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Background: Adrenal insufficiency (AI) is a life-threatening disorder caused by the deficiency of adrenal steroid hormones. This 
retrospective cross-sectional study investigated the characteristics of patients with AI in Korea.
Methods: All consecutive patients with suspected AI who received care at a tertiary referral center in Korea in 2014 and underwent 
adrenocorticotropic hormone stimulation or insulin-tolerance testing were identified through a review of medical charts. Patients di-
agnosed with AI were enrolled. Their demographic, clinical, and treatment details were extracted.
Results: Of 771 patients with suspected AI, 183 (23.7%) received a definitive diagnosis. The most common reason for testing was 
the presence of suspicious AI-related symptoms (30.0%), followed by a history of steroid medications (23.5%). Their mean age was 
66.7 years, and females predominated (67.8%). The most common symptoms were general weakness, anorexia, arthralgia, and fever. 
Approximately half (53.6%) had a history of steroid use. Hydrocortisone was the most common treatment (71.6%), with most pa-
tients taking a 30 mg dose (44.2%). The most common dose frequency was twice a day (78.6%). Fourteen patients were treated for 
adrenal crisis (n=10, 5.5%) or an intercurrent illness (n=4, 2.2%).
Conclusion: AI may have been caused by steroid medication use in many of the patients included in this study. The detection of AI 
can be improved by careful history-taking and being alert to the possibility that a patient has used steroids.
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INTRODUCTION

Adrenal insufficiency (AI) is a life-threatening disease caused 
by the insufficient production of steroid hormones in the adrenal 
glands. It can be described as primary, secondary, or tertiary de-
pending on the cause. Primary AI results from disease intrinsic 
to the adrenal cortex. Central AI, the collective name for sec-
ondary and tertiary AI, is caused by impaired production or ac-

tion of corticotropin due to disorder of the hypothalamic-pitu-
itary axis [1-4]. It was first described by Thomas Addison in 
1855, and is characterized by symptoms such as general weak-
ness, fatigue, anorexia, abdominal pain, weight loss, orthostatic 
hypotension, and salt cravings due to adrenal destruction [1,4,5]. 
Until 1949, the survival rate was very low; more than 80% of 
patients died within 2 years of diagnosis [1,4,6-8]. However, in 
1949, cortisone was synthesized for the first time. Today, corti-
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sone treatment allows patients with AI to carry on their normal 
life activities. However, because the main symptoms of AI are 
nonspecific and usually arise gradually, the diagnosis and treat-
ment of AI are often delayed [1,4,9-11]. Although the diagnostic 
process is not complicated, caution is needed because multiple 
points must be considered when implementing and interpreting 
the diagnostic tests, and many other diagnostic possibilities 
must be excluded [1,4,9]. Information about the characteristics 
of AI in Korea is lacking. Therefore, we performed this retro-
spective cross-sectional study to characterize the clinical fea-
tures of patients with AI in Korea.

METHODS

Study design
The study included all consecutive patients with suspected AI 
who visited Keimyung University Dongsan Medical Center (a 
tertiary referral center) between January 2014 and December 
2014. Patients were included in the study if they had undergone 
a rapid adrenocorticotropic hormone (ACTH) stimulation test 
or an insulin tolerance test due to suspected AI symptoms, with 
the test leading to a diagnosis of AI. The rapid ACTH stimula-
tion test was performed by administering one ampule (250 μg) 
of corticotropin intravenously and measuring serum cortisol 
levels 30 to 60 minutes later. AI was defined as a peak cortisol 
concentration of <500 nmol/L (18 μg/dL) [9]. The insulin toler-
ance test was performed by administering insulin (0.10 to 0.15 
U/kg) intravenously to induce hypoglycemia, after which serum 
cortisol levels were measured every 30 minutes for at least 120 
minutes [4,12]. Depending on the underlying mechanism, AI 
was diagnosed as primary or central. The following data were 
collected retrospectively from patients’ medical records: age, 
gender, laboratory test results, and the presence of underlying 
diseases such as hypertension, hyperlipidemia, diabetes, thyroid 
disease, rheumatic diseases, respiratory diseases, or osteoporo-
sis. The clinical symptoms present at the time that the patient 
underwent the test were also recorded. These symptoms includ-
ed general weakness, loss of appetite, weight loss, nausea, vom-
iting, abdominal pain, arthralgia, dizziness, salt cravings, dry 
skin, itching, decreased libido, excessive skin pigmentation, fe-
ver, dehydration, and alopecia. Steroid medication history be-
fore and after the diagnosis, the type of drug used for treatment, 
the drug concentrations, and the daily dose were documented. 
The frequency and causes of adrenal crisis and intercurrent ill-
nesses were recorded. Adrenal crisis was defined as a life-
threatening emergency that acutely impaired general health and 

