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BACKGROUND:Home telemonitoring has been usedwith
discharged patients in an attempt to reduce 30-day read-
missions with mixed results.
OBJECTIVE: To assess whether home 30-day telemoni-
toring after discharge for patients at high risk of readmis-
sion would reduce readmissions or mortality.
DESIGN: Prospective, randomized controlled trial.
PATIENTS: We compared 30-day readmission rates and
mortality for patients at high risk for readmission who
received home telemonitoring versus standard care be-
tween November 1, 2014, and November 30, 2018, in 2
tertiary care hospitals.
INTERVENTIONS: The intervention group received
home-installed equipment to measure blood pressure,
heart rate, pulse oximetry, weight if heart failure was
present, and glucose if diabeteswas present. Resultswere
transmitted daily and reviewed by a nurse. Both groups
received standard care.
MAIN MEASURES: The primary outcome was a compos-
ite end point of hospital readmission or death within
30 days after discharge. The secondary outcome was an
emergency department visit within 30 days after
discharge.
KEY RESULTS: A total of 1380 participants (mean [SD]
age, 66 [14] years; 722 [52.3%] men and 658 [47.7%]
women) participated in this study. Using a modified
intention-to-treat analysis, the risk of readmission or
death within 30 days among patients at high readmission
risk was 23.7% (137/578) in the control group and 18.2%
(87/477) in the telemonitoring group (absolute risk differ-
ence, − 5.5% [95%CI, − 10.4 to − 0.6%]; relative risk, 0.77
[95% CI, 0.61 to 0.98]; P = .03). Emergency department
visits occurred within 30 days after discharge in 14.2%
(81/570) of patients in the control group and 8.6% (40/
464) of patients in the telemonitoring group (absolute risk
difference, − 5.6% [95% CI, − 9.4 to − 1.8%]; relative risk,
0.61 [95% CI, 0.42 to 0.87]; P = .005).
CONCLUSIONS: Thirty days of postdischarge telemoni-
toring may reduce readmissions of high-risk patients.

TRIAL REGISTRATION: ClinicalTrials.gov identifier:
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INTRODUCTION

The Centers for Medicare & Medicaid Services Hospital
Readmissions Reduction Program (CMS HRRP) has led to a
national conversation and prodigious efforts to identify and
correct gaps in the current state of health care transitions in the
USA.1–4 Rates of hospital 30-day readmissions have de-
creased slightly over the past 5 years but remain
high—approximately 15% for all Medicare patients.5 Strate-
gies to improve patient transitions from hospital to home are
critical, given possible financial penalties, the focus on read-
missions as a measure of quality of care, and transparent
reporting of readmission rates on public websites.
Most efforts to reduce readmissions have focused on im-

proving in-hospital patient education and discharge planning
as well as increasing postdischarge follow-up and monitoring
with various interventions, including structured telephone
calls, telemonitoring, and home or clinic visits occurring with-
in the immediate postdischarge period.6–16 Although these
interventions have been extensively studied in various con-
texts and disease processes, questions remain regarding which
interventions truly provide the highest value. One emerging
theme is that frequent, health system–initiated contact after
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discharge has a significant and consistent impact on reducing
readmissions.6,7

Telemedicine has been increasingly viewed as an alterna-
tive to in-person visits in this context because of the ability to
reach more patients and ideally intervene before events occur.
However, studies thus far have shown inconsistent results
regarding the efficacy of telemedicine in reducing readmis-
sions.8–16 Decreased readmissions with postdischarge home
telemonitoring have been shown in some studies of patients
hospitalized with diagnoses such as lung cancer,8 chronic
obstructive pulmonary disease,9,10 hip and knee arthro-
plasty,11 and congestive heart failure12,13; yet, other studies
of patients with similar diagnoses have shown no benefit.14–16

These studies were either small or very disease specific, mak-
ing their results difficult to generalize. Because of these com-
plexities, systematic reviews and meta-analyses have reached
wide-ranging conclusions regarding the effectiveness of post-
discharge telemonitoring in preventing admissions or readmis-
sions.14,17–21

Despite these mixed results, many organizations are using
home telemonitoring with the goal of reducing readmissions.
However, to our knowledge, no study has prospectively eval-
uated the outcomes of home telemonitoring for patients at risk
for readmission regardless of diagnosis, simulating the current
practice in many health care systems. To answer this question,
we conducted a prospective randomized clinical trial to deter-
mine whether home telemonitoring for 30 days after discharge
for patients at high risk for readmission would reduce read-
missions or mortality.

