occasionally show
normocytic anemia, eosinophilia, lymphopenia, and hypercalce-
mia [1].

Nevertheless, while these symptoms might not be particularly
informative, certain signs and symptoms can indirectly assist in
determining the type of Al. For instance, in primary Al, con-
comitant aldosterone deficiency might manifest as salt cravings,
postural hypotension, hyperkalemia, and metabolic acidosis [3].
Another noteworthy indicator is the presence of skin hyperpig-
mentation in primary Al. During a physical examination, health-
care providers may observe diffuse hyperpigmentation (bronz-
ing) of the skin, which is often prominent in skin folds, the are-
olae, and the palmar creases. The pigmented deposition can also
involve the oral mucosa, such as the palate, buccal area, and
gums. Such alterations arise from very elevated ACTH produc-
tion, which is characteristic of primary Al [12]. ACTH shares a
structural resemblance to a-melanocyte stimulating hormone,
which allows ACTH to activate the melanocortin type 1 recep-
tor, which, in turn, stimulates melanin production in melano-

cytes [13].

LABORATORY INVESTIGATIONS FOR Al
DIAGNOSIS

Basal hormones

The optimal time for measuring basal cortisol and ACTH is
within a few hours after awakening, typically around 8:00 AM.
This time encompasses the physiological peak of HPA axis ac-
tivity [2]. In the appropriate clinical setting, a basal 8:00 AM se-
rum cortisol of <4 pg/dL (110 nmol/L), combined with a plas-
ma ACTH significantly exceeding the normal reference range
(usually >100 pg/mL), establishes a diagnosis of primary Al
without dynamic testing [4]. On the contrary, the diagnosis of
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Clinical suspicion of Al

\4

Exclude exogenous GC

Using

HPA axis suppression

None

\4

8:00 AM Serum cortisol

<4 ng/dL >14 pg/dL 4-14 pg/dL - If AL, likely partial
Y
>65 pg/dL
Plasma ACTH Al excluded Serum DHEAS
>18 pg/dL
>100 pg/mL <10 pg/mL Consider ITT <65 pg/dL
<18 pg/dL 1025 pg/mL
v v | SR pgiml y
: <10 pg/mL
Primary Al Central Al = Plasma ACTH
> 14 pg/dL
<14 ng/dL >25 pg/mL

CST

Fig. 1. Diagnostic algorithm for evaluating adrenal function. After excluding exogenous glucocorticoid use, the 8:00 AM serum cortisol is
the first step. If the cortisol is conclusively low (<4 pg/dL), then plasma adrenocorticotropic hormone (ACTH) determines if it is primary or
central adrenal insufficiency (Al). If the cortisol is 4 to 14 pg/dL, the patient might have Al, but it is likely partial, and the lower the 8:00 AM
cortisol the more likely that some degree of Al is present. In these cases, a dehydroepiandrosterone-sulfate (DHEAS) >65 pg/dL excludes
Al if not, ACTH determines if dynamic testing with cosyntropin stimulation test (CST) or insulin tolerance test (ITT) is recommended to
determine if primary or central Al is present. Clinical judgment should always take precedence over laboratory test results when making a
diagnosis of Al and subjecting patients to chronic glucocorticoid therapy. GC, glucocorticoids; HPA, hypothalamic-pituitary-adrenal.

central Al is often more challenging than primary Al, due to the
absence of dynamic tests in most published studies of diagnostic
criteria [1]. Generally, a morning serum cortisol of <4 pg/dL
and the plasma ACTH below or near the low end of the normal
range (typically <10 pg/mL), some degree of central Al is likely
[5,14]. The presence of additional pituitary deficiencies, particu-
larly central hypothyroidism, increases the likelihood of central
Al Conversely, morning serum cortisol of >14.5 pg/dL (>400
nmol/L) rules out significant dysfunction of the HPA axis. A sin-
gle-center retrospective study revealed that basal serum cortisol
>13 pg/dL (>350 nmol/L) measured by an immunoassay pre-
dicted normal adrenal function with a 100% negative predictive
value [15]. This finding illustrates why basal morning serum
cortisol testing serves as the initial step of screening for all forms
of Al. A second basal serum test, dehydroepiandrosterone-sul-
fate (DHEAS), aids in the diagnosis of central AI when the 8:00
AM serum cortisol is 4 to 14 ng/dL [16]. A serum DHEAS level
>65 ug/dL (>1,700 nmol/L) at any time of day in a patient not
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taking dehydroepiandrosterone (DHEA) supplements confirms
normal HPA axis function without the need for dynamic testing
(Fig. 1) [17]. One advantage of serum DHEAS is its limited cir-
cadian rhythm, which allows more frequent conclusive random
testing in the afternoon, unlike cortisol. The main limitation of
serum DHEAS is its normal decline with age, such that values
<65 pg/dL in patients over 65 years old cannot be used to con-
firm AL

