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Abstract

Introduction: There is little information on recent trends in the economic burden

of asthma. Our objective was to estimate the excess costs of asthma and their

trend in British Columbia, Canada, from 2002 to 2011.

Methods: A retrospective cohort of individuals aged 5–55 years was constructed

from the provincial administrative health databases, consisting of patients with

physician-diagnosed asthma and a propensity-score-matched comparison sample

from the general population. Total direct medical costs were calculated as the

sum of hospitalizations, outpatient visits and medication costs, adjusted to 2012

Canadian dollars ($). Excess costs were defined as the difference in costs between

the asthma and comparison groups.

Results: A total of 341 457 individuals (mean age at entry 27.3, 54.1% female)

were equally divided into the asthma and comparison groups. Excess costs in

patients with asthma were $1028.0 (95% CI $982.7–$1073.4) per patient-year

(PY). Medications contributed to the greatest share of excess costs ($471.7/PY),

whereas hospitalization and outpatient costs were, respectively, $272.2/PY and

$284.1/PY. Only $192.9/PY was attributable to asthma itself. There was a 2.9%/

year increase in excess costs (P < 0.001), a combination of asthma-attributable

costs declining by 0.8%/year while nonasthma excess costs increasing by 3.8%/

year. The most dramatic trend was observed in asthma-related outpatient costs,

which decreased by %6.6/year.

Conclusions: A significant share of excess costs in asthma is not attributable to

the disease itself. The pattern of costs changed significantly during the study per-

iod. The burden of comorbid conditions should be considered in developing evi-

dence-based policies for management of patients with asthma.

Asthma is an inflammatory disease of the airways character-

ized by recurring symptoms including cough, wheezing and

shortness of breath. In 2014, around 2.4 million individuals

aged 12 or older suffered from asthma in Canada (1).

Asthma has cost Canada $2.10 billion in 2010 (2).

Burden of disease studies provides critical information

that enables converting per-individual measures of interven-

tion effectiveness to the impact of implementing treatments,

programs and policies on population health and healthcare

costs. The burden of asthma is the result of the interplay of

multiple causes including the prevalence of risk factors, the

availability of health technologies for prevention, diagnosis,

and treatment of the condition, access to care, care provi-

ders’ adherence to evidence-based guidelines and patients’

adherence to care providers’ recommendations. All such fac-

tors are likely to vary over time, creating a dynamic land-

scape requiring an ongoing reassessment of the burden of a

disease.
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The primary objective of this study was to calculate the

excess costs and their trends in patients with asthma in the

context of the public healthcare setting of Canada over a 10-

year period. We pursued several secondary objectives: to

evaluate the excess costs attributable to asthma (vs those

attributable to all other conditions), to evaluate the distribu-

tion of excess costs across sex and age groups and to evalu-

ate the contribution of inpatient care, outpatient care and

medications to excess costs (3).

Methods

Study design and setting

This study was based on the population-based administrative

health data of British Columbia (BC), a Canadian province

with a population of 4.5 million (as of 2012) (4). The admin-

istrative needs of the province’s public healthcare system

have resulted in the creation of centralized databases that

capture the health services use of all the residents of the pro-

vince. The quality of the data is high with no selection bias

and very low levels of missing or duplicates records (5). The

following data sources were available for this study: (i) Dis-

charge Abstracts Database (DAD), containing information

on admission and discharge dates and up to 25 discharge

diagnoses in international classification of diseases, 9th (ICD-

9) or 10th (ICD-10) revisions (6); (ii) Medical Services Plan,

which contains outpatient services information including ser-

vice date and diagnostic codes (in ICD-9) and costs (7); (iii)

PharmaNET, which contains dispensation dates, unique drug

identifier, dispensed quantity and costs (8); (iv) Vital Statis-

tics, which contains information about births and deaths (9);

(v) Registry and demographics (10), which contain informa-

tion about the enrolment of individuals with the healthcare

system as well as basic demographic variables (date of birth,

sex) and socio-economic status (income quintiles determined

from the geographic neighbourhood). Data from 1997 to

2012 were available. However, the first 5 years of data were

not used for cost calculation to allow sufficient time for iden-

tification of prevalent patients with asthma. The last year

was also not used as the 2-year follow-up required for the

case definition of asthma results in an incomplete verification

of cases in this year. The follow-up was therefore from 1 Jan-

uary 2002 to 31 December 2011 (10 years).

