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Objective: We aimed to estimate pooled percentages of patients with adrenal insufficiency after
treatment with corticosteroids for various conditions in a meta-analysis. Secondly, we aimed to
stratify the results by route of administration, disease, treatment dose, and duration.

Methods: We searched seven electronic databases (PubMed, MEDLINE, EMBASE, COCHRANE, CEN-
TRAL, Web of Science, and CINAHL/Academic Search Premier) in February 2014 to identify potentially
relevant studies. Original articles testing adult corticosteroid users for adrenal insufficiency were eligible.

Results: We included 74 articles with a total of 3753 participants. Stratified by administration form,
percentages of patients with adrenal insufficiency ranged from 4.2% for nasal administration (95%
confidence interval [CI], 0.5–28.9) to 52.2% for intra-articular administration (95% CI, 40.5–63.6).
Stratified by disease, percentages ranged from 6.8% for asthma with inhalation corticosteroids
only (95% CI, 3.8–12.0) to 60.0% for hematological malignancies (95% CI, 38.0–78.6). The risk also
varied according to dose from 2.4% (95% CI, 0.6–9.3) (low dose) to 21.5% (95% CI, 12.0–35.5) (high
dose), and according to treatment duration from 1.4% (95% CI, 0.3–7.4) (�28 d) to 27.4% (95% CI,
17.7–39.8) (�1 year) in asthma patients.

Conclusions: 1) Adrenal insufficiency after discontinuation of glucocorticoid occurs frequently; 2)
there is no administration form, dosing, treatment duration, or underlying disease for which
adrenal insufficiency can be excluded with certainty, although higher dose and longer use give the
highest risk; 3) the threshold to test corticosteroid users for adrenal insufficiency should be low in
clinical practice, especially for those patients with nonspecific symptoms after cessation. (J Clin
Endocrinol Metab 100: 2171–2180, 2015)

Strengths and Limitations of the Study

• This is the first meta-analysis providing a broad view
on the risk of adrenal insufficiency after use of var-
ious types of corticosteroids in several underlying
diseases.

• Studies displayed heterogeneity in the type of cortico-
steroid used, underlying condition, treatment dose,
treatment duration, and route of administration,

thereby reflecting clinical practice. Our results were
stratified by these factors.

• Because no individual data were available, risk strati-
fication at the level of the individual patient was not
possible.

• Many articles with high levels of bias were included in
this meta-analysis because there were only a few articles
with low levels of bias available. This may have affected
the results.
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Corticosteroids are widely used for the treatment of var-
ious inflammatory conditions and malignancies and after
organ transplantation. Therapy with corticosteroids is
targeted toward inhibition of an inflammatory response
(1–3). However, the use of corticosteroids is associated
with numerous side effects and is considered to be the most
common cause of adrenal insufficiency (4, 5). Chronic use
of corticosteroids inhibits the function of the hypothalam-
ic-pituitary-adrenal axis by negative feedback, which may
cause adrenal insufficiency also after the cessation of cor-
ticosteroid treatment (4, 6). Adrenal insufficiency is a se-
rious, potentially life-threatening side effect of corticoste-
roid use. Therefore, patients may require glucocorticoid
replacement therapy after chronic use of corticosteroids in
periods of stress, such as trauma, surgery, or acute illness,
until full recovery of adrenal function. In some cases,
chronic replacement with physiological doses of gluco-
corticoid therapy is indicated (7–9).

Neither treatment dose and duration, nor adminis-
tration form, nor random serum cortisol measurements
seem to accurately predict the development of adrenal
insufficiency after the use of corticosteroids (10, 11).
The magnitude of the risk of developing this side effect
is unclear. Given the high prevalence of corticosteroid
users, it is of great clinical relevance to try to obtain
knowledge about the risk of developing adrenal
insufficiency.

Objective of the Study

The aim of this study is to perform a systematic review and
meta-analysis of the percentage of patients that develops
adrenal insufficiency after the use of corticosteroids. Sec-
ondary aims are to stratify the results by route of admin-
istration, underlying disease, treatment dose, and dura-
tion, and to perform a separate analysis for the studies that
repeated the test for adrenal insufficiency.

Materials and Methods

Eligibility criteria
Original studies assessing adrenal insufficiency in adult hu-

man corticosteroid users were eligible for inclusion. The diag-
nosis of adrenal insufficiency had to be established by one of the
following tests: the insulin tolerance test, ACTH stimulation
tests (0.5, 1, or 250 �g), CRH test, or metyrapone test. There
were no restrictions in dose, duration, or type of corticosteroid
therapy. Eligible administration forms of corticosteroids were
oral, inhalation, topical, nasal, intra-articular injection, and im
injection.

Articles were excluded if the examined population was not at
risk of adrenal insufficiency secondary to the use of corticoste-

roids (eg, corticosteroid replacement therapy for primary or sec-
ondary adrenocortical failure, if not all patients used corticoste-
roids, or if patients included in the study were selected on the
basis of having adrenal insufficiency). Articles were also ex-
cluded if no data or insufficient data were presented to analyze
adrenal insufficiency after corticosteroid use.

Inclusion of articles was restricted to those in English and to
articles that included at least 10 subjects to minimize the risk of
selection bias. Articles containing the following populations
were excluded: pregnant women, intensive care patients, and
patients receiving corticosteroids perioperatively. Because we
aimed to include studies in individuals aged 12 years or older, no
dose corrections for body surface area were deemed necessary. If
an article presented data for multiple study groups, of which
some were eligible for inclusion, eligible study groups were in-
cluded if the pertinent data could be extracted. Articles were also
excluded if they were duplicates from already included articles or
if they examined the same population as an already included
article. Articles that were not retrievable online were requested
by contacting the authors.

Definition of adrenal insufficiency
The cutoff value for serum cortisol used to define adrenal

insufficiency was � 500 nmol/L or higher (such as � 550 nmol/L)
to include as many articles as possible that have a low false-
negative rate for adrenal insufficiency (12–14). Two articles were
included that used a cutoff of 2 SD values below the cortisol value
from a reference group within the study population, and one
article was included that had a different cutoff value due to assay
technique (�370 nmol/L). After using the metyrapone test, cor-
tisol had to be at least 200 nmol/L (12). If no cutoff had been
provided or if the cutoff used was not 500 nmol/L but indi-
vidual data were presented, a cutoff of 500 nmol/L was em-
ployed to identify patients with adrenal insufficiency. A sep-
arate sensitivity analysis was performed for articles testing
adrenal insufficiency at least 24 hours after the last use of
corticosteroids (12).