Cosyntropin stimulation test

When the 8:00 AM serum cortisol is 4 to 14 pg/dL or when a di-
agnosis must be made later in the day for suspected primary Al,
typically in sick hospitalized patients, a cosyntropin stimulation
test (CST; tetracosactrin stimulation test) is the preferred dynam-
ic test. This test involves the intravenous or intramuscular injec-
tion of 250 pg cosyntropin (ACTH'?*), a synthetic fragment of
ACTH with full biological activity, and subsequent serum corti-
sol measurements 30 to 60 minutes later. Although a 1-ug CST
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has been proposed as a better test for central Al, we do not rec-
ommend this test for diagnosis of primary Al, although lower
doses might be used to diagnose primary Al when cosyntropin is
in short supply [4].

Previously, criteria for the diagnosis of primary Al required
that serum cortisol remain <18 pg/dL (<500 nmol/L) at both
30 and 60 minutes after cosyntropin [4,5]. Older literature in-
cluded a rise of >9 pg/dL (>250 nmol/L) from baseline [18],
but this criterion has been abandoned, because the magnitude of
the rise merely reflects the time of day and thus baseline cortisol
value. It is important to recognize that these criteria derive from
studies of normal, healthy volunteers and represent the low end
of this normative group, rather than the upper end of patients
with proven primary Al In addition, a cosyntropin dose of 250
pg is grossly supraphysiologic, and the normative data do not
imply that circulating cortisol concentrations of <18 pg/dL are
insufficient to survive major physiological stress events. Fur-
thermore, the polyclonal immunoassays on which these criteria
were based have been replaced with more specific monoclonal
immunoassays and mass spectrometry measurements, which
yield cortisol values 20% to 30% lower than the prior assays
[19]. A retrospective analysis of CST results performed in pa-
tients suspected of Al recommended that threshold 30-minute
post-stimulation cortisol values of 14.6 pg/dL for Elecsys II
(Roche Diagnostics GmbH, Mannheim, Germany) and 14.8 pg/
dL for Access platform immunoassays (Beckman Coulter, Inc.,
Brea, CA, USA), to reduce false positives [20]. Liquid chroma-
tography with tandem mass spectrometry (LC-MS/MS) is now
considered the gold standard method to measure serum steroids;
however, LC-MS/MS is not widely available, especially for
same-day results, although threshold values are similar for the
monoclonal immunoassays. Even these criteria for modern as-
says carry the same caveats as discussed for the older assays.

In cases of central Al or HPA axis suppression, the loss of ad-
renal cortisol response following ACTH deficiency develops
gradually over time. Consequently, it is not advisable to employ
the CST during the early phases of central Al to avoid falsely
normal responses, particularly within the initial 6 weeks follow-
ing a pituitary insult [21]. Additionally, some centers have used
synthetic CRH to evaluate the function of the HPA axis; howev-
er, CRH testing has not been shown to be superior to CST, and
CRH is no longer commercially available [22]. In interpreting
basal and dynamic serum cortisol results, it is imperative to de-
termine if exogenous glucocorticoids that interfere with the cor-
tisol assay, such as hydrocortisone or prednisolone, have been
administered recently. These medications must be withheld for
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at least 24 hours prior to testing, as hydrocortisone is cortisol,
and prednisolone still cross-reacts in monoclonal immunoassays
but not LC-MS/MS cortisol assays [23].

Other tests for diagnosis of central AI and HPA axis
suppression

Historically, the insulin tolerance test (ITT) has been widely re-
garded as the gold standard for diagnosing all forms of Al, par-
ticularly those involving hypothalamic and pituitary dysfunc-
tion, in which the CST can give a false-negative normal cortisol
rise. By administering a bolus of intravenous insulin (0.1 unit/
kg) and inducing severe hypoglycemia, the counter-regulatory
response activates and thus interrogates the entire HPA axis.
The glucose nadir is typically 30 to 45 minutes after the insulin
bolus, and the criterion for central Al is a peak serum cortisol
<18 pg/dL (<500 nmol/L) at 60 to 90 minutes [24]. The ITT,
however, entails significant risks to the patients, necessitates a
high degree of supervision, and is contraindicated among pa-
tients with a history of cardiovascular disease or seizures. Fur-
thermore, threshold values for ITT have not been established for
modern cortisol assays. As a result, the ITT has become disfa-
vored in contemporary clinical practice and is rarely necessary
after basal cortisol and DHEAS testing (Fig. 1).