We used these data to create a retrospective matched cohort

of adults 5–55 years of age with and without a diagnosis of

asthma. The choice of the upper age limit was to ensure

patients with chronic obstructive pulmonary disease (COPD)

without asthma, who might have similar health resource use

patterns, are not overrepresented in the data. However, once in

the data, the individual could develop COPD without being

excluded from the analysis. The lower age limit was imposed

as attributing respiratory symptoms in the younger groups to

asthma can be challenging. The Clinical Research Ethics Board

at the University of British Columbia approved this study

(H08-01287). All inferences, opinions and conclusions drawn

in this research are those of the authors and do not reflect the

opinions or policies of the Data Steward(s).

Asthma and comparison cohorts

A schematic illustration of the design is provided in

Appendix S1. We applied a validated case definition of physi-

cian-diagnosed asthma (11): patients with one asthma-related

hospitalization or two or more physician visits with the main

diagnosis of asthma or three or more dispensation records

for asthma-related medications (in different dates) in a rolling

12-month window were considered asthmatic (see

Appendix S2 for the list of asthma –medications) (12). From

the first date this definition was satisfied, we applied a look-

back algorithm, as performed in our previous studies, to find

the first date of asthma-related resource use (13). This pro-

cess involved going back in time in asthma-related resource

use records until the earliest of the first asthma-related

resource use, subject’s fifth birthday, or the start of the fol-

low-up period. This date was considered the index date,

marking the beginning of follow-up. Individuals with <1 year

of data before the index date were excluded as this time span

was required for covariate ascertainment.

We also had access to the records of 100 000 randomly

selected individuals from the general nonasthma population.

Each individual in this comparison pool was assigned an

index date as 365 days after the first date of appearing in the

data, start of the study period or individual’s fifth birthday,

whichever occurred the latest. This criterion was imposed to

match the criteria used for the determination of the index

date in patients with asthma.

Matching and follow-up

For each patient in the asthma cohort, we matched an individ-

ual from the comparison cohort based on sex, date of birth

(�5 years) and propensity score. The propensity score esti-

mated the probability of being in the asthma cohort and was

calculated using a logistic regression model with dependent

variable being the presence in the asthma group, and indepen-

dent variables being age (on index date), socio-economic status

(neighbourhood household income quintile on index date), as

well as the following variables ascertained in the 365 days

prior to the index date: number of nonrespiratory-related hos-

pitalizations, physician visits and modified Charlson score (14)

(excluding respiratory-related diseases). One individual from

the comparison cohort was matched with each individual in

the asthma cohort by calliper matching on propensity score

(with calliper width of 0.005) (15). Given the smaller size of the

comparison cohort compared with the asthma cohort, match-

ing with replacement was performed with proper adjustment

for repeated selection of the same individuals from the compar-

ison group (16). Matching with replacement is recommended

when the pool of unexposed/control is smaller than the pool of

exposed/case, as it results in the most efficient use of available

data (17, 18). Standardized differences were calculated between

the matched pairs for each of the variables included in the

propensity score, and difference of <10% were considered

satisfactory (19).

Follow-up continued to the earliest of dates of death, end

of study period, unregistration from the healthcare system or
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last resource use of any type. Follow-up time was divided

into adjacent 12-month periods (with the last period poten-

tially being truncated) to facilitate cost calculation and statis-

tical analyses.

Outcomes

The primary outcome was excess direct medical costs (re-

ferred to as excess costs hereafter) in patients with asthma.

