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Background: The Internet may support patient self-management of
chronic conditions, such as asthma.

Objective: To evaluate the effectiveness of Internet-based asthma
self-management.

Design: Randomized, controlled trial.

Setting: 37 general practices and 1 academic outpatient depart-
ment in the Netherlands.

Patients: 200 adults with asthma who were treated with inhaled
corticosteroids for 3 months or more during the previous year and
had access to the Internet.

Measurements: Asthma-related quality of life at 12 months (min-
imal clinically significant difference of 0.5 on the 7-point scale),
asthma control, symptom-free days, lung function, and
exacerbations.

Intervention: Participants were randomly assigned by using a
computer-generated permuted block scheme to Internet-based self-
management (n = 101) or usual care (n = 99). The Internet-based
self-management program included weekly asthma control moni-
toring and treatment advice, online and group education, and re-
mote Web communications.

Results: Asthma-related quality of life improved by 0.56 and 0.18
points in the Internet and usual care groups, respectively (adjusted

between-group difference, 0.38 [95% Cl, 0.20 to 0.56]). An im-
provement of 0.5 point or more occurred in 54% and 27% of
Internet and usual care patients, respectively (adjusted relative risk,
2.00 [CI, 1.38 to 3.04]). Asthma control improved more in the
Internet group than in the usual care group (adjusted difference,
—0.47 [Cl, —0.64 to —0.30]). At 12 months, 63% of Internet
patients and 52% of usual care patients reported symptom-free
days in the previous 2 weeks (adjusted absolute difference, 10.9%
[Cl, 0.05% to 21.3%]). Prebronchodilator FEV, changed with
0.24 L and —0.01 L for Internet and usual care patients, respec-
tively (adjusted difference, 0.25 L [CI, 0.03 to 0.46 LI). Exacerba-
tions did not differ between groups.

Limitation: The study was unblinded and lasted only 12 months.

Conclusion: Internet-based self-management resulted in improve-
ments in asthma control and lung function but did not reduce
exacerbations, and improvement in asthma-related quality of life
was slightly less than clinically significant.

Primary Funding Source: Netherlands Organization for Health Re-
search and Development, ZonMw, and Netherlands Asthma
Foundation.
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Asthma is a chronic disorder of the airways that is char-
acterized by recurring respiratory symptoms, variable
airflow obstruction, airway hyperresponsiveness, and under-
lying inflammation (1, 2). Recent clinical guidelines for the
management of asthma distinguish 4 essential components
of asthma care: assessment and monitoring, patient educa-
tion, control of environmental and comorbid factors that
affect asthma, and drug treatment. With appropriate med-
ical care, well-informed and empowered patients can con-
trol their asthma and live full, active lives (1, 2). However,
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despite the availability of monitoring tools and effective
therapy, asthma control is suboptimal in many patients
worldwide, and long-term management falls far short of
the goals set in the guidelines (3).

Self-monitoring, education, and specific medical care
are important aspects in improving the lives of patients
with asthma (1, 2). However, many patients with mild or
moderate persistent asthma do not attend checkups regu-
larly or visit their physician with symptoms of the disease
(4). In addition, in practice, both patients and their health
care providers are reluctant to use written self-management
plans (5).

Internet technology is increasingly seen as an appealing
tool to support self-management for patients with chronic dis-
ease in remote and underserved populations (6—8). However,
to date, studies on Internet-based asthma self-management
show only short-term improvements in asthma control,
lung function, and quality of life (9—11). Long-term stud-
ies on the effect of Internet-based self-management, in-
cluding all its essential features, are not available.
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Therefore, we developed a guided self-management
tool for adult patients with asthma that included Internet-
based home monitoring and treatment advice (action
plan), online education, and remote Web communication
with a specialized asthma nurse. The goal of our study was
to assess the long-term clinical effectiveness of Internet-
based self-management education compared with usual
physician-provided care alone.

METHODS
Design Overview

We conducted a 12-month, multicenter, nonblinded,
randomized, controlled trial. We randomly assigned pa-
tients to Internet-based self-management (Internet group)
as an adjunct to usual care or to usual physician-provided
care alone (usual care group). The Internet-based self-
management program included weekly asthma control
monitoring and treatment advice, online and group educa-
tion, and remote Web communications with a specialized
asthma nurse. The intervention continued for 12 months
after enrollment. The Medical Ethics Committee of the
Leiden University Medical Center, Leiden, the Nether-
lands, approved the study.

