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ABSTRACT

Blood glucose (BG) monitoring (BGM) is an important component of diabetes management.
New wireless technologies may facilitate BGM and help to optimize glycemic control. We
evaluated an integrated wireless approach with and without a motivational game in youth
with diabetes. Forty youth, 8–18 years old, each received a handheld device fitted with a
wireless modem and diabetes data management software, plus a wireless-enabled BG mon-
itor. Half were randomized to receive the new technologies along with an integrated moti-
vational game in which the participants would guess a BG level following collection of three
earlier readings (Game Group). BG data, insulin doses, and carbohydrate intake were dis-
played graphically prior to the glucose estimation. The other group received the new tech-
nologies alone (Control Group). Both groups were instructed to perform BGM four times
daily and transmit their data to a central server via the wireless modem. Feasibility of im-
plementation and outcomes were ascertained after 4 weeks. Ninety-three percent of partici-
pants successfully transmitted their data wirelessly to the server. The Game Group trans-
mitted significantly more glucose values than the Control Group (P � 0.001). The Game
Group also had significantly less hyperglycemia (glucose �13.9 mmol/L or �250 mg/dL) than
the Control Group (P � 0.001). Youth in the Game Group displayed a significant increase in
diabetes knowledge over the 4-week trial (P � 0.005). Finally, there was a trend for more
youth in the Game Group to maintain hemoglobin A1C values �8% (P � 0.06). Thus a pe-
diatric population with diabetes can successfully implement new technologies to facilitate
BGM. Use of a motivational game appears to increase the frequency of monitoring, reduce
the frequency of hyperglycemia, and improve diabetes knowledge, and may help to opti-
mize glycemic control.
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INTRODUCTION

INTENSIVE diabetes management reduces the
risk of long-term complications.1–6 Despite

this recognition, diabetes remains a challeng-
ing disease requiring complex medical man-
agement by both the patient and family for
successful outcomes. Essential to optimal man-
agement is frequent blood glucose (BG) moni-
toring (BGM).7–9 BGM helps with the daily de-
cision-making of diabetes care around insulin
dose adjustment, carbohydrate intake, and the
safe integration of exercise, along with the
means to improve glycemic control to prevent
late complications. New technologies can serve
as motivators to increase monitoring behav-
ior.10 For example, recent advances use micro-
liters of blood to obtain glucose readings in 
seconds and include meters with extended
memory capabilities that link to personal com-
puters providing glucose trend data. Other
computer-based or telemedicine-directed ap-
proaches offer diabetes education and support
yielding behavior modification results similar
to those found with person-to-person educa-
tion.11–13 An interactive educational freeware
diabetes simulator, AIDA (Automated Insulin
Dosage Advisor), allows patients to graph glu-
cose values, insulin doses, and carbohydrate in-
take to see how the components interact.14 Pe-
diatric patients, raised in the current computer
era, are likely to adopt such new tools.

Using handheld technologies, we developed
an integrated approach that includes BG data,
insulin dosing, and carbohydrate intake to 
enhance the patient’s and the family’s under-
standing of diabetes management. The hand-
held technology incorporates data acquisition,
management, and wireless transmission. Dia-
betes management remains a challenge because
patients must consider prior glucose values,
carbohydrate intake, insulin doses, and physi-
cal activity in addition to counter-regulatory
hormonal fluctuations associated with growth
and stress.15 Although glycemic excursions 
are often poorly characterized and constantly
changing, we chose to harness this randomness
for the patients in the form of a predictive game
called DiaBetNet™ (Dimagi, Inc., Boston, MA)
aimed at increasing understanding and atten-
tion to diabetes care. DiaBetNet is a handheld-

based application able to integrate BG, insulin
dosing, and carbohydrate intake data and pro-
vide the patient with an intuitive game to pre-
dict the next BG level.

The primary objective of the DAILY (Daily
Automated Intensive Log for Youth) trial was
to assess the feasibility of utilizing a handheld
personal digital assistant (PDA), equipped
with a wireless modem, BG data management
software, and the diabetes motivational game
DiaBetNet, to assist in the outpatient manage-
ment of youth with diabetes. The second ob-
jective was to increase adherence to BGM
aimed at optimizing control. We hypothesized
that youth with diabetes would readily accept
and utilize this new technology and that the
participants randomized to the DiaBetNet game
would maintain or increase their BGM fre-
quency compared with a control group.