required treatment with parenteral hydrocortisone and saline in-
fusion [4,13]. An intercurrent illness was defined as a disease 
state that required the glucocorticoid dose to be significantly but 
temporarily increased [13]. This study was conducted with the 
approval of the Keimyung University Dongsan Medical Center 
Institutional Review Board (IRB 2015-01-010).

Statistics
Continuous and categorical data are presented as mean±stan-
dard deviation (SD) or number and percentage, respectively. 
Groups were compared using the two-tailed t test. P values 
<0.05 were considered to indicate statistical significance. All 
statistical analyses were performed using SPSS version 22.0 
(IBM Co., Armonk, NY, USA).

RESULTS

Baseline characteristics of the patients
Of the 771 patients who presented with suspected AI in 2014, 
183 (23.7%) were diagnosed with AI on the basis of a rapid 
ACTH stimulation test or an insulin tolerance test. These 183 pa-
tients formed the study cohort. All of these patients had central 
AI and none had primary AI (Fig. 1). The mean age of the cohort 

771 Patients with suspected AI
(who visited Keimyung University Dongsan Medical 

Center from January to December 2014)

Retrospective review of the 
medical records 

183 Patients (23.7%) with AI

0 With primary 
AI (0%)

183 With central 
AI (100.0%)

Inclusion criteria
AI was confirmed by 
1. Rapid ACTH stimulation test 
2. Insulin tolerance test 

Fig. 1. Flow chart showing the disposition of patients with adrenal 
insufficiency (AI) in the study. ACTH, adrenocorticotropic hor-
mone.
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was 66.66±13.41 years. Of the total study cohort, 59 were male 
(32.2%) and 124 were female (67.8%). The mean ACTH and 
cortisol levels were 10.06±21.75 pg/mL and 3.46±3.56 μg/dL, 
respectively. The mean Na+, K+, and glucose levels were 
133.59±7.34 mmol/L, 3.98±0.64 mmol/L, and 121.89±52.67 
mg/dL, respectively. The results of the other laboratory blood 
tests are shown in Table 1. Hypertension (n=94, 51.4%) was the 
most common comorbidity, followed by diabetes (n=62, 33.9%) 
and respiratory disease (n=35, 19.1%) (Table 1).

Reasons for the blood test and the symptoms present at 
the time the blood test was conducted
The most common reason for conducting the blood test was the 
presence of suspicious symptoms that were suggestive of AI 
(n=55, 30.0%), followed by a history of steroid medication use 
(n=43, 23.5%). The next most common reasons were the need 
to diagnose the cause of hyponatremia and a previous diagnosis 

of AI (both n=39, 21.3%). 
The most common symptom that led to the decision to con-

duct the test was general weakness (n=123, 67.2%), followed 
by anorexia (n=49, 26.8%), arthralgia (n=44, 24.0%), and fe-
ver (n=33, 18.0%) (Table 2).

Medication history
We evaluated how many patients had a relevant medication his-
tory. In our cohort, 98 of the 183 patients with AI (53.6%) had a 
history of steroid medication use. Of these, 86 (87.8%) took ste-
roids orally and 12 (12.2%) took steroids by injection. The most 
common reason for taking steroid medications was joint disease 
(n=46, 46.9%), followed by dermatological disease (n=8, 
8.2%) (Table 3).

