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Objective: Adrenal crisis (AC) is a life-threatening complication of adrenal insufficiency (AI), which
according to retrospective data represents a significant clinical complication. Here we aimed to
prospectively assess incidence of AC and mortality associated with AC in patients with chronic AI.

Methods: Atotalof423patientswithAI (primaryAI,n�221; secondaryAI,n�202)wereprospectively
followed up for 2 years. Baseline assessment included a general questionnaire and detailed written
instructions on glucocorticoid dose adaptation during stress. Patients received follow-up question-
naires every 6 months and were contacted by phone in case of reported adrenal crisis.

Results: A total of 423 data sets were available for baseline analysis, and 364 patients (86%)
completed the whole study. Sixy-four AC in 767.5 patient-years were documented (8.3 crises per
100 patient-years). Precipitating causes were mainly gastrointestinal infection, fever, and emo-
tional stress (20%, respectively) but also other stressful events (eg, major pain, surgery, stren-
uous physical activity, heat, pregnancy) or unexplained sudden onset of AC (7%) were docu-
mented. Patients with a previous AC were at higher risk of crisis (odds ratio 2.85, 95%
confidence interval 1.5–5.5, P � .01). However, no further risk factors could be identified. Ten
patients died during follow-up; in four cases death was associated with AC (0.5 AC related
deaths per 100 patient-years).

Conclusion: Even in educated patients with chronic adrenal insufficiency, AC occurs in a substantial
proportion of cases. Furthermore, we identified AC-associated mortality in approxoimately 6% of
AC. Our findings further emphasize the need for improved management of AC in patients with
chronic AI. (J Clin Endocrinol Metab 100: 407–416, 2015)

Adrenal crisis (AC) is a life-threatening emergency
that may occur in patients with chronic adrenal in-

sufficiency (AI), evenunderestablishedreplacement therapy.
The stress-related cortisol response is lacking in chronic AI
andhas tobemimickedbythepatientwitha transient steroid
dose increase above the standard replacement dosage.

Retrospective data indicate increased mortality in both
primary and secondary AI (1–4). Adrenal failure ac-
counted for 15% of deaths in a Norwegian analysis of
patients with Addison’s disease (2). Similarly, two large
Swedish registry analyses of patients with Addison’s dis-
ease reported that deaths observed in patients with Addi-
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son’s disease were attributed to endocrine causes in 12.6%
and 8.3%, respectively (1, 3). In these patients the stan-
dard mortality ratio for death from infectious disease was
8.9 [95% confidence interval (CI) 4.7–15.2] being asso-
ciated with signs of AC in most cases (4). These data in-
dicate that AC substantially contributes to excess mortal-
ity in AI and that further efforts should be made to better
characterize the conditions under which AC occurs and to
optimize prevention and management of AC.

Data on the incidence, risk factors, and outcome of AC
are limited. In a recent review of patients with primary AI
after bilateral adrenalectomy for Cushing’s syndrome, the
median rate of patients having had at least one AC since
bilateral adrenalectomy was 28%, with a median number
of ACs of 9.3 (95% CI 1–29) per 100 patient years (5).

Reisch et al (6) investigated the incidence and precipi-
tating factors of AC in 122 adult patients with congenital
adrenal hyperplasia due to 21-hydroxylase deficiency. A
frequency of 4.9 and 5.7 crises per 100 patient-years, re-
spectively, was observed. Gastrointestinal infections
(36%) and salt-wasting crisis (22%) represented the main
causes of AC (6).

Assessment of AC in patients with Addison’s disease was
also performed in the UK Addison’s disease self-help group
postal survey, which was conducted in 841 patients from
United Kingdom, Canada, Australia, and New Zealand in
2003 and in 261 patients from the United Kingdom in 2006.
In this analysis, 8% of the participants required hospital
treatment for AC during the previous 12 months. The main
precipitating factors was gastric infection. Concomitant dis-
eases were associated with a higher frequency of AC (7).

In a retrospective survey of 444 patients with primary and
secondary AI, we observed a frequency of 6.3 crises per 100
patient-years. Again, the main precipitating causes were gas-
trointestinal infection and fever. Patients with primary AI
were at higher risk for AC. Further risk factors were con-
comitant nonendocrine disease in primary AI and female sex
and diabetes insipidus in secondary AI (8).

