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ABSTRACT: Despite evidence that adverse outcomes are less frequent when asthma
management is optimised, the link between the level of control, disease severity and
medical resource utilisation (MRU) is poorly documented. This relationship was
investigated in a group of patients suffering from persistent asthma (Global Initiative
for Asthma (GINA) >2) in France.

In 1998 a computerised family practice database was used to identify asthma patients
aged 17-50 yrs. Information from the database was complemented by a patient survey
to retrospectively assess the level of asthma control and hospital contacts. Costs of
MRU over a 12-month study period were related to demographics, medical history,
asthma control, and doses of inhaled corticosteroids prescribed during the prestudy
period.

A review of the computerised medical database identified 1,038 adult patients with
persistent asthma, who completed the survey questionnaire. Over a 12-month period,
the mean cost of MRU was 549.8 € for well-controlled patients, 746.3 € per patient
with moderate control, and 1,451.3 € per patient with poor control. Costs also
increased significantly with age, access to free asthma care, comorbid conditions,
asthma symptoms in the past year and whether inhaled corticosteroids had been
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prescribed before the study period.

In patients with persistent asthma, large differences were observed in the use of
medical resources according to control and severity. Therefore, if patients appropriately
use prescribed control therapy, their use of medical resources may be reduced.

Eur Respir J 2002; 20: 260-267.

Two factors should be distinguished in asthma: the
degree of disease severity and the level of control
achieved by the patient [1]. Asthma severity can be
considered as an intrinsic and rather stable character-
istic of the disease for a given patient, i.e. the maximal
level of impairment that asthma can bring to that
patient, up to and including death; it is unclear how
severity is affected by therapy [2]. One way to assess
severity is the level of corticosteroid prescription,
inhaled or oral [3]. By contrast, the level of control
varies with time; it is primarily determined by contacts
with allergens or infectious agents, and by therapy [4].
In theory, the level of control can be influenced by
patients, since they may influence two determinants of
control, i.e. exposure to asthma triggers and adequate
use of prescribed therapy. Control can also be
influenced by how the healthcare system recognises
and responds to patients who receive suboptimal
therapy [5].

Many studies suggest that, on average, asthma
patients do not use controller medicines optimally and
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that the resulting undertreatment puts the patient at
risk of adverse outcomes, including asthma exacerba-
tions, unscheduled visits to the consulting room,
emergency room (ER) contacts and hospitalisations.
A recent study identified additional risks factors
for visits to the ER by asthma patients: absence of
predetermined crisis plan, previous visits to ER
facilities, and inadequate use of prophylactic medi-
cines during a flare-up of an exacerbation [6]. Poor
compliance with controller medicines has been identi-
fied as a major determinant of hospitalisation due to
asthma [7]. Drug-utilisation studies have shown that
medical resource utilisation (MRU) is increased three-
fold among high users of inhaled B-agonists. Further-
more, among these patients, hospital costs appear to
be determined by disease severity [8]. In their study,
LANEs et al. [9] found that 8% of asthma patients had
either a hospital admission or an ER visit during a 12-
month study period; their hospital costs accounted for
25% of the total costs of asthma care.

While studies confirm that a minority of patients
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use the majority of medical resources for asthma, the
relationship between the use of medical resources and
either control or severity needs clarification [10]. Also,
it is unclear whether the relationship between control
and MRU varies according to the degree of asthma
severity. The present study examined MRU in adult
patients with persistent asthma in France. The objec-
tives were to provide descriptive information about
direct cost of asthma care, and to identify variables
related to the costs of MRU, with a specific emphasis
on the relationship between cost and level of control
and its variation according to asthma severity.

Materials and methods

Data sources

Individual patient data were obtained from a
computerised database, which was complemented by
a patient survey. Details of study methods have been
published previously and are summarised here [3].
Patients agreed to participate after receiving written
information on the study.

Computerised database. BKL-Thales, a computerised
database of patients of French general practitioners
(GPs) was accessed in early 1998. GPs who agreed
to participate were located throughout the French
territory. Patients with persistent asthma (Global
Initiative for Asthma (GINA) stage >2) were
identified in the database according to the following
criteria: age 6-50 yrs, at least 18 months of follow-up
by a BKL-Thalés GP, no prolonged intake of oral
corticosteroids and use of at least three canisters of
inhaled relievers within a 6-month period prior to the
study period (baseline period). This paper presents
data on adult patients (=17 yrs).

