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Abstract
Objective: Patient self-management support may be augmented by

using home-based technologies that generate data points that pro-

viders can potentially use to make more timely changes in the pa-

tients’ care. The purpose of this study was to evaluate the

effectiveness of short-term targeted use of remote data transmission

on treatment outcomes in patients with diabetes who had either out-

of-range hemoglobin A1c (A1c) and/or blood pressure (BP) mea-

surements. Materials and Methods: A single-center randomized

controlled clinical trial design compared in-home monitoring

(n = 55) and usual care (n = 53) in patients with type 2 diabetes and

hypertension being treated in primary care clinics. Primary outcomes

were A1c and systolic BP after a 12-week intervention. Results:

There were no significant differences between the intervention and

control groups on either A1c or systolic BP following the interven-

tion. Conclusions: The addition of technology alone is unlikely to

lead to improvements in outcomes. Practices need to be selective in

their use of telemonitoring with patients, limiting it to patients who

have motivation or a significant change in care, such as starting

insulin. Attention to the need for effective and responsive clinic

processes to optimize the use of the additional data is also important

when implementing these types of technology.
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Introduction

D
iabetes mellitus and hypertension are prevalent illnesses

that co-occur in many patients. Simultaneous control of

blood glucose (BG) and blood pressure (BP) is complex1

and difficult to achieve.2 Self-management support can

improve outcomes3,4 and may be augmented by using home-based

technologies that enable providers to monitor patients more fre-

quently than is possible through face-to-face office visits. In-home

monitoring can increase the number of non–clinic visit-generated

data points that providers can potentially use to make changes in the

patients’ care. In-home monitoring and transmission provide more

timely information that could potentially change the care plan, as

opposed to waiting for 3 months for the next scheduled visit or for an

emergency to occur, before getting updated clinical values. Use of

these technologies can also shift some responsibility for review of

data and/or patient management from the primary care physician to

other clinicians (e.g., nurses or pharmacists), which has been shown

to be effective in managing hypertension.5

The purpose of this study was to evaluate the effectiveness of

short-term targeted use of data transmission from in-home devices

(BG meter and BP machine) to the clinic on treatment outcomes in

patients with diabetes who had either out-of-range hemoglobin A1c

(A1c) or systolic BP (SBP) measurements.

Materials and Methods
PARTICIPANTS

The study was approved by the University of Missouri Institutional

Review Board. The study took place at six University of Missouri

Family Medicine (FM) and General Internal Medicine (GIM) clinics.

To identify subjects with established type 2 diabetes who were out of

desired range on either A1c ( ‡ 8%) or SBP ( > 130 mm Hg), we queried

the electronic medical record every 2 weeks during the study en-

rollment phase. In addition to A1c and SBP levels, criteria for in-

clusion were age ‡ 18 years old, taking either oral diabetes

medication or injectable insulin, diagnosis of type 2 diabetes for at

least 1 year prior to study enrollment, currently using and/or owning

a BG meter compatible with study equipment, having an in-home

analog phone line or computer with Internet connection, and
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receiving primary care at FM or GIM clinics from an attending

physician and anticipating receiving primary care for the next 12

months from that clinic. We excluded patients who were diagnosed in

the past 12 months or had type 1 diabetes, were legally blind, resided

in a long-term care facility (nursing home, assisted living facility, or

other residential care), were severely cognitively impaired (more than

two errors on a six-item cognitive screen6 administered by tele-

phone), or had someone else from their immediate household en-

rolled in the study.

For potential subjects identified from the electronic medical record

query, we asked their primary care physicians to sign a letter along

with the study’s Principal Investigator (D.R.M.) that described the

study and invited participation. Thus, the patient’s primary physician

could exclude patients from the study. The letter included a copy of

the consent form and a stamped postcard for the patient to return

indicating if he or she was not willing to be contacted for the study

(an opt-out approach). Within 2 weeks of sending the letter, a study

research assistant telephoned those patients who had not declined,

described the study in more detail, answered questions, obtained

verbal consent for participation and to access and review pertinent

records in the electronic medical record, scheduled the enrollment

visit, and instructed the patient to bring his or her BG meter to the

enrollment visit. After patients signed the study consent form, they

were randomized to intervention and control groups by the research

assistant using sequentially numbered sealed opaque envelopes

prepared in advance by the study data manager. Because of the na-

ture of the intervention, neither the patients nor the physicians were

blinded to the patient’s group assignment.

