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Abstract

Background: Effectiveness of Internet-based self-management in patients with asthma has been shown, but its cost-
effectiveness is unknown. We conducted a cost-effectiveness analysis of Internet-based asthma self-management compared
with usual care.

Methodology and Principal Findings: Cost-effectiveness analysis alongside a randomized controlled trial, with 12 months
follow-up. Patients were aged 18 to 50 year and had physician diagnosed asthma. The Internet-based self-management
program involved weekly on-line monitoring of asthma control with self-treatment advice, remote Web communications,
and Internet-based information. We determined quality adjusted life years (QALYs) as measured by the EuroQol-5D and
costs for health care use and absenteeism. We performed a detailed cost price analysis for the primary intervention. QALYs
did not statistically significantly differ between the Internet group and usual care: difference 0.024 (95% Cl, —0.016 to 0.065).
Costs of the Internet-based intervention were $254 (95% Cl, $243 to $265) during the period of 1 year. From a societal
perspective, the cost difference was $641 (95% Cl, $—1957 to $3240). From a health care perspective, the cost difference was
$37 (95% CI, $—874 to $950). At a willingness-to-pay of $50000 per QALY, the probability that Internet-based self-
management was cost-effective compared to usual care was 62% and 82% from a societal and health care perspective,
respectively.

Conclusions: Internet-based self-management of asthma can be as effective as current asthma care and costs are similar.
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Besides clinical effectiveness, the implementation of new disease
management strategies requires an economic evaluation to
determine whether the clinical benefits are gained at reasonable
costs. Several cost evaluations have compared paper-and-pencil
self-management plans to usual care in asthma [5-11], but only a
few compared costs to quality of life [10-11]. Most of these

Introduction

Asthma is a chronic, inflammatory disorder of the airways
clinically characterized by respiratory symptoms such as wheeze,
cough, dyspnoea, chest tightness and impaired lung function [1,2].
Treatment for asthma is aimed at improving asthma control, i.e.

reducing current symptoms and need for short-acting bronchodi-
lation, improving lung function and preventing future exacerba-
tions [1-3].

In the past decade, the care for asthma patients has shifted from
physician-managed care to guided self-management. Guided self-
management includes asthma education, self-monitoring of
symptoms and/or lung function and adjustment of treatment
according to an action plan guided by a health care professional
(not necessarily a physician). Self-management has been shown to
improve asthma control and quality of life and reduce health care
utilization and sometimes improve lung function [4].
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economic evaluations found that written self-management plans
for asthma were likely to be cost-effective compared to usual
physician provided care. However, the implementation of paper-
and-pencil self-management plans is hampered by patients’ and
doctors’ reluctance to use written diaries [12].

Implementation of guided self-management programs may be
enhanced by the use of Internet-based technologies, particularly in
remote and underserved areas. In a recently conducted random-
ized controlled trial we have shown that Internet-based self-
management is feasible and provides better clinical outcomes
compared to usual physician provided care with regard to asthma
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related quality of life, asthma control, symptom-free days and lung
function [13]. Although previous trials have also evaluated the
clinical effects of Internet-based self-management in adults [14]
and children [15,16], so far, no economic evaluations have been
conducted. We therefore carried out a cost-utility analysis,
comparing quality of life with societal and health care costs
during one year, to determine whether the clinical benefits gained
with Internet-based self-management are attained at reasonable
costs.

Methods

The protocol for this trial and supporting CONSORT checklist
are available as supporting information; see Protocol S1, Checklist
S1, and Flowchart S1.

Ethics statement

The study was approved by the Medical Ethics Committee of
the Leiden University Medical Center. All participants gave their
written consent.

Setting and Participants

Two hundred patients participated in a 12-month multicenter,
non-blinded, randomized controlled trial. Patients were recruited
from 37 general practices (69 General Practitioners) in the Leiden
and The Hague area and the Outpatient Clinic of the Department
of Pulmonology at the Leiden University Medical Center, The
Netherlands over the period from September 2005 to September
2006 [13]. We included patients with physician diagnosed asthma
as coded according to the International Classification of Primary
Care in the electronic medical record [17], aged 18-50 years, with
a prescription of inhaled corticosteroids for at least three months in
the previous year, access to Internet at home, mastery of the Dutch
language and without serious comorbid conditions that interfered
with asthma treatment. Patients on maintenance oral glucocorti-
costeroid treatment were excluded. All participants gave their
written consent.

Details of the randomization and intervention have been
described previously [13]. Briefly, the 200 patients were randomly
assigned to Internet-based self-management as an adjunct to usual
care (Internet group: 101 patients) or to usual physician-provided
care alone (usual care group: 99 patients). Allocation took place by
computer after collection of the baseline data, ensuring conceal-
ment of allocation. The Internet-based self-management program
included weekly monitoring of asthma control and lung function,
immediate treatment advice according to a computerized personal
action plan after completing the validated Asthma Control
Questionnaire on the Internet [18], on-line education and
group-based education, and remote Web communication with a
specialized asthma nurse.

Utilities and QALYs

Utilities express the valuation of health-related quality of life on
a scale from zero (death) to one (perfect health). Patients described
their health-related quality of life using the EuroQol classification
system (EQ-5D) [19], from which we calculated their utilities over
time using the British tariff [20]. The area under the utility curve is
known as quality-adjusted life years (QALY) and was used as the
primary outcome measure for the cost-effectiveness analysis.
Patients additionally valued their own health status on a visual
analogue scale (VAS). This scale from the patient perspective is
potentially more responsive to change than other generic quality of
life instruments, but is not the best choice for economic evaluations
from a societal perspective [21]. The VAS scale was transformed
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to a utility scale using the power transformation 1—(1-VAS/
100)"°" [22].

We obtained utility measurements at baseline, 3 and 12 months.
For EQ-5D measurements 6.5%, 10% and 8.5% were missing and
for visual analogue measurements 7%, 10% and 9% were missing
at 0, 3 and 12 months, respectively. To correct for possibly
selective non-response, missing measurements were replaced by 5
imputed values based on switching regression [23,24] with
regression variables randomisation group, age, sex, asthma control
at baseline and available utility measures at all time points.

Costs

We distinguished three major cost categories: intervention costs,
other health care costs and productivity costs [10,11]. Intervention
costs consisted of materials (software support, electronic spirom-
eter), personnel and patient costs (travel, time, Internet and text
messaging costs). Other health care costs included contacts
(including face-to-face, telephonic and home contacts) with health
care professionals (general practitioners, chest physician, other
specialists, physiotherapists, psychologists, complementary care
and other paramedical professionals), emergency room visits,
hospital admissions and both asthma and non-asthma medication.
Productivity costs consisted of hours of absence from work.

