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Telemedical Asthma Education and Health Care
Outcomes for School-Age Children: A Systematic
Review
Nathan Culmer, PhD, Todd Smith, PhD, Catanya Stager, MA, AndreaWright, MLIS, Karen Burgess, MD, Samantha Johns,

Mykaela Watt, and Madison Desch Tuscaloosa, Ala
What is already known about this topic? Community- and school-based partnerships are a promising solution in
developing effective asthma management. Such programs provide effective asthma management instruction by sup-
porting the needs of children with asthma with the resources of health care services.

What does this article add to our knowledge? Telemedicine solutions paired with school-based asthma care are as
effective as in-person visits for patients with asthma. This study identifies and examines existing evidence regarding the
effect of live 2-way telemedical education on school-age children with asthma.

How does this study impact current management guidelines? Real-time telemedically delivered asthma education
may improve quality of life, enhance symptom management ability, enhance educational outcomes, and reduce symptom
burden on patients with asthma and their care providers.
BACKGROUND: Telemedicine in a school-based setting
involving partnerships between a child with asthma and health
care provider can provide patients and caregivers with opportu-
nities to better manage chronic conditions, communicate among
partners, and collaborate for solutions in convenient locations.
OBJECTIVE: This systematic review examined outcomes for
school-age children with asthma involving asthma-based tele-
medical education.
METHODS: Guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses, we searched 4 databases
with terms related to asthma, education, and pediatrics. Included
articles involved a school-based setting, children and adolescents,
a telemedical mechanism for training, empirical study designs,
and peer review. We extracted data regarding (a) participant
background, (b) researchmethods and purpose, and (c) outcomes.
RESULTS: A total of 408 articles were identified. Five met
inclusion criteria. Three studies were randomized and2were cohort
studies. In addition to clinical and educational outcomes, studies
reported on satisfaction, self-management, asthma knowledge gain,
and quality of life (QOL). We found support for caregiver/parent
QOL and participant self-management behaviors. We also found
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mixed results for participant QOL. Clinical outcomes showed
mixed support regarding airway inflammation improvement,
medication use improvement, improvements in symptom burden
and symptom-free days, and spirometry improvements.
CONCLUSIONS: Results of real-time telemedically delivered
asthma education to improve QOL, enhance symptom manage-
ment ability, and reduce symptom burden were positive or
nonsignificant. No study indicated negative effects due to tele-
medicine. Limited results indicate that patient education can, under
certain circumstances, positively influence asthma burden. Further
validation of intervention methods and tools as well as outcome
measurement consistency is recommended. � 2020 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2020;8:1908-18)

Key words: Telemedicine; Asthma; Tele-education; Quality of
life; Patient education; Pediatrics; Asthma management; Chronic
disease management
INTRODUCTION
Asthma affects nearly 6 million children in the United States,1

with asthma-related school absences totaling 13.8 million days
annually,2 and with family costs averaging $800 in additional
annual health care expenses.3 Asthma management is one aspect
of patient-centered care, including teaching children, as patients,
to appropriately manage their condition4,5 and to modify be-
haviors for symptom reduction.6,7

To help children achieve optimal asthma management,
patient-centered care requires children and parents, and their
health care providers, to be in a health education partnership.8

Lack of patient-centered care contributes to children’s non-
adherence in daily use of controller medicine.9
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TABLE I. PubMed search terms

(“telemedicine”[mesh] OR “remote consultation”[mesh] OR telemed*[tw]
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Abbreviations used
OR tele-med*[tw] OR telecon*[tw] OR tele-con*[tw] OR telehealth*
CHSA- C
Downl
hildren’s Health Survey for Asthma
[tw] OR tele-health*[tw] OR telemonitor*[tw] OR tele-monitor*[tw]
EPHPP- E
ffective Public Health Practice Project
OR telecare*[tw] OR tele-care*[tw] OR telehome*[tw] OR tele-home*
QOL- Q
uality of life
[tw] OR teleteach*[tw] OR tele-teach*[tw] OR teletrain*[tw] OR tele-
SFD- S
ymptom-free day
train*[tw] OR telepharm*[tw] OR tele-pharm*[tw] OR telepulmon*
[tw] OR tele-pulmon* OR videocon*[tw] OR video-con*[tw] OR
ehealth*[tw] OR e-health*[tw] OR mhealth*[tw] OR m-health*[tw] OR
mobile-health*[tw] OR remote-consult*[tw] OR distance-consult*[tw])
AND (“schools”[mesh] OR “school health services”[mesh] OR
“child”[mesh] OR “adolescent”[mesh] OR “minors”[mesh] OR
“pediatrics”[mesh] OR school*[tw] OR highschool*[tw] OR kindergar*
[tw] OR preschool*[tw] OR child*[tw] OR schoolchild*[tw] OR kid
[tw] OR kids[tw] OR boy*[tw] OR girl*[tw] OR minors*[tw] OR
adoles*[tw] OR teen*[tw] OR pediatric*[tw] OR paediatric*[tw]) AND
(“asthma”[mesh] OR asthma*[tw])
Research has shown that community- and school-based part-
nerships are a promising solution in helping parents and children
develop effective asthma management.10 Such programs provide
effective asthma management instruction11 by supporting the
self-care learning needs of children with asthma with health care
services resources.5,12