Setting and Participants

We recruited patients from 37 general practices (69
general practitioners) in the Leiden and The Hague area
and the Outpatient Clinic of the Department of Pul-
monology at the Leiden University Medical Center from
September 2005 to September 2006. Inclusion criteria
were physician-diagnosed asthma coded according to the
International Classification of Primary Care in the elec-
tronic medical record (12), age 18 to 50 years, prescription
of inhaled corticosteroids for at least 3 months in the pre-
vious year, no serious comorbid conditions that interfered
with asthma treatment, access to the Internet at home, and
mastery of the Dutch language. We excluded patients who
were receiving maintenance oral glucocorticosteroid treat-
ment. On the basis of diagnosis, age, prescribed asthma
medication, and comorbid conditions, we sent eligible pa-
tients an invitation letter followed by 1 reminder letter
after 2 to 4 weeks if they did not respond to the first. We
continued this process until a total of 200 patients had
entered the study (September 2006). All participants gave

written consent.

Randomization and Intervention

In a 2-week baseline period before randomization, we
collected data on patient demographic characteristics,
asthma-related quality of life, symptom control, lung func-
tion, and medication level. We provided basic education
about core information on asthma, action of medications,
and inhaler technique instructions to all patients. We
trained all participants to measure FEV, daily with a hand-
held electronic spirometer (PiKo-1, Ferraris Respiratory,
Hertford, United Kingdom) and to report the highest
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Context

Patient self-management is an essential component of
asthma care, and the Internet is a medium to potentially
support patients in self-management.

Contribution

This randomized trial compared Internet-based asthma
self-management with usual care and found modest
improvements in asthma control and lung function with
the Internet intervention, but found no reduction in exac-
erbations and changes in asthma-related quality of life
that were less than clinically significant at 12 months.

Implication

Although Internet-based self management can improve
some asthma outcomes, the improvements were small and
the program did not reduce the number of exacerbations.

—The Editors

value of 3 measurements in the morning before taking
medication (2, 13). They were shown how to report these
values on a personal page on a secure Web application by
using a login password (or how to report by mobile tele-
phone text message). Patients were also asked to report
their nighttime and daytime asthma symptom scores on
this Internet page or by text message. We asked all partic-
ipants to complete the Asthma Control Questionnaire on
their personal Internet page each week (14). We did not
give any patients feedback about lung function or asthma
control.

After the 2-week baseline period, we randomly as-
signed participants to either the Internet group or the usual
care group. We stratified according to care provider (pri-
mary vs. subspecialty care) and asthma control at baseline
(15). We randomly assigned patients to the 2 groups (1:1
ratio) by using a computer-generated, permuted-block
scheme. Allocation took place by computer after collection
of the baseline data, ensuring concealment of allocation.

The Internet-based self-management program con-
sisted of the 4 principal components of asthma self-
management and was accessed through the specially de-
signed Web site, which allowed monitoring through the
Web site (or text message on a mobile telephone), use of an
Internet-based treatment plan, online education, and Web
communications with a specialized asthma nurse (16). Pa-
tients monitored their asthma weekly by completing an
electronic version of the Asthma Control Questionnaire on
the Web site and instantly received feedback on the current
state of their asthma control along with advice on how to
adjust their treatment according to a predefined algorithm
and treatment plan (Table 1 and Appendix Figures 1 to 5,
available at www.annals.org). Depending on the scores
submitted, patients received 4 types of self-treatment ad-
vice. When 4 consecutive Asthma Control Questionnaire
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Table 1. Treatment Plan

Step* Medication

1 Rapid-acting B,-agonist, as neededt

2 Low-dose inhaled glucocorticosteroids

3a Low-dose inhaled glucocorticosteroids plus long-acting B,-agonist

3b Medium-dose inhaled glucocorticosteroids

3c High-dose inhaled glucocorticosteroids

4a Medium-dose inhaled glucocorticosteroids plus long-acting
B,-agonist

4b High-dose inhaled glucocorticosteroids plus long-acting B,-agonist

4c Contact asthma nurse¥; consider addition of leukotriene modifier

5 Contact asthma nurse+; consider addition of oral

glucocorticosteroid

* Step numbers correspond with recommended steps in the Global Initiative for
Asthma guidelines (1).

T Applies to all treatment steps.