INTERVENTION
The study used a telemonitoring system from Numera (formerly

IMetrikus, Mountain View, CA). All participants were provided with

an electronic BP monitor and used their personal BG meter to track

their BP and BG. Once the patient completed a measurement, he or

she pressed the button on the Numera Net Connectivity Hub�, a small

portable, one-button device that transfers data directly over either an

analog phone line or a personal computer with Internet access (pa-

tients chose which upload method to use). The Connectivity Hub

securely connects to personal health monitoring devices via a cable

or infrared link and thus is able to accommodate a wide range of

BG meters. Patient data were securely transferred to a password-

protected secure Web site using the company’s Food and Drug Ad-

ministration–cleared gateway. Patients could choose to send data

daily or, because data were stored on the glucose meter and BP

machine, could upload several measurements at a time. Participants

with access to the Internet were able to track and monitor their

progress on the patient section of the Web site.

Intervention patients were trained by the study research assistant

on the equipment setup at the enrollment visit, including connecting

the equipment to their computer or phone line and performing up-

loads. Training was hands-on, and patients were asked to demon-

strate setting up the equipment and connecting their meter and the

compatible BP cuff. Patients were given instruction on how to take

their BP with the equipment-compatible BP cuff according to

American Heart Association measurement guidelines.7 Intervention

patients were asked to test their BP and BG a minimum of at least

once daily for the 3-month study duration, but their provider could

request more frequent readings. We requested that patients upload

their readings daily if possible and at least every other day.

Transmitted data were reviewed by the clinic nurse at least two

times per week and, if issues were identified, then printed out for

provider review, verbally reported, or electronically communicated

to the provider, depending on his or her preference. Advanced

practice nurses in the FM clinic could make changes in patient

treatment based on their currently established privileges (e.g., med-

ication adjustments); other nurses in the GIM or FM clinics reviewed

the data with providers who would change treatment plans. All

treatment changes were individualized according to patient need. No

standardized BG or BP management protocol was used. Commu-

nication of changes in therapy to the patient was accomplished per

usual clinic protocol (e.g., usually by a telephone call to the patient,

with documentation of a telephone note in the medical record).

Control group patients (those who did not receive the device) were

asked to test their BP and BG at least once daily (in the same fashion

as the intervention group). Those control group patients who did not

own a BP cuff were given a study cuff to use and instructed on how to

take a measurement. They were instructed to record both readings

and bring their records to their clinic visits. After 3 months, all

subjects returned to the clinic for follow-up A1c and BP measure-

ment and for poststudy surveys. At that time, all participants received

a $20 gift card for their participation.

Nurses were trained on the study protocol by study investigators

and use of the equipment by a Numera staff member prior to the

enrollment phase. Providers received an overview of the study in

scheduled staff meetings. During these meetings, providers were also

shown possible data views (daily, summarized, graphed) so that they

could choose their preferred data display options when communi-

cating with the clinic nurses.

MEASURES
Baseline data were collected from the patient, including demo-

graphic data (age, gender, race, and years of formal education), payor

status (private pay, insurance, Medicaid), and the level of in-home

assistance the patient was receiving with his or her BG or BP man-

agement. If the most recent A1c was greater than 10 weeks old, an

A1c was obtained at study enrollment. In order to assess for baseline

differences in patient activation, the 13-item short form Patient

Activation Measure (PAM)8 was administered at enrollment. The

PAM assesses the patient’s beliefs, confidence, and knowledge in self-

management and the likelihood of taking action to improve one’s

health. One of the ways that increased communication about self-

monitoring data may work is to draw parallels to lifestyle and self-

management choices, which may work through increased activation

to motivate behavior change and improved clinical outcomes. PAM
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items were scored on a 5-point scale, where 1 = strongly

agree through 4 = strongly disagree and 5 = no opinion. The

primary outcomes were improvement in BG (A1c measure at

the end of the 3-month intervention) and SBP. If enrolled

subjects had an A1c measurement in the record at the end of

6 months, we collected these data to assess longer-term ef-

fects of the intervention. At the conclusion of participation

in the study, intervention patients completed a 17-item in-

vestigator-developed questionnaire used in prior studies of

home monitoring interventions9,10 to assess their percep-

tions of the program.

STATISTICAL METHODS
SAS for Windows version 9.2 software (SAS Institute,

Cary, NC) was used for all analyses. Demographic data, pa-

tient perception, and PAM data were analyzed using de-

scriptive statistics.

For the BG and BP outcomes, linear mixed models

(hierarchical linear models) were fit to the data with both

fixed and random effects along with some fixed effect

interaction terms and key covariates (sex, baseline mea-

surement of outcome, age at enrollment, and PAM score).

