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Abstract
Background: Telehealthcare has the potential
to provide care for long-term conditions that
are increasingly prevalent, such as asthma. We
conducted a systematic review of studies of
telehealthcare interventions used for the treatment of asthma to determine whether such
approaches to care are effective.
Methods: We searched the Cochrane Airways
Group Specialised Register of Trials, which is
derived from systematic searches of bibliographic
databases including CENTRAL (the Cochrane
Central Register of Controlled Trials), MEDLINE,
Embase, CINAHL (Cumulative Index to Nursing
and Allied Health Literature) and PsycINFO, as
well as other electronic resources. We also
searched registers of ongoing and unpublished
trials. We were interested in studies that measured the following outcomes: quality of life,
number of visits to the emergency department
and number of admissions to hospital. Two
reviewers identified studies for inclusion in our
meta-analysis. We extracted data and used fixedeffect modelling for the meta-analyses.

T

here has been an increase in the prevalence of asthma in recent decades,1–3 and
the Global Initiative for Asthma estimates that 300 million people worldwide now
have the disease.4 The highest prevalence rates
(30%) are seen in economically developed countries.5–8 There has also been an increase in the
prevalence of asthma affecting both children and
adults in many economically developing and
transition countries.9–11
Asthma’s high burden of disease requires
improvements in access to treatments.7,12,13 Patterns of help-seeking behaviour are also relevant:
delayed reporting is associated with morbidity
and the need for emergency care.
It is widely believed that telehealthcare interventions may help address some of the challenges
posed by asthma by enabling remote delivery of
care, facilitating timely access to health advice,
supporting self-monitoring and medication concordance, and educating patients on avoiding trig-
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Results: We identified 21 randomized controlled trials for inclusion in our analysis. The
methods of telehealthcare intervention these
studies investigated were the telephone and
video- and Internet-based models of care.
Meta-analysis did not show a clinically important improvement in patients’ quality of life,
and there was no significant change in the
number of visits to the emergency department over 12 months. There was a significant
reduction in the number of patients admitted to hospital once or more over 12 months
(risk ratio 0.25 [95% confidence interval 0.09
to 0.66]).
Interpretation: We found no evidence of
a clinically important impact on patients’
quality of life, but telehealthcare interventions do appear to have the potential to
reduce the risk of admission to hospital,
particularly for patients with severe asthma.
Further re search is required to clarify the
cost-effectiveness of models of care based on
telehealthcare.
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gers.14–16 The precise role of these technologies in
the management of care for people with long-term
respiratory conditions needs to be established.17
The objective of this study was to systematically review the effectiveness of telehealthcare
interventions among people with asthma in terms
of quality of life, number of visits to the emergency department and admissions to hospital for
exacerbations of asthma.