Patients reported their use of health care resources and the
hours of absence from work using a quarterly cost-questionnaire.
We used Dutch standard prices for units of resource use (contacts
with health care professionals, hospital admissions and drug
prescriptions) and hours of absenteeism, designed to represent
societal costs and to standardize economic evaluations [25,26].
Hours of absenteeism were converted to costs by multiplying them
with the age and gender average hourly wage [25]. Details of the
drugs used were derived from pharmacy records. All prices were
converted to the price level of 2007 according the general Dutch
consumer price index [27] and converted to US dollars using the
purchasing power parity index (€1 =$§1.131) [28]. Because of the
one-year time horizon, costs were not discounted.

Cost-questionnaires were scheduled to be handed in at 3, 6, 9
and 12 months. Of these quarterly questionnaires, 10%, 14%,
19% and 9% were missing, respectively. Pharmacy records were
available for 182 patients (91%). Missing cost-questionnaire and
pharmacy record were imputed using multiple imputation, as
previously described under “Utilities and QALYS’.

Statistical Analysis

Differences and statistical uncertainty of QALY's and costs were
calculated using non-parametric bootstrap estimation with 5000
random samples (1000 from each of the 5 imputations).
Differences in costs resulted from differences in volumes rather
than differences in unit costs, since we used standard prices for
units of resource use and hours of absenteeism. We estimated the
intervention effect by a linear regression model with randomisa-
tion group as only independent variable, combining the 5 multiple
imputation sets using Rubin’s rules [29].

Analyses were carried out with Stata 9.0 (StataCorp, College
Station, TX).

Cost-Effectiveness Analysis

The base case cost-effectiveness analysis compared societal costs
with QALYs gained based on the British EQ-5D over the period
of one year. Because of the limited degree of modeling in this cost
utility analysis, we carried out sensitivity analyses only on the use
of different utility measures (British EQ-5D or Visual Analogue
Scale) and on the included cost categories (societal or healthcare
perspective).
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Statistical uncertainty of the cost-effectiveness was analyzed
using the net benefit approach [30]. The net benefit is defined as A
x AQALY — Acosts, where A is the willingness to pay for a gain of
one quality-adjusted life year. This way, the observed QALY
difference is reformulated into a monetary difference. The
uncertainty about cost-effectiveness was graphically shown by
plotting the bootstrapped incremental costs and QALY estimates
in the cost-effectiveness plane (200 estimated pairs for each of the 5
imputed datasets) (figure 1). In a cost-effectiveness acceptability
curve we graphed the probability (1 —[one sided] P value) that the
Internet-based self-management program was cost-effective (i.e.
had higher net benefit) compared with usual care, as a function of
A for a range of A between 0 and 200000 (figure 2). We highlighted
this probability at commonly cited willingness-to-pay values of

$50000 and $100000 per QALY [31].

Results

The Internet group and usual care group consisted of 101 and
99 participants, respectively. Mean age of the sample was 37 years
and 70% of the participants were women (table 1). At baseline,
asthma related quality of life, asthma control and medication use
were similar for the two randomization groups.

Utilities and QALYs

At baseline, the utilities according to the EQ-5D did not
statistically significantly differ between the Internet group and the
usual care group. EQ-5D utilities did not reach a statistical
significant difference throughout the study. At 3 months and 12
months the difference in EQ-5D utility was 0.037 (95% CI, —0.007
to 0.081) and 0.006 (95% CI, —0.042 to 0.054), respectively.
Similarly, the difference in quality adjusted life years was not
statistically significant: 0.024 (95% CI, —0.016 to 0.065) (table 2).

Visual analogue scale utilities were not statistically significantly
different throughout the study. At 3 and 12 months the difference
in visual analogue scale utility was 0.012 (95% CI, —0.026 to
0.050) and 0.013 (95% CI, —0.015 to 0.040), respectively. The
difference in quality of life years based on the visual analogue scale
was estimated to be 0.007 (95% CI, —0.017 to 0.032) (table 2).

Costs

The total intervention costs were estimated at $25675, which is
$254 (95% CI, $243 to $265) per patient (table 3). The highest cost
components of the Internet-based intervention were software
support ($7917) and the patients’ time costs ($5380 for monitoring
time and $5106 for attending the education sessions).

The difference in other health care costs was not statistically
significant: $-217 (95% CIL, $§—1117 to $682) (table 4). Patients in the
Internet group had fewer contacts with physiotherapists (§—120,
p=0.03), but not with other health care providers, e.g. general
practitioners ($—69, p=0.18). Similarly differences in costs for
medication did not reach statistical difference (table 4). The difference
in total health care costs was negligible: $37 (95% CI, $—874 to $950).

Patients in the Internet group reported 114 hours of absence
from work compared to 98 hours for patients in the usual care
group. The 16 hours difference in absenteeism was estimated to be
equivalent to $604 (95% CI, $—1430 to $2637) in monetary terms.
The difference in societal costs (i.e. health care costs plus costs due
to absenteeism) was therefore estimated at $641 (95% CI, $—1957
to $3240) in favor of usual care.

Cost-utility analysis

The estimates of the cost differences and QALY differences
were both not-statistically significant. The cost-utility ratio, based
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on these point estimates, was $26700 per QALY. The probability
that Internet-based self-management was both more effective and
less costly than usual care (dominant) was 30%. The probability
that it was less effective, but more costly (dominated) was 10%
(figure 1). Due to statistical uncertainty of both costs and QALYs,
the probability that Internet-based self-management is cost-
effective compared to usual care depends on the willingness-to-
pay per QALY. This probability was 62% at $50000 per QALY
and 74% at $100000 per QALY (figure 1 and 2).

From a health care perspective, the lower health care costs
result in a cost-utility ratio of $1500 per QALY. The probability
that Internet-based self-management is cost-effective from a health
care perspective was 82% at $50000 per QALY and 86% at
$100000 per QALY (figure 1 and 2).

QALYs gained, based on the visual analogue scale, were less
than those based on the EQ-5D. The probability that Internet-
based self-management is cost-effective based on visual analogue
scale QALYs was 49% and 60% at $50000 and $100000 per
QALY from a societal perspective and was 71% and 75% at
$50000 and $100000 per QALY from a health care respectively.