METHODS

Patients and Settings

We performed a 1:1 randomization of adults at high risk for
hospital readmission at discharge to a control group consisting
of standard care and to an intervention group consisting of
home telemonitoring in addition to standard care. We com-
pared 30-day readmission rates for both groups between No-
vember 1, 2014, and November 30, 2018. Mayo Clinic hos-
pitals in Florida and Arizona were included in the study.
Florida began November 1, 2014, and Arizona was added as
a site January 1, 2017. The study was approved by the Mayo
Clinic Institutional Review Board. The reporting of this study
is in compliance with the CONSORT (Consolidated Standards
of Reporting Trials) statement.22

Both study sites are tertiary care teaching hospitals with
approximately 300 beds each that use the same electronic
health record (EHR). After admission, all patients ≥ 18 years
were scored for readmission risk that were computed with a
validated electronic tool23 and based on 13 criteria assessed
during hospitalization. These 13 criteria included payer
source, poor health literacy, lack of social support or the
inability to self-care, an admission within the previous
12 months, emergent admission, a hospitalization > 5 days,

or history of a major medical comorbid condition (diabetes
mellitus, myocardial infarction, stroke, peripheral artery dis-
ease, congestive heart failure, chronic obstructive pulmonary
disease, substance abuse, depression, acute delirium, receiving
dialysis, previous or active cancer, end-stage liver disease, or
HIV) (Supplemental Table 1). The electronic tool obtains
objective data from patients’ documented comorbid condi-
tions and medications and social data (e.g., health literacy,
social support) from the nurse assessment at admission using
standardized questions. Patients were divided into 3 risk
groups based on their readmission risk score: < 10 = low risk,
10–14 =medium risk, and > 14 = high risk. Approximately
38% of hospitalized patients were considered high risk for
readmission; 16%, intermediate risk; and 46%, low risk. A
study coordinator met with the high-risk patients, explained
the study, and gave them the opportunity to participate. Writ-
ten informed consent was obtained and documented. Patients
were excluded if they lived outside the US, were < 18 years,
were discharged to hospice, were discharged to a subacute
care hospital, were transferred to an acute care hospital, or had
a planned readmission within 30 days. Having physical and
mental capability to handle the home telemonitoring device
and to communicate over the phone with a nurse was a
prerequisite. If none of these exclusions was present, patients
were contacted by a study coordinator and offered participa-
tion. Those who consented were randomized at discharge.

Interventions

Standard care included but was not limited to teach-back
education, medication reconciliation, and a follow-up phone
call within 72 h of discharge by a trained nurse for patients
designated high risk for readmission. These standard interven-
tions were established before the start of the study to improve
patient education and intervene with patients after discharge to
help reduce readmissions. Patients randomized to the teleme-
dicine group received standard care plus monitoring for
30 days. Other than telemonitoring in the intervention group,
there were no differences in care in relation to standard inter-
ventions to reduce rehospitalization. In addition, the initial
program that developed the standardized care interventions
to reduce readmission was used at all sites; therefore, standard
care was the same at each study site. Because this programwas
in place before the start of the study, these interventions were
not adjusted for the study.
Patients in the intervention group were contacted by the

equipment company and provided with monitoring devices
including a blood pressure cuff, heart rate monitor, pulse
oximeter, scale if they had a history of congestive heart
failure, and glucose monitor if they had diabetes mellitus,
as well as a console used for contacting patients. The cost
of the monitoring equipment was approximately $70 per
patient. In-home installation was required to link the mon-
itoring devices to the communication unit using cellular or
phone line connections. The home installation was
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completed within 24 to 72 h after discharge and included
patient education for completing the monitoring. The pa-
tient used the equipment each day to determine vital signs,
and the monitoring devices transmitted information daily
for the next 30 days to a cloud-based program; a nurse was
responsible for monitoring the data daily. Changes in vital
signs outside a preset range, determined by a standard
protocol provided by the device company, triggered an
alert for the nurse. The nurse then sent an automatically
generated questionnaire to the patient through the console
if data were not submitted or phoned the patient if data
were out of ranges. Depending on the patient’s clinical
condition, additional interventions were recommended,
which consisted of a nurse visit, referral to the emergency
department, or referral for an outpatient appointment. All
patient communications and nursing recommendations
were documented in the EHR. Home telemonitoring was
continued for a total of 30 days after discharge or until the
first hospital readmission, whichever occurred first.

