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Abstract

Background: Health information technology has been proven to be a successful tool for the management of patients with
multiple medical conditions. The purpose of this study was to examine the impact of an enhanced telemedicine system on
glucose control and pregnancy outcomes in women with gestational diabetes mellitus (GDM).

Subjects and Methods: We used an Internet-based telemedicine system to also allow interactive voice response phone
communication between patients and providers and to provide automated reminders to transmit data. Women with GDM
were randomized to either the telemedicine group (1=40) or the control group (1=40) and asked to monitor their blood
glucose levels four times a day. Women in the intervention group transmitted those values via the telemedicine system,
whereas women in the control group maintained paper logbooks, which were reviewed at prenatal visits. Primary outcomes
were infant birth weight and maternal glucose control. Data collection included blood glucose records, transmission rates for
the intervention group, and chart review.

Results: There were no significant differences between the two groups (telemedicine vs. controls) in regard to maternal blood
glucose values or infant birth weight. However, adding telephone access and reminders increased transmission rates of data
in the intervention group compared with the intervention group in our previous study (35.6+32.3 sets of data vs.17.4£16.9
sets of data; P<0.01).

Conclusions: Our enhanced telemedicine monitoring system increased system utilization and contact between women with
GDM and their healthcare providers but did not impact upon pregnancy outcomes.

Introduction

ESTATIONAL DIABETES MELLITUS (GDM) is a common

medical complication of pregnancy affecting more than
200,000 pregnancies' per year in the United States, and ep-
idemiological evidence suggests that its prevalence is in-
creasing.” The International Association of Diabetes and
Pregnancy Study Groups* recently put forth recommenda-
tions that lowered the oral glucose tolerance test thresholds
for the diagnosis of GDM. These criteria have been accepted
by the American Diabetes Association’ and once im-
plemented would mean that the number of pregnancies
complicated by GDM could more than double, resulting in an
increased need for prenatal services and potentially challenge

available resources. Health information technology might
offer a bridge to increase access to care and efficiency in the
delivery of health care while maintaining quality for women
with pregnancies complicated by GDM.

Studies performed outside of pregnancy have shown that
telemedicine monitoring systems can help to improve blood
glucose control and lower hemoglobin Alc levels.”'® Three
small telemedicine studies have been performed in pregnant
women with type 1 diabetes, and these have also demon-
strated improved maternal blood glucose control."'** To date
there have also been three studies utilizing health information
technology in women with GDM. Kruger et al.'* randomized
women to either modem transmission or telephone reporting
of blood glucose data; although there were no differences in
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blood glucose control, healthcare providers reported that
modem transmission increased clinic workflow efficiency.
Investigators in Spain' utilized a technology system that
combined a glucose meter with a mobile phone, allowing
transmission to a central database and access to a short mes-
sage service; they found that unscheduled visits were reduced
by 62% while at the same time finding similar neonatal and
pregnancy outcomes.

Our group'® has previously reported on the use of an
Internet-based telemedicine system to manage women with
GDM. The purpose of that study was to determine the fea-
sibility of utilizing this approach to connect poor inner-city
women with GDM to their healthcare providers. Women
without computer access in that study (approximately half)
were provided with computer training, refurbished com-
puters, and free dial-up Internet access. We encountered
numerous technical difficulties with hardware installation
and maintenance. Twenty-two percent of women never ac-
cessed the system, and transmissions by the remaining
women were infrequent, which may have masked the po-
tential benefits of the system. Thus in the current study we
added an interactive voice response (IVR) telephone system
option to reduce these barriers. The IVR system, which is
integrated into our Internet-based informatics application,
can be accessed from any phone over a dedicated toll-free
number and does not require specialized training. In addi-
tion, the functionality of the system was upgraded to include
asynchronous phone messaging between clinicians and pa-
tients as well as automated reminders for patients to trans-
mit data. The purpose of this study was to examine the
impact of this enhanced telemedicine system on pregnancy
outcomes in women with GDM compared with usual care.
We hypothesized that the enhanced telemedicine system
with its new functionality, ease of use, and improved access
would increase rates of transmissions among women in
the intervention group, leading to better maternal glucose
control and fewer adverse pregnancy outcomes.

Subjects and Methods
Telemedicine system

ITSMyHealthrecord® (Insight Telehealth Systems, Valley
Forge, PA) is a HIPAA-compliant secure, encrypted, Web-
based, nurse-coordinated communication system composed
of a secure Internet server, an [IVR-enabled phone system, and
a database (Fig. 1). The system allows data transfer (messages
and/or clinical information) from patient to practice and from
practice to the patient in an asynchronous manner. This ar-
rangement allows women to send blood glucose and other
health data directly to their care providers and to receive
information/advice from their healthcare providers via the
Internet or phone.

