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A sthma is the most common chronic disease in children. De-
spite intensive asthma control efforts during the past decade, 
the disease is the number one cause of emergency department 

(ED) visits and hospitalizations. Asthma impairs the quality of life of 
patients and families in the short term, and frequent absences from 
school may limit the aspirations of children with poorly controlled 
asthma, as well as their potential contributions to society in the long 
term. For patients with more than mild asthma with infrequent exac-
erbations, treatment involves daily use of a controller medication, usu-
ally an inhalable corticosteroid, plus rescue medication for use during 
exacerbations.1 Good outcomes for patients with asthma rely on effec-
tive patient education, regular and correct use of medications, and ear-
ly recognition of symptoms requiring medication or medical attention. 
Poor outcomes in the treatment of asthma may be attributed in part 
to suboptimal patient adherence to the asthma action plan (treatment 
plan), ineffective communication between patient and physician,2 and 
inadequate or nonexistent asthma action plans.3,4

To assess adherence to the treatment plan, physicians often ask their 
patients to keep an asthma diary, but compliance with diaries is generally 
poor. Sharek et al5 studied children who averaged 0.41 hospitalizations 
and 3.5 ED asthma “sick” visits in the 2 months before enrollment in the 
study. They found that, among parents of 119 disadvantaged inner-city 
children with moderate-to-severe asthma, compliance with an asthma 
diary was 64%. However, new technologies offer the prospect of improv-
ing adherence,6 information about adherence,7 or both.

In New York City, approximately 300,000 children (17%) have been 
diagnosed as having asthma at some time in their lives.8 The prevalence 
of asthma is highest among the low-income neighborhoods of the South 
Bronx, East Harlem, and Central Harlem. Children who live in those 
neighborhoods are almost 3 times as likely to be hospitalized for asthma 
as those in higher-income neighborhoods in part because of inadequate 
control of their condition.8

The hospitals of the New York City Health and Hospitals Corpora-
tion (HHC) are primary providers of healthcare for low-income children 

in New York City. In 2002, more than 
20,000 pediatric visits to HHC EDs 
and urgent clinics carried a primary 
diagnosis of asthma (6% of all pedi-
atric ED visits and 35% of urgent out-
patient visits). Since 1997, pediatric 
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Objectives: To test the efficacy of an electronic 
asthma monitoring system (AMS) to reduce 
pediatric emergency department (ED) visits and 
hospitalizations for asthma.

Study Design: Randomized clinical trial.

Methods: Families of pediatric patients with 
asthma aged 8 to 17 years were recruited at 6 
medical centers. Children were randomly as-
signed to the American Medical Alert Corporation 
pediatric AMS or a paper diary. The numbers of 
and costs associated with ED visits and hospi-
talizations for the 2 groups in the year following 
randomization were compared using t tests of 
statistical significance.

Results: Of 59 children recruited to the trial, 29 
were randomized to the AMS and 30 to the diary. 
The 2 groups were similar in demographic and 
clinical characteristics. During their study year,  
24 AMS group members logged on a mean (SD) 
of 211.0 (117.3) days; 13 diary group members pro-
vided data on a mean (SD) of 136.6 (128.0) days. 
During the 32 months that the study was in  
progress, the case managers logged on a mean 
(SD) of 171.0 (97.2) days. Overall, 35 children had 
at least 1 ED visit, but only 7 children were  
hospitalized. The 2 groups had no statistically  
significant differences in the numbers of or charges 
associated with ED visits or hospitalizations.

Conclusion: Electronic devices are being devel-
oped to make chronic disease management easier 
for patients and their families, but they should 
not be adopted without careful study, including 
randomized trials, to ascertain their use, costs, 
and benefits.
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ED visits and hospitalizations have declined somewhat,9 but 
better asthma management seems achievable and may reduce 
the economic and human costs of this chronic condition.

In 2002, in an attempt to reduce the ED and hospital-
ization rates among his most difficult pediatric patients with 
asthma,10 the director of pediatrics at HHC’s Coney Island 
Hospital provided the Health Buddy, a computerized de-
vice developed by the American Medical Alert Corporation 
(AMAC [Oceanside, NY]) and programmed with their pedi-
atric asthma monitoring system (AMS), to 69 children aged 
8 to 16 years who had been diagnosed as having moderate-
to-severe asthma. The patients had had a mean of 2.4 ED 
visits per month and 1 hospitalization every 7 weeks during 
the previous winter. Based on the prior winter’s data from Co-
ney Island Hospital, the children were expected to have 2 to 
3 ED visits per month and 3 to 4 hospitalizations during the 
6-month study period from October 2002 to March 2003. In 
fact, only 1 child had an ED visit and was hospitalized (W. 
Seigel, MD, and M. Rutstein, RN, oral communication, July 
2003). These results stimulated considerable interest in the 
new technology. We initiated a randomized controlled trial 
to test the hypothesis that among children with moderate-
to-severe asthma those assigned to use the AMS would have 
fewer ED visits and hospitalizations than those assigned to 
use a paper diary.