Discussion

In this study we evaluated the cost-effectiveness of a new disease
management strategy, Internet-based self-management, for pa-
tients with asthma. The QALY and cost differences, 0.024 and $
641 respectively, between Internet based-self management and
usual care were not statistically significant during a follow-up
period of 1 year. Both the estimation of QALYs gained and the
calculated expenses showed considerable uncertainty, which is
displayed by the cost-effectiveness planes. The estimated cost-
utility ratio was $26700 per QALY, which is generally considered
acceptable [32]. At a commonly cited willingness-to-pay threshold
of $50000 per QALY [31] the Internet-based self-management
intervention had a probability of 62% and 82% to be cost-effective
compared to usual care from a societal perspective and health care
perspective, respectively.

We have previously shown substantial and statistically signifi-
cant clinical effects in favor of Internet-based self-management
with regard to asthma related quality of life, asthma control and
lung function [13,33]. Although the utility outcomes presented in
the current study point in the same direction (i.e. in favor of
Internet-based self-management) as the clinical outcomes, their
statistical significance is less evident. There are two main reasons
that may explain this finding. First, generic quality of life
measures, such as the EQ-5D, must be distinguished from
disease-specific quality of life measures, such as the Asthma
Quality of Life Questionnaire [33]. The latter is well known to be
responsive to change [21]. However, generic preference-based
mstruments may differentiate between the highest en lowest levels
of asthma control, but are less able to discriminate between
moderate levels [34,35]. The baseline asthma control scores found
In our primary care study population can be classified as
moderately or partly controlled asthma and substantial improve-
ments in disease-specific quality of life may have been missed by
the generic instruments. Second, the absence of a statistically
significant difference in our primary utility measure may reflect a
lack of statistical power, since our trial was powered to detect a
statistical difference in the primary outcome measure, asthma
related quality of life, and not explicitly to detect differences in
generic preference-based utility measures [13,36].

The intervention costs of $254 per patient were similar to
intervention costs of a paper-and-pencil asthma self-management
program [10], but were half of the costs of intensive nurse-led
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Figure 1. Cost-effectiveness planes. Uncertainty about cost-effectiveness of the asthma internet-based self-management program compared
with usual asthma care (showing the 1000 bootstrapped estimates). Circles and triangles represent the incremental societal and health care costs,
respectively, plotted against the incremental quality adjusted life years (QALY) (intervention minus usual care). The south-east quadrant indicates that
internet-based self-management intervention dominates usual care (i.e. effectiveness is higher and costs are lower), the north-west quadrant
indicates that usual care dominates the intervention. The points below the dashed diagonal lines are cost-effective at a willingness to pay threshold

of $50000 and $100000 per QALY, respectively.
doi:10.1371/journal.pone.0027108.g001

telemonitoring in asthma reported by others [11]. The costs of the
technological innovation (software support, electronic spirometer,
Internet and mobile phone costs) were only about 40% of the total
intervention costs. The fixed technological costs of software
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support constituted about one third of the intervention costs, so
a considerable increase in the number of users could reduce the
cost per user by one third. Moreover, the calculations were based
on costs during the one-year randomized controlled trial. Asthma
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Figure 2. Cost-effectiveness acceptability curves. The probability that Internet-based self-management is cost-effective compared to usual
care depending on the willingness-to-pay per QALY from a societal perspective (solid line) and health care perspective (dashed line).

doi:10.1371/journal.pone.0027108.g002

Table 1. Baseline characteristics.

Usual Care Group

Internet Group

Clinical outcomes
Asthma Quality of Life Questionnaire*
Asthma Control Questionnairet
Patient utilities{
EQ-5D utility

EQ-5D visual analogue scale

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

0.89 (—0.06-1.00)
74 (35-100)

(n=99) (n=101)

Women, 71% 68%
Age, years 37 (18-50) 36 (19-50)
Asthma duration, years 18 (0-47) 15 (1-47)
Education level

Low 14% 11%

Middle 33% 37%

High 53% 52%
Care provider

General practitioner 80% 79%

Chest physician 20% 21%
FEV; (pre-bronchodilator), L 3.13 (1.56-5.23) 3.08 (1.14-5.19)
FEV, (pre-bronchodilator), % predicted 90 (53-118) 88 (34-133)
Inhaled corticosteroid dose, pug/day 517 (0-2000) 494 (0-1000)
Inhaled long-acting B?-agonist, % of patients 60% 59%
Leukotriene modifier, % of patients 2% 3%

5.73 (3.66-6.94)
1.12 (0.07-3.22)

0.91 (0.49-1.00)
73 (20-100)

*Range 1 (worst) - 7 (best) [19].
TRange 0 (best) - 6 (worst) [18].

doi:10.1371/journal.pone.0027108.t001
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Data are mean (range) unless otherwise indicated.

*EQ-5D = EuroQol questionnaire, 5 dimensions [20]. Parts of this table were published previously [13].
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self-management cost-effectiveness studies with a longer time
horizon have shown that intervention costs decrease after the first
year [10,37]. In our study, costs for education sessions only apply
to the first year, thus reducing costs in later years by about a
quarter.

Differences in other health care costs should be interpreted with
caution, since almost all components showed statistically non-
significant differences. Only the reduction in contacts with
physiotherapists were statistically significant, suggesting that
patients in the Internet group with better asthma control are less
in need for physiotherapy. The cost of drugs for asthma show
small decreases in short-acting P2-agonists and inhaled cortico-
steroids alone, but increases in combination therapy (inhaled
corticosteroids plus long-acting PB2-agonists) and leukotriene
antagonists in the self-management group. The increase in

Table 2. Utilities at 0, 3 and 12 months and QALYs*.

Variable Usual Care Group Internet Group Difference (95% Cl) P value

EQ-5D
0 months 0.89 091 0.026 (—0.024 to 0.076) 0.31
3 months 0.89 0.93 0.037 (—0.007 to 0.081) 0.099
12 months 0.91 0.92 0.006 (—0.042 to 0.054) 0.80
QALYs 0.90 0.92 0.024 (—0.016 to 0.065) 0.25

Visual analogue scalef
0 months 0.87 0.86 —0.013 (—0.045 to 0.019) 0.43
3 months 0.87 0.89 0.012 (—0.026 to 0.050) 0.54
12 months 0.88 0.89 0.013 (—0.015 to 0.040) 0.37
QALYs 0.88 0.88 0.007 (—0.017 to 0.032) 0.57

*Values are summary estimates of the 5 data sets obtained by multiple imputation, combined using Rubin'’s rules.