Methods
Population
We included trials that had involved both children and adults. We were interested in randomized controlled trials done in both family practice
and hospital settings. Studies had to involve participants who had received a diagnosis of asthma
from a physician. Studies involving people with
chronic obstructive pulmonary disease were excluded, as they are being included in a separate
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systematic review.17 No studies were excluded on
the basis of age, sex, race, ethnicity or language
spoken by the participants.
Intervention
Our conceptual definition of telehealthcare, as
adapted from Miller,18 is “the provision of personalized healthcare at a distance.” This constitutes the following three factors: information
obtained from the patient, whether by conversation, video, electrocardiography, oxygen saturation, etc., that details the patient’s condition;
electronic transfer of this information to a health
care professional over a distance; and personalized feedback tailored to the patient and provided by a health care professional who exercises clinical skills and judgement.
“At a distance” refers to health care that uses a
tool of distance communication that works without
the simultaneous physical presence of the participants in the interaction. According to this definition, the technology used might be the telephone,
e-mail, the internet or any other networked or
mobile device. The novelty or sophistication of the
technology is irrelevant. Feedback from the health
care professional to the patient could be synchronous or asynchronous (i.e., by store-and-forward
technology, in which a patient’s data are kept in an
electronic repository and forwarded to a health
care professional on request); we also stipulated
that the health care professional should provide
advice tailored to the consulting patient.
Comparison
In most instances, telehealthcare was compared
with face-to-face usual care. However, in some
studies, the control arm also involved an increase in
the frequency or intensity of contact between health
care professionals and patients.
Outcomes
The outcomes studied included process measures
and clinical parameters. The key outcomes included asthma-specific quality of life as measured by the Juniper scale, the risk of one or
more visits to the emergency department for
asthma over 12 months, and the number of
patients with one or more admissions to hospital
over 12 months.
Identifying studies for inclusion
We identified randomized controlled trials using
the Cochrane Airways Group Specialised Register of Trials, which is derived from systematic
searches of the following bibliographic databases: CENTRAL (the Cochrane Central Register of Controlled Trials), MEDLINE, Embase,
CINAHL (Cumulative Index to Nursing and
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Allied Health Literature) and PsycINFO. Manual
searches of respiratory journals and abstracts from
meetings also contribute to the Cochrane Airways
Group Specialised Register of Trials. All records
in the register that had been coded as “asthma”
were searched using the telehealthcare terms specified in Appendix 1 (available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.101146/-/DC1).
Extraction and management of data
The following data were extracted from the
included studies by one reviewer and independently checked by a second reviewer: country
and setting; the design of the study; the number
of participants, their mean ages and the range of
ages; a description of the intervention being
investigated and of how the control group was
managed; measures of symptoms (see Table 1
and Appendix 2 [available at www .cmaj .ca
/lookup/suppl/doi:10.1503/cmaj.101146/-/DC1]);
quality of life; use of the health care system, such
as visits to the emergency department or admissions to hospital; cost data (from the perspective
of the health care provider); monitoring of peak
expiratory flow and patient diaries; patient’s
forced expiratory volume in one second and
forced vital capacity; patient satisfaction; a
description of adverse events; and patient withdrawal from the study.
Analysis
We assessed the risk of bias in each trial using
the methods detailed in the Cochrane Handbook
for Systematic Reviews of Interventions.19
We calculated summary statistics for our primary outcomes. We calculated risk ratios (RRs)
for the dichotomous variables; for the asthmarelated quality of life score, a continuous variable,
we calculated mean differences. We used the
authors’ published data. To create forest plots,
data had to be compatible across studies. For example, for quality of life, we included only studies
that reported using the Juniper scale; for visits to
the emergency department, we included only
studies with results that could be summarized into
the variable of the number of patients with one or
more visits to the emergency department over
12 months of follow-up. In this way, we produced
meaningful comparative data across studies. We
also included raw data in our analyses where it
was supplied to us by the authors. The data from
all studies (i.e., whether it was possible to include
these data in the meta-analysis or not) are summarized in Appendix 2, which provides an overview
of the results from all of the eligible studies.
We assessed the statistical heterogeneity
between studies and the likely impact of this heterogeneity on our meta-analysis using the I2 statis-
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Jan et al.

31

Guendelman et al.
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Chan et al.
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Study

310 children; Australia; patients had been
discharged from a hospital emergency
department in Sydney

164 children with asthma aged 6–12 yr;
Taiwan; university medical centre

134 children with asthma aged 8–16 yr; US;
primary care facility in California

194 patients with asthma aged 17–70 yr; UK;
family practice

71 adults with asthma aged 18–55 yr;
Australia; hospital in Victoria, Australia

150 children with asthma aged 6–18 yr ; Italy
and the Netherlands; hospital care or
academic centres in Padua, Italy, and
Rotterdam, the Netherlands

21 adults with asthma; Portugal; Porto

808 adult women with asthma; US;
University of Michigan Health System

271 people with asthma aged ≥ 12 yr; Brazil;
Porto Alegre

120 children with asthma; US; army medical
center pediatric clinic in Honolulu, Hawaii

36 adolescents with asthma; US;
socioeconomically deprived setting in rural
Arkansas

24 adults with asthma; UK;
socioeconomically deprived setting in
London

No. of participants; country; setting

Telephone

Other
networked
system

Other
networked
system

Telephone

Telephone

Other
networked
system

Internet

Telephone

Telephone

Video
conferencing

Video
conferencing

Telephone

Intervention
studied

Table 1: Descriptions of the 21 studies included in the meta-analysis (part 1 of 2)