When a woman is ready to send in her information, she can
do so either by dialing a dedicated toll-free number or
through the Internet using her unique log-in and password.
Both systems allow women to append a message or ask a
question (the IVR is set to accept 45s of speaking, while the
Internet-based method allows virtually unlimited text input)
after transmitting their health data. The data and messages
are then queued for the clinician to respond to when he or she
accesses the clinician portal of the system in which the patient
data reside.
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FIG. 1. Schematic representation of the integrated Internet-
based informatics application and interactive voice response
(IVR) system. DB, database.

When reviewing data that have been sent in from a phone,
the nurse is able to hear the patient’s message, which the IVR
system has captured as a wav file, through the clinician portal.
The nurse can then respond by typing a response, which is
read to the patient via a text-to-voice function the next time
she assesses the IVR system. If the patient accesses the system
through the Internet, that same message is available to the
patient in the form of text that appears as the first thing she
sees after logging into her account.

The system is also designed to provide reminders for
women to record and transmit their data if information was
not received as scheduled. If a woman missed a data trans-
mission either via the Internet or phone, the IVR system was
programmed to place up to three phone-call (a day apart)
reminders at a time of day chosen as being convenient by the
subject. If the three reminder phone calls had been made and
there had still not been a response, the nurse could either
reset the reminders to send another three calls and/or call the
patient directly to follow up.

Research design and methods

Women with GDM were recruited from two sites: the
prenatal clinics at Temple University Hospital (Philadelphia,
PA) and the Diabetes Education Program at Tallahassee
Memorial Hospital (Tallahassee, FL). In order to be eligible for
inclusion in the study, women had to be between the ages of
18 and 45 years and have a documented diagnosis of GDM on
a 3-h oral glucose tolerance test, using the criteria of Carpenter
and Coustan.'”” Women were required to be at 33 weeks of
gestation or less at study entry. Women with a prior history of
glucose intolerance outside of pregnancy or multiple gesta-
tions (i.e., twins or triplets) were excluded.

The study was approved by the Temple University and
Tallahassee Memorial Hospital Institutional Review Boards
and was registered with ClinicalTrials.gov. Women were
randomized into one of two groups: telemedicine or control
(usual care). Following randomization, patients in the tele-
medicine group were trained on use of a computer and the
Internet, instructed on the details of the Internet program,
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and introduced to the Web site on a demonstration terminal in
the clinic. In addition, we provided an automated telephone
communication option and instruction on its use for subjects
who did not have Internet access. All subjects in the inter-
vention group were provided with a password and log-in
name to gain access to the secure Web site and a personal
identification number and toll-free number to gain access to
the telephone communication system. When utilizing the IVR
system, subjects were prompted to input clinical data (i.e.,
blood glucose readings, changes in medication, and episodes
of hypoglycemia) and identify the day and time using the
phone’s keypad. For this study women were provided feed-
back, emotional support, and reinforcement regarding dia-
betes self-management with each transmission. In addition,
women received a brief educational message/tip each time
they accessed the system either by phone or Internet.

Women in both groups were asked to monitor their blood
glucose levels daily (before breakfast and 2 h after each meal),
perform fetal movement counting three times a day, and also
record insulin doses and episodes of hypoglycemia. Women
in the treatment group were asked to transmit this informa-
tion either via the phone or Internet at least weekly to their
healthcare providers. Women in the control group were asked
to record this information in a logbook, which was reviewed
by the medical team at prenatal visits.

Both groups of women received the present standard of
care'®" in the two programs. All study participants were seen
for clinical evaluation every 2 weeks until 36 weeks of gesta-
tion, after which they were seen weekly. Clinical care was
provided by a team of maternal-fetal medicine subspecialists,
residents, certified diabetes educators, and nutritionists as
per management protocols at each institution. All subjects
received individualized diet counseling and diabetes educa-
tion. Patients were instructed in glucose self-monitoring and
asked to monitor their blood glucose levels four times a day
(before breakfast and 2h after meals). All patients were trea-
ted to obtain metabolic goals of a fasting plasma blood glu-
cose level of <95mg/dL and 2-h postprandial blood glucose
of <120mg/dL. Women who failed to meet these targets
at least 90% of the time were started on either glyburide or
insulin therapy.

