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Original articles

Bias in observational study of the effectiveness
of nasal corticosteroids in asthma

Samy Suissa, PhD, and Pierre Ernst, MD Montreal, Quebec, Canada

Background: A recent observational study suggests that
intranasal corticosteroids used to treat allergic rhinitis are
effective at preventing asthma outcomes, such as emergency
visits. The approach to data analysis may have led to biased
results because of misclassification of immortal time.
Objective: To illustrate the bias in the cohort approach and to
present the proper time-dependent analysis by replicating the
recent study using data from another source.

Methods: From an existing cohort of 30,569 patients with
asthma age S to 44 years and identified from the Saskatchewan
Health databases (1975-1997), we formed the cohort of all
subjects who were in the source population between January 1,
1989, and December 31, 1991. Subjects were followed to the
first asthma hospitalization. All prescriptions dispensed during
follow-up were identified. We replicated the time-fixed
approach to data analysis used in the recent study and
compared it with time-dependent approaches.

Results: The cohort included 20,173 subjects, of whom 1849
were hospitalized for asthma between January 1, 1989, and
December 31, 1991. The time-fixed approach misclassified more
than 5000 person-years of follow-up, corresponding to 44% of
the exposed person-time. As a result, the rate ratio of asthma
hospitalization after any use of nasal corticosteroids (NCSs)
was 0.57 by the biased time-fixed approach compared with 1.13
by the proper time-dependent approach. The time-fixed
approach produced a paradoxical protective effect of NCS with
1 or less canisters dispensed per year (odds ratio, 0.47), which
was further exaggerated when the cohort was extended to
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5 years (odds ratio, 0.33). Adjusted time-dependent analyses
found no protective effect, even when NCSs were dispensed
regularly (rate ratio, 1.10; 95% CI, 0.54-2.21).

Conclusion: The time-fixed approach to the analysis of the
effectiveness of NCSs on asthma outcomes leads, by its inherent
misclassification of immortal time, to a considerable
exaggeration of the protective effect of these medications in
preventing severe asthma exacerbations. (J Allergy Clin
Immunol 2005;115:714-9.)

Key words: Cohort studies, biases, drug effectiveness, databases,
nasal corticosteroids

Allergic rhinitis and asthma are linked in many ways. 1.2
First, the majority of patients with asthma diagnosed in
childhood or early adulthood also have thinitis.’ Subjects
with allergic rhinitis alone have increased bronchial
hyperresponsiveness® and are at significant risk of de-
veloping overt asthma in the future.’”’ Both disorders have
a common allergic etiology7’8 as well as similar inflam-
matory pathophysiology.” Topical corticosteroids have
been shown to be the most effective therapeutic agents in
both disorders.”!"! Recently, allergenic nasal challenge
has been shown to worsen bronchial inflammation'? and
segmental bronchial challenge appears to provoke a nasal
inflammatory response in subjects with allergic rhinitis."?
Presumably, this occurs via a systemic component of the
inflammatory response.14 Asthma and allergic rhinitis
combine to affect quality of life adversely,15 and the
presence of allergic rhinitis substantially increases health
care charges among patients with asthma.’

Several studies have reported reduced asthma symp-
toms and lower airway responsiveness when nasal cortico-
steroids (NCSs) are given before allergen exposure,'®!’
although the effect on lower airway function is small and
has not been reproduced in 1 study.'® In 2002, Adams
et al'” conducted an observational study by using a cohort
formed from a health claims database. They reported
a significant benefit of NCS on emergency department
(ED) visits for asthma. A surprising finding is the 26%
reduction in the rate of ED visits for asthma over a 3-year
period with just 1 or fewer prescriptions of NCS per year
compared with patients with no such prescriptions. The
authors claim that these results are plausible given the high
efficacy of NCS when used on an as-needed basis during
allergy season. We argue instead that the study design and
analysis introduce a variation of immortal time bias that
leads to significant distortion of the results.

