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Abstract

Purpose—The use of technology to implement cost-effective health care management on a large 

scale may be an alternative for diabetes management but needs to be evaluated in controlled trials. 

This study assessed the utility and cost-effectiveness of an automated Diabetes Remote 

Monitoring and Management System (DRMS) in glycemic control versus usual care.

Methods—In this randomized, controlled study, patients with uncontrolled diabetes on insulin 

were randomized to use of the DRMS or usual care. Participants in both groups were followed up 

for 6 months and had 3 clinic visits at 0, 3, and 6 months. The DRMS used text messages or phone 

calls to remind patients to test their blood glucose and to report results via an automated system, 

with no human interaction unless a patient had severely high or low blood glucose. The DRMS 

made adjustments to insulin dose(s) based on validated algorithms. Participants reported 

medication adherence through the Morisky Medication Adherence Scale-8, and diabetes-specific 

quality of life through the diabetes Daily Quality of Life questionnaire. A cost-effectiveness 

analysis was conducted based on the estimated overall costs of DRMS and usual care.

Findings—A total of 98 patients were enrolled (59 [60%] female; mean age, 59 years); 87 

participants (89%) completed follow-up. HbA1c was similar between the DRMS and control 

groups at 3 months (7.60% vs 8.10%) and at 6 months (8.10% vs 7.90%). Changes from baseline 

to 6 months were not statistically significant for self-reported medication adherence and diabetes-

specific quality of life, with the exception of the Daily Quality of Life–Social/Vocational 

Concerns subscale score (P = 0.04).

Implications—An automated system like the DRMS may improve glycemic control to the same 

degree as usual clinic care and may significantly improve the social/vocational aspects of quality 

of life. Cost-effectiveness analysis found DRMS to be cost-effective when compared to usual care 

and suggests DRMS has a good scale of economy for program scale up. Further research is needed 

to determine how to sustain the benefits seen with the automated system over longer periods.
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INTRODUCTION

Management of chronic diseases challenges health care systems by requiring frequent clinic 

visits, often for minor interventions and dose adjustments. This is particularly true for the 

management of diabetes in patients treated with insulin. Interventions aimed at improving 

glycemic control and medication adherence in diabetes are often costly and may not be 

feasible to carry out on a large enough scale to all patients.

A previous study reported that home telemonitoring with medication management by a 

nurse–practitioner led to a significantly greater improvement in glycemic control compared 

with that with monthly telephone calls (−1.7% vs −0.7%, respectively; P < 0.001) but needs 

significant human resources.1 A less hands-on approach using usual care plus Internet 

support in type 1 diabetic adolescents did not improve glycemia but resulted in significant 

changes in self-management (Cohen δ = 0.64; P = 0.02).2

A longer-term study using more comprehensive patient management was the IDEA Tel 

(Informatics for Diabetes Education and Telemedicine) study,3 which was a 5-year, 

randomized, controlled trial using telemedicine to monitor diabetes and blood pressure 

control in a population of Medicare beneficiaries. The intervention group had multiple 

technologies, including Web cameras for video conferencing with study staff, a glucometer 

and blood pressure machine that were connected via a telemedicine unit to report readings to 

study staff, and online educational pages. At the end of 5 years, there was a statistically 

significant, 25% reduction in hemoglobin A1c (HbA1c) compared with that in the usual care 

group, along with decreases in low-density lipoproteins and blood pressure.3 However, this 

intervention also required substantial resources.

