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Abstract

Rationale The increased risk of asthma mortality in asso-

ciation with long-acting b2-agonist (LABA) monotherapy

is well documented but the risk associated with LABA plus

inhaled corticosteroid (ICS) therapy remains unclear.

Objective We assessed the feasibility of a large pharma-

coepidemiological study to compare the effect of combined

LABA ? ICS therapy with non-LABA maintenance ther-

apy on the risk of asthma mortality.

Methods This observational retrospective study used

electronic data from ten US data partners to construct a

cohort of patients with persistent asthma (defined as: four

or more asthma maintenance medication dispensings in

12 months and a code diagnosis of asthma). Asthma deaths

were determined by linking patient data with the National

Death Index.

Results From 5,881,438 asthma patients, a cohort of

994,627 met the criteria for persistent asthma and provided

2.4 million person-years of follow-up. The total number of

deaths was 278 with only three of these occurring after

incident exposure to an asthma maintenance medication.

The overall pooled asthma mortality rate, standardized by

age and data partner, was 1.16 [95 % confidence interval

(CI) 0.98–1.34] per 10,000 person-years; crude mortality

rates (per 10,000 person-years) increased with age and

were higher in female individuals (1.34; 95 % CI

1.15–1.55) than in male individuals (0.92; 95 % CI

0.74–1.12).

Conclusions Despite a cohort size of almost 1 million

asthma patients, the asthma mortality risk associated with

combined LABA ? ICS therapy could not be determined.

This study showed that very few patients with persistent

asthma have asthma-related deaths, and confirmed that

those who die are more likely to be older and female.

Key Points

In a retrospective cohort of almost 1 million patients

with persistent asthma, with 2.4 million years of

follow-up, the asthma mortality risk associated with

combined long-acting b-agonist/inhaled
corticosteroid therapy could not be determined.

Very few patients with persistent asthma have

asthma-related deaths; those who die are more likely

to be older and female.

1 Introduction

Asthma is a heterogeneous chronic disease afflicting

approximately 300 million individuals worldwide [1], and

is responsible for the loss of an estimated 15 million
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disability-adjusted life-years annually [2]. Uncontrolled

asthma is associated with an increased healthcare and

social burden [3–5]. Despite this, asthma mortality rates

have progressively declined over the past 20 years [6], and

this is largely attributed to the improved management and

treatment of asthma, including the effective use of inhaled

corticosteroids (ICS) [7].

Although deaths due to asthma are rare, it remains

important to learn more about the causes and characteris-

tics of these potentially preventable fatalities. In the last

decade, much attention has focused on the reported safety

risks of long-acting b2-agonist (LABA) monotherapy fol-

lowing the results from the Salmeterol Multicenter Asthma

Research Trial (SMART) [8] and a review of clinical data

for formoterol [9], which raised concerns about increased

severe asthma-related events in relation to LABA therapy.

As a result, the US Food and Drug Administration issued a

requirement for LABA medication package inserts and a

‘boxed’ warning of the risks, and mandated the manufac-

turers of LABAs to perform five, large post-marketing

safety trials, all comparing the treatment of LABA with

concurrent ICS therapy with ICS alone [10]. While the

majority of these trials are ongoing, the results of the first

completed study showed no increased risk of serious

asthma events with combined LABA ? ICS (salme-

terol ? fluticasone propionate) compared with ICS (fluti-

casone propionate) alone [11]. These results are consistent

with those of observational health database studies that

have reported treatment with combined LABA ? ICS to be

at least as effective as ICS alone in reducing severe asthma

exacerbations [12–14].

This article describes the clinical outcomes from the

Asthma Safety Observational Study (ASSESS), a large

cohort feasibility study that aimed to use multiple elec-

tronic data sources to compare the risk of asthma mortality

associated with combined LABA ? ICS therapy with non-

LABA maintenance therapy.

2 Methods

A detailed description of the methodology and feasibility

of ASSESS has been reported previously [15], and is

summarized here. ASSESS was a retrospective cohort

study that used electronic data from ten collaborating

institutions (data partners) in USA from January 1, 2000 to

December 31, 2010. The data partners conducted analyses

using electronic healthcare claims or electronic medical

record data. In qualifying as a collaborative partner, each

institution could access all required data during the relevant

enrollment period, could identify patients and therefore

retrieve information on deaths from the US National Death

Index (NDI) database, and work under a commonly applied

protocol. Each data partner constructed a general asthma

cohort (patients with an International Classification of

Diseases code diagnosis of asthma and at least one recor-

ded pharmacy dispensing of an asthma maintenance med-

ication). Central programming and a common data model

based on a validated algorithm [16] were then used to

provide a cohort of patients aged 4–100 years with per-

sistent asthma defined as: (1) four or more dispensings for

any asthma maintenance medication recorded during any

12-month interval of continuous health plan enrollment,

and (2) an International Classification of Diseases diag-

nosis of asthma between January 1, 2000 and the date of

the fourth qualifying medication dispensing (cohort entry

date).