With limited health care access in remote locations, as well as
evidence of greater asthma morbidity among children living in
poverty andminority children including children in urban areas,13

telemedicine solutions paired with school-based asthma health
care have been shown in noninferiority studies to be just as
effective as in-person visits for patients with asthma.14-16However,
no systematic reviews have examined how live 2-way telemedical
education affects outcomes for children with asthma in schools.17

Patient experiences that use telemedical synchronous video
consultations benefit patients with asthma16,18 and present more
learning opportunities than models that only secure and transmit
asynchronous data.19,20 Using the school as the originating site
for the consultation can reduce costs and efforts for families with
limited resources.21

RESEARCH QUESTIONS
The purpose of this review was to determine the extent to

which 2-way live streaming of asthma-based telemedical educa-
tion improves outcomes for school-age individuals with asthma
(ages 5-18 years) and their families. This review aimed to answer
3 research questions:

1. In school-age children with asthma, do live 2-way streaming
of asthma-based telemedical-education interventions affect
asthma-related clinical outcomes?

2. In school-age children with asthma, do live 2-way streaming
of asthma-based telemedical-education interventions affect
asthma-related educational outcomes?

3. In school-age children with asthma, do live 2-way streaming
of asthma-based telemedical-education interventions affect
any additional asthma-related outcomes?

Clinical outcomes relate to (1) assessment and monitoring (eg,
pulmonary function tests), (2) symptom severity and frequency,
(3) effective control of asthma triggers and symptoms, (4) health
care utilization, and (5) medical use. Educational outcomes refer
to measures of school days missed, and academic score
improvement. We anticipate that additional outcomes might
include satisfaction and overall quality of life (QOL).

Definitions

We define telemedicine as technologically mediated bidirec-
tional transmission of remote medical knowledge or data be-
tween provider and patient. Tele-education is defined as live,
synchronous, and remote presentations of health education
related to health and can occur during or independent of a
clinical encounter.
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METHODS
This project adheres to the Quality of Reporting of Meta-analyses

statement22 and the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses standards.23,24 Search strategies were peer-
reviewed by a third party using the Peer Review for Electronic Search
Strategies guidelines.25

Literature search
We completed searches in CINAHL, Embase, PubMed, and

Scopus databases on October 19, 2018 (with no date restrictions),
with keywords and index-specific subject headings related to asthma,
education, and pediatrics. See Table I for the specific search criteria
and keywords for the PubMed search (with similar search terms and
methods for the other databases).

Inclusion and exclusion criteria

Inclusion criteria specified that a study (a) was school-based, (b)
involved children and adolescents aged 5 to 18 years, (c) involved a
telemedical mechanism to provide training (eg, involved face-to-face
asthma-based tele-education via a video conferencing link as part of a
clinical visit or a stand-alone session), (d) included asthma as the primary
or secondary variable, (e) used empirical study designs, (f) appeared in
peer-reviewed journals, and (g) was available in the English language.
Excluded articles included unpublished studies, gray literature, and
single-case studies. See Figure 1 for details on exclusion criteria.

Articles presenting web portals or phone apps (with no tele-
education) were excluded on the assumption that interaction with
technology does not necessarily require patient education. Articles
on printed asthma material were excluded because this definition of
patient education is aligned with health literacy and only peripherally
with patient-provider interactions. Finally, asthma management re-
fers to a patient’s ability to use learned information to reduce asthma
symptoms and severity.

Study selection
Titles and abstracts from our initial search were independently

reviewed by at least 2 blinded researchers, and a decision to exclude
or include was based on the eligibility criteria.

Reporting criteria

Once the final articles were selected, 2 authors independently and
methodically extracted data from each study and reconciled findings
by consensus. Specifically, we extracted data related to (a) participant
edicine - Tuscaloosa from ClinicalKey.com by Elsevier on January 14, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.



Records identified through 
database searching: 

PubMed (n=162)
Scopus (n=262)

Embase (n=262)
CINAHL (n=101)
(n = 787)

Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ili
ty

Id
en

fic
a

on

Records after duplicates 
removed
(n = 408)

Abstract records screened
(n = 408)

Records excluded (n = 401)
Not school-based (n=359)

Did not involve children (n=3)
Telemedicine not involved (n=14)

Asthma not primary or secondary variable (n=2)
Nonempirical study design (n=3)

Not peer-reviewed (n=8)
Not in English (n=2)

Conference proceeding (n=2)
Editorial/Commentary (n=1)

Review article (n=7)

Full-text articles assessed 
for eligibility

(n = 7)

Full-text articles excluded (n = 2) 
Did not use telemedical means (n=1)

Protocol description (n=1)

Included in final review
(n = 5)

Duplicate records removed
(n = 379)

FIGURE 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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characteristics, (b) study design, (c) study characteristics, (d)
curricular tools used to provide asthma education, (e) clinical out-
comes, (f) educational outcomes, (g) satisfaction with intervention,
(h) asthma self-management outcomes, (i) self-efficacy outcomes, (j)
asthma knowledge gain outcomes, and (k) QOL outcomes.