Patient survey. Patients identified in the database
received a survey form from their care giver.
Patients answered questions on the level of asthma
control (last 2 weeks), asthma symptoms during the
last 12 months (occurrence of any asthma crisis? yes/no;
occurrence of wheezing? yes/no), and occurrence of
visits to ER and hospitalisation for asthma (last 12
months).

Study timelines

Details have been published previously [3]. Briefly,
patients were evaluated over at least 18 months, of
which the 12 months preceding the survey were
considered as the study period and prior months
were considered as the baseline period. Figure 1
illustrates the study timelines.

Study variables

Data on annual MRU due to asthma were obtained
from the computerised database (visits to the GP and

Identification of Survey - 12 months
patients in database =beginning of

and selection study period
I } |
Baseline period Study period (12 months)
(<6 months)

(assessment of
severity, from ICS)

Fig. 1.—The study timeline. ICS: inhaled corticosteroids.

all prescribed medications) and the patient survey
(visits to ER and hospital contacts for asthma). Other
information collected from BKL-Thalés included sex,
age, smoking status, access to free healthcare for
asthma and presence of comorbid conditions classified
by BKL-Thalés into one of the following groups:
cardiology, dermatology, endocrinology, gastroenter-
ology, haematology, microbiology, neurology, oto-
rhino laryngology, rheumatology, traumatology,
nephrology.

Prescription of inhaled corticosteroids during the
baseline period was used as an indicator of asthma
severity: high (at least 800 pg of budesonide-day™ or
equivalent), moderate (<800 pg-day™), low (no use) [3].

The method that was used to assess asthma control
was inspired by the definition by CockcrorT and
Swystun [1] ie, minimal symptoms and minimal
requirement of short-acting relievers: the algorithm
for control used in this study is presented in table 1.

Patients were considered as having good, mode-
rate or poor asthma control using a GINA-derived
algorithm that scored asthma symptoms and level of
use of inhaled B-agonists during the last 2 weeks [11].

Specific costs were derived from MRU after multi-
plying each component by a unit cost for 1997, and
were expressed in Euros (€). The unit cost esti-
mate for visits to general practitioners (22.3 €) was
obtained from the French Social Security (Caisse
Nationale d’ Assurance Maladie). The average cost for
inpatient stay due to asthma in France (2,544.4 €)
was obtained from the Programme de Médicalisation
des Systemes d'Information, the organisation respon-
sible for computing diagnosis-related group costs in
France. This cost included all interventions applied
during the hospital stay and inpatient therapy. The
average cost for an asthma-related ER visit (47.1 €)
was determined by experts (University of Montpellier,

Table 1.—Level of asthma control (last 15 days)

Score® 0 1 2

Level of use of inhaled 0-1 2-4 >4
B-agonists (short-acting)
puft-day”

Occurrence of nocturnal 0-2 3-8 >8
asthma nights n

Impairment of usual activities 0-2 3-8 >8
days with impaired activities n

Asthma crises n 0-2 3-8 >8

#. Total score between 0-8; 0 or 1: asthma was well
controlled; 2 or 3: asthma was moderately controlled; >3:
asthma was poorly controlled.
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Montpellier, France). Unit costs estimates for all
prescribed medicines were obtained from the drug
industry [12].

Data analysis

Data analysis was conducted in patients with
information available from both BKL-Thalés and
the survey. Analysis was conducted in two steps: first,
a descriptive analysis of specific and total MRU costs
and second, identification of correlates for total MRU
cost. This analysis was focused on the relationship
between total MRU cost and level of asthma control,
allowing for an effect of asthma severity.

Descriptive information on costs. First, distributions of
costs for each specific MRU (prescribed medicines,
visits to GP, ER visits, hospitalisation) were studied for
patients who completed the survey. These specific costs
were conditional, i.e. each specific cost was computed
only in patients who used the corresponding MRU
during the study period. Next, total cost comprising
the four MRUs was computed in patients who com-
pleted the questionnaire. When patients reported no
visit to ER or no hospital admission for asthma, they
were considered as having null expenses for this specific
outcome. Similar assumptions were made for GP visits
or prescriptions records in the database.