Retrospective analyses, however, suffer from a variety of
methodological limitations. For example, patients may not
fully remember thecircumstancesofanACthathasoccurred
several years ago, potentially leading to underreporting. On
the other hand, patients who have never experienced an AC
may be less motivated to participate in postal surveys and to
send back questionnaires, which can be contributing to a
reporting bias. Also, the accuracy of registry data concerning
mortality from AC may be questioned (2). Furthermore, the
quality of patient education for prevention of AC often re-
mains uncertain in retrospective analyses hindering the in-
terpretation of the findings.

To overcome these limitations, we performed the first
prospective analysis in a large cohort of patients with pri-

mary or secondary AI to assess the incidence, precipitating
causes, and potential risk factors of adrenal crisis in more
detail.

Subjects and Methods

Patients
All patients with AI who were registered at the University

Hospital Wuerzburg, University Hospital Duesseldorf, Uni-
versity Hospital Munich, or the University Hospital Charite
Berlin were invited to participate. The study was registered at
clinicaltrials.gov (registration number NCT01184209) and
approved by the Ethical Committee of the University of Wuer-
zburg (permit WueAC 17/07). Written informed consent was

Table 1. Age, Duration of Disease, Underlying
Diagnosis, Prevalence of Nonendocrine Comorbidity,
and History of Previous AC at Baseline in 423 Patients
With AI

Primary AI
Men
(n � 54)

Women
(n � 168)

Age, y, median (range) 50 (21–83) 50 (20–81)
Duration of disease, y, median

(range)
9.5 (0.2–43) 10 (0.2–57)

Cause of adrenal insufficiency, n
Autoimmune adrenalitis 37 123
Bilateral adrenalectomy 11 26
CAH 1 7
Tuberculosis or other infection 2 2
Unknown 3 10

Prevalence of nonendocrine
comorbidities (%)

69% 64%

History of AC since PD of AI, %a 43% 48%
Signs and symptoms of AC

before PD of AI, %
50% 54%

Secondary Adrenal Insufficiency
Men
(n � 87)

Women
(n � 114)

Age, y, median (range) 57 (18–78) 46 (22–83)
Duration of disease, y, median

4 (range)
9.5 (1–69) 11 (1–40)

Cause of adrenal insufficiency, n
Pituitary tumor 66 88
Hypophysitis 3 2
Isolated ACTH deficiency 2
Congenital 4 1
Sheehan’s syndrome 6
Hypothalamic dysfunction 1
Encephalitis 1
Pituitary apoplexy 1
Unknown 12 14

Prevalence of nonendocrine
comorbidities, %

69% 71%

History of AC since PD of AI, %a 26% 52%
Signs and symptoms of AC

before PD of AI, %
20% 18%

Abbreviations: CAH, congenital adrenal hyperplasia; PD, primary
diagnosis.
a Acute deterioration of health status requiring parenteral GC
administration.
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obtained from all patients prior to study inclusion. The diag-
nosis was verified by review of the medical records. Exclusion
criteria were AI due to long-term pharmacological glucocor-
ticoid treatment, glucocorticoid doses above 7.5 mg pred-
nisolone equivalent for other reasons than AI, adrenocortical
carcinoma, and age younger than 18 years.

Questionnaires and definition of adrenal crisis
event

Patients willing to participate received a questionnaire col-
lecting data on the duration and cause of AI, medication, addi-
tional health problems, school graduation and occupational sta-
tus, the self-perceived influence of AI on activities of daily life,
and recent emergency situations necessitating parenteral gluco-
corticoid treatment. Patients were further asked for the need of
emergency iv glucocorticoid administration, frequency and
causes of AC, and equipment with an emergency card or an
emergency glucocorticoid kit (glucocorticoid suppositories or hy-
drocortisone ampoules). All patients received written instructions
on glucocorticoid dose adaptation: doubling the replacement dose
in case of minor stress like flu-like symptoms; iv hydrocortisone
administration in case of major stress like surgery, trauma, or de-
livery; immediatecontact toemergencyhealthprofessionals forpar-
enteral hydrocortisone administration in case of vomiting and di-
arrhea; and written information on how to perform self-treatment
in case of unavailability of health care professionals.

Participants received a follow-up questionnaire every 6
months over 2 years. Questionnaires documented general glu-
cocorticoid dose adaptations, clinical deterioration and associ-
ated symptoms and management, and hospitalizations during
the previous 6 months.