Transformed using the power transformation 1—(1-VAS/100)"¢" [23].

doi:10.1371/journal.pone.0027108.t002

volumes and costs of asthma controller medication accompanied
by a decrease in reliever medication might have contributed to
mmproved clinical outcomes in favor of Internet-based self-
management.

Our study had several limitations. First, quality adjusted life
year estimates were calculated from only two follow-up measure-
ments. More measurements would possibly have resulted in more
accurate QALY estimates, but we limited the number of follow-up
measures in order to minimize the awareness of participating in a
clinical trial among patients in the usual care group. Second,
patients were inevitably aware of the allocated group, which may
have influenced their utility ratings. Therefore, the effects observed
may be due to unblinding. On the other hand, the influence of
unblinded groups in pragmatic trials might be regarded as part of
the intervention, since all interventions implemented in daily

Table 3. Implementation costs ($) of Internet-based self-management intervention.

Component of cost Cost per unit Number of units Total cost
Materials
software support 7917/yr 1 7917
electronic spirometer 19.22/device 101 1942
Personnel
development educational aids 26/hr 16 412
education sessions 26/hr 30 780
data review and patient communication 26/hr 91 2351
Patient costs
travel costs for sessions 6/session 258 1465
time costs for sessions (incl. travel time) 20/session 258 5106
time costs for monitoring* 0.50/log in 10873 5380
Internet log in costst 0.0016/log in 9374 15
mobile phone costs} 0.20/message 1499 305
Total implementation costs 25675
Total implementation costs per patient 254

from Internet log files.

fInternet costs were valued at $23 per month.

*Mobile phone costs were valued at $0.20 per message.
doi:10.1371/journal.pone.0027108.t003

@ PLoS ONE | www.plosone.org 6

*Monitoring time was estimated at 3 minutes per log in and valued at $10 per hour, i.e. the Dutch standard price for unpaid labour [27]. Number of units was obtained
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Table 4. Average health care costs and societal costs per patient ($).
Usual Care Group Internet Group Difference
Volume Costs Volume Costs Costs P Value
Intervention costs - - 1 254 254 <0.001
Other health care costs
General practitioner* 12.2 294 10.0 225 —69 0.18
Chest physician 0.9 63 0.6 42 =21 0.20
Other specialist 2.5 167 23 155 -12 0.75
Physiotherapist 8.6 234 4.2 114 —120 0.03
Psychologist 1.1 161 1.2 180 18 0.78
Complementary care 1.4 87 1.2 75 —-12 0.66
Other paramed. professionals 15 43 0.8 24 -19 0.28
Emergency room 0.3 45 0.2 35 —10 0.47
Day admissions 0.3 92 0.3 86 -6 0.88
Hospitalizations 15 589 14 571 —17 0.95
Drugst
Short-acting f2-agonists 54% 28 50% 20 -8 0.26
Inhaled corticosteroids (ICS) 50% 89 52% 77 -12 0.47
Long-acting f2-agonists (LABA) 10% 26 11% 20 —6 0.67
Combination ICS+LABA 55% 264 71% 345 82 0.09
Leukotriene antagonists 8% 21 23% 46 25 0.12
Oral corticosteroids 12% 2 13% 2 -1 0.50
Non-asthma medication 99% 312 97% 285 -27 0.71
Subtotal other health care costs 2518 2300 -217 0.63
Total health care costs 2518 2555 37 0.94
Productivity costs} 98 hr 3131 114 hr 3735 604 0.56
Total societal costs 5647 6289 641 0.63
*General practitioner costs consist of telephonic contacts, office visits and home visits.
jVqumes of drugs represent percentage of patients.
*Volumes of productivity costs are number of hours of absence from work.
doi:10.1371/journal.pone.0027108.t004
clinical practice are not blinded. Third, our economic evaluation Acknowledgments

was limited to one year. As pointed out above a longer duration
would probably have resulted in reduced intervention cost
estimates after one year. It is, however, unknown how EQ-5D
utility scores will progress after one year.

New cost-effective disease management strategies for asthma are
required to face up to the global burden of asthma. Internet-based
self-management is an innovative and effective management
strategy in adults with asthma that improves clinical outcomes
[13]. This Internet-based strategy can be as effective as current
asthma care with regard to quality of life and costs are similar.
Future implementation studies ought to add other quality of life
measures in order to reveal potentially more subtle differences.
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Zelfmanagement bij volwassenen met astma ondersteund door ziekenhuizen, informatie
en communicatie technologie, astmaverpleegkundigen en huisartsen

Summary
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Quality-Adjusted Life Years

Summary (English and Dutch version): (no more than 50 lines)

Objective

1. To improve patient's quality of life in a cost-effective way by a self-management programme
guided by doctors and a specialist asthma nurse through information and communication
technology.

2. To investigate whether a simple index of asthma control and/or patient characteristics can
be used to predict efficiency of such a guided self-management programme in order to
target cost-effective implementation.

Research Question

1. A. What is the cost-effectiveness of a self-management programme in adult patients with
mild to moderated asthma facilitated by information and communication technology and
supported by health care professionals in order to improve quality of life? B. Does this self-
management programme lead to improved asthma related quality of life?

2. Can the efficiency of such a guided self-management programme be predicted by a simple
index of asthma control and/or patient characteristics and self-efficacy?

Design

A randomised parallel trial with 2 arms and 1 year follow-up in 2 phases in order to compare
ICT-supported care with usual care. The first phase serves as a baseline period and is solely
aimed at collecting data on asthma control and behaviour and lifestyle, and predisposing,
reinforcing and enabling factors. The second phase includes the intervention and evaluation
period.
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Study Population

Patients with mild to moderate persistent asthma, aged between 18 and 50, will be identified via
the LUMC general practice network (N=350) and hospital information systems (N=150). Patients
have access to a computer with an internet-connection and are able to communicate in the
Dutch language.

Intervention

The current intervention is additional to usual care and includes monitoring of symptoms and
lung function and communication of results, feedback and reminders via internet and short
message services on telephones. The service is supervised by a specialised nurse and
facilitates discussion groups, a chat box and consultation via private messaging. Asthma self-
management education and training sessions are given by a specialist nurse.

Outcome measures

The primary and secondary outcome are health related quality of life (AQLQ) and asthma
control (ACQ), respectively.

Sample size calculation

Using 100 patients per arm and based on a SD of changes in AQLQ-score of 0.75 we are able
to detect a difference of 0.3 points between AQLQ-changes of the two arms (o = 0.05 two-sided,
3 = 0.20 one-sided).