The metyrapone test serves as an alternative to ITT for assess-
ing the function of the entire HPA axis [25]. Metyrapone is an in-
hibitor of the 11f-hydroxylase enzyme, and a 30 mg/kg oral dose
(up to 3 g) given with food at 11:00 PM will prevent the normal
early morning cortisol rise. Loss of negative feedback enhances
ACTH secretion, and steroid precursors accumulate upstream of
the pharmacological blockade. Blood samples are collected 8
hours after metyrapone administration for plasma ACTH, serum
11-deoxycortisol, and serum cortisol. A serum cortisol <5 pg/dL
is required to confirm adequate 11B-hydroxylase inhibition and
to validate the test. If the serum cortisol is low, an increase in
plasma 11-deoxycortisol to >7 pg/dL (>200 nmol/L) is indica-
tive of an intact HPA axis [26]. Certain research studies suggest
using the criterion sum of serum 11-deoxycortisol plus cortisol
>16 pg/dL (>450 nmol/L) to mitigate cross-reactivity of 11-de-
oxycortisol in cortisol assays [27]. Conceptually, the threshold is
similar to the ITT criterion of >18 ug/dL (>500 nmol/L). More-
over, plasma ACTH measurement (<3-fold rise) makes the me-
tyrapone test more sensitive than steroid measurements alone for
detecting central Al [26]. The limited availability of metyrapone
in numerous countries, high cost, and the substantial heterogene-
ity observed in 11-deoxycortisol assays, however, collectively
restrict the widespread use of metyrapone testing, which can also
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precipitate an adrenal crisis in a symptomatic and ill patient.

The glucagon stimulation test (GST) has been used widely to
diagnose growth hormone deficiency and can be a useful diag-
nostic test for central AI. A 1 mg intravenous glucagon bolus
raises glucose transiently and provokes insulin secretion in non-
diabetic patients. This insulin pulse lowers glucose and precipi-
tates a counter-regulatory response during the 240 minutes after
the bolus, including a rise in cortisol. The value of the GST is
unclear, however, due to differing proposed thresholds for peak
post-stimulation cortisol concentrations, which has led to vari-
able reports of sensitivity and specificity [28,29]. Furthermore,
a prospective comparison between GST and the metyrapone test
in patients with suspected ACTH deficiency, using a peak corti-
sol threshold of =16 pg/dL (=440 nmol/L), revealed a signifi-
cant discrepancy between the two tests in the proportion of pa-
tients diagnosed with Al [30], which underscores the need for
caution when employing the GST for assessing ACTH reserve.

Noninvasive diagnostic testing

Basal and stimulated morning salivary cortisol values have been
used as an approach to the diagnosis of Al. A prospective study
employing an enzyme-linked immunoassay kit demonstrated
that the performance of cosyntropin-stimulated salivary and se-
rum cortisol were comparable for Al diagnosis. The optimal
cutoff value to exclude Al for stimulated salivary cortisol in this
study was >470 ng/dL (>13 nmol/L) [31]. Another retrospec-
tive study using LC-MS/MS to assess basal salivary cortisol
found that a threshold of <30 ng/dL (<1.0 nmol/L) could be
used to confirm Al with a positive predictive value of 100%
[32].