Hormone replacement therapy for AI
In terms of the type of steroid used for daily replacement thera-
py after the diagnosis of AI in the overall cohort, 131 patients 
(71.6%) received hydrocortisone, 50 (27.3%) received prednis-

Table 1. Demographic and Clinical Characteristics of Patients 
with Central Adrenal Insufficiency 

Characteristic Patients with central AI (n=183)

Female sex 124 (67.8)

Age, yr 66.66±13.41

WBC, /μL 9,131.13±5,028.38

Hemoglobin, g/dL 11.37±2.03

Hematocrit, % 33.58±5.85

Platelet, /μL 224.66±95.54

Na, mmol/L 133.59±7.34

K, mmol/L 3.98±0.64

Cl, mmol/L 100.89±6.81

BUN, mg/dL 21.30±16.28

Cr, mg/dL 1.29±1.87

Glucose, mg/dL 121.89±52.67

ACTH, pg/mL 10.06±21.75

Cortisol, μg/dL 3.46±3.56

Hypertension 94 (51.4)

Diabetes 62 (33.9)

Respiratory disease 35 (19.1)

Thyroid disease 34 (18.6)

Rheumatic disease 22 (12.0)

Osteoporosis 22 (12.0)

Hyperlipidemia 21 (11.5)

Values are expressed as number (%) or mean±SD.
AI, adrenal insufficiency; WBC, white blood cell; BUN, blood urea ni-
trogen; Cr, creatinine; ACTH, adrenocorticotropic hormone.

Table 2. Reasons for the Blood Test and the Symptoms Present 
at the Time the Test Was Conducted

Variable Patients with central AI 
(n=183)

Suspicious symptoms 55 (30.0)

Steroid history 43 (23.5)

Hyponatremia 39 (21.3)

After adrenalectomy 5 (2.7)

Pituitary disease 2 (1.1)

Patients already diagnosed (follow-up) 39 (21.3)

General weakness 123 (67.2)

Loss of appetite 49 (26.8)

Arthralgia 44 (24.0)

Fever 33 (18.0)

Dehydration 27 (14.8)

Nausea, vomiting 21 (11.5)

Dizziness 18 (9.8)

Abdominal pain 12 (6.6)

Dry skin, itching 8 (4.4)

Weight loss 4 (2.2)

Decreased libido 1 (0.5)

Alopecia 1 (0.5)

Excessive skin pigmentation 0

Values are expressed as number (%).
AI, adrenal insufficiency.
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olone, one (0.5%) received both, and one (0.5%) did not receive 
treatment. The most common daily dosage of a drug was 30 mg 
of hydrocortisone (n=58, 44.2%). Most patients took hydrocor-
tisone twice a day (n=103, 78.6%) (Table 4). The next most 
commonly used steroid was prednisolone. The most common 
daily prednisolone dose was 5 mg (n=17, 34.0%), followed by 
7.5 mg (n=13, 26.0%). Most patients who took prednisolone 
used it once a day (n=31, 62.0%) (Table 4).

Frequency of adrenal crisis and intercurrent illness
Adrenal crisis is life-threatening. To evaluate how many patients 
in our cohort experienced adrenal crisis or intercurrent illness, 
we reviewed their medical records. In total, 14 patients (7.7%) 
were treated for adrenal crisis (n=10, 5.5%) or intercurrent ill-
ness (n=4, 2.2%) during the study period. The reasons for adre-
nal crisis were infection (n=7, 70.0%), cessation of medication 
(n=2, 20.0%), and severe illness (n=1, 10.0%) (Table 5). Of the 
10 patients who experienced an adrenal crisis, four (40.0%) died 

during treatment. Of these, three had an infectious disease and 
one had stopped taking medication. The causes of intercurrent 
illness were infection (n=1, 25.0%), cessation of medication 
(n=2, 50.0%), and surgical stress (n=1, 25.0%) (Table 5).

DISCUSSION

This retrospective cross-sectional study found that 183 of 771 
patients suspected of having AI were actually diagnosed with 
the condition. All patients had central AI and women predomi-
nated. The most common symptom was general weakness. Half 
of the patients had a history of steroid medication use. Most pa-
tients underwent replacement therapy with hydrocortisone. Ap-
proximately 7.7% of the patients were treated for adrenal crisis 
or intercurrent illness.

