Inhaled corticosteroids and the risk of diabetes among the elderly
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Aims There is evidence that large doses of inhaled corticosteroids lead to an increased
risk of glaucoma, cataracts and other problems associated with oral corticosteroid use.
However, no formal investigation so far has been conducted into the relationship
between inhaled corticosteroids and diabetes.

Methods Our nested case-control design studied the association between current use
of inhaled corticosteroids and the risk of using antidiabetic medications among
a cohort of 21645 elderly subjects. We also investigated the possibility of a dose—
response relationship in users of beclomethasone. Data were obtained from the medical
and pharmaceutical databases of the Regie de I'assurance maladie du Québec.
Results Within the cohort, we identified 1494 cases and we selected 14931 controls
using density sampling. The unadjusted rate ratio (and 95% confidence interval, CI) for
developing diabetes among current users of inhaled corticosteroids was 1.4 (1.2, 1.5).
After adjusting for covariates, the rate ratio (95% CI) decreased to 0.9 (0.8, 1.1). The
loss of statistical significance was due in large part to adjusting for the current use of
oral corticosteroids. We also did not observe a statistically significant increase in risk
among users of high-dose beclomethasone compared to nonusers, after adjusting for
covariates.

Conclusions Our results do not indicate an increased risk of diabetes among current
users of inhaled corticosteroids.
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Introduction

Opver the last decade, inhaled corticosteroids have emerged
as the first-line therapy for asthma because of their proven
efficacy in controlling chronic inflammation, which is
central to the pathogenesis of this disease. These drugs
have been shown to be clinically effective in reducing
airway hyper-responsiveness, decreasing the frequency of
acute exacerbations, and diminishing symptoms [1]. They
are also widely prescribed for patients with chronic
obstructive pulmonary disease, though their efficacy
among these patients is yet to be proven. Published
guidelines for the management of asthma recommend the
use of inhaled corticosteroids, both in the early course
of the disease, as preventive therapy, and in its chronic
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treatment [2]. Consequently, there has been a steady
increase in the prescription of inhaled corticosteroids.

Inhaled corticosteroids are preferred to oral corticos-
teroids because, even at high doses, they present a reduced
risk of adverse systemic effects. Studies on the pharmaco-
kinetics of inhaled corticosteroids show that they also
have low oral bioavailability, i.e. they are less likely to
be swallowed than inhaled, and high pulmonary bio-
availability, 1.e. a large percentage of the drug is absorbed
systemically from the lungs [3]. Though there is no con-
clusive evidence [4], several investigations have docu-
mented that augmented systemic absorption of large doses
of inhaled corticosteroids leads to increased adrenal
suppression [5, 6], glaucoma [7], cataract formation
[8, 9], osteoporosis [10, 11], and decreased growth in
children [12, 13].

It is well-established that oral corticosteroids can cause
diabetes mellitus even when taken over a short period of
time [14]. There is evidence that the risk and magnitude
of this side-effect is greater in elderly patients [15]. Faul
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and colleagues reported a case study in which high doses
of an inhaled corticosteroid, fluticasone propionate, were
found to result in a loss of diabetic control [16]. To the
best of our knowledge, no
experimental (observational) investigation in the pub-
lished literature has

randomized or non-

examined the effect of inhaled
corticosteroids on the risk of diabetes mellitus. In this
paper, we scrutinized the possible risk of diabetes among
elderly subjects currently using inhaled corticosteroids, via
a nested case-control design. In particular, we investigated
whether users of high doses of beclomethasone are at
increased risk of taking antidiabetic medication compared
with nonusers of inhaled corticosteroids.

Methods
Data source

Information on patients’ drug intake and utilization of
medical services was obtained from the computerized
databases of the Régie de l'assurance-maladie du Québec
(RAMQ), which is the government-administered health
insurance organization for the Canadian province of
Quebec. At the time of this study, between January 1,
1989 and June 30, 1996, the cost of prescription
medication and medical services for all residents over
the age of 65 years was chiefly covered by the RAMQ.
Between January 1, 1993 and June 30, 1996, patients
paid a $2.00 fee for each prescription filled. About 97%
of the eligible population was registered under this plan
in 1990. The databases maintained by the RAMQ for
administrative purposes have found extensive use in
pharmaco-epidemiological research [12, 13, 17, 18], and
a recent study [19] established that they were compre-
hensive and valid for this purpose. The drug database
includes information on the name of the drug, date of
filling the prescription, dosage, format, quantity dispensed,
and duration for which the drug was prescribed. It does
not include drugs that may be dispensed during a stay
in hospital or some nursing homes. The medical services
database, which records details of diagnostic and thera-
peutic procedures received during physician visits or
hospitalizations, was accessed to obtain information on
demographic variables, such as age, sex, date of death
as well as frequency of utilization of health services. The
different databases were linked by the unique identifica-
tion number assigned to each subject, which 1s encrypted
to maintain confidentiality.