¥ Or other health care provider.

scores were 0.5 or less, patients were advised to decrease
treatment according to treatment plan. When 2 consecu-
tive scores were greater than 0.5 but less than 1.0, patients
were advised to increase treatment according to treatment
plan. When 1 score was 1.0 or more but less than 1.5,
patients were advised to immediately increase treatment
according to treatment plan. Finally, when 1 score was 1.5
or more, patients were advised to immediately increase
treatment and contact the asthma nurse.

We advised no medication changes during the 4 weeks
after treatment was stepped up (evaluation period). In ad-
dition to weekly assessments, patients could optionally re-
port daily symptoms and lung function and were able to
contact our asthma nurse though the Web or by telephone.
Thus, any acute deterioration warranting a visit to the gen-
eral practitioner or hospital could be detected (Appendix
Figures 2 and 3, available at www.annals.org).

We aimed to empower patients to use the Internet-
based self-management tool and to develop a patient—
provider partnership in asthma care (2). Self-management
education consisted of both Web-based and face-to-face,
group-based education. Web-based education included
asthma information, news, frequently asked questions, and
interactive communication with a respiratory nurse special-
ist. We scheduled 2 group-based education sessions, which
lasted 45 to 60 minutes, for patients in the Internet-based
self-management group within 6 weeks after entering the
trial. Both sessions included exploration of a patient’s in-
terests and previous knowledge (negotiating an agenda and
patient-centered education), personalized feedback, and
empowerment of self-management (self-efficacy and imple-
menting a plan for change) (2, 17). The first educational
session also included pathophysiology of asthma, informa-
tion on the Web-based action plan, and information and
review of inhalation technique. The second educational

Table 2. Baseline Characteristics

Characteristic

Men, %
Mean age (range), y
Mean asthma duration (range), y
Education level, %
Low
Middle
High
Smoking status, %
Never
Former
Current
Care provider, %
General practitioner
Chest physician
Mean FEV, (prebronchodilator) (range), L
Mean predicted FEV; (prebronchodilator) (range), %
Mean daily inhaled corticosteroid dose (range), ug
Inhaled long-acting B,-agonist use, %
Leukotriene modifier use, %
Mean educational outcomes (range)*
Asthma knowledget
Inhaler techniquet
Self-reported medication adherence§
Clinical outcomes
Mean Asthma Quality of Life Questionnaire score (range)
Mean Asthma Control Questionnaire score (range)
Symptom-free days (range), %

Usual Care Internet Group
Group (n = 99) (n =101)
29 32
37 (18-50) 36 (19-50)
18 (0-47) 15 (1-47)
14 11
33 37
53 52
553 58
33 30
14 12
80 79
20 21
3.13 (1.56-5.23) 3.08 (1.14-5.19)
90 (53-118) 88 (34-133)
517 (0-2000) 497 (0-1000)
60 59
2 3
8.32 (3-12) 8.74 (2-12)
4.11 (1-5) 4.34 (3-5)
6.19 (0-7) 6.46 (0-7)

5.79 (3.03-7.00)
1.11 (0-3.86)
44.5 (0-100)

5.73 (3.66-6.94)
1.12 (0.07-3.22)
44.9 (0-100)

* Baseline data for asthma knowledge and self-reported medication adherence were available for 91 and 99 patients in the usual care and Internet groups, respectively.

T Consumer Asthma Knowledge Questionnaire score range (worst—best), 0-12.
¥ Checklist of Dutch Asthma Foundation score range (worst—best), 0-5.
§ Range, 0—7 d/wk.
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session gave information about the mechanisms and side
effects of medication and explained trigger avoidance.
Patients in the usual care group received asthma care
according to the Dutch general practice guidelines on
asthma management in adults, which recommend a medi-
cal review and treatment adjustment every 2 to 4 weeks in
unstable asthma and medical review once or twice yearly
for patients whose asthma is under control (18). These
national guidelines are based on international guidelines,
such as the Global Initiative for Asthma guidelines (1, 18).

Outcomes, Measurements, and Follow-up Procedures
Process Evaluation

The process evaluation included educational outcomes
(asthma knowledge, inhaler technique, and self-reported
medication adherence), health care provider contacts for
asthma, use of the Internet-based monitoring tool, and
medication changes. We assessed asthma knowledge with
the 12-item Consumer Asthma Knowledge Questionnaire
(19, 20) and inhalation technique with the standardized
checklist of the Dutch Asthma Foundation (21). We as-
sessed knowledge, inhaler technique, and medication ad-
herence at baseline and 12 months.

Health care provider contacts included physician vis-
its, telephone contacts (quarterly questionnaire), and re-
mote Web communications with a specialized asthma
nurse. We extracted the frequency of Internet-based mon-
itoring from Web site log files and included optional daily
lung function and symptom monitoring and weekly
Asthma Control Questionnaire monitoring.