Symptoms (number of days patient had a wheeze in the last 3 mo), possession and
use of a written action plan for asthma, use of preventive medication, patient’s
knowledge of asthma, parental quality of life, number of visits to family physician
or specialist

Peak expiratory flow rate (recorded in asthma diaries, morning and night),
symptoms (Childhood Asthma Control Test at baseline and after 12 w), patient’s
quality of life, caregiver’s knowledge

Symptoms including coughing and wheezing, number of days of school missed due
to asthma, peak expiratory flow rate, use of the health care system (number of
visits to the emergency department or admissions to hospital)

Responses to a six-question questionnaire on asthma control (symptoms), asthmaspecific quality of life, exacerbations, economic evaluation from the perspective of
the health service

Admissions to hospital, ownership of peak expiratory flow meter, a plan for
management of care, use of the health care system, days lost from work or study,
exacerbations requiring the use of oral corticosteroids

Expired nitric oxide before and after treatment with salbutamol at 3, 12, 21 and
30 w; carer’s quality of life; adverse events

Patient opinions of technologies, time taken to fill in diaries, adherence to
monitoring tools

Symptoms (e.g., days and nights of work or study missed due to asthma), number
of visits to the emergency department, number of admissions to hospital, number
of unscheduled urgent visits to clinics, number of scheduled visits to clinics,
questions related to patient’s sex (e.g., relationship between symptoms and
menstrual cycle, use of contraceptive medications), patient’s quality of life, self
confidence in managing asthma

Adherence to treatment measured according to number of doses from a drypowder disk inhaler

Adherence to treatment (e.g., patient’s use of inhaled corticosteroids), diary of
disease control (e.g., use of rescue therapy), patient’s quality-of-life scores, number
of visits to the emergency department, number of admissions to hospital, patient’s
technique when using an inhaler

Checklist of the patient’s technique for using a metered dose inhaler and patient’s
level of satisfaction with the technology

Score on the North of England Asthma Symptoms Scale at baseline and after 3 mo

Main outcomes
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39

40

42,43,44

Willems et al.

56 children with asthma aged ≥ 7 yr and 53
adults with asthma; the Netherlands; a
hospital in Maastricht

6948 adults; US; patients were listed on a
health insurer’s registry as having asthma or
had been given antiasthma medication for
at least 180 d in Portland, Oregon

200 adults with asthma aged 18–50 yr; the
Netherlands; Leiden

Note: UK = United Kingdom, US = United States.

41

Vollmer et al.

van der Meer et al.

300 people with asthma; Denmark; recruited
directly from the community in Copenhagen

1809 adults with asthma; UK; single large
general practice spread across three sites

38

Pinnock et al.

Rasmussen et al.

278 adults with asthma; UK; all had
requested a prescription for a
bronchodilator inhaler in the last 6 mo, and
none had received a review of their asthma
in a general practice in the last 11 mo

36,37

Pinnock et al.

Ostojic et al.

16 patients with asthma; Croatia; a
respiratory clinic

75 adults with asthma; Japan; multicentre
trial involving 17 medical institutions
(patients were selected if they had visited
the night emergency department three or
more times in one year despite treatment
with oral corticosteroids)

34

Kokubu et al.

35

53 adults with asthma; Japan; patients who
had visited the emergency department due
to asthma more than twice in the last year

Kokubu et al.

No. of participants; country; setting

33

Study

Other
networked
system

Telephone

Choice of
text messaging
or Internet

Internet

Telephone

Telephone

Text messaging

Other
networked
system

Other
networked
system

Intervention
studied

Table 1: Descriptions of the 21 studies included in the meta-analysis (part 2 of 2)

Spirometry data, clinical symptoms (scored in patient diaries), patient’s quality of
life, use of the health care system, self-reported use of medication

Responses to surveys mailed by the insurer to a random sample of 549 members of a
health plan for indicative results (83% rate of response), use of the health care
system, use of medication (e.g., frequency), patient’s quality of life

Responses to a 12-item questionnaire on consumer knowledge of asthma, patient’s
technique using an inhaler, number of changes in medications per patient, number
of visits to a physician, number of contacts by telephone and Web communication,
asthma-related quality of life, symptoms (e.g., responses to the Asthma Control
Questionnaire, number of days free of symptoms)

