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Abstract

Background: In clinical trials of asthma, the outcomes are
often good, but when the same treatment regimens are im-
plemented in primary care, equally good results are not
obtained. Objective: To investigate if addition of structured
patient information and monitoring by an asthma diary in
primary care improves asthma control. Methods: 141 pa-
tients from 19 primary care centres were studied. The cen-
tres were randomised to a standard care group or to an in-
tervention group. The intervention group received struc-
tured written and oral information aboutasthmaand asthma
medication, and were instructed to keep an asthma diary.
The primary outcome was asthma control as assessed by the
Asthma Control Questionnaire. Secondary outcomes were
costs of asthma medication, the Mini Asthma Quality of Life
Questionnaire score and lung function. Results: Asthma
Control Questionnaire score changes differed between the

study groups (p < 0.05). In the intervention group, these
changes (M = -0.45) in asthma control were close to clini-
cal significance (minimal important difference = 0.5). Both
groups improved in disease-specific quality of life scores. For
the intervention group, which changed the most (p < 0.05),
the change exceeded the threshold for the minimal impor-
tant difference (0.5). The costs of medications increased sig-
nificantly in the intervention group, where adjustments of
medication were made more often than in controls. Conclu-
sion: Disease-specific quality of life of asthma patients could
be improved by adding structured information and moni-
toring by diary to standard care. Copyright©2009s.Karger AG, Basel

Introduction

Asthma is a chronic disease with a prevalence of about
8% in the European population [1]. Although effective
symptomatic treatment is available, under-diagnosis and
poor managementisa problem [2, 3]. International guide-
lines emphasize that written action plans and patient ed-
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ucation, in addition to regular follow-up, are important
in order to achieve successful self management [4]. Nev-
ertheless, adherence to asthma treatment guidelines is
generally poor [5-7] and guideline goals are not achieved
[1]. This is probably due to non-adherence to guidelines
as well as to insufficient patient co-operation. It has been
suggested that only half of patients with chronic diseases
take their medicines as prescribed [8, 9]. Compliance and
treatment outcome are better in clinical trials than in ev-
eryday care [10]. Several components in the trial situation
could account for this. One of them is the increased in-
formation given to participants in clinical trials. That this
could be an important factor is supported by the health
beliefs model [11]. Another trial component of probable
importance is the more extensive follow-up and monitor-
ing of treatment effects in trials compared to ordinary
care.

The poor outcomes of asthma treatment in everyday
care, due to suboptimal treatment regimens and lack of
patient adherence, probably inflate the costs of asthma
[12]. Asthma-related costs are determined largely by
pharmaceuticals [13] and vary considerably even among
patients with similar asthma severity [14].

Our aim was to evaluate if an intervention containing
2 of the crucial elements of clinical trials, active monitor-
ing and increased information, might improve the treat-
ment outcome in asthmatic patients in primary care. The
intervention consisted of structured written and oral in-
formation, and an asthma diary. The primary outcome
measure was asthma control. Secondary outcomes were
estimates of costs of asthma medication, asthma-specific
quality of life and pulmonary function.

Material and Methods

From October 2003 until December 2004, we studied 141 par-
ticipants (98 females and 43 males), aged 18-87 years, who were
treated in 19 primary healthcare centres in the Stockholm area.
The centres were instructed to consecutively invite all eligible pa-
tients with an asthma diagnosis who sought medical attention
(for any condition) to participate. All participants had to give
written informed consent. Exclusion criteria were: age less than
18 years, poor understanding of written Swedish, malignant dis-
ease, severe psychiatric disease and dementia. All participants
gave written informed consent to their participation.

The study was designed to measure the effect of increased in-
formation and monitoring by diary on treatment outcome in
asthmatic patients in primary care. Study centres were random-
ized to a control group, treating asthmatic patients according to
their local routines, or to an intervention group (see below). Ran-
domization of the centres was performed by an independent con-
sultant, Dr. Pierre Lafolie at the Karolinska Trial Alliance, Stock-
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holm, Sweden, after inclusion of all centres but before patient
recruitment started. Randomization was performed using a com-
puter programme that generated random numbers. Both the pa-
tients and the researchers analyzing the data were aware of the
allocation.

The intervention was delivered by the treating physician or an
asthma nurse, depending on local routines, and consisted of giv-
ing additional structured written and oral information, and fol-
low-up using an asthma diary. Basic information aetiology, pa-
thology and management of asthma (1 page) was given to all pa-
tients in the intervention group. Information on specific asthma
treatment was standardized for different medications, but indi-
vidualized for each patient so that only information applicable to
his/her current treatment was given (less than 1 page per class of
medication). The same information was also given orally. Partici-
pants in the intervention group were also instructed to keep an
asthma diary and to discuss the diary with the appointed nurse.
The diary consisted of a pre-printed booklet with 4 questions that
were to be answered on a daily basis, preferably before the first
daily dose of medicine. The questions concerned use of broncho-
dilators on demand, nighttime awakenings due to asthma, and
treatment adherence. It was estimated that the intervention, diary
excluded, would take approximately 10 min to carry out.

