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ABSTRACT  Adrenal insufficiency is a potential complication of therapy with an inhaled corticosteroid
(ICS). Although prior studies found the highest risk of adrenal insufficiency with fluticasone, a more potent
ICS, these results might be explained by a channelling bias and concomitant exposure to oral
corticosteroids.

We re-examined the relationship between the use of ICSs and adrenal insufficiency by using a cohort of
patients treated for respiratory conditions during 1990-2005, identified in the healthcare databases from the
province of Quebec, Canada, with follow-up until 2007. A nested case—control analysis was performed
within this cohort. Cases of adrenal insufficiency were matched with up to 10 controls.

392 cases were identified (incidence rate 1.1 per 10000 person-years). Although the rate of adrenal
insufficiency was not significantly higher among all current users of ICSs, patients receiving the highest
dosages showed a greater risk (OR 1.84, 95% CI 1.16-2.90). Consistently, an increased risk was estimated
for the highest tertile of ICS dose (OR 1.90, 95% CI 1.07-3.37) cumulated in the year before the event.

ICS at high doses appear to be a significant independent risk factor for adrenal insufficiency. Physicians
prescribing ICS at such dosages should be sensitive to the signs and symptoms of adrenal insufficiency in
their patients.
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Introduction

Acute adrenal insufficiency is one of the most serious potential adverse effects of inhaled corticosteroids
(ICSs) [1]. The frequency of its occurrence is not well known although it is said that suppression of
hypothalamic—pituitary—adrenal function by chronic administration of corticosteroids, usually by the oral
route, is the most common cause of adrenal insufficiency [2, 3].

This disease may be particularly likely to occur with ICSs, such as fluticasone, which have higher
lipophilicity and a more prolonged half-life [4, 5]. In a survey of UK specialists carried out by TopD et al.
[6], use of fluticasone was reported among 94% of the cases of adrenal insufficiency identified among users
of ICSs. MORTIMER et al. [7] carried out a case—control analysis of cases of adrenal insufficiency within a
population-based cohort in the UK, and concluded that the absolute risk for ICSs was small as compared
with the use of an oral corticosteroid (OCS), although it increased with increasing ICS dose. Interestingly,
the highest relative risk among ICS molecules was seen in association with a recent prescription of
fluticasone. Adjustment for the concomitant use of OCSs may have been suboptimal however; that
adjustment was carried out for the number of OCS prescriptions rather than cumulative dose. Moreover,
fluticasone was generally prescribed by specialist physicians in the UK and may, therefore, have been
channelled towards patients with more severe disease. Such channelling bias may account for the apparent
association of fluticasone use with adrenal insufficiency in the UK [8]. Furthermore, subjects could be at
risk of adrenal insufficiency after a prolonged exposure to ICS followed by their sudden interruption [9, 10].
MORTIMER ef al. [7] did not specifically examine the role of past use of ICSs.

Thus, because of different prescribing patterns in different countries, it may be worthwhile re-examining the
relationship between the use of ICS and adrenal insufficiency in different locations to test whether an
observed association might not be explained by channelling of the drug to subjects at the greater risk of
experiencing the adverse events, rather than reflecting an inherent risk of the use of these medications [8,
11]. Channelling bias towards fluticasone is unlikely to occur in Canada, because fluticasone is the preferred
ICS among all categories of prescribers accounting for >75% of all ICS prescriptions [12].

In an attempt to shed further light on the association between adrenal insufficiency and use of ICSs, we
carried out a nested case—control analysis in a cohort of patients identified in the health administrative
databases of the province of Quebec, Canada.