Patient’s quality of life, self-care for asthma, smoking, level of education, salary,
days taken as sick leave and number of admissions to hospital, severity of
symptoms, current use of medication, lung function at baseline and 6 mo later,
responsiveness of airways after dose of methacholine

Proportion of patients who had an asthma review; asthma morbidity; impact of
consultation on patient’s ability to self-manage asthma; adverse events; time, cost
and mode of review

Proportions of patients reviewed in each arm of study within three months of
randomization, length of consultation, asthma morbidity, quality of life, patient
satisfaction with the review consultation, costs of respiratory care from the
perspective of the health service, cost of the review service, cost per consultation

Tests of pulmonary function; patients’ daily records of peak expiratory flow rate,
symptoms and variability; use of asthma medication; cost and reliability of text
messaging (validated against patient diaries)

Number of admissions to hospital, adherence to measurement of peak expiratory
flow and to medications, quality of life, economic effectiveness of telehealthcare
intervention

Number of visits to emergency department, ability to perform activities of daily
living, adherence to testing lung function and transmission of data

Main outcomes
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tic.19 Where I2 was 40% or less, we used a fixedeffect model. We used a random-effects model if
the impact of the statistical heterogenity was high
(i.e., I2 > 40%). Pooled data were presented graphically with forest plots. We planned subgroup
analyses according to the type of technology used
for telehealthcare. We used funnel plots to assess
possible bias in reporting and publication (data
available upon request from the authors).

Results
Description of studies
Our searches identified 525 abstracts. Initially,
76 reports had seemed possibly relevant, but 21
trials (25 reports) were included after thorough
full-text review. Appendix 1 details our search
strategy, which is illustrated by a PRISMA flow
chart in Figure 1. A description of the studies we
included is given in Table 1.20–44 Two studies had
to be translated from Japanese, and one study
was translated from Italian. It was only possible
to obtain partial translations of the Japanese
reports. In addition, we found 14 ongoing trials
that have reported preliminary findings in
abstract form and 21 trials that have yet to report
in any format.

only studies pooled to give a mean difference of
0.04 (95% CI –0.05 to 0.12, Figure 2B). The
four studies looking at all other technologies
pooled to give a greater mean difference of 0.21
(95% CI 0.07 to 0.34, Figure 2C); however, this
difference is still less than the minimum clinically
significant difference.
Ten studies (published in 11 reports) reported
data on visits to the emer gency department.22,24,27,30,32,34,36,39,41,42,46 The effect of telehealthcare
interventions on the number of patients with one or
more visits to the emergency department over 12
months is shown in Figure 3. This meta-analysis
included five trials representing 619
patients.22,27,34,39,42 It revealed a nonsignificant
increase in RR of one or more visits to the emer-

Articles identified through
electronic searches
n = 493
• CENTRAL n = 71
• CINAHL n = 1
• Conference proceedings n = 56
• Embase n = 88
• Web of Science n = 3
• MEDLINE n = 173
• National Research Register UK n = 25
• PsycINFO n = 2
• Websites n = 35
• Other n = 39
Articles identified by
experts in the field
n = 30

Telehealthcare interventions studied
The most common model of intervention studied was an initial face-to-face introduction with
follow-up exchanges between patient and health
care professional using a telephone, the Internet
or text messages. Seven studies applied this
format.20,24,27,30,31,35,42

Articles identified by reviewing
the references
n=2

Reports
n = 525

Excluded n = 449
• Did not meet
inclusion criteria

Risk of bias in the included studies
A summary of the risk of bias in the included studies can be seen in Appendix 3 (available at www
.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.101146
/-/DC1).
Effectiveness of telehealthcare
The impact of telehealthcare interventions on the
quality of life of people with asthma was assessed
in 14 trials.22,24,26,28,29,31,32,34,38–42,45 We did a metaanalysis of the nine studies that used Juniper’s
validated quality-of-life questionnaires (Figure 2A). None of the studies that looked at quality of life reported a clinically important difference (i.e., a difference of more than 0.5 points
on the Juniper questionnaire). Pooling the data
from nine of these studies showed a statistically
significant mean difference of 0.08 (95% CI
0.01 to 0.16).
Subgroup analyses were done for the
telephone-only studies and for the studies looking at all other technologies. The five telephone-

