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Abstract
Objective: Adrenal insufficiency (AI) is associated with significant morbidity and mortality. The diagnosis of AI in elderly people is difficult with
its non-specific presentation. The aim of this study is to describe the epidemiology, pattern of comorbidity and one-year outcome among elderly
people after their initial diagnosis of AI.
Materials and Methods: Patients aged >65 years, who underwent the Short Synacthen test (SST) done during the period of 1.1.2014 to 30.6.2019,
were retrieved. Basic demographic information, comorbidities as measured by the Charlson Comorbidity index (CCI), cause for admission, length of
stay, one year unplanned readmission and death were recorded.
Results: Two hundred forty two patients with the mean age of 79.6 (standard deviation 8.75) were identified. The causes for admission were
pneumonia (22.3%), electrolytes abnormalities (11.6%) urinary tract infection (UTI) (8.6%) and poor oral feeding (7.8%). Ninety four (38.3%) were
diagnosed to have AI. The most common indication for SST was electrolytes abnormalities. Unplanned readmission was present in 52.7% of patients.
Inpatient mortality was 11.6% and one year mortality was 44.8%. There was no statistically significant difference between the AI and normal
response group in age, gender, CCI score, length of stay, cause for admission, indication for SST and mortality. However, the AI group had a much
lower baseline cortisol level (389 nmol/L vs. 192.4 nmol/L, p<0.001).
Conclusion: This unrecognized group of elderly AI patients presents non-specifically. Respiratory and UTIs were the most common cause of
admission. Physicians should be more alert on this easily unrecognized problem in the elderly. What is known on the subject and what does the
study add: The incidence of AI in elderly subjects is on the rising trend, yet, it is easily unrecognized; this study highlights the importance of infection
that contributes to AI development and the non-specific presentation of this disease in older population.
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Introduction
Adrenal insufficiency (AI) is an uncommon problem, but it
can be associated with significant morbidity and mortality
(1). Causes of AI can be primary or secondary. Primary AI is
due to inadequate production of adrenocorticosteroids as
a result of damage to the adrenal gland. Common etiologies
include autoimmune disease, infection, tumour or hemorrhage.
Secondary AI is far more common than primary AI (2,3). It is due

to disease in the pituitary or hypothalamus, causing inadequate
adrenocorticotropic hormone production, which in turn reduces
stimulation to adrenal cortex on corticosteroid production.
Surveys in the Western population revealed that the prevalence
of primary and secondary AI increased with time. The reported
prevalence rate of primary and secondary AI in the 1990s was
9-14/105 and 15-28/105 population respectively (2,4) which
was much higher than those reported in the 1960s. However,
a Japanese study has observed that the incidences of primary
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AI decreased with time (5). On the contrary, a nationwide
Taiwanese study showed that the annual incidence of AI had
continuously increased and elderly patients were accounted for
the majority of this increase (6).
The diagnosis of AI is non-specific. It usually presented with
variable symptoms such as fatigue, fever, poor appetite or
gastrointestinal discomfort. It can progress to adrenal crisis
with electrolytes disturbances, change of conscious level, shock
and even death. Making the diagnosis of AI in older people is
even more difficult. Older people have multiple comorbidities,
and the symptoms might be mistaken as ageing processes (7).
Epidemiological studies about AI among the elderly population
are limited. Contributing factors and the signs and symptoms of
AI are not well studied. Prevention of an adrenal crisis requires
early recognition and prompt initiation of treatment. However,
not much data are available on the incidence and prevalence
of AI, and the low awareness among medical professionals may
lead to adverse outcome in an unrecognized adrenal crisis.
This study aims to describe the demographic profile, the pattern
of comorbidity, contributing factors for older adults with AI and
the 1-year outcome after the diagnosis of AI.