Medication use was reported at baseline, 3 months,
and 12 months. For each patient, we measured the number
of medication changes (or steps) by comparing treatment
step at 3 months with treatment step at baseline (number
of medication changes in first 3 months) and treatment
step at 12 months with treatment step at 3 months (num-
ber of medication changes in the next 9 months). We to-
taled the numbers of medication changes in the first 3
months and next 9 months and reported averages per
patient.

Clinical Outcomes

The primary clinical outcome measure was asthma-
related quality of life, as measured by the 32-item Asthma
Quality of Life Questionnaire (22). The minimal impor-
tant difference is 0.5 on a 7-point scale. We assessed 5
secondary clinical outcomes: asthma control (minimal im-
portant difference is 0.5 on the 7-point Asthma Control
Questionnaire scale), symptom-free days, prebronchodila-
tor FEV, daily inhaled corticosteroid dose, and exacerba-
tions. We assessed all outcomes except for exacerbations
over 2 weeks, at 3 months, after the baseline period, and
again at 12 months. During these assessments, all patients
kept Internet-based daily diaries as they had during the
baseline period. We restricted Web site access for usual
care patients to this diary page. We defined symptom-free

www.annals.org

days as a night and day without asthma symptoms or being
awakened by asthma symptoms, as measured by the TRUST
(The Regular Use of Salbutamol Trial) diary card (23). We
measured prebronchodilator FEV, during each 2-week as-
sessment period (the end value used for analysis). We cal-
culated daily inhaled corticosteroid dose as fluticasone
equivalents. We defined exacerbations as deterioration in
asthma that required emergency treatment or hospitaliza-
tion (collected by quarterly questionnaire) or the need for
oral steroids for 3 days or more (collected by pharmacy
records), as judged by the attending physician, and assessed
them over the whole year (24). We collected all outcome
data similarly in both groups. Participants provided the
Asthma Control Questionnaires, symptom-free days, and
prebronchodilator FEV, through the Internet (the usual
care group had limited access to the Web site for 2 weeks at
baseline, 3 months, and 12 months). We collected the
other outcomes by written questionnaires.

Statistical Analysis

Our primary objective was to determine whether
changes in asthma-related quality of life (Asthma Quality
of Life Questionnaire score) differed between the Internet
group and the usual care group. With a total of 100 pa-
tients per group, an SD of 0.75 (17), and a correlation
coefficient of 0.5, our repeated-measures analysis had a sta-
tistical power of 80% (at the 2-tailed 5% significance level)
to detect a 0.26-point difference in Asthma Quality of Life
Questionnaire score.

We analyzed the differences in the demographic char-
acteristics between participants and nonparticipants and
differences in baseline characteristics between the 2 ran-
domization groups by using Fisher exact tests and unpaired
Student # tests for proportions and continuous data, re-
spectively. We analyzed within- and between-group differ-
ences in the process outcomes with paired and unpaired
Student ¢ tests, respectively.

We analyzed changes in the Asthma Quality of Life
Questionnaire scores, Asthma Control Questionnaire
scores, percentage of symptom-free days, and lung function
by using linear mixed-effects models. We added a random
intercept at the patient level to adjust for repeated measure-
ments over time (25). We added 6 covariates (sex, age,
education level, smoking status, type of care provider, and
number of control problems in the previous year) to the
models. We entered time to the models as a categorical
covariate. We aimed the primary analysis at treatment ef-
fects after 12 months. In addition, we analyzed differences
in treatment effects between 3 and 12 months. We com-
pared exacerbations between the 2 groups with a Cox pro-
portional hazards model, including the same 6 covariates as
added to the linear mixed-effects model.

To estimate the number of patients who gained a clin-
ically important benefit from treatment, we used logistic
regression analysis with “clinical improvement at 12
months” as a dichotomized outcome and the same 6 co-
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variates, as previously described (26). We analyzed com-
plete cases and did not impute missing values. Clinical
improvements in Asthma Quality of Life Questionnaire
and Asthma Control Questionnaire scores were changes
from baseline of 0.5 or more and changes from baseline of
—0.5 or less, respectively (27, 28). As the outcomes of
interest were common, odds ratios were inappropriate to
estimate relative risks (RRs); therefore, we recalculated
them into RRs with Cls on the basis of marginal standard-
ization by using a bootstrap method (29).