Patients and methods

Study population

Data were obtained from the Régie de l'assurance médicale du Québec (RAMQ), which records
demographic and healthcare utilisation information on all seven million residents of the province of
Quebec. As of 1996, the RAMQ databases include all prescriptions for residents who belong to the
provincial drug plan, a plan which has covered more than three million people since 2002 [12]. The
associated MED-ECHO database [13] contains information pertaining to all hospital admissions in Quebec
obtained from the data recorded by archivists on the hospitalisation discharge summary sheet. Specifically,
the discharge diagnoses indicate the reasons for hospitalisation by means of primary and secondary
diagnoses. The MedEcho coding rules indicate that the primary diagnosis is the most important clinical
condition leading to the hospitalisation and requiring the greatest use of medical resources during the
hospital stay. The secondary diagnoses may be clinically related to the primary diagnosis, comprise other
concurrent diseases or are part of patients’ clinical history [13].

These databases have been used previously to examine potential adverse effects of inhaled corticosteroids
[14-17].

Cohort definition

A study population was defined in the RAMQ consisting of all subjects (n=1410211) who, between
January 1, 1990 and December 31, 2005, were dispensed a prescription for a bronchodilator (any form of
B-agonist, theophylline, ipratropium and tiotropium bromide), a cromolyn, a leukotriene antagonist, or an
ICS. We formed a cohort by identifying all subjects with three or more prescriptions for these medications
in any 1-year period and on at least two different dates. This was therefore a cohort of prevalent and more
than occasional users of respiratory medications. Cohort entry was the date of the third prescription.
Subjects with less than one complete year of RAMQ coverage before the date of their first respiratory
medication prescription were excluded from the study.

We also excluded subjects for whom, in the year prior to the entry date, mention was made of adrenal
insufficiency, cancer (excluding localised nonmelanoma skin cancer), diagnosis of HIV or prescription of
anti-HIV medications (i.e. abacavir, atazanavir, didanosine, efavirenz, etravirine, lamivudine, lopinavir,
nelfinavir, nevirapine, ritonavir, saquinavir, stavudine, tenofovir and zidovudine) and organ transplantation

80

DOI: 10.1183/09031936.00080912



DOI: 10.1183/09031936.00080912

ASTHMA | F. LAPI ET AL.

or use of anti-rejection drugs (i.e. cyclosporine, azathioprine, mycophenolate and sacrolimus) [3, 9, 10].
Furthermore, we excluded people prescribed oral hydrocortisone because this is used almost exclusively to
treat existing adrenal insufficiency [3, 7, 10], while we were interested in new cases.

All cohort members were followed from cohort entry until they left the drug plan, had an event (adrenal
insufficiency), occurrence of one of the exclusion criteria, death, or until December 31, 2007 (the end of
cohort follow-up), whichever came first.

Case-control definition

Cases were subjects identified using codes for hospital discharge diagnosis of adrenal insufficiency. They
comprised Internation Classifiaction of Diseases (ICD)-9 codes 255.4 (corticoadrenal insufficiency) and
255.5 (other adrenal hypofunction), along with ICD-10 codes E27.1 (primary adrenocortical insufficiency),
E27.2 (Addisonian crisis), E27.3 (drug-induced adrenocortical insufficiency) and E27.4 (other and
unspecified adrenocortical insufficiency). These codes have been previously adopted in database studies of
adrenal insufficiency [18, 19]. Both primary and secondary diagnosis positions of the discharge summary
sheets were used to identify cases.

Up to 10 controls per case were randomly selected within each risk set. Eligible controls who were alive and
event-free on the calendar date of the adrenal insufficiency case (the index date) were matched to their
respective cases on age (+5 years), and cohort year of entry. Matched controls were assigned the same
index date as their respective case.

Exposure definition

Inhaled corticosteroid exposure included prescriptions for beclometasone, budesonide, triamcinolone,
fluticasone and flunisolide, whether dispensed alone or in a combination inhaler with an inhaled (-agonist.
The estimation of equivalencies were chosen on the basis of relative topical potency and what experts
consider to be comparable doses according to the National Asthma Education Expert Panel report 2 (figs 3—
5b and 3-5c in that report [20]) and the Canadian asthma consensus statement (table 8 in that statement
[21]). Accordingly, the equivalent doses for inhaled corticosteroids are beclometasone 100 pg, budesonide
80 pg, triamcinolone 200 pg, fluticasone 50 pg and flunisolide 200 pg. All doses were converted to
fluticasone equivalents and categorised according to the defined daily dose [22] of the most recent
prescription in the appropriate time-window as high (fluticasone 1000 pg per day), moderate (fluticasone
500-999 ng per day) and low (<500 pg per day).

