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Comparative Mortality in Adrenal Insufficiency
Patients
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Objective.—This article presents an analysis of mortality data in
individuals with a diagnosis of adrenal insufficiency compared to
a matched population from a United Kingdom database.

Background.—Adrenal insufficiency is an easily treated disease, but
if undiagnosed and/or glucocorticoid stress dosing is not appropri-
ately implemented at times of illness, then death may occur.

Methods.—Tabular data on patients with primary and secondary
adrenal insufficiency relative to matched controls was generated using
the pixel method on the all-cause mortality graph published in the
Ngaosuwan et al study.

Results.—Calculated annual mortality rates, excess death rates, and
interval mortality rates were higher for both primary and secondary
adrenal insufficiency compared to matched controls. And the increased
mortality risk appeared to be greater in those with primary adrenal
insufficiency compared to those with secondary adrenal insufficiency.

Conclusion.—Those with primary and secondary adrenal insufficiency
have increased mortality compared to their matched cohort, especially
in the early years after their diagnosis.
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OBJECTIVE

The objective of this article is to present the
mortality risk of primary adrenal insufficiency
and secondary adrenal insufficiency, respec-
tively, to matched controls, based on a United
Kingdom (UK) general practitioner database
cohort of patients.

BACKGROUND

The adrenals are a pair of triangular-shaped
endocrine glands located superior medial
to the kidneys that produce life-sustaining
hormones, including cortisol.1 Adrenal insuffi-
ciency develops when there is inadequate glu-
cocorticoid production from the adrenal cortex,
either because of a lack of regulatory stimulation

or an inherent adrenal failure. Primary adrenal
insufficiency (PAI), also known as Addison’s
disease, is a rare condition, which also includes
inadequate aldosterone production. Secondary
adrenal insufficiency (SAI) is due to pituitary
adrenocorticotropic hormone (ACTH) stimula-
tion insufficient to maintain physiologic cortisol
production by the adrenal glands. Tertiary
adrenal insufficiency is due to insufficient
hypothalamic corticotropin-releasing hormone
stimulation from the anterior pituitary, thereby
leading to inadequate ACTH stimulation and
subsequent cortisol deficiency.1,2

Before the discovery of corticosterone and
the clinical use of hydrocortisone, PAI was
fatal.3 Since Thomas Addison described the
clinical signs and symptoms of adrenal insuffi-
ciency via several case presentations in 18554
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and the standardization of confirmatory diag-
nostic adrenal stimulation testing with cosyn-
tropin,5,6 those with adrenal insufficiency can
live healthy lives once the disease is diagnosed
and appropriate treatment started. However,
disease symptoms can be subtle, and without
high clinical suspicion, the diagnosis of adre-
nal insufficiency can still be missed, leading
to morbidity and death without timely treat-
ment, especially at times of increased physio-
logic stress.2 Prevalence of primary, second-
ary, and tertiary adrenal insufficiency are all
increasing.7 Secondary and tertiary adrenal
insufficiency are on the rise due to exogenous
glucocorticoid therapy prescribed for other
diagnoses requiring sustained steroid treat-
ment for anti-inflammatory effects. This pro-
longed prescription use may cause iatrogenic
hypothalamic-pituitary-adrenal (HPA) axis
suppression. In those with secondary and ter-
tiary adrenal insufficiency, the effects may be
transient with eventual recovery of the HPA
axis, but until normalization of the axis occurs,
physiologic glucocorticoid doses are needed to
keep the individual well.
There is a paucity of data investigating mor-

tality risk in those with adrenal insufficiency.
The study by Ngaosuwan et al analyzes
mortality risk in this cohort of patients with
primary and secondary adrenal insufficiency
compared to a matched reference population.8

In this study, the authors obtained data from
the Clinical Practice Research Datalink, a gen-
eral practitioner UK-based database of 734
practices from 1987 to 2017. The diagnosis of
adrenal insufficiency was based on medical
diagnosis codes in conjunction with oral glu-
cocorticoid prescriptions documented within
3 months of the diagnosis codes in those
younger than 100 years old. Exclusions included
specific diagnoses (Cushing disease, Cushing
syndrome, congenital adrenal hyperplasia,
malignancy of adrenal or pituitary glands)
or a follow-up period of less than 1 month.
Those with PAI (n52052) were analyzed
separately from those with SAI (n53948),
and they were each compared with 20,366

and 39,134 controls, respectively, individu-
ally matched for sex, age, geographic loca-
tion and period of care. Median follow-up
was 4.6 years for PAI and 4.4 years for SAI
with 4.3 and 4.0 years for their respective
matched controls.8

METHODS

Using the “pixel method,”9 annual mortality
data (Table 1) was generated from the all-cause
mortality graph from the Ngaosuwan et al
study in patients with primary and secondary
adrenal insufficiency relative to matched con-
trols. From the original study, the control
groups for primary and secondary adrenal
insufficiency were treated as a single curve,
since they were essentially superimposed on
the graph. Once the mortality data for the 2
impairment groups (PAI and SAI) and the
comparison group were obtained, the mortal-
ity ratio (MR) and excess death rate (EDR) for
the impairments were calculated for the
annual intervals (Tables 2 and 3) and for
multi-year intervals of 0–5 years, 5–10 years
and 0–10 years (Tables 4 and 5).