We did all analyses on an intention-to-treat basis. We
did not impute missing values. We used Stata, version 9.0
(StataCorp, College Station, Texas), for all analyses.

Role of the Funding Source

The Netherlands Organization for Health Research
and Development, ZonMw, and Netherlands Asthma
Foundation supported the study. The funding sources had
no role in the study design or conduct; collection, analysis,
or interpretation of the data; or in the decision to submit
the article for publication.

RESULTS

We invited the 930 patients who met the selection
criteria to participate in the study. Patients who consented
to participate (7 = 200 [21.5%]) did not differ from non-
participants in age (mean age, 36.6 years vs. 35.8 years;
P = 0.27) or socioeconomic status (living in an underpriv-
ileged area, 5.0% vs. 7.1%; P = 0.29), but they did differ
in sex (women, 69.5% vs. 59.7%; P = 0.012). Baseline
characteristics of the randomization groups were similar

(Table 2).

Process Evaluation

Asthma knowledge improved in the Internet group
(0.42 [95% CI, 0.05 to 0.79]) and the usual care group
(0.86 [CI, 0.35 to 1.36]), but the improvements did not
differ between the groups (2 = 0.70) (Table 3). Similarly,
inhalation technique improved in the Internet group (0.21
[CI, 0.04 to 0.38]) and the usual care group (0.32 [CI,
0.15 to 0.50]), but the improvements did not differ be-
tween the groups (P = 0.143) (Table 3). There were no
within- or between-group differences in self-reported med-
ication adherence.

Patients in the Internet group had 5.9 (CI, 4.8 to 7.1)
online contacts with the asthma nurse during the 1-year
follow-up. The Internet group had slightly fewer physician
visits than the usual care group (—0.74 physician visits
[CI, —1.55 to 0.06 physician visits]). Patients in the Inter-
net group reported optional daily lung function and symp-
tom scores at 108 days (CI, 98 to 126 days) and Asthma
Control Questionnaire scores at 35 weeks (CI, 31 to 38
weeks). Treatment increases (step-up) and decreases (step-
down) both occurred more often in the Internet group
than in the usual care group (Table 3).

Clinical Outcomes

Participants did not deviate from the study protocol.
We obtained 90% and 91.5% of primary outcome data
during the assessment periods at 3 and 12 months, respec-
tively (Figure 1). The analysis set included all randomly
assigned patients who provided any data during the study.

Table 4 summarizes the results of the primary and
secondary clinical outcomes. Asthma-related quality of life
(Asthma Quality of Life Questionnaire) improved more in

Table 3. Process Outcomes After 12 Months

Variable Usual Care Group Internet Group Difference (95% Cl) P Value
(n=92) (n=91)
Educational outcomes
Asthma knowledge* 9.10 9.21 0.11 (=0.44 to 0.66) 0.70
Inhaler techniquet 4.49 4.63 0.15 (—0.05 to 0.34) 0.143
Self-reported medication adherence$ 6.37 6.32 —0.05 (=0.59 to 0.49) 0.86
Health care provider contacts for asthma, average number per patient
Physician visits 1.86 1.1 —0.74 (—1.55 to 0.06) 0.071
Telephone contacts with health care provider 235 2.39 0.04 (—0.75 to 0.84) 0.91
Online contacts with asthma nurse§ NA 5.93 - -
Use of Internet-based monitoring tool§
Optional daily lung function scores, average days per patient NA 107.8 - -
Asthma Control Questionnaire monitoring, average weeks per patient NA 34.8 - -
Medication changes, average number per patient
Step-up treatment 0.39 0.90 0.51 (0.30 t0 0.72) <0.001
Step-down treatment 0.44 0.75 0.31 (0.09 to 0.53) 0.006
NA = not applicable.
* Consumer Asthma Knowledge Questionnaire score range (worst—best), 0—12.
T Checklist of the Dutch Asthma Foundation score range (worst—best), 0-5.
¥ Range, 0-7 d/wk.
§ Obtained from Web site log files available for all patients in the Internet group (z = 101).
114|21 July 2009|Annals of Internal Medicine | Volume 151  Number 2 www.annals.org
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the Internet group than in the usual care group (change
from baseline, 0.56 vs. 0.18; adjusted difference, 0.38 [CI,
0.20 to 0.56]) (Figure 2A). This treatment effect was not
statistically different between 3 and 12 months. Patients
assigned to the Internet group more often had a clinically
relevant improvement (=0.5) in asthma-related quality of
life than did those in the usual care group (54% vs. 27%;
adjusted RR, 2.00 [CI, 1.38 to 3.04]) (Figure 3, rop).