The primary outcome measure was the change in the score of
the asthma control questionnaire (ACQ) between the 2 visits in
the study. We used the Swedish 5-question version of the ACQ,
which has been validated for use in a primary care setting [15-17].
Each item is scored on a 7-point scale (0 = good control, 6 = bad
control), and the overall score is the mean of all responses. The
minimal important difference (MID) has been reported to be
close to +0.5 [16]. Two different approaches to calculating the
MID showed similar, but not identical results, thus creating slight
uncertainty [16].

Secondary outcomes were lung function measurements (FEV,
or PEF), the number of self-reported emergency visits caused by
asthma, the number of patients having additional/unanswered
questions about their asthma or its management, prescribed
changes in drug treatment, the patient-perceived benefit of asth-
ma medications, costs of the asthma medications, and changes in
disease-specific quality of life. Disease-specific quality of life was
measured using the validated Swedish version of the Mini Asth-
ma Quality of Life Questionnaire (MiniAQLQ; MID 0.5), which
yields a total score between 1 and 7, where 7 is the best and 1 is
very poor [17, 18].

The participants completed 2 visits 8-14 weeks apart at their
primary health care centre. At the first visit, they were character-
ized with regard to age, gender, asthma symptoms and asthma
medications used during the preceding week. Lung function was
measured with ongoing medication by spirometry or a peak-flow
meter according to local routines. A standardized approach with
spirometry for all participants would have required a change to
normal clinical routines, which was undesirable. The participants
completed the ACQ [15] and the MiniAQLQ [18]. Designated
nurses were responsible for the handling of the questionnaires. At
the second visit, both questionnaires were completed again and
spirometry or PEF was carried out in the same way as at the first
visit. Each patient also completed a questionnaire that addressed
the number of emergency department visits caused by asthma
since the last visit, additional questions about their treatment
(yes/no), if prescribed drug treatment had been changed (yes/no),
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if the patient perceived benefit of the treatment (yes/no), and asth-
ma medications taken during the preceding week.

The daily doses of each asthma drug were used to calculate the
total daily pharmaceutical costs per patient. If the dosage of a
drug was not recorded, we used the cost of a defined daily dose of
the drug [19]. Unit costs for drugs were obtained from the Swed-
ish pharmaceutical desk reference, FASS®, 2004 [20]. For com-
parison of costs, 1 USD = 7. 47 SEK (2005) [21].

The study was approved by the regional ethical review board.

Statistical Analysis

The study was designed as a prospective, cluster-randomized
trial. Thus, study centres rather than patients were randomized
to control or intervention in order to avoid contamination be-
tween subjects. However, this design does not allow assumptions
of independence between patients within the same centre (clus-
ter). This is taken into account by comparing the means of all ob-
servations for all subjects within a cluster between treatment
groups, weighting for cluster size [22].

Power calculations were carried out to obtain a power of 0.8
with a = 0.05 on an individual level to detect a difference in ACQ
score at least as large as the MID (0.5 p). The resulting required
sample size was 67 in each group. To evaluate the extent to which
the design affected the power of our study, we used a measure
known as ‘the design effect’ [23]. It is calculated according to the
formula:

Design effect=1+ (m - 1) X ICC

where m is the average cluster size and ICC is the intra-class cor-
relation coefficient [24]. For example, if the design effect is 4, then
a cluster trial will require 4 times the number of individuals re-
quired by a simple randomized trial of individuals. An estimate
of the ICC can be obtained by using mean square (MS) values
from a 1-way analysis of variance:

ICC= [Msbetween - Mswithin/MSbetween + (1'1’1 - 1)1\/[Swithin]

where MS values are the mean squares from the ANOVA table and
m is the average size of the clusters [25]. This method is equally
applicable for both binary and continuous outcomes [25]. The size
of each cluster in our study varied. Therefore, we substituted m0
for m:

m0 = 1/(k - 1)[n - (Zm;?/n)]

where k is the total number of clusters, m; is the number of cases
in the ‘i-th’ cluster, with i ranging from 1 to k, and n is the total
number of individuals in the sample in our calculation [25].

The effect of the intervention was described by the change
within subjects after the intervention and compared between
groups with weighted t tests. The Pearson x? was used to analyse
the variables in the short questionnaire (change in drug treat-
ment, patient perceived benefit, number of emergency visits, and
additional questions). To account for the clustering effect in the
analysis, adjusted x? values were calculated by dividing the x? sta-
tistic with the design effect for the variable in question [26, 27].