Some systematic reviews of telemedicine-based interventions for diabetes management have 

reported insufficient evidence to prove reduction in HbA1c and cost-effectiveness 47. A 

major contributor to the lack of cost-effectiveness is that human intervention is still required 

in most systems.4 Another systematic review of data from 8 published randomized, 

controlled trials that included patients with both type 1 and type 2 diabetes reported “low-

quality evidence” of small improvements in glycemic control with telemedicine compared 

with usual care.5

A Cochrane review analyzed 4 randomized, controlled trials of phone messaging as an 

intervention. Clinical measures (including HbA1c) showed no statistically significant 

difference between intervention and control participants. However, there was moderate-

quality evidence of improved scores for self-management.6 Another review of telemedicine 

in diabetes reported an improvement in HbA1c with intervention in the short term (<6 

months) compared with those with interventions that lasted at least 1 year. This study 

suggests that interventions may need to be modified over time to enhance patient 

adherence.7

The use of technology to implement cost-effective health care management on a large scale 

may be an alternative for diabetes management. However, so far technology has been used 

as an adjunct to provider management, mainly to obtain information from patients. Feedback 
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and advice is then given, usually by telephone. Such interventions require significant human 

resources, and the response to patients is often delayed. Overall, the impact on glycemic 

control has been small5–7 and the cost-effectiveness difficult to quantify. What is needed is 

an automated response system that will respond immediately to patients’ input and provide 

advice that is compatible with guidelines on management of their disease.

The Diabetes Remote Monitoring and Management System (DRMS, MedAdherence LLC, 

Norwalk, CT)* used in this study is a combination of mainly an automated system with 

minimal human interaction. It uses patients’ cell phones and landlines to deliver messages 

via text or automated voice. The system was designed to remind patients to check their 

blood glucose and report the readings as well as the medications they take, including insulin 

dose. It can also suggest adjustments to insulin doses using programmed validated 

algorithms.8 The DRMS can be tailored to customize recommended changes to self-

management based on data entered by patients. Emergency backup human intervention is 

automatically available when glucose parameters are outside of recommended ranges. 

Providers can also monitor the progress of their patients through a Web-based portal.

In our study, we compared the DRMS system to standard care in a randomized, controlled 

trial in patients with uncontrolled diabetes on insulin, or patients with type 2 diabetes 

starting insulin. The aim of the study was to evaluate the hypothesis that an automated 

system like the DRMS is as effective in achieving improvement in glycemic control and 

management as is usual clinical care. Although the DRMS is capable of managing other 

modalities of care (eg, blood pressure monitoring, treatment adjustment, reminders of 

prescription refills, reminders of appointments, including eye examinations), for the 

purposes of this study, we focused exclusively on glycemic control.

PATIENTS AND METHODS

Study Design

Ninety-eight participants were recruited from the Tulane Medical Center and Southeast 

Louisiana Veterans Health Care System endocrinology clinics (New Orleans, Louisiana). 

Participants were randomized, after informed consent was obtained, to either the 

intervention (DRMS) group or the control group by using a random-number table and 

followed for 6 months. Both the intervention and control groups had the same visit schedule, 

3 clinic visits at months 0, 3, and 6. The control group was advised to either adjust the dose 

of insulin themselves weekly9 or to make a call to the clinic or diabetes educator for dose 

adjustment. Participants randomized to the intervention group would communicate with 

DRMS at least once daily and more often if needed.

Patients with an HbA1c between 7.0% and 9.0%, over the age of 18 years, and currently 

taking or starting insulin were enrolled. Patients were excluded if they were on an insulin 

pump, had a history of a major cardiovascular event (eg, myocardial infarction, stroke) in 

the previous 6 months, or had hypoglycemia unawareness. All randomized participants had 

the same clinic schedule. At visit 1, day 0, participants were randomized to their group; had 

*Trademark of MedAdherence Inc (Norwalk, Connecticut).

Katalenich et al. Page 3

Clin Ther. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



baseline HbA1c, weight, and blood pressure measurements taken; underwent a review of 

diabetes medications; and had medical history recorded. The participants also completed a 

Morisky Medication Adherence Scale-8 (MMAS-8) and a diabetes-specific Daily Quality of 

Life (DQoL) questionnaire. If the participant was randomized to the intervention group, he 

or she was instructed on how to use the system. The first contact from the DRMS was to 

confirm the telephone number. After participant confirmation, the DRMS began contacting 

the participant daily to ask whether he or she had checked his or her blood glucose. The 

control group had only clinic interventions by physicians and diabetes educators as usual, to 

improve their glycemic control.