Correlates of total medical resource utilisation
cost. Univariate analysis. Total MRU cost was
studied separately across levels of control (good,
moderate, poor), asthma severity (low, moderate,
high) and other variables: sex, smoking (ever: yes/
no), age (17-30, 31-40, >40 yrs), presence of com-
orbid conditions (yes/no), access to free asthma care
(yes/no), asthma symptoms in past year (any crisis,
any wheezing: yes/no). Wilcoxon and Kruskal-
Wallis tests were used to compare costs according
to different classes of variables. The relationship
between cost and level of control, stratified on the
degrees of asthma severity was then studied.

Multivariate analysis. All multivariate analyses
were carried out using multiple linear regression,
with total MRU cost as the dependant variable.
Total MRU cost was log-transformed to normalise
its distribution, after discarding patients with null
cost. Asthma control and asthma severity were
each included in the model with three levels. All
other variables associated with total MRU costs in
univariate analyses at p<0.20 were also included in
the model.

Two linear regression models were defined, MO and
M1. Each model contained asthma severity and asthma
control and the cofactors mentioned above. M1 also
included the asthma control by asthma severity interac-
tion to assess whether the level of control was modified
by the degree of severity, or vice versa. The F-test was
used to test whether the inclusion of the interaction
improved the goodness of fit. The M0 model was
accepted as the final multivariable model if the inter-
action was not statistically significant.

Results

Demographics

In the BKL-Thales database, 1,578 patients met
the inclusion criteria. Of these, 1,038 completed the
questionnaire (65.8%); these patients are described in
table 2.

These 1,038 patients did not differ from the other
540 with respect to age, sex, smoking status, asthma
severity and access to free asthma care. However
comorbid conditions were slightly more common in
patients who completed the questionnaire (p=0.04). In
these 1,038 patients, mean age was 36.0 yrs (median
38.0, range 17-50 yrs). The level of asthma control
could not be determined for 101 of 1,038 responders
to questionnaires. Patients with no valid data for
asthma control did not differ from their 937 counter-
parts as to the variables mentioned above. Among 901
patients with complete information for both asthma
control and severity, no significant association
emerged between these two variables (p=0.37).

Descriptive cost analysis

Specific conditional medical resource utilisation
costs. The distributions of specific MRU costs are
displayed in table 3.

Table 2.—Characteristics of
evaluable survey

1,038 patients with an

n %
Sex M 472 455
Age yrs
17-30 311 30.0
3140 308 29.7
41-50 419 404
Ever-smoker
Yes 270  26.0
Access to free asthma care
Yes 165 15.9
Presence of comorbid conditions
Yes 772 744
Any asthma crisis (last 12 months)
Yes 760  73.5
No 274 26.5
Missing data 4
Wheezing at any time (last 12 months)
Yes 745 72.0
No 289  28.0
Missing data 4
Level of asthma control (last 2 weeks)®
Good 515 55.0
Intermediate 294 314
Poor 128 13.7
Missing data 101
Degree of asthma severity (baseline period)’
Low 388  38.8
Moderate 231 23.1
High 380 38.0
Missing data 39

#. based on asthma symptoms; ': based on the dose of
inhaled corticosteroids prescribed.
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Table 3. -Distribution of conditional specific medical resource utilisation (MRU) costs

n” Al Total Mean Median SD Minimum Maximum
Medicines 932 89.8 247321 265 152 308 0.5 2278
Visits to GP 1001 96.4 126969 127 106 105 21 894
Visits to ER 119 11.5 9996 47 64 47 377
Hospitalisation 94 9.0 376578 4006 2544 5414 2544 50889

Data are presented in € unless otherwise stated. GP: general practitioner; ER: emergency room. *: number of patients who

reported the corresponding MRU; ¥: % out of 1,638.

A majority of the 1,038 patients visited their GP
and received prescriptions for anti-asthma medicines
during the study period (table 3). However, specific
costs for these two resources accounted for only 17%
and 33% of total MRU cost, respectively. By contrast,
only 9% of patients were hospitalised but this resource
made up 49% of global expenses (fig. 2). Visits to the
ER had little impact on total MRU cost.