The study protocol was granted an institutional review

board exemption by each local institution’s institutional

review board owing to the anonymization of data before

being provided to the coordinating center.

2.1 Asthma Medication Exposures

Asthma medication categories of interest were: (1)

LABA ? ICS (of primary interest), in a single inhaler or in

separate inhalers dispensed concomitantly; (2) ICS

monotherapy, ICS dispensed without concomitant non-ICS

controller medication and with no dispensing of any non-

ICS controller medication in the 12 months before the ICS;

and (3) ICS ? non-LABA controller therapy, ICS dis-

pensing(s) plus concomitant dispensing(s) of theophylline,

leukotriene receptor antagonist, or other non-LABA con-

troller. The asthma index date was defined as the first new

use of a medication in any of the above-mentioned expo-

sure groups on or after the cohort entry date.

Once patients entered the persistent asthma cohort, they

were followed up until the earliest of (1) start of a health

insurance enrollment gap greater than 35 days, (2) end of

enrollment, (3) date of death, (4) date of dispensing of a

prescription for omalizumab, or (5) end of the study period.

2.2 Asthma Mortality

The primary outcome was death from asthma. Deaths and

causes of death were ascertained by individual data part-

ners by linking patient data with the US NDI, and using a

match-rating computer algorithm adapted by the coordi-

nating center. The coding for assignment of which deaths

were ‘from asthma’ was accepted without manual review

of the NDI output.

2.3 Statistical Analysis

Descriptive statistics were used to characterize the asthma

cohort. The overall crude mortality rate was the sum of the

994 C. A. Camargo Jr. et al.



number of asthma deaths across all data partners divided by

the sum of the total number of person-years across data

partners. Rates, overall and stratified by age and sex, were

expressed per 10,000 person-years, with 95 % confidence

intervals (CIs) estimated using the Poisson distribution in

Episheet [17]. The overall asthma mortality rate was

standardized to the age distribution of person-years for the

index LABA ? ICS exposure category across research

partners.

3 Results

3.1 Patient Characteristics of the Persistent Asthma

Cohort

A total of 5,881,438 patients from the ten participating data

partners met the criteria of having asthma. From this group,

study criteria were applied and yielded a persistent asthma

cohort of 994,627 patients (Table 1). During the 10-year

follow-up period, 14.5 % of the persistent asthma cohort

initiated one of the asthma treatments of interest, with the

most common treatments being ICS monotherapy,

ICS ? LABA (predominantly Advair�), and ICS ? leu-

kotriene receptor antagonist. From the total 2,399,564

person-years of follow-up, the most common age group

was 40–64 years, representing 959,165 person-years

(40 %), and female individuals represented 1,373,534

person-years (57 %).

3.2 Asthma Mortality

The total number of asthma deaths identified in the per-

sistent asthma cohort, across all data partners, was 278, and

of these, only one occurred during a period of index

exposure (i.e., first medication taken from exposure cate-

gories of interest during observation period), and two

occurred during a period of subsequent new exposure (i.e.,

subsequent medication taken from exposure categories of

interest during the observation period) (Table 1). The

overall crude asthma mortality rate was 1.16 (95 % CI

1.03–1.30) per 10,000 person-years. The pooled overall

rate, standardized by age and data partner, was 1.16 (95 %

CI 0.98–1.34) per 10,000 person-years (Table 1).

Of the 278 patients who died of asthma during the fol-

low-up period, the number of deaths reported per age group

was: 8 for age 4–11 years (number of person-years,

n = 507,380); 4 for age 12–17 years (n = 247,595); 36 for

age 18–39 years (n = 480,427); 120 for age 40–64 years

(n = 959,165); 66 for age 65–79 years (n = 171,151); and

44 for age C80 years (n = 33,846). The pooled mortality

rate per 10,000 person-years increased with age (Fig. 1). A

higher number of the deaths were among female

individuals (n = 184), and the pooled mortality rate per

10,000 person-years was higher in female individuals

(1.34; 95 % CI 1.15–1.55) than in male individuals (0.92;

95 % CI 0.74–1.12).