At both 3 and 6 months, each participant returned to the research clinic for a study visit. 

Each participant had HbA1c, blood pressure, and weight measured; underwent a review of 

any changes in diabetes medications; and completed both the MMAS-8 and diabetes-

specific DQoL questionnaires. If they were in the intervention group, we assessed whether 

there were any problems with the system. Also at 6 months the intervention group 

completed a survey evaluating the DRMS system.

Diabetes Remote Monitoring and Management System

An automated system like the DRMS uses technology (cell phones and landline phones) to 

minimize the use of human-based resources. The system employs rules-based technology to 

automate manual care and to monitor care plans, thus creating customized actions and 

interventions based on physician-defined parameters and the specific medical protocol.

The system reminds the patients to monitor blood glucose, take their medications, and alert 

providers when problems arise. There was an emergency safeguard put into place for when a 

participant submitted extreme values of blood glucose (<60 or >300 mg/dL); in these cases, 

the patient was immediately and automatically connected to the endocrinologist on call. We 

also modified the system to utilize a standard set of protocols for insulin dose adjustment10 

or to be customized to better reflect the requirements of the individual physician.

For this study, the system was designed to contact the participant daily, either through text 

messaging or automated voice. From these messages, participants could either respond by 

submitting their blood glucose levels or respond at a later time. If a participant did not 

submit his or her blood glucose level at the initial contact, the DRMS would text or call 

again that same day to remind the participant to check his or her blood glucose. However, if 

a participant submitted a reading before the reminder, the system would not contact the 

participant on that day. Providers could monitor the progress of their patients through a 

Web-based, secure portal, and information could also be downloaded directly into electronic 

medical records.

Statistical Analysis

All statistical analysis used intent-to-treat methodology, and all comparisons used a 2-tailed 

test at the 0.05 level of significance. Statistical analysis was conducted using SAS 9.2. 

Continuous variables are reported as means (95% CIs). Medication adherence was based on 

scores from the MMAS-8; patients were categorized as having either high, medium, or low 

adherence. High adherence was a score of 0, medium adherence was a score of 1 or 2, and 
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low adherence was a score between 3 and 8. The diabetes-related DQoL had 3 subscales: 

Diabetes Impact, Social/Vocation Concerns, and Worries About Diabetes. The total score 

from the DQoL and the scores on each of the 3 subscales were analyzed. A validated 

prediction model of clinical characteristics was used to predict expected QALYs for diabetic 

patients and to evaluate the effect of the program on QALY improvement. The QALY 

prediction model used the variables age, sex, blood pressure, low-density lipoprotein, and 

HbA1c value.11 Predicted QALYs for patients in both the intervention group and the control 

group were calculated both at the baseline time and in the post-test period.

Cost Effectiveness Analysis

Cost-minimization analysis was conducted based on QALYs gained and cost differences 

between DRMS, usual care, and “ideal care” (eg, in a treat-to-target clinical trial using 

frequent dose titration, eg, the ATLANTUS study9) for diabetes management over a 1-year 

period. For this cost-minimization analysis, patients in the 3 groups were assumed, despite 

their different health care schedules, to have had the same health care utilizations, including 

their likelihood of developing complications, hospitalizations, and other health outcomes, 

including QALYs gained. The setup and maintenance costs for the DRMS were used to 

estimate the overall cost, which varied across different sizes of patient populations. The 

setup and maintenance fees for the DRMS in a 6-month period were dependent on the 

number of patients in the system. For this analysis, 4 different population sizes were used 

(350, 500, 750, and 1000 patients), and the cost per patient per month at each size were 

$15.60, $14.88, $13.56, and $12.52, respectively. Patients in the DRMS group had a level 4 

visit on day 0, level 3 monthly visits in the first 3 months, and level 3 bimonthly visits 

thereafter. Participants randomized to DRMS were only monitored and communicated 

through the automated system.