Economic evaluation

The costs of usual care and ICT-supported care will be compared from a societal perspective. In
a cost-utility analysis, the difference in societal costs will be related to the estimate difference in
QALYs using acceptability curves. A Markov model will be used to extrapolate the trial data to a
3 year period.

Samenvatting

Doel

1. Het op kosten-effectieve wijze verbeteren van de kwaliteit van leven van volwassen met
astma middels een zelfmanagementprogramma, waarbij pati€nten ondersteunt worden door
astmaverpleegkundigen, huisartsen, ziekenhuizen en informatie en communicatie
technologie.

2. Onderzoeken in hoeverre een eenvoudige index van de mate van controle van het astma,
naast patiéntenkarakteristieken, in staat is de efficiéntie van een dergelijk programma te
voorspellen.

Vraagstelling
1. A. Watis de kosten-effectiviteit van een programma gericht op het verbeteren van de
kwaliteit van leven van volwassen met astma middels een zelfmanagementprogramma,
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waarbij patiénten ondersteunt worden door astmaverpleegkundigen, huisartsen,
ziekenhuizen en informatie en communicatie technologie? B. Leidt dit
zelfmanagementprogramma tot een verbeterde kwaliteit van leven?

2. In hoeverre kan een index van de mate van controle van het astma, naast
patiéntenkenmerken, de efficiéntie van een dergelijk programma voorspellen?

Studie-opzet

Een gerandomiseerde parallelle trial met 2 armen en 1 jaar follow-up in 2 fasen, waarbij ICT
ondersteunde zorg met de huidige zorg wordt vergeleken. De eerste fase dient als baseline
periode, waarin gegevens omtrent de mate van controle van astma, kennis, eigen effectiviteit en
gedrag en levensstijl zullen worden verzameld. De tweede fase betreft de interventie en
evaluatie fase van de trial.

Studie Populatie

Patiénten met matig tot matig ernstig astma (behandelstap 2-4, leeftijd tussen 18 en 50) zullen
worden gezocht in bestanden van het LUMC huisartsennetwerk (N=350) en ziekenhuis
informatiesystemen (N=150). Patiénten hebben de beschikking over een computer met
internetaansluiting en zijn in staat in de Nederlandse taal te communiceren.

Interventie

De te onderzoeken interventie is aanvullend aan de bestaande zorg bij astma en betreft ICT
applicaties voor het monitoren van longfunctiemetingen - en klachten, ‘feedback’, en
herinneringsboodschappen via internet en SMS berichten. Het geheel wordt gesuperviseerd
door een astmaverpleegkundige en omvat tevens een internet discussie groep, ‘chatbox’' en
consultaties via private messages. Astma zelfmanagement educatie en training zal door de
verpleegkundige in kleine groepssessies worden gegeven.

Uitkomstmaten

De primaire en secundaire uitkomstmaten zijn, respectievelijk, de astma gerelateerde kwaliteit
van leven (AQLQ) en de mate van controle van het astma (ACQ) .

Sample size calculation

Met 100 patiénten per behandelarm en gebaseerd op een SD van veranderingen in AQLQ-
score van 0.75 zijn we in staat om een verschil van minstens 0.3 punten tussen de 2 armen te
detecteren (o = 0.05 tweezijdig, 3 = 0.20 eenzijdig).

Economische evaluatie

De kosten van de huidige zorg en ICT-ondersteunde zorg zullen worden vergeleken vanuit
maatschappelijk perspectief. In een kosten-utiliteitsanalyse zullen de maatschappelijke kosten
worden gerelateerd aan het de schattingen van het verschil in QALY's middels
acceptabiliteitscurven. Met gebruikmaking van een Markov model worden de onderzoeksdata
geéxtrapoleerd over 3 jaar.
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Introduction

Asthma is a chronic inflammatory disorder of the airways, which leads to recurrent episodes of
wheezing, breathlessness, chest tightness and cough particularly at night and/or in the early
morning. These symptoms are usually widespread and with variable airflow limitation that is at
least partly reversible either spontaneously or with treatment. To date, asthma affects about 8%
of the general population (1).

Due to the episodic nature of an asthma attack, individuals must maintain control of their
disease with appropriate use of their medications and with proper self-management. Asthma
guidelines emphasise that clinicians should teach patients about asthma, teach medication skills
with aerosol devices, teach self-monitoring skills and environmental control/avoidance
strategies. A Cochrane systematic review showed that asthma self-management education
which consists of information, self-monitoring, regular medical review, and a written action plan
is effective and leads to a reduction in hospitalisation and emergency room visits for asthma,
days lost from work, episodes of nocturnal asthma, indirect costs and an improvement in quality
of life (2). While a structured asthma self-management programme is effective in a hospital
setting, attempts to deliver these programmes in primary care have met with varying success
(3).

Indeed, despite the introduction of asthma guidelines the current level of asthma control in
many patients falls far short of the goals for long-term asthma management. Patients tend to
underestimate the severity of their condition and overestimate control, thereby tolerating, as an
acceptable degree of control, a much higher rate of symptoms than recommended by medical
professionals (4). Poor inhaler technique and repeated non-attendance for practice/hospital
appointments are associated with an increased risk of asthma death (5). Each day, patients
make decisions about taking medications, smoking, exposure to triggers, and participation in
activities. The consequences of the choices patients make about asthma care accrue first and
foremost to patients themselves. Ultimately, patients have the complete responsibility for the
self-management of asthma.

However, the societal costs of asthma are considerable. Asthma negatively affects work
productivity (6) as well as labour force participation (7). Furthermore, a recent survey showed
that in the Netherlands 30% of asthmatics needed urgent care in the past year, which was
significantly more than other European countries (8). Under a system designed for acute rather
than chronic care, patients are not adequately taught to care for their own illness. Sixty-two
percent of patients visit their pulmonary specialists or general practitioners only if they have an
acute health problem (8). Only 15% of Dutch asthmatics had a doctor written action plan for
asthma. In Australia, ownership of a written action plan seems to be falling (9). Physicians
frequently complain about the lack of adequate time to spend with their patients to address all
aspects of chronic asthma management. Patients will not cooperate with any intervention that is
less than fully backed by the time and personal commitment of their doctors. Therefore, a major
bottleneck in current asthma management concerns communication and participation (10).
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It has been advocated that a partnership of patients and health care providers is needed to
provide expertise related to the self-management of asthma, help patients acquire the
knowledge necessary to make informed decisions about self-management, teach self-care
techniques, provide social and emotional support, offer suggestions for behaviour change and
coping strategies and create opportunities for patients to reflect on the choices they are making
and the goals they hope to achieve. The American National Guidelines 2002 update
recommends regular symptom and/or lung function peak-flow monitoring for patients with
moderate to severe persistent asthma to provide a way to enhance communication between
patients and clinicians and to increase patient awareness of their disease status and control,
thereby helping patients ‘tune in’ to their disease (11). The need to show value to the patient
and family is key to the use of self-assessment tools. Frequent feedback through
communication between health care professional and patient may provide the best results on
asthma management and control.