Search strategy
In February 2014, PubMed, MEDLINE, EMBASE,

COCHRANE, CENTRAL, Web of Science, and CINAHL/Ac-
ademic Search Premier were searched in cooperation with a spe-
cialized librarian to identify potentially relevant articles (see Sup-
plemental Data for complete search string). References of key
articles were also assessed to identify potentially eligible articles.
Only articles published from 1975 to the present were searched
because RIA for cortisol became available shortly before the start
of that year (15). Randomized controlled trials, cohort studies,
and cross-sectional studies were considered, whereas case-con-
trol studies and case series are not suitable to estimate absolute
risks (16).

Data extraction
All identified articles were entered in Reference Manager ver-

sion 12 (Thomson Reuters) and were first screened on title and
abstract. Potentially relevant articles were then reviewed in de-
tail before inclusion into this meta-analysis. Two different
reviewers performed both the screening of the title and ab-
stract and the review in detail for potentially relevant articles.
Articles containing more than one study group had multiple
entries in this meta-analysis. The Meta-analysis Of Observa-
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tional Studies in Epidemiology (MOOSE) guidelines were
used for reporting (17).

Risk of bias assessment
Study elements that could potentially bias an association be-

tween corticosteroid use (exposure) and the development of ad-
renal insufficiency (outcome) were assessed for all included ar-
ticles. Risk of selection bias was considered low if consecutive
exposed patients or a random sample of exposed patients was
included (thereby preventing selection bias) and if eligibility cri-
teria were reported. Ascertainment of exposure to corticoste-
roids was considered adequate if this was done by protocol or
medical record. Measurement of adrenal insufficiency was con-
sidered adequate if RIA was used for measuring cortisol concen-
trations (15). Loss to follow-up � 5% was considered a low risk
of bias for randomized controlled trials and cohort studies. Stud-
ies not following these criteria harbor a higher risk of bias. We
did not exclude these articles from analyses because this would
result in a very low number of studies available for systematic
review and meta-analyses.

Statistical analysis
The main outcomes of this meta-analysis were the pooled

percentages of patients with adrenal insufficiency after cortico-
steroid use, stratified by administration form, disease, treatment
dose, and treatment duration. Percentages were pooled in a ran-
dom-effects logistic regression model. A fixed logistic regression
model was used when the number of studies in a particular sub-
group was less than five. Analyses were performed with Stata
version 12.1 (StataCorp).

Analysis stratified by administration form was based on ad-
ministration forms used at the time of adrenal testing. If studies
included patients using multiple types of corticosteroids (for
example, use of inhalation corticosteroid next to oral cortico-
steroids), this was classified as multiple administration forms.
Disease groups are: asthma (including chronic obstructive pul-
monary disease) with only inhalation corticosteroids, asthma
(including chronic obstructive pulmonary disease) with other
administration forms (including multiple administration forms)
of corticosteroids, allergic rhinitis and rhinosinusitis, dermato-
logical disorders (psoriasis, atopic dermatitis, and lichen planus),
rheumatic diseases (including osteoarthritis and rheumatoid ar-
thritis), renal transplant, hematological cancers (including my-
eloma, lymphoma, acute lymphoblastic leukemia, and Hodg-
kin’s disease), nasal polyposis, cystic fibrosis, and Crohn’s
disease. Diseases that were studied in one study only were not
included in the analysis of adrenal insufficiency after the use of
corticosteroids stratified by condition.

Treatment duration was categorized as follows: �1 month
use, short term; 1 month to 1 year, medium term; and �1 year,
long-term use. Treatment dose was categorized according to rec-
ommended doses, with the doses between the lower and upper
bounds of the recommendation coded as medium dose, doses
below the lower bound as low dose, and doses above the upper
bound as high dose. Because the most used doses were supra-
physiological, doses were not grouped according to physiolog-
ical and supraphysiological dose. Limits used for the aim of cat-
egorization of dose groups and references can be found in
Supplemental Table 1. For categorization, the average dose and
duration were used. Studies not reporting treatment dose or du-
ration could not be included in the respective stratified analysis.

Not included in the treatment duration analysis were articles
with multiple short courses of corticosteroids spread out over a
period of time longer than 1 month. Analysis of the percentage
of patients with adrenal insufficiency by treatment dose and by
treatment duration was performed in asthma patients only, as
opposed to the entire population of corticosteroids users, to pro-
vide a homogeneous patient population.

Separate analysis of study groups that performed repeated
tests after discontinuation of corticosteroids was performed. Re-
testing 4 weeks after cessation of corticosteroid therapy was pre-
dominantly performed after a short-term, high-dose corticoste-
roid treatment regimen, whereas retesting 6 months after
cessation of corticosteroid therapy predominantly occurred after
long-term corticosteroid use in a medium-dose regimen. These
two groups were therefore separated in the analysis. The per-
centage of patients with adrenal insufficiency at the retest was
calculated as the number of patients with adrenal insufficiency at
the retest divided by the total number of patients that were mea-
sured at time of the first test.

Sensitivity analyses were performed for studies using the
ACTH 250-�g test only to exclude test heterogeneity and for
studies using the RIA only because this is the preferred assay to
detect cortisol. All sensitivity analyses were performed in asthma
patients only, to minimize patient heterogeneity. No sensitivity
analysis for insulin tolerance test use only was performed be-
cause there were only three studies using this test, and none of
them included asthma patients.

Results

Study selection (Supplemental Figure 1)
The initial search provided 3600 unique articles. By

assessment of references of key articles, another 16 articles
were found, yielding a total of 3616 articles. After screen-
ing titles and abstracts, 365 articles remained for detailed
review. Reasons for exclusion are shown in Supplemental
Figure 1. Finally, 74 articles were included in this meta-
analysis, containing a total of 136 study groups. Although
in principle articles containing patients below the age of
12 years were excluded, two articles including patients
from 9 to 11 years old were included because most the
patients in these articles were above the age of 12. One
article could not be retrieved even after contacting the
first author (18).