Two separate comparisons for DRMS were conducted: the first one defined usual care by 

the estimates from Medical Expenditure Panel Survey Data (MEPS), a national 

representative database. Also DRMS data were compared to a “treat-to-target” clinical trial 

of insulin therapy in which frequent visits and telephone calls were used. This will be 

referred to as IDEAL CARE, which is a “treat-to-target” clinical trial of insulin therapy in 

which frequent visits and telephone calls were used.9,12 Unit cost was evaluated using 

standard costs and schedules of procedures for each health management plan. According to 

the Medicare reimbursement rates for Current Procedural Terminology (CPT) codes 99213 

and 99214, the standard costs for level 4 visits are $79.29 and level 3 visits are $51.69.13 

The costs for follow-up phone calls were estimated using the new Medicare reimbursement 

rate for telehealth management service, at minimum a 20-minute phone call (CPT code 

99490), which was estimated to cost $33.43.14

The outpatient visit number was 11 (SE, 0.38) visits per year, which was estimated from the 

2012 Medical Expenditure Panel Survey15 for diabetic patients on insulin. The estimated 

number of outpatient visits was equivalent to those in the 2006 Medical Expenditure Panel 

Survey16 and a similar survey conducted in Europe.17 Furthermore, it was assumed that all 

usual care patients had a level 4 visit (CPT code 99214) at day 0 (initial visit) and 10 level 3 

visits (CPT code 99213) thereafter during 1 year. The cost of 16 telehealth services (a 20-
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minute phone call), which were conducted by a nurse weekly for 6 weeks after the initial 

physician visit, and monthly after week 6, were also included in the cost-effectiveness 

analysis.

For the ideal care group, in which 12 contacts were made by physician visits or telephone 

visits in 6 months, data were based on the information extracted from the ATLANTUS 

trial.9 For a 1-year period, 12 physician visits and 12 telephone consultation sessions were 

assumed to have taken place. In addition, the lower bound of health care utilization for the 

ideal care group was assumed to have been at least 8 visits in a 1-year period, based on the 

minimum physician visits of 4 visits in 6 months from the ATLANTUS trial.9

RESULTS

Of the 98 participants enrolled, the mean age was 59 years at the time of enrollment, 59 

(60%) were female, 64 (65%) were black, and 79 (81%) had received a high school diploma 

or higher. Participants were on a variety of insulins; 32 (33%) were on long-acting insulin 

only, 10 (10%) were on short-acting insulin only, and 17 (17%) were on mixed insulin only. 

Thirty-nine participants (40%) were on a basal-bolus regimen, and 78 participants (80%) 

were taking other antidiabetic medications combined with insulin (Table I). In the DRMS 

group, 31 of 52 participants (60%) used phone calls to report into the system, whereas the 

rest used text messages exclusively. Overall, 87 participants (89%) completed follow-up. At 

the end of 3 months, the mean HbA1c in the intervention group was similar to that in the 

control group (7.60% vs 8.10%, respectively; P ¼ 0.25). Also at 6 months, DRMS was 

apparently as effective in HbA1c control as was usual care (8.1% vs 7.9%; P ¼ 0.78).

There were no adverse events reported by patients related to the system. There were 76 

automated calls to the emergency physician for low and high blood glucose concentrations. 

However, on all of these occasions, the patients reported that they had made a mistake in 

their glucose monitoring or data entry. Patients reported that they had no symptoms and that 

current blood glucose concentrations were within the target range.

Overall improvements in self-reported medication adherence and in DQoL scores were not 

significant for DRMS when compared to those of the control group; however, only the 

difference between the DQoL–Social/Vocational Concerns subscale scores was statistically 

significant (9.63 vs 11.10, respectively; P ¼ 0.04).

None of the participants scored in the high medication adherence category; therefore, 

participants were categorized as having either medium (score of 1 or 2) or low adherence 

(score of 3–8). Medication adherence was measured by the percentage of participants above 

medium adherence. In the intervention group, 28.00% of participants were above medium 

adherence at the beginning of the study compared with 12.50% in the control group. At the 

end of 6 months, the intervention group increased to 37.21% and the control group increased 

to 20.51% (P ¼ 0.097) (Table II).