Methods
MetroPlus Health Plan, a wholly owned subsidiary of 

HHC and its primary managed care plan, covers more than 
105,000 children, mainly through Medicaid. We conducted 
the study among MetroPlus Health Plan member children 
receiving care for asthma at the following 6 HHC medical 
centers: Bellevue Medical Center, Elmhurst Hospital Cen-
ter, Harlem Hospital Center, Jacobi Medical Center, North 
Central Bronx Hospital, and Woodhull Medical and Men-
tal Health Center. Together these hospitals receive approxi-
mately 3000 emergent visits per year from children aged 8 to 
17 years with a primary diagnosis of asthma.

The AMAC System
The AMAC electronic moni-

toring systems are used to assist 
patients with self-management of 
various chronic conditions, includ-
ing congestive heart failure and dia-
betes mellitus. The pediatric AMS 
is installed in patients’ homes to 
help them track their status with re-
spect to their condition, to remind 
them to take their medication as 

prescribed, to instruct them to consult their provider when 
necessary, and to keep their case manager apprised of their 
status. The AMS uses patient dialogues written for a fourth-
grade reading level but is considered interpretable by most 
children at least 8 years old. The hardware is a hand-sized 
electronic device with 4 keys and cords that plug into an 
electrical outlet and a telephone jack. It operates toll free.

Daily at a predetermined time, the device beeps and in-
vites the child to answer a short list of questions (varied from 
encounter to encounter) about his or her asthma symptoms 
and use of medications since the last check. If the responses 
to these questions indicate that the child is having an asthma 
exacerbation, the system responds with appropriate instruc-
tions. The data are uploaded to a central site, where a clini-
cian or case manager is responsible for reviewing them; he or 
she may then telephone the home to assess the child’s status, 
adjust the child’s medications if necessary, or have the child 
come in to see the physician.

Questions and answers are designed to identify symp-
toms early. Additional trivia questions are designed to keep 
children engaged while they learn about managing their 
condition.

The Paper Diary
The diaries (see eAppendix available at www.ajmc.com)

were designed to replicate, to the extent that paper could do 
so, the questions and information that the AMS used. How-
ever, the primary purpose of the AMS was not data collection 
but facilitation of asthma self-management. The diaries pro-
vided the control group with a tool that, although commonly 
used for the same purpose, lacked the electronic reminder fea-
tures of the AMS. We viewed it as a kind of placebo. For each 
month, a cover sheet contained instructions for self-monitor-
ing of peak expiratory flow, definitions of asthma zones, and 
the names of the child’s controller and rescue medications. 
On subsequent pages were questions about whether the child 
had gone to school, how the day had gone, the morning and 
evening peak expiratory flows, medication use, any symptoms, 
and what the child had done about the symptoms. Columns 

Take-Away Points
In a randomized trial, children with asthma who used an electronic asthma monitoring system 
had as many emergency department visits and hospitalizations as children who used a paper 
diary.

n	 Clinical trial methods can be a valuable aid to decision making about reimbursement for 
costly new technologies.

n	 Case managers are typically busy dealing with urgent conditions and needy patients. 
Expecting them to log on to a Web site on a daily basis without a prompt may be unrealistic.

n	 Whether adding a prompt would yield better results for the electronic system can be deter-
mined but would require further research.
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Data Collection
Upon enrollment, all study participants completed a 

demographic and behavioral questionnaire. The primary out-
comes of interest were ED visits for asthma, hospitalizations 
for asthma, and their costs. These data were obtained from the 
MetroPlus Health Plan member utilization database.

Data Analysis
Children in the AMS and diary groups were compared 

with respect to demographic characteristics and asthma status 
at baseline. χ2 tests were used to assess the statistical signifi-
cance of differences between the 2 groups. The mean numbers 
of and charges for ED visits and hospitalizations in the year 
following enrollment were compared between groups using t 
tests and χ2 tests.

