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ABSTRACT
Background Telemonitoring interventions featuring
transmission of home glucose records to healthcare
providers have resulted in improved glycemic control in
patients with diabetes. No research has addressed the
intensity or duration of telemonitoring required to sustain
such improvements.
Purpose The DiaTel study (10 January 2005 to
1 November 2007) compared active care management
(ACM) with home telemonitoring (n¼73) to monthly
care coordination (CC) telephone calls (n¼77) among
veterans with diabetes and suboptimal glycemic control.
The purpose of the DiaTel Extension was to assess
whether initial improvements could be sustained with
interventions of the same or lower intensity among
participants who re-enrolled in a 6-month extension of
DiaTel.
Methods DiaTel participants receiving ACM were
re-assigned randomly to monthly CC calls with continued
telemonitoring but no active medication management
(ACM-to-CCHT, n¼23) or monthly CC telephone calls
(ACM-to-CC, n¼21). DiaTel participants receiving CC
were re-assigned randomly to continued CC (CC-to-CC,
n¼28) or usual care (UC, ie, CC-to-UC, n¼29).
Hemaglobin A1c (HbA1c) was assessed at 3 and
6 months following re-randomization.
Results Marked HbA1c improvements observed in
DiaTel ACM participants were sustained 6 months after
re-randomization in both ACM-to-CCHT and ACM-to-CC
groups. Lesser HbA1c improvements observed in DiaTel
CC participants were sustained in both CC-to-CC and
CC-to-UC groups. No benefit was apparent for continued
transmission of glucose data among DiaTel ACM
participants or continued monthly telephone calls among
DiaTel CC participants 6 months after re-randomization.
Conclusion Significant improvements in HbA1c
achieved using home telemonitoring and active
medication management for 6 months were sustained
6 months later with interventions of decreased intensity
in VA Health System-qualified veterans.
Clinical trial reg. no NCT00245882, http://www.
clinicaltrials.gov.

Diabetes mellitus affects approximately 8.3% of the
US population, results in increased morbidity and
mortality, and is associated with high medical
costs.1 2 Intensive glycemic control has been shown
to delay or prevent the development of diabetes-
related microvascular complications.3 However, an
estimated 43.2e55.6% of adults with diabetes do

not meet the American Diabetes Association target
for glycemic control (hemoglobin A1c (HbA1c)
<7.0%).4 5 Factors that may contribute to subop-
timal glycemic control include inadequate home
glucose monitoring, non-compliance with medica-
tions or lifestyle changes, suboptimal patient
education about the disease, and limited access to
providers for diabetes management.6e9 In the
absence of timely and accurate data on home blood
glucose values, providers may be appropriately
hesitant to escalate some oral hypoglycemic agents
or insulin regimens aggressively, due to fear of
hypoglycemia. Telemedicine or telehealth technol-
ogies could provide an effective approach for
addressing education, compliance, monitoring and
provider access issues. Glycemic control could be
improved safely by basing medication changes on
blood glucose readings obtained at home and
transmitted in near real time to providers.
We reviewed 22 reports of clinical intervention

studies involving the upload and direct transmission
of capillary blood glucose data by patients with dia-
betes to providers via cellular telephone, telephone
land line, or a web-based programme.10e32 The results
of these studies were mixed, perhaps because many
studies did not target participants with poor baseline
glycemic control,12e15 18 23 27e29 31 or the interval
between glucose transmission and follow-up was
delayed10e17 19e21 23e26 29e31 or unspecified.13 22 27

Besides our Diabetes Telemonitoring (DiaTel) Study,32

only one study18 reported that providers reviewed
glucose transmissions daily, which would facilitate
more timely management of glycemia. None of these
reports evaluated the intensity of intervention
required to sustain achieved reductions in HbA1c
after the implementation of home telemonitoring.
In the DiaTel Study, a telemonitoring interven-

tion that included daily transmission of home
glucose data and medication adjustments within
24e72 h (active care management; ACM) resulted
in statistically significant reductions in HbA1c at
3 months (1.7% vs 0.7%) and 6 months (1.7% vs
0.8%; p<0.001 for each) compared with a monthly
care coordination (CC) phone call offering diabetes
self-management education and referral to the
primary care provider (PCP) for medication
adjustment.32 The purpose of the DiaTel Exten-
sion was to assess whether these initial improve-
ments could be sustained with interventions of
the same or lower intensity in DiaTel participants
who re-enrolled in a 6-month extension of the
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study. In particular, we assessed the impact of continued data
transmission, initial ACM, and continued monthly telephone
calls.

