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Six-Month Remote Monitoring of Patients With Chronic Heart Failure
Using Messaging Applications on Smartphones
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Abstract

Background: Patients with chronic heart failure (HF) require outpatient monitoring after hospital discharge. The ability
to use a smartphone with a personal messaging application may help.

Objectives: Tis study aimed to investigate the feasibility of remote monitoring and evaluate its impact on treatment
adherence and prognosis in patients with HF.

Methods: A total of 100 patients were enrolled in the study: 57 patients in the mHealth group and 43 in the control
group. The observation period lasted six months. Remote monitoring included a daily survey sent to patients via a
personal messaging application. This was an open, randomized trial. A p-value < 0.05 was considered statistically
significant.

Results: After six months, 46 patients (mean age 61.52 + 13.05 years, 34 men) in the mHealth group and 43 patients
(mean age 60.07 * 10.19 years, 27 men) in the control group completed the study. A total of 11 patients were lost to
follow-up. In the mHealth group, two patients (4%) reached the primary endpoint, compared to seven patients (7%) in
the control group.

Conclusion: The effectiveness of remote monitoring for patients with HF using self-reporting via a smartphone messaging
application was demonstrated. Patient adherence to self-reporting was found to be 76%. Those in the mHealth group
who reported regularly and consistently demonstrated greater engagement in self-monitoring of vital signs and higher
adherence to prescribed therapy.
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include dynamic indicators that reflect the physiology of
decompensation, such as heart rate (HR), blood pressure
(BP), presence of edema, and changes in body weight.
Algorithms that determine signal thresholds for these
indicators and link them to therapeutic interventions are
important for successful follow-up, as well as the involvement
of a multidisciplinary team to communicate with patients and
respond to alerts generated by remote monitoring systems.**
Heart disease and stroke are among the most prevalent and
costly health problems worldwide.® Attempts to decrease

Introduction

Currently, the incidence of heart failure (HF) in Europe is
approximately 3 per 1,000 person-years across all age groups,
and about 5 per 1,000 person-years in adults. The prevalence
of HF is estimated at 1-2% among adults, increasing with age:
from around 1% in individuals aged < 55 years to > 10%
in those aged 70 years or older. Therefore, the search for
modern approaches to long-term, personalized monitoring
of HF patients is most relevant in older populations.' Patient-
centered mHealth technologies have already shown promising

results in improving a self-care quality in various chronic
diseases, including diabetes, hypertension, and depression.?

Previous studies have shown that effective monitoring
components to reduce hospitalizations in HF patients
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HF social and economic burden have become a major
global public health priority.° The topic of remote patient
monitoring in modern healthcare remains relevant. The
RELEASE-HF study, a large international observational study,
is currently being conducted, aimed at better understanding
the heterogeneity of clinical efficacy among HF patients using
telemedicine technologies.”®

Evaluation of the effectiveness, prospects, practical
benefits, and implementation of remote monitoring in HF
patients remains a multifactorial issue that requires further,
in-depth investigation.

This study aimed to investigate the feasibility of remote
monitoring and assess its impact on treatment adherence and
prognosis in patients with HF.
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Applications on Smartphones

Central lllustration: Six-Month Remote Monitoring of Patients With Chronic Heart Failure Using Messaging
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NYHA: New York Heart Association; 6MWT: six-minute walk test; BP: blood pressure; HR: heart rate; ECG: electrocardiography;

EchoCG: echocardiography; HF: heart failure.