Results
From August 2004 through April 2006, a total of 59 sub-

jects were recruited (Table 1), of whom 29 were randomized 
to the AMS and 30 to the diary. The groups did not differ 
with respect to sex (30 girls and 29 boys), age at baseline (age 
range, 8-15 years for both), race/ethnicity (23 non-Hispanic 
black, 26 Hispanic, and 10 other or unknown), or recent his-
tory of asthma attacks. Overall, 50 subjects had had at least 1 
ED visit in the prior year, and 24 subjects had had at least 1 
hospitalization.

Adherence to the treatment assignments differed by group. 
Of 29 children assigned to the AMS, 5 never used the device; 
the remaining 24 logged on a mean of 211.0 days (Table 2). 
Their responses indicated that they were in the yellow zone 
on a mean of 66.1 days and in the red zone on a mean of 69.3 
days (children could be in both the yellow zone and the red 
zone in a single day). Of 30 children assigned to the diary, 
only 13 submitted any diaries; the 13 submitted diary entries 
for a mean of 136.6 days. During the 32 months from the en-
rollment of the first child to the completion of the last child’s 
study year, the case managers logged on a mean (SD) of 171.0 
(97.2) days.

During their study year, 24 children (12 per group) had no 
ED visits; 26 (13 per group) had 1 to 3 visits, and 9 (4 AMS 
and 5 diary) had more than 3 visits (Table 3). Only 7 children 
were hospitalized overnight (5 AMS and 2 diary), and only 
1 of those was hospitalized more than 3 times. Overall, the 
number who had at least 1 ED visit declined from 50 in the 
year preceding the study year to 24 in the study year, and the 
number who were hospitalized declined from 24 to 7 (P <.001 
for both). Differences in the distribution of ED visits and hos-
pitalizations between groups were not statistically significant. 
The mean ED and hospital charges were higher in the AMS 

for each day of the week contained “Ys” for yes, “Ns” for no, 
or emoticons to be circled as appropriate. Each day’s column 
was a different color. Each child received a large white 3-ring 
binder with 12 tabs (labeled for each month of the study year) 
and a cover sheet and five 1-week diary pages per tab. In a 
pocket of the binder were 12 addressed and postage-paid en-
velopes in which each month’s diaries could be mailed to the 
case managers. The binders were attractively personalized 
with the child’s name.

Subjects
Patients aged 8 to 17 years who had 2 or more ED visits 

or 1 hospitalization with a primary diagnosis of asthma at 1 of 
6 participating HHC medical centers in the year before re-
cruitment were invited to participate in the trial. Continuous 
eligibility in MetroPlus Health Plan was not a requirement 
for participation in the study. The study was approved by the 
institutional review boards of the participating hospitals and 
Columbia University.

After giving their informed consent (via parent or guard-
ian) and assent, participating children were randomly as-
signed to receive the AMS or to be control subjects. All study 
materials were made available in English and Spanish. In a 
few cases, interpreters translated the consent and assent forms 
into other languages for the parents.

Each hospital assigned a clinical case manager to be respon-
sible for daily review of and, if appropriate, response to the 
information that the AMS automatically sent to a password-
protected Web site every night. Upon enrolling a child, the 
case manager sent the child’s contact information to MetroPlus 
Health Plan, which held the randomization codes and for-
warded the information to AMAC staff or the diary health 
educators, depending on the randomization assignment.

The AMAC staff or the diary health educators then ar-
ranged to visit the child, to bring the AMS or diary, and to 
train the child in its use. All children were taught the defini-
tions of the green, yellow, and red zones commonly used in 
asthma action plans.

All training included instruction in the correct use of the 
peak expiratory flow monitor, determination of the child’s 
personal best and yellow and red zone ranges, and directions 
to monitor peak expiratory flow and to use the AMS or diary 
daily. All participating facilities used uniform clinical proto-
cols for managing pediatric patients with asthma. All study 
participants received appropriate standard care during their 
trial participation. AMAC trained the case managers and set 
up access to the AMS Web site for the patients on their com-
puters. Case managers were instructed to contact patients and 
to arrange for them to see their provider when they entered 
the red zone.
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group than in the diary group, but the differences were not 
statistically significant.

Discussion
Fifty-nine study children with moderate-to-severe and per-

sistent asthma received care at 1 of 6 HHC medical centers. 
The children assigned to the AMS did not differ from those 
assigned to the diary with respect to ED visit and hospitaliza-
tion numbers and costs.