METHODS
Design and interventions: DiaTel
DiaTel was a randomized controlled trial of veterans with dia-
betes and suboptimal glycemic control managed by primary care
services in the VA Pittsburgh Healthcare System (VAPHS).
Participants were recruited from three VAPHS hospitals in
Pittsburgh, Pennsylvania, and five affiliated community-based
outpatient clinics in Pennsylvania and Ohio. Study eligibility
criteria are summarized in figure 1. Mean HbA1c at randomi-
zation was 9.6% for ACM participants and 9.4% for CC
participants (p¼0.53). Patients were excluded if they did not
have a telephone land line, as this was required by the tele-
monitoring device used in the study. Potentially eligible veterans
were identified through a review of the VA electronic records and
further evaluated by their PCP for appropriateness to participate
in the study.

DiaTel participants were enrolled by the study nurses, and
randomly assigned by the study coordinator using pseudo-
random number sequences generated by the study statistician.
Randomization was stratified on quartile of HbA1c within site

and blocked on time in blocks of size four to six, with equal
allocation to the two groups (ie, to receive 6 months of either
home telemonitoring with ACM by a certified registered nurse
practitioner (CRNP) or a less intensive CC intervention). All
participants received baseline diabetes education from a certified
diabetes educator registered nurse (CDE-RN), based on a VA
publication.33

DiaTel participants randomly assigned to ACM received
instruction in the use of the home-based Viterion 100 Monitor
System (Viterion TeleHealthcare, Terrytown, New York, USA )
to transmit measurements of capillary blood glucose, blood
pressure, and weight to the study CRNP at least once per day.
The study CRNP reviewed participant measurements daily
(MondayeFriday), contacted ACM participants with blood
glucose levels greater than 300 mg/dl for 72 h or with any values
less than 50 mg/dl, and made therapeutic adjustments by phone as
indicated, after consultation with the study endocrinologist. ACM
participants received more comprehensive and frequent education
during the first 6 months of the study than did CC participants, as
detailed in the 2010 Diabetes Care paper.32 ACM participants
received daily messaging from the Viterion device, and monthly
individualized educational phone calls from the study CRNP.
DiaTel participants randomly assigned to CC received monthly
monitoring by phone calls from the CDE-RN. Participants who

Figure 1 Design of the DiaTel Study
and the DiaTel Extension. ACM, active
care management; VAPHS, VA
Pittsburgh Healthcare System.
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reported any issues regarding their health or diabetes were directed
to contact their PCP. The CDE-RN answered general questions
about diabetes, diet, exercise, and medications during the monthly
calls (or more frequently if a participant initiated contact regarding
these topics). The methods and outcomes of the DiaTel Study
have been reported elsewhere.32

Design and interventions: DiaTel Extension
In the DiaTel Extension, participants were re-consented, and re-
assigned randomly to subsequent management at the same or
lower intensity and followed for another 6 months (figure 1).
Participants in the DiaTel ACM group were re-assigned
randomly to receive either the lower intensity CC (ACM-to-CC)
or CC with continued home telemonitoring (ACM-to-CCHT),
which included continued daily Viterion data transmissions but
no active medication management by the CRNP. Participants in
the DiaTel CC group were re-assigned randomly to either
continued CC (CC-to-CC) or VAPHS usual care (CC-to-UC),
which consisted of visits to their PCP every 3e6 months.

DiaTel enrollment occurred between October 2005 and June
2006, with re-enrollment in the DiaTel Extension continuing to

January 2007; the 6 month follow-up ended in July 2007.
Because of administrative delays in the availability of funding
for the DiaTel Extension, seven participants were re-assigned
randomly between 13 and 50 days (median 31 days) after their
6-month DiaTel measurement visit. Consenting participants
were re-assigned randomly by the study coordinator using
pseudo-random binary sequences generated by the study stat-
istician in Stata, with equal allocation within each initial DiaTel
group. The sample size for the DiaTel Extension was limited by
the number of re-consenting participants from DiaTel. A sample
size of 25 participants per group provides 78% power to detect
a pairwise difference of 1% in HbA1c based on a 0.01 two-sided
t-test.
Because both studies involved the comparison of patient care

interventions, it was not possible to blind participants, inter-
ventionists, or clinical investigators involved in making treat-
ment decisions. Staff involved in the collection of laboratory
data was blinded to randomization group. Both DiaTel and the
DiaTel Extension were funded by the Department of Defense,
and reviewed and approved by the VAPHS Institutional Review
Board.