For the prospective evaluation, patients were asked whether
they had experienced any acute deterioration of their general con-
dition during the past 6 months. AC was defined if the following
conditioncouldbedocumented:worseningof thegeneral condition
with signs and symptoms of glucocorticoid and/or mineralocorti-
coid deficiency and at least two of the following conditions: hypo-

tension (systolic blood pressure (BP) �100 mm Hg); nausea or
vomiting; severe fatigue; documented hyponatremia, hyperkale-
mia, or hypoglycemia; and subsequent parenteral glucocorticoid
administration.

In case of documented events fulfilling the study criteria of
AC, patients were contacted by phone and interviewed for fur-
ther details. Grading was performed to define the severity of the
AC: grade I, outpatient treatment only; grade II, hospital admis-
sion (general ward); grade III, treatment on the intensive care unit
(ICU); and grade IV, death from AC.

Statistical analysis
Please see Supplemental Data.

Results

Patients
Of 923 patients who were initially contacted, 472

(51%) sent the signed informed consent form back and
received questionnaires together with instructions on glu-
cocorticoid dose adaptation. Subsequently, 49 patients
were excluded after review of the medical records because
they did not fulfill the inclusion criteria. For the baseline
analysis, 423 patients were available.

Baseline data are given in Tables 1 and 2. Data on the
study flow and patient numbers are given in Supplemental
Figure 1. Data on, concomitant endocrine disease and fur-
ther replacement therapy are given in the Supplemental
Data.

The last follow-up questionnaire was missing from 59
study participants. Of these, 10 had died during the study
period, 30 were alive at the end of the study, and 19 pa-
tients (4.5%) were lost to follow-up.

Table 2. Hormone Replacement Therapy in 423 Patients With AI

AI-Specific Replacement Therapy

Men (n � 54) Women (n � 168)

n
Dose, mg/d
Median (Range) n

Dose, mg/d
Median (Range)

Primary AI
Hydrocortisone 50 30 (15–70) 148 25 (10–40)
Cortisone acetate 2 50 (50–50) 5 50 (37.5–75)
Prednisolone 2 5 (5–5) 11 5 (1–8)
Dexamethasonea 4 1 (1–1)
Fludrocortisone 49 0.1 (0.05–0.3) 145 0.1 (0.05–0.1)
Dehydroepiandrosterone 6 37.5 (25–50) 47 25 (5–75)

AI-Specific Replacement Therapy

Men (n � 87) Women (n � 114)

n
Dose, mg/d
Median (Range) n

Dose, mg/d
Median (Range)

Secondary AI
Hydrocortisone 75 20 (5–40) 102 20 (10–40)
Cortisone acetate 5 28 (25–37.5) 4 31.25 (20–44)
Prednisolone 7 5 (5–5) 8 5 (4–10)
Dehydroepiandrosterone 2 25 (25–25) 25 25 (5–50)

a Mostly in combination with hydrocortisone, prednisolone, or cortisone acetate.
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Frequency of adrenal crisis retrospectively
reported at baseline

At baseline analysis, need of iv emergency glucocorticoid
administrationat any timeafterdiagnosisofAIwas reported
by 44% [primary adrenal insufficiency (PAI), 47%; second-
ary adrenal insufficiency (SAI), 41%]. The baseline analysis

comprised 5432 patient-years with
819 reported episodes of parenteral
glucocorticoids, accounting for a fre-
quency of 15 emergency treatments
per 100 patient-years. Precipitating
factors were as follows: gastroenteri-
tis, 23%; fever, 22%,; emotional
stress, 16%; surgery, 16%; strenu-
ous physical activity, 9%; forgotten
glucocorticoid intake, 4.3%; acci-
dents, 3.1%; cessation of glucocor-
ticoid (GC) replacement by the at-
tending physician, 1.7%; cessation
of GC replacement by the patient,
1.9%; unknown, 9.9%; urinary
tract infection, 3%; and other
causes, 8.7% of cases (multiple an-
swers were possible).

Frequency of health deterioration and adrenal
crisis during prospective follow-up

Over the 2-year period, health deterioration was re-
ported in 488 follow-up questionnaires (PAI, 33% of fol-
low-ups; SAI, 32% of follow-ups), accounting for a fre-

Figure 1. Precipitating factors of adrenal crisis in 46 patients during a prospective follow-up
analysis. Multiple answers were possible.