Materials and Methods
Hospital records were retrieved from 3 extended care units of
a hospital network in Hong Kong. Case notes of subjects with
age >65 and with Short Synacthen test (SST) done during the
period 1.1.2014 to 30.6.2019 were retrieved. Those who were
admitted as day-procedure for SST were excluded. Patient’s
age, gender, place of residence, comorbidities measured by
Charlson Comorbidity index (CCI) (8) on admission, principal
diagnosis and length of stay were recorded. An infection was
classified as principal diagnosis or secondary diagnosis based
on the condition that the disease was caused by an organism
such as urinary tract infection (UTI), pneumonia or lower
respiratory tract infection (LRTI) or where an infectious agent
was coded (9). A virus was identified as present when specific
viral agent was identified or where a diagnostic code had a viral
agent included (9). Gastroenteritis was recorded by any code
that specifies gastroenteritis whether it can be viral, bacterial
or non-infectious in origin. Pneumonia/LRTI/chest infection
was classified as pneumonia. Acute bronchitis and chronic
obstructive pulmonary disease (COPD) with mentioning of
infection were also considered as chest infection. In contrast,
COPD, asthmatic exacerbation or bronchiectasis where the
infection was not mentioned were not considered as infection.
Baseline cortisol level were recorded. AI is diagnosed by SST. For
standard dose SST using 250 mcg tetracosactin, a failure of the
cortisol level taken at 30 min to rise >550 nmol/L from baseline
is considered as positive (10). For low dose SST using one mcg
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of tetracosactin, a failure of 30 min cortisol to rise >400 nmol/L
from baseline is considered as positive (11). Indication for SST
were be recorded. These include hypotension, electrolytes
abnormality, unexplained poor general status, poor appetite,
weight loss and other indications were collected. All subjects
will be further followed for one year after their diagnosis. The
proportion of patients with unplanned hospital readmission will
be calculated. The discharge diagnosis and death were analyzed.
Subjects who failed the SST were considered as cases while
those showed a normal response were considered as the control
group.
Statistics
Descriptive statistics on baseline demographic variables as
mean +/- standard deviation (SD) or median where appropriate.
Between-groups comparison on demographic variables, possible
precipitating causes, length of stay and inpatient mortality will
be analyzed by t-test or Mann-Whitney U test for continuous
data and x2 test for categorical data. Hospital readmission rate
and mortality at one year were also compared. A p-value of
<0.05 is considered as statistically significant.
This study is approved by the Hong Kong Hospital Authority
Cluster Hospital Research Ethics Committee.

Results
There were a total of 292 SST done during the period of 1.1.2014
to 30.6.2019. Among them, 242 subjects met the inclusion
criteria, and their records were retrieved. Figure 1 shows the
consort flow diagram. The mean age was 79.6 (SD 8.75). There
were 135 male subjects (55.6%). One hundred seventy one
low dose SST and 72 standard dose SST were performed. The
most common cause for hospitalization was pneumonia (54,
22.3%) followed by electrolytes abnormalities (28, 11.6%),
UTI (21, 8.6%) and poor oral feeding (19, 7.8%). There were
28 subjects died during the index admission. The in-patient
mortality rate on the index admission was 11.6%. During the
one-year observation period after discharge from the index
hospital admission, 152 subjects were readmitted with a median
number of readmission of 2,96 of them were dead in one year
and the one year mortality rate was 44.8%. Indications for SST
was shown in Figure 2. One hundred fourty eight (61.15%) of
them have a normal response to SST while 94 were diagnosed
as AI (38.84%). There was no statistically significant difference
between the two groups on age, CCI, causes for hospitalization
and indications for SST. For electrolytes abnormalities, all of
them were due to hyponatremia. There was also no statistical
significant difference in hospital length of stay, inpatient and
one year mortality between those who have normal and failed
response to SST. However, the adrenal insufficient group has a
much lower baseline cortisol level than the normal response
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population, increasing incidence of underlying diseases that
lead to AI and perhaps, better diagnostic ability. The peak age
for primary AI is reported to be around 40s while for secondary
AI, it was at the 6th decade of life (2). In our study, the mean
age for all causes of AI is around 80, which is much older than
those reported previously (2). In spite of this, it seems that AI
in Asian/Chinese ethnicity is more common among the older
age group. The proportion of subjects with AI with age >80 is
on the rising trend as reported in a nationwide survey (6). The
incidence rate was 10.6% in 1997, rising to more than twofold
to 27% in 2008. In echo with this, it is suggested that the
growing number of AI in the elderly population may be due to
an increase in the incidence of disease that precipitates adrenal
failure. Moreover, older people have a lower sensitivity of the
hypothalamus-pituitary-adrenal axis (HPA) to cortisol feedback
(13) which might explain the higher incidence of AI among
them. For secondary AI, sudden discontinuation of exogenous
glucocorticoid therapy or hypothalamic-pituitary-adrenal axis
suppression due to long term steroid use and inadequate cortisol
production in response to physiological stress is common among
elderly patients with long term steroid use due to COPD or
arthritic conditions (14).
Figure 1. Consort flow diagram

Figure 2. Indications for SST among the whole sample group each bar
represents number of case
SST: Short Synacthen test, GI: Gastrointestinal

group (Table 1).