Excess costs were defined as the difference in all-cause medi-

cal costs between the asthma cohort and the comparison

cohort. An advantage of calculating the excess costs, as

opposed to attributable costs as performed in previous stud-

ies (13, 20–24), is that excess costs properly incorporate both

costs due to the disease of interest and costs due to coexisting

conditions (25). Matching by propensity means the excess

costs estimates are controlled for many potential confound-

ing variables, including pre-existing comorbidity. For medica-

tion and outpatient services, cost data were available in the

original data records. Case Mix Methodology (CMG) was

applied to calculate hospitalization costs. Each hospitaliza-

tion record comes with a resource intensity weight (RIW)

(26). We calculated hospitalization costs by multiplying RIW

by average costs of hospitalization in the given year. In case

there was no RIW allocated to given hospitalization, we used

estimated costs per CMG groups for the corresponding fiscal

year (27).

Secondary outcomes included excess costs attributable to

asthma itself (vs excess costs attributable to all other condi-

tions), as well as excess costs by cost components (hospital-

izations, outpatient visits and medication dispensations).

Attributing individual health resource use records to asthma

was based on ICD codes for hospitalization and outpatient

visits, and the use of a dictionary table for asthma-related

medications (Appendix S2). All costs were adjusted to the

2012 Canadian dollars ($) using the medical components of

the consumer price index (28). Attributing excess costs to

specific comorbid conditions was out of the scope of the pre-

sent work; however, we provided an overall estimate of the

intensity of excess recourse use for each major disease cate-

gory (the highest level IDC-10 chapters) by summing up the

number of diagnostic codes in inpatient and outpatient data-

bases within disease categories.

Statistical analysis

We used SAS Enterprise Guide to perform the analyses (ver-

sion 6.1; Cary, NC, USA). The unit of observation was fol-

low-up periods (person-years). Generalized linear models

with generalized estimating equations with normal distribu-

tion and identity link function were used to account for the

clustered nature of the data, with the cluster defined as each

unexposed individual and all their matched exposed individu-

als. The choice of the normal distribution is justified given

the large sample size, which assures the normality of sample

means (18). The coefficient for cohort membership in the

regression model corresponds to the excess costs of asthma

per patient-year (PY). In addition to matching on sex, age

and propensity score, the regression model was further

adjusted for the calendar year of the follow-up period and

two binary variables indicating whether death occurred in a

given period, or whether the (last) period was truncated. The

death indicator was included to ensure any chance imbalance

in the number of deaths, and the associated expensive end of

life care would not affect the estimates. Trend in costs was

estimated through an interaction term between cohort mem-

bership status and calendar year, converted to percentage of

change per year by dividing the coefficient over the average

excess costs during the follow-up period. Subgroup analysis

was performed by running the same models separately within

sex groups as well as age groups of 5–14, 15–45 and more

than 45 years of age.

To evaluate the robustness of the results against design

features, we performed sensitivity analyses. These included

removing all cases of COPD [based on a validated case defi-

nition (29)], performing an unmatched analysis based on

including all asthma and comparison cases, and not adjusting

for the impact of mortality on costs.

Results

Population characteristics

Figure 1 provides the flow chart of sample selection. Initially,

there were 361 501 individuals who satisfied the case defini-

tion of asthma. Of which, 341 457 (94.5%) met the inclusion

criteria. These individuals were matched on a 1 : 1 basis to

the comparison group.

The mean age on the index date for asthma and non-

asthma cohorts was 27.2 [standard error (SE) = 0.03] and

27.1 (SE = 0.03), respectively; 54.1% of the both groups were

female. The average follow-up time was 9.7 years (SE = 0.01)

for the asthma and 11.1 years (SE = 0.01) for the compar-

ison group. Table 1 presents the baseline characteristics of

the asthma and comparison groups.

Excess costs in patients with asthma

Table 2 shows the excess costs in patients with asthma in

total and across cost components. The asthma cohort

accrued on average $2217.5/PY (SE = $4.0) in all-cause med-

ical costs. The comparison group generated all-cause medical

costs of $1153.0/PY (SE = $2.4).