<

We classified ICS use during three mutually exclusive time periods, nominally the “current”, “recent” and
“past” time-windows. Current use was defined by a dispensing of the last prescription for an ICS within the
90-day time period immediately preceding the index date. Recent use was defined as the occurrence of the
last ICS prescription dispensed at any point during the 91-180 day time-window prior to the index date,
but no prescription within the 90 days prior to the event. Past exposure to ICS was defined by the
dispensing of the last prescription for ICSs during the 181-365 day time period before the index date and
no dispensed ICSs within 180 days before the event.

“Current use”, “recent use”, “past use” and “no use” of ICSs in the year before the index date were
compared between cases and their matched controls, and the association between adrenal insufficiency and
ICS use was estimated. Finally, exposure was further defined in terms of the most recent defined daily dose
and cumulative dosage (in tertiles) among “current” and “recent” users. Such analyses of the timing in
case—control analyses have allowed us previously to identify an increased risk of asthma death on cessation
of ICS exposure [23], as well as the waning of the risk of pneumonia with time in patients with chronic
obstructive pulmonary disease (COPD) dispensed ICSs [15].

Covariates

The covariates pertaining to risk factors for adrenal insufficiency as well as those identified as being
potential confounders of the association between ICSs and adrenal insufficiency were identified from the
MedEcho and RAMQ databases [12, 13].

Age and the time period in which the event occurred were adjusted for by design (matching), while sex was
controlled for in the analysis. We quantified the severity of respiratory disease, independently of ICS, by the
number of hospitalisations with a primary diagnosis of COPD or asthma, the number of dispensed
prescriptions of respiratory medications (i.e. f-agonist, theophylline, ipratropium and tiotropium bromide,
cromolyns and a leukotriene antagonist) and antibiotics, and the number of visits to a respiratory physician,
all measured in the year before the index date. Furthermore, since the relationship between the outcome and
exposure to ICSs is likely to be confounded by exposure to OCSs (OCSs are risk factors for adrenal
insufficiency and patients prescribed high doses of ICSs are likely to have more severe respiratory disease
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and to more commonly receive OCSs), the association between ICSs and adrenal insufficiency was adjusted
for the number of prescriptions or cumulative dose of OCSs in the same time-window adopted to define the
exposure to ICSs. The prescriptions of oral corticosteroids were converted to prednisone (5 mg) using the
following equivalent doses: cortisone 25 mg, methylprednisolone 4 mg, triamcinolone 4 mg, betametha-
sone 0.75 mg and dexamethasone 0.75 mg [24].

Other comorbidities possibly related to the risk of adrenal insufficiency were adjusted for on the basis of
prescriptions for various classes of medications associated with the treatment of disorders of interest,
dispensed in the past year, as we have successfully done in the past [14, 15]. Herein, diabetes was defined on
the basis of a dispensed prescription for insulin or an oral hypoglycaemic agent; cardiac disease on the basis
of a prescription for cardiotropes or antihypertensives or diuretics or vasodilators; central nervous system
drugs comprised benzodiazepines, major tranquillizers, anticonvulsants, antidepressants and drugs for
Parkinson’s disease; osteoporosis drugs included calcium, vitamin D and bisphosphonates; and rheumatic
drugs included gold salts, methotrexate, azathioprine, hydroxychloroquine and chloroquine. Nonsteroidal
anti-inflammatory drugs (NSAIDs) and narcotics were also considered.