Table 1 Sociodemographic characteristics of veterans who completed the DiaTel Study and did/did not enrol in the DiaTel Extension

DiaTel ACM participants (n[64) DiaTel CC participants (n[73)

Refused (n[18) % Re-enrolled (n[46) % p Value Refused (n[18) % Re-enrollled (n[55) % p Value

Age, years 0.27 0.11

<45 11.1 2.2 0.0 0.0

45e65 50.0 63.0 44.4 65.5

>65 38.9 34.8 55.6 34.6

Gender 0.41

Male 100.0 100.0 100.0 96.4

Female 0.0 0.0 0.0 3.6

Race 0.06 0.33

White, not Hispanic 88.9 65.2 77.8 81.8

African-American not Hispanic 11.1 34.8 16.7 16.4

Asian or Pacific Islander 0.0 0.0 0.0 1.8

American Indian or Alaskan Native 0.0 0.0 5.6 0.0

Employment status 0.85 0.32

Employed full-time 11.1 6.5 27.8 23.6

Employed part-time 11.1 13.0 0.0 14.6

Full-time homemaker 0.0 4.4 0.0 1.8

Retired 55.6 58.7 66.7 47.3

Unemployed 22.2 17.4 5.6 12.7

Marital status 0.38 0.76

Single, never married 5.6 13.0 22.2 14.6

Married or living as married 38.9 54.4 44.4 58.2

Widowed 16.7 8.7 5.6 5.5

Separated or divorced 38.9 23.9 27.8 21.8

Living arrangement 0.76 0.42

Lives alone, private residence 38.9 34.8 33.3 23.6

Lives with other, private residence 61.1 65.2 66.7 76.4

Education 0.55 0.76

Grade school (years 1e8) or less 0.0 4.4 0.0 3.6

Some high school 5.6 8.7 11.1 7.3

Completed high school or GED 33.3 37.0 44.4 40.0

Some post-high school education 27.8 30.4 22.2 14.6

Completed technical or vocational 11.1 13.0 16.7 18.2

Completed college or more 22.2 6.5 5.6 16.4

Comorbidities

Coronary artery disease 38.9 39.1 0.99 38.9 30.9 0.53

Congestive heart failure 22.2 19.6 0.81 16.7 10.9 0.52

Chronic obstructive pulmonary disease 11.1 4.4 0.31 16.7 5.5 0.13

The two DiaTel CC-to-UC participants who re-enrolled but did not participate in the DiaTel Extension are counted as refused in this table.
ACM, active care management; CC, care coordination; GED, General Education Diploma; UC, usual care.
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Measures
The intervention was evaluated in terms of the primary clinical
outcome, HbA1c. The 6-month HbA1c from DiaTel was the
baseline measure for the DiaTel Extension. Additional HbA1c
measurements were obtained at clinic visits 3 and 6 months
following re-randomization, ie, at approximately 9 and
12 months after the initial DiaTel randomization.

Analysis
Hypotheses regarding time-specific mean differences in HbA1c
and differential changes over time were tested using two-sample
t tests, with no adjustments for multiple comparisons. The
following pairwise comparisons were made between the inter-
vention groups: ACM-to-CCHT and ACM-to-CC, to evaluate
the effect of continued data transmission; ACM-to-CC and CC-
to-CC, to evaluate the effect of initial ACM; and CC-to-CC and
CC-to-UC, to evaluate the effect of the continued monthly
telephone calls associated with CC (figure 1). Changes over time
within each intervention group were compared using paired t
tests, and differential changes over time were compared using
two-sample t tests on the difference scores. To account for the
very small amount of missing HbA1c data (three measurements)
and truncated data (one measurement), we used the mean of
10 imputations based on the fingerstick or other available
HbA1c values. To assess the sensitivity of the results to the
administrative delays in re-randomization, the primary analyses
were re-run excluding the seven participants with delayed
re-randomizations.