Immortal time is a period of follow-up in a cohort study
during which, by design, the study outcome cannot
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occur.??! For the exposed subjects of the study by Adams
et al,'!® for example, the time from cohort entry to the first
prescription for a NCS is immortal because no ED visit
could have occurred during this span; had one occurred,
the subject would have been censored at that point and
classified in the unexposed group. An incorrect consider-
ation of such immortal time (incorrectly classified as
exposed to NCS when in fact unexposed until the first
NCS prescription) in the analysis of a cohort study will
seriously bias the results. Two forms of this bias have been
shown to occur in the context of cohort studies of the
effectiveness of inhaled corticosteroids in chronic ob-
structive pulmonary disease on mortality.”*>> In these
studies, drug exposure was measured dichotomously, and
subjects were considered as either exposed or unexposed
throughout the entire cohort follow-up, irrespective of
when they started treatment. The bias in those studies
resulted because the data analysis did not properly account
for changes in the drug exposure over time, particularly
the fact that a subject was unexposed from cohort entry to
the start of inhaled corticosteroid therapy and exposed
only thereafter. Misclassifying or simply excluding this
unexposed period will considerably bias the results toward
an apparent protective effect.**>

Although the nature of the bias in the study by Adams
et al'® is similar, its appearance is quite different from
these other studies. In their study, the exposure measure-
ment appears to account for time by using the mean
number of NCS prescriptions per year. This approach can
give the impression that the time-dependency of drug
exposure is properly taken into account and therefore free
of immortal time bias. In this article, we show that the
approach used in this cohort study, by its exposure
definition, is equally subject to immortal time bias. We
describe and illustrate the bias by using data from another
cohort of patients with asthma.

METHODS

To describe the nature of the bias, we replicated the design used
in the study by Adams et al'® in another cohort formed from the
Saskatchewan Health databases. Although this replication is not
entirely exact because of the differences in the databases, the
similarities are sufficient to clearly demonstrate the bias.

Source of data

The source population of patients was obtained by using the
computerized databases of Saskatchewan Health.® Briefly, these
databases developed as a result of the universal health insurance
program provided to all residents of this Canadian province since

Suissa and Ernst 715

1975. Two million people have been covered by this program since its
inception. We selected from this population all 30,569 beneficiaries
age between 5 and 44 years who received at least 3 prescriptions of an
antiasthma medication in any 1-year period between September 1975
and December 1991. The medications included all antiasthma
medications, except for oral corticosteroids, covered by the health
insurance plan during the study period, namely beclomethasone,
budesonide, triamcinolone acetate, flunisolide, sodium cromogly-
cate, ketotifen, nedocromil, salbutamol, fenoterol, terbutaline, iso-
proterenol, metaproterenol, procaterol, epinephrine bitartrate,
ipratropium bromide, and any compound of theophylline. Oral
corticosteroids were not included to avoid selecting subjects with
conditions other than asthma. However, all oral corticosteroids
prescriptions were subsequently obtained for the selected subjects.
The subjects were followed from the date of the third prescription for
an antiasthma drug until their 55th birthday, the date of death, the date
of emigration from the province, or December 31, 1997, whichever
occurred first.

Study cohort

For the purposes of the current analyses, we selected all subjects
who were in the source population at any time during the 3 years
spanned by January 1, 1989, to December 31, 1991. We restricted the
analyses in this way to mimic the study of Adams et al' and to allow
the sensitivity analysis described here. The beginning of follow-up
was therefore January 1, 1989, or the start of eligibility in the health
insurance program, whereas the end of follow-up was December 31,
1991, the end of coverage as a result of leaving the province or death,
or the occurrence of the study outcome, namely the first hospitali-
zation for asthma.

To emphasize the nature of the bias, we performed a sensitivity
analysis by creating another cohort from this population of patients
with asthma with a wider observation period (5 years, 1989-1993).

Outcome

The outcome was the first admission to hospital with a primary
diagnosis of asthma during the 3-year follow-up. Subjects with this
outcome were considered cases. All information and person-time
after the outcome were censored.

NCS exposure

We identified all prescriptions of NCS dispensed to the cohort
members during follow-up. This included nasal formulations of
beclomethasone, budesonide, flunisolide, and triamcinolone.

Because the bias we describe in this article depends on the
exposure definition, we present various definitions. The first measure
of NCS exposure is the measure used by Adams et al,'” namely the
mean number of canisters per year. It is calculated by dividing, for
each subject, the number of canisters of NCS dispensed during the
follow-up period by the duration of this period in years. This
approach classifies subjects who received NCS at anytime during
follow-up as exposed to this mean value for the entire follow-up,
including the period preceding the first observed prescription of NCS.
Subjects were considered unexposed if they received no prescriptions
for NCS during their entire follow-up. We call this measure time-fixed
because it does not change over time; the subject receives the same
value of exposure for the entire follow-up.