The salivary gland epithelial cells express the 11B-hydroxy-
steroid dehydrogenase type 2 enzyme, which oxidizes cortisol
to cortisone. Consequently, the concentration of cortisone is
typically four to six times higher than that of cortisol in saliva. A
prospective study of both salivary cortisol and cortisone mea-
sured by LC-MS/MS after cosyntropin stimulation demonstrat-
ed that salivary cortisone can be used as a diagnostic test for Al
[33]. Furthermore, a recent prospective study using waking sali-
vary cortisone in a non-hospital setting provided data regarding
the accuracy of Al diagnosis. A waking salivary cortisone <250
ng/dL (<7 nmol/L) served as a cutoff to confirm Al, whereas
values >600 ng/dL (>17 nmol/L) excluded Al [34]. Moreover,
the measurement of salivary cortisol or cortisone 60 minutes af-
ter nasal administration of Nasacthin003 (patent pending), a 500
pg cosyntropin dose mixed with mucoadhesive chitosan, pres-
ents a completely noninvasive alternative test for Al compared
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to the conventional CST [35]. These salivary tests hold consid-
erable promise, particularly in children, owing to their simplici-
ty, non-invasiveness, and ease of administration. Additionally,
salivary cortisol and cortisone have an advantage over serum
cortisol measurements because they are not influenced by bind-
ing proteins like albumin or corticosteroid-binding globulin.

REPLACEMENT THERAPY FOR Al

The objectives of long-term Al treatment are to achieve the op-
timal glucocorticoid (and mineralocorticoid in primary Al) re-
placement regimen, to maintain quality of life, to avoid the ad-
verse consequences of excessive replacement, and to prevent
mortality, particularly from adrenal crises, thorough education
and preparation [1,2].

Glucocorticoid replacement

Endogenous cortisol secretion exhibits a circadian pattern, peak-
ing shortly after awakening and gradually declining over the
course of the day, with a slight increase at mealtimes [36]. In
healthy individuals, the adrenal glands produce approximately 5
to 10 mg of cortisol per square meter of body surface area daily
[37]. This production rate equates to a recommended daily oral
replacement dose of 10 to 20 mg of hydrocortisone [38]. Gener-
ally, patients with primary Al require a complete replacement of
their daily cortisol production, whereas those with central Al of-
ten require a lower replacement dose, as they may retain some
residual ACTH and cortisol secretion [1]. Hydrocortisone is typ-
ically the preferred medication, while cortisone acetate has fall-
en out of favor due to its reliance on hepatic activation for con-
version to cortisol, which leads to a slightly delayed onset of ac-
tion [38]. Because of its short half-life (60 to 90 minutes), hy-
drocortisone is typically administered two or three times daily,
with the highest dose provided in the morning immediately
upon awakening. For a two-dose regimen, the next dose is ad-
ministered in the early afternoon (around 2:00 PM), while for a
three-dose regimen, the latter two doses are given at lunch and
early evening but not within 4 hours of bedtime. These dosing
regimens aim to approximate the natural circadian rhythm of
cortisol as closely as possible, with the final dose scheduled ap-
proximately 6 hours before bedtime to prevent sleep disturbanc-
es. In some countries, prednisolone remains the only treatment
option for Al despite concerns regarding the more frequent oc-
currence of dyslipidemia [39] and reduced bone mineral density
[40] in comparison to hydrocortisone. Prescribed in doses rang-
ing from 3 to 5 mg/day, prednisolone, however, is cost-effective
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and can be administered once daily, making it a potential alter-
native to hydrocortisone, particularly in patients with difficulty
taking midday doses [4]. Dexamethasone, on the other hand, is
not recommended for Al treatment due to its high potency, lack
of tablet sizes in the physiological window, and long half-life,
which often result in over-treatment and Cushingoid side effects
[38].

Stress dosing

Individualized prescriptions of supplementary glucocorticoids
are crucial during times of physiological stress to prevent adre-
nal crises [41]. To replicate the HPA axis stress response, the
usual approach for oral hydrocortisone stress dosing is to double
or triple the regular replacement dose, depending on the severity
of the stressor, sometimes with a more even dose distribution
throughout the day. However, pharmacokinetics of oral hydro-
cortisone varies significantly among individuals, with up to a
10-fold difference in drug metabolism rates. Fast metabolizers,
characterized by a high clearance rate of hydrocortisone, might
not achieve sufficient drug exposure by simply doubling the hy-
drocortisone dose [42]. This variability necessitates personal-
ized adjustments in treatment doses. Additionally, patients who
are unable to take oral glucocorticoids due to gastrointestinal
illness or major surgery require parenteral administration. The
conventional outpatient rescue approach is to administer 100
mg of hydrocortisone hemisuccinate intramuscularly, which is
rapidly reconstituted in a partitioned vial (Solu-Cortef Act-O-
Vial, Pfizer Inc., New York, NY, USA). This single dose pro-
vides adequate cortisol replacement for at least 4 hours, during
which time the patient should be promptly transported to a med-
ical facility, by ambulance if necessary, for intravenous fluid re-
suscitation and subsequent hydrocortisone doses. Although an
additional 100 mg dose every 8 hours for every patient with Al
who is hospitalized has been taught to internists for decades,
this dose is excess, and smaller, more frequent doses are prefer-
able, such as 25 to 50 mg every 6 hours. Based on current evi-
dence, hydrocortisone doses should not exceed 200 mg/day, no
matter how severe the illness [43]. Conversely, patients should
not routinely conduct stress doses for periods of mental stress or
minor illnesses such as afebrile sore throat or rhinorrhea. Such
practice leads to unnecessary glucocorticoid exposure and its
consequences.