Discussion
There were many causes for AI. Many studies have reported
on primary and secondary causes of AI, mostly related to
brain tumour. Primary AI is rare with an estimated incidence
of 0.56-0.62/105 (4), while for secondary AI, no definite data
on the incidence rate is available (12). A study in Taiwan (6)
reported an increasing incidence of all-cause AI over a 13-year
period of 6.4 to 15.2/105. This can be attributed by an ageing

This study reveals the non-specific presentation of AI. Most
cases of AI were diagnosed in an acute hospital setting
in which the classical signs and symptoms of AI such as
hypotension, hypoglycemia, hyponatremia will be presented
to an acute hospital for urgent medical treatment. Those cases
that managed in extended care and rehabilitation units were
usually more stable with limited symptoms that seldom arouse
awareness on the possibility of adrenal problem. In spite of this,
we were still able to detect a certain proportion of patients who
were undiagnosed. We postulated that this underdiagnoses of
AI might be due to lack of unawareness or the non-specific
presentation of AI in older adults.
Our findings showed that pneumonia was the most common
cause for acute hospital admission in subjects with newly
diagnosed AI. Bacterial infection will impact subjects with
AI. Studies have shown that patients with hypoadrenalism
have a higher risk of bacterial infection (15,16). Furthermore,
the presence of a bacterial infection will provoke a strong
inflammatory cytokine response that stimulates the HPA to
increase cortisol production. This can lead to a reduction in
inflammation and protect against tissue damage. However, in
the case of hypoadrenalism, the lack of an increase in cortisol
production will lead to a severe inflammatory response which
may result in tissue damage and systemic effects including
hypotension, shock and organ failure (17). A study in Japan
(18) showed that infectious disease was the major cause for
inducing adrenal crisis. Another study (19) supported the finding
of a close relationship between the severity of communityacquired pneumonia, inpatient mortality and the average
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Table 1. Characteristics of patients undergoing Short Synacthen test
SST pass (N=148)

SST fail (N=94)

p

Age (years)

79.43 (SD 9.17)

79.61 (SD 8.75)

0.706

CCI (median)

2

2

0.742

Gender (male)

82 (57.77%)

52 (55.32%)

1

Old age home residents

36 (24.32%)

25 (26.6%)

0.762

Length of hospitalization (days)

38.68 (SD 64.77)

31.39 (SD 46.45)

0.345

Unplanned readmission

91 (64.48%)

61 (65.59%)

0.584

In patient mortality

17 (11.4%)

11 (11.7%)

1

One year mortality

58 (44.2%)

38 (45.7%)

0.892

Baseline cortisol level (nmol/L)

389.89 (SD 143.56)

192.41 (SD 130.67)

<0.001 (95% CI -233.15, 161.81)

Indications for SST
Hypotension
Electrolytes abnormalities
Fatigue
Poor appetite
Hypoglycemia
History of long term steroid
Decrease general condition

49 (33.1%)
56 (37.83%)
1 (0.6%)
6 (4.1%)
7 (4.7%)
15 (10.1%)
8 (5.4%)

21 (22.3%)
30 (31.9%)
2 (2.1%)
9 (9.6%)
8 (8.5%)
18 (19.1%)
8 (8.5%)

0.082
0.409
0.335
0.591
0.278
0.055
0.428

SST: Short Synacthen test, CCI: Charlson Comorbidity index, SD: Standard deviation

length of hospitalization with adrenal function. A recent study
reported that infection was the most prevalent comorbidity for
adrenal crisis among adrenal insufficient subjects, followed by
respiratory disease (20). There are many risk factors for adrenal
crisis among subjects with chronic AI. It is well reported that
initial illness, especially sepsis, was associated with AI (21). From
our study, there were a number of patients who were newly
diagnosed as having AI only after they were transferred to
convalescence unit. This reiterated the fact that presentation of
AI is very vague and easily missed. This group of patients may
have more comorbidities and may be much older in age. The
altered HPA function in older people would have an influence
on the onset of adrenal crisis (22). Therefore, adrenal failure
thus developed would lead to a more severe condition than the
younger population and higher incidence as well. A population
survey found that excluding those with chronic AI, patients with
the adrenal crisis were older and had more comorbidities than
those with primary and central AI (23). Thus, physicians caring
for patients with AI, besides attention on the general status and
predisposing conditions, the patient’s age and comorbidities
should also be taken into account.
The most common indication for performing SST in our sample
population was electrolytes abnormalities. This is one of the
alerting sign for the diagnosis of AI (24). AI is not a common
cause for hyponatremia (25). However, it has been described
that a low serum sodium level is present in 80% of cases with
adrenal crisis (26). In contrast, a more recent study (6) showed
that among 4.85% of patients with newly diagnosed AI has
electrolytes imbalance. The author postulated that the severity
of AI in their population group does not reach the level of
68