After further adjustment for calendar year, death and trun-

cated follow-up periods, the estimated excess costs were

$1028.0/PY (95% CI $982.7–$1073.4; P < 0.001). The largest

cost component was medications, with $471.7/PY (95% CI

$450.5–$493.0; P < 0.001), or 46.0% of excess costs. Outpa-

tient visits and hospitalizations were responsible for, respec-

tively, $284.1/PY (95% CI $272.7–$295.5; P < 0.001) and

$272.2/PY (95% CI $247.7–$296.7; P < 0.001) in excess

costs, corresponding to 28.0% and 26.0% of excess costs,

respectively. Across age groups, the highest excess costs

belonged to individuals 45 years of age or older, with

$1895.3/PY (95% CI $1750.4‒$2040.1; P < 0.001), followed

by age groups of 15–45, at $1209.9/PY (95% CI $1149.0‒
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$1270.8; P < 0.001), and 5–14 years, at $363.2/PY (95% CI

$319.3‒$407.0; P < 0.001).

Asthma-attributable excess costs were $192.9/PY (95% CI

$191.0–$194.9; P < 0.001). Of which, hospitalizations, outpa-

tient visits and medications were $8.8/PY (95% CI $8.3–$9.3;
P < 0.001), $34.7/PY (95% CI $34.5–$34.9; P < 0.001) and

$149.5/PY (95% CI $147.8–$151.2; P < 0.001), respectively.

Figure 2 left panel presents excess costs in patients with

asthma by calendar year, overall and across cost compo-

nents. There was a positive (increasing) trend in all-cause

per-patient excess costs, increasing by 2.9%/year (95% CI

2.0–3.8%; P < 0.001). Within cost components, this increas-

ing trend was observed in all-cause medications (2.4%/year;

P < 0.001) and all-cause hospitalizations (7.4%/year;

P < 0.001). The outpatient services costs did not change sig-

nificantly over the study period (�0.5%/year; P = 0.23).

Figure 2 right panel presents the trend of asthma-attributa-

ble excess costs, in total and across cost components. Unlike

all-cause excess costs, asthma-attributable excess costs

decreased over time, by an average of 0.8%/year (95% CI

0.6‒0.9%; P < 0.001). Medication and outpatient visit costs

showed reduction over time by 6.6%/year (95% CI 6.4‒6.8%;

P < 0.001) and 0.6%/year (95% CI 0.5‒0.8%; P < 0.001), but

there was no observable trend in hospitalization costs.

Figure 3 presents the breakdown of excess costs of medica-

tions by major drug classes. Single-inhaler combination of

inhaled corticosteroids (ICS) and long-acting beta-agonists

(LABA) demonstrated the greatest increase in annual per-

patient costs overall, by 6.5%/year (95% CI 6.4‒6.6%;

P < 0.001). As its introduction in the province in 2004, the

excess costs of omalizumab, a targeted biologic therapy,

increased by 21.5%/year (95% CI 20.6–22.0%; P < 0.001).

Costs attributable to short-acting beta-agonists decreased

through the study period by 3.7%/year (95% CI 3.5–3.9%;

P < 0.001). Long-acting antimuscarinic agents (LAMA)

demonstrated a significant increase trend by 10.6%/year

(95% CI 10.3–10.9%; P < 0.001).

Figure 4 shows the number of discrete diagnostic hospital-

izations and outpatient visit codes by major ICD-10 chapters

in the asthma and comparison groups. Patients with asthma

generally had higher number of diagnostic codes for all

comorbidity groups, but the difference was particularly

prominent for respiratory diseases other than asthma and

mental health disorders.

Results of the sensitivity analyses are provided in the

Appendix S3. Estimates of excess costs were lower in the

unmatched analysis ($657.4) and when COPD patients were

excluded ($735.3), and higher when adjustment for death was

removed from the analysis ($1032.8). The relative contribu-

tion of cost components to the overall costs remained the

same in all scenarios.