Assessment of rigor
We used the Effective Public Health Practice Project (EPHPP)

Quality Assessment Tool26,27 to evaluate the methodological rigor of
each study. Consistent with EPHPP guidelines, articles with no
weak ratings are deemed strong, ones with 1 weak rating are mod-
erate, and those with 2 or more weak ratings are weak.28 The 2 lead
authors independently reviewed and compared each included article
using the EPHPP tool. All conflicts were resolved by consensus.
Downloaded for Anonymous User (n/a) at The University of Alabama School of M
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RESULTS

Search results
Database searches initially led to 787 relevant abstracts. After

removing 379 duplicates, 408 abstracts remained. After applying
inclusion and exclusion criteria, 5 articles remained. Figure 1
displays the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flow diagram.23
Participant characteristics
Study participants’ ages ranged from 3 to 17 years.29,30

Participants were more likely to be male and of African
American ethnicity. When reported, participants’ income
levels indicated lower socioeconomic status. Overall, sample
edicine - Tuscaloosa from ClinicalKey.com by Elsevier on January 14, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.



TABLE II. Participant and study characteristics

Characteristic

Study (first author, year)

Bergman, 200833 Bynum, 200130 Halterman, 201832 Perry, 201831 Romano, 200129

Sample size 96 49 400 363 27

Age (y) 5-12 12-17 3-10, average 7.8 7-14, median 9.6 13.4 average

% male 54 31 61.8 56 58.8

Ethnicity 71% African
American;

14.8% Latino;
14.8% other

97.8% Black/African
American;

2.2% white/Caucasian

31.8% Hispanic;
57.5%

African American

81% African
American; 15% white;
4% multiple races

70.5% Hispanic; 2.4%
Caucasian; 5.9% black

Location San Francisco, Calif,
USA

Southeastern AR,
USA

Rochester, NY, USA Arkansas Delta
Region, USA

Hart, Texas, USA

Urban vs rural Urban Rural Urban Rural Rural

Study design Cohort Randomized Randomized Randomized Cohort

No. at follow-up 83 36 381 279 (3 mo) 17

187 (6 mo)

Duration 32 wk 4 wk 1 school year 1 y 6 mo

Intervention length
for patients (min,
sessions)

30, 2 or 4 15, 2 Not specified 30-45, 5 Not specified

Tele-education
provider

“Asthma specialist” Pharmacist Intervention group
only:

Clinician (PCP or
study clinician),

supervised by study
team

Board-certified
allergist, respiratory
therapist, or trained
asthma educator

Nurse

Total number of visits
in
which participants
took part

4 3 4 5 4

Number of tele-
education sessions
in which
participants took
part

1 3 3 (not all subjects
completed all 3

sessions)

5 3*

*Article did not specifically mention education at the follow-up visits; only the initial/baseline face-to-face encounter specifically mentioned education.
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sizes ranged from 27 participants to 400 participants.31,32 For
more detail on patient characteristics, see Table II.

Study design
Project scopes of studies involved testing a school-based

care model,31,33 improving asthma management and self-effi-
cacy,30,31 improving QOL,29,33 and reducing the burden of
asthma.32 Three studies examined how programs could
directly decrease asthma symptom severity and episodes for
children with asthma.29,31,32 The other 2 studies examined
indirect support of asthma, through assessment of asthma at
schools33 and through use of metered dose inhalers.30 These
and other study design characteristics—including number of
educational visits versus clinical visits, where applicable—are
listed in Table II.

Study characteristics: Funding, type of

telemedicine, and caregiver involvement

Our review includes 5 articles published between 2001 and
2018 in the United States. Two projects were conducted in
urban settings32,33 and 3 in rural settings.29-31

The type of telemedicine and/or tele-education provided in
the 5 projects varied as did the telemedicine provider. One
study32 used asynchronous visits and live video streaming. All
Downloaded for Anonymous User (n/a) at The University of Alabama School of M
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study designs provided asthma education through telemedicine:
2 of the included studies30,31 focused exclusively on educational
methodologies, and the 3 remaining studies29,32,33 provided
clinical and educational methodologies. In the first of the 3 to
include a clinical component to the intervention, it appears usual
care is considered the control condition, but it is not clear in this
article32 or the related protocol article34 whether that usual care
occurs via telemedicine or face-to-face. In the second article,
clinical recommendations assessed via telemedicine were sent to
the primary care provider.33 For the final study, the study
physician and team appeared to focus on asthma and related to
conditions (including providing medications, changes in plans,
etc) regarding patients with asthma for the study duration.29

This was done primarily via telemedicine except for initial
assessment. It is also unclear in this case whether usual care is
done face-to-face or via telemedicine because the clinic that
conducted the research held regular telemedicine clinics at the
time of publication.
Curricular tools used to provide asthma education

Although all studies provided education to school-age in-
dividuals with asthma via tele-education, only 1 study33 identi-
fied their educational curriculum source.35
edicine - Tuscaloosa from ClinicalKey.com by Elsevier on January 14, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.