Outcome Measures

The primary outcome measure was a composite end point of
hospital readmission or death within 30 days after hospital
discharge. The secondary outcome was an emergency depart-
ment visit within 30 days after discharge. These outcomes
were chosen because they are the outcomes tracked by CMS
HRRP for penalty assessment. Readmission or death was
documented from the EHR. All patients whose EHR did not
include a documented readmission were called to determine if
the study participants had been readmitted to another facility
or died within the 30 days after discharge.

Study Power and Randomization

On the basis of an historical 30-day readmission rate of 20%,
we estimated that 950 patients would be required to enroll in
each study group to achieve 80% power at the 5% significance
level (2-sided) to detect an absolute reduction of 5% (i.e., 20%
in the control group and 15% in the telemonitoring group).
The study was stopped before the total accrual because we
could no longer obtain monitoring devices. The reduction in
total sample size from 1900 to 1380 decreased the power from
80 to 68% when all other assumptions remained the same as
the original sample-size calculation.
A computer algorithm was written in SAS (SAS Institute

Inc.) for each of the 2 hospital sites by the study statistician to
generate a block randomization with randomly selected block
sizes of 4, 6, and 8. The randomization scheme was uploaded
into the REDCap (Research Electronic Data Capture) study
database using the randomization module. After enrolling
patients into the study, the study coordinator logged into the
REDCap study database and randomized patients to the con-
trol group or the telemonitoring group. Because of the nature
of the intervention, it was not possible to blind patients to the
intervention type.

Statistical Methods

Patient data were analyzed according to randomized group
assignment (modified intention-to-treat) unless otherwise in-
dicated. Separately for the control group and telemonitoring
group, we estimated the proportion of patients who experi-
enced the primary study end point (hospital readmission or
death within 30 days after hospital discharge) along with 95%
CIs using the Wilson score method. We compared these
proportions between the 2 study groups using a χ2 test along
with the estimated relative risk (RR) and 95% CI. One pre-
planned interim analysis for efficacy was performed after half
of the study patients had completed the 30-day follow-up
period, the point at which the study would be stopped early
for efficacy if there was overwhelming evidence (2-sided
P < .001) of differences in 30-day readmissions between the
2 groups.With an overall 5% significance level for the study, a
2-sided P ≤ .049 was considered statistically significant for the
primary analysis. We evaluated the impact of potential con-
founding variables on our results using a post hoc multivari-
able log-binomial regression model adjusting for all baseline
characteristics in Table 1. In the multivariable model, we
included an indicator variable for race (1 = Black, 0 = non-

Table 1 Baseline Characteristics of All Randomized Study
Participants

Variable Control group
(n = 690)

Telemonitoring group
(n = 690)

Demographic characteristics
Age, mean (SD), y 66 (15) 67 (14)
Sex, no. (%)
Female 329 (47.7) 329 (47.7)
Male 361 (52.3) 361 (52.3)

Race, no. (%)
Black or African

American
83 (12.0) 83 (12.0)

Asian 7 (1.0) 9 (1.3)
White 571 (82.8) 575 (83.3)
Other 11 (1.6) 10 (1.4)
Unknown 18 (2.6) 13 (1.9)

Ethnicity, no. (%)
Hispanic/Latino 24 (3.5) 29 (4.2)
Non-Hispanic/Latino 643 (93.2) 640 (92.8)
Unknown 23 (3.3) 21 (3.0)

Body mass index, mean
(SD), kg/m2

28.9 (7.1) 29.0 (7.7)

Comorbid conditions, no. (%)
Myocardial infarction 101 (14.6) 82 (11.9)
Congestive heart failure 185 (26.8) 200 (29.0)
Peripheral vascular

disease
179 (25.9) 170 (24.6)