Table 3. Characteristics of 46 Patients With AC During Follow-Up in Comparison With Patients Without AC During
Follow-Up (n � 377) and the Patient Cohort Without Any AC Since PD of AI (n � 211)

A
Patients With AC
During Follow-Up

B
Patients Without AC
During Follow-Up

C
Patients That Never
Had AC Since PD

P Value,
A vs B

P Value,
A vs C

Sex, n, % F, 33 (72%)
M, 13 (18%)

F, 250 (66%)
M, 127 (34%)

F, 125 (59%)
M, 86 (41%)

.29 .08

Cause of AI, n, % PAI, 29 (63%),
SAI, 17 (37%)

PAI, 192 (51%),
SAI, 185 (49%)

PAI, 103 (49%),
SAI, 108 (51%)

.08 .06

Age at inclusion, y 54 (21–82) 51 (19–83) 50 (19–83) .26 .13
Age at diagnosis, y 38 (0–76) 37 (2–67) 39.5 (0–76) .82 .92
Prevalence of nonendocrine

comorbidities, %
67% 66% 63% .49 .40

Duration of AI, y 11 (1–40) 10 (0.2–69) 8 (0.2–69) .27 .02
Glucocorticoid preparation HC, 85%,

CA, 6.5%
PR, 6.5%
PR � HC, 2.2%

HC, 89%
CA, 2.9%
PR, 6.4%
DEX, 0.3%
Combination, 1.3%

HC, 89%
CA, 3.8%
PR, 5.7%
DEX, 0.5%
Combination, 1.4%

.81 .89

Glucocorticoid dose median,
mg/d (range)

HC, 20 (10–70)
CA, 31.25 (25–43.75)
PR,5 (5–6)

HC, 20 (5–45)
CA, 37.5 (20–75)
PR,5 (4–10)
DEX, 1

HC, 20 (5–45)
CA, 37.5 (20–50)
PR,5 (4–7.5)

N.S. N.S.

Fludrocortisone dose in PAI
patients, mg/d, median
(range), mean, mean � SD

0.1 (0.05–0.3)
0.088 � 0.06

0.1 (0.025–0.6)
0.081 � 0.07

0.1 (0–0.5)
0.075 � 0.06

.55 .23

AC since diagnosis at baseline
evaluation, % of patients

67% 41% �.01 �.01

Number of AC since PD median
(range), mean � SD

2 (0–15) 0 (0–120) �.01 �.01
3.1 � 3.9 1.9 � 7.2

Abbreviations: CA, cortisone acetate; DEX, dexamethasone; F, female; FU, follow-up; HC, hydrocortisone; M, male; NS, not significant; PD, primary
diagnosis; PR, prednisolone.
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quency of general deterioration of 63.6 events per 100
patient-years. Self-reported associated symptoms were fa-
tigue (70% of events); nausea (41%); diarrhea (29%);
drop in BP (20%); signs/symptoms of hypoglycemia
(17%); vomiting (16%); and other symptoms (20%) like
muscle pain, dizziness, heart palpitations, muscle/joint
pain, headache, depressive symptoms, and further symp-
toms associated with the underlying disease.

Of the patients who reported a deterioration of their
health status, 53% did not subsequently seek medical ad-
vice, 33% were treated as outpatients, and 12% were ad-
mitted to the hospital with 2% of all cases being treated at
the ICU. GC treatment in these cases was performed by an
increase of the oral GC dose in 63% of cases, iv injection
in 13% of cases, and by use of a GC suppository in 5%.
However, 18% of patients reported that they had not
changed their GC replacement dose.

The predefined study criteria of AC based on the fol-
low-up questionnaires were fulfilled in 60 cases (46 pa-
tients, 29 PAI, 17 SAI; 33 females, 13 males). In addition,
10 patients died during the study period (see Table 5 and
further details below). In four patients adrenal insuffi-
ciency or hypopituitarism were documented as cause of
death. Thus, in total, 64 ACs occurred during follow-up
(8.3 ACs per 100 patient-years), which were fatal in 6.3%.

Of the 46 patients with documented AC in their fol-
low-up questionnaire, 41 could be reached and addition-

ally interviewed at phone. Between one and three ACs
were reported during the study period.

ThegradingofACswasas follows:gradeI (outpatient treat-
ment), 39%; grade II (hospital, general ward), 42%, grade III
(treatment in ICU), and13%,grade IV (death fromAC)6.3%.