RESULTS

Mortality rates were higher for PAI, particu-
larly in year 1 (0.0565) and year 2 (0.0453), com-
pared to matched controls in year 1 (0.0276) and
year 2 (0.0194) as shown in Table 1. SAI also
showed an increased mortality rate compared to
matched controls in year 1 (0.0440) and year 2
(0.0329), but the increased mortality was more
pronounced for PAI, relative to SAI. Starting at
year 3, the mortality rates for PAI plateaued at a
rate comparable to SAI. However, both primary
and secondary adrenal insufficiency had higher
mortality rates compared to matched controls
for all years, as seen in Table 1.
This data trend of higher mortality was

more obvious when looking at the excess
death rates (EDRs) for year 1 (28.89) and
year 2 (25.89), compared to year 3 (10.84) and
later for PAI as demonstrated in Table 2. The
same relatively higher EDR compared to
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matched controls for SAI was seen for years
1–4 (Table 3).
The increased mortality risk persists in those

with PAI, although to a lesser degree when
comparing the interval 0–5 years to the interval
5–10 years (Table 4). For PAI specifically, the
mortality was 0.1822 for the interval 0–5 years,
compared to 0.1321 for the interval 5–10 years.
This pattern holds true for SAI, although
again, to a lesser extent when comparing
the same intervals of 0–5 years (0.1520) and
5–10 years (0.1200) as shown in Table 5.
For the interval 5–10 years, the mortality
risk for primary and secondary adrenal insuffi-
ciency was comparable at 0.1321 and 0.1200,
respectively (Tables 4 and 5). The difference
between primary and secondary adrenal insuffi-
ciency appears to be related to early years after
initial diagnosis, with PAI having more pro-
nounced risk of death early after diagnosis.

CONCLUSION

The purpose of this article was to assess the
mortality of those with primary and secondary
adrenal insufficiency. When rating an indi-
vidual with adrenal insufficiency for life insur-
ance coverage, it is important to recognize that
those with adrenal insufficiency are at increased
mortality risk, especially in the early years
after their diagnosis. This suggests that an
individual’s knowledge and understanding
of their disease impacts hospitalizations and
eventual mortality, although the risk of mortal-
ity does not completely dissipate over time.
Thus, an individual with longstanding adrenal
insufficiency who has consistent medical care,
routine vaccinations to prevent severe illness,
and has good understanding of their adrenal
insufficiency, would be expected to have lower
mortality and would support a lower life rat-
ing, compared to someone who is repeatedly
hospitalized with episodes of adrenal crisis due
to non-adherence to their medical treatment
and/or severe illness.
The strengths of the study include a large

sample size with cohort comparison from aT
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database, with matching for age, sex, geo-
graphical location and period of care. But
there are limitations in extrapolating this
UK-based adrenal insufficiency popula-
tion to adrenal insufficiency populations
worldwide, including Asian and African
countries, where incidence of adrenal insuf-
ficiency differs. Furthermore, healthcare
access and delivery vary across countries,
which may influence diagnosis, timeliness
of treatment and mortality for adrenal insuf-
ficiency.11-12

Additionally, although Ngaosuwan et al did
match for geographical location between the

study population and the cohort, the authors
did not specifically account for socioeconomic
status. Matching for geographical location
may only account indirectly for socioeconomic
status. Socioeconomic disparity could also be
an important factor in chronic management of
adrenal insufficiency, as it is relevant in other
chronic disease outcomes.13

Despite adrenal insufficiency disease rec-
ognition and treatment availability for more
than 150 years, this article indicates that
there is an increased mortality risk in those
with adrenal insufficiency in this UK-specific
population.

Table 3. Comparative Experience for Annual Intervals for Secondary Adrenal Insufficiency

Excess Death Rate
Year

Mortality Ratio (%) Survival Ratio (%)

(per thousand) Interval Interval Cumulative Interval Cumulative

0

16.33 1 159.09 159.09 98.32 98.32

13.47 2 169.51 162.16 98.63 96.97

12.80 3 169.42 162.75 98.70 95.70

10.66 4 156.73 160.00 98.91 94.66

6.78 5 138.14 155.13 99.31 94.01

8.38 6 154.72 153.93 99.15 93.21

10.44 7 156.80 152.94 98.94 92.22

9.27 8 153.62 151.75 99.06 91.35

11.30 9 164.21 151.59 98.85 90.30

0.27 10 101.52 146.38 99.97 90.27

Table 2. Comparative Experience for Annual Intervals for Primary Adrenal Insufficiency

Excess Death Rate
Year

Mortality Ratio (%) Survival Ratio (%)

(per thousand) Interval Interval Cumulative Interval Cumulative

0

28.89 1 204.55 204.55 97.03 97.03

25.89 2 233.61 213.51 97.36 94.47

10.84 3 158.79 196.08 98.90 93.42

15.69 4 183.50 190.77 98.40 91.93

13.47 5 175.72 185.90 98.63 90.67

20.01 6 230.61 188.76 97.97 88.83

3.91 7 121.24 178.43 99.60 88.47

10.40 8 160.12 174.56 98.94 87.54

12.56 9 171.36 172.22 98.72 86.42

6.27 10 135.00 167.39 99.36 85.87
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