Data analysis

The incidence density for the outcome of interest was computed in the cohort. Conditional logistic
regression was used to compute odds ratios of adrenal insufficiency, which, for the time-matched nested
case—control method used here, provides an accurate estimate of the rate ratio and the related 95%
confidence intervals [25]. Besides age, sex, calendar year of cohort entry, and duration of follow-up on
which the logistic regression was conditioned, we adjusted for the confounders described above.

Two sensitivity analyses were conducted to verify the robustness of our findings.

First, all models were re-run using a more strict case definition whereby cases were restricted to only those
coded as primary discharge diagnoses. Secondly, to verify the effects of underlying comorbidity and
differences in age in patients with COPD or asthma, we stratified the analyses for these two conditions.
According to our previous work [17], patients were classified as probable COPD if they were >55 years old
at cohort entry, but with no prior diagnosis (both primary or secondary positions) of asthma. All other
patients were considered to have probable asthma.

Statistical analyses were conducted using SAS version 9.2 TS2M3 (SAS Institute Inc., Cary, NC, USA).

This study has received approval from the Jewish General Hospital (Montreal, QC, Canada) ethics
committee.

Results

We identified a cohort of 368238 prevalent users of respiratory medications; their mean age was
49.2 +27.5 years (range 1-108) at cohort entry, with more females (56.9%) than males (43.1%). Within the
cohort, 392 cases of adrenal insufficiency were identified, giving an incidence rate of 1.1 per 10 000 person-
years at risk.

Most of the cases (n=342) were coded as secondary discharge diagnoses, and “corticoticoadrenal
insufficiency” (n=318) was the most frequent code, followed by “other adrenal hypofunction” (n=38),
“other and unspecified adrenocortical insufficiency” (n=26), “drug-induced adrenocortical insufficiency”
(n=6), “primary adrenocortical insufficiency” (n=2) and Addisonian crisis (n=2).

Table 1 depicts demographic and clinical characteristics of cases and controls. Mean+sD age was
67.9 1 18.0 years and 42.9% of cases were female. Cases had more severe respiratory disease as shown by the
higher frequency of asthma and COPD hospitalisations, as well as by the higher number of prescriptions for
respiratory drugs, antibiotics and cumulative dose of OCS. Other comorbidities were also more prevalent
among cases.

Table 2 shows that the adjusted OR was not significantly elevated for current use (OR 1.22, 95% CI 0.85—
1.70), although the estimate appeared higher than found for recent (OR 0.78, 95% CI 0.46—-1.36) and past
(OR 0.74, 95% CI 0.43-1.30) use. When current use was further categorised according to the dose of the
most recent prescription of ICSs, the risk was significantly greater among those exposed to a high dose of
ICSs (OR 1.84, 95% CI 1.16-2.90).

Also, a significantly greater risk of adrenal insufficiency was found for the highest tertile of dosage (OR 1.90,
95% CI 1.07-3.37) cumulated over the year before the index date (table 3). No significant associations were
seen when the aforementioned analyses were conducted only among recent users of ICSs.
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TABLE 1 Characteristics of cases of adrenal insufficiency and their matched controls

Variable Cases Controls
Subjects n 392 3920
Age years 67.9+18.0 67.94+18.0
Follow-up years 4.34+3.5 4.34+3.5
Female 42.9 38.0
Hospitalisation for asthma or COPD in the year before the index date 1.4+1.7 0.24+0.6
Visits to respiratory physician in the year before the index date 4.34+12.0 0.7+3.2
Medication use in the year before the index date
Antibiotics number of prescriptions 1.54+3.5 0.7+1.3
Respiratory drugs number of prescriptions” 11.94+16.9 6.5+10.2
0CSs cumulative dosage mg 547.4+934.2 42.54228.1
Diabetes drugs 25.0 14.5
Cardiac drugs 74.7 62.2
Central nervous system drugs 73.7 53.8
Osteoporosis drugs 33.7 15.5
NSAIDs 37.0 32.6
Narcotics 19.4 4.9
Antirheumatic drugs 14.0 4.6
Others 90.3 72.2

Data are presented as mean+sb or %, unless otherwise stated. COPD: chronic obstructive pulmonary disease; OCS: oral corticosteroid; NSAIDs:
nonsteroidal anti-inflammatory drugs. #: excluding inhaled corticosteroids.