Study characteristics
Study characteristics are shown in Supplemental Table

2. Included studies were published from 1975 to 2014. Of
the 74 articles, 36 were clinical trials (19–54), 23 were
cohort studies (1, 2, 8, 11, 55–73), and 15 were cross-
sectional studies (10, 74–87). The 136 study groups con-
tained a total of 3753 participants, of which 124 were
healthy volunteers. There were 68 studies on asthma pa-
tients, eight studies on rhinitis or rhinosinusitis patients,
12 studies on patients with dermatological conditions
(psoriasis, atopic dermatitis, and lichen planus), eight
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studies on patients with rheumatological disorders (in-
cluding rheumatoid arthritis and osteoarthritis), eight
studies on renal transplant patients, four studies on pa-
tients with hematological malignancies, two studies on
patients with nasal polyposis, three studies on patients
with cystic fibrosis, two studies on patients with Crohn’s
disease, and one study each on patients with glaucoma,
kidney and pancreas transplantation, bronchiectasis,
various carcinomas, and giant cell arteritis, respec-
tively. There were eight studies on patients with various
conditions.

Risk of bias assessment
Inclusion of consecutive exposed patients or use of a

random sample of exposed patients was explicitly stated in
17 articles (23%). Eligibility criteria were reported in 48
articles (65%). In 38 articles (51%), it was unclear how
exposure to corticosteroids was ascertained. The remain-
ing 36 articles did this by the use of a protocol or by re-
trieving data from medical records. In 14 articles (24%),
loss to follow-up was reported. Reported loss to follow-up
in these articles was 0 to 12.7%. Loss to follow-up ex-
ceeded 5% in one cohort study and two clinical trials.
Details of risk of bias analysis at the level of individual
studies are shown in Supplemental Table 3.

Study outcomes
Of the 3753 participants, 1190 were diagnosed with

adrenal insufficiency. The ACTH 250-�g test was used by
103 study groups, and the time between the last dose of
corticosteroids and the test for adrenal insufficiency was
reported to be 24 hours or longer in 79 study groups. In
seven study groups including 199 patients, use of other
corticosteroids was allowed as co-medication. Details of

study outcomes and tests used at the
level of individual studies are shown
in Supplemental Table 4.

Adrenal insufficiency and
symptoms of adrenal
insufficiency

In only 10 study groups, symp-
toms of adrenal insufficiency were
reported. In total, 10 of 521 patients
reported symptoms of adrenal insuf-
ficiency. Symptoms were not scored
systematically in either of the arti-
cles. After testing, 98 patients ap-
peared to have adrenal insufficiency
within these study groups. Conse-
quently, 88 patients would have
been missed when only patients with

symptoms of adrenal insufficiency had been tested.

Pooled analysis: adrenal insufficiency by
administration form (Figure 1)

The percentage of adrenal insufficiency was 48.7%
(95% confidence interval [CI], 36.9–60.6) after oral ad-
ministration of corticosteroids. The results for other ad-
ministration forms were: 7.8% (95% CI, 4.2–13.9) for
inhalation, 4.7% (95% CI, 1.1–18.5) for topical admin-
istration, 4.2% (95% CI, 0.5–28.9) when administered
intranasally, and 52.2% (95% CI, 40.5–63.6) in patients
that used intra-articular corticosteroids. The use of mul-
tiple administration forms of corticosteroids resulted in a
pooled percentage of adrenal insufficiency of 42.7%
(95% CI, 28.6–58.0).

Pooled analysis: adrenal insufficiency per
condition (Figure 2)

Pooled percentages of adrenal insufficiency per condi-
tion are presented in Figure 2 for conditions with at least
two studies. Pooled percentages ranged from 6.8 to
60.0%. Asthma patients had an overall percentage adre-
nal insufficiency of 11.1% (95% CI, 6.8–17.7). This was
lower for patients with asthma using inhaled corticoste-
roids (6.8%; 95% CI, 3.8–12.0), than for asthma patients
using other administration forms including oral (43.7%;
95% CI, 27.3–61.6).

Adrenal insufficiency by treatment dose and
treatment duration (Figure 3)

Analysis per treatment dose and treatment duration
was performed in asthmatic patients only for reasons of
population homogeneity. Use of corticosteroids in low,
medium, or high doses resulted in a percentage of adrenal
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Figure 1. Meta-analysis, adrenal insufficiency after corticosteroids use by administration form.
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insufficiency of 2.4% (95% CI, 0.6–9.3), 8.5% (95% CI,
4.2–16.8), and 21.5% (95% CI, 12.0–35.5), respectively.
Use of corticosteroids for a short, medium, or long term
resulted in a percentage of adrenal insufficiency of 1.4%
(95% CI, 0.3–7.4), 11.9% (95% CI, 5.8–23.1), and
27.4% (95% CI, 17.7–39.8), respectively.

If performed in asthma patients using inhaled cortico-
steroids only, the percentages of adrenal insufficiency in
low, medium, and high doses were 1.5% (95% CI, 0.2–
9.4), 5.4% (95% CI, 2.7–10.4), and 18.5% (95% CI, 8.7–
35.2), respectively. In short-, medium-, and long-term
treatment duration groups, percentages of adrenal insuf-
ficiency were 1.3% (95% CI, 0.2–7.2), 9.0% (95% CI,
4.3–17.9), and 20.3% (95% CI, 12.4–31.6), respectively
(data not presented in figure).

Adrenal insufficiency after
retesting (Figure 4)

Analysis of retests was split into
studies that retested after 4 weeks,
using mainly short-term, high-dose
corticosteroids, and studies that re-
tested after 6 months, using mainly
long-term, medium-dose corticoste-
roids. Studies retesting after 4 weeks
had a percentage of adrenal insuffi-
ciency after their first test of 38.7%
(95% CI, 21.7–58.8). After 4 weeks,
retesting showed a percentage of ad-
renal insufficiency of 14.9% (95%
CI, 6.8–29.5). Studies retesting after
6 months had a percentage of adre-
nal insufficiency after their first test
of 56.4% (95% CI, 38.2–72.9). Af-

ter 6 months, the percentage of patients with adrenal in-
sufficiency was still 25.3% (95% CI, 19.4–32.3).

Sensitivity analysis
For the sensitivity analysis, we combined all studies

with asthma patients, which resulted in a percentage of
adrenal insufficiency of 11.1% (95% CI, 6.8–17.7) as a
reference group. When only studies were included that
explicitly tested for adrenal insufficiency at least 24 hours
after the last corticosteroid dose, the percentage of adrenal
insufficiency was slightly lower (6.6%; 95% CI, 2.2–
18.3). When performed on studies using the ACTH
250-�g test only, a percentage of 8.5% (95% CI, 4.7–
14.8) was found. When performed on studies using RIA
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Figure 2. Meta-analysis, adrenal insufficiency after corticosteroids use per condition.
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Figure 3. Meta-analysis, adrenal insufficiency per dose and duration in asthma patients.
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only, a percentage of 14.7% (95% CI, 7.1–27.9) was
found.