The second definition of exposure is a simple time-dependent
measure that classifies exposure according to person-time of follow-
up and not subjects. This approach follows the basic principles of
cohort studies.”*?' Thus, the person-time of a subject is classified as
unexposed to NCS from the start of follow-up until the time of the first
NCS prescription and as exposed thereafter. By this simple definition,
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TABLE I. Characteristics of cases hospitalized for
asthma and noncases identified from the 3-year
cohort (1989-1991)

Cases Noncases
Number of subjects 1,849 18,324
Duration of follow-up in years 1.5 =09 29 03
(mean = SD)
Age at cohort entry in years 17.6 £ 13.0 218 £ 134
(mean *= SD)
Male sex (%) 58.4 57.4
Use of asthma medications during
follow-up (%)
Inhaled (3,-agonists 85.7 91.9
Xanthines 34.3 22.9
Cromolyn 30.4 28.4
Oral corticosteroids 19.4 14.3
Inhaled corticosteroids 28.1 41.0
NCSs 13.1 21.2

as soon as a subject receives 1 prescription, the subject is considered
exposed until the end of follow-up.

The third definition is a more accurate time-dependent measure
that considers the timing of each NCS prescription dispensed during
follow-up. Assuming that each prescription lasts as long as 45 days,
each person-day of follow-up was classified as exposed or un-
exposed. This allowed us to define current use. We also computed
ameasure of the regularity of use as the proportion of days before any
given day of follow-up and including that day that the subject was
exposed to NCSs.

Data analysis

To illustrate the bias, we first describe the time to the first
hospitalization among subjects with this outcome and compare it with
the mean duration of follow-up among the nonhospitalized subjects.
These follow-up times are used to compute the mean number of
canisters per year that forms the basis for the time-fixed exposure
measure used in the approach by Adams et al.'’

For this time-fixed exposure measure, we first estimated the rates
of asthma hospitalization among the exposed and unexposed
subjects. We also estimated the corresponding rate ratio (RR) and
the confidence intervals were obtained from the Poisson distribu-
tion.”%?! To assess the effect of this measure of exposure, we used the
same approach with the exception that now, the person-time before
the first prescription of NCS is classified as unexposed and sub-
sequent person-time is classified as exposed. This is the simple time-
dependent measure.

We then used the same approach used in the study by Adams
et al,' namely logistic regression with the time-fixed definition of
exposure, to estimate odds ratios of asthma hospitalization for NCS-
exposed subjects relative to the unexposed. This technique was used
specifically to illustrate the effect of the length of follow-up of the
cohort and quantity of use on the estimates of the odds ratio. For
simplicity, we stratified quantity of use as 1 or less canisters and more
than 1 canister per year.

Last, we used Cox’s proportional hazards model with the more
accurate time-dependent measure of exposure, which allows esti-
mating the RR for exposures that vary over time. In particular, this
technique was used to estimate the RR of asthma hospitalization
associated with the current use of NCSs, as well as the regularity of
use, adjusted for age, sex, exposure to concurrent use of orally inhaled
corticosteroids (time-dependent), and the rates of prescriptions of
B-agonists, theophylline, oral corticosteroids, and cromolyn. All
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TABLE II. Rates and crude RRs of asthma hospitalization
comparing the time-fixed and simple time-dependent
definitions of exposure with NCSs from the Saskatchewan
asthma cohort

Number of Person- Number

NCS exposure subjects years of cases Rate* RR
Time-fixed analysis
NCSs at any time 4,131 11,937 243 20.4 0.57
No NCSs at any 16,042 44,518 1,606 36.1 1.00
time
Time-dependent analysis
NCSs 4,131 6,660 243 36.5 1.13
No NCSs 20,173 49,795 1,606 32.3 1.00
At any time 16,042 44,518 1,606 36.1
during follow-up
Before first NCST 4,131 5,277 0 0

*Rate of asthma hospitalization per 1000 patients per year.
+Immortal person-time (and unexposed) before starting NCS exposure.

analyses were performed by using SAS software version 8.2 (1999-
2001; SAS Institute Inc, Cary, NC).