The Internet group showed greater improvement of
asthma control (Asthma Control Questionnaire) than did
the usual care group (change from baseline, —0.54 vs.
—0.06; adjusted difference, —0.47 [CI, —0.64 to —0.30])
(Figure 2B, and Table 4). This treatment effect was not
statistically different between 3 and 12 months. Patients
assigned to the Internet group had a clinically relevant im-
provement (—0.5 or less) in asthma control more often
than those in the usual care group (48% vs. 17%; adjusted
RR, 2.87 [CI, 1.86 to 5.14]) (Figure 3, botrom). After 12
months, the proportion of symptom-free days reported for
the previous 2 weeks increased by an absolute 18.2% and
7.3% (adjusted difference, 10.9% [CI, 0.05% to 21.3%])
in the Internet and usual care groups, respectively. Pre-
bronchodilator FEV, changed by 0.24 L and —0.01 L
(adjusted difference, 0.25 L [CI, 0.03 to 0.47 L]) for the
Internet and usual care groups, respectively (Figure 2C).
Daily inhaled corticosteroid dose did not statistically sig-
nificantly differ after 12 months (difference, 57 ug [CI,
—38 to 152 pgl) (Figure 2D). However, a statistically
significant time-by-intervention effect occurred during the
first 3 months when the daily inhaled corticosteroid dose
increased by 164 pg (P < 0.001) in the Internet group
followed by a change of —107 g (CI, —202 to —12 pg;
P = 0.027) in the next 9 months in the Internet group
compared with the usual care group. During follow-up, 17
exacerbations occurred in 11 patients in the Internet group
compared with 20 exacerbations in 10 patients in the usual
care group (hazard ratio, 1.18 [CI, 0.51 to 2.74]).

DiscussioN

We compared the clinical effectiveness of Internet-
based self-management (as an adjunct to physician care)
with usual physician-provided care alone. We offered all
the components for optimal self-management (monitoring,
education, medical review, and an action plan) through the
Internet: electronic Internet-based symptom and lung
function monitoring, access to an online personalized ac-
tion plan, online education, and professional review using
e-mail and private messaging. Our results suggest that
Internet-based self-management of asthma improves qual-
ity of life, asthma control, and lung function and increases
the number of symptom-free days compared with usual
physician-provided care.

To our knowledge, this is the first randomized, controlled
evaluation of Internet-based asthma self-management that
shows sustained improvement in asthma-related quality of

www.annals.org

Figure 1. Study flow diagram.
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Allocated to usual Allocated to Internet-based
care (n = 99) self-management (n = 101)
A
Attended first educational
session (n = 87)
Attended second educational
session (n = 70)
At 3 mo: At 3 mo:
Completed questionnaire Completed questionnaire
(n = 85) (n =95)
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Lost to follow-up Lost to follow-up
(n=2) ] (n=6)
Withdrew consent »| Withdrew consent
(n=5) (n=4)
At 12 mo: At 12 mo:
Completed questionnaire Completed questionnaire
(n=92) (n=91)

life. The improvement achieved in the Internet group was as
large as the minimal important difference with patients who
reached optimal scores for asthma-related quality of life during
1-year follow-up (27). Two previous trials on Internet-based
asthma management in adults and children, respectively, re-
ported only short-term improvements on asthma-related qual-
ity of life (10, 11), whereas a 1-year, randomized, controlled
trial that compared Internet-based and office-based asthma
care in children did not show any changes in quality of life
(9). Previous trials of paper-and-pencil self-management pro-
grams showed only moderate and inconsistent improvements
on asthma-related quality of life (16, 17).

For secondary end points, we consistently demon-
strated clinically relevant improvements in asthma control,
lung function, and the percentage of symptom-free days.
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Table 4. Primary and Secondary Clinical Outcomes*

Variable

Usual Care Group (n = 99)

Internet Group (n = 101)

Baseline 3 Months 12 Months  Change From Baseline to  Baseline 3 Months 12 Months Change From Baseline

12 Months (95% Cl)

Primary outcome

to 12 Months (95% ClI)

Asthma Quality of Life 5.79 5.96 5.97 0.18 (0.05 to 0.31) 5.73 6.15 6.29 0.56 (0.43 to 0.68)

Questionnairet
Secondary outcomes

Asthma Control 1.1 1.05 1.04 —0.06 (—0.18 to 0.05) 1.12 0.67 0.59 —0.54 (-0.65 to —0.42)
Questionnaire