The safety and cost-effectiveness of asthma self-management education as such has been
fully established nationally and internationally. In addition, there is increasing evidence that ICT
can play a role in order to deliver components of these programmes in primary and secondary
care. However, the current study is the first project in adult patients with asthma that integrates
all 4 components of self-management education: information, self-monitoring, regular medical
review and a written action plan. It is the first study that evaluates the cost-effectiveness of
support by innovative information and communication technology.

Hypothesis

A self-management programme guided by doctors and a specialist asthma nurse through
information and communication technology will improve asthma related quality of life in a cost-
effective way.

Objective

1. To improve asthma related quality of life in a cost-effective way by a self-management
programme guided by doctors and a specialist asthma nurse through information and
communication technology.

2. To investigate whether a simple index of asthma control and/or patient characteristics can be
used to predict efficiency of such a guided self-management programme in order to target
cost-effective implementation.
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Research Questions

1. A. What is the cost-effectiveness of a self-management programme in adult patients with
mild to moderated asthma facilitated by information and communication technology and
supported by health care professionals in order to improve quality of life in adults with
asthma? B. Does this self-management programme lead to improved asthma related quality
of life?

2. Can the efficiency of such a guided self-management programme be predicted by a simple
index of asthma control and/or patient characteristics and self-efficacy?

Study Population

¢ 500 patients with mild to moderate persistent asthma (prevalent cases) will be identified via
the registry of the LUMC general practice network (350 patients) and hospital information
systems (150 patients: LUMC, Diaconessenhuis Leiden, and Leyenburg Ziekenhuis, The
Hague). An expected response rate of 50% leads to the inclusion of 250 patients.

e age 18-50 yr, doctors diagnosis of asthma, asthma severity step 2-4, patients who need
inhaled corticosteroids as controller medication

e PC with internet connection available

e able to communicate in the Dutch language

Design (see flowchart)

The study has been designed as a randomised parallel trial with 2 arms and 1 year follow-up in
2 phases in order to reduce the patients’ threshold for participation in a trial. The first phase
serves as a baseline period and is solely aimed at collecting data on the patients’ degree of
asthma control, behaviour and lifestyle, and predisposing, reinforcing and enabling factors
according to the PRECEDE-PROCEED model for health promotion (12). This is followed by a
second phase that includes the intervention and evaluation period. This two-phase design
allows patients to become accustomed to participation in a self management programme.
Furthermore, this gives us the opportunity to evaluate whether patient characteristics predict
participation in this programme.

Phase 1

o Asthma Therapy Assessment Questionnaire (ATAQ) (13)

¢ introduction visit, assessment of baseline patient characteristics (see Instrument Table and
Measurement Scheme)

o 2-week baseline period with weekly electronic registration of Asthma Control Questionnaire
(ACQ) (14) via internet and daily registration of lung function via SMS or internet
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Phase 2

e randomisation in 2 asthma management strategies, in blocks of 4 patients stratified on 2
classes of asthma control problems (ATAQ) and primary or secondary care

e 12-month intervention period where the patients receive either ‘usual care’ or ‘ICT-
supported care’ guided by a specialised asthma nurse and doctor.

e after 3 and 12 months a 2-wk evaluation period with weekly electronic registration of
Asthma Control Questionnaire (ACQ) (14) via internet and daily registration of lung
function via SMS or internet +Asthma Quality of Life Questionnaire

Care strategies

(1) Usual care

According to the Dutch GP guidelines, patients are invited to visit their general practitioner every
3 months in order to titrate medication to the lowest level that is needed to maintain control. This
frequency can be lowered to 1-2 visits per year once control of asthma has been achieved (15).
Thirty percent of general practices have nurse practitioners providing self-management
education. Patients are referred to a chest physician if sufficient control is not achieved within 3
months. Exacerbations of asthma are treated by either chest physician and general practitioner.

advise to visit to general practitioner or specialist to assess present situation
review medication devices technique and adherence

issue and explain paper asthma action plan, monitoring of lung function with Piko-1
spirometer

plan next doctor visits as needed

(2) ICT-supported care

asthma self-management education in small groups (2x) by trained asthma specialist nurse
(see below)

o0 discussion of ACQ and ATAQ data in order to assess present situation and

electronic asthma action plan

0 review medication devices technique and adherence

o0 plan next doctor visits as needed
at least 6 weeks monitoring of asthma control by lung function and ACQ with electronic
feedback through webpages and/or SMS
virtual consulting room with asthma nurse via and private messaging
social support within a private chatbox and/or internet support group
automated sending of reminders via email and/or SMS
monitoring asthma control by lung function and ACQ with electronic data processing and
feedback through computer via webpages with graphical presentation of data for patient and
nurse
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Asthma self-management education sessions

The sessions will be organised along the lines of self-management education as applied in
diabetes care (16) and is patient centred rather than provider centred. Information about asthma
self-management is presented in response to questions from participants rather than in lectures.
The education is focussed around meeting the patients’ needs and responding to their identified
concerns. Patients work toward self-selected goals and are offered the option of follow-up
through an internet-based support group and email contact with the specialist nurse. Follow-up
is focussed on ongoing goal setting and behaviour change efforts and problem-solving (17).