Citations identified for
full-text appraisal for
relevance and quality
n = 76

Ongoing and
unpublished trials
n = 21
• NIHR n = 4
• ClinicalTrials.gov n = 13
• controlled-trials.com n = 3
• ANZCTR n = 1

Excluded n = 51
• Did not meet
inclusion criteria n = 33
• Published as
abstract only n = 14
• Additional reports of already
excluded trials n = 4

Trials included in the
final review*
n = 21

Figure 1: Identification of relevant literature on the use of telehealthcare for the
treatment of asthma. ANZCTR = Australian New Zealand Clinical Trials Registry,
CENTRAL = the Cochrane Central Register of Controlled Trials, CINAHL = Cumulative Index to Nursing and Allied Health Literature, NIHR = National Institutes of
Health Research.*The 21 trials included in the final review were published across
25 reports.
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gency department (RR 1.04 [95% CI 0.84 to 1.28]).
Six studies presented data on admissions to
hospital.22,28,30,34,35,39 For two studies,30,35 these admissions occurred over three months. For the remaining four studies, admissions to hospital were
recorded as having occurred over 12 months.
For the two studies that provided data on outcomes at three months, meta-analysis showed high
heterogeneity (I2 = 78%), so the analysis was done
using random effects (RR 0.91 [95% CI 0.07 to
12.69], Figure 4A). The confidence intervals were

very wide, suggesting that it is difficult to draw
any firm conclusion regarding the risk of admission to hospital over three months in the telehealthcare group versus the control group.
Meta-analysis of the four studies that reported
the number of patients admitted to hospital once or
more within 12 months of randomization is shown
in Figure 4B (summary RR 0.25 [95% CI 0.09 to
0.66]). This includes data from 499 patients and
suggests that telehealthcare reduced the risk of
admission to hospital.

A
Study or subgroup
Chan 200722
Clark 200724
de Jongste 200926
Gruffydd-Jones 200529
Pinnock 200336
Pinnock 200738
Van der Meer 200940
Vollmer 200641
Willems 200842

Intervention
Mean
SD
n
6.1
2.1
6.2
5.93
5.15
5.29
6.29
5.2
5.73

1.1
0.9
0.8
1.64
1.28
1.21
0.68
1.2
1.09

Total

60
311
77
84
137
270
91
481
55

Control
Mean SD
5.8
2.1
6.2
5.79
5.22
5.27
5.97
5.1
5.48

1.2
0.9
0.7
0.9
1.14
1.16
0.69
1.2
1.18

1566

n

Favours
control

Mean difference
(95% CI)

60
297
74
62
141
286
92
487
54

0.30 (–0.11 to 0.71)
0.00 (–0.14 to 0.14)
0.00 (–0.24 to 0.24)
0.14 (–0.28 to 0.56)
–0.07 (–0.36 to 0.22)
0.02 (–0.18 to 0.22)
0.32 (0.12 to 0.52)
0.10 (–0.05 to 0.25)
0.25 (–0.18 to 0.68)

1553

0.08 (0.01 to 0.16)

I² = 24%

-1

-0.5

Favours
intervention

0

0.5

1

Mean difference (95% CI)

B
Study or subgroup
Clark 200724
Gruffydd-Jones 200527
Pinnock 200336
Pinnock 200738
Vollmer 200641

Intervention
Mean
SD
n
2.1
0.9
5.93 1.64
5.15 1.28
5.29 1.21
1.2
5.2

Total

Control
Mean SD

n

Mean difference
(95% CI)

311
84
137
270
481

2.1 0.9 297
5.79 0.9
62
5.22 1.14 141
5.27 1.16 286
5.1 1.2 487

0.00 (–0.14 to 0.14)
0.14 (–0.28 to 0.56)
–0.07 (–0.36 to 0.22)
0.02 (–0.18 to 0.22)
0.10 (–0.05 to 0.25)