PATIENTS AND METHODS

Participants

This prospective randomized clinical trial in-
cluded 40 insulin-treated children and adoles-
cents between the ages of 8 and 18 years with
type 1 (n � 39) or type 2 diabetes (n � 1). Youth
were eligible if they were routinely monitor-
ing BG levels, were not participating in another
trial, and were receiving care at the Joslin
Clinic in Boston. The participant and a parent/
guardian expressed a willingness to monitor
BG levels three or four times daily, enter data
into the PDA for 4 weeks, and agree to be ran-
domized to either the Game or Control Group.
The study was approved by the Committees on
Human Studies at Joslin Diabetes Center and
Massachusetts Institute of Technology, and
each participant and a parent provided written
assent and informed consent, respectively. Eli-
gible patients and families were approached
sequentially over an 8-week period until 40
youth and parents agreed to participate.

Materials

Each participant received a PDA (Visor™
Platinum, Handspring™, Mountain View, CA)
fitted with a wireless modem (Minstrel S™ mo-
dem, Novatel Wireless, Inc., San Diego, CA)
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and software for diabetes management (Accu-
Chek Pocket Compass® software, Roche Diag-
nostics Corp., Indianapolis, IN). In addition,
each received a glucose meter (Accu-Chek Ac-
tive™ meter, Roche Diagnostics) along with a
lancing device, lancets, test strips, and control
solutions (Roche Diagnostics). The Accu-Chek
Active meter is equipped with an infrared port
for uploading BG data to the Accu-Chek Pocket
Compass software on the PDA. Participants
randomized to the Game Group also had Dia-
BetNet software on their PDAs. DiaBetNet inte-
grates inputs for diabetes management (previous
BG levels, insulin dosages, and carbohydrates
consumed) and challenges participants to pre-
dict the upcoming glucose level based upon a
graphical display of the data (Fig. 1).

Procedures and measures

After a trained research assistant explained
the study and obtained assent and consent, the
participants were randomized utilizing two
age strata, 8–12 and 13–18 years. The Game
Group received the BG meter and PDA with

data management software and DiaBetNet soft-
ware, while the Control Group received the
meter and PDA with data management soft-
ware alone. Participants and families received
instructions on the use of the meter, the PDA,
PDA software, and the wireless modem. All
participants were encouraged to check BG lev-
els four times daily, upload their BG data from
the meter to the PDA, enter insulin doses and
carbohydrate intake into the PDA, and trans-
mit the data wirelessly everyday.

Participants used the Accu-Chek Active me-
ter and transferred their glucose levels by align-
ing the infrared port of the meter with the port
on the PDA. With each glucose measurement
transmitted, the participants could also enter
their insulin dose and carbohydrate intake into
the Accu-Chek Pocket Compass program
where all values were stored on the PDA. Par-
ticipants randomized to the Game Group were
also instructed to access the DiaBetNet game
daily.

Each time DiaBetNet was opened, it would
count the number of glucose, insulin, and car-
bohydrate values entered that day. After three
BG results were entered and before checking a
fourth, participants in the Game Group were
prompted by DiaBetNet to predict their up-
coming BG. DiaBetNet created a graph depict-
ing the day’s earlier glucose levels, insulin
doses, and carbohydrate intake (Fig. 1), which
provided an integrated display upon which to
predict the upcoming BG. This prediction was
stored in a separate database within DiaBetNet
and compared with the actual glucose level 
after the BG was uploaded to the PDA. As re-
inforcement, the participant received a fixed
number of points for playing the game, as well
as a smaller number based on the accuracy of
the prediction. This rewarded the monitoring
behavior more than the accuracy of the pre-
diction. In this version of DiaBetNet, partici-
pants played against themselves.