4 Discussion

The initial aim of this observational study was to assess the

feasibility of a comparative safety pharmacoepidemiolog-

ical study on the association between combined

LABA ? ICS therapy and asthma mortality in patients

with persistent asthma. Then, if it was possible to generate

a meaningful result, we planned to compare the effect of

combined LABA ? ICS therapy with non-LABA mainte-

nance therapy on the risk of asthma mortality in this very

large cohort of patients. As previously reported, we

demonstrated a successful collaboration between multiple

institutions to produce the current largest cohort of patients

that has been used to study the association between com-

bined LABA ? ICS therapy and asthma mortality [15].

Despite a huge dataset, the number of deaths reported to be

due to asthma was so infrequent that the study did not have

the statistical power to definitively answer the question of

risk of mortality in association with combined LABA ?

ICS therapy. The feasibility precision analyses resulted in a

very low probability (less than 0.10) of meeting the pre-

defined thresholds with respect to the mortality rate ratio

(MRR) (upper 95 % confidence limit (CL) of the MRR

would be less than 1.4 if the true MRR was 1.0) and rate

difference (RD) (upper 95 % CL of the RD would be (1)

less than 0.4 and (2) less than 0.8 per 10,000 person-years,

if the true RD was 0) for combined LABA ? ICS therapy

compared with non-LABA medications [15]. Despite this,

the low number of asthma deaths per se does suggest that if

there is any such attributable risk, it is extremely small.

The reported benefit:risk profile of LABA treatment in

asthma is an ongoing debate, and this study highlights the

challenges faced in designing studies to measure the effects

of treatment on the endpoint of asthma mortality. The study

results indicate that neither an observational nor a ran-

domized controlled trial (RCT) study design can be of

sufficient magnitude to answer the key question of whether

adding a LABA to ICS, when the use of the ICS is assured,

increases the risk of asthma death and suggests that the

results of the ongoing Food and Drug Administration-

mandated RCTs will also be underpowered for this end-

point. Recognizing that the rate of asthma-related deaths

and asthma-related intubations are infrequent, these RCTs

will most likely be assessing the risk of asthma-related

hospitalization and not death. The results of the first

completed RCT which enrolled 11,679 patients, reported

small numbers of serious asthma-related events overall and
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no difference in the composite primary endpoint between

the LABA ? ICS (salmeterol ? fluticasone propionate)-

and ICS (fluticasone propionate)-only groups [11]. There

were no asthma-related deaths reported in the trial, sup-

porting the findings of the current study that asthma deaths

per se are rare.

Our findings in this persistent asthma cohort, of a trend

of increasing asthma mortality rate with age, and a greater

mortality rate in female individuals compared with male

individuals, are consistent with data reported in the US

National Surveillance of Asthma summary [18]. The

overall mortality rate of 1.16 per 10,000 persons is also

consistent with a rate of 1.4 reported in 2009 in the US

summary, and provides reassurance about the message that

asthma mortality rates have declined to their lowest level

over the last 20 years [6]. Our data provide a clear message

for clinicians that very few managed care patients with

asthma have asthma-related deaths. While this may be

largely attributed to improved treatment, this may also

reflect the use of self-management plans and a greater

public awareness of asthma and its proper management

[10, 19]. The limitations of our dataset did not allow us to

evaluate any temporal relationship between asthma mor-

tality and usage of ICS- and LABA-containing products,

Table 1 Study flow from the general asthma cohort to the persistent asthma cohort (PAC) and patient characteristics of the PAC

Variable Value

General asthma cohort, n 5,881,438

Exclusions from the general asthma cohort

No eligible enrollment records of date of birth 245,513

No fourth qualifying asthma medication dispensing 3,851,009

No asthma diagnosis on or before date of fourth qualifying asthma medication dispensing 695,011

Aged\4 years or[100 years on the asthma index date 94,842

NDI date of death before the asthma index date 436

PAC, n (person-years) 994,627 (2,399,584)

Patients with medication exposures of interest in cohort follow-up period

ICS monotherapy 53,798 (12,121)

ICS ? LABA (Advair�) 51,840 (11,531)

ICS ? LTRA 26,994 (4773)

ICS ? LABA (Symbicort�) 4387

All other exposures 7555

Demographic characteristics of PAC, person-years

Total person-years 2,399,584

Age (years)