RESULTS

The cohort included 20,173 subjects with asthma, of
whom 1,849 (9.2%) were hospitalized for asthma (cases)
during the 3 years of follow-up. Table I compares these
cases with the 18,324 who were not hospitalized during
this period. The cases are younger, more likely to have
received xanthines and cromolyn, and less likely to have
been dispensed orally inhaled and NCSs. At any time
during follow-up, 21% of all cohort members received
NCS. As expected, because follow-up stops with the
occurrence of an asthma hospitalization, duration of
follow-up is around 50% shorter among the cases.

Table II compares the rates and RRs obtained from the
time-fixed definition of exposure used by Adams et al'®
with the simple time-dependent definition. With the time-
fixed definition, by which the subjects who received NCSs
at any time during follow-up are classified as exposed for
their entire follow-up, the rate of asthma hospitalization is
20.4 per 1000 per year. The reference rate, computed
among subjects who did not receive any nasal cortico-
steroids during follow-up, is 36.1. Thus, the RR for any
nasal corticosteroid use is 0.57. With the time-dependent
definition, where person-time before the first prescription
of NCS is classified as unexposed and subsequent person-
time is classified as exposed, the 11,937 person-years
generated by subjects who received NCS at anytime
during follow-up are divided into 5,277 person-years
accumulated before the first prescription of NCS and 6660
subsequent to NCS exposure. As a result of this reclassi-
fication of exposure, the rates of asthma hospitalization
become 36.5 after NCS exposure compared with 32.3 with
no NCS at any time. The resulting RR for NCS exposure
relative to no use with the time-dependent definition is
1.13. This analysis indicates that 44% (5,277/11,937) of
the person-time considered exposed by the time-fixed
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TABLE lll. Crude odds ratios of asthma hospitalization by
yearly quantity of use of NCSs by the time-fixed approach
(logistic regression)

Odds ratio
Cases Noncases (95% CI)
Three-year cohort 1,849 18,324
(n=20,173)
Any use during follow-up  13.1%  21.2% 0.56
(0.49-0.65)
>0 to 1 canister per year 6.6% 12.9% 0.47
(0.39-0.57)
>1 canister per year 6.5% 8.3% 0.71
(0.58-0.86)
Five-year cohort 2,521 19,480
(n=22,001)
Any use during follow-up  15.3%  26.3% 0.51
(0.45-0.57)
>0 to 1 canister per year 7.3% 19.2% 0.33
(0.29-0.39)
>1 canister per year 8.0% 7.2% 0.97
(0.83-1.13)

approach is misclassified. This person-time is also im-
mortal; no asthma hospitalizations could have occurred
during this period, or subjects would have been classified
as not exposed to NCS.

Table III shows the results of the logistic regression
analysis to estimate the odds ratio of asthma hospitaliza-
tion with the time-fixed measure of NCS exposure, as used
by Adams et al.' This analysis produces an apparently
greater protective effect of NCS with 1 or less canisters
dispensed per year (odds ratio, 0.47) compared with more
than 1 canister per year (odds ratio, 0.71). Furthermore,
this protective effect of NCS with 1 or less canisters
dispensed per year is exaggerated when extending the
length of observation of the cohort from 3 years to 5 years
(odds ratio, 0.33).

Table IV provides estimates of the RR of asthma
hospitalization by using the more accurate time-dependent
definition of exposure that accounts for the timing of each
prescription and classifies each day of follow-up as either
exposed or nonexposed to NCS. The adjusted RR of
asthma hospitalization for current use of NCS is 1.31. The
analysis of regularity of use shows a trend of lowering
rates of asthma hospitalization with greater regularity of
NCS use, but even those dispensed this medication for %
or more of the days of observation appear to have no
benefit (RR, 1.10; 95% CI, 0.54-2.21).

DISCUSSION

We identified an important bias in an observational
study which proposed that NCSs used by patients with
asthma are effective at preventing ED visits for asthma.
The bias arises from misclassifying as exposed subjects
who are in fact unexposed during the period preceding the
first NCS prescription. This results in an artificial increase
in the rate of events among the remaining unexposed
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TABLE IV. Crude and adjusted RRs of asthma hospitaliza-
tion for current use and by regularity of use of NCSs

by Cox’s proportional hazards regression model with
time-dependent exposure

RR
NCS use Cases Person-days Crude Adjusted* (95% ClI)
Number 1,849 20,618,129
Current use 3.7% 2.8% 1.31  1.31 (1.02-1.67)
Regularity of use
(% time)

>0% to 33% 1.19  1.20 (1.04-1.39)