TABLE III. Instruments and outcomes

Outcome Type Outcome Measure (units) Study n

Mean (SD or %, if indicated)
Significance, MD, or

ORTreatment Control Baseline Postintervention

Clinical Airway
inflammation

Change in exhaled nitric
oxide (ppb)

Halterman et al,
201832

364 �5.44 (19.5) 0.10 (21.9) MD: �5.54 95% CI:
�9.8 to �1.3

Spirometry/
pulmonary
function

FEV1 (L) Bergman et al, 200833 83 96.5 (NR) 96.7 (NR) NS

Perry et al, 201831 NR NR NS

Romano et al, 200129 17 NR NR NR

FEF25-75 (L/s)† Bergman et al, 200833 83 86.9 (NR) 86.3 (NR) NS

FEFMax (L/s) Bergman et al, 200833 83 97.5 (NR) 98.0 (NR) NS

FEF-Unspecified (L/s) Perry et al, 201831 NR NR NS

FVC (L) Bergman et al, 200833 NR NR NR

Perry et al, 201831 NR NR NS

FEV1/FVC (%) Bergman et al, 200833 83 94.5 (NR) 95.9 (NR) NS

PEFR (L/min) Bergman et al, 200833 83 NR NR NR

Symptoms and
SFDs

SFDs/14 d Halterman et al,
201832

395 11.6 (2.7) 10.97 (3.2) MD: 0.69 95% CI:
0.15 to 1.22

Perry et al, 201831 186 8.8* (5.1) 9.4 (5.1) P ¼ .55

SFDs/7 d Romano et al, 200129 17 4.31 (NR) 2.35 (NR) P < .05

Days with daytime
symptoms/14 d

Halterman et al,
201832

395 1.7 (2.0) 2.1 (2.2) MD: e0.46 95% CI:
e0.85 to e0.07

Days with nighttime
symptoms/14 d

Halterman et al,
201832

395 0.9 (1.5) 1.4 (2.0) MD: e0.41 95% CI:
e0.74 to e0.09

Days with limited activity/
14 d

Halterman et al,
201832

395 1.3 (2.1) 1.6 (2.2) MD: e0.40 95% CI:
e0.77 to e0.03

Mean symptom scores
(NR)

Romano et al, 200129 17 2.32 1.31 P < .001

No. of wheezing episodes/
14 d

Bergman et al, 200833 83 1.18 0.99 NS

No. of asthma attacks/14 d Bergman et al, 200833 83 0.33 0.153 P ¼ .07

Health care
utilization

No. of overnight in
hospital/14 d

Bergman et al, 200833 83 0.012 0.012 NS

No. of ED visits/14 d Bergman et al, 200833 83 0.059 0.024 NS

No. of sick visits/14 d Bergman et al, 200833 83 0.072 0.072 NS

�1 ED visit or
hospitalization/1 y

Halterman et al,
201832

395 14 (7.0) 29 (14.8) OR: 0.52 95% CI:
0.32 to 0.84

Medication use Days with rescue
medication use/14 d

Halterman et al,
201832

395 1.9 (2.5) 2.0 (2.5) MD: e0.14 95% CI:
e0.62 to 0.33

Preventative medication
prescription (N)

Halterman et al,
201832

395 181 (91.0) 132 (67.3) OR: 8.67 95% CI:
4.19 to 17.95
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Education Education School absenteeism:
�1 d absent from
school due to asthma
per 14-d period (N)

Halterman et al,
201832

395 89 of 199
(44.7%)

103 of 196
(52.6%)

OR: 0.79, 95% CI:
0.56 to 1.11

Satisfaction Parental
satisfaction

Parent/caregiver
satisfaction with
intervention (NR)

Bergman et al, 200833 0.85 0.87 P ¼ .02

Parent/caregiver
endorsement of the
intervention/control (N)

Halterman et al,
201832

377 152 of 193
(78.8%)

111 of 184
(60.3%)

NR

Parent/caregiver report of
better communication
with school nurse (N)

Halterman et al,
201832

377 105 of 193
(54.4%)

74 of 184
(40.2%)

NR

Parent/caregiver comfort
with nurse giving
medications (N)

Halterman et al,
201832

377 187 of 193
(96.9%)

162 of 184
(88.0%)

NR

Patient
satisfaction

Patient satisfaction with
intervention (Likert, 1/
low) to 5/high)†

Bynum et al, 200130 36 4.58 4.15 P ¼ .13

Self-management Technique Metered Dose Inhaler
Technique (steps
correct)

Bynum et al, 200130 36 7.33/8.00 (0.72) 5.14/8.0 (1.62) P < .001

Taking personal
responsibility

Peak flow meter use (yes) Perry et al, 201831 187 79 of 100 (79%) 39 of 87 (45%) P < .01