Total medical resource utilisation costs. Median cost
was 278.0 € and 25th and 75th percentiles were
133.4 € and 587.1 €, respectively. Total MRU costs
ranged from 0-51,674 €, with an asymmetric
distribution (fig. 3). A long distribution tail appeared
beyond 1,200 €, and 97 patients had their costs con-
centrated beyond 2,000 €. Based on recent symptoms,
these 97 patients had a significantly lower level of
control compared to the others (p<0.0001); they were
also more likely to have access to free asthma care and
to report asthma crisis during the past 12 months
(p<0.001). For these 97 patients, the part of MRU
due to hospitalisation exceeded 86% of the total cost
(376,578 €/434,309 €). In 1,038 patients, 29 had a null
value for total cost since they had no asthma-related

Fig. 2. —Specific expenses in total medical resource utilisation cost
(760,863 €) in 1,038 patients. [J: hospitalisation 49%; N: asthma
medications 33%; E3: visits to general practitioner 17%; M: visits
to emergency room.
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Fig. 3. Distribution of total medical resource utilisation costs in
1,038 patients.

MRU during the 12-month study. These patients did
not differ from their 1,009 counterparts with non-null
total MRU costs for any variable of the study except
for comorbid conditions (p<0.0001): none of the null-
cost patients had any comorbid diagnosis recorded.

Correlates of medical resource utilisation costs

Variations of total MRU costs according to asthma
control, asthma severity and other cofactors are
displayed in table 4.

Poor control and greater severity were both
associated with higher MRU cost. The mean cost
for patients with poorly controlled asthma was more
than twice the cost for well-controlled patients. A
significant increase in the MRU cost, according to
levels of control, was also observed in all degrees of
asthma severity. There was no difference in total cost
between 937 patients who mentioned their asthma
control and the 101 others who did not (Wilcoxon
test, p=0.78), or between patients with and without
valid data for asthma severity (Wilcoxon test, p=0.90).
Age and access to free asthma care was also
significantly associated with increased total MRU
cost.

Multivariate analysis. Multivariate analyses were
conducted in 872 patients with non-null costs (log
transformation) and valid missing data for all variables
included in models. Given the high correlation between
the two variables reporting occurrence of asthma
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Table 4. —Univariate analysis for total medical resource utilisation (MRU) cost in 1038 patients

n 25th percentile Median  75th percentile = Mean  Statistical test
Sex
Male 472 137.6 281.3 580.3 696.9 p=0.37%
Female 566 123.7 273.6 592.8 763.1
Age yrs
17-30 311 90.6 214.2 410.9 553.0 p<0.00017
31-40 308 127.6 257.7 575.6 714.0
41-50 419 177.0 3474 710.9 880.6
Ever-smoker
Yes 270 136.7 291.7 594.8 714.9 p=0.32%
No 768 130.0 275.1 567.6 739.3
Access to free asthma care
Yes 165 296.7 541.3 1406.7 1240.1 p<0.0001*
No 873 116.7 245.8 502.3 637.1
Presence of comorbid conditions
Yes 772 158.6 313.6 646.0 790.3 p<0.0001*
No 266 65.6 167.4 405.4 566.4
Any asthma crisis (last 12 months)
Yes 760 140.9 296.1 638.2 794.6 p<0.0001*
No 274 104.3 236.6 456.7 535.1
Missing data 4 554.0 2185.9 4644.6 2599.3
Any wheezing (last 12 months)
Yes 745 140.9 297.9 650.7 794.8 p<0.0001*
No 289 104.3 236.6 477.9 579.1
Missing data 4 139.7 193.6 588.9 364.3
Degree of asthma severity (baseline period)
Low 388 89.8 193.3 349.0 558.7  p<0.0001"
Moderate 231 155.8 347.2 713.7 984.3
High 380 176.4 370.9 746.8 771.9
Missing data 39 170.9 288.3 577.7 600.3
Level of control (last 2 weeks)
Good 515 98.8 229.4 479.9 549.8 p<0.00017
Moderate 294 163.2 311.6 611.9 746.3
Poor 128 208.7 459.6 1554.2 1451.3
Missing data 101 131.1 261.8 507.9 718.0
Control stratified on severity"
Low severity
Good control 199 81.0 157.7 318.7 409.3 p=0.0009"
Moderate control 101 109.2 236.6 402.8 497.1
Poor control 54 139.9 297.2 864.8 1,453.4
Moderate severity**
Good control 113 137.8 324.0 621.9 958.4 p=0.07"
Moderate control 66 199.9 403.3 748.1 853.8
Poor control 21 300.4 561.8 1175.8 1491.8
High severity™”
Good control 184 138.4 308.9 584.5 478.8 p<0.0001"
Moderate control 117 186.2 441.8 934.6 927.0
Poor control 46 344.4 635.2 1998.1 1379.8

All tests were computed without missing values.

symptoms during the study period (Chi-squared (one
degree of freedom)=238, p<0.0001), "asthma crisis" was the
only symptom variable included in the model, since it
was more closely correlated to total MRU cost than
"wheezing". Both M0 and M1 included age, presence of
comorbid conditions, access to free asthma care, level
of control and degree of severity. M1 included the four
additional interaction terms. Accepting these four
interaction terms did not yield significant improvement
(F4.86:=0.80, p=0.90); none of the four interaction
coefficients reached significance (data not reported).
Consequently, M0 was retained as the final multi-
variate linear model (table 5). Most univariate results
were confirmed.