Symptom-free days, % 44.5 47.5 51.8 7.3 (0.0 to 14.6) 44.9 63.4 63.1 18.2 (10.8 to 25.6)

FEV,, L 3.13 3.10 3.12 —0.01 (-0.16 to 0.14) 3.08 3.20 3.32 0.24 (0.08 to 0.39)

Daily inhaled corticosteroid 517 494 470 —48 (—115 to 20) 497 638 506 9 (—58 to 76)
dose, pg

* Values are model estimates of linear mixed-effects models with a random intercept, adjusted for sex, age, education level, smoking status, type of care provider, and number

of control problems in the previous year.
T Score range (worst—best), 1-7.
¥ Score range (worst—best), 6-0.

The beneficial clinical effects were reached without an in-
crease in inhaled corticosteroid dose at 12 months. In the
first 3 months, many patients had uncontrolled asthma and
were advised to increase their inhaled corticosteroid doses.
The improvement in asthma control seen after 3 months
allowed a decrease in inhaled corticosteroid medication
over the next 9 months without loss of asthma control.
This pattern suggests tailoring medication to patients’
needs rather than increasing medication for the whole
study sample.

The process evaluation included outcomes on the
principal components of asthma self-management. We
showed improvements in asthma knowledge and inhala-
tion technique in both groups for asthma education but
without between-group differences. The improvements in
the usual care group may be explained by the baseline
meeting and measurements, which triggered patients to
improve their asthma knowledge and inhalation skills.
Other studies that assessed the behavioral effect of self-
management programs found a similar result (9, 30). Basic
education only, therefore, did not seem to be the key com-
ponent explaining the positive effects of the Internet-based
self-management intervention. The Internet group tended
to have fewer annual physician visits. This was due to ei-
ther increased asthma control in this group and therefore
fewer requirements for medical review or physician visits
may have been substituted by online contacts with our
asthma nurse. By protocol, Internet-based monitoring only
occurred in the intervention group. Patients reported
symptoms and lung function once in 3 days and reported
weekly asthma control in 35 of 52 weeks. The difference in
the number of treatment changes between the groups may
be explained by this frequency of monitoring and subse-
quent treatment advice.

Differences in the baseline characteristics, patient se-
lection, participation rate, or underperformance of usual
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care do not seem to influence the results of this study.
First, we found no statistically significant differences in the
baseline characteristics between the 2 groups. Second, we
selected patients from primary care practices and an out-
patient subspecialty practice on the basis of a physician’s
diagnosis of asthma. We cannot exclude the possibility that
some patients did not meet the lung function or airway
responsiveness criteria for a diagnosis of asthma, according
to recent guidelines. However, in our study, as in a realistic
routine care setting, we identified patients who were
eligible for an asthma Internet-based self-management in-
tervention through a physician’s diagnosis of asthma. Con-
sequently, this might have diluted the effect of the Internet-
based self-management intervention but enhanced the
external validity of our study (31). Third, the participation
rate was 21.5%, which is similar to rates in other asthma
education and management studies (17, 32, 33). Age and
socioeconomic status of nonparticipants were similar to
those of participants, and women were only slightly over-
represented in the study sample. Demographic characteris-
tics would suggest broad applicability in the general popu-
lation; however, other important determinants of the
nonparticipants were unknown. Patients with previously
uncontrolled asthma are more likely to participate in a
self-management program than are patients with well-
controlled asthma (7). Structural barriers, such as lack of
time; living too far; and social behavioral factors, such as
self-efficacy, belief in personal benefits, and social influ-
ence, also predict participation in a self-management pro-
gram (34). These clinical and psychological factors could
have differed in participants and nonparticipants and
might therefore have bearing on generalizability. In addi-
tion, about 20% of the population in the Netherlands does
not have access to the Internet, which is an obvious reason
for nonparticipation in our study. However, because Inter-
net access is increasing worldwide, this barrier might dis-

www.annals.org



Internet-Based Self-management in Asthma IMPROVING PATIENT CARE

Table 4—Continued

Between-Group Comparisons

Difference in Changes
(95% CI)

0.38 (0.20 to 0.56)

—0.47 (—0.64 to —0.30)

10.9 (0.05 to 21.3)
0.25 (0.03 to 0.46)
57 (=38 to 152)

P Value

<0.001

<0.001

0.039
0.025
0.24

appear. Fourth, because we also saw improvements in
asthma-related quality of life and control in the usual care
group, although these did not reach statistical significance,
it scems unlikely that our results can be explained by un-
derperformance of physician-provided care during the
study compared with prestudy standards.