Takes medication as
prescribed all or most
of the time (yes)

Perry et al, 201831 187 78 of 100 (78%) 55 of 87 (63%) P ¼ .03

Self-efficacy Self-efficacy Participant self-efficacy
(0/none of the time to
3/all of the time)

Perry et al, 201831 145 52.1 (11.0) 51.8 (9.1) P ¼ .66

Parent/caregiver self-
efficacy (1/not at all to
5/completely sure)

Perry et al, 201831 186 47.2 (5.0) 46.9 (5.4) P ¼ .66

Knowledge gain Participant Participant asthma
knowledge (number
correct)

Bergman et al, 200833 83 16.6/23 17.4/23 P ¼ .03

Caregiver Caregiver asthma
knowledge (number
correct)

Perry et al, 201831 184 15.3/20 (2.3) 15.3/20 (2.5) P ¼ .62

Parent/caregiver asthma
knowledge (number
correct)

Bergman et al, 200833 11.9/25 14/25 P < .001

QOL Participant CHSA: Physical Bergman et al, 200833 83 84.2 87.4 P ¼ .009

Perry et al, 201831 185 77.5 (17.3) 83.6 (14.5) P ¼ .19

(continued)
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TABLE III. (Continued)

Outcome Type Outcome Measure (units) Study n

Mean (SD or %, if indicated)
Significance, MD, or

ORTreatment Control Baseline Postintervention

Health (Likert, 1/low to 5/
high)

Bergman et al, 200833 83 92.4 94.7 P ¼ .008

CHSA: Activity e Child
(Likert, 1/low to 5/
high)

Perry et al, 201831 179 83.8 (18.5) 86.6 (14.6) P ¼ .83

CHSA: Activity e Family
(Likert, 1/low to 5/
high)

Bergman et al, 200833 83 92.2 95.2 NS

Perry et al, 201831 186 89.2 (14.4) 94.6 (8.7) P ¼ .02

CHSA: Emotional Health
e Child (Likert, 1/low
to 5/high)

Bergman et al, 200833 83 91.8 91.5 NS

Perry et al, 201831 186 74.4 (25.2) 81.7 (23.5) P ¼ .31

CHSA: Emotional Health
e Family (Likert, 1/low
to 5/high)

Bergman et al, 200833 83 80.1 81.1 NS

Perry et al, 201831 185 78.2/100 (12) 81.9/87 (11.3) P ¼ .12

PedsQL 3.0 (Likert, 1/low
to 5/high)

Perry et al, 201831 NR NR P ¼ .06

Mini-PAQLQ (Likert, 1/
no impairment to 5/
maximum impairment)

Perry et al, 201831 NR NR NS

PAQLQ (Likert, 1/no
impairment to 5/
maximum impairment)

Romano et al, 200129 “Significant
Improvement”

(p284)z

P < .01

Parent/caregiver PACQLQ (Likert, 1/low
to 7/high)

Halterman et al,
201832

379 0.79 (1.1) 0.65 (1.1) MD: 0.14

95% CI: �0.08 to
0.37

Romano et al, 200129 “Significant
Improvement”(p

284)z

P < .002

ED, Emergency department; FEF25-75, forced expiratory flow at 25% to 75% of forced vital capacity; FEFMax, forced expiratory flow maximum; FVC, forced vital capacity; MD, mean difference; NR, not reported; NS, nonsignificant; OR,
odds ratio; PACQLQ, Pediatric Asthma Caregiver’s Quality of Life Questionnaire; PAQLQ, Pediatric Asthma Quality of Life Questionnaire; PedsQL 3.0, Pediatric Quality of Life Inventory 3.0; PEFR, peak expiratory flow rate.
Note: Empty cells indicate no data reported.
*Results listed here reflect the comparison between intervention and control at study end, not improvement within these 2 conditions.
†This score aggregates 13 satisfaction questions, none of which showed a significant difference between treatment and control conditions.
zNo baseline or postintervention scores given on the PAQLQ or PACQLQ.
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Instruments used for outcome measurements

All included studies identified education as an intervention
mechanism; however, not all assessed understanding or asthma
management as an outcome. Two assessed knowledge gain31,33

and 1 measured inhaler skill—a self-management factor.30 The
remaining 2 did not measure knowledge or skill.29,32 All but 1
study30 measured some form of clinical outcome (eg, FEV1) and
3 measured intervention satisfaction,30,32,33 with 2 assessing
parent satisfaction32,33 and 1 patient satisfaction.30 One study
mentioned school absenteeism,32 1 measured self-efficacy,31 and
4 measured QOL.29,31-33 For details regarding the instruments
used and the outcomes reported, please see Table III.

Outcomes

Clinical outcomes. Research question 1 asked whether live
2-way streaming of asthma-based telemedical education improves
asthma-related clinical outcomes. Four studies29,31-33 measured
clinically related outcomes across 5 categories—airway inflam-
mation, pulmonary function, symptoms and symptom-free days
(SFDs), health care utilization, and medication use. Only 1
examined airway inflammation,32 reporting a mean difference of
5.54 parts per billion (95% CI, �9.8 to �1.3) between treat-
ment (mean, �5.44 � 19.5) and control (mean, 0.10 � 21.9)
by measuring change in exhaled nitric oxide.