Discussion

We performed a systematic review and meta-analysis to
estimate the percentage of patients that develop adrenal
insufficiency after the use of corticosteroids. Depending
on administration form, the percentage of patients with
adrenal insufficiency varied from 4.2% for nasal cortico-
steroids to 52.2% for intra-articular corticosteroids.
Stratified by disease, percentages ranged from 6.8% for
asthma patients with inhalation corticosteroids only to
60.0% for patients with hematological malignancies. Ac-
cording to dose, the percentage of adrenal insufficiency
varied from 2.4% (low dose) to 21.5% (high dose), and
according to treatment duration from 1.4% (�28 d) to
27.4% (�1 y) in asthma patients. This means that there is
no administration form, disease, dose group, or treatment
duration for which the risk of adrenal insufficiency can be
safely excluded. Although the percentage of patients with
adrenal insufficiency after corticosteroids use declines
over time, a substantial number of patients remained ad-
renal insufficient after 6 months.

This is the first meta-analysis providing a broad view on
the risk of adrenal insufficiency after use of various types
of corticosteroids for several diseases. To the best of our
knowledge, only one meta-analysis (88) has been pub-
lished on appropriately tested adrenal insufficiency in
asthma, reporting percentages of adrenal insufficiency
ranging from 5.5 to 13.3%. In the current meta-analysis,
we found a percentage of 6.8% of adrenal insufficiency in

asthmatic patients using inhaled corticosteroids, which is
in line with results from the meta-analysis mentioned.

Included studies displayed heterogeneity in the type of
corticosteroid used, underlying condition, treatment dose,
treatment duration, and route of administration. It is im-
portant to consider that this heterogeneity reflects clinical
practice. It should also be kept in mind that condition,
treatment dose, treatment duration, and route of admin-
istration are clearly related. In our stratified analysis, we
did not adjust for all mutually dependent factors, mainly
because these factors are related in clinical practice as well,
but also because meta-regression techniques would fall
short in the absence of individual patient level data to
disentangle these clearly related factors. Differences in the
percentage of patients with adrenal insufficiency per con-
dition may partly be explained by treatment dose and du-
ration, partly by administration form, and partly by the
nature of the disease. Higher treatment dose and longer
treatment duration give higher systemic levels of cortico-
steroids, and therefore higher percentages of adrenal in-
sufficiency (89). This might explain the low risk of adrenal
insufficiency in nasal corticosteroids use and the high risk
of adrenal insufficiency in rheumatic diseases, after renal
transplant, in hematological malignancies, and when mul-
tiple administration forms are used. The use of oral cor-
ticosteroids results in higher systemic levels of corticoste-
roids than in cases of inhalation, topical, and nasal
corticosteroids use, and consequently leads to higher per-
centages of adrenal insufficiency (32). The use of nasal as
well as oral and inhalation corticosteroids in rhinitis and
rhinosinusitis patients might have contributed to the
higher percentage of adrenal insufficiency than in patients
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Figure 4. Meta-analysis, adrenal insufficiency after corticosteroids use by time of test.
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using nasal corticosteroids only. The use of only topical
corticosteroids in patients with psoriasis, atopic dermati-
tis, or lichen planus may explain the low percentage of
patients with adrenal insufficiency. The different admin-
istration forms in asthma patients may largely explain the
low percentage of adrenal insufficiency in patients with
asthma using only inhalation corticosteroids and the high
percentage of adrenal insufficiency in asthma patients us-
ing other administration forms of corticosteroids. Intra-
articular corticosteroids are administered at high doses
and are known to suppress serum cortisol levels within
24–48 hours, recovering only after 1–4 weeks (90). This
might explain the high percentage of adrenal insufficiency
after the use of intra-articular corticosteroids. The high
rate of adrenal insufficiency is probably also a reflection of
the fact that these injections are depot formulations. The
presence of adrenal insufficiency in such situations may in
part be due to the continued presence of corticosteroids in
the body, whereas reduction of steroid levels will be grad-
ual rather than abrupt. Most studies did not provide data
on treatment adherence, and assessing the impact of (non-
)adherence on risk of adrenal insufficiency was therefore
not possible. Because all included studies were observa-
tional, the results of our meta-analyses are likely to reflect
clinical practice.

Included studies also showed heterogeneity in cortisol
assay and in the type of cortisol tests performed. The sen-
sitivity analysis did not reveal any material difference in
overall percentage of adrenal insufficiency if only articles
using a RIA were included, or if only articles using the
ACTH 250-�g test were included. Although the diag-
nostic performance of RIA in the routine evaluation of
adrenocortical function is considered superior to other
competitive protein-binding analytical methods, like
fluorimetry (91, 92), the chemiluminescence immunoas-
say seems to have comparable diagnostic performance and
accuracy to RIA (93). It should be kept in mind that test
criteria for adrenal insufficiency available in clinical prac-
tice have a high sensitivity rather than a high specificity,
and therefore the number of false-positive test results is not
negligible. None of the studies retrieved by our literature
search used the more modern tandem mass spectrometry
(94).

Several pathophysiological pathways may be involved
in the development of adrenal insufficiency after the use of
corticosteroids. It is certainly relevant to disentangle these
different pathways and address the question of whether
differences in dosage, treatment duration, and type of cor-
ticosteroid differentially affect the activity of the hypo-
thalamic-pituitary-adrenal axis. However, in our review
we aimed to evaluate the effect of corticosteroids on ad-

renal function in clinical practice instead of disentangling
the exact mechanisms of adrenal insufficiency.

There was no sensitivity analysis performed for low risk
of bias articles only, because there was only one article
with low risk of bias (based on the inclusion of patients
and loss to follow-up) within the group of studies with
asthma patients only. If only studies with a time gap of at
least 24 hours between the last dose of corticosteroids and
the test for adrenal insufficiency were included, the per-
centage of adrenal insufficiency decreased only slightly. In
our main analyses, we included articles irrespective of the
time between last corticosteroid use and time of test. It is
important to keep in mind that the percentage of patients
with adrenal insufficiency would have been slightly higher
than estimated in this meta-analysis had all articles used a
time gap of at least 24 hours between the last dose of
corticosteroids and the time of the test.