Discussion

We calculated the excess costs and their trends in patients

with asthma over a 10-year period (2002–2011) for the entire

population of a well-defined geographic area. With an aver-

age difference of $1028 per patient-year, patients with asthma

Figure 1 Flow chart of the cohort construction.
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incurred significantly higher direct medical costs over and

beyond the medical expenditure of the comparable general

population. Of note, 81% of such excess costs were attributa-

ble to diseases other than asthma, despite the fact that

asthma and comparison cohorts were similar in many charac-

teristics including the burden of comorbid conditions at the

start of follow-up. Importantly, there was a statistically sig-

nificant increase of 2.9% per year in all-cause excess costs,

whereas costs attributable to asthma decreased by 0.8% per

year. Trends in costs of major classes of asthma therapies

showed a very dynamic picture, with costs of combination

ICS + LABA therapy increasing by 6.5% per year. This was

concurrent with an equal decline in the utilization of ICS,

such that overall, the costs of ICS either as monotherapy or

as combination therapy remained roughly constant. The use

of omalizumab, introduced to the provincial formulary in

2004, has increased but given that only a small fraction of

patients (fewer than 200) take this medication, the contribu-

tion of this otherwise expensive medication to the overall

costs remains small.

The increase in total excess costs in patients with asthma

despite the decrease in asthma-attributable excess costs

requires further interpretation and investigations. The declin-

ing direct costs attributable to asthma itself are in line with

some other observations in the same timeline (30). The trend

of the overall excess costs in asthma parallels the trends of

general medical expenditure in the comparison cohort (results

not shown) and the reported trends in the Canadian popula-

tion. The observed 2.9%/year increase in excess costs is close

to the 2.1%/year increase in overall medical expenditure in

Canada (31). One interpretation is that individuals with

asthma have a somewhat fixed ‘relative’ increase in all-cause

medical expenditures. This can be due to having more

encounters with the healthcare system. This hypothesis was

supported by the observation of higher frequency of receiving

ICD codes for almost all comorbid conditions as well as

more generic codes such as the use of laboratory services

(Fig. 4). Overall, the paradoxical trend of asthma-attributa-

ble and all-cause excess costs demonstrates the importance of

calculating excess costs in reporting the burden of diseases,

as a sole reliance on asthma-attributable costs would result

in the interpretation that the economic burden of asthma on

patients has been decreasing (13, 20, 32), which is not the

case when all-cause medical utilization is concerned.

Other investigators have estimated the direct economic

burden of asthma in Western countries in recent years, with

widely varying results (13, 20, 21, 33–35). When converting

to the currency used in our study (2012 $CAD), the range of

annual costs varies from $140/PY (13) to $2109/PY (33).

While several factors (e.g. age criteria, severity of asthma in

the included sample) can be responsible for the observed pat-

terns, a very likely source of disparity is the methodology of

cost calculation. Studies that estimated asthma-attributable

costs (13,20,21) reported lower values (between $168/PY and

Table 1 Demographic characteristics of the study

Variable

No asthma

N = 341 457

Asthma

N = 341 457

Standardized

difference

Female; N (%) 184 817 (54.1) 184 817 (54.1) 0.0*

Age at index

date mean (SE)

27.1 (0.03) 27.2 (0.03) 1.1%*

Socio-economic

status; N (%)

Quintile 1 70 356 (20.6) 73 906 (21.6) 3.8%

Quintile 2 81 508 (23.9) 70 546 (20.7)

Quintile 3 65 305 (19.1) 66 856 (19.6)

Quintile 4 62 185 (18.2) 63 604 (18.6)

Quintile 5 55 277 (16.2) 57 947 (17)

Unknown 6826 (2) 8598 (2.5)

Variables

estimated in

the 12-month

period before

the index date

Modified

Charlson

Comorbidity

score mean (SE),

patient-year

0.12 (0.00) 0.15 (0.00) 2.0%

Nonrespiratory-

related

hospitalizations;

mean (SE),

patient-year

0.15 (0.00) 0.15 (0.00) 1.4%

Nonrespiratory-

related

outpatient

services;

mean (SE),

patient-year

10.5 (0.02) 10.3 (0.02) �1.6%

*Samples were matched directly on sex and age group.