34% to 66% 1.01  1.18 (0.79-1.76)

67% to 100% 0.79  1.10 (0.54-2.21)

*Adjusted for similar categories of orally inhaled corticosteroids, as well as
age, sex, and the rate of prescriptions of 3-agonists, theophylline, oral
corticosteroids, and cromolyn.

subjects, leading to a spurious appearance of effective-
ness. Our reanalysis of comparable data from another
cohort of patients with asthma, from which we were able
to reproduce the biased analysis accurately, indicates that
the bias is important. The fact that we used hospital-
izations instead of ED visits as the outcome is irrelevant
because we were able, by using the biased approach, to
replicate the protective effect of NCS, thus demonstrating
that the bias is not affected by this difference in choice of
outcome.

In the study by Adams et al,'” subjects were followed
from October 1, 1991, and the follow-up lasted 3 years for
the majority of subjects. However, for all 1031 subjects
who incurred an ED visit, the duration of follow-up was
necessarily shorter than 3 years because follow-up stopped
once this outcome event occurred. Therefore, subjects in
whom the event occurred had, on average, a shorter
follow-up with less opportunity to be prescribed NCS (or
any other medication for that matter), and therefore, such
unexposed cases will be overrepresented when calculating
rates of events such as ED visits or asthma hospital-
izations. This overrepresentation of cases without expo-
sure to a medication is exaggerated further as the length
of follow-up increases, and this is particularly obvious
when one examines the effect of very occasional use
of a medication. This leads to biologically implausible
results, as we were able to show by using the time-fixed
approach to analysis of use of NCS over a 5-year period.
Use of 1 canister or less of NCS per year was associated
with a highly statistically significant % decrease in the risk
of being hospitalized for asthma (RR, 0.33; 95% CI, 0.29-
0.39), whereas use of more than 1 canister per year was not
protective (RR, 0.97; 95% CI, 0.83-1.13). The exposure
category defined as 1 canister or less of NCS per year is
particularly noteworthy. Subjects in this category must
necessarily have more than 1 year of follow-up, which
excludes from this category all subjects hospitalized in
the first year and explains in part their lower rate of
hospitalization.

This bias is accentuated by the fact that under the
approach used by Adams et al,'® the period preceding the
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first NCS prescription is a period during which the subject
is not only unexposed (and misclassified as exposed), but
also immortal. Indeed, no hospitalizations occurred or
could have occurred during this period for any of the
subjects. If a hospitalization had occurred before this first
NCS prescription, the subject would have been classified
as unexposed. Therefore, subjects who are considered
exposed under this approach have a guaranteed advantage
with this immortal period. Not surprisingly, such exposed
subjects will thus have an artificially lower rate of hos-
pitalization.

Interestingly, this biased approach has been used in 2
previous studies that suggested a reduction in the risk of
severe exacerbations of asthma leading to ED visits or
hospitalization with very occasional use of orally inhaled
corticosteroids or cromolyn.”’28 Both studies used the
same time-fixed approach to assessing exposure to these
medications. The surprising benefit of only occasional use
of orally inhaled corticosteroids (less than 1 canister per
year) is in stark contrast with other studies that used a time-
dependent approach to show that only regular use
decreases the risk of hospitalization whereas irregular
use, and especially discontinuation of use, is associated
with adverse asthma outcomes.?*

Our illustration also has the common limitations of
observational studies conducted with databases. First,
although the diagnosis of asthma was not confirmed, the
use of asthma-specific medications and the age restriction
between 5 and 44 years (mean, around 20 years old at
cohort entry) likely produced a valid population of
patients with asthma. Second, our inability to show
a protective effect of NCS on the risk of hospitalization
for asthma, even when examining stricter adherence to
regular therapy with these agents, may result from
confounding by indication. Such confounding induced
by the absence of random allocation of patients to
treatment with NCS would result in an underestimation
of the true benefit of NCS if patients who are prescribed
these drugs also have more severe asthma. In contrast with
our results, Crystal-Peters et al®® did find fewer asthma-
related hospitalizations and ED visits in patients with
asthma dispensed NCS. Insufficient details were provided
about the analyses performed for us to judge whether
immortal time bias might have also explained their results.
Finally, as in all studies using claims databases, the
absence of an effect with regular use of NCS could have
been affected by the fact that dispensing a prescription
does not imply that the patient actually took the drug. It is
noteworthy, however, that by using a time-dependent
approach, a beneficial effect of orally inhaled cortico-
steroids in preventing asthma hospitalizations was clearly
shown.??Y

In conclusion, until larger databases are properly
analyzed, taking into account the time-dependent nature
of exposures to medications, or randomized trials are
performed to assess the benefit of these medications over
a prolonged period, one cannot conclude that NCSs
diminish the risk of severe asthma exacerbations leading
to hospitalization or ED visits.