Cerebrovascular disease 150 (21.7) 166 (24.1)
Dementia 33 (4.8) 26 (3.8)
Chronic pulmonary

disease
219 (31.7) 224 (32.5)

Ulcer 40 (5.8) 31 (4.5)
Mild liver disease 104 (15.1) 112 (16.2)
Diabetes mellitus 180 (26.1) 185 (26.8)
Hemiplegia 24 (3.5) 33 (4.8)
Moderate to severe renal

disease
241 (34.9) 245 (35.5)

Metastatic solid tumor 80 (11.6) 92 (13.3)
AIDS 5 (0.7) 2 (0.3)
Rheumatologic disease 26 (3.8) 27 (3.9)
Other cancer 227 (32.9) 224 (32.5)
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Black or unknown) and ethnicity (1 = Hispanic or Latino, 0 =
non-Hispanic/Latino or unknown).
Three post hoc sensitivity analyses were performed for our

primary outcome of 30-day death or hospital readmission. The
first sensitivity analysis was a per-protocol analysis where we
excluded all patients randomized to the telemonitoring arm
who did not access the home telemonitoring device at least
once. The second and third sensitivity analyses were used to
evaluate the impact of missing outcomes on our results by
assuming the rates of 30-day death or readmission among
those missing the 30-day end point were the same as the study
cohort in the second analysis and the control group in the third
analysis. All statistical tests were 2-sided. Statistical analyses
were performed using SAS (version 9.4).

RESULTS

Participants

A total of 1380 high-risk participants (mean [SD] age, 66 [14]
years; 722 [52.3%] men and 658 [47.7%] women) gave con-
sent to participate between December 1, 2014, and November
27, 2018; the last day of follow-up was January 2, 2019. Data
analysis was completed in May 2019. Patients were random-
ized to standard care (n = 690) or telemonitoring (n = 690). No
meaningful differences were found in patient demographic
characteristics or comorbid conditions across groups at base-
line (Table 1). The study was completed by 578 patients in the
standard care group and 477 patients in the telemonitoring
group (Fig. 1). A descriptive summary of demographic char-
acteristics and comorbid conditions of patients who completed
the study is shown in Supplemental Table 2. As comorbid
conditions were similar between the 2 groups, no cohort
matching was necessary.

Primary Outcome

The risk of readmission or death within 30 days after discharge
from the hospital among patients at high risk for readmission
was 23.7% (137/578) in the control group and 18.2% (87/477)
in the telemonitoring group (absolute risk difference, − 5.5%
[95% CI, − 10.4 to − 0.6%]; RR, 0.77 [95% CI, 0.61 to 0.98];
P = .03) (Table 2), showing significant improvement in out-
comes in the telemonitoring group. We found consistent
results when we adjusted for all baseline characteristics in
Table 1 using a post hoc multivariable log-binomial model
(adjusted RR, 0.76 [95% CI, 0.60 to 0.96]; P = .02). In the
telemetry arm, there were a total of 8543 events triggered in
405 individual patients, most of which (57%) were missing
measurements that required only a reminder to the patient.
Table 3 shows the results of post hoc sensitivity analyses of

the primary outcome. In the first sensitivity analysis, we
excluded the 58 patients in the telemonitoring group who did
not access the home telemonitoring device at least once (36 of
the excluded patients had 30-day death or readmission, and 22

had neither death nor readmission within 30 days). The RR in
this per-protocol analysis was 0.51 (95% CI, 0.38 to 0.69;
P < .001), confirming the improvement seen in the telemoni-
toring arm. In the second sensitivity analysis, we gave all the
missing primary outcomes the same rate as the cohort of study
patients (21.2%), resulting in an RR of 0.82 (95% CI, 0.6 to
1.01; P = .056). In the third sensitivity analysis, we gave all
missing primary outcomes the same rate as the standard of
care group (23.7%), resulting in an RR of 0.83 (95% CI, 0.68
to 1.02; P = .08).

Secondary Outcome

Emergency department visits occurred within 30 days after
discharge for 14.2% (81/570) of patients in the control group
and 8.6% (40/464) of patients in the telemonitoring group
(absolute risk difference, − 5.6% [95% CI, − 9.4 to −1.8%];
RR, 0.61 [95% CI, 0.42 to 0.87]; P = .005) (Table 2), again
showing fewer visits for the telemonitoring arm.
Interim Analysis for Efficacy. A preplanned interim analysis
for efficacy was conducted after more than half of our original,
planned sample size completed the 30-day follow-up period.
Evidence of efficacy was not overwhelming (χ2 P = .16);
therefore, the trial was not stopped early for efficacy.