For OCSs, the multivariable models showed that each additional prescription of OCS was associated with a
65% increased risk of adrenal insufficiency (OR 1.65, 95% 1.52—1.82). Along this line, when the independent
effect of cumulative doses of OCSs in the prior year was studied, each additional 1000 mg of OCS was
associated with a 5.2-fold time increase in risk of adrenal insufficiency (OR 5.2, 95% CI 3.76-7.19).

The results obtained from the sensitivity analysis restricted to cases with a primary discharge diagnoses of
adrenal insufficiency were consistent with the primary analysis (third tertile of cumulative dosage: OR 2.48,
95% CI 0.40-15.33). Nevertheless, they showed wider confidence intervals including no effect because of the
smaller sample size.

When we stratified the analysis by the presence of probable COPD or asthma, the risk was significantly
greater among patients with COPD exposed to the current highest daily dose of ICSs (adjusted OR 2.13,
95% CI 1.11-2.07) than those with asthma (adjusted OR 0.73, 95% CI 0.25-2.07).

TABLE 2 Crude and adjusted odds ratios of hospitalisation for adrenal insufficiency associated
with current, recent, past use and average daily dose of inhaled corticosteroids

Cases Controls Crude OR Adjusted” OR
(95% Cl)
Subjects n 392 3920
No use in the past year 40.3 54.3 Reference Reference
Recency of use in the past year
Current use’ 45.7 29.8 2.10 1.22 (0.85-1.70)
Low <500 pg per day 3.1 2.6 1.51 1.72 (0.83-3.57)
Intermediate 500-999 ng per day 23.0 18.7 1.67 0.92 (0.62-1.35)
High >1000 pg per day 19.6 8.5 3.24 1.84 (1.16-2.90)
Recent use® 7.7 7.5 1.37 0.78 (0.46-1.36)
Low <500 pg per day 0.8 0.9 1.04 0.48 (0.09-2.55)
Intermediate 500-999 ng per day 3.6 4.5 1.07 0.67 (0.31-1.38)
High >1000 pg per day 3.3 2.1 2.77 0.94 (0.49-2.47)
Past use® 6.4 8.4 1.02 0.74 (0.43-1.30)

Data are presented as %, unless otherwise stated. #: adjusted for all factors reported in table 1;
Y. prescription within 90 days before the index date; *: prescription 91-180 days before the index date;
8. prescription 181-365 days before the index date.
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TABLE 3 Crude and adjusted odds ratios of hospitalisation for adrenal insufficiency associated with dosages (in tertiles) of

inhaled corticosteroids cumulated in the past year by the current and recent users

Cases Controls Crude OR Adjusted® OR (95% Cl)
Subjects n 392 3920
No use in the past year 40.3 54.3 Reference Reference
Recency of use in the past year as cumulative dose (tertiles)
Current use
<60000 pg 15.1 12.5 1.59 1.25 (0.83-1.87)
60000-157000 pg 15.3 1.1 1.93 0.96 (0.60-1.52)
>157000 png 15.3 6.3 3.57 1.90 (1.07-3.37)
Recent use™
<30000 pg 1.8 3.6 0.61 0.53 (0.22-1.27)
30000-100000 png 3.3 3.2 1.41 0.87 (0.40-1.90)
>100000 png 2.6 0.7 4.71 1.11 (0.56-3.43)

Data are presented as %, unless otherwise stated. *: adjusted for all factors reported in table 1; ¥: prescription within 90 days before the index

date; *: prescription 91-180 days before the index date.

Discussion

In a large cohort of prevalent users of respiratory medications, we found that patients exposed to high doses
of ICSs had a greater risk of developing adrenal insufficiency, whether defining dose according to the last
prescription dispensed within the prior 90 days or when cumulating exposure over the prior year.