Mean values and standard deviations are given, unless other-
wise specified. For all statistical tests, p < 0.05 was considered
statistically significant. All descriptive analyses and t tests were
carried out using Systat 11 (Systat Software, Richmond, Calif,,
USA). x? and adjusted x2 analyses were calculated manually.
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Table 1. Patient characteristics (n = 141)

Intervention Control
group group
Male/female n=64 n=77
n 16/48 27/50
% 25/75 35/65
Age, years (min-max) 48 (19-87) 52.5(18-79)
Smoking habit, n (%)
Smokers 9(14) 14 (18)
Ex-smokers 29 (45) 31 (40.3)
Non-smokers 26 (41) 31(40.3)
Missing data 0 1(1.3)
Asthma control
ACQ 1.51 1.52
Disease-specific quality of life
MiniAQLQ 5.22 5.02
Lung function
FEV, % of predicted n =64 n=64
Mean 89 82.6
Min-max 33-127 5-118
PEF n=16 n=27
Mean 350 295
Min-max 88-600 45-650
Records on PEF or FEV, n (%)
Total 64 (100) 70 (91)
Missing 0 7
Total daily cost of drugs per patient (visit 1), SEK
Mean 8.14 12.60
Median 7.92 11.48
Min-max 0-25.77 0-40.40
Results

The enrolment lasted 14 months and was conducted in
parallel for the 2 groups. The seasonal impact on asthma
symptoms and severity can thus be assumed to be equal
in the treatment groups. 168 participants were enrolled;
11 participants in the control group and 10 in the inter-
vention group were lost to follow-up for unknown rea-
sons. One patient in the intervention group did not meet
the age inclusion criteria and was therefore excluded.
Three controls and 2 participants in the intervention
group completed the second visit much later than planned
in the protocol (20-32 weeks overdue) and were therefore
excluded. Thus, 64 participants in the intervention group
and 77 in the control group completed the study. Post hoc
calculations revealed that the design effect for the pri-
mary outcome, ACQ, was 1.20, which implies that the
sample should have been inflated by 20% to reach the de-
sired power of 0.8.
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Table 2. The intracluster correlation coefficient and test statistics
with p values for all analysed variables

Variable Intracluster t Adjusted p
correlation value* x? value
coefficient statistic®

ACQ, change in score 0.03 3.51 0.01

Lung function, change in

FEV,, % predicted 0.03 -2.45 0.02
Costs, mean change 0.10 -3.04 0.00
MiniAQLQ, change

in scores 0.004 -5.72 <0.001
Number of acute emergency

department visits 0.06 0.61 0.43
Patient perception of drug

benefit 0.002 22 0.14
Prescribed change in drug

treatment 0.29 3.96 0.05
Having additional questions  0.04 0.28 0.6

* Comparison of the intervention group mean with the control
group mean.

b Comparison of the intervention group proportion of yes an-
swers with the control group proportion.

The demographic characteristics of the patients in-
cluded in the final analysis of the study are presented in
table 1. The dropouts did not differ from the other par-
ticipants at baseline (not shown).

The changes in ACQ scores differed significantly,
t(137) = 3.51, p = 0.01 between the control group (M =
-0.29, SD = 0.31) and the intervention group (M = -0.45,
SD = 0.23). However, the difference in mean change was
less than the MID = 0.5 in the control group. The
changes in lung function also differed significantly
t(137) = -2.45, p = 0.016 between, the control group
(M = 1.39, SD = 3.53) and the intervention group (M =
3.03, SD = 4.34).

In the control group, there were 7 emergency visits by
6 participants, and in the intervention group, there were
9 emergency visits by 5 participants (cluster-adjusted
X2 =0.61, p = 0.43).

There was no difference between the 2 groups regard-
ing the perception of drug benefit (cluster-adjusted x* =
2.17, p = 0.14). However, the proportion of participants
who altered their pharmaceutical treatment was signifi-
cantlylarger in the intervention group than in the control
group (cluster-adjusted x? = 3.96, p = 0.0466). The num-
ber of participants having additional questions at follow-
up was 10 participants per group.

Influence of Structured Information and
Monitoring on Asthma Outcome

Both groups improved their disease-specific quality of
life during the study (change scores in the positive direc-
tion). The magnitude of change was M = 0.28, SD = 0.31,
in the control group and M = 0.53, SD = 0.18 in the inter-
vention group [t(137) = -5.72, p < 0.05 for the group dif-
ference]. The magnitude of change exceeded the thresh-
old for the MID (0.5) in the intervention group.

Weighted total mean costs were SEK 8.14 for the inter-
vention group and SEK 12.59 for the control group at
baseline. At follow-up, the total cost had increased by
SEK 1.50/day in the intervention group, whilst it re-
mained almost the same in the control group (a decrease
of SEK 0.12/day). The weighted difference between groups
was statistically significant [t(139) = -3.04, p < 0.05]. The
increased costs could not be attributed to any single class
of medications.