During the 6-month study period, the mean QALY score in the intervention group increased 

from 13.9 to 14.1, while the mean QALY score in the control group increased from 13.85 to 
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14.0. This difference in improvement of QALY scores was not statistically or clinically 

significant (data not shown).

In the cost-effectiveness evaluation, the DRMS intervention was cost-effective when 

compared to usual care and was numerically but not statistically less costly than ideal care 

(Figure). Assuming an enrollment of 350 patients, an institution would pay $681.82 per 

patient per year for DRMS (including the cost of the setup of the system). The estimated 

cost for usual care was $1131.07 (95% CI, $1079.38–$1208.61), and the cost of ideal care 

varied from a minimum of $976 to a protocol-driven level of $1049.04 per patient per year. 

The cost of DRMS intervention was significantly less than that of usual care (P < 0.001) and 

was below the lower bound of that of ideal care.

At the final visit, 44 participants in the DRMS group completed an evaluation survey. Of the 

44, 36 participants (82%) said they liked the idea of their physicians communicating with 

them in this manner. In terms of glycemic and overall health improvements, 38 (86%) and 

35 (80%), respectively, reported at least some noticed improvement. Over 40 participants 

(91%) thought this system could help to manage their diabetes long-term. However, 16 

participants (36%) reported problems with the automated calls, and 24 participants (55%) 

reported that they had technical problems, such as hang-ups (data not shown).

DISCUSSION

Our study found that an automated system, DRMS, managed glycemic control just as well 

as did usual care. Furthermore, patients liked communication via this technology, were more 

adherent with their medications, and reported improvement in the social/vocational aspects 

of quality of life. Also there were no serious adverse events related to the system reported.

Based on a literature search, this is the first report of an automated system to improve 

glycemic control that can also be monitored remotely on the Internet and has built-in safety 

features to ensure medical contact when necessary. The results from this study are 

comparable to those from other studies involving telemonitoring as an intervention and are 

especially consistent with those from the Cochrane review and mHealth services in Veterans 

Affairs.6 The mHealth services in Veterans Affairs reported improvements with self-

management but did not collect physiologic measurements.18 However, other studies—

DiaTel Extension,1 TExT-MED (A Mobile Health Intervention for Inner City Patients With 

Poorly Controlled Diabetes: Proof-of-Concept of the TExT-MED Program),19 and the Shape 

Program (Adherence to Self-Monitoring via Interactive Voice Response Technology in an 

eHealth Intervention Targeting Weight Gain Prevention Among Black Women)20—have 

reported statistically significant differences in physiologic measures as well as in self-

management.

These findings suggest the DRMS intervention is cost effective. Since the fixed costs of the 

system set up remains essentially unchanged, if the number of patients increase the cost per 

patient will decrease. For example if the number in the DRMS intervention increased to 

1000 the cost would be $617.21 per patient per year, in comparison to $681.82 per patient 
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with 350 total patients. Thus, it suggests DRMS has a good scale of economy for a program 

scale-up.

The automated system used in this study is easily scalable and can accommodate a large 

number of patients in a practice using it or across multiple clinical settings. Moreover, it 

may be more cost-effective, particularly when applied to large numbers of patients. Because 

the overall cost of DRMS decreases per patient as the patient load increases, the overall 

benefit of utilizing the DRMS may be even greater than that with usual care, in which the 

fixed cost per patient is constant. It therefore has considerable potential to decrease health 

care costs in similar patients.