Three different studies measured spirometry/pulmonary
function using 7 different tests, all of which used FEV1.

29,31,33

Other tests included forced expiratory flow and forced vital ca-
pacity. No study found any significant changes.

Four studies measured symptom occurrence or absence.29,31-33

Three reported SFDs, though with mixed results. One reported a
mean difference of 0.69 days between treatment and control
conditions over 14 days across 395 respondents (95% CI, 0.15-
1.22).32 Another reported no significant changes between treat-
ment and control over 14 days across 186 respondents.31 The last
noted a statistically significant reduction in symptoms between
baseline and postintervention over 7 days (P < .05).29

Symptoms and days with limited activity were measured,
reporting some improvement compared with the control group
(mean differences of �0.46 days [95% CI, �0.85
to �0.07], �0.41 days [95% CI, �0.74 to �0.09], and �0.40
days [95% CI, �0.77 to �0.03], respectively).32 Another study
noted a significant reduction in mean symptom scores from
baseline to postintervention (P < .001).29 The final study
examining symptoms reported no significant improvements in
wheezing episode and asthma attack frequency.33

Two studies reported health care utilization.32,33 One
measured the number of overnight hospital stays and emergency
department visits, but reported no significant differences. This
same study reported provider biweekly visits and found a sig-
nificant reduction in unscheduled sick visits to participants’
primary care physician after 8 weeks (P ¼ .05), but this signif-
icance disappeared by study end (32 weeks).33 The other study
noted a decrease in the number of participants visiting the hos-
pital/emergency department over the past year compared with
the control group (odds ratio, 0.52; 95% CI, 0.32-0.84).32

To summarize, 4 studies measured clinical outcomes. One
found improvements in airway inflammation and medication
use.32 However, no study found any significant changes in
pulmonary function. Symptom burden and health care utiliza-
tion demonstrated mixed results, though symptoms were
generally reduced in terms of SFDs.
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Educational outcomes. Research question 2 asked whether
telemedically delivered asthma education affects asthma-related
educational outcomes. One study looked at intervention-
related educational outcomes and reported decreased asthma-
related absenteeism (�1 day absent from school due to asthma
in a 14-day period; odds ratio, 0.79; 95% CI, 0.56-1.11).32

Additional outcomes. Our final research question asked
whether additional outcomes have been measured with this type
of intervention. The studies included here also reported out-
comes related to satisfaction, self-management, self-efficacy,
asthma knowledge, and QOL.

Satisfaction. Three articles measured satisfaction with the
study’s program from baseline to postintervention or between
treatment and control groups, 2 related to parental/caregiver
satisfaction32,33 and the other student/participant satisfaction.30

Regarding caregiver satisfaction, 1 study found a significant
difference (P ¼ .02) whereas the other reported higher
satisfaction levels but cited no statistics.32 The third study
looked at participant satisfaction and found no significant
difference.30

Self-management and self-efficacy. Two studies re-
ported the child’s abilities to manage their asthma.30,31 One
found significant improvements in inhaler technique compared
with the control (P < .001).30 The other study31 showed
significant improvements in terms of both peak flow meter use
(P < .01) and taking responsibility to use asthma management
tools and resources over time (P ¼ .03).

Knowledge gain. Two studies31,33 examined knowledge
gain. One found no improvement in asthma knowledge among
caregivers over the control group.31 The other reported
statistically significant knowledge gain among children and
parents from baseline to intervention end (P ¼ .03 and P <
.001, respectively).33

Quality of life. Five different QOL measures were used by 4
studies.29,31-33 The only QOL measure used by more than 1
study was the Children’s Health Survey for Asthma
(CHSA).36-38 Of the 2 using the CHSA, 1 study33 found
significant differences between baseline and postintervention
on 2 dimensions: Physical Health and Social ActivityeChild
(P ¼ .009 and P ¼ .008, respectively). The other study using
the CHSA found a significant difference between treatment
and control on Social ActivityeFamily (P ¼ .02).31 Neither
study found a significant difference on the remaining 2
dimensions: Emotional HealtheChild (or Family).

One study used the Pediatric Quality of Life Inventory 3.038-41

and the Mini-Pediatric Asthma Quality of Life Questionnaire40 in
addition to the CHSA and found no significant differences be-
tween treatment and control groups on either of these measures.31

The Pediatric Asthma Quality of Life Questionnaire41 was
used by 1 study.29 This study reported “significant improve-
ment” between baseline and postintervention (P < .01) but re-
ports no specific baseline or postintervention scores.