The mean total cost per centre/day varied from SEK
2.79 to 17.40 for the intervention centres and from SEK
6.37 t0 16.90 for the control centres at baseline. At follow-
up, the mean total cost per centre varied from SEK 4.62
to 17.40 for the intervention centres and from SEK 8.02 to
23.05 for the control centres.

The intracluster correlation coefficients for outcomes
reported above are presented in table 2.

Discussion

Our findings suggest that structured information and
monitoring has a positive effect on the outcome of asth-
ma treatment in the primary care setting. Thus, asthma
control improved and there was a clinically significant
improvement in asthma-specific quality of life among
patients cared for at primary care centers randomized to
the intervention group compared to usual care. This is in
line with previous findings in self-management programs
[28]. The cost of medication in the intervention group
increased by SEK 1.50/day, due to changes in patient-re-
ported medication. The baseline gap between the groups
regarding costs was slightly reduced, but they still dif-
fered, with the intervention group having the lowest total
costs.

Changes in the primary outcome measure, asthma
control measured by the ACQ, were small and did not
exceed the threshold for the MID. A small, but statisti-
cally significant improvement of lung function was also
detected in the intervention group. The clinical relevance
of these changes is thus uncertain. However, only short-
term effects were evaluated in the present study. It would
be interesting to study whether there are long-term ben-
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— Assessed for eligibility Excluded
= 24 primary care centres 0 primary care centres
'-'EJ Not meeting inclusion criteria
r 0 primary care centres
6' > Refused to participate
o 0 primary care centres
z Randomised Other reasons
24 primary care centres 0 primary care centres
4
Allocated to control intervention Allocated to intervention
= 12 primary care centres 12 primary care centres
8 Received allocated intervention Received allocated intervention
s 12 primary care centres 12 primary care centres
O | Median centre size =9 Median centre size =7.5
= | 91 participants 77 participants
<
4
Lost to follow-up Lost to follow-up
a. | 1 centre with a size of 3 1 centre with a size of 1
2 | 1 centre did not include any subjects 2 centres did not include any
= | atall for unknown reasons subjects at all for unknown
9 reasons
5‘ A total of 11 subjects were lost to
. | follow-up A total of 10 subjects were lost to
follow-up
, |
Analysed Analysed
Number of centres = 10 Number of centres = 9
Median centre size = 10 Median centre size = 6
3 Min—Max size = 2—10 Min—Max size = 1-18
> Number of subjects = 77 Number of subjects = 64
<
Z | Excluded from analysis Excluded from analysis
< 3 subjects were excluded from In total, 3 subjects were excluded,
analysis due to failure to comply with 2 due to failure to comply with
study protocol study protocol and 1 was found

Fig. 1. Flow diagram of the progress of
clusters and individuals through the trial.

efits, but that would have required a longer study, possibly
repeating the intervention (‘a booster dose’).

The finding that prescribed medical changes were
greater in the intervention group is interesting. The de-
livery of structured information might have initiated
more discussions about the current treatment, resulting
in changes of treatment. Even though the intervention
group had more changes in prescribed medications and
significantly increased pharmaceutical costs, the mean
cost was still lower in the intervention group than in the
control group due to an imbalance at baseline. The large
range of pharmaceutical costs per day and patient are in
line with previous findings [14].

392 Respiration 2010;79:388-394

to be ineligible

Considering the limitations of our study, it is possible
that the clinicians made selective invitations which could
bias the results. This would, however, be against their in-
structions, and we have no reason to believe that this was
the case. We had problems with a relatively high rate of
loss to follow-up; however, these patients did not differ
from the ones in the final analysis at baseline. This, and
the post hoc analysis of the cluster effect, led to a lower
statistical power than anticipated. Nonetheless, positive
effects of the intervention could be documented. Fur-
thermore, we chose a self-reported primary outcome. The
validity of self-reported measures could be questioned,
but they are considered important and their use is advo-
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cated in current guidelines for asthma treatment. In this
case, the primary outcome measure, ACQ in its original
design, consisted of 2 ‘objective’ items (short-acting b2-
agonist use and FEV)), which were later excluded due to
redundancy [16]. Researchers and study subjects were not
blinded. However, contamination was minimized by pre-
senting the intervention merely as an approach different
from standard care and not giving details on its content
to centres allocated to the standard care group.

The robustness of the primary outcome and our ef-
forts to minimise bias and contamination between the
study groups makes us confident that confounding is not
a major threat to our conclusion.

The fact that the study was underpowered is of less
importance. Underpowering a study is a major threat to
the validity of the findings only if no statistically signifi-
cant differences are found in the outcomes.

Conclusion
Our intervention, structured information given only
once and monitoring at home by an asthma diary, had

small but significant effects on asthma-specific quality of
life. Nevertheless, the effects seen in our study are com-
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