Alternative therapies in development
Given the awkward dosing schedules required to mimic the cir-
cadian cortisol rhythm, alternative strategies have been studied,
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such as modified-release hydrocortisone formulations [2].
Plenadren (Takeda Pharmaceuticals International AG Ireland
Branch, Dublin, Ireland), the first modified-release hydrocorti-
sone, features a dual-release kinetics system consisting of a
coated outer layer, which provides an immediate-release of hy-
drocortisone, and an extended-release inner core [44]. This for-
mulation technology allows once-daily administration and bet-
ter mimics the physiological cortisol rhythm throughout the cir-
cadian rhythm than conventional immediate-release hydrocorti-
sone [36]. There have been reports of favorable metabolic ef-
fects, including impacts on weight, blood pressure, glucose lev-
els, lipid profiles, and immune cell profiles, in patients using
Plenadren [44-47].

Chronocort (Diurnal Ltd., a Neurocrine Biosciences Compa-
ny, San Diego, CA, USA), another modified-release hydrocorti-
sone formulation, differs from Plenadren by having a single de-
layed and sustained absorption profile, rather than a dual-release
mechanism [48]. The Chronocort system involves capsulated
granules, comprising an inert core onto which hydrocortisone is
coated, covered with a pH-sensitive delayed-release layer. In tri-
als for 21-hydroxylase deficiency (210HD), the initial Chrono-
cort regimen consisted of a 20 mg dose at approximately 11:00
PM, followed by a smaller 10 mg dose at approximately 7:00
AM. The higher nighttime dose allows the gradual release of
hydrocortisone during the early morning hours, effectively ad-
dressing the overnight increase in ACTH and adrenal androgens
and simultaneously mimicking the circadian profile. Mean-
while, the morning dose provides adequate glucocorticoid cov-
erage throughout the day but might not be necessary in patients
with Al not due to 210HD [36]. In patients with 210HD, Chro-
nocort treatment twice-daily reduced 17-hydroxyprogesterone
and androstenedione biomarkers better than immediate-release
hydrocortisone thrice daily and allowed for a reduction in the
total daily glucocorticoid dose [49,50].

Continuous subcutaneous hydrocortisone infusion (CSHI) us-
ing a programmable infusion pump offers a theoretically ideal
alternative for glucocorticoid replacement to best replicate the
natural cortisol circadian rhythm [51]. This approach can be
particularly beneficial for individuals with atypical hydrocorti-
sone pharmacokinetics, such as reduced hydrocortisone bio-
availability or increased hydrocortisone clearance [52]. The
same hydrocortisone hemisuccinate (Solu-Cortef) used for res-
cue intramuscular injection is used in the pump, but this prepa-
ration has not been formulated, tested, or approved by regulato-
ry agencies for this purpose.

Whether CSHI enhances the overall quality of life for patients
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with AI; however, remains controversial. In addition to the risk
of pump malfunction, the limitations of CSHI include high cost,
invasiveness compared to oral therapy, and possible skin reac-
tions at the catheter site [53].

Mineralocorticoid replacement

Patients with primary Al, as well as individuals who have un-
dergone bilateral adrenalectomy, generally benefit from miner-
alocorticoid replacement; however, up to 13.5% of individuals
with autoimmune Addison disease may retain some residual al-
dosterone production, particularly early after diagnosis [54].
The aims of mineralocorticoid therapy in primary Al are to
maintain volume status, normal blood pressure, electrolyte bal-
ance, and to mitigate salt cravings [1]. Insufficient replacement
of mineralocorticoids may be responsible for unfavorable car-
diometabolic outcomes and a diminished overall sense of well-
being in individuals with primary AI [55].