#. Wilcoxon ;est; 7. Kruskal-Wallis test; *: computed on 901 patients with

valid data for both control and severity; f. n=354; **: n=200; **. n=347.

Discussion

The level of asthma control as measured by recent
symptoms is a major correlate of total MRU, inclu-
ding drug therapy, ambulatory care and hospital care
in persistent asthma, increasing substantially with
lesser levels of control. Poorly controlled asthma
resulted in a significant 2.5-fold increase in MRU
costs, compared to well-controlled disease. Asthma
severity, as judged by the prescribed doses of inhaled
corticosteroids in the prestudy period, was also asso-
ciated with a significant increase in MRU costs inde-
pendently of other cofactors. Finally, the following
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Table 5. —Multiple regression model (MO) for log-transformed cost variable

Parameter value SD t-value p-value
Age
31-40 yrs* 0.06 0.10 0.63 0.53
>41 yrs* 0.34 0.09 3.62 0.0003
Access to free asthma care yes/no 0.47 0.11 4.47 <0.0001
Presence of comorbid conditions yes/no 0.44 0.09 4.89 <0.0001
Asthma crisis (study period) 0.35 0.09 3.90 <0.0001
Moderate asthma severity' 0.47 0.10 4.73 <0.0001
High asthma severity' 0.48 0.09 5.55 <0.0001
Moderate asthma control yesmo™* 0.25 0.09 2.95 0.003
Poor asthma control (yes/mo)* 0.61 0.12 5.08 <0.0001

#. reference age 17-30 yrs; T: reference low degree of asthma severity; *: reference good level of asthma control. Adjusted

R’=0.17, p<0.0001. n=872.

factors were also associated with increased cost
of care: age, access to free asthma care, presence of
comorbid conditions and asthma symptoms in the
past year.

Both the level of control and degree of severity, as
measured in this study, are correlates of MRU. Level
of control and asthma severity were identified from
distinct sources and at different points in time:
prescription information for severity, i.e. the dose of
inhaled corticosteroids prescribed by the family
physician before the study period; and patient data
for assessment of control, i.e. the patient’s response to
a specific questionnaire at the end of the study period.
The level of control was assessed for a 2-week period
at the end of the study period. However, this level of
control may reflect the patients’ attitude towards
asthma medications drug observance and avoidance
of risk factors throughout the study period. In a recent
survey, VOLLMER et al. [13] found that a short-term
control index was significantly related to healthcare
utilisation in a consecutive 12-month period.

Asthma severity was assessed from average doses of
prescribed inhaled corticosteroids during a baseline
prestudy period (fig. 1). The marker of severity in this
study was correlated with access to free healthcare for
asthma (p=0.0004), number of prescriptions of oral
corticosteroids (p=0.01) and number of different
classes of asthma medications prescribed during the
12-month study period (p<0.0001). Finally, the
significant increase of MRU costs across degrees of
severity is consistent with recent data from SERRA-
BATLLES et al. [14]. In that study, severity was based on
the International Consensus Report on Diagnosis and
Treatment for Asthma [15].

Control of asthma also had an important effect on
costs, independently of severity. Poor control was
associated with higher MRU in the preceding 12
months, suggesting that a significant part of the
burden of asthma could be prevented with improved
disease management. The comparison of MRU across
levels of control within different degrees of severity is
of interest. In all severity categories, costs increased
significantly with decreasing levels of control. In each
category, costs for "well-controlled" patients could be
interpreted as indicative of the "minimal" costs of
asthma care according to disease severity. A priori,

such costs are nonpreventable, in contrast to the costs
computed in groups with lesser levels of control.