Outcome variables

The primary end points in this trial were maternal glucose
control and infant birth weight. Secondary end points included
pregnancy outcomes (mode of delivery, gestational age at de-
livery, neonatal intensive care unit admission, Apgar scores,
and rates of large for gestational age, and other neonatal
morbidities) and system use. Infants were considered large for
gestational age when the birth weight was greater than the 90™
percentile for gestational age. Respiratory outcomes included
hyaline membrane disease, transient tachypnea, or need for
respiratory support. Hypoglycemia was defined as a blood
glucose level of <40mg/dL. Hyperbilirubinemia was charac-
terized by plasma values >12mg/dL.

Data analysis

All data were analyzed based on subjects” assigned group
regardless of their level of compliance with the testing pro-
tocol. Student’s ¢ tests were used to compare means of con-
tinuous variables. Comparisons between categorical variables
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were performed by ;> analysis or by Fisher’s exact test when
appropriate. Multivariate regression was used to assess the
impact of gender, parity, prepregnancy maternal body mass
index (BMI), and form of therapy on birth weight. It was also
used to evaluate the influence of site, treatment, insurance,
prepregnancy BMI, and group on mean maternal glucose
levels (SigmaStat statistical software, version 1; Systat, San
Jose, CA).

Results
The sample

Eighty women with GDM (30 from Temple University
Hospital and 50 from Tallahassee Memorial Hospital) con-
sented to participate in the study protocol and were ran-
domized to either the telemedicine group or the control
group. Data collection occurred over a 26-month period from
September 2007 through November 2009. Forty women were
randomized to the intervention group, and 40 women were
randomized to the control group. Two women in the usual
care group and three women in the telemedicine group were
lost to follow-up. In addition, one woman in the telemedicine
group experienced a fetal loss at 19 weeks of gestation.
Therefore, outcome data were available for 38 women in the
control group and 36 in the intervention group. There were no
significant differences at baseline between the two groups
(Table 1).

Maternal outcomes

Both groups of women achieved similar levels of glycemic
control (Table 2) as assessed by self-reported blood glucose
records recorded in logbook format (control group) or by
telemedicine transmissions (intervention group). Mean blood
glucose levels did vary by site, with women from Tallahassee
achieving lower mean glucose levels than the women in the
Philadelphia cohort (104.7+9.3mg/dL vs. 114.4+19.7mg/dL;
P=0.005). Women treated by medical nutrition therapy
only also achieved lower mean blood glucose levels than
women requiring pharmacotherapy (104.1+13.2mg/dL vs.
114.6£15.1mg/dL; P=0.002), either glyburide or insulin.
After controlling for site, therapy, insurance, prepregnancy
BMI, and group assignment, the effects of site differences were
attenuated, and only mode of therapy remained significant
(P<0.05). Approximately 40% of women in each group re-
quired pharmacological therapy (Table 3). Seven percent of
women in the study developed pre-eclampsia or gestational
hypertension, including two women from the control group
and three from the telemedicine group (Table 4). Two women
experienced premature rupture of membranes, and there
were two cases of chorioamnionitis. Rates of cesarean delivery
were increased among both groups but highest among
women in the control group, although this difference did
not reach statistical significance (P=0.53).

Neonatal outcomes

Neonatal outcomes are summarized in Table 5. No signif-
icant differences were found between the two groups with
regard to birth weight on univariate or multivariate analysis
(after controlling for gender, parity, prepregnancy BMI, and
treatment), gestational age at delivery, 1- and 5-min Apgar
scores, and rates of large for gestational age. Eleven infants
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TABLE 1. BASELINE MATERNAL CHARACTERISTICS
BY TREATMENT GROUP

Controls Telemedicine
Characteristic (n=40) (n=40)
Age (years) 30.3+6.0 30.0+7.5
Body mass index 34.1+8.5 34.1£9.8
(kg/m?)
Weight gain (pounds) 21.5+16.1 21.7+19.7
Gravidity 29+19 25+1.8
Pari 1.7+1.8 1.1+1.0
GA at entry (weeks) 28.4+34 28.5+4.2
Race/ethnicity
African American 30% (12) 37.5% (15)
White 37.5% (15) 45% (18)
Latino/Hispanic 20% (8) 15% (6)
Asian and other 12.5% (5) 2.5% (1)
Education
Less than high school 10% (4) 10% (4)
High school graduate 25% (10) 30% (12)
More than high school 60% (24) 60% (24)
Missing 5% (2) 0% (0)
Total family income
<$15,000/ year 20% (8) 27.5% (11)
$15,000-%$24,999 15% (6) 22.5% (9)
$25,000-$34,999 22.5% (9) 12.5 (5)
$35,000-%$44,999 12.5% (5) 17.5 (7)
$45,000-%$54,999 0% (0) 5% (2)
>$55,000/ year 12.5% (5) 12.5% (5)
Missing 17.5% (7) 2.5% (1)
Glucose challenge 186.5+£29.7 173.3+27.2
(mg/dL)
3-h OGTT (mg/dL)
FBS 95.4+18.6 97.7+21.1
1h 195.1+24.5 201.5+39.7
2h 180.2+26.7 184.0+54.6
3h 128.7+38.4 149.0+48.8