Transfer and reception of data

The Game Group transmitted their data
wirelessly to the central server only after play-
ing the predictive game; the Control Group
could transfer their data at any time. Data were
ordered such that up to 30 data points were
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FIG. 1. A screen from DiaBetNet depicting the variables
from a participant in the Game Group. The user’s insulin
doses (noted as i-2, referring to 2 units of insulin), carbo-
hydrates ingested (noted as bars), and glucose levels
(noted by X on the line graph) are shown. Future versions
will differentiate between types of insulin. Glucose val-
ues were obtained directly by transfer of data from the
infrared port on the glucose monitor to the PDA. (To con-
vert mg/dL to mmol/L, divide glucose value by 18.)
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queued at a time for transmission by wireless
modem until all data were successfully re-
ceived at the server. An encrypted header that
contained the username and modem number
was included in the transmission. Utilizing
Berkeley sockets API (Application Program In-
terface), the DiaBetNet software transferred the
records over the Verizon Wireless CDPD (Cel-
lular Digital Packet Data) network. Data were
read via a TCP/IP (transfer communication
protocol/Internet protocol) socket on the se-
cure server utilizing Thawte SSL (Secure Sock-
ets Layer) web certificates on the MIT Media
Lab domain. The username was extracted and
verified, and the records were written into a
MySQL database [a fast, multi-threaded, multi-
user, and robust SQL (Structured Query Lan-
guage) database server]. Participants and in-
vestigators could view BG, insulin dose, and
carbohydrate intake listed by date and time on
the server through a secure web page. How-
ever, both groups understood there would be
no feedback based upon the transmitted data.

Glycemic control

At study entry, glycemic control was assessed
by hemoglobin A1C (HbA1C) measured by
high-performance liquid chromatography (ref-
erence 4.0–6.0%; Tosoh version 2.2, Tosoh Corp.,
Foster City, CA). While the study lasted 4 weeks,
HbA1C was reassessed approximately 3 months
later, at the next routine visit. Baseline glycemic
control was the average of the participant’s pre-
vious HbA1C obtained prior to study entry and
the value measured at entry.

Child and parent self-reporting of diabetes
knowledge and satisfaction

At study entry and after completion of the 4-
week trial, each participant and a parent com-
pleted surveys concerning diabetes knowledge
and general satisfaction. The Diabetes Knowl-
edge survey was adopted from the curriculum
for adolescents and families published by the
American Diabetes Association.16 There were
15 questions, and scores could range from �15
to 15, with a higher score indicating greater di-
abetes specific knowledge. Additional survey
questions evaluated satisfaction with the elec-
tronic technology.

Statistics

Statistical analysis of the data was performed
with SAS version 8.0 for Windows (SAS Insti-
tute, Cary, NC), MATLAB® (MathWorks, Nat-
ick, MA), and Microsoft® Excel 2000 (Microsoft
Corp., Redmond, WA). Means � SD are pre-
sented unless otherwise indicated. Paired and
unpaired t tests and �2 analyses were per-
formed. Two-tailed P values of �0.05 were con-
sidered significant.

RESULTS

Of the 40 participants, 19 were randomized
to the Game Group and 21 to the Control
Group. The mean age of participants was
13.6 � 2.5 years, and the mean duration of di-
abetes was 6.4 � 3.5 years. Participants in the
Game and Control Groups had similar ages,
durations of diabetes, height, and weight, as
well as gender distribution [difference not sig-
nificant (NS)] (Table 1). Similarly, 42% and 43%
of the participants in the Game and Control
Groups, respectively, received either multiple
daily injection therapy (four or more shots per
day) or continuous insulin infusion via a pump.
At entry, participants in each group checked
their BG levels an average of 4.1 times daily.

Overall participation (defined as those who
wirelessly transmitted their data at least once)
during the 4-week trial was 94.7% (18 of 19) for
the Game Group and 90.5% (19 of 21) for the
Control Group (NS). Neither age nor gender
predicted success with the technology. There
was no difference in the mean or median 
number of daily data transmissions between
groups. Thus, the trial demonstrated success-
ful implementation and feasibility of wireless
transmission of diabetes management data in a
pediatric population.

BGM

The number of transmitted BG values differed
significantly between the two groups (Fig. 2a).
More than three-quarters of Game Group par-
ticipants (78%) checked BG levels a median of
four or more times daily compared with just
over two-thirds of Control Group participants
(68%). Overall, participants in the Game Group
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checked and transmitted 1,662 BG values, while
those in the Control Group checked and trans-
mitted only 1,471 values (P � 0.001).