Internet applications
e web application for monitoring of lung function and ACQ with support for receiving SMS
messages (baseline and evaluation period)
o facility for sending reminders to stimulate monitoring via email and/or SMS
e patient portal for ICT-supported care
e monitoring of lung function and ACQ with processed data presentation and feedback via
webpage or SMS
o facility for sending reminders to stimulate monitoring via email and/or SMS
e chatbox and internet support group facilities
e asthma education webpages
e private message contact with asthma specialist nurse:
o] design asthma action plan
o] goal-setting and registration of goal-attainment
e nurse portal to support patient self-management and review patient data

Instruments (see Instrument table and Measurement scheme)

e Asthma Therapy Assessment Questionnaire (ATAQ) (13)

e Asthma Control Questionnaire (ACQ), includes assessment of lung function (categories of
FEV1 as % predicted) (14)

o Rosenberg Self-Esteem Scale (RSES) (18)

o lliness perception questionnaire (IPQ) (19)

¢ Intention/Willingness questionnaire (I/W) (20)

e Life Orientation Test (LOT) (21)

e Social Norm (SN) (22)

o Self-Reported Asthma Management Behaviour (SRAMB)

e Social Support List (SSL) (23)

e Patient Skills Scoring by Nurse (PSSN) (24)

e Asthma Quality of Life Questionnaire (AQLQ) (25)

o Knowledge, Attitude and Self-efficacy Asthma Questionnaire (KASE-AQ) (26)

e EQ-5D (27)
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e Asthma Symptom Utility Index (ASUI) (24)

Outcome parameters

The choice of outcome parameters has been based on a recent review on asthma adherence
intervention research that recommended to include disease-focused as well as patient-focused
outcome measures besides adherence measures (28). Behaviour change is an important
objective, however, it might be inadequate to establish benefit from an adherence intervention.
Therefore, the primary and secondary outcome in this project are health related quality of life
and asthma control, respectively.

Prediction model

In order to predict the efficiency of the ICT-supported self-management programme we will
assess the relationship between potential predictors and change in quality of life using multiple
linear regression analysis. The following baseline variables and patient characteristics will be
included in the model: an index of asthma control (ATAQ), knowledge, attitudes, self-efficacy,
self-esteem, illness perception, optimism, social norm, social support and intentions/willingness
(listed under 'predisposing factors' in the table on page 18). The number of variables comprises
approximately 10% of the number of patients in the intervention group.

Sample size calculation

Juniper et al. showed that the AQLQ had good evaluative properties with respect to a clinicians
rating of a change in asthma control (29). Theoretically, the AQLQ-score ranges between 0 and
6 points. Using 100 patients per arm and a SD of changes in AQLQ-score of 0.75 (30) we are
able to detect a difference of 0.3 points between AQLQ-changes of the two arms (« = 0.05 two-
sided, 3 = 0.20 one-sided). This is similar as the mean difference in quality of life between self-
management education programmes and usual care that was reported in a recent Cochrane
systematic review (31). A minimally important change in AQLQ score has been defined as 0.5
point (29). Such a change can be detected between the arms with 36 patients per group.
Therefore, the current study has sufficient power to detect minimally important between-group
differences in quality of life, even in a subgroup analysis for patients in a primary care as well as
in a secondary care setting. The first phase allows patients to become accustomed to
participation in a self management programme. We aim to identify 500 eligible patients. With an
expected response rate of 50% 250 patients can be included. With respect to asthma control,
using 100 patients per arm and a SD of changes in ACQ-score of 0.69 (32) we are able to
detect a difference of 0.28 points between ACQ-changes of the two arms.

Data-analysis and presentation / synthesis
All analyses will be carried out on an intention to treat basis.
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Economic evaluation

General considerations

The costs of usual care and ICT-supported care will be compared from a societal perspective. In
a cost-utility analysis, the difference in societal costs will be related to the estimate difference in

QALYs using acceptability curves. A Markov model will be used to extrapolate the trial data to a
3 year period (33;34).

The model will include data on asthma control, intervention efficacy, compliance, symptoms,
acute exacerbations, QALYs, medication, implementation and other health care costs,
productivity costs, and discounting. Uncertainty analysis will be carried out using Monte Carlo
simulation techniques. Local and global (probabilistic) sensitivity analyses will be performed in
order to address the generalisability of the results to different countries and settings with respect
to population, patient characteristics, disease severity and patient adherence.

During the trial, health care consumption and absenteeism will be assessed every 3 months,
using a cost questionnaire filled-out by the patient (35). Purchased medication will be retrieved
from the patient's main pharmacist (with written patient permission), complemented with the
patient's report on medication purchased elsewhere (36).

Cost analysis

A cost price analysis will be performed to evaluate the programme implementation costs
(including costs for ICT development, asthma nurse time, patient time and travel costs, and
costs of internet, chatbox, discussion group and SMS). Other health care consumption and
absenteeism will be valued at standard prices or charges (37;38).

Patient outcome analysis

Measurement of adherence

¢ Adherence to lung function monitoring will be based on automated registration of values and
date/time in the memory of the Piko-1 spirometer that can be uploaded to a personal
computer and compared with the data entered by the patient via internet or SMS

e SMS-usage and usage of webpages will be documented and patients will be asked for the
reason(s) in case of discontinuation of internet- and/or SMS-usage

e Self-management behaviour will be assessed by the SRAMB (see Instrument table)

Measurement of effectiveness

Effectiveness will be assessed at baseline, after 3 months and after 12 months of follow-up

o In order to calculate QALYs, preference based patient utilities will be assessed via EQ-5D
and asthma symptom utility index (27) (24)

e quality of life: Asthma Quality of Life Questionnaire (AQLQ) (25)

e asthma control: Asthma Control Questionnaire (ACQ) (14)
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o the number of limited activity days (39)
e lung function level and variability as assessed by the Piko-1 spirometer
e exhaled nitric oxide (40)
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FLOWCHART

SMASHING Adults
Self-Management of Asthma Supported by Hospitals, Information and communication
technology, Nurses and General Practitioners

Identification of patients,
patients receive written and telephonic study
information (n=500)

Informed consent (n=250)

I

No informed
consent (n=250)

ICT supported strategy
(n=125)

6 wk registration of LF and
ACQ with feedback

Small group sessions:
Asthma education,
Self management skills

I

Questionnaires

2 wk registration of LF and
ACQ with feedback

2 wk registration of LF and
ACQ without feedback

Doctor or nurse visit

Y

Doctor or nurse visit

Y

Doctor or nurse visit

y

Doctor or nurse visit

LF monitoring and ACQ with

Private message contact with asthma nurse
electronic feedback and reminders

—
w
]
<
T
o
Baseline: 2 weeks
Asthma Therapy Assessment Questionnaire

(ATAQ), questionnaires, usual medication, daily

lung function and weekly ACQ without feedback

Randomization, stratification on 0 or 1-4 ATAQ

control problems
'Usual care' strategy
(n =125)
N . .
H Questionnaires
§ 2 wk registration of LF and
o ACQ without feedback 3mo
Doctor or nurse visit
I Doctor or nurse visit 6 mo I
y
| Doctor or nurse visit 9 mo |
Y
Doctor or nurse visit
Questionnaires 12 mo