Study cohort

We examined a cohort of 21 645 subjects who had been
identified earlier for a study on the use of antibiotics in
the treatment of acute exacerbations of chronic pulmonary
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disease. This cohort consisted of subjects who had either
(1) filled two or more prescriptions for an inhaled
bronchodilator on at least one occasion during the
course of any single year between January 1, 1989 and
June 30, 1996, or (ii) received at least 6 months of
treatment with an oral bronchodilator, during the same
period of time. For the current study, the date of entry
of a subject into the cohort was defined as the date
of first prescription for a bronchodilator on or after
January 1, 1989. Only subjects who were 66 years or older
on their date of entry were retained. This ensured that
information on drug use was available for up to 1 year
prior to the entry date for each subject. We also eliminated
subjects who had a prescription for a diabetic drug in the
year prior to their entry into the cohort to ensure that
we were looking at incident cases of diabetes only.
Cohort members were then followed until their death or
June 30, 1996, whichever occurred first.

Identification of cases and controls

Cases were defined as subjects who had received a pre-
scription for an antidiabetic medication following entry
into the cohort. Medication for diabetes included insulin
or oral antidiabetic agents (acetohexamide, chlorprop-
amide, glyburide, metformin, tolbutamide and acarbose).
The index date for a case was the date corresponding to
the receipt of this prescription. Matching controls were
selected for each case from among all subjects present
in the cohort on the index date, employing a density
sampling approach [20]. This means a subject could serve
as a control prior to becoming a case. Also, a subject
could serve as a control to more than 1 case at the
same time or at different times. Up to 10 controls were
selected for each case. Cases and controls were matched
for their year and month of entry into the cohort. Density
sampling enabled us to estimate a rate ratio for comparison
of users and nonusers of inhaled corticosteroids.

Inhaled corticosteroid exposure

Current exposure to an inhaled corticosteroid was defined
as filling a prescription for beclomethasone, budesonide,
flunisolide, fluticasone or triamcinolone in powder,
aerosol or solution format, such that the period for
which the drug was dispensed overlapped with the period
2 weeks prior to and including the index date. Low- and
high-doses of beclomethasone were defined as 50 p.g/puff
and 250 pg/puft, respectively.

Covariates

Since users of inhaled corticosteroids are likely to take
oral corticosteroids and since the relationship between
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oral corticosteroids and diabetes is well established, oral
corticosteroid usage is an important confounding variable
of the relationship under study. Current exposure to an
oral corticosteroid was defined in the same way as for
inhaled corticosteroids. We used three different measures
of comorbidity: (1) number of physician visits, (2) number
of hospitalizations, in the year prior to the index date, and
(3) number of concurrent prescriptions filled on the index
date (excluding those for inhaled and oral corticosteroids,
bronchodilators and antidiabetic agents). A trichotomous
variable was adopted to measure the number of hos-
pitalizations: no hospitalization, 1-3 hospitalizations, and
more than 3 hospitalizations in the year prior to the index
visit. Physician visits were also measured by a trichoto-
mous variable with levels: 0—24 visits per year, 25—48 visits
per year, and more than 48 visits per year. The number of
concurrent prescriptions was treated as a dichotomous
variable: no concurrent prescriptions and one or more
concurrent prescriptions. Age at the index date and gender
were also adjusted. Subjects were divided into three age
categories: 65—74.9 years, 75—-84.9 years, and 85 years
and over.