Insulin dosing and carbohydrate intake

The frequency with which both groups en-
tered and transmitted insulin dosage and car-
bohydrate data was similar. There were also no
differences between groups in daily insulin 
dosing (units/day) or intake of carbohydrate
(grams/day) as entered into the PDA database
and transmitted via the wireless modem. As car-
bohydrate intake significantly influences glyce-
mic excursions postprandially, which in turn
contribute significantly to overall glycemic con-
trol and HbA1C, we further examined average
daily carbohydrate intake.17 Among partici-
pants checking BG levels four or more times
daily, the Game Group reported significantly
lower median carbohydrate intake (154 g/day)
than the Control Group (214 g/day) (P � 0.05).

Glycemic control

Baseline glycemic control was similar be-
tween groups, with HbA1C equal to 7.8 � 1.1%
and 8.1 � 0.9% in the Game and Control
Groups, respectively (NS). An average of 3.5–4
months following study entry, the mean
HbA1C results remained similar, with values
of 7.9 � 1.1% and 8.0 � 0.7% in the Game and
Control Groups, respectively (NS). However,
during the 4-week trial, the frequency of hy-
perglycemia (BG �13.9 mmol/L or �250

mg/dL) was significantly less in the Game
Group compared with the Control Group (318
and 377 occurrences, respectively; P � 0.001)
(Fig. 2b). On the other hand, the frequency 
of hypoglycemia (BG �3.9 mmol/L or �70
mg/dL) was similar between groups (NS).
Next, we examined the distribution of HbA1C
at entry and found 63% of Game Group par-
ticipants and 43% of Control Group partici-
pants had baseline HbA1C values �8.0% (NS).
At follow-up, there was a trend towards a sig-
nificant shift in the distribution with 63% of
Game Group participants and only 33% of Con-
trol Group participants maintaining HbA1C
values �8.0% (P � 0.06). In other words, Game
Group participants were 3.4 times more likely
than Control Group participants to achieve or
maintain HbA1C values of �8% (P � 0.06).

Child and parent self-reporting of diabetes
knowledge and satisfaction

Baseline survey responses revealed similar
levels of diabetes knowledge between groups.
After the trial, there was no change in parents’
report of diabetes knowledge. However, chil-
dren’s responses to the Diabetes Knowledge
Survey indicated acquisition of knowledge in
both groups, although only the Game Group
displayed a significant improvement in knowl-
edge scores (Game Group, t � 3.27, P � 0.005;
Control Group, t � 1.79, P � 0.09).

Youths’ and parents’ reports regarding sat-
isfaction with the technologies indicated that
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TABLE 1. CHARACTERISTICS OF STUDY PARTICIPANTS ACCORDING TO GROUP

Game group (n � 19) Control group (n � 21)

Age (years) 13.9 � 2.2 13.3 � 2.8
Duration of diabetes mellitus (years) 6.4 � 3.2 6.4 � 3.7
Gender (% male) 58% 52%
Height (cm) 157.5 � 12.9 153.0 � 16.0
Weight (kg) 56.2 � 15.0 51.6 � 17.2
Body mass index (kg/m2) 22.3 � 3.4 21.3 � 4.0
Total daily dose (units/day) 48.5 � 18.1 49.6 � 25.4
Insulin treatment (%)

Two injections/day 15.8% 9.5%
Three injections/day 42.1% 47.6%
Four injections/day 5.3% 14.3%
Pump use 36.8% 28.6%

BGM frequency (times/day) 4.1 � 1.3 4.1 � 1.2
Baseline HbA1C (%) 7.8 � 1.1 8.1 � 0.9

No significant differences between groups.

5166_03_p445-453  7/30/04  11:51 AM  Page 449



both Game and Control Groups adapted
equally and readily to the new platforms in-
cluding the glucose monitor with infrared data
transmission and the PDA software. More
Game Group youth (72%) compared with Con-
trol Group youth (57%) reported satisfaction
with the knowledge that their data were avail-
able on the Internet (NS). Interestingly, parents
reported greater satisfaction than their chil-
dren, with 81% of Game Group parents and
68% of Control Group parents reporting satis-
faction with data availability on the Internet
(NS).