Main fixed effects included time in the study (days since

enrollment), group (intervention or control), and group-

by-time interaction. Random effects included a subject-

specific random intercept to account for the heterogeneity

among patients with respect to baseline outcome mea-

sures. A random effect due to the primary care provider

was also included to account for the hierarchical nature of

patients being treated by the same primary care provider

and the dependency among patients that could induce. We

primarily used PROC MIXED in SAS to fit models. Model

fit was assessed using graphical model diagnostics to

explore both the fixed and random effects via raw and Studentized

residuals and conditional Pearson residuals. In conjunction with

these graphical approaches, the corrected Akaike Information

Criterion11 was used for model selection and to prevent over-

fitting.

Results
Recruitment occurred from May of 2009 through August 2010.

Figure 1 shows participant flow throughout the study. From an

initial subject pool of 1,343 potential participants, 191 (14%) were

excluded by their primary care physician. The remaining 1,152

received an invitation letter. Of those, 117 (10%) returned the

postcard declining participation. Of the 1,035 contacted by tele-

phone, 266 declined, 347 were ineligible, and we were unable to

contact 313. Of the 108 who agreed to participate, 53 were ran-

domized to the intervention and 55 to the control group. Most

subjects were enrolled based on out-of-control BP (n = 52 controls

and n = 48 intervention). The overall dropout/lost to follow-up rate

was 23% (2 controls and 8 intervention patients dropped out; 10

control and 4 intervention patients were lost to follow-up). Thus,

complete data were obtained for 94 subjects. There were no adverse

events in the study population.

The mean age of the sample was 60 years and was significantly

different between the two groups (control group, mean = 62.5

years, SD = 10.9, range = 32–92; intervention group, mean = 57.7

years, SD = 10.8, range = 29–82; p = 0.02). There were no signifi-

cant differences in the remaining demographic variables. Most

participants had public or private insurance, and most paid for less

than 25% of their health costs out of pocket (Table 1). At enroll-

ment, 20% of participants indicated they received help at home

with managing diabetes or BP, and this was most often provided by

their spouse.

Twenty-eight physicians had patients enrolled in the study (23

FM and 5 GIM). Most study patients were in FM (n = 85; 79%). Five

registered nurses (four in FM and one in GIM) and one licensed

practical nurse (in GIM) were responsible for reviewing patient

data. The registered nurses included two clinical nurse specialists

and one family nurse practitioner. Two of the registered nurses

were certified diabetes educators. Years in nursing practice

ranged from 25 to 45, with a mean of 32 years. Years in their

Fig. 1. Participant flow. BG, blood glucose; DM, diabetes mellitus; FM, family
medicine; GIM, general internal medicine; PCP, primary care provider.
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current position in the clinic ranged from 3 to 12 years (mean, 5.6

years).

There were no baseline differences for mean A1c or SBP, although

SBP differed by gender. Likewise, at the end of 3 months, there were no

statistically significant differences in A1c or SBP between the inter-

vention and control participants (Table 2). Thus, we concluded that the

remote monitoring program did not improve patients’ diabetes or BP

control. This is summarized in Tables 3 and 4, which contain covariate-

adjusted estimates and 95% confidence intervals of differences be-

tween groups and time periods for A1c (Table 3) and SBP (Table 4).

On average, participants’ A1c worsened slightly over time.

However, the rate of at which this happened was slower in the

intervention group (0.03) than the control group (0.05) after 180

days (Table 3, last two rows). In contrast, SBP improved slightly

over time for everyone (data not shown). Patient activation between

the two groups at baseline was not significantly different (data not

shown). Intervention patients rated the remote monitoring favor-

ably (Table 5).

Table 1. Demographic Participant Characteristics
by Randomized Group Assignment

VARIABLE CONTROL (N = 55)
INTERVENTION

(N = 53)

Male gender 23 (41) 25 (47)

Race

White non-Hispanic 48 (87) 46 (87)

Black/African American 7 (13) 5 (9)

Asian 0 1 (2)

Not reported 0 1 (2)

Education

8–12 years (no high school

diploma)

2 (4) 1 (2)

High school graduate/GED 13 (24) 10 (19)

Some college 12 (22) 19 (36)

College graduate 28 (51) 23 (43)

Marital status

Married 30 (55) 38 (72)

Separated/divorced 9 (16) 6 (11)

Widowed 6 (11) 2 (4)

Single 10 (18) 7 (13)

Payor status (could have more than one)

Medicaid 7 (13) 3 (6)

Medicare 31 (56) 16 (30)

Private insurance 42 (76) 48 (91)

Other 2 (4) 0

About what percentage would you say you pay out of your own pocket for your

diabetes care not including any hospital care?