To date the evidence that ICSs are associated with adrenal insufficiency has mainly come from case reports
[6, 26-28], and one observational study performed in the UK [7]. The risk appeared to be greater with
fluticasone, but this could reflect the use of this potent agent by specialist physicians caring for more
severely affected patients. Furthermore, MORTIMER ef al. [7] felt that the major increase in risk of adrenal
insufficiency was attributable to oral rather than inhaled corticosteroids in their data [7].

In the present study, we believe that channelling bias was minimised by the fact that fluticasone is the ICS
predominantly prescribed in Canada [12]. We were better able to account for the confounding effect of
OCS by adjusting for cumulative dose dispensed in the prior year. Also, the Quebec databases provide
information on dispensed rather than prescribed medications reducing the likelihood of exposure
misclassification, which might obscure an association. We accounted for confounding by severity of
respiratory disease by adjusting for the number of prescriptions for respiratory medications other than ICSs,
and for exacerbation of respiratory disease as reflected by use of antibiotics, as well as hospitalisation for
COPD or asthma exacerbation. However, as fluticasone is responsible for the great majority of high-dose
ICS prescriptions, we were unable to examine specifically the risk of fluticasone as compared with other
ICSs at equivalent doses.

We were unable to demonstrate an excess risk of adrenal insufficiency in subjects who had not refilled a
prescription for an ICS in the last 3 months (recent users), which one might have expected to find as
adrenal insufficiency would be expected to occur preferentially in those who have interrupted their use [10].
This may be due to our inability to precisely define interruption of the use of ICSs, as compliance with these
medications is variable and therefore it is difficult to identify the actual date that the patient runs out of
medication.

Interestingly, the risk of adrenal insufficiency in relation to current use of ICSs at high dose appeared higher
among patients with COPD. While these results can be suggestive of an effect modification exerted by the
type of respiratory disease (i.e. the different inflammatory components [29] of asthma and of COPD could
modify the risk of adrenal insufficiency), this must be interpreted with caution because of the reduced
sample sizes available for these sub-analyses.

This study has several limitations. First, the diagnoses of adrenal insufficiency have not been formally
validated. However, the similarity in the results observed after restricting the cases to those coded as
discharge diagnoses in primary position on the hospitalisation discharge summary provides some
reassurance. Secondly, while we have adjusted for disease severity, it remains possible that residual
confounding by severity is present. However, we do believe that the effect of ICSs is independent of the
adverse effect of OCS on adrenal function as we were able to adjust for OCS use (i.e. number of
prescriptions or cumulative dosage) received in the same time-windows used to define the exposure to ICSs.
Thirdly, we were unable to investigate the life-time cumulative exposure to ICSs or OCS because of the
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nature of the database. Finally, although the databases contain information on drugs dispensed, we cannot
guarantee that patients were actually taking the dispensed drugs. Reduced compliance could therefore
attenuate the actual risk increase.

In summary, we found an increased risk of hospitalisation for adrenal insufficiency among patients who
were using high doses of an ICS. The risk was smaller, however, than that observed with OCS. Although
ICSs are associated with fewer adverse effects than OCS, they are not without adverse effects. They should
therefore be used at their lowest effective dose and the dose decreased if asthma control has been maintained
over the prior 3 months as suggested in current guidelines [30]. For patients with COPD the benefits of
ICSs are more controversial [31]. The attenuated benefit as compared with asthma needs to be weighed
against the potential adverse effects, including adrenal insufficiency, as fluticasone 1000 pg daily, equivalent
to the high doses of ICSs associated with an increased risk of adrenal insufficiency in the current study, is
the ICS dose found in the combined B-agonist and ICS inhalers commonly used in COPD treatment trials.

Finally, physicians caring for patients with respiratory disease taking ICSs, especially at daily doses
equivalent to fluticasone >1000 pg per day, should be sensitive to the signs and symptoms of adrenal
insufficiency in their patients.
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