Harms. In the telemonitoring group, 115 (16.7%) patients
withdrew from the study after discharge from the hospital.
The most common reason specified by study participants for
withdrawing was patient request because of the daily
monitoring obligation.

DISCUSSION

This 2-center randomized clinical trial is, to our knowledge,
the first large trial involving remote patient telemonitoring for
high-risk patients discharged with any diagnosis. It was
designed to assess the effectiveness of the intervention in
reducing hospital readmission for any patient who was
deemed to be at high risk for readmission during an index
admission. We found a greater than 5% decrease for both the
primary outcome of 30-day readmission and all-cause mortal-
ity, as well as for the secondary outcome of an emergency
department visit within 30 days of discharge, using per-
protocol analysis.
The mechanism by which telemonitoring was impactful in

this study could be a result of several factors. Telemedicine
and telemonitoring are complex interventions that are associ-
ated with greater contact with a patient outside of the tradi-
tional clinical setting. The benefits of the technology are likely
multifactorial and related to the interventions associated with
abnormal triggers, increased patient engagement with a clini-
cal system, or the patient’s perception of having additional
health care resources available. It is possible that study partic-
ipants obtained greater insight into their disease process
through the intervention, which may have enhanced self-care
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and compliance with other disease-management modalities.
Patients may have also received some comfort from the pres-
ence of remote monitoring, which could have resulted in less
anxiety (i.e., knowing that a health care provider was “watch-
ing over them”).

The importance of actual interventions triggered by remote
monitoring should not be discounted. Intervention when vital
signs were out of reference ranges could have prevented
worsening of underlying medical conditions that otherwise
would have resulted in a return to the hospital or emergency
department within the 30-day window. The telemonitoring
may have signaled which patients needed to have direct pro-
vider contact.
Most prior studies have been directed to patient populations

with specific diagnoses impacted by the CMS HRRP (pneumo-
nia, congestive heart failure, chronic obstructive pulmonary
disease, total knee arthroplasty/total hip arthroplasty, and acute
myocardial infarction). Several studies showed reduced read-
mission rates for patients with congestive heart failure, chronic
obstructive pulmonary disease, lung cancer, and total knee
arthroplasty/total hip arthroplasty6–16; however, other studies
with similar cohorts of patients and disease processes have
shown no benefit in reducing readmissions with telemonitoring.
Home telemonitoring has also been studied for at-risk commu-
nity-dwelling adults, also with mixed results.13,24–27 Congestive
heart failure has been themost widely studied condition, and the
reported effect of telemonitoring on readmissions and mortality
has beenmixed.15,21 Possibly, telemonitoring for certain disease
processes, such as congestive heart failure, may be less impact-
ful than telemonitoring in a general patient population. This

Figure 1 Participant flow diagram.

Table 2 Primary and Secondary Outcomesa,b

Control group Telemonitoring
group

Difference
% (95%
CI)

Outcomes % (n/
N)

95%
CI

% (n/
N)

95%
CI

Primary outcome
30-day death

or hospital
readmission

23.7
(137/
578)

20.4
to
27.3

18.2
(87/
477)

15.0
to
22.0

− 5.5 (− 10.4
to − 0.6)

Components of primary outcome
30-day death 1.9

(11/
574)

1.1 to
3.4

1.7
(8/463)

0.9 to
3.4

− 0.2 (− 1.8
to 1.4)

30-day
hospital
readmission

22.5
(129/
574)

19.3
to
26.1

17.0
(81/
476)

13.9
to
20.7

− 5.5 (− 10.3
to − 0.7)

Secondary outcome
30-day

emergency
department
visit

14.2
(81/
570)

11.6
to
17.3

8.6 (40/
464)