A possible explanation is that expensive electronic de-
vices are not necessary; a paper diary, attractively packaged, 

personalized with the child’s name, and presented with ap-
propriate fanfare, is all that is needed to train children in 
asthma self-management and improve asthma outcomes. 
The reduction in ED visits and hospitalizations in both 
groups supports this explanation, which may be a variant 
of the Hawthorne effect. Because the outcomes of interest 
were fewer than expected, the study sample size may have 
been too small to show an effect, but to the extent that the 
outcomes differed at all, the difference favored the diary 
group. The reasons for those differences are unknown; the 
most plausible explanation is unstable data because of the 
small sample size.

n Table 1. Demographic Characteristics and Asthma Status of Participating Children

 
Variable

AMS  
(n = 29)

Diary  
(n = 30)

Total  
(N = 59)

 
P

Demographic Characteristics

Sex    >1.0

    Female 15 (51.7) 15 (50.0) 30 (50.8)  

    Male 14 (48.3) 15 (50.0) 29 (49.2)  

Age group at baseline, y .3

    8-10 16 (55.2) 13 (43.3) 29 (49.2)  

    11-15 13 (44.8) 17 (56.7) 30 (50.8)  

Race/ethnicity .4

  N  on-Hispanic black 9 (31.0) 14 (46.7) 23 (39.0)  

    Hispanic 15 (51.7) 11 (36.7) 26 (44.1)  

  O  ther or unknown 5 (17.2) 5 (16.7) 10 (16.9)  

  O  nly child 6 (20.7) 5 (16.7) 11 (18.6) .6

Asthma Status in Prior Year

Have a peak expiratory flow monitor 19 (65.5) 22 (73.3) 41 (69.5) .3

Monitor peak expiratory flow >1/wk 5 (17.2) 7 (23.3) 12 (20.3) .4

Taking daily controller medication 15 (51.7) 12 (40.0) 27 (45.8) .4

Asthma attacks while taking medication 9 (31.0) 13 (43.3) 22 (37.3) .5

Urgent physician visits for asthma .2

    0 15 (51.7) 8 (26.7) 23 (39.0)  

    1-3 8 (27.6) 14 (46.7) 22 (37.3)  

    >3 6 (20.7) 8 (26.7) 14 (23.7)  

Emergency department visits for asthma    .8

    0 5 (17.2) 4 (13.3) 9 (15.3)  

    1-3 14 (48.3) 13 (43.3) 27 (45.8)  

    >3 10 (34.5) 13 (43.3) 23 (39.0)  

Hospitalizations for asthma    .7

    0 17 (58.6) 18 (60.0) 35 (59.3)  

    1-3 12 (41.4) 11 (36.7) 23 (39.0)  

    >3 0 1 (3.3) 1 (1.7)

AMS indicates asthma monitoring system.
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The log data indicate that 24 of 29 children (83%) in 
the AMS group made use of their devices and that they 
did so on more than half of the days in their study year. 
Only 13 of 30 children (43%) in the diary group submit-
ted diary entries, and those who submitted any entries 
did so for many fewer days than the AMS group logged 
on, but the diary group fared at least as well as the AMS 
group. Hence, although (as expected) the AMS group 
was more adherent to their treatment than the diary 
group, adherence did not result in better outcomes.

The decline in ED visits and hospitalizations seems 
not to be due to children having outgrown their symp-
toms. Based on the AMS log data, children were in the 
red or yellow zone or both on close to one-third of the 
days on which they logged on to the AMS. The children 
who logged on may have been more symptomatic than 
those who did not. In the AMS group, 5 children had a 
total of 21 hospitalizations, of which 1 child (who never 
used the AMS) accounted for 12.

Recruitment to the trial was slower and more diffi-
cult than had been expected. It took the 6 participating 
medical centers 20 months to recruit 59 children. Some 
families were not reachable by the available contact infor-
mation. Others were unwilling to participate when asked. 
It seems reasonable to assume that the participating fami-
lies were a selected group that would be no less adherent than 
nonparticipants to an asthma intervention. Many of the par-
ents who chose not to participate seemed so burdened by their 
child’s asthma that they could not appreciate the potential of 
the AMS to relieve them of the stress involved in having to 
check the child’s symptoms and remind the child to take medi-
cation every day. It is possible that even those families that 
participated failed to perceive that potential benefit. Although 
such low-income urban families bear more than their share of 
the burden of asthma, their child’s asthma may be only one of 

their burdens and not always the most urgent. Participating in 
a trial may have seemed unlikely to be useful to them.