0–25% 45 (82) 39 (74)

26–50% 8 (15) 13 (25)

51–75% 2 (4) 0

76–100% 0 0

Data are number (%).

Table 2. Hemoglobin A1c and Systolic Blood Pressure
Outcomes (Adjusted Means)

VARIABLE BASELINE 3 MONTHS 6 MONTHS

Hemoglobin A1c (%)a

Intervention (n = 41) 7.2 (0.21) 7.2 (0.20) 7.3 (0.20)

Control (n = 53) 7.4 (0.18) 7.4 (0.18) 7.4 (0.17)

Systolic blood pressure (mm Hg)a

Intervention (n = 41)

Male 142 (3.4) 140 (3.5) —

Female 142 (3.3) 141 (3.5) —

Control (n = 53)

Male 148 (3.4) 144 (3.6) —

Female 141 (2.9) 137 (3.0) —

Data are mean (standard error of the mean) values. Six-month blood pressure

was not available because the study data collection ended at 3 months.
an = 52 controls and n = 48 intervention subjects were enrolled based on out-

of-control blood pressure.

Table 3. Covariate-Adjusted Change in Hemoglobin A1c

COMPARISON
OF MEAN A1C ESTIMATE

STANDARD
ERROR

95%
CONFIDENCE

INTERVAL

Intervention – control

Baseline difference - 0.1396 0.2596 ( - 0.6544, 0.3752)

At 90 days - 0.1503 0.2511 ( - 0.6492, 0.3485)

At 180 days - 0.1611 0.2462 ( - 0.6507, 0.3286)

At 180 days – baseline

Intervention 0.0301 0.0426 ( - 0.0539, 0.1140)

Control 0.0515 0.0440 ( - 0.0352, 0.1382)

Negative/lower values favor intervention.

A1c, hemoglobin A1c.
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Discussion
We implemented a remote monitoring program in primary care

clinics for patients with diabetes who had either uncontrolled

BG or BP. Although patients rated the intervention in a positive

light, after 3 months of monitoring, there were no significant

differences between the intervention and control groups on either

A1c or SBP.

This study differed from previous examinations of telemonitoring

because the data were directly transmitted to the patient’s primary

care nurse/doctor team but without the use of a ‘‘study’’ nurse or other

research personnel. As such, it was an attempt to see how such data

collection might be integrated into a clinic’s normal workflow. It also

differs from previous studies in that the response to data was not

prescribed but was left to the discretion of the patient’s primary care

providers. Although the setting for this study was practices associ-

ated with academic departments of internal medicine and FM, this

study advances the understanding of telemonitoring in more ‘‘real-

world’’ primary care practice.

Prior studies have found positive results for remote monitor-

ing for BG and BP. In a study using similar enrollment criteria to

our study, Stone et al.12 compared active care management plus

home telemonitoring with a monthly telephone call and found

significant reductions in A1c at 3 and 6 months with active man-

agement and telemonitoring (1.7% vs. 0.7% and 1.7% vs. 0.8%,

respectively; n = 150). Bosworth et al.13 compared three interven-

tion approaches with usual care hypertension management: nurse-

administered behavioral intervention by telephone, home BP

monitoring three times per week, and the behavioral intervention

plus home monitoring (n = 636); only the combined behavioral in-

tervention and home monitoring improved BP control relative to

usual care ( - 0.6 mm Hg and - 3.9 mm Hg, respectively). Adding

Web-based pharmacist communication14 to Web-only training and

BP monitoring significantly improved BP control in patients with

hypertension (56% vs. 31% in the control group with controlled BP)

(n = 778).

Only a few studies have evaluated improving outcomes in patients

with multiple morbidities. A study using remote monitoring with an

educational component and nurse care management improved A1c

over 6 months (0.44% decrease, p = 0.0001) and reduced SBP over 6

months (change = - 6.05 mm Hg, p = 0.01) and 12 months (change =
- 4.92 mm Hg, p = 0.04) in patients who received a more intensive

management approach (n = 302).10 In a randomized trial in Canada,

a pharmacist–nurse team working with a family physician achieved

a statistically significant reduction in BP in patients with diabetes

mellitus over 24 weeks (reduction in SBP at 6 months of 5.6

[standard deviation 2.1] mm Hg compared with controls)

Table 4. Covariate-Adjusted Change in Systolic Blood
Pressure

COMPARISON
OF MEAN SBP
(INTERVENTION

– CONTROL) ESTIMATE
STANDARD

ERROR

95%
CONFIDENCE

INTERVAL

Baseline difference

Males - 6.27 4.72 ( - 15.65, 3.11)

Females 1.11 4.37 ( - 7.56, 9.79)

Difference at 90 days

Males - 3.31 4.96 ( - 13.15, 6.53)

Females 4.08 4.61 ( - 5.07, 13.23)

Negative/lower values favor intervention.