RESULTS
Of the 137 (91.3%) participants who completed DiaTel, 101
(73.7%) consented to the DiaTel Extension (44/64 (68.8%) from
the original ACM group, and 57/73 (78.1%) from the original CC
group; figure 1). In the CC-to-UC group, two individuals were
considered to be non-participants in subsequent analyses
because no follow-up data were available. Follow-up at 3 and
6 months post re-randomization was otherwise complete,
except for one CC-to-UC participant at 3 months and two CC-
to-UC participants at 6 months (including one who had HbA1c
assessed at a non-VA hospital). No statistically significant

differences were observed between DiaTel Extension partici-
pants and non-participants within either DiaTel intervention
group, although relatively more African-American than white
individuals in ACM participated in the DiaTel Extension
(table 1; p¼0.06). No adverse events were experienced by any
DiaTel Extension participant.
In the DiaTel Extension, six participants changed insulin

status between 6 and 12 months (three started on insulin and
three stopped taking insulin). For those on insulin, average
increases in insulin dose were modest for three subgroups
(between 3 and 8 IU) and 18 IU for the CC-to-UC subgroup
(data not tabled).
Table 2AeC shows the time-specific means and standard

deviations for HbA1c by the DiaTel Extension intervention
group, with each table showing pairwise comparisons of the
means of the designated groups. The largest, although not
significant, pairwise differences were between the ACM-to-CC
and CC-to-CC groups (0.59% at 6 months; p¼0.11, reflecting
DiaTel differences); 0.49% at 9 months, p¼0.19; and 0.55% at
12 months, p¼0.11. None of the remaining pairwise differences
approached statistical significance at 6, 9, or 12 months (p>0.30
for each). Figure 2AeC shows the corresponding dotplots for
each hypothesis. No significant differences are attributable to
the continued data transmission in DiaTel ACM participants
(figure 2A), initial ACM among DiaTel Extension CC partici-
pants (figure 2B), or continued monthly calls among DiaTel CC
participants (figure 2C).
Table 3AeC summarizes within-group changes in HbA1c over

time. The only within-group change that approached statistical
significance was an increase in HbA1c of 0.35% in the CC-to-UC
group between 6 and 9 months (p¼0.06, not shown; p>0.20 for
all other within-group comparisons over time). Except possibly
for a differential change of 0.37% from 6 to 9 months between
the CC-to-CC and CC-to-UC groups (p¼0.09), figure 2 and
table 3 show little evidence of differential change over time
between any of the other pairwise comparisons considered
(p>0.50 for each).
Figure 3 shows patterns in mean HbA1c by randomization

group for DiaTel Extension participants during both studies.
DiaTel Extension participants in each intervention group
demonstrated a decline in HbA1c between the DiaTel baseline

Table 2 Time-specific means and standard deviations for HbA1c, by DiaTel Extension intervention group

(a) HbA1c (%)

ACM-to-CCHT (n[23) ACM-to-CC (n[21) DiffACM-to-CCLACM-to-CCHT

p Value for differenceMean SD Mean SD Mean SE

6 Months 7.77 0.82 7.97 1.41 0.20 0.34 0.57

9 Months 7.93 0.96 8.04 1.34 0.12 0.35 0.74

12 Months 8.03 1.03 8.16 1.03 0.14 0.31 0.67

(b) HbA1c (%)

ACM-to-CC (n[21) CC-to-CC (n[28) DiffCC-to-CCLACM-to-CC

p Value for differenceMean SD Mean SD Mean SE

6 Months 7.97 1.41 8.56 1.14 0.59 0.36 0.11

9 Months 8.04 1.34 8.53 1.22 0.49 0.37 0.19

12 Months 8.16 1.03 8.71 1.25 0.55 0.34 0.11

(c) HbA1c (%)