The main symptoms of AC were fatigue (74%), nausea
(57%), vomiting (52%), diarrhea (45%), drop in BP
(22%), and abdominal pain (22%).

Information on the precipitating factors of AC is given
in Figure 1. Patients with gastroenteritis as the main pre-
cipitating factor (n � 15) were asked whether further fam-
ily members had symptoms of gastroenteritis, which was
the case in eight of these patients (53%). Emotional stress
comprised ongoing occupational stress, emotional stress
resulting from divorce, acute illness of the partner (heart
valve operation and consecutive stroke or diagnosis of
cancer in the husband), family stress, and family disputes
with or without additional job stress.

Data on oral GC dose adaptation prior parenteral GC
administration by health professionals were available from
47 cases of documented AC: in 29 cases, patients reported
that they had adapted their oral hydrocortisone dose [me-
dian additional hydrocortisone dose 30 mg (10–100 mg)]
prior parenteral administration of hydrocortisone.

Risk factors for AC during follow-up
Comparison of patients with AC during follow-up (n �

46) with patients who had never experienced an AC since

Table 4. Emergency Equipment and Self-Reported GC Dose Adaptation in 46 Patients With AC During Follow-Up
in Comparison With Patients Without AC During Follow-Up (n � 377) and the Patient Cohort Without Any AC Since
PD of AI (n � 211)

A
Patients With AC
During Follow-Up

B
Patients Without AC
During Follow-Up

C
Patients Who Never
Had AC Since PD

P
Value,
A vs B

P
Value,
A vs C

Equipment with emergency card,
% of patients

94% 93% 96% .44 .46

Equipment with emergency set,
% of patients

52% 26% 21% �.01 �.01

Never adapted GC dose at baseline
evaluation, % of patients

2.2% 5.6% 7.6% .28 .16

GC dose increase in case of fever at
baseline evauation, % of patients

91% 79% 77% �.05 �.05

Number of follow-ups in which
general increase of GC dose is
reported, %

4, 43.5% 4, 34.2% 4, 30.8% �.05 .01
3, 28.3% 3, 17.5% 3, 18.0%
2, 19.6% 2, 17.8% 2, 19.9%
1, 8.7% 1, 11.7% 1, 10.9%
0, 0% 0, 18.8% 0, 20.4%

GC increase in case of fever at any
FU, % of patients

89% 63% 61% �.01 �.01

GC increase before exercise at any
FU, % of patients

28% 29% 30% .48 .55

GC in case of (occupational) stress
at any FU, % of patients

30% 34% 44% .52 .62

GC increase for other reasons at
any FU, % of patients

78% 62% 45% �.01 �.01

Abbreviations: FU, follow-up; PD, primary diagnosis.
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their diagnosis of AI (n � 377) revealed a significantly
longer disease duration in those with AC during follow-
up: 11 years (range 1–40 y) vs 8 years (range 0.2–69; P �
.05). Furthermore, a trend toward a higher prevalence of
female patients (72% vs 59%, respectively, P � .08) and
patients with primary AI (63% vs 49%, respectively P �
.06) was observed.

With regard to the 2-year follow-up period, compari-
son of patients with AC during follow-up with those with-
out AC did not reveal any statistical significance regarding
risk factors for AC that had previously been documented
in retrospective analyses (Table 3). Distribution of edu-
cational status (school graduation) was not significantly
different. In contrast, a history of previous AC at baseline
analysis was associated with a significantly higher risk for
AC during follow-up compared with patients without a
history of AC [odds ratio 2.9 (95% CI 1.5–5.5) P � .01].

Emergency equipment and GC dose adjustment
during prospective follow-up

At baseline patients reported to have adapted their GC
dose upon the following conditions (multiple answers

were possible): fever, 81%; before surgery, 58%; after job
strain or emotional stress, 46%; physical activity, 33%;
never, 5.4%; other conditions (comprising travel, preg-
nancy/childbirth, heat, vomiting, diarrhea, special events/
parties, fatigue, pain, visit to the dentist/dental procedure
or other medical interventions, sauna visit, symptoms of
underreplacement, and change in the weather), 15%. Al-
most all patients (96%) were equipped with an emergency
card, whereas an emergency hydrocortisone administration
kit (GC suppositories or GC ampoules for parenteral injec-
tion) was available in only 30% (PAI, 37%; SAI, 22%).