Questionnaires

2 wk registration of LF and
ACQ without feedback

Moderated internet support group and chatbox

17
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SRAMB

KASE

Social norm

Social Support List

Intentions/Willingnes

IPQ

LoT

RSES

ACQ

ATAQ

AQLQ

PSSN

LF + daily sympoms

FeNO

Cyranose 320

(Cost) Questionnaire

ASUI

EQ-5D

Predisposing factors

Knowledge

Attitudes

Self-efficacy
Self-esteem

Illness Perception
Optimism

Social Norm

Social Support
Intentions/Willingness

el

ol

Reinforcing factors

Patient/provider communucat.
Attitude/behaviour environm.
Attitude/behaviour personnel

el

Enabling factors

Availability of resources
Education required
Skills (correct use inhaler)

=<

Behaviour

Preventive actions
Compliance medication
Compliance monitoring FEV1
Management of exacerbations

ek

Asthma control

Symptom severity
[2-agonist usage
Airway obstruction

>~

>~

Disease markers

Exhaled nitric oxide
Smell print

Outcomes

Asthma related quality of life
Asthma control

Symptom free days

Limited activity days

Days off work

Exacerbations

No. of prednison courses
Costs

Utility

ol

el

SRAMB-= self reported asthma management behaviour questionnaire
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KASE=knowledge, attitude and self-efficacy of asthma questionnaire

IPQ= illness perception questionnaire
LoT= life orientation test

RSES= Rosenberg self-esteem scale
ACQ=asthma controle questionnaire

ATAQ=asthma therapy assessment questionnaire

AQLQ=asthma quality of life questionnaire

PSSN= practical skills scored by nurse

LF= lung function

FeNO= exhaled nitric oxide
Cyranose 320= chemical vapor analyzer, including a nanocomposite sensor array with 32
polymer sensors (zie protocolaanvraag 05/119)
ASUI= asthma symptom utility index

measurement scheme

31 oktober 2005
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instrument items version | baseline | t=12 t=26 t=39 t=52
available
Demography ucC* X
SRAMB** 45 ucC* X X | X X
KASE 60 NL X X
Social norm 28 NL X
Social Support 16 NL X
Intention/Willingness | 6 NL X
IPQ 9 NL X
LoT 10 NL X
RSES 10 NL X
ACQY 7 NL X X X X X
ATAQ 14 NL X X X
AQLQ 32 NL X X X
PSSN 1
LF + daily symp{ly| 3 NL X X X
FeNO 1 nvt X X
Cyranose 320 1 nvt X
(Cost) questionnaire UC* X X X X X
ASUI 11 English | X X X
EQ-5D 5 NL X X
ucC* = under construction
SRAMB**:  at start and end of baseline to assess test-retest reliability
1=ACQ: intervention group: weekly

control group: at baseline, t=12 and t=52
99 = LF + daily symptoms:

intervention group: baseline until t=6, t=10-12, t=50-52

control group: baseline (2 weeks), t=10-12, t=50-52
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CONSORT 2010 checkKlist: Cost-effectiveness of Internet-based self-management compared with usual care in asthma

Item Reported in
Section/Topic No Checklist item Section
Title and abstract
la Identification as a randomised trial in the title Title
1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) Abstract
Introduction
Background and 2a  Scientific background and explanation of rationale Introduction
objectives 2b  Specific objectives or hypotheses Introduction
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio Setting and
participants
3b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons n/a
Participants 4a  Eligibility criteria for participants Setting and
participants
4b  Settings and locations where the data were collected Setting and
participants
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were Setting and
actually administered participants
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they Utilities and
were assessed QALYSs; costs
6b  Any changes to trial outcomes after the trial commenced, with reasons n/a
Sample size 7a  How sample size was determined n/a
7b  When applicable, explanation of any interim analyses and stopping guidelines n/a
Randomisation:
Sequence 8a Method used to generate the random allocation sequence Setting and
generation participants
8b  Type of randomisation; details of any restriction (such as blocking and block size) Setting and

participants

CONSORT 2010 checklist
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Allocation
concealment
mechanism

Implementation

Blinding

Statistical methods

Results
Participant flow (a
diagram is strongly
recommended)

Recruitment
Baseline data
Numbers analysed

Outcomes and
estimation

Ancillary analyses

Harms

Discussion
Limitations
Generalisability
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11a

11b
12a

12b

13a

13b

1l4a

14b

15

16

17a

17b
18

19

20
21

Mechanism used to implement the random allocation sequence (such as sequentially numbered containers),
describing any steps taken to conceal the sequence until interventions were assigned

Who generated the random allocation sequence, who enrolled participants, and who assigned participants to
interventions

If done, who was blinded after assignment to interventions (for example, participants, care providers, those
assessing outcomes) and how

If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary outcomes

Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and
were analysed for the primary outcome
For each group, losses and exclusions after randomisation, together with reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was
by original assigned groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its
precision (such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing
pre-specified from exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings

Setting and
participants

Setting and
participants

n/a

n/a

Statistical
analysis

Cost-
effectiveness
analysis

Utilities and
QALYsSs; costs

Utilities and
QALYsSs; costs

Setting and
participants

n/a

Table 1

Utilities and
QALYSs; costs

Results

n/a

Results

n/a

Discussion

Discussion

CONSORT 2010 checklist
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Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence Discussion

Other information

Registration 23  Registration number and name of trial registry Abstract

Protocol 24 Where the full trial protocol can be accessed, if available Methods

Funding 25  Sources of funding and other support (such as supply of drugs), role of funders Submission
form
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37 general practices
1 oul-patient departiment
930 eligible patients

730 no informed consent:

L

k4

455 refused to participate
275 no reply

r

200 randomised after
baseline measurements

.

¥

99 allocated to usual care group
89 completed EQ-5D
10 did not complete EQ-5D

101 allocated to internet group
98 completed EQ-5D
3  did not complete EQ-5D

87 attended 1st educational
session

70 attended 2nd educational
session

At 3 months
85 completed EQ-50
14 did not complete EQ-5D

Al 3 months
95 completed EQ-50
6 did not complete EQ-5D

2 lost to follow-up
5 withdrew consent

| 6 lost to follow-up
"1 4 withdrew consent

At 12 months
92 completed EQ-5D

At 12 months
91 completed EQ-5D