Because aldosterone is expensive to manufacture and has poor
pharmacokinetics, patients with primary Al are treated with
fludrocortisone, typically 0.05 to 0.20 mg in a daily morning
dose [2]. This timing aligns with the natural circadian rhythm of
aldosterone secretion, which peaks at 8:00 AM and nadirs at
11:00 PM, similar to cortisol [56]. Some patients empirically re-
quire higher or twice-daily fludrocortisone dosing [1], and pa-
tients treated with prednisolone or dexamethasone as glucocorti-
coid replacement often require high fludrocortisone doses, ow-
ing to their negligible mineralocorticoid activity relative to hy-
drocortisone. Infants and young children require proportionately
higher fludrocortisone doses than most adults, as the sensitivity
of the newborn kidney to mineralocorticoids is lower than in
adults. Consequently, the absolute dose of fludrocortisone is
similar throughout life and does not increase linearly with body
surface area, as does the dose of glucocorticoid [1]. Temporary
50% to 100% increments of the usual fludrocortisone dose may
be recommended in hot climates and conditions that promote
excessive sweating, such as vigorous and long-lasting exercise
programs [55]. Patients with mineralocorticoid deficiency are
typically allowed to consume sodium in the diet and salty foods
without restriction. Medications that affect blood pressure and
electrolytes, including diuretics, might necessitate fludrocorti-
sone dose adjustments and should be avoided [1].

Fludrocortisone therapy is primarily titrated based on clinical
evaluation of volume status. The effects of fludrocortisone in
regulating extracellular fluid volume and blood pressure are
chronic and gradual. Consequently, clinical improvement will
not be manifest immediately following a dosage change and
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should not be reassessed for a minimum of 2 to 4 weeks after-
ward [57]. Sitting versus standing blood pressure and heart rate,
serum potassium, salt craving, and plasma renin (mass or activi-
ty) are used for titrating mineralocorticoid therapy for primary
Al. Good control is evidenced with no orthostatic blood pres-
sure drop or heart rate increase, normal serum potassium, mild
salt craving, and plasma renin below the upper limit of the nor-
mal range. These parameters do not always change in parallel,
so clinical judgment is necessary. For example, hypokalemia
may occur with plasma renin in the normal range during fludro-
cortisone treatment [58].

Patients with primary Al who develop hypertension during
treatment should have their hydrocortisone dose re-evaluated
and the fludrocortisone dose reduced if plasma renin and/or se-
rum potassium are low but generally not discontinued. Antihy-
pertensive drugs other than diuretics, such as calcium channel
blockers, might be added in euvolemic Al patients [1].

Patients with primary Al and fatigue that does not improve
within 2 hours after a dose of hydrocortisone are typically vol-
ume depleted from fludrocortisone under-treatment, not inade-
quate glucocorticoid dosing.

Adrenal androgen (DHEA) replacement

Adrenal androgen deficiency occurs in both primary and central
Al, which leads to reduced androgen-dependent hair and possi-
bly sexual interest in women. Adrenal androgen replacement
with DHEA at a daily dose ranging from 10 to 25 mg might be
beneficial in improving libido and mental well-being, both via
conversion to testosterone and possibly through direct effects as
well [8,59]. In addition to androgen-related side effects such as
hirsutism, acne, and oily skin, DHEA can also be converted into
estrogen, which presents a currently unquantified risk of estro-
gen-sensitive cancers, cardiovascular effects, and venous throm-
bosis. Long-term safety data for DHEA are limited, and Endo-
crine Society clinical practice guidelines do not recommend its
routine use [4,60].

CONCLUSIONS

Prompt diagnosis of Al is of utmost importance, to avert life-
threatening conditions during stressful situations when the corti-
sol response is compromised. In parallel, an incorrect diagnosis
of Al subjects a patient to a lifetime of glucocorticoid therapy
and should be avoided, particularly when reversible HPA axis
suppression from exogenous glucocorticoids lowers serum cor-
tisol below certain thresholds. Despite the availability of diag-
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nostic techniques for decades, the best strategy and threshold
values for confirming or ruling out Al are not known. Efforts
have been made to enhance diagnostic accuracy through the de-
velopment of simplified techniques and improved assays. Stan-
dardized studies that include large numbers of patients with es-
tablished Al are necessary to establish standardized cutoft val-
ues. Furthermore, even after diagnosis, challenges persist in rep-
licating the natural cortisol and mineralocorticoid rhythms.
Well-designed, double-blind, randomized studies comparing
various medication regimens and formulations are still needed
to address these ongoing dilemmas.
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