During the prospective follow-up period, 78 episodes
with vomiting were reported. Parenteral GC administra-
tion was performed in only 41% of these cases, a GC
suppository was used in 18%, oral GC dose adjustment
was implemented in 30%, and no change in GC dose was
reported in 12%.

Patients experiencing an AC during the prospective fol-
low-up period (AC-FU) were more likely to be in posses-
sion of an emergency kit already at baseline analysis than
those without AC during follow-up (NoAC-FU) (52% vs
26%, respectively, P � .01).

Table 5. Characteristics of Patients Who Had Died During Follow-Up

Patient
Number Sex

Age at
Death, y

Disease
Duration Cause of AI GC

Daily
GC Dose,
mg

Fludrocortisone
Dose, mg

1 M 53 21 SAI, surgery due to
pituitary adenoma

HC 20

2 F 72 22 SAI HC 25

3 M 77 6 SAI, surgery due to
pituitary adenoma

HC 25 0.1

4 M 66 2 autoimmune addison’s
disease

HC 35 0.1

5 M 79 NA SAI, surgery due to
pituitary adenoma

HC 15

6 F 62 30 Autoimmune Addison’s
disease

HCa 30 0.6

7 F 36 22 SAI, surgery due to
pituitary adenoma

HC 25

8 M 63 41 Congenital adrenal
hyperplasia

HC 30

9 M 72 2 Bilateral adrenalectomy HC 20 0.1

10 F 50 3 Autoimmune Addison’s
disease

HC 25 No FC

Abbreviations: DDD, dual chamber pacemaker; F, female; HC, hydrocortisone; ID, identification; M, male; NA, not available; NYHA, New York
Heart Association; PD, primary diagnosis.
a Patient was switched from CA to hydrocortisone shortly before and reported severe difficulties to adapt to the new replacement.
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AC-FU patients more frequently indicated that they
would adapt their GC replacement dose in case of fever at
baseline evaluation than NoAC-FU patients (89% vs
63%, respectively; P � .01). This also applied to other
events associated with increased emotional or physical
stress such as relationship conflicts, public speaking, heat,
travel, diarrhea, pain, medical interventions, fatigue, or a
house move (78% in AC-FU vs 62% in NoAC-FU, P �
.01). No significant differences were observed regarding
GC dose adjustment for job-related stress or prior to phys-
ical exercise (Table 4).

Mortality during prospective follow-up
Ten patients died during the 2-year study period (four

women and six men; five PAI, five SAI) (Table 5). An
official death certificate could be obtained from three pa-
tients (numbers 1, 2, and 8). In the remaining patients,
attending physicians and relatives were contacted and inter-
viewed regarding the circumstances of death. In four pa-
tients,malignantdisease,pulmonaryembolism,orseverehy-
poglycemia associated with concomitant type 1 diabetes was

documented. In four patients, AI or hypopituitarism had
been documented as the cause of death, occurring in com-
bination with infectious disease in two of these cases.

Further information on the patients who had died dur-
ing follow-up is provided in the Supplemental Data.

Discussion

Using for the first time a prospective approach, our study
provides unequivocal evidence of a high incidence of AC
(8.3 per 100 patient-years) in patients with chronic AI
receiving standard replacement therapy. These ACs oc-
curred, although at baseline all patients had received a
detailed written information on GC dose adjustments to
ensure structured education concerning the prevention of
AC. Furthermore, during the 2-year observation period,
10 patients died, and in at least in four of these patients
(1% of the cohort), death was associated with AC.

Unexpectedly, the incidence of AC was even higher
than in a previous retrospective study from our center that

Table 5. Continued

Further
Endocrine
Comorbidity

Emergency
ID

Emergency
Set

AC After
PD of
AI, n Concomitant Disease Cause of Death

Hypopitutiarism Yes No Never Psychiatric disease Sudden heart and circulatory failure
due to hypopituitarism

Hypopitutiarism Yes No Never — Sudden heart and circulatory failure
due to AI

Hypopitutiarism,
diabetes insipidus

Yes No 9 DDD pace maker, sick sinus
syndrome, osteoporosis

Adrenal crisis due to infectious
disease

Type 2 diabetes Yes No Never — AC due to infectious disease; patient
had stopped hydrocortisone
replacement before

Hypopitutiarism Yes No Never — Unknown, AC highly probable,
recurrent episodes of hyponatremia
were preceding and incompliance
regarding GC intake was
suspected by the attending
endocrinologist