Corticosteroids are used by at least 1% of the popula-
tion (3). The risk of developing adrenal insufficiency in
these patients is 1.4 to 60.0%, and symptoms of mild to
moderate adrenal insufficiency, like fatigue and abdomi-
nal discomfort, are nonspecific and therefore difficult to
ascribe to adrenal insufficiency. In addition, accurate pre-
dictors are not available to distinguish between the pa-
tients that will become adrenal insufficient and those that
will not. Also there is insufficient evidence to prove any
withdrawal scheme after steroid use to be efficient or safe
(95). Therefore, we recommend that all patients with un-
explained symptoms after steroid withdrawal be tested for
possible adrenal insufficiency. In case of insufficient re-
sponse, treatment should be initiated with physiological
doses of hydrocortisone.

In conclusion, this study demonstrates that all patients
using corticosteroid therapy are at risk for adrenal insuf-
ficiency. This implies that clinicians should: 1) inform pa-
tients about the risk and symptoms of adrenal insufficien-
cy; 2) consider testing patients after cessation of high-dose
or long-term treatment with corticosteroids; and 3) dis-
play a low threshold for testing, especially in those patients
with nonspecific symptoms after cessation.

Acknowledgments

The authors are indebted to Mr J. W. Schoones for his help in
conducting the literature search.

Address all correspondence and requests for reprints to:
O. M. Dekkers, Department of Clinical Epidemiology, Leiden
University Medical Centre, Leiden 2300RC, The Netherlands.
E-mail: O.M.Dekkers@lumc.nl.

The authors did not receive any specific grant from any fund-
ing agency in the public, commercial, or not-for-profit sector.

doi: 10.1210/jc.2015-1218 press.endocrine.org/journal/jcem 2177

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 26 September 2016. at 18:03 For personal use only. No other uses without permission. . All rights reserved.

mailto:O.M.Dekkers@lumc.nl


The corresponding author has the right to grant on behalf of
all authors and does grant on behalf of all authors, an exclusive
license (or nonexclusive for government employees) on a world-
wide basis to the BMJ Publishing Group Ltd to permit this article
(if accepted) to be published in BMJ editions and any other
BMJPGL products and sublicences such use and exploit all sub-
sidiary rights, as set out in our license.

Declaration of Interest: All authors declare: no support from
any organization for the submitted work; no financial relation-
ships with any organisations that might have an interest in the
submitted work in the previous three years, no other relation-
ships or activities that could appear to have influenced the sub-
mitted work.

Transparency Declaration: L.H.A.B. is guarantor.
The manuscript is an honest, accurate, and transparent ac-

count of the study being reported; no important aspects of the
study have been omitted; any discrepancies from the study as
planned have been explained.

Disclosure Summary: The authors have nothing to disclose.

References

1. Rodger RS, Watson MJ, Sellars L, Wilkinson R, Ward MK, Kerr
DN. Hypothalamic-pituitary-adrenocortical suppression and re-
covery in renal transplant patients returning to maintenance dialysis.
Q J Med. 1986;61(235):1039–1046.

2. Spiegel RJ, Vigersky RA, Oliff AI, Echelberger CK, Bruton J,
Poplack DG. Adrenal suppression after short-term corticosteroid
therapy. Lancet. 1979;1(8117):630–633.

3. van Staa TP, Leufkens HG, Abenhaim L, Begaud B, Zhang B, Coo-
per C. Use of oral corticosteroids in the United Kingdom. QJM.
2000;93(2):105–111.

4. Arlt W, Allolio B. Adrenal insufficiency. Lancet. 2003;361(9372):
1881–1893.

5. Oelkers W. Adrenal insufficiency. N Engl J Med. 1996;335(16):
1206–1212.

6. Chrousos GP, Harris AG. Hypothalamic-pituitary-adrenal axis sup-
pression and inhaled corticosteroid therapy. 1. General principles.
Neuroimmunomodulation. 1998;5(6):277–287.

7. Christy NP. HPA failure and glucocorticoid therapy. Hosp Pract Off
Ed. 1984;19(7):77–79, 83–84, 87–89, concl.

8. Jamilloux Y, Liozon E, Pugnet G, et al. Recovery of adrenal function
after long-term glucocorticoid therapy for giant cell arteritis: a co-
hort study. PLoS One. 2013;8(7):e68713.

9. Krasner AS. Glucocorticoid-induced adrenal insufficiency. JAMA.
1999;282(7):671–676.

10. Schlaghecke R, Kornely E, Santen RT, Ridderskamp P. The effect of
long-term glucocorticoid therapy on pituitary-adrenal responses to
exogenous corticotropin-releasing hormone. N Engl J Med. 1992;
326(4):226–230.

11. LaRochelle GE Jr, LaRochelle AG, Ratner RE, Borenstein DG. Re-
covery of the hypothalamic-pituitary-adrenal (HPA) axis in patients
with rheumatic diseases receiving low-dose prednisone. Am J Med.
1993;95(3):258–264.

12. Grinspoon SK, Biller BM. Clinical review 62: Laboratory assess-
ment of adrenal insufficiency. J Clin Endocrinol Metab. 1994;79(4):
923–931.

13. Plumpton FS, Besser GM. The adrenocortical response to surgery
and insulin-induced hypoglycaemia in corticosteroid-treated and
normal subjects. Br J Surg. 1969;56(3):216–219.

14. Gonzálbez J, Villabona C, Ramón J, et al. Establishment of reference
values for standard dose short synacthen test (250 microgram), low
dose short synacthen test (1 microgram) and insulin tolerance test

for assessment of the hypothalamo-pituitary-adrenal axis in normal
subjects. Clin Endocrinol (Oxf). 2000;53(2):199–204.

15. Ficher M, Curtis GC, Ganjam CK, Joshlin L, Perry S. Improved
measurement of corticosteroids in plasma and urine by competitive
protein-binding radioassay. Clin Chem. 1973;19(5):511–515.

16. Dekkers OM, Egger M, Altman DG, Vandenbroucke JP. Distin-
guishing case series from cohort studies. Ann Intern Med. 2012;
156:37–40.

17. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-anal-
ysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA. 2000;283(15):2008–2012.

18. Thamboo A, Manji J, Szeitz A, et al. The safety and efficacy of
short-term budesonide delivered via mucosal atomization device for
chronic rhinosinusitis without nasal polyposis. Int Forum Allergy
Rhinol. 2014;4:397–402.

19. Allenby CF, Main RA, Marsden RA, Sparkes CG. Effect on adrenal
function of topically applied clobetasol propionate (Dermovate). Br
Med J. 1975;4(5997):619–621.

20. Svendsen UG, Frølund L, Heinig JH, Madsen F, Nielsen NH, Weeke
B. High-dose inhaled steroids in the management of asthma. A com-
parison of the effects of budesonide and beclomethasone dipropi-
onate on pulmonary function, symptoms, bronchial responsiveness
and the adrenal function. Allergy. 1992;47:174–180.