J ALLERGY CLIN IMMUNOL
APRIL 2005

REFERENCES

1. Simons FE. Allergic rhinobronchitis: the asthma-allergic rhinitis link.
J Allergy Clin Immunol 1999;104:534-40.

2. Togias A. Rhinitis and asthma: evidence for respiratory system in-
tegration. J Allergy Clin Immunol 2003;111:1171-83.

3. Yawn BP, Yunginger JW, Wollan PC, Reed CE, Silverstein MD, Harris
AG. Allergic rhinitis in Rochester, Minnesota residents with asthma:
frequency and impact on health care charges. J Allergy Clin Immunol
1999;103:54-9.

4. Townley RG, Ryo UY, Kolotkin BM, Kang B. Bronchial sensitivity
to methacholine in current and former asthmatic and allergic
rhinitis patients and control subjects. J Allergy Clin Immunol 1975;56:
429-42.

5. Wright AL, Holberg CJ, Martinez FD, Halonen M, Morgan W, Taussig
LM. Epidemiology of physician-diagnosed allergic rhinitis in childhood.
Pediatrics 1994;94:895-901.

6. Settipane RJ, Hagy GW, Settipane GA. Long-term risk factors for
developing asthma and allergic rhinitis: a 23-year follow-up study of
college students. Allergy Proc 1994;15:21-5.

7. Sears MR, Herbison GP, Holdaway MD, Hewitt CJ, Flannery EM, Silva
PA. The relative risks of sensitivity to grass pollen, house dust mite and
cat dander in the development of childhood asthma. Clin Exp Allergy
1989;19:419-24.

8. Sibbald B, Rink E. Epidemiology of seasonal and perennial rhinitis:
clinical presentation and medical history. Thorax 1991;46:895-901.

9. Barnes PJ. Current Issues for establishing inhaled corticosteroids as the
antiinflammatory agents of choice in asthma. J Allergy Clin Immunol
1998;101:5427-33.

10. Suissa S, Ernst P. Inhaled corticosteroids: impact on asthma morbidity
and mortality. J Allergy Clin Immunol 2001;107:937-44.

11. Bousquet J, Van Cauwenberge P, Khaltaev N. Allergic rhinitis and
its impact on asthma. J Allergy Clin Immunol 2001;108(suppl 5):
S147-334.

12. Braunstahl GJ, Overbeek SE, Kleinjan A, Prins JB, Hoogsteden HC,
Fokkens WIJ. Nasal allergen provocation induces adhesion molecule
expression and tissue eosinophilia in upper and lower airways. J Allergy
Clin Immunol 2001;107:469-76.

13. Braunstahl GJ, Kleinjan A, Overbeek SE, Prins JB, Hoogsteden HC,
Fokkens WJ. Segmental bronchial provocation induces nasal inflamma-
tion in allergic rhinitis patients. Am J Respir Crit Care Med 2000;161:
2051-7.

14. Borish L. Allergic rhinitis: systemic inflammation and implications for
management. J Allergy Clin Immunol 2003;112:1021-31.

15. Leynaert B, Neukirch C, Liard R, Bousquet J, Neukirch F. Quality of life
in allergic rhinitis and asthma: a population-based study of young adults.
Am J Respir Crit Care Med 2000;162:1391-6.

16. Wood RA, Eggleston PA. The effects of intranasal steroids on nasal and
pulmonary responses to cat exposure. Am J Respir Crit Care Med 1995;
151:315-20.

17. Watson WT, Becker AB, Simons FE. Treatment of allergic rhinitis with
intranasal corticosteroids in patients with mild asthma: effect on lower
airway responsiveness. J Allergy Clin Immunol 1993;91:97-101.

18. Pelucchi A, Chiapparino A, Mastropasqua B, Marazzini L, Hernandez A,
Foresi A. Effect of intranasal azelastine and beclomethasone dipropionate
on nasal symptoms, nasal cytology, and bronchial responsiveness to
methacholine in allergic rhinitis in response to grass pollens. J Allergy
Clin Immunol 1995;95:515-23.