In Europe, the prevalence and incidence of chronic primary 
AI are 93 to 144 cases per million and 4.4 to 6.0 new cases per 
million population per year, respectively [1,4,14,15]. Central AI 

Table 3. History and Reason for Steroid Medication Use in Pa-
tients with Central Adrenal Insufficiency 

Variable Value

History of steroid medication
   Oral intake 86 (87.8)
   Injection 12 (12.2)
Causes of steroid medication use
   Joint disease 46 (46.9)
   Dermatological disease 8 (8.2)
   Hemato-oncologic disease 7 (7.1)
   Gout 4 (4.1)
   Kidney disease 4 (4.1)
   Hepatobiliary-pancreatic disease 4 (4.1)
   Others 9 (9.2)
   Unknown 16 (16.3)

Values are expressed as number (%).

Table 4. Hormone Replacement Therapy in Patients with Adre-
nal Insufficiency 

Variable Patients with central AI 
(n=183)

Daily dosage of hydrocortisone, mg

   5.0    1 (0.8)

   7.5 1 (0.8)

   10.0    24 (18.3)

   15.0 17 (13.0)

   20.0 30 (22.9)

   30.0 58 (44.2)

Daily frequency of hydrocortisone

   Twice a day 103 (78.6)

   Once a day 28 (21.4)

Daily dosage of prednisolone, mg

   2.5 1 (2.0)

   5.0 17 (34.0)

   7.5 13 (26.0)

   10.0 10 (20.0)

   15.0 6 (12.0)

   20.0 3 (6.0)

Daily frequency of prednisolone

   Twice a day 19 (38.0)

   Once a day 31 (62.0)

Values are expressed as number (%).
AI, adrenal insufficiency.

Table 5. Causes of Adrenal Crisis and Intercurrent Illness

Variable Adrenal crisis 
(n=10)

Intercurrent illness 
(n=4)

Infectious disease 7 (70.0) 1 (25.0)

Cessation of medication 2 (20.0) 2 (50.0)

Surgical stress 0 1 (25.0)

Severe illness 1 (10.0) 0

Values are expressed as number (%).
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is more common than primary AI. Secondary AI has an estimat-
ed prevalence of 150 to 280 cases per million [1,4,16-20]. Ter-
tiary AI is believed to be the most common form of AI [1,4,21]. 
Among the patients who underwent a rapid ACTH stimulation 
test or an insulin tolerance test to rule out AI in our study, ap-
proximately one-fourth were actually diagnosed with AI, and all 
these patients had central AI. No cases of primary AI were 
found in our cohort. The prevalence and incidence of primary 
AI in Korea have not yet been reported [22]. Thus, the lack of 
cases of primary AI in our study either reflects a lower preva-
lence of primary AI in Korea than in other countries, or is the 
result of limitations placed on determining which patients were 
eligible for an ACTH stimulation or insulin tolerance test. Stud-
ies of secondary AI in Europe have shown that it was most com-
monly diagnosed in the sixth decade of life, and that women 
were more frequently affected than men [1,4,17,18]. In our 
study, the mean age of the patients was 66.7 years and women 
were over-represented. Patients with AI have been reported to 
have a higher risk of cardiovascular disease [20,23]. This asso-
ciation may reflect the effects of cortisol on metabolism; for ex-
ample, Rosmond and Bjorntorp [24] showed that pathological 
changes in the hypothalamic-pituitary-adrenal axis were associ-
ated with cardiovascular disease, type 2 diabetes, and stroke, 
and might be a risk factor for these diseases. In our study, co-
morbidities were hypertension, diabetes, respiratory disease, 
thyroid disease, rheumatic disease, and osteoporosis in order of 
frequency. The prevalence of hypertension was similar to that in 
the general population, while the prevalence of diabetes was 
higher than in the general population [25]. This shows that our 
patients with AI can have a higher risk of cardiovascular dis-
ease, as previously reported. In addition, respiratory disease and 
rheumatic disease were relatively common comorbidities. Since 
steroids can be used to treat these diseases, this may reflect the 
fact that glucocorticoids used to treat a variety of diseases are a 
common cause of central AI. The symptoms of AI are nonspe-
cific and include general weakness, fatigue, anorexia, abdomi-
nal pain, weight loss, and orthostatic hypotension [1,4]. As a re-
sult, the diagnosis of AI is often delayed [1,4,9-11]. Therefore, 
when patients complain of these symptoms, AI must be suspect-
ed [26]. In our study, the most common symptoms at diagnosis 
were general weakness and loss of appetite. These are also the 
most common symptoms of central AI and are the result of a 
glucocorticoid deficiency [1,4]. Drugs can cause a glucocorti-
coid deficiency at the hypothalamic-pituitary-adrenal axis 
[2,21]. Indeed, it is suggested that any patient who has received 
the equivalent of 20 to 30 mg/day of prednisone for longer than 