This kind of automated system may also be useful in other health care management 

programs, such as blood pressure management or when adjusting or starting new 

medication. It can be used to remind patients of upcoming visits, to take medications, or to 

check blood glucose or blood pressure when needed. It also allows for more regular follow-

up without the inconvenience of an in-person visit. This can ease the burden for not only the 

patient but also the clinic staff by eliminating the need for reminder phone calls done by 

staff. Instead, the staff will need only to monitor the system to ensure that patients have been 

contacted or have reported necessary measures. The system could also be adapted to include 

reminders of other aspects of diabetes care (eg, eye screening, appointments, and 

prescription refill reminders), although these were not tested in this study, which focused 

solely on glycemic control through insulin dose adjustments.

There were some limitations with this study and the system. The loss-to-follow-up 

percentage was ~11%; however, there were similar amounts of loss to follow-up in both the 

control group (6 participants) and the intervention group (5 participants). Therefore, the loss 

to follow-up was less likely to have introduced bias based on randomization to control or 

intervention (DRMS). Other limitations were focused on the technical aspects of the DRMS. 

Some participants reported issues with disconnections and with the system not recognizing 

their responses accurately. In patients using a conventional voice-response phone system, a 

patient’s accent may have hindered the system from accurately recognizing a verbal 

response, and background noise made a difference in the number of issues that the system 

had with recognizing responses. After participants removed any background noise, the 

system was able to record responses accurately and timely. Also, patients with hearing loss 

may not necessarily have benefited from the phone calls.

Another limitation was that the DRMS was not well suited to more complex insulin-

adjustment algorithms. The algorithms worked well to adjust evening doses of long-acting 

or mixed insulin based on fasting blood glucose levels. However, for patients using more 

complex insulin regimens with multiple injections, or those individualized to account for 

carbohydrate intake or prevailing blood glucose, it was difficult for the system to 

differentiate between the different insulins and to be clear to the participant about which 

insulin or dose to adjust. Management in patients using multiple injections of prandial 

insulin may have been more problematic than in those using only basal insulin.21
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Another possible limitation of this study was that the parameters we used in the cost-

effectiveness analysis were not the primary data collected directly from the study. If a major 

deviation existed between the contexts of the data we extracted and the study cohort, the 

estimation would have been imprecise. However, primary data were not collected in our 

study. To improve the estimations in our study and to minimize the deviations across 

contexts, all of the data we used in the cost-effectiveness analysis were generated from 

official statistics, well-established studies, and the standardized treatment arrangement used 

in Louisiana.

An interesting outcome was participants’ sense of accountability, which may also have been 

a study limitation. This was both a negative and positive factor. Knowing their blood 

glucose would be reviewed by someone in the medical practice may have made participants 

more conscious of whether their blood glucose was at goal. However, as a consequence, 

participants may have been reluctant to report blood glucose concentrations that were not at 

goal. Therefore, their adherence to reporting into the system may have been variable and 

may have accounted for some deterioration in glycemia after initial improvement. 

Interestingly, this occurred in the control group as well, emphasizing the challenges of 

maintaining good glycemic control in such populations. In those individuals who may not 

report levels, additional follow-up may be necessary to address their hesitation to report high 

blood glucose levels.

Further research is needed to evaluate this system for long-term sustainability and on a 

larger-scale intervention. We found in our study as time went on, the appeal of the system 

seemed to have waned. Adjustments and additions to the system could be used to increase 

the system’s appeal and improve adherence. Further enhancements to the system may help 

with long-term control. Clearly, a refinement is needed in the insulin-adjustment algorithm 

to help to differentiate basal long-acting insulin from rapidacting prandial insulin to allow 

for better management of prandial glucose with more appropriate prandial insulin 

adjustment. However, such adjustment is often challenging in current clinical practice as 

well. Even in the setting of clinical trials, it has been difficult to achieve optimal glycemic 

control using prandial insulin.22,23 Finally, it is important to adapt the system to include 

some novel ways to keep patients engaged in their own diabetes management beyond 3 

months.