The Pediatric Asthma Caregiver’s Quality of Life Question-
naire42 focuses on parents and caregivers of participants with
asthma and was used by 2 studies.29,32 One reported a mean dif-
ference of 0.14 between treatment and control groups
(95% CI, �0.08 to 0.37), whereas the second study reported
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TABLE IV. Quality assessment ratings of included studies using the EPHPP quality assessment tool

Study (author, year) Selection bias Study design Confounders Blinding

Data collection

methods

Withdrawals

and dropouts Global rating

Bergman et al, 200833 Moderate Moderate Strong Weak Strong Strong Moderate

Halterman et al, 201832 Moderate Strong Strong Strong Strong Strong Strong

Perry et al, 201831 Moderate Strong Strong Weak Strong Weak Weak

Romano et al, 200129 Moderate Moderate Strong Weak Strong Moderate Moderate

Bynum et al, 200130 Moderate Strong Strong Moderate Strong Moderate Strong

Note: Each article used multiple data collection tools. In each, at least 1 measure was deemed reliable and valid by EPHPP guidelines. However, not all articles completely
described all included tools and the EPHPP offers no guidance regarding multiple measures. Because each article had at least 1 reliable and valid tool, we designated each as
strong regarding data collection methods.
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“significant improvement” between baseline and postintervention
(P < .002), but reported no baseline or postintervention scores.

Methodological rigor
Using the EPHPP tool, we rated 2 articles strong, 2 moderate,

and 1 weak, with mixed results for blinding, withdrawals/drop-
outs, and study design. All articles were rated moderate in their
selection bias and strong in their handling of confounders and
data collection methods. Blinding was generally the weakest
criterion, with 1 exception.32 Table IV presents study ratings by
category.

Curricular tools used by studies
One study specified an educational curriculum for an inter-

vention.33 Two other studies30,31 gave only slight curricular in-
formation. As such, we can offer no comparison between
curricula.

DISCUSSION

The purpose of this review was to determine the extent to
which 2-way live streaming of asthma-based tele-education im-
proves outcomes for school-age individuals (ages 5-18 years) with
asthma and their families. We sought to capture these outcomes
by focusing our literature search on delivery methods and finding
patterns in the study outcomes. We reported on various
measured outcomes despite the relatively small number of studies
meeting the inclusion criteria. Although most outcome measures
were reported as reliable and valid, not all can be verified.

Clinical outcomes
Clinical outcomes exhibited mixed results in terms of both

which studies reported significant findings and clinical burdens
affected by the intervention. Pulmonary function does not
appear affected by this type of intervention, but there is support
for symptom reduction. In addition, although we believe that
airway inflammation, health care utilization, and medication use
are ideas worthy of measurement, our findings from these articles
indicate that these areas need further examination. In response to
our first research question—does live 2-way streaming of asthma-
based telemedical education improve asthma-related clinical
outcomes—the evidence from the studies included here,
although not negative, is inconsistent and inconclusive.

Educational outcomes
With only 1 study measuring school-related outcomes, and

with only 1 variable (asthma-related absenteeism), the educa-
tional value of a program such as this for participants with
asthma is very limited and not generalizable.32 Furthermore,
other school-related activities (eg, students’ academic well-being,
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including grades and test scores) were not included in these
studies.

Satisfaction outcomes

Parent/caregiver satisfaction was measured by 4 methods in 2
studies,32,33 with one of these32 not reporting the statistical
strength and the other study33 reporting a statistically significant
improvement, and patient satisfaction was measured only by 1
study.30 Thus, it is difficult to draw any conclusions regarding
patient/participant satisfaction.

Self-management and self-efficacy outcomes
Self-management was measured in 3 ways by 2 studies,30,31

with encouraging improvements in asthma-related behaviors in
each case. Interestingly though, 1 of these studies31 also
measured changes in self-efficacy and found no statistically sig-
nificant difference, which is somewhat peculiar in that an in-
dividual’s ability to self-manage would improve, without a
commensurate improvement in belief that they can better
manage their own condition.

Knowledge outcomes
Given the mixed results in improvements in asthma knowl-

edge and that only 2 studies measured it,31,33 we encourage
future research on this matter because, intuitively, it is closely
related to the ability to control manageable factors that can affect
asthma burden.

QOL outcomes

In terms of QOL of children with asthma, we believe that
further research is warranted. We found mixed support for the
Physical Health, ActivityeChild, and ActivityeFamily di-
mensions of the CHSA, but no support for the emotional health
dimensions of the CHSA, the Pediatric Quality of Life Inventory
3.0, or the Mini-Pediatric Asthma Quality of Life Question-
naire.31,33 With increased self-management ability may come
increased health and freedom to be active for both the child and
family, but to our knowledge, this relationship has not yet been
tested. Parental/caregiver QOL was measured in 2 studies,29,32

and both reported significant improvements using the Pediatric
Asthma Caregiver’s Quality of Life Questionnaire. We believe
this should be interpreted with caution, however, because 1
study32 reported their test statistics and the other29 did not. With
the mixed and sometimes questionable results in mind—and
trusting the validity of the measures used—a relationship be-
tween telemedically delivered pediatric asthma education and
improved QOL may exist. However, we are reluctant to assert
such a claim without further testing.
edicine - Tuscaloosa from ClinicalKey.com by Elsevier on January 14, 2021.
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Rural versus urban

Within our 5 included articles, 2 projects were conducted in
urban settings32,33 and 3 in rural settings.29-31 Although any
potential changes in the curricula for differences in the study
setting (rural vs urban) were not specifically addressed in these
articles, Halterman et al state that their model “could serve as a
model..in both rural and urban communities.”34(p1) Thus, we
believe that similar curricula could be used in both rural and
urban settings, especially given evidence of greater asthma
morbidity among children living in poverty and minority chil-
dren regardless of the rural or urban setting for the children.13

This is one very distinctive advantage of telemedical education:
the distance between patient and provider is not a limiting factor.