21. Brown PH, Greening AP, Crompton GK. Large volume spacer de-
vices and the influence of high dose beclomethasone dipropionate on
hypothalamo-pituitary-adrenal axis function. Thorax. 1993;48(3):
233–238.

22. Carella MJ, Srivastava LS, Gossain VV, Rovner DR. Hypothalamic-
pituitary-adrenal function one week after a short burst of steroid
therapy. J Clin Endocrinol Metab. 1993;76(5):1188–1191.

23. Visscher HW, Ebels JT, Roders GA, Jonkman JG. Randomised
crossover comparison of adrenal suppressive effects of dermal
creams containing glucocorticosteroids. Eur J Clin Pharmacol.
1995;48(2):123–125.

24. Wasserman SI, Gross GN, Schoenwetter WF, et al. A 12-week dose-
ranging study of fluticasone propionate powder in the treatment of
asthma. J Asthma. 1996;33(4):265–274.

25. Greenberg GR, Feagan BG, Martin F, et al. Oral budesonide as
maintenance treatment for Crohn’s disease: a placebo-controlled,
dose-ranging study. Canadian Inflammatory Bowel Disease Study
Group. Gastroenterology. 1996;110(1):45–51.

26. Clark DJ, Lipworth BJ. Evaluation of corticotropin releasing factor
stimulation and basal markers of hypothalamic-pituitary-adrenal
axis suppression in asthmatic patients. Chest. 1997;112(5):1248–
1252.

27. Wilson AM, McFarlane LC, Lipworth BJ. Effects of repeated once
daily dosing of three intranasal corticosteroids on basal and dynamic
measures of hypothalamic-pituitary-adrenal-axis activity. J Allergy
Clin Immunol. 1998;101:470–474.

28. Aaronson D, Kaiser H, Dockhorn R, et al. Effects of budesonide by
means of the Turbuhaler on the hypothalmic-pituitary-adrenal axis
in asthmatic subjects: a dose-response study. J Allergy Clin Immu-
nol. 1998;101(3):312–319.

29. Vargas R, Dockhorn RJ, Findlay SR, Korenblat PE, Field EA, Kral
KM. Effect of fluticasone propionate aqueous nasal spray versus
oral prednisone on the hypothalamic-pituitary-adrenal axis. J Al-
lergy Clin Immunol. 1998;102(2):191–197.

30. Gazis AG, Homer JJ, Henson DB, Page SR, Jones NS. The effect of
six weeks topical nasal betamethasone drops on the hypothalamo-
pituitary-adrenal axis and bone turnover in patients with nasal pol-
yposis. Clin Otolaryngol Allied Sci. 1999;24(6):495–498.

31. Franz TJ, Parsell DA, Halualani RM, Hannigan JF, Kalbach JP,
Harkonen WS. Betamethasone valerate foam 0.12%: a novel vehicle
with enhanced delivery and efficacy. Int J Dermatol. 1999;38(8):
628–632.

32. Sorkness CA, LaForce C, Storms W, Lincourt WR, Edwards L, Ro-
genes PR. Effects of the inhaled corticosteroids fluticasone propi-

2178 Broersen et al Adrenal Insufficiency in Corticosteroids Use J Clin Endocrinol Metab, June 2015, 100(6):2171–2180

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 26 September 2016. at 18:03 For personal use only. No other uses without permission. . All rights reserved.



onate, triamcinolone acetonide, and flunisolide and oral prednisone
on the hypothalamic-pituitary-adrenal axis in adult patients with
asthma. Clin Ther. 1999;21(2):353–367.

33. Nelson HS, Busse WW, deBoisblanc BP, et al. Fluticasone propi-
onate powder: oral corticosteroid-sparing effect and improved lung
function and quality of life in patients with severe chronic asthma.
J Allergy Clin Immunol. 1999;103:267–275.

34. Li JT, Goldstein MF, Gross GN, et al. Effects of fluticasone propi-
onate, triamcinolone acetonide, prednisone, and placebo on the hy-
pothalamic-pituitary-adrenal axis. J Allergy Clin Immunol. 1999;
103(4):622–629.

35. Wilson AM, Sims EJ, Lipworth BJ. Dose response with fluticasone
propionate on adrenocortical activity and recovery of basal and
stimulated responses after stopping treatment. Clin Endocrinol
(Oxf). 1999;50(3):329–335.

36. Gupta D, Behera D, Lalrinmawia H, Dash RJ. Hypothalamo-pitu-
itary-adrenal axis function in asthmatics taking low dose inhaled
beclomethasone dipropionate. J Assoc Physicians India. 2000;
48(7):682–684.

37. Affrime MB, Kosoglou T, Thonoor CM, Flannery BE, Herron JM.
Mometasone furoate has minimal effects on the hypothalamic-pi-
tuitary-adrenal axis when delivered at high doses. Chest. 2000;
118(6):1538–1546.

38. Nelson HS, Kane RE, Petillo J, Banerji D. Long-term safety of a
non-chlorofluorocarbon-containing triamcinolone acetonide inha-
lation aerosol in patients with asthma. Azmacort HFA Study Group.
J Asthma. 2000;37(2):145–152.

39. Boots JM, van den Ham EC, Christiaans MH, van Hooff JP. Risk of
adrenal insufficiency with steroid maintenance therapy in renal
transplantation. Transplant Proc. 2002;34(5):1696–1697.

40. Niitsuma T, Okita M, Sakurai K, et al. Adrenal function as assessed
by low-dose adrenocorticotropin hormone test before and after
switching from inhaled beclomethasone dipropionate to inhaled flu-
ticasone propionate. J Asthma. 2003;40(5):515–522.

41. Patel RS, Shaw SR, Wallace AM, McGarry GW. Efficacy and sys-
temic tolerability of mometasone furoate and betamethasone so-
dium phosphate. J Laryngol Otol. 2004;118(11):866–871.

42. Lee DK, Bates CE, Currie GP, Cowan LM, McFarlane LC, Lipworth
BJ. Effects of high-dose inhaled fluticasone propionate on the hy-
pothalamic-pituitary-adrenal axis in asthmatic patients with se-
verely impaired lung function. Ann Allergy Asthma Immunol. 2004;
93(3):253–258.

43. Kirwan JR, Hickey SH, Hällgren R, et al. The effect of therapeutic
glucocorticoids on the adrenal response in a randomized controlled
trial in patients with rheumatoid arthritis. Arthritis Rheum. 2006;
54(5):1415–1421.