CC-to-CC (n[28) CC-to-UC (n[27) DiffCC-to-UCLCC-to-CC

p Value for differenceMean SD Mean SD Mean SE

6 Months 8.56 1.14 8.53 1.18 �0.03 0.31 0.92

9 Months 8.53 1.22 8.87 1.25 0.34 0.33 0.31

12 Months 8.71 1.25 8.84 1.38 0.13 0.35 0.72

p Values are given for tests of time-specific differences between the corresponding pairs of means, ie, ACM-to-CCHT and ACM-to-CC are compared in (a), ACM-to-CC and CC-to-CC are
compared in (b), and CC-to-CC and CC-to-UC are compared in (c). The 6-month measurement is from DiaTel; the 9 and 12 months measurements are taken during the DiaTel Extension.
ACM, active care management; CC, care coordination; CCHT, care coordination with continued home telemonitoring; HbA1c, hemoglobin A1c; UC, usual care.
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and 12 months, and the improvements observed at 6 months in
DiaTel were attenuated only slightly when the intensity of each
intervention was decreased (or maintained, for the CC-to-CC
group) in the DiaTel Extension. Similar results were obtained
when the seven participants re-assigned randomly more than
12 days after their 6-month DiaTel visits were excluded (one in
ACM-to-CCHT, one in ACM-to-CC, three in CC-to-CC, and
two in CC-to-UC).

DISCUSSION
In DiaTel, intensive telemonitoring with active medication
management intervention in veterans with diabetes and poor
glycemic control was effective in rapidly reducing HbA1c, with
the greatest reductions obtained by 3 months and sustained at
6 months.32 Our DiaTel Extension data show that the gains
achieved by the end of DiaTel were attenuated only slightly by
6 months after re-randomization.

Telemedicine interventions offer the potential to engage
patients and healthcare providers in safe, effective and efficient
management of glycemia. Telemedicine may result in significant
economic savings, by reducing the time and travel costs for
patients with diabetes and facilitating analysis of glucose data
and treatment decisions by providers.34 Several studies on the

economic costs and benefits of such interventions suggest that
patients benefit from telemedicine in terms of the reduced time
and travel costs relative to routine care, but that telemonitoring
interventions require more provider time than does traditional
diabetes management.12 14 17 18 24 Consequently, disseminating
such interventions will require not only a reimbursement
mechanism but some consideration of cost-effective ways to
employ telemonitoring in patients with diabetes.
The ACM-to-CCHT and ACM-to-CC comparisons failed to

show benefits from continuing the use of home telemonitoring
in the DiaTel Extension. These and other subgroup comparisons
in the DiaTel Extension suggest that the same or lower intensity
contact could be as effective as higher intensity contact in
maintaining achieved improvements in glycemic control, at least
over a 6-month period. However, because participants in the
ACM-to-CC group continued to receive monthly CC phone
calls, the DiaTel Extension does not address the value of a short-
term, high-intensity telemonitoring intervention followed by
a return to conventional primary care. While our results are not
definitive, they certainly suggest that consideration should be
given to the intensity and duration of telemonitoring interven-
tions such as the ones we employed. Additional research is
needed to confirm our results, examine the duration and

Table 3 Within-group changes over time in HbA1c by DiaTel Extension intervention group