SBP, systolic blood pressure.

Table 5. Patient Device Perceptions Questionnaire

ITEM MEAN (SD)

1. I think the IMetrikus device was simple to set up in my

home.

1.6 (0.4)

2. Sending data with the IMetrikus device is easy for me. 1.8 (1.0)

3. Sending data with the IMetrikus device interferes with

my lifestyle.

3.6 (1.2)

4. Knowing that nurses are monitoring the data I send

gives me peace of mind.

1.8 (0.8)

5. Using the IMetrikus device and Web site could alert me

to a health problem I might have otherwise missed.

1.7 (0.9)

6. Using the IMetrikus device could alert my doctor/nurse

to a health problem he or she might have otherwise missed.

1.5 (0.6)

7. Sending data each day takes too much time. 3.4 (1.3)

8. It is difficult for me to remember to send my data each day. 3.4 (1.2)

9. If given the option, I would want to continue sending

data every day after the study period ends.

2.3 (1.1)

10. I would recommend this program (sending daily data)

to other patients with the same condition.

1.6 (0.7)

11. I feel that using the IMetrikus device helped me to manage

my diabetes.

2.0 (0.9)

12. Using the IMetrikus device helped me to manage my

blood pressure.

2.1 (1.2)

13. I am comfortable using a blood glucose machine at home. 1.3 (0.5)

14. I am comfortable measuring my blood pressure at home. 1.6 (1.1)

15. I was satisfied with the frequency of communication I

received from my doctor or nurse while using the IMetrikus

device.

2.4 (1.3)

16. I was satisfied with the quality of the communication I

received from my doctor or nurse about my diabetes while

using the health messaging device.

2.2 (1.3)

17. Overall, I felt I knew more about my diabetes while

using the health messaging device than I had without it.

2.0 (1.1)

The 5-point scale ranged from strongly agree = 1 to strongly disagree = 5.
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(n = 227).15 Others have found a spillover effect where a hyperten-

sion management program also improved A1c (0.46% reduction

over 2 years; n = 216), even though it was not the focus of the

intervention.16

There are several possible reasons for our negative findings. First,

our study intervention consisted of transmission of BG and BP data

to the clinic. No additional teaching, coaching, or other more in-

tensive interventions were implemented. Although the intervention

was supported by research funding, we implemented it using ex-

isting clinic staff rather than research nurses, which may have

muted the effect of the intervention. Enrolled patients were in rel-

atively good control at baseline for both A1c and BP; thus clinicians

may have been hesitant to push for tighter control. Another factor

that may have led to some physicians to be reluctant to pursue tight

glycemic control was the publishing of the results of the ACCORD

trial just before our study began.17 Our intervention period was

relatively short at 3 months. Although changes in A1c could be

manifested in 3 months, it is possible a more intensive intervention

over a longer period of time would have resulted in a greater im-

provement in clinical outcomes.

The primary conclusion from this study may be, as we are

learning from other studies,18,19 that the addition of technology

alone is unlikely lead to improvements in care. Furthermore, pa-

tients may view the technology as an impediment to their existing

relationship with providers and feelings of independence and sense

of personal control.20 To best make use of these telemonitoring data

in primary care, a practice might need to designate additional

personnel resources to monitor the data and provide more intensive

feedback and education for patients. Technology alone will likely

fail to increase patient activation toward their self-management

goals. Another factor is that practices may need to be more selective

in their use of telemonitoring with patients, limiting it to those who

have motivation or a significant change in care, such as starting

insulin.

The number of clinical items addressed per visit has increased

disproportionally to visit length.21 The increase in the number of

clinical items is primarily driven by increases in the number of

diagnoses and medications and increased BP monitoring and blood

work.21 Thus, approaches such as remote monitoring of some vital

signs such as BP or BG may allow more efficient use of time during

clinic visits. However, as our data show, monitoring alone may not

improve patient outcomes. Thus, patients with out-of-range BP or

BG may benefit from more intensive intervention that can be pro-

vided by nonphysician staff such as nurses in models such as the

patient-centered medical home. However, reimbursement models

would need to accommodate this type of care for it to be widely

adopted by primary care practices.
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