1283

1273

0.04 (–0.05 to 0.12)

I² = 0%

C
Study or subgroup
Chan 200722
de Jongste 200926
Van der Meer 200940
Willems 200842
Total

Favours
control

Favours
intervention

-1
-0.5
0
0.5
1
Mean difference (95% CI)

Intervention
n
Mean SD
1.1
6.1
0.8
6.2
6.29 0.68
5.73 1.09

60
77
91
55
283

I² = 31%

Control
Mean SD

n

Mean difference
(95% CI)

5.8 1.2
6.2 0.7
5.97 0.69
5.48 1.18

60
74
92
54

0.30 (–0.11 to 0.71)
0.00 (–0.24 to 0.24)
0.32 (0.12 to 0.52)
0.25 (–0.18 to 0.68)

280

0.21 (0.07 to 0.34)

Favours
control

-1

-0.5

Favours
intervention

0

0.5

1

Mean difference (95% CI)

Figure 2: Forest plots of the mean differences and 95% confidence intervals (CIs) in the measurement of quality of life among patients
with asthma as per Juniper’s questionnaire (A), as suggested by studies investigating telehealthcare delivered by telephone only (B)
and as suggested by studies investigating telehealthcare delivered by all other technologies (C). SD = standard deviation.
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The results of studies examining symptoms as
an outcome are summarized in the Table of
Results in Appendix 2. The results suggest that
symptom scores may be improved with telehealthcare. However, in many instances, there
was no difference between groups.

important, as it may be expected that if telehealthcare is used as a substitute for face-to-face care,
then a reduction in the intensity of health care
may place a patient at risk. Larger studies are
required to address this concern more fully.

Interpretation
Secondary outcomes: adverse events
There were few adverse events reported in the
studies. Two people with asthma died during the
intervention arm of one study,29 but correspondence with the study’s authors confirmed that
these deaths were not related to asthma. This is

Study or subgroup
Chan 200722
Donald 200827
Kokubu 200034
Rasmussen 200539
Willems 200842
Total

Main findings
Our meta-analyses of the published trial evidence
failed to show an appreciable impact of telehealthcare on disease-specific quality of life or
risk of attendance at the emergency department

Intervention
n
Events

Control
n
Events

4
7
32
2
0

60
36
32
85
55

2 60
5 35
34
34
1 168
4 54

2.00 (0.38 to 10.51)
1.36 (0.48 to 3.89)
1.00 (0.94 to 1.06)
3.95 (0.36 to 42.98)
0.11 (0.01 to 1.98)

45

268

46 351

1.04 (0.84 to 1.28)

Favours
intervention

RR (95% CI)

Favours
control

I² = 34%
0.01

0.1

1
10
RR (95% CI)

100

Figure 3: Forest plot of the risk ratios (RRs) and 95% confidence intervals (CIs) of the numbers of patients who visited the emergency
department once or more over 12 months.

A
Study or subgroup

Intervention
Events
n

Control
Events
n

Guendelman 200230
Ostojic 200535

4
2

62
8

1
7

60
8

RR (95% CI)
3.87 (0.45 to 33.65)
0.29 (0.08 to 0.98)

Total

6

70

8

68

0.91 (0.07 to 12.69)*

Favours
intervention

Favours
control

I² = 78%
0.01

0.1

1

10

100

RR (95% CI)

B
Study or subgroup

Intervention
n
Events

Control
n
Events

Chan 200722
Donald 200827
Kokubu 200034
Rasmussen 200539

1
1
2
0

60
31
32
85

1 60
6 29
34
11
1 168

RR (95% CI)
1.00 (0.06 to 15.62)
0.16 (0.02 to 1.22)
0.19 (0.05 to 0.80)
0.66 (0.03 to 15.91)

Total

4

208

19 291

0.25 (0.09 to 0.66)