Data are mean+SD values or percentages (1) as indicated.
FBS, fasting blood sugar; GA, gestational age; OGTT, oral glucose
tolerance test.

required admission to the neonatal intensive care unit, but
there were no perinatal/neonatal deaths. One infant was born
with chromosomal abnormalities and multiple congenital
anomalies to a mother in the control group. Neonates born to
mothers in the intervention group were less likely to be pre-
term, had lower rates of respiratory disorders, and were less
likely to be admitted to the intensive care unit (11% vs. 18.4%),
and if admitted, their length of stay was shorter (5.5 days

TaABLE 2. MATERNAL GLUCOSE CONTROL
BY TREATMENT GROUP

Controls Telemedicine P
FBS (mg/dL) 94.3+10.5 91.5+10.5 0.26
Blood glucose (mg/dL)
Breakfast 110.9+18.5 108.1+£17.0 0.50
Lunch 111.1+18.5 110.6+17.2 0.90
Dinner 117.6+£22.0 119.8+17.3 0.64
Mean 109.7+16.5 107.4+12.9 0.44

Data are mean+SD values.
FBS, fasting blood sugar.
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TaBLE 3. DIABETES THERAPY BY TREATMENT GROUP

Diabetes therapy Controls Telemedicine
Diet 60% (24) 57.5% (23)
Oral agents 20% (8) 15% (6)

Insulin 20% (8) 27.5% (11)

Data are percentages ().

vs. 9.7 days), but none of these differences was statistically
significant.

Use of the system

Seven women (18%) in the intervention group did not have
access to the Internet at home. These seven women and an
additional two women with Internet access used the ITVR
system to transmit their data. Of the 36 women in the inter-
vention group available for follow-up until delivery, two
women (6%) never used the system, and an additional five
women (14%) used the system infrequently (<10 transmis-
sions). On average, women sent 35.6 (£32.3) sets of data,
which included fasting and postprandial blood glucose levels,
fetal movement counts, and insulin doses when appropriate.
However, women using the Internet sent in significantly more
transmissions than did women using the phone/IVR system
(42.8+32.4 vs. 10.9+16.3 data sets; P=0.007). As in our pre-
vious study, system use did not correlate with age, number
of children, education, computer ownership, or treatment
(diet vs. medication). However, in the current study there was
a significant correlation between total family income and
number of transmissions, with women with higher incomes
transmitting more frequently (r=0.50, P<0.01). Sets of self-
reported glucose data, either transmitted via the telemedicine
system or provided in written form (logbooks) to providers,
did not differ between the two groups (34.4%26.6 vs.
35.6+32.3 data sets for the control and intervention groups,
respectively; P=0.75).

Discussion

This research sought to examine the impact of an enhanced
telemedicine system, with IVR capabilities, on pregnancy
outcomes in women with GDM. The system provided the
women with feedback and reinforcement regarding diabetes
self-management and facilitated communication between the
women and their healthcare team. The system could be ac-
cessed either through the Internet or by phone, increasing its
reach and utilization. In addition, the enhanced functionality
provided automated reminders (phone calls generated by the

TABLE 4. MATERNAL OUTCOMES BY TREATMENT GROUP

Controls Telemedicine P
Cesarean delivery 50% (19) 36% (13) 0.3
Pre-eclampsia/ gestational 5% (2) 8% (3) 0.7
hypertension
Premature rupture of 0% (0) 5.5% (2) 0.2
membranes
Chorioamnionitis 2.6% (1) 2.8% (1) 1.0

Data are percentages (1).
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TABLE 5. NEONATAL OUTCOMES BY TREATMENT GROUP

Controls  Telemedicine P

Birth weight (g) 3,249+611 3,372+469 0.3

GA at delivery (weeks) 379+2.0 38.6+x1.3 0.08
Apgar score

1 min 8.1+1.0 76+20 02

5min 8.9+0.3 89+05 0.8
LGA 18.4% (7) 25% (9) 0.7
Neonatal hypoglycemia 10.5% (4) 11% (4) 1.0
ICU admissions 18.4% (7) 11% (4) 0.6
Preterm delivery 13.2% (5) 56% (2) 04
Jaundice/hyperbilirubinemia 5% (2) 2.8% (1) 1.0
RDS/respiratory 13.2% (5) 5.6% (2) 04

Data are mean+SD values or percentages (1) as indicated.
GA, gestational age; ICU, intensive care unit; LGA, large for
gestational age; RDS, respiratory distress syndrome.