6.4 to
11.5

− 5.6 (− 9.4
to − 1.8)

an = number of patients with the outcome; N = number of patients with
available data
bThe 95% CIs are estimated by using the Wilson score method
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study targeted a different patient population than these other
studies—patients at high risk for readmission with any diagno-
sis—thus, the different results.
This study is important because we are in an era of greater

availability of technological innovations to assist with com-
plex disease management. In addition, financial incentives
have been established to limit the use of hospital resources,
reduce hospital admissions and readmissions, and transition a
greater proportion of patient care to the outpatient environ-
ment. Hospitals routinely implement strategies designed to
reduce readmissions in high-risk patient populations. Tele-
medicine and remote monitoring are 2 technologies that have
held promise in reducing the use of hospital resources and
limiting readmissions of high-risk patients. As our study tar-
geted patients with any diagnosis who were considered high
risk for readmission, the results could be applicable to a wide
range of patients in other hospitals and health systems.
Several limitations to our study may have affected the

outcome. In the telemonitoring group, 115 of the enrolled
patients (16.7%) withdrew from the study after hospital dis-
charge. Although this may have affected the results, this is a
level of adherence that is consistent with the rates observed
previously.15 Patients who withdrew most frequently said the
requirement for taking daily vital signs was cumbersome.
Also, patients were reluctant to enroll in the study because
many already had a prolonged hospital stay and did not want
to continue medical care at home. We did not evaluate non-
adherence in the telemetry arm, but this could be an important
consideration if telemonitoring technology is to become more
widely used beyond clinical studies. Early identification of
patients likely to be nonadherent would assist in managing the
early costs associated with the intervention. In addition, sen-
sitivity analysis did not show the same significance for reduc-
tion in readmissions; however, assumptions in these analyses
may have affected the results. We believe using the per-
protocol analysis gives the most accurate depiction of real-
world results, indicating that patients who can complete
30 days of monitoring could have fewer readmissions and

emergency room visits. In addition, the intensity of remote
monitoring interventions was limited to daily business hours,
although patient data was uploaded to a cloud-based system
24 h per day. A Cochrane review of the impact of telemonitor-
ing on patients with congestive heart failure showed improve-
ment in all-cause hospitalization in studies where patients
were monitored during regular business hours, whereas no
benefit was associated with telemonitoring 7 days a week,
24 h per day21; thus, our business-hour monitoring may have
had little impact on the results of our study. Finally, our study
was stopped before reaching our accrual target (target = 1900,
actual = 1380). This may have resulted in a type II error (false-
negative finding) when we conducted our sensitivity analysis
to evaluate the impact of missing outcomes on our results,
where the RR was 0.83 (95% CI, 0.68 to −1.02; P = .08).

CONCLUSION

In conclusion, we showed that 30 days of telemonitoring after
discharge can reduce readmissions and emergency department
visits for high-risk patients. To our knowledge, this is the first
study to focus on this population, one that is often the target of
interventions because of the known risk of readmission. Fur-
ther studies verifying the cost-effectiveness of this intervention
could confirm the value of this technology to improve tran-
sitions of care.
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Table 3 Post Hoc Sensitivity Analyses of the Primary Outcome

Control group, % (n/N) Telemonitoring group, % (n/N) RR (95% CI) P value

Original analysis of the primary outcomea 23.7
(137/578)

18.2
(87/477)

0.77
(0.62–0.98)

.03

Post hoc sensitivity analyses
1. Excluding patients in the telemonitoring group

who did not access the telemonitoring device at
least onceb

23.7
(137/578)

12.2
(51/419)

0.51
(0.38–0.69)

< .001

2. Assuming the rate of the primary outcome is the
same as the cohort of study participants—21.2%c

23.3
(161/690)

19.1
(132/690)

0.82
(0.6–1.01)

.056

3. Assuming the rate of the primary outcome is the
same as the control group—23.7%c

23.8
(164/690)

19.8
(137/690)

0.83
(0.68–1.02)

.08

Abbreviation: RR, relative risk
aThe primary outcome was a composite of 30-day death or hospital readmission
bExcluded 58 patients in telemonitoring group who did not access the telemonitoring device at least once; 36 of the 58 excluded patients had 30-day
death or hospital readmission
cTwo post hoc sensitivity analyses were used to evaluate the impact of missing outcomes on our results. In the first scenario, the missing composite
outcomes were assigned the rate of the cohort of study participants. In the second scenario, the missing composite outcomes were assigned the rate of
the control arm
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