Statistical analysis

Descriptive statistics served to compare the cases and
controls with respect to demographic characteristics, oral
corticosteroid use, and comorbidity. The adjusted rate
ratio for developing diabetes among current users of
inhaled corticosteroids compared with nonusers was esti-
mated using a proportional hazards model. As discussed in
Prentice & Breslow (1978) [21] this approach is suitable
for a matched-case control study. Two types of models
were fitted. In the first, the independent variable measur-
ing exposure was dichotomous and compared all
current users of inhaled corticosteroids with all nonusers.
In the second model, we investigated a dose—response
relationship among users of beclomethasone. The in-
dependent variable measuring exposure in the second
model separately compared low- and high-dose users of
beclomethasone with nonusers of inhaled corticosteroids.
As an alternative approach to adjusting for oral corticos-
teroid use, we also fitted the first model, after eliminating
all current users of oral corticosteroids. Rate ratios were
considered statistically significant when their 95% con-
fidence interval did not include 1. All statistical analyses
were performed with the SAS software package [22].

Results

There were 1494 eligible cases among 21645 subjects
after eliminating those who were less than 66 years of
age at entry and subjects who had taken antidiabetic
medications in the year prior to cohort entry. Density
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sampling yielded 14931 controls. The characteristics
of cases and controls are summarized in Table 1. Age
distribution was similar among cases and controls. There
was a larger percentage of women among the cases (37.2%)
than among the controls (30.8%). Of the cases, 34.5%
were current users of inhaled corticosteroids compared
with 28.1% of the controls. Similarly, there was a greater
percentage of subjects among the cases who were
exposed to oral corticosteroids (24.2%) compared with
the controls (7.6%). Co-morbidity was found to be
much higher among the cases than among the controls:
64.7% of cases had more than 48 physician visits in the
year prior to the index date (i.e. more than two visits
per month), compared with 53.9% of the controls.
Similarly, 61.3% of cases had more than three hospitaliz-
ations in the year prior to the index date, compared with
46.8% of the controls. Finally, 47% of cases had one or
more concurrent prescriptions (for drugs other than an
inhaled or oral corticosteroid, bronchodilator or anti-
diabetic agent), dispensed for a period including the
index date, compared with 13.5% of controls. A larger
percentage of cases than controls had filled a prescription
for high-dose beclomethasone.

Table 1 Demographic and clinical characteristics of the case-control

study population.

Cases (%)
(Total = 1494)

Controls (%)
(Total=14931)

Age (years)

65—74.9 60.0 55.9
75—84.9 34.3 36.8
>85 5.7 7.3
Gender
Male 62.8 69.2
Female 37.2 30.8
Current users of inhaled 34.5 28.1
corticosteroids
Current users of oral 24.2 7.6
corticosteroids

Current users of beclomethasone

Dose I 8.5 8.7

Dose II 17.1 12.0
Number of concurrent prescriptions

0 53.0 86.5

>1 47.0 13.5
Number of physician visits

024 13.3 20.9

25-48 22.0 25.2

>49 64.7 53.9
Number of hospitalizations

0 7.0 12.6

1-3 31.7 40.6

>3 61.3 46.8
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Table 2 Results of conditional logistic regression analysis of the
relationship between current use of inhaled corticosteroids and use
of antidiabetics (n=16425).

Table 3 Results of conditional logistic regression analysis of the
dose—response relationship between current use of Beclomethasone
and use of antidiabetics (n=15187).

Rate ratio 95% confidence interval Rate ratio 95% confidence interval

Crude model Crude model

IC* use IC* use
Non-user 1.0 - Non-user 1.0
Any IC use 1.4 1.2, 1.5 Beclomethasone-Dose 1 1.1 09, 1.3

Adjusted model Beclomethasone-Dose 11 1.6 14,19

IC use Adjusted model
Non-user 1.0 - IC use
Any IC use 0.9 0.8, 1.1 Non-user 1.0 -

Oral corticosteroids Beclomethasone-Dose 1 0.8 0.7, 1.0
No 1.0 Beclomethasone-Dose 11 1.4 0.9, 1.2
Yes 2.9 25,33 Oral corticosteroids

Age (years) No 1.0 -
65-74.9 1.0 - Yes 2.7 2.3,3.2
75-84.9 0.8 0.7, 0.9 Age (years)
>85 0.7 0.5, 0.9 65-74.9 1.0 -

Gender 75-84.9 0.8 0.7, 0.9
Male 1.0 >85 0.7 0.5, 0.9
Female 1.3 12,15 Gender

Number of concurrent prescriptions Male 1.0 -

0 1.0 Female 1.3 1.1,1.5
>1 2.2 1.9, 2.5 Number of concurrent prescriptions

Physician visits 0 1.0 -

0-24 1.0 >1 2.2 1.9, 2.5
25-48 1.2 1.0, 1.5 Physician visits
>48 1.5 12,18 0-24 1.0 -