adrenal crisis. This is in accordance with the setting of nonacute convalescence unit diagnosing AI. Those patients with a
borderline adrenal reserve will have subtle signs and symptoms
that would have been detected in convalescence in which the
longer length of hospital stay would enable clinicians to have
a thorough investigation of non-specific presentations. Thus a
high index of suspicion should help to alert clinicians on the
diagnosis of AI.
The second most common indication for performing SST is
unexplained hypotension. Those with very low blood pressure
or even shock would have been detected during an adrenal
crisis. Those frail elderly patients with relatively low blood
pressure, but asymptomatic, would have been missed. Clinicians
managing patients with asymptomatic hypotension may
consider this low blood pressure was due to dehydration, occult
sepsis or side effects of drugs. These diagnostic uncertainties
may differ between clinicians with varying level of experience.
Both hypotension and electrolytes imbalance was only present
in 22-31% of our subjects. This low prevalence of the classical
signs and symptoms of AI warrant thorough evaluation of
elderly patients with non-specific signs and symptoms. Patients
with chronic AI may present non-specifically and only when
exposed to medical conditions such as infection will result in
adrenal crisis and mortality.
Inpatient and one year mortality were high in our study
population. 11.6% of our sample died during the index
hospitalization while the one year mortality was up to 40%.
This reflects the severity of medical problems and the poor
health status of our study sample. However, our study showed
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that the one year mortality rate were similar between subjects
with or without AI. This could represent the effectiveness of the
replacement therapy. As such, offering more screening in suspected
patients may benefit more patients with undiagnosed AI.

Ethics

Furthermore, it is postulated that those underdiagnosed
hypoadrenal patients would have their medical illness treated
in acute hospital and discharge back home directly. There is a
possibility that they will develop adrenal crisis after another
episode of medical illness. They are a group of vulnerable patients
with potentially lethal outcome. It is suggested that those frail
elderly with a low or borderline electrolytes abnormalities and/
or unexplained low blood pressure should have screening for AI.

Informed Consent: Since this is a retrospective study, no
patient consent is required.

Management of AI is practically difficult in older patients. The
pharmacokinetics and pharmacodynamics of drugs change with
age. Polypharmacy, which is common in the elderly population,
complicate drug-drug interaction. Cognitively impaired elderly
patients will have compliance issues (27), and the increasing
prevalence of comorbid conditions with ageing will further
influence the disease management. Typical signs and symptoms
of infection such as fever may not be experienced by elderly
patients. Thus, the stress dose of glucocorticoid may not be
administered. Furthermore, delirium is common among elderly
with sepsis, self-management of taking extra steroid dose will
not be possible.
There were several limitations in our study. Only database on
SST was retrieved. We cannot identify the true incidence of
AI among subjects in the convalescence care unit. We could
not differentiate primary from secondary AI, although the
management for both causes of AI remains the same. The
severity of AI cannot be adequately assessed. We only have
data on the baseline cortisol and electrolytes level. There was
no information on the clinical state of the subjects nor the
blood pressure response. Details on drug prescription were not
recorded. The cause for hospital readmission were not known.
The incidence of AI may be under-estimated since those cases
that were diagnosed and treated in ambulatory setting were
not included. There was no information on the infectious agent
causing the sepsis.
Finally, we cannot ascertain the cause and effect on the
relationship between AI and as it was only a retrospective study.

Conclusion
A certain proportion of elderly people with AI were unrecognized
in acute hospital and present non-specifically. Infection of the
chest and urinary tract were the most common comorbidity.
Hypotension was the most common manifestation of AI among
convalescence care elderly patients. Clinicians should be
more aware of the signs and symptoms of AI, which is easily
overlooked in the elderly population.
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