Age correlation with cost is not surprising, since age
is a known risk factor for resource consumption in
asthma, as in other conditions [16]. The significant
relationship between comorbid conditions and cost
was less expected in this rather young population
(17-50 yrs) where asthma was the major morbidity. It
suggests that conditions linked to asthma may have an
impact on resource consumption [17]. Concomitant
psychiatric troubles have been shown to be associated
with increased asthma morbidity, and they may con-
tribute to increased costs [18]. Having access to free
asthma care also resulted in higher costs of MRU.
These patients were older and had more comorbid
conditions, but multivariate analyses suggested that
access to free asthma care was associated with higher
costs independent of these characteristics. This finding
is in agreement with the purposes of access to free
asthma care in France, provided to patients with more
severe disease, independent of their socioeconomic
status, after review of their medical history by Social
Security experts.

Only crude comparisons can be made between the
data presented here and information available for
other countries. BARNES ef al. [19] made a comparison
of direct costs between countries; depending on the
country and the study, hospital contacts comprised
between 18-79% of direct costs, i.e. generally a lesser
portion of the costs of MRU than in this study.
BarnEs et al. [19] found that improved control was
associated with an increase in drug costs and more
visits to the GP. It should be stressed that, as a result
of the selection of patients with persistent asthma, the
present data did not allow valid estimates of the total
asthma burden in the French population, in contrast
to data published by other investigators [19-21].
Another effect of the selection of patients with
persistent asthma may have been the relatively high
incidence of hospital contacts. Nevertheless, this is
also the result of efforts to collect data on this
outcome directly from patients. The current authors
have indeed demonstrated that care givers are not
optimally informed of outcomes in asthma patients,
and using family physician data may result in under-
estimates of the hospital-contacts incidence [22].

These points underline some limitations of using
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a GP prescription database in asthma outcomes
research. However, important advantages should
also be acknowledged, ie. that such databases may
be considered as a more valid tool to assess asthma
severity than drug dispensing databases, since data are
available on actual GP’s prescriptions of inhaled
corticosteroids. Those prescriptions may be consid-
ered as being a reflection of the care givers’ instant
perception of asthma control, at least in settings and
at times where such prescriptions were issued with
some reluctance [23]. A selection criteria prescribed
was at least three canisters of inhaled [-agonists
during the 6-month period before the onset of the
study. This could be considered as high B-agonists
consumption, but it was consistent with B-agonists
prescription patterns by GPs in France until recently.

This study had some other limitations. To compute
medication costs, several assumptions were made, for
example that patients took their prescriptions. Aver-
age costs were used to estimate the impact of
admission to hospital for asthma, since there was no
access to individual inpatient hospital-resource con-
sumption data. Also, there may be recall bias in the
responses to the survey questions, e.g. with some
patients over- or underestimating their rate of hospital
admission. A selection bias could affect the results if
there was a systematic, nonrandom, factor influencing
the patient’s decision to complete and return the
questionnaire; 1,038 responders to questionnaires
would then be different from 540 nonresponders.
However, there were no significant differences
between these two groups in demographic variables
and asthma severity, though records of comorbid
conditions were slightly higher among the 1,038
responders (p<0.04). Of 1,038 participants who com-
pleted the questionnaire, 101 did not answer specific
questions for asthma control. This could represent
another selection bias. However, patients with missing
information on control did not differ from 937 others
for costs or any variable in the study. If a selection
bias cannot be excluded, its influence should be
limited. Multivariate analyses were conducted in
only 872 patients with non-null total MRU cost and
valid data for all covariates. Except for comorbid
conditions, these 872 subjects did not differ from their
166 counterparts for any other studied variables (data
not reported). Furthermore, all multivariate results
were consistent with univariate analyses.

In the final linear model, global R? did not exceed
0.17. Only a limited number of correlates for costs
were identified. For example, the authors had no
information on socioeconomic status, on education
level, or on the attitude of the patients [24]. However,
a gradient of resource consumption was identified
according to increasing severity or decreasing control,
and this provided support to the assessment of these
two diseases characteristics, and their relationship to
resource consumption.

In summary, the results suggest that the major part
of the cost burden of asthma is a consequence of both
poor control and greater severity, especially for major
outcomes, such as hospital admissions. Improvement
in asthma control through improved disease manage-
ment could potentially result in significant savings,

in patient morbidity and costs to society [25]. The
findings also confirm that information obtained
directly from patients is a useful addition to database
information [3]. The linkage of medical records to a
specific patient survey may help to understand the
complex relationship between severity and control in
asthma, and to identify preferred areas of interven-
tions to relieve the burden of asthma.
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