A potential limitation of our study was that the pa-
tients and physicians were aware of the allocation group.
Because asthma-related quality of life, asthma control, and
symptom-free days were self-reported, the improvements
may have resulted from increased awareness rather than the
Internet-based intervention. Furthermore, because the
Asthma Control Questionnaire score was the target mea-
surement that drove the treatment algorithm, we expected
improvements. In addition, the absence of a difference in
an objective outcome, such as exacerbations, does not sup-

Figure 2. Changes in mean Asthma Quality of Life Questionnaire score (A), Asthma Control Questionnaire score (B), FEV, (C), and
daily inhaled corticosteroid dose (D) during 1-year follow-up for the Internet and usual care groups.
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The minimal important difference for the Asthma Quality of Life Questionnaire is 0.5, with higher scores indicating better quality of life. The minimal
important difference for the Asthma Control Questionnaire is 0.5, with lower scores indicating better asthma control. Plotted values are based on
complete cases. Error bars indicate 95% Cls. P values are shown for between-group differences in change in scores at 12 months and are from linear

mixed-effects models.
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Figure 3. Distribution of change in scores for Asthma Quality of Life Questionnaire (top) and Asthma Control Questionnaire

(bottom).
60
Clinically relevant deterioration Clinically relevant improvement
-« _—
50
40—
BN
{5 30
2
=
<
a.
20
10
0
3515 -15<35-1.0  -1.0<35-05  -0.5<8<0.5  0.558<1.0 1.0S8<1.5 3215
Asthma Quality of Life Questionnaire Score Change After 12 mo
[ Usual care group
[ Internet group
704
Clinically relevant improvement Clinically relevant deterioration
60— )
50
X 40
8
c
2
£ 30
- %
20
10
od — 1 —

3s-15 -1.5<8s-1.0 -1.0<3<-0.5

-0.5<8<0.5

0.555<1.0 1.0s8<15 3215

Asthma Control Questionnaire Score Change After 12 mo

& = 12-month score minus baseline score. The minimal important difference for the Asthma Quality of Life Questionnaire is 0.5, with higher scores
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asthma control.

port our positive findings in patient-reported outcomes.
However, this study was not designed or powered to detect
a difference in exacerbation rate in patients with mild-to-
moderate persistent asthma (24). Moreover, the improve-
ment in lung function, as an objective measurement, pro-
vides a fair basis for our findings in quality of life, asthma
control, and symptom-free days.

The implications of our findings show that self-
management of asthma guided by a validated, short ques-
tionnaire on asthma control, as recommended by recent

118 | 21 July 2009 | Annals of Internal Medicine | Volume 151 ¢ Number 2

guidelines, is feasible and improves quality of life. In addi-
tion, we demonstrate that the Internet is an effective way
to disseminate knowledge to patients with asthma and a
successful tool that can empower patients to achieve and
maintain control of their asthma by adjusting treatment
with effective medication. Our study further supports the
emphasis that recent guidelines have placed on monitoring
asthma control and illustrates that a relatively simple vali-
dated instrument, such as the Asthma Control Question-
naire, can be used to operationalize asthma control in
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guided self-management (1, 2, 14). Taken together,
Internet-based self-management provides new ways to tai-
lor monitoring and education continuously to patients’
needs, which empowers patients to control their asthma
and to live full, normal, and active lives, even potentially in
remote and underserved populations in developed and de-
veloping countries (35).

In conclusion, Internet-based self-management im-
proves asthma-related quality of life, asthma control, and
lung function and increases the number of symptom-free
days. The challenge is implementing Internet-based self-
management on a wider scale within routine asthma care.
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Appendix Figure 1. Algorithm based on consecutive ACQ scores to adjust medical treatment.
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Your values have been received.

FEV1 value: 2.78 L
FEV1 is 70.7% of predicted value

You have entered a low FEV1 value and/or severe symptoms.
Please consult our asthma nurse via private messaging or telephone.
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ACQ score: 1.4
Date: 15-11-2007

Your asthma is not well controlled. Increase your medication to step 3.

Stap
0 Salbutamel as needed
1 Fluticasone

ticasone
4 SalmeterclMuticasons 50/250
5 Contact asthma nurse: consider addition of montelukast
G Contact asthma nurse: consider addition of prednisone
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