Autoimmune
hypothyroidism,
type 2 diabetes

Yes Yes �7 Autoimmune cardiomyopathy Found dead at home

Hypopitutiarism,
type 1 diabetes

Yes No 2 Diabetic retinopathy, epilepsy Unknown (most likely hypoglycemia)

Hypothyroidism No No 1 Osteoporosis Pneumonia associated with newly
diagnosed adenocarcinoma of the
lung

Hypopitutiarism Yes No Never Renal cell carcinoma, arterial
hypertension, hyperlipidemia

Unknown, most probably due to
renal cell carcinoma

Autoimmune
hypothyroidism

Yes Yes 3 Congestive heart failure
(NYHA III–IV), pulmonary
hypertension, osteoporosis

Lung embolism
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had provided an incidence of 6.3 ACs per 100 patient-
years (8). However, the current incidence is similar to that
of retrospective reports in patients after adrenalectomy (5)
and in patient surveys conducted by the UK Addion’s self-
help group (7). Thus, based on these findings, approxi-
mately 1 of 12 patients with chronic AI will experience an
AC within the next 12 months. Of note, the frequency of
AC was 15 per 100 patient-years in the initial retrospective
baseline analysis, which is significantly higher com-
pared with the results of the prospective analysis. This
suggests an overestimation by the study participants in
a retrospective setting, emphasizing the importance of
careful prospective assessment. One might, however,
also speculate that baseline instructions and the partic-
ipation in this trial had promoted an improved preven-
tive behavior.

AC is not well defined, and criteria for the presence of
AC have not been uniformly followed in retrospective
studies (5–10). For the current study, we therefore pre-
defined AC based on the presence of certain clinical signs
and symptoms and the administration of parenteral hy-
drocortisone. Although this pragmatic definition is debat-
able, we believe that it is useful also for future studies on
AC. In addition, we introduced for the first time a grading
of AC depending on treatment because we assumed that
this grading would reflect the degree of impairment in
general health in AC. Obviously, in patients with sup-
posed AC-related death administration of parenteral GCs
had not been part of the definition because it is highly
unlikely to have occurred in all instances. The causes of AC
in our cohort were manyfold and rather similar to those
identified in retrospective studies (5–8, 10), with gastro-
enteritis and other infections with concomitant fever being
the leading causes. The high prevalence of other family
members also suffering from gastroenteritis around the
time of AC supports the concept that infections were
mainly causative. However, the treatment consequence in
any case of vomiting and diarrhea should be the admin-
istration of parenteral GCs, irrespective of the underlying
cause of symptoms. Our study demonstrates that the im-
portance of this rule must be transmitted more clearly
because in 42% of cases in which vomiting had been re-
ported, only oral dose adaptation or no change in GC
replacement was reported.

Surprisingly, emotional stress was also a frequent cause
of AC, raising questions concerning the underlying patho-
mechanism. It has, however, to be pointed out that the
precise physiopathology of AC is generally not well un-
derstood and will require future investigations. Animal
models indicate an increased sensitivity to the lethal effects
of lipopolysaccharides in AI via dysregulation of TNF�

action (11).

In our study 4 of 10 deaths were attributed to AC, and
in a fifth case AC might have also been involved. Such a
high mortality from AC was not anticipated at the initi-
ation of the study and clearly highlights a need for im-
proved prevention strategies because early treatment of
AC with parenteral hydrocortisone and saline is consid-
ered quite efficacious. The contribution of AC for the re-
spective death invariably remains to some extent a matter
of debate. In most instances AC occurs in the setting of a
stressful event like infection, which in itself may carry a
certain mortality risk. Cardiomyopathy and cardiogenic
shock associated with fulminant AC has been reported in
single patients with adrenal insufficiency (12–14). How-
ever, in the two cases of our study, circulatory failure may
have had other causes which may have been misinterpreted
or overlooked by the attending physician. Thus, some un-
certainties regarding the causative role of AC cannot be
avoided in such a study. On the other hand, cessation of
hydrocortisone by the patient or frequent hyponatremia and
suspected noncompliance with hydrocortisone therapy
strongly point to AC as the major cause of death.