CONCLUSIONS

We conclude that it may be possible to use an automated remote, telephone-based system to 

manage glycemic control in patients attempting to improve control with insulin. The system 

could be scalable and cost-effective.
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Figure. 
Cost analysis of DRMS compared with the Usual Care and IDEAL CARE study.12 DRMS = 

Diabetes Remote Monitoring and Management System.
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Table I

Demographic characteristics of the patients in this study of the utility of a remote monitoring system for 

diabetes control. Data are given as number (%) of patients.

Characteristic
Intervention

(n = 50)
Control
(n = 48)

All Patients
(N = 98)

Sex

  Female 34 (68) 25 (52) 59 (60)

  Male 16 (32) 23 (48) 39 (40)

Race

  Black 37 (74) 27 (56) 64 (65)

  White 12 (24) 17 (36) 29 (30)

  Hispanic 1 (2) 0 1 (1)

  Asian 0 1 (2) 1 (1)

  Other 0 3 (6) 3 (3)

Education level

  High school diploma 20 (40) 15 (31) 35 (36)

  College degree 12 (24) 20 (42) 32 (33)

  Less than high school 12 (24) 7 (15) 19 (19)

  Graduate degree 5 (10) 6 (13) 11 (11)

  Doctorate degree 1 (2) 0 1 (1)

Diabetes medications

  Basal-bolus regimen 18 (36) 21 (44) 39 (40)

  Long-acting insulin only 18 (36) 14 (29) 32 (33)

  Mixed insulin only 8 (16) 9 (19) 17 (17)

  Short-acting insulin only 6 (12) 4 (8) 10 (10)

  Other antidiabetic medications + insulin 38 (76) 40 (83) 78 (80)
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Table II

Hemoglobin A1c, Morisky Scale, and DQoL questionnaire outcomes in this study of the utility of a remote 

monitoring system for diabetes control.

Parameter
Intervention
(n = 50)

Control
(n = 48)

All Patients
(N = 98)

HbA1c, median (SD), %

  Baseline 8.35 (68) 8.30 (67) 8.30 (67)

  3 mo 7.60 (60) 8.10 (65) 7.80 (62)

  6 mo 8.10 (65) 7.90 (63) 7.90 (63)

Adherence, % of patients above median

  Baseline 28.00 12.50 20.41

  3 mo 26.19 21.95 24.10

  6 mo 37.21 20.51 29.27

DQoL–Impact Score, mean (95% CI)

  Baseline 43.74 (40.39–47.09) 47.08 (44.23–49.94) 45.38 (43.18–47.57)

  3 mo 41.95 (38.60–45.30) 44.63 (41.81–47.46) 43.28 (41.11–45.45)

  6 mo 42.09 (38.78–45.40) 46.23 (42.41–50.05) 44.06 (41.56–46.56)

DQoL–Worry: Social/Vocational, mean (95% CI)

  Baseline 9.72 (8.84–10.60) 11.85 (10.42–13.29) 10.77 (9.92–11.61)

  3 mo 9.76 (8.71–10.81) 10.54 (9.46–11.61) 10.14 (9.41–10.88)

  6 mo 9.63* (8.49–10.77) 11.10 (9.77–12.43) 10.33 (9.46–10.77)

DQoL–Worry: Diabetes Related, mean (95% CI)

  Baseline 7.96 (7.10–8.82) 8.96 (8.15–9.76) 8.45 (7.86–9.04)

  3 mo 7.67 (6.73–8.60) 8.10 (7.23–8.96) 7.88 (7.25–8.51)

  6 mo 7.53 (6.63–8.44) 8.54 (7.54–9.53) 8.01 (7.35–8.68)

DQoL–Total Score, mean (95% CI)

  Baseline 61.42 (57.03–65.81) 67.90 (63.59–72.21) 64.59 (61.50–67.68)

  3 mo 59.38 (54.40–64.36) 63.27 (59.08–67.45) 61.30 (58.08–64.36)

  6 mo 59.26 (54.48–64.03) 65.87 (60.30–71.44) 62.40 (58.76–64.03)

DQoL = Daily Quality of Life questionnaire; HbA1c = glycosylated hemoglobin.

*
P = 0.04 versus control.
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