(a) HbA1c Change (%) over time

ACM-to-CCHT (n[23) ACM-to-CC (n[21)
DiffACM-to-

CCHTLDiffACM-to-CC

p Value for differenceDiffACM-to-CCHT SD DiffACM-to-CC SD Mean SE

6e9 Months �0.15 0.86 �0.07 1.01 �0.08 0.28 0.78

6e12 Months �0.25 0.91 �0.19 0.82 �0.06 0.26 0.82

9e12 Months �0.10 0.64 �0.12 0.81 0.019 0.22 0.93

(b) HbA1c Change (%) over time

ACM-to-CC (n[21) CC-to-CC (n[28)
DiffACM-to-

CCHTLDiffCC-to-CC

p Value for differenceDiffACM-to-CCHT SD DiffCC-to-CC SD Mean SE

6e9 Months �0.07 1.01 0.03 0.71 �0.10 0.25 0.68

6e12 Months �0.19 0.82 �0.15 1.16 �0.04 0.30 0.90

9e12 Months �0.12 0.81 �0.18 1.01 0.06 0.27 0.81

(c) HbA1c Change (%) over time

CC-to-CC (n[28) CC-to-UC (n[27)
DiffCC-to-CC-LDiffCC-
to-UC

p Value for differenceDiffCC-to-CC SD DiffCC-to-UC SD Mean SE

6e9 Months 0.03 0.71 �0.35 0.91 0.37 0.22 0.09

6e12 Months �0.15 1.16 �0.31 1.43 0.16 0.35 0.65

9e12 Months �0.18 1.01 0.03 1.38 �0.22 0.33 0.51

p Values are given for differential changes over time between pairs of intervention groups, ie, ACM-to-CCHT and ACM-to-CC are compared in (a), ACM-to-CC and CC-to-CC are compared in (b),
and CC-to-CC and CC-to-UC are compared in (c). The 6-month measurement is from DiaTel; the 9 and 12 months measurements are from the DiaTel Extension.
ACM, active care management; CC, care coordination; CCHT, care coordination with continued home telemonitoring; HbA1c, hemoglobin A1c; UC, usual care.

Figure 2 Pairwise comparisons of
hemoglobin A1c (HbA1c) at 6, 9, and
12 months to test each hypothesis. The
6-month measurement is from DiaTel;
the 9 and 12 months measurements are
taken during the DiaTel Extension. In
each plot, a solid dot denotes the data
points and a solid line connects the
time-specific means for the ‘more
intensive’ intervention, and a hollow
circle denotes the data points and
a dotted line connects the time-specific
means for the ‘less intensive’ intervention. The ‘more intensive’ intervention is ACM-to-CCHT in (a), ACM-to-CC in (b), and CC-to-CC in (c). The
corresponding ‘less intensive’ intervention is ACM-to-CC in (a), CC-to-CC in (b), and CC-to-UC in (c). (a) ACM-to-CCHT versus ACM-to-CC (continued
data transmission), (b) ACM-to-CC versus CC-to-CC (initial active care management) (c) CC-to-CC versus CC-to-UC (continued monthly calls). ACM,
active care management; CC, care coordination; CCHT, care coordination with continued home telemonitoring; UC, usual care.
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intensity of contact required for long-term maintenance of
glycemic control, and assess the cost-effectiveness of these
approaches.

The DiaTel Extension builds on a concurrent randomized
clinical trial to address a question that has received little atten-
tion in the literature. A major strength is the re-randomization,
which allows unbiased comparisons within the two DiaTel
intervention arms to assess the impact of the continued data
transmission and the continued monthly calls.

This study also has several limitations. First, power is limited
because the sample size was restricted to those DiaTel partici-
pants who consented to be re-assigned randomly. Second, this
study did not include a group re-assigned randomly to ACM, so
the effect of continued active medication management cannot
be assessed. Third, we could not assess potential carry-over
effects from the patient education and medication management
in the initial DiaTel study; DiaTel ACM participants on insulin
tended to be on somewhat higher doses of insulin by 6 months.
Fourth, because of the time delays between the end of
DiaTel and re-randomization, DiaTel treatment was continued
for somewhat longer than 6 months for seven participants.
However, our results were not sensitive to this administrative
delay. Fifth, although participants and non-participants in the
DiaTel Extension appear to be similar demographically, DiaTel
Extension participants may be more highly motivated to
improve their glycemic control than the typical diabetes patient
with poor glycemic control. Also, some participants did not have
poor glycemic control by the start of the DiaTel Extension.
Finally, sociodemographic differences between veterans in the
VA Healthcare System and the US civilian population with
diabetes may limit the generalizability of the study findings.

CONCLUSION
Marked improvements in glycemic control among ACM
participants with diabetes at 6 months were largely sustained
for 6 months following re-randomization to an intervention
that did not include either active medication management by
a CRNP or home telemonitoring. There were no apparent
benefits of continued transmission of glucose data by a home
telemedicine device. Smaller initial improvements in glycemic
control among CC participants during the DiaTel study were

also sustained, even after return to UC. Ongoing monitoring of
HbA1c provides an opportunity to identify patients who may,
despite an initial course of intensive management and
improvement, need additional intensive management at some
time in the future. Our results suggest that improvements in
HbA1c achieved using home telemonitoring and active medica-
tion management for 6 months could be sustained for an addi-
tional 6 months following re-randomization with interventions
of decreased intensity in a population of VA-qualified veterans
that has a high level of access to care.
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