1 week may be at risk of AI [27,28]. In our study, half of the pa-
tients (53.6%) had a history of steroid medication. The most 
common reason for taking steroid medication was joint disease. 
However the number of patients who underwent an AI diagnos-
tic test based on their history of steroid use was smaller (23.5%) 
than the number of patients who took steroids. Our observations 
suggest that if a patient taking a steroid medication presents 
with AI-related symptoms, or if the patient has recently stopped 
taking the steroid medication, the adrenal function of the patient 
must be evaluated. 

Hydrocortisone is the preferred choice for glucocorticoid re-
placement in AI because hydrocortisone tablets taken twice or 
thrice a day result in circulating glucocorticoid levels similar to 
the physiological circadian-based serum cortisol exposure-time 
profile [29]. Thus, the recommended total daily dose of hydro-
cortisone for replacement therapy in AI is 15 to 25 mg, and the 
recommended dose frequency is twice a day [21,29]. In our 
study, hydrocortisone was the most frequently used glucocorti-
coid replacement therapy, and the most common dose frequency 
was twice a day. However, among patients receiving hydrocor-
tisone, only 35.9% received daily doses of 15 to 20 mg, while 
44.2% received daily doses of 30 mg. This means that a consid-
erable number of patients may have received unnecessarily high 
replacement doses. Glucocorticoid under-replacement carries 
the risk of adrenal crisis and impaired well-being. However, 
chronic over-replacement may lead to substantial morbidity, in-
cluding impaired glucose tolerance, obesity, osteoporosis, and 
cardiovascular disease [4]. Since an objective metric for assess-
ing the adequacy of replacement therapy has yet to be identi-
fied, physicians must rely primarily on the patient’s symptoms 
and signs and titrate the glucocorticoid replacement dose appro-
priately. 

Since AI can be lethal if it is not managed properly, it is im-
portant that medical staff are trained to recognize the signs of AI 
and to institute appropriate and rapid treatment. A European ret-
rospective study on a large cohort of patients with AI showed 
that adrenal crises are relatively common, with an overall fre-
quency of 6.3 adrenal crises per 100 patient-years. The most 
important precipitating factors of adrenal crisis were infectious 
diseases, especially gastrointestinal infections [30]. Similarly, in 
our study, the frequency of adrenal crisis was 5.5 adrenal crises 
per 100 patient-years, and infectious disease was the most com-
mon precipitating factor of both adrenal crisis and intercurrent 
illness. Notably, four patients exhibited intercurrent illness in 
our study, none of whom developed adrenal crisis. Thus, if pa-
tients who are at an early stage of an intercurrent illness and 
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could proceed to adrenal crisis are detected early and managed 
well, the incidence of adrenal crisis can be reduced significantly.

Our study has several limitations. First, it is a retrospective 
study that relied on medical chart review. Thus, it is prone to in-
formation bias. Second, the study was only performed at a sin-
gle center. Therefore, generalizing its findings to other patient 
populations in Korea requires caution. Nevertheless, this is the 
first study to report the clinical characteristics and treatment of 
AI in real-world practice in Korea. Therefore, these results are 
likely to make a significant contribution to research into AI and 
its treatment in Korea. 

AI is not highly prevalent, but inappropriate treatment affects 
the quality of life of patients. In our study, many patients had AI 
related to steroid medication, whereas the number of patients 
who actually underwent an AI diagnostic test based on their his-
tory of steroid use was much smaller. Currently, chronic gluco-
corticoid therapy is used to treat a variety of disorders. There-
fore, patients who are receiving steroid therapy should always 
be carefully monitored to detect AI at an early stage and avoid 
adrenal crisis. Moreover, it is important to titrate the glucocorti-
coid replacement dose appropriately in order to prevent signifi-
cant morbidity. To improve the treatment of patients, further 
study is needed to monitor the effect of medication and bio-
markers, with the goal of determining how to adjust the dose 
appropriately.
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