IVR system) if women failed to transmit their data as sched-
uled. We postulated that the increased contact and feedback
would enhance adherence to the diabetes self-management
regimen, ultimately leading to improved glucose control and
improved pregnancy outcomes.

It is disappointing that the system did not improve ma-
ternal glucose control, although more than two-thirds of
women did achieve a mean glucose level of <110mg/dL. The
study was powered to detect a 10 mg/dL difference between
the two groups. The lack of effect of the system on diabetes
control could be related to the short period of the intervention
(typically the period from diagnosis to delivery is only about
2 months) as well as the relatively small sample size, a limi-
tation of this study. Similarly, pregnancy and neonatal out-
comes did not differ significantly between the two groups.
However, infants from the telemedicine group were less likely
to be admitted to the intensive care unit and if admitted had
shorter stays. In addition, the neonates in the intervention
group had lower rates of preterm delivery, and the rate of
respiratory distress syndrome was reduced by more than half.
Although gestational age at delivery was also not statistically
significant, the fact that the neonates from the intervention
group were born 0.7 week later than controls may at least
partially explain the lower rates of prematurity and respira-
tory distress syndrome/respiratory complications. One could
postulate that these differences in neonatal outcomes may
have reached statistical significance with a larger sample size.

Our findings are consistent with previous studies that also
found little to no impact of technology on pregnancy out-
comes in women with GDM. Kruger et al.'* reported in-
creased clinic workflow efficiency with modem transmission
but no effect on glucose control and pregnancy outcomes in
their sample of women with GDM. Perez-Ferre et al."> were
able to reduce the number of unscheduled visits with their
telemedicine system among women with GDM. They also
reported high patient satisfaction with the system but no
differences again in maternal glucose control or outcomes.
Unfortunately, in the current study we did not examine
the impact of our system on patient satisfaction or work-
flow efficiency. However, it would appear from the above-
mentioned studies that the strength of these systems may be
in their ability to increase efficiency while maintaining high-
quality care and not in their ability to provide superior care.
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With the prevalence of GDM on the increase, the true benefit
of this technology may be their capacity to streamline care.

Part of the challenge with any health information technology
is to overcome the digital divide. Although clearly computers
and access are more commonplace, gaps still exist, particularly
among disadvantaged populations. In our first study'® pub-
lished 4 years ago, only half of the women had Internet access
in the home compared with more than 80% of women in the
current study. In our previous studies both during and outside
of pregnancy ownership of a computer as well as low socio-
economic status has not been found to be an impediment to
successful participation. However, in this study we did find a
significant correlation between total family income and num-
ber of transmissions, with women with higher incomes trans-
mitting more frequently. In actuality, women at the lower end
of the economic spectrum may have less access to support and
resources, making it difficult to prioritize their own healthcare
needs and implement self-care regimens.

In our original study, the system was totally Internet based.
Women in that study who did not have a computer/Internet
access at home were provided with computers. However, the
computers were refurbished and used dial-up Internet access.
The computers were delivered to the participant’s home, and
women received training from college and graduate stu-
dents following installation. This approach was found to be
very labor intensive and time consuming. Frequent technical
difficulties required return visits to the home. Additional
barriers to system use included the slowness of the refur-
bished computer with dial-up Internet access. As a result of
these difficulties we redesigned the system to include IVR
access. Women could access the system using either a land-
line or cell phone. We postulated that this option coupled
with the capacity for automated reminders would increase
system use, and in fact that did occur. In comparing the two
studies, the number of data sets transmitted increased from
17.4+16.9 in the first study to 35.6 £32.3 in the current study
(P<0.01). This finding is consistent with the large literature
suggesting that reminders can improve compliance with
preventive services and increase positive health behaviors
such as self-monitoring.?*?!

In summary, our enhanced telemedicine monitoring sys-
tem increased contact between women with GDM and their
healthcare providers but did not impact upon pregnancy
outcomes. The expectation that such systems may lead to
improved control and outcomes among pregnant women
with GDM may be unrealistic. However, the real potential of
these emerging healthcare technologies may be their ability to
increase efficiency while maintaining the quality of care. Fu-
ture studies should focus on these issues as well as the impact
of health technology on patient satisfaction with treatment.
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