44. Schlessinger J, Miller B, Gilbert RD, Plott RT. An open-label adrenal
suppression study of 0.1% fluocinonide cream in pediatric patients
with atopic dermatitis. Arch Dermatol. 2006;142(12):1568–1572.

45. Andres P, Poncet M, Farzaneh S, Soto P. Short-term safety assess-
ment of clobetasol propionate 0.05% shampoo: hypothalamic-pi-
tuitary-adrenal axis suppression, atrophogenicity, and ocular safety
in subjects with scalp psoriasis. J Drugs Dermatol. 2006;5(4):328–
332.

46. White M, Crisalida T, Li H, Economides A, Kaliner M. Effects of
long-term inhaled corticosteroids on adrenal function in patients
with asthma. Ann Allergy Asthma Immunol. 2006;96(3):437–444.

47. Duclos M, Guinot M, Colsy M, et al. High risk of adrenal insuffi-
ciency after a single articular steroid injection in athletes. Med Sci
Sports Exerc. 2007;39(7):1036–1043.

48. Fleming C, Ganslandt C, Leese GP. Short- and long-term safety
assessment of a two-compound ointment containing calcipotriene/
betamethasone dipropionate (Taclonex/Daivobet/Dovobet oint-
ment): hypothalamic-pituitary-adrenal axis function in patients
with psoriasis vulgaris. J Drugs Dermatol. 2010;9(8):969–974.

49. Neidert S, Schuetz P, Mueller B, Christ-Crain M. Dexamethasone
suppression test predicts later development of an impaired adrenal

function after a 14-day course of prednisone in healthy volunteers.
Eur J Endocrinol. 2010;162(5):943–949.

50. Moghaddam KG, Rashidi N, Meybodi HA, et al. The effect of in-
haled corticosteroids on hypothalamic-pituitary-adrenal axis. In-
dian J Pharmacol. 2012;44(3):314–318.

51. Habib G, Artul S, Chernin M, Hakim G, Jabbour A. The effect of
intra-articular injection of betamethasone acetate/betamethasone
sodium phosphate at the knee joint on the hypothalamic-pituitary-
adrenal axis: a case-controlled study. J Investig Med. 2013;61(7):
1104–1107.

52. Silver S, Tuppal R, Gupta AK, et al. Effect of calcipotriene plus
betamethasone dipropionate topical suspension on the hypothalam-
ic-pituitary-adrenal axis and calcium homeostasis in subjects with
extensive psoriasis vulgaris: an open, non-controlled, 8-week trial.
J Drugs Dermatol. 2013;12(8):882–887.

53. Habib G, Khazin F, Jabbour A, et al. Simultaneous bilateral knee
injection of methylprednisolone acetate and the hypothalamic-pi-
tuitary adrenal axis: a single-blind case-control study. J Investig
Med. 2014;62:621–626.

54. Habib G, Jabbour A, Artul S, Hakim G. Intra-articular methylpred-
nisolone acetate injection at the knee joint and the hypothalamic-
pituitary-adrenal axis: a randomized controlled study. Clin Rheu-
matol. 2014;33(1):99–103.

55. Bondarevsky E, Shapiro MS, Schey G, Shahor J, Bruderman I. Be-
clomethasone dipropionate use in chronic asthmatic patients. Effect
on adrenal function after substitution for oral glucocorticosteroids.
JAMA. 1976;236(17):1969–1971.

56. Krupin T, Mandell AI, Podos SM, Becker B. Topical corticosteroid
therapy and pituitary-adrenal function. Arch Ophthalmol. 1976;
94(6):919–920.

57. Canafax DM, Mann HJ, Sutherland DE, Simmons RL, Najarian JS.
The use of a cosyntropin stimulation test to predict adrenal sup-
pression in renal transplant patients being withdrawn from predni-
sone. Transplantation. 1983;36(2):143–146.

58. Bromberg JS, Alfrey EJ, Barker CF, et al. Adrenal suppression and
steroid supplementation in renal transplant recipients. Transplan-
tation. 1991;51(2):385–390.

59. Hirano T, Shimodaira H, Oka K, et al. Comparative study of ad-
renocortical function in renal transplant recipients under different
long-term immunosuppressive therapy. Transplant Proc. 1993;25:
1359–1360.

60. Hasegawa T, Ishihara K, Fujii H, et al. Influence of high dose inhaled
steroids on hypothalamo-pituitary-adrenal axis function in Japa-
nese patients with asthma: a comparison over the course of time.
Intern Med. 1996;35(5):362–366.

61. Grebe SK, Feek CM, Durham JA, Kljakovic M, Cooke RR. Inhaled
beclomethasone dipropionate suppresses the hypothalamo-pitu-
itary-adrenal axis in a dose dependent manner. Clin Endocrinol
(Oxf). 1997;47(3):297–304.

62. Gellner R, Stange M, Schiemann U, Domschke W, Hengst K. CRH
test prior to discontinuation of long-term low-dose glucocorticoid
therapy. Exp Clin Endocrinol Diabetes. 1999;107(8):561–567.

63. Henzen C, Suter A, Lerch E, Urbinelli R, Schorno XH, Briner VA.
Suppression and recovery of adrenal response after short-term, high-
dose glucocorticoid treatment. Lancet. 2000;355(9203):542–545.

64. Skov M, Main KM, Sillesen IB, Müller J, Koch C, Lanng S. Iatro-
genic adrenal insufficiency as a side-effect of combined treatment of
itraconazole and budesonide. Eur Respir J. 2002;20(1):127–133.

65. Kos-Kudła B, Ciesielska-Kopacz N, Ostrowska Z, et al. Adrenal
cortex function in asthmatic patients following the discontinuation
of chronic therapy with systemic glucocorticosteroids. J Clin Pharm
Ther. 2003;28(2):103–108.

66. Nguyen KL, Lauver D, Kim I, Aresery M. The effect of a steroid
“burst” and long-term, inhaled fluticasone propionate on adrenal
reserve. Ann Allergy Asthma Immunol. 2003;91(1):38–43.

67. Baz-Hecht M, Osher E, Yachnin T, et al. The low-dose (1 microg)
adrenocorticotropin stimulation test in kidney and kidney-pancreas

doi: 10.1210/jc.2015-1218 press.endocrine.org/journal/jcem 2179

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 26 September 2016. at 18:03 For personal use only. No other uses without permission. . All rights reserved.



transplant patients: a potential guideline for steroid withdrawal.
Clin Transplant. 2006;20(1):72–77.