DISCUSSION

Treatment of diabetes remains challenging
and demands vigilance to achieve optimal con-
trol in order to reduce the risk of short- and
long-term complications.1–3,18,19 Recent data
from the Diabetes Control and Complications
Trial and the Epidemiology of Diabetes Inter-
ventions and Complications studies confirm
the critical importance of early implementation
of intensive therapy in order to achieve the
greatest risk reduction in complication occur-
rence.6,20 Furthermore, intensive insulin ther-
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FIG. 2. a: A histogram of the median number of glucose values checked per day in the Game and Control Groups.
At study entry, six participants in the Game Group and seven participants in the Control Group checked glucose lev-
els three or fewer times daily, while during the trial, only four participants in the Game Group and six participants
in the Control group checked and transmitted three or fewer glucose results daily. b: Comparison of the distributions
of glucose readings between the Game and Control Groups. There was significantly greater hyperglycemia (glucose
values �13.9 mmol or �250 mg/dL) among the participants in the Control Group compared with the Game Group
(P � 0.001). There was no difference in the rate of hypoglycemia noted by glucose readings �70 mg/dL or �3.9 mmol
between groups: �50 mg/dL or �2.8 mmol/L; 50–69 mg/dL or 2.8–3.8 mmol/L; 70–149 mg/dL or 3.9–8.2 mmol/L;
150–249 mg/dL or 8.3–13.8 mmol/L; 250–400 mg/dL or 13.9–22.2 mmol/L; �400 mg/dL or �22.2 mmol/L.

a

b
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apy with the avoidance of acute complications
mandates routine monitoring of BG, carbohy-
drate intake, and physical activity in order to
dose insulin most accurately. Patients with di-
abetes and their families quickly learn the im-
portance of understanding BG patterns, but 
ongoing management of such dynamic physi-
ology routinely becomes burdensome. This is
compounded by the fact that young patients
may not sense the urgency for tight control
since significant pathology may take years to
develop. Thus, we need approaches that moti-
vate and reinforce with patients and their fam-
ilies the importance of ongoing monitoring and
attention to diabetes management.

In the DAILY trial, we evaluated new PDA
software and technology along with a novel
predictive game to see if such technology could
help children with diabetes and their families
to monitor BG levels, better understand glyce-
mic excursions, and adopt healthier behaviors.
The system’s multiple components integrated
data acquisition, management, presentation,
and transmission. Participants could wirelessly
transfer their BG data from the infrared port of
the meter and manually input insulin and car-
bohydrate data to the Accu-Chek Pocket Com-
pass diabetes management software on the
PDA. The DiaBetNet software encoded within
the PDA accessed for graphical depiction the
BG values, insulin doses, and carbohydrate 
intake and then captured the participants’
guesses as to the next BG level. Finally, via the
modem affixed to the PDA, all data were trans-
mitted to the secure central server.

Patients between the ages of 8 and 18 years
and their families appeared well suited for
wireless, PDA technology solutions, and this
pilot confirmed the feasibility and acceptabil-
ity of such an integrated approach, indepen-
dent of age and gender. Apart from one par-
ticipant who lived outside the range of the
wireless network, another who withdrew for
family reasons, and a third who never at-
tempted transfer, all participants successfully
transmitted data wirelessly.

In our pediatric participants, the DiaBetNet
game compared with a control condition ap-
peared to increase the frequency of BGM, 
decrease the occurrence of BG levels in the 
hyperglycemic range, provide for a greater ac-

quisition of diabetes knowledge, and begin 
a trend towards more optimal glycemic out-
comes. There may be several reasons to account
for the increased monitoring and decreased hy-
perglycemia in the Game Group. The partici-
pants in the Game Group had a qualification
criterion to check their glucose levels at least
three times daily in order to play the game.
Then, prior to data transmission, they had to
check a fourth BG. Alternatively, frequent BGM
might have served as a strategy for more ac-
curate predictions because availability of more
BG results may have provided greater oppor-
tunity for self-correction. This improved self-
correction may have helped reduce the occur-
rence of hyperglycemia in the Game Group.