Favours
intervention

Favours
control

I² = 0%
0.01

0.1

1
RR (95% CI)

10

100

Figure 4: Forest plots of the risk ratios (RRs) and 95% confidence intervals (CIs) for the numbers of patients admitted to hospital once
or more over 3 months (A), and the number of patients admitted to hospital once or more over 12 months (B).*Because of high heterogeneity, analysis was performed using a random effects model.
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for people with asthma. However, meta-analysis
did show that telehealthcare may result in a
reduction in the risk of admission to hospital for
asthma, particularly among people at high risk.
Explanation and comparison with other
studies
In contrast to our findings, a review by Duvvuri
concluded that information and communication
technologies can have a major role in helping a
much broader section of the population of people
with asthma. 47 The inclusion criteria of that
review were broader than ours, in that the authors
searched for decision support and tools of patient
education in addition to the technologies in which
we were interested. Studies were summarized in
narrative form and no meta-analyses were
attempted. Duvvuri and colleagues also drew
attention to some favourable analyses of cost
effectiveness and patient satisfaction. In addition,
they identified the remaining hurdle of physician
licensing and reimbursement when care is delivered via telehealthcare. This is particularly an
issue in countries where physicians claim a fee
for service from a health insurance provider, such
as in Canada and the United States. We would be
more cautious in recommending rapid adoption
and implementation of telehealthcare strategies
without further evaluation.
Limitations
The first limitation to consider is our definition
of telehealthcare. Our definition rules out several
interventions that others may argue do constitute
telehealthcare because it stipulates that a health
care professional must be actively involved with
the ongoing delivery of the intervention. Our
definition excluded technologies for self care
and self education and websites.
Our definition also included basic technologies,
particularly the telephone. We justify the telephone
as a legitimate form of telehealthcare because it
very effectively enables personalized health care
over a distance, and it has been included in many
programs of telehealthcare. Telehealthcare does
not have to be new, novel or sophisticated, and the
telephone is a legitimate and well-researched
medium for providing telehealthcare.
In general, the level of intervention may vary
in telehealthcare, with tasks delegated to less
senior, less expensive health care professionals
and to patients themselves for self-care when
their asthma is stable. This variation may lead to
more effectively tailored care. For example, telehealthcare can be supported by computer algorithms when asthma is well controlled, or it can
involve more sophisticated telemonitoring when
a patient’s condition is less stable (i.e., “hospital
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at home” monitoring). The benefits of telehealthcare are mediated by education, an enhanced
therapeutic relationship, more intensive monitoring of the patient and feedback. The precise mixture of these elements has not been measured by
the different studies in this review; however,
these elements are important and they should be
studied further as per the research framework for
complex interventions of the United Kingdom’s
Medical Research Council.48
Only four studies could be included to assess
the effect of telehealthcare on admission to hospital. This is either because the other studies were
too small or the follow-up period was too short to
include patients who were admitted to hospital, or
because the studies included only patients with
mild asthma and there were no admissions to hospital. Because a large number of different scales
for symptoms were used, meta-analysis across
studies was not done for this outcome. Likert-type
patient-satisfaction scores were reported in a number of studies and generally reflected a high level
of satisfaction. However, the disadvantage of such
scales is that detailed information is not gathered
because of the limitations of a longitudinal scale.
Complementing this type of literature with future
qualitative research will help us to understand
what has been missed in terms of value from the
perspective of the patients and that of physicians
who deal with the less severe end of the spectrum
of asthma.
Conclusions and implications for further
research
Telehealthcare is no worse than normal care in its
ability to improve quality of life in carefully
selected and triaged patients receiving primary
and secondary care. It does not appear more able
to improve quality of life than routine models of
care, nor does it appear to reduce the number of
visits a patient makes to the emergency department. Studies with larger intervention and control
groups are needed to confirm these results with
precision. We did, however, find that admissions
to hospital decreased. It may be useful to consider
focusing certain telehealthcare interventions on
groups with higher risk. Further research should
look at stratifying the risk of admission to hospital
and relating it to the effectiveness of telehealthcare intervention.
Many of the patients in the control arms of the
studies received enhanced face-to-face care for
their asthma rather than usual care, so it was particularly challenging to show the benefits of telehealthcare in these comparisons. Future studies
should make comparisons with usual care to best
judge whether telehealthcare offers any improvement, or equivalence studies should be done if
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the population in the control group receives
enhanced care. Considerably more research is
also needed to investigate the cost effectiveness
of telehealthcare-centred models of care.
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