Methodological rigor
Using the EPHPP tool, we objectively assessed the quality of

each study on methodological rigor. To strengthen future
studies, we suggest researchers consider blinding the researchers,
as well as the participants, to the intervention, though this is
often difficult in scenarios outside of a research laboratory. In
addition, future studies could be strengthened with the consis-
tent use of both valid and reliable tool data collection tools,
including a specific discussion regarding these factors for each
tool.

Curricular concerns

Unfortunately, with no or limited details regarding the
educational curriculum used in each study, all measured out-
comes are difficult to interpret. Furthermore, the lack of an
identifiable educational intervention calls those outcomes into
question because the nature of the intervention is not entirely
understandable, validated, or reproducible in most cases. To be
useful, curricula need to cover a specific and relevant set of issues.
We believe that children and their families worldwide would
benefit from a standardized curriculum on asthma self-
management and suggest that asthma educators and national
bodies of health care experts prioritize the development and
testing of such a curriculum. The potential for improved
knowledge outcomes, in combination with results about
improved self-management,30,31 suggest that a validated curric-
ulum and evaluation delivered to children with asthma would,
under most circumstances, result in an improved understanding
and self-management of their asthmatic condition.

Limitations and future directions

All systematic reviews are subject to both the nature of the
subjects they examine and their studies’ strengths and limita-
tions. In developing search criteria, we encountered difficulties
with developing the most accurate search terms because it is the
combination of concepts that makes the search unique, not the
terms themselves. For example, there are many terms associated
with the prefix “tele” that apply to health care, and then addi-
tionally, we had to capture the appropriate age group within
these applicable studies. However, we felt confident in our results
given that we used the professional expertise of a medical
librarian in our literature search and had the search strategies
peer-reviewed by a third party using the Peer Review for Elec-
tronic Search Strategies guidelines.25

Another challenge is that the studies reviewed here consis-
tently used different measures for the same variables of interest,
making direct comparisons less evident. We anticipate that as
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more studies emerge and the body of knowledge matures, more
standardized measures will be used.

In addition, with the lack of measures relating cost of care in
our included studies, and especially because of the socioeconomic
scales for most participants and the potential for cost-savings
with tele-education, we suggest the addition of cost of care as a
measure that would relate to self-management and QOL.

Only 2 studies30,31 focused solely on education as an inter-
vention. The other 3 studies29,32,33 had some form of a clinical
component, though each did not always isolate portions of the
interventions relative to the measured outcomes. Thus, we
anticipate that certain outcomes, such as asthma knowledge,
would be more heavily influenced by an educational component.
Nonetheless, we suggest that future studies make an effort to
better isolate components of their interventions to avoid an
interaction.

Measures that tend toward precision are more often not sig-
nificant and those that tend toward less precision appear more
likely to be significant (eg, participants report measures such as
reporting symptom intensity and/or frequency over time). Many
of the interesting clinical results, for example, are those related to
self-reported items such as SFDs or days with wheezing.
Although we know that self-report mechanisms hold certain
advantages, such as information richness, as well as response
motivation and practicality,43 they also carry certain disadvan-
tages, such as a social desirability bias44 and self-report bias.45

We found variables measuring other outcomes, including self-
management, satisfaction, self-efficacy, and QOL. Just as
important as the gains (or lack thereof) in the outcome categories
is the variety of variables used in the intervention studies. We
believe that future research would benefit from consistent use of
other outcome measures and encourage further exploration of the
relevant variables that influence symptomatic control and
asthma-related QOL through educational asthma interventions
delivered via telemedicine.

CONCLUSIONS
Real-time telemedically delivered asthma education may

improve QOL, enhance symptom management ability, and
reduce symptom burden on patients with asthma and their care
providers. Although we find no evidence of additional burden,
we also find varied results regarding the benefits. Given both the
potential of such a simple intervention46-48 and this review’s
inconclusive findings, more studies are needed that consider
telemedically delivered asthma education to school-age in-
dividuals with asthma, as well as further tool development and
validation of the methods and evaluating instruments used for an
intervention.

We suggest that future studies focus on 2 main themes: (1)
refinement of the curricular requirements to maximize the
effectiveness of educationally oriented telemedical offerings and
(2) a more thorough analysis of how this type of educational
offering impacts its intended beneficiaries—including more
clarity on evaluative tool validity and a better understanding of
variables related to improved QOL as it applies to patients aged 5
to 18 years with asthma.44,49-51
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