Table 2 Excess costs and their trends in patients with asthma, in total and across cost categories*

Title

Excess costs per year ($)

(95% CI) P-value

Trend, per year (%)

(95% CI) P-value

Total costs $1028 ($982.7–$1073.4) <0.0001 2.9 (2, 3.8) <0.0001

Hospitalization costs $272.2 ($247.7–$296.7) <0.0001 7.4 (5.2, 9.3) <0.0001

Outpatient services costs $284.1 ($272.7–$295.5) <0.0001 �0.5 (�1.4, 0.3) 0.2383

Medication costs $471.7 ($450.5–$493) <0.0001 2.4 (1.9, 2.9) <0.0001

CI, confidence interval.

*All costs are in 2012 Canadian dollars.
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$1716/PY) than those reporting on all-cause excess costs (be-

tween $710/PY and $3848/PY) (33–35). Attributable costs do

not take into account the costs of comorbid conditions,

which, as observed in the present work, are responsible for

the greater share of the burden.

This study has several strengths. To the best of our knowl-

edge, our study has the longest follow-up time among the

recent North American studies on the economic burden of

asthma (13, 20, 21, 30, 33–35), providing a unique picture of

the dynamic pattern of burden in total and across cost com-

ponents. The administrative databases used in this study cap-

ture the entire population of a geographic area, thus are not

susceptible to selection bias. Using a matched cohort design,

we took into account the burden of pre-existing comorbidity

and many other potentially confounding factors (e.g. socio-

economic status). The use of matched design enabled us to

calculate the excess costs that are inherently agnostic to the

underlying reason for medical services utilization.

The limitations of this study should be acknowledged. Like

any other study based on administrative health data, the veri-

fication of asthma status based on health resource use

records is an inexact science. It is likely that some of patients

with mild asthma would never satisfy the case definition, thus

making it likely that our sample is biased towards a higher

proportion of patients with moderate–severe asthma. Emer-

gency Department visits are not systematically captured in

our data set, although their associated health services use is

largely captured through outpatient service codes (36).

Finally, we did not investigate the causes behind the excess

nonasthma-related costs in patients with asthma. This was a

priori design decision due to our concerns for multiple

hypothesis testing and interpretability of results.

Figure 2 Trends in excess costs in patients with asthma; left

panel: excess costs in total and by component; right panel: excess

costs attributable to asthma, in total and by cost components.

Stacked bars represent excess costs (value on left vertical axis).

Marked lines represent total number of individuals within the

asthma group (left panel) or rate of service utilization (right panel.

Hospitalization rate is admission rate in 100 people per patient-year.

Rate of medication is calculated by average number of asthma-

related medication units (puffs for inhalers and quantity of units for

rest of drugs) within patient-year for 100 units of drugs. *All costs

are in 2012 Canadian dollars.

Figure 3 Excess cost of asthma-related medications (per patient-year). *All costs are in 2012 Canadian dollars.
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In the sensitivity analyses (Supplementary Material), excess

costs were reduced by 28.5% when patients who satisfied a case

definition of diagnosed COPD were excluded. Another signifi-

cant change in this sensitivity analysis was the utilization of

LAMA, which its excess cost declined by 83% and its increase

cost rate plunged to 50%. We decided not to exclude patients

who develop COPD during the follow-up in the main analysis

as asthma can be on the causal pathway in developing fixed air-

flow obstruction, a phenotype described as the asthma COPD

overlap syndrome (37). Therefore, the excess COPD-related

economic burden, compared with the general nonasthma popu-

lation, is likely a real component of the excess costs of asthma.

In summary, our long-term longitudinal population-based

study provides updated evidence on the high and changing bur-

den of asthma and depicts a very dynamic picture of the burden

of asthma highlighted by significant shifts in its costs compo-

nents. The costs of all-cause inpatient care and medication use

have increased, but the costs of asthma-related inpatient and

outpatient care as well as medications have significantly

dropped during the study period, with outpatient care experi-

encing the most dramatic decline. These results are not only

informative for policy makers, but also generate hypotheses

regarding the changes in the severity of diagnosed asthma and

evolution of comorbid conditions in asthma. Research into the

reason behind such changes, as well as into the burden of

comorbid conditions in asthma, should continue.
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