19. Adams RJ, Fuhlbrigge AL, Finkelstein JA, Weiss ST. Intranasal steroids
and the risk of emergency department visits for asthma. J Allergy Clin
Immunol 2002;109:636-42.

20. Walker AM. Observation and inference: an introduction to the methods
of epidemiology. Newton Lower Falls (MA): Epidemiology Resources
Inc; 1991.

21. Rothman KJ. Modern epidemiology, 2nd ed. Boston (MA): Little,
Brown; 1998.

22. Sin DD, Tu JV. Inhaled corticosteroids and the risk of mortality and
readmission in elderly patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2001;164:580-4.

23. Soriano JB, Vestbo J, Pride NB, Kiri V, Maden C, Maier WC. Survival
in COPD patients after regular use of fluticasone propionate and
salmeterol in general practice. Eur Respir J 2002;20:819-25.



J ALLERGY CLIN IMMUNOL
VOLUME 115, NUMBER 4

24.

25.

26.

217.

28.

Suissa S. Effectiveness of inhaled corticosteroids in chronic obstructive
pulmonary disease: immortal time bias in observational studies. Am J
Respir Crit Care Med 2003;168:49-53.

Suissa S. Inhaled steroids and mortality in COPD: bias from unaccounted
immortal time. Eur Respir J 2004;23:391-5.

Downey W, Beck P, McNutt M, Stang M, Osei W, Nichol J. Health
databases in Saskatchewan. In: Strom B, editor. Pharmacoepidemiology.
Chicester, United Kingdom: John Wiley & Sons, Ltd, 2000. p. 325-45.
Donahue JG, Weiss ST, Livingston JM, Goetsch MA, Greineder DK,
Platt R. Inhaled steroids and the risk of hospitalization for asthma. JAMA
1997;277:887-91.

Adams RJ, Fuhlbrigge A, Finkelstein JA, Lozano P, Livingston JM,
Weiss KB, et al. Impact of inhaled antiinflammatory therapy on
hospitalization and emergency department visits for children with
asthma. Pediatrics 2001;107:706-11.

29.

30.

31.

32.

33.

Suissa and Ernst 719

Blais L, Suissa S, Boivin JF, Emst P. First treatment with inhaled
corticosteroids and the prevention of admissions to hospital for asthma.
Thorax 1998;53:1025-9.

Blais L, Ernst P, Boivin JF, Suissa S. Inhaled corticosteroids and the
prevention of readmission to hospital for asthma. Am J Respir Crit Care
Med 1998;158:126-32.

Suissa S, Ernst P, Kezouh A. Regular use of inhaled corticosteroids and the
long term prevention of hospitalisation for asthma. Thorax 2002;57:880-4.
Suissa S, Ernst P, Benayoun S, Baltzan M, Cai B. Low-dose inhaled
corticosteroids and the prevention of death from asthma. N Engl J Med
2000;343:332-6.

Crystal-Peters J, Neslusan C, Crown WH, Torres A. Treating allergic
rhinitis in patients with comorbid asthma: the risk of asthma-related
hospitalizations and emergency department visits. J Allergy Clin
Immunol 2002;109:57-62.

regular journal subscription.

Bound volumes available to subscribers

Bound volumes of The Journal of Allergy and Clinical Immunology are available to subscribers
(only) for the 2005 issues from the Publisher, at a cost of $115.00 for domestic, and $137.00 for
international subscribers for Vol. 115 (January-June) and Vol. 116 (July-December). Shipping
charges are included. Each bound volume contains subject and author indexes. The binding is durable
buckram with the journal name, volume number, and year stamped in gold on the spine. Payment
must accompany all orders. Contact Elsevier Inc, Subscription Customer Service, 6277 Sea Harbor
Dr, Orlando, FL 32887; phone (800) 654-2452 or (407) 345-4000.

Subscriptions must be in force to qualify. Bound volumes are not available in place of a

T
c
]

2
w
o
[
o

8

T
]
£

-
e
w

<

-
c
[7]
£

=
o
9

-




	Bias in observational study of the effectiveness of nasal corticosteroids in asthma
	Methods
	Source of data
	Study cohort
	Outcome
	NCS exposure
	Data analysis

	Results
	Discussion
	References