Retrospective studies have identified a number of risk
factors associated with AC like primary AI as compared
with secondary AI, female sex, diabetes insipidus, and
other comorbidities (7, 8, 10). None of these risk factors
contributed significantly to the incidence of AC in our
study, although patients with primary AI and females
showed a trend toward a higher incidence. The smaller
number of events in our study compared with the retro-
spective analyses may have played a role here. The re-
ported less frequent incidence of AC in secondary AI may
be related to some residual endogenous cortisol secretion
and/or the lack of mineralocorticoid deficiency. Miner-
alocorticoid deficiency may particularly contribute to cir-
culatory failure. However, in our study we observed no
association of hydrocortisone dose or fludrocortisone
dose with the incidence of AC. In fact, although underre-
placement of hydrocortisone may facilitate the occurrence
of AC, a too high dose may also have a more indirect
negative impact by increasing the vulnerability to infec-
tion, a major cause of triggering AC (15). Thus, increasing
standard replacement doses of hydrocortisone with the
aim to prevent future crises may be counterproductive.

Only a history of former AC was identified as a risk
factor of future AC in our study, indicating that such pa-
tients require particular preventive efforts. On the other
hand, three of the patients who died from AC had never
experienced a single AC before, indicating that there are
no patients without a risk of a life-threatening AC.

Intriguingly, patients who experienced an AC during
follow-up were more proactive with regard to GC dose
adjustments than patients who did not suffer from AC
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during follow-up. This was probably related to more pre-
vious crises at baseline. In any case, this finding clearly
indicates that occurrence of AC cannot be explained easily
to a lack of GC adjustments in affected patients. More-
over, our study provides evidence that many patients had
increased their oral hydrocortisone dose prior to AC, in-
dicating that moderate increments of oral hydrocortisone
often fail to avert AC (16).

Patient education is considered the key strategy in the
prevention of AC (17, 18). All patients should receive de-
tailed information on their disease and on GC adjustments
in stressful events. In our study 18% of thre patients who
reported health deterioration did not adapt their oral GC
dose despite reinstruction at study start, indicating that
education needs to be further improved. In addition, pa-
tients should carry an emergency card and should be pro-
vided with GCs for emergency administration. Finally,
patients should be trained in the self-injection (im or sc) of
hydrocortisone. Whereas in our study all patients had ini-
tially received written information on glucocorticoid ad-
aptation and virtually all patients carried an emergency
card, provision with GCs for emergency use was missing
in most patients. Thus, major efforts will be needed to
complete patient education and to provide the necessary
tools for emergency use. In particular, self-administration
of GCs holds great potential to shorten the time to reach
sufficient GC coverage in AC (19) because the adminis-
tration of hydrocortisone by health care professionals was
often delayed in our patients. In contrast, it is probably
naive to believe that timely oral hydrocortisone adjust-
ments can ever fully eliminate the need for parenteral hy-
drocortisone administration.

Our study has several limitations. Only 46% of invited
patients participated in the study, potentially introducing
some selection bias. Furthermore, not all patients com-
pleted the study, potentially leading to an underestimation
of death from ACs. However, the percentage of patients
participating was still comparably high, and the number of
patients lost (4.5%) was small and unlikely to affect the
key results of this investigation. The percentage of females
in the group of patients with PAI was 76%, which is higher
than the percentage known from recent registry analyses
(1, 9, 20). Because sex appears to have only a minor impact
on crisis incidence, particularly in PAI, a significant influ-
ence on the main messages of the study is, however, not
expected. For regulatory reasons, not all death certificates
were available and recall of the circumstances of death by
contacted relatives or physicians may not have been fully
accurate.

In addition, our study population was contributed by
centers well versed in the care of patients with AI. This may
explain the higher rate of AC in a recent analysis of a large

health insurance data base showing, among 2477 diagno-
ses of primary AI, an AC frequency of 14–17 per 100
patient-years over an observation period of 5 years (9).
Thus, less informed patients with a higher risk of AC are
possibly underrepresented in our sample. Finally, al-
though comprising a substantial number of patients with
AI, the sample size may have been too small to compre-
hensively identify risk factors for AC.

In summary, the incidence of AC in chronic AI is high
and associated with substantial mortality. A risk factor
analysis has limited potential to identify patients at risk
for AC, and education in glucocorticoid adjustments for
stressful events will not obviate the occasional need for
parenteral hydrocortisone to treat impending ACs. Ad-
vances in comprehensive patient education including self-
administration of parenteral hydrocortisone will be cru-
cial to eliminate death from AC.
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