Hospitalizations 25-48 1.2 1.0, 1.5
0 1.0 >48 1.4 12,18
1-3 1.3 1.0, 1.6 Hospitalizations
>3 1.6 1.3, 2.1 0 1.0 -

1-3 1.2 1.0, 1.6

*Inhaled corticosteroid. >3 1.6 1.2, 2.0

Table 2 lists the unadjusted and adjusted rate ratios
and 95% confidence intervals (CI) for usage of antidiabetic
agents, comparing currently exposed to -unexposed sub-
jects. The crude rate ratio (95% CI) for filling a
prescription for an antidiabetic medication among all
current users of inhaled corticosteroids compared to
nonusers was 1.4 (1.2, 1.5). The corresponding adjusted
rate ratio (95% CI) was 0.9 (0.8, 1.1), indicating the
absence of a statistically significant effect. The adjusted
rate ratio (95% CI) associated with oral corticosteroid use
was 2.9 (2.5, 3.3), suggesting a strong eftect of oral
corticosteroid use. Female gender, more than one con-
current prescription, more than 48 physician visits and
more than three hospitalizations in the year prior to the
index date were statistically significant predictors of
antidiabetic use. When the same model was fitted after
eliminating current users of oral corticosteroids, the rate
ratio associated with current use of inhaled corticosteroids
remained nonsignificant (rate ratio: 0.9, 95% CI: 0.8, 1.0).
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*Inhaled corticosteroid. Beclomethasone dose I refers to low dose

(50 wg/puff, while dose II refers to high dose (250 p.g/puff).

Table 3 lists the results of dose—response analysis for
users of beclomethasone compared to all nonusers of
inhaled corticosteroids. The crude rate ratio (95% CI)
for low-dose beclomethasone was 1.1 (0.9, 1.3), and for
high-dose beclomethasone it was 1.6 (1.4, 1.9). After
adjustment for covariates, the rate ratio (95% CI) among
users of low-dose and high-dose beclomethasone was
0.8 (0.7, 1.0) and 1.0 (0.9, 1.2), respectively. Once again,
current oral corticosteroid usage was a strong predictor
of antidiabetic usage, along with female gender, more
than one concurrent prescription, and increased number
of physician visits and hospitalizations.

Discussion

The potentially adverse systemic effects that inhaled
corticosteroids could cause, when administered in high
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doses, have been a matter of concern ever since their
introduction [23]. In our study, we have tried to estimate
the effect of current inhaled corticosteroids on the risk
of developing diabetes mellitus, employing data on drug-
dispensation from administrative databases. The results
suggest that current exposure, as we have measured it,
does not lead to a significantly increased risk of diabetes,
after adjusting for other wvariables, particularly the
simultaneous use of oral corticosteroids.

Since antidiabetic drugs are taken exclusively to treat
diabetes, the possibility of misclassifying nondiseased
subjects as diseased subjects is minimal. However, an
important concern is that Type II diabetes is asymp-
tomatic in its early stages, and a notoriously under-treated
and under-diagnosed disease. Our finding that the risk of
receiving an antidiabetic prescription decreases with age
despite the knowledge that glucose tolerance increases
with age, highlights this concern. During the time period
covered by this study, there was no particular awareness
of an association between inhaled corticosteroid use
and diabetes mellitus. Therefore, it is likely that most
cases were a fortuitous finding, resulting in significant
However, since this
with
exposure it would not have biased the estimation of the
rate ratio [24]. We matched patients for the month
and year of their entry into the cohort to adjust for

under-ascertainment of cases.

underestimation is nondifferential respect  to

variations in drug prescription patterns across the study
period. This also controlled for seasonal variation in
the onset and severity of chronic airway disease and the
consequent use of antiasthma medication. A limitation
of our study is that we were not able to measure and
control for risk factors for diabetes, such as family history
and obesity.

Systemic glucocorticoid therapy causes hyperglycaemia
and therefore worsens diabetes mellitus. These risks are
particularly serious for elderly subjects since glucose
tolerance decreases with age. Even low doses of oral
cortiosteroid therapy can produce glucose intolerance,
requiring that older patients with a history of the disease
be monitored carefully [25]. Our study does not demon-
strate a statistically significant increase in the risk of
diabetes among current users of inhaled corticosteroids.
However, this question needs to be investigated further
after addressing the drawbacks we have identified here,
particularly the method of ascertainment of Type II
diabetes.
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