The significantly lower carbohydrate intake
reported by Game Group participants checking
BG four or more times daily compared with
Control Group participants checking BG four
or more times daily may have also contributed
to the lower frequency of hyperglycemia in the
Game Group. While both groups could enter
carbohydrate intake, only those in the Game
Group could view the DiaBetNet graph that dis-
played BG, insulin doses, and carbohydrate in-
take together to illustrate the influence of the
variables upon one another and their impact
upon glycemic excursions to aid in the predic-
tion of an upcoming glucose level. The influ-
ence of carbohydrate intake on glucose levels
graphically displayed may have prompted par-
ticipants to alter their eating patterns with the
ingestion of fewer carbohydrates. Without
baseline information on carbohydrate intake,
we were unable to assess change in intake dur-
ing the trial. In general, carbohydrate intake
significantly impacts postprandial glycemic ex-
cursions in patients with diabetes and, in turn,
contributes to overall control and HbA1C.17,21

Together, the increased frequency of BGM, re-
duced occurrence of hyperglycemia, and lower
carbohydrate intake may have helped to main-
tain the distribution of HbA1C values in the
Game Group compared with a trend towards
worsening in the Control Group.

Computer and Internet applications can be re-
sponsive as demonstrated in a recent random-
ized trial of an Internet-based weight loss pro-
gram in adults at risk for type 2 diabetes.22 The
addition of weekly behavioral counseling and
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feedback via e-mail resulted in greater weight
loss over a 1-year period than the Internet
weight loss program without the additional
feedback.22 Other recent Internet-based inter-
ventions in adults with diabetes demonstrated
equivalent efficacy of Internet-based education
applications compared with face-to-face educa-
tion,11 as well as equivalent effects of Internet-
based diabetes self-management training with
and without a behavioral intervention.12,13 The
latter study highlighted the difficulties in sus-
taining Internet usage over time.

Our DAILY trial demonstrated how cus-
tomized PDAs equipped with a wireless modem,
data management software, and a BG predictive
game could be used as an effective and feasible
means of collecting high-quality data over time.
The portability of the PDAs and the indepen-
dence from any required computing infrastruc-
ture seems to have supported high usability. On
the other hand, a weakness of our study is its
brief duration. It is important to assess if the in-
terest expressed in the new technologies by the
participants and families wanes over time. The
short-term nature of DAILY requires follow-up
investigations of longer duration in order to val-
idate and document any sustained impact on 
adherence, increased BGM frequency, and im-
proved glycemic control. With improvements in
wireless access and portable electronic devices,
including integrated cell phone technologies, ad-
ditional opportunities exist to increase interac-
tions between healthcare providers and patients
with directed feedback based upon transmitted
data. In the future, the richness of such data can
drive the development of computer-based algo-
rithms that alert care providers when deviations
in observed patterns arise.

In the current trial, parents of youth with di-
abetes appeared to appreciate the technologic
support. The electronic transfer of data, in par-
ticular, may aid the parents’ efforts to support
diabetes management since parents are gener-
ally the ones who tabulate their child’s glucose
data and insulin dosing. Such technologies
would certainly support the recent trend to en-
courage family-based teamwork in the imple-
mentation of diabetes treatment programs in
youth throughout childhood and adoles-
cence.8,9,23 The opportunity for these technolo-
gies to increase and maintain attention to dia-

betes management tasks by pediatric patients
and their parents, particularly with respect to
adherence to BGM, warrants additional study.
Additional studies of longer duration can also
aid in the identification of the mediators of im-
proved adherence and glycemic control since
the current pilot investigation cannot confirm
whether the graphical display of insulin, car-
bohydrates, and BG levels or the DiaBetNet
guessing game, or both, provides the motiva-
tion for behavior change.

Youth with diabetes and their families seem
eager to try innovative approaches to optimizing
control. While acceptance of some interactive
technologies have been slow in general,24,25 ad-
ditional opportunities exist, particularly in the
realm of mobile phones.26 In time, the progress
of miniature physiological sensors will likely
make the accurate prediction of and reaction to
glycemic excursions easier. Nonetheless, such in-
novations will continue to require the engage-
ment of the patient and the family in order to
reap the benefits of improvements in care on the
reduction in acute and chronic adverse out-
comes. Motivational approaches such as the Di-
aBetNet game may help to empower patients,
families, and healthcare providers.
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