4–11 507,380

12–17 247,595

18–39 480,427

40–63 959,165

65–79 171,151

C80 33,846

Sex

Male 1,025,978

Female 1,373,534

Unknown 51

Pooled asthma mortality data (PAC)

Number of deaths, n 278

Number of deaths during index exposurea 1

Number of deaths during subsequent exposureb 2

Asthma mortality rate per 10,000 person-yearsc 1.16 (95 % CI 0.98–1.34)

CI confidence interval, ICS inhaled corticosteroid, LABA long-acting b2-agonist, LTRA leukotriene receptor antagonist
a First new use of a medication in an exposure group of interest during follow-up
b Next new use of a medication (after the index exposure) of one of the remaining exposures of interest, during follow-up
c Standardized for age and data partner
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but temporal trends using other data sources clearly show a

decrease in asthma mortality concurrent with an increase in

the use of ICS and ICS/LABA over the period of

1991–2014 (Fig. 2).

The current study relied on using the US NDI to capture

asthma deaths and with no gold standard as a comparator,

we cannot determine the validity of this method. Previous

studies have shown that asthma mortality may be under-

estimated when using asthma as the primary cause of death

on death certificates, and in older people (in whom the rates

are higher) there is a higher likelihood of potential mis-

classification (e.g., chronic obstructive pulmonary disorder,

pneumonia) [20, 21]. The inclusion of asthma in any

position on the death certificate (not just primary) would

Fig. 1 Asthma mortality rate

by age in the persistent asthma

cohort

Fig. 2 US prescriptions for LABA- and ICS-containing products1,¥

and asthma death rate2,3,4,*. ¥Change in data vendor for prescription

data from Verispan to IMS Health, *1979–1998 rates reflect the

International Classification of Disease (ICD) 9th Revision Code;

1999–2013 rates reflect the ICD 10th Revision Code. ICS inhaled

corticosteroid, LABA long-acting b2-agonist Data sources: 1Vector

One: National (VONA) from Verispan (1991–2004); IMS Health

(2005–2014); prescriptions are not disease specific, 2DiSantostefano

et al. [22], 3American Lung Association Epidemiology and Statistics

Unit Research and Scientific Affairs [23], 4Deaths: Final data for

2010–2014; CDC/NCHS, National Vital Statistics System
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have increased the sensitivity of our classification and, as

reported by To et al., the even wider broadening of groups

of conditions (asthma-contributing classification) would

enable the further exploration of the contribution of asthma

to mortality risk estimates. ASSESS was designed with the

objective of assessing the feasibility of evaluating a risk

associated with a class of medications that emerged in a

RCT, we therefore erred on the side of matching our

methods to what was used in the RCT for the sake of

consistency (a conservative approach). A new study would

likely be more successful in identifying asthma mortality

by using the approach taken by To et al., i.e., by analyzing

sub-populations that include both asthma-specific and

asthma-contributing mortality [20].

This type of study does have other limitations. The

diagnosis of persistent asthma relied on administrative

claims data and the assessment of exposure was based on

the medication dispensed and not the drug taken. In addi-

tion, the large attrition rate between the general asthma

cohort and the persistent asthma cohort may suggest a mis-

identification of some patients as not having persistent

asthma. The large attrition may also have been related to

the broad criteria for defining the general asthma cohort,

which aimed to maximize sensitivity in identifying asthma

patients, vs. the persistent cohort, which was strictly

defined based on a validated algorithm; the latter arguably

a strength of this study. Nevertheless, this type of study

design did allow for the evaluation of almost 1 million

asthma patients, a sample size that would be infeasible

using a RCT design.

5 Conclusion

In summary, despite a very large cohort of patients, iden-

tified over 10 years of clinical practice, from ten healthcare

systems across USA, the small number of asthma deaths

meant that this study did not yield a sufficient sample size

to evaluate the putative excess risk of asthma mortality

associated with combined LABA ? ICS therapy relative to

non-LABA therapy. Importantly, this study showed that

very few patients originally meeting the criteria for per-

sistent asthma have asthma-related deaths, and confirmed

that those who die are more likely to be older and female.

Although the increasing availability of very large real-

world datasets allows us to evaluate possible adverse drug

events that could not previously be studied, some questions

remain unstudiable because of their very low event rates.

Until linked real-world health data infrastructure for

research takes another leap forward, to enable studies of

very rare events, the low frequency of asthma deaths

should be factored into the development of future research

priorities.
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