The case managers provided less monitoring than expected. 
In another study,11 a similar device (without case manager in-
volvement) had no effect on ED visits or hospitalizations. The 
Coney Island Hospital project10 may have owed its success to 
the commitment of the pediatric pulmonologist and the clini-
cal coordinator. They were insistent that the children use the 
devices and were proactive in contacting children who, based 
on peak expiratory flow and symptoms, seemed to be at risk for 

n Table 2. Adherence (Given Any Adherence) by Treatment 
Assignment

n Table 3. Outcomes by Treatment Assignment

Variable AMS (n = 24) Diary (n = 13)

Log ons or diary days   

  T otal 5064 1776

    Mean (SD) 211.0 (117.3) 136.6 (128.0)

    Median 210.5 79.0

    Minimum 12 6

    Maximum 365 362

Yellow zone days

  T otal 1586 —

    Mean (SD) 66.1 (51.3) —

    Median 47 —

    Minimum 3 —

    Maximum 185 —

Red zone days

  T otal 1664 —

    Mean (SD) 69.3 (67.7) —

    Median 36.5 —

    Minimum 6 —

    Maximum 237 —

AMS indicates asthma monitoring system.

Variable AMS (n = 29) Diary (n = 30) Total (N = 59) P

Emergency department visits for asthma, No. (%) .8

    0 12 (41.4) 12 (40.0) 24

    1-3 13 (44.8) 13 (43.3) 26

    >3 4 (13.8) 5 (16.7) 9

Hospitalizations for asthma, No. (%)  .6

    0 24 (82.8) 28 (93.3) 52

    1-3 4 (13.8) 2 (6.7) 6

    >3 1 (3.4) 0 1

Costs for emergency department visits and  
hospitalizations, mean (SD), $

3859 (9268) 813 (2019) 2336 .2

AMS indicates asthma monitoring system.
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an asthma exacerbation. The case managers in our study varied 
considerably in the frequency with which they logged on to re-
view the data entered by their AMS patients, but overall they 
logged on much less often than their AMS patients. Given the 
number of days when the AMS patients were in their red zones, 
the case managers often may have failed to respond until several 
days later.

All participating pediatric pulmonology facilities were in 
large medical centers serving populations among which asthma 
is highly prevalent. In such facilities, case managers are likely 
to be dealing with constant pressure from patients with seri-
ous health problems who are physically present or in contact 
by telephone. Resources are often scarce and staffing minimal. 
Staff turnover and the replacement of individuals who had been 
trained in the use of the AMS and had participated in the ini-
tiation of the study by other staff during the study period may 
account for much of the failure to log on to the AMS and for the 
lack of observed benefit. Given that staff tend to focus on the 
squeakiest wheels, the AMS might be more effective if it had the 
ability to get the case manager’s attention when necessary. Per-
haps a modified system could make the case manager’s computer 
beep or send an e-mail or page when a patient is in the yellow 
or red zone. However, determining whether such a modification 
would have better results would require another trial.

The AMS used in the trial involved a cost for installation 
and a monthly cost for rental of the device. The asthma di-
ary in its personalized binder, with color-printed pages, enve-
lopes, and postage, involved a 1-time cost that was less than 
2 months’ rental. If the device had shown a benefit (ie, fewer 
hospitalizations or ED visits), we would have conducted a 
cost-benefit analysis, but it did not.

Electronic monitoring systems have shown a benefit in 
connection with other chronic diseases such as diabetes12 and 
cardiac conditions.13 Other devices are, no doubt, in develop-
ment. Many may seem promising. The Coney Island Hospital10 
experience with the AMS, for example, was convincing to 
many people, but it did not involve a simultaneous comparison 
group, and as we learned from our trial, the historical compari-
son was misleading. Technology, especially new technology, is 
expensive. It has enormous potential benefits, but they cannot 
be taken for granted. The difference in adherence between the 
AMS group and the diary group supported our expectation that 
children would be drawn to cool-looking electronic toys, but 
the lack of difference in results shows that patient adherence 
alone may not yield the desired outcome. Given the important 
role that the AMS gave to case managers, greater efforts to 
maintain their continued involvement might have altered the 
outcome. That is an important lesson of the trial. Our experi-
ence confirms that, whether managed care providers or others 
are covering the costs of innovations, randomized trials have 

merit as a way to evaluate the risks, benefits, and potential 
needs for modification of technologic innovations before large 
sums of money are committed.
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