68. Gonzalez-Moles MA, Scully C. HPA-suppressive effects of aqueous
clobetasol propionate in the treatment of patients with oral lichen
planus. J Eur Acad Dermatol Venereol. 2010;24(9):1055–1059.

69. Sandhu SS, Smith JM, Doherty M, James A, Figueiredo FC. Do
topical ophthalmic corticosteroids suppress the hypothalmic-pitu-
itary-adrenal axis in post-penetrating keratoplasty patients? Eye
(Lond). 2012;26(5):699–702.

70. Han HS, Shim YK, Kim JE, et al. A pilot study of adrenal suppression
after dexamethasone therapy as an antiemetic in cancer patients.
Support Care Cancer. 2012;20(7):1565–1572.

71. Gilchrist FJ, Cox KJ, Rowe R, et al. Itraconazole and inhaled fluti-
casone causing hypothalamic-pituitary-adrenal axis suppression in
adults with cystic fibrosis. J Cyst Fibros. 2013;12(4):399–402.

72. Kasayama S, Otsuki M, Tanemura M, Fujita K, Miyatake A. As-
sociation of subclinical hypothalamic-pituitary-adrenal axis sup-
pression with bone loss in patients with asthma taking inhaled cor-
ticosteroids. Ann Allergy Asthma Immunol. 2013;111(3):229–231.

73. Sacre K, Dehoux M, Chauveheid MP, et al. Pituitary-adrenal func-
tion after prolonged glucocorticoid therapy for systemic inflamma-
tory disorders: an observational study. J Clin Endocrinol Metab.
2013;98(8):3199–3205.

74. Carruthers JA, August PJ, Staughton RC. Observations on the sys-
temic effect of topical clobetasol propionate (Dermovate). Br Med J.
1975;4(5990):203–204.

75. Smith MJ, Hodson ME. Effects of long term inhaled high dose be-
clomethasone dipropionate on adrenal function. Thorax. 1983;
38(9):676–681.

76. Ruiz Munoz LM, Amado J, Martin de Francisco AL, et al. Adre-
nocortical function and steroid doses in renal transplant patients.
Dial Transplant. 1988;17(4):184–189.

77. Brown PH, Blundell G, Greening AP, Crompton GK. Do large vol-
ume spacer devices reduce the systemic effects of high dose inhaled
corticosteroids? Thorax. 1990;45(10):736–739.

78. Shapiro R, Carroll PB, Tzakis AG, Cemaj S, Lopatin WB, Nakazato
P. Adrenal reserve in renal transplant recipients with cyclosporine,
azathioprine, and prednisone immunosuppression. Transplanta-
tion. 1990;49(5):1011–1013.

79. Brown PH, Blundell G, Greening AP, Crompton GK. Hypo-
thalamo-pituitary-adrenal axis suppression in asthmatics inhaling
high dose corticosteroids. Respir Med. 1991;85(6):501–510.

80. Kane KF, Emery P, Sheppard MC, Stewart PM. Assessing the hy-
pothalamo-pituitary-adrenal axis in patients on long-term gluco-

corticoid therapy: the short synacthen versus the insulin tolerance
test. QJM. 1995;88(4):263–267.

81. Broide J, Soferman R, Kivity S, et al. Low-dose adrenocorticotropin
test reveals impaired adrenal function in patients taking inhaled
corticosteroids. J Clin Endocrinol Metab. 1995;80(4):1243–1246.

82. Hanania NA, Chapman KR, Sturtridge WC, Szalai JP, Kesten S.
Dose-related decrease in bone density among asthmatic patients
treated with inhaled corticosteroids. J Allergy Clin Immunol. 1995;
96:571–579.

83. Kos-Kudla B. Iatrogenic adrenal cortex failure in patients with ste-
roid dependent asthma in relation to different methods of glucocor-
ticoid treatment. Endocr Regul. 1998;32(2):99–106.

84. Patel RS, Wallace AM, Hinnie J, McGarry GW. Preliminary results
of a pilot study investigating the potential of salivary cortisol mea-
surements to detect occult adrenal suppression secondary to steroid
nose drops. Clin Otolaryngol Allied Sci. 2001;26(3):231–234.

85. Bonfils P, Halimi P, Malinvaud D. Adrenal suppression and osteo-
porosis after treatment of nasal polyposis. Acta Otolaryngol. 2006;
126(11):1195–1200.

86. Holme J, Tomlinson JW, Stockley RA, Stewart PM, Barlow N, Sul-
livan AL. Adrenal suppression in bronchiectasis and the impact of
inhaled corticosteroids. Eur Respir J. 2008;32(4):1047–1052.

87. Wilson KS, Gray CE, Cameron EH, Seth J, Parker AC. Hypotha-
lamic/pituitary/adrenal function in patients treated with intermit-
tent high-dose prednisolone and cytotoxic chemotherapy. Lancet.
1976;1(7960):610–612.

88. Masoli M, Weatherall M, Holt S, Shirtcliffe P, Beasley R. Inhaled
fluticasone propionate and adrenal effects in adult asthma: system-
atic review and meta-analysis. Eur Respir J. 2006;28(5):960–967.

89. Lipworth BJ. Systemic adverse effects of inhaled corticosteroid ther-
apy: a systematic review and meta-analysis. Arch Intern Med. 1999;
159(9):941–955.

90. Habib GS. Systemic effects of intra-articular corticosteroids. Clin
Rheumatol. 2009;28(7):749–756.

91. Seth J, Brown LM. A simple radioimmunoassay for plasma cortisol.
Clin Chim Acta. 1978;86(1):109–120.

92. Carr PJ, Millar RP, Crowley H. A simple radioimmunoassay for
plasma cortisol: comparison with the fluorimetric method of deter-
mination. Ann Clin Biochem. 1977;14(4):207–211.

93. Kohen F, Pazzagli M, Kim JB, Lindner HR. An immunoassay for
plasma cortisol based on chemiluminescence. Steroids. 1980;36(4):
421–437.

94. Dufour-Rainfray D, Moal V, Cloix L, et al. Mass spectrometry for
steroid assays [in French]. Ann Biol Clin (Paris). 2015;73(1):70–78.

95. Dinsen S, Baslund B, Klose M, et al. Why glucocorticoid withdrawal
may sometimes be as dangerous as the treatment itself. Eur J Intern
Med. 2013;24(8):714–720.

2180 Broersen et al Adrenal Insufficiency in Corticosteroids Use J Clin Endocrinol Metab, June 2015, 100(6):2171–2180

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 26 September 2016. at 18:03 For personal use only. No other uses without permission. . All rights reserved.