Materials and Methods

An open, randomized trial (with random allocation
assignments sealed in opaque envelopes) was conducted
to assess the impact of remote monitoring using a mobile
platform for outpatients with chronic HF. The study included
100 HF patients with NYHA (New York Heart Association)
functional class I-IV. The sample size was determined for ease
of calculation and based on the number of patients eligible
for inclusion. Prior to enrollment, all HF patients underwent
examination and inpatient treatment in a cardiology
department, where their clinical and functional status was
assessed using the six-minute walk test (6MWT), along with
standard laboratory tests and instrumental examinations,
including measurements of BP and HR. During hospitalization,
all patients underwent electrocardiography (ECC), Holter
continuous ECG monitoring, and echocardiography (EchoCG),
and were prescribed optimal drug therapy for HE. Upon
discharge, patients were randomized into two groups: the
mHealth group and the standard observation (control) group.
Patients in the mHealth group had a messaging application
(messenger) installed on their smartphones for remote
monitoring, while those in the standard observation group
received the usual outpatient follow-up for HF.

The study was conducted with the aid of a custom-
developed computer program, TeleMedBot (“Information
system for remote monitoring of the self-reported health
condition of patients using personal messengers). TeleMedBot
is designed to collect self-reported health condition data from
patients discharged from the hospital and receiving periodic
outpatient care. The program gathers information through

message exchanges via personal messaging applications
installed on the patients’ smartphones. It then processes this
data and assists in clinical decision-making. From the technical
point of view, TeleMedBot operates as an orchestrated cluster
of Docker containers on a dedicated virtual server. The
backend includes a Python-based application with REST API,
PostgreSQL, and Redis databases for long- and short-term
storage. Separate frontend interfaces are available for patients
and medical professionals performing remote monitoring.’
No personal health information was entered or stored in
the program, since each patient was coded by a randomly
generated string known only to the attending physician.

The messaging application was either newly installed or
properly configured on patients’ smartphones prior to the
study. All patients received instruction and training on how to
use the messaging application, through which the TeleMedBot
patient interface was introduced. Remote monitoring included
a daily prompt sent via the aforementioned interface, asking
patients to report information on their BB, HR, and symptoms
related to HF decompensation. The prompt was sent at
midday, and patients were allowed up to 24 hours to start,
pause, or complete their responses before the next prompt
was issued. Once a week (on the seventh day from the starting
date, then weekly) an extra question was included regarding
per-weekly changes in body weight. The responses were
collected, analyzed, and stored in the TeleMedBot’s long-term
storage database.

The questions were specifically developed to assess
symptoms and detect signs of HF decompensation through
daily remote monitoring via TeleMedBot. The options provided
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Figure 1 - Schematic illustration of the work of TeleMedBot.

with each question were assigned to one of the flags: green,
yellow, or red, indicating a normal, warning, or alarming
condition, respectively. Once the responses for all provided
questions were received, an overall flag was assigned to the
patient: red, if at least one response was marked as red; yellow,
if at least one response was marked as yellow, and green if
all responses were marked as green. The patients’ responses
and corresponding flags were reported daily to the monitoring
doctor-researcher through the web-based interface. For each
patient flagged red, active follow-up was initiated within 48
hours — typically a phone call — to gather more details
about the patient’s condition or to adjust therapy as needed
(e.g., dosage changes). In severe cases, an outpatient visit or
hospitalization could be arranged (Figure 1).

A more detailed description of the technical support
and workflow of TeleMedBot was previously published by
our colleagues in the article titled ‘Influence of Remote
Monitoring Digital Observations on Quality of Life,
Compliance, and Clinical Outcomes in Patients with
Chronic Heart Failure.”

Atthe end of the 6-month follow-up, patients were invited
for a face-to-face visit to undergo a reassessment of the 6MWT,
BP. HR, and evaluation for edema or shortness of breath.
EchoCC was also repeated for patients in the mHealth group.

Artificial Intelligence-Assisted Technologies Statement

We did not use artificial intelligence (Al)-assisted
technologies, such as large language models (LLMs) or image
generators, in the creation of the submitted work.

Statistical Analysis

Data were processed and analyzed using IBM SPSS
Statistics for Windows, version 21.0. Data were submitted
to descriptive statistical analysis and presented in tables in
the form of absolute and percentage frequencies. The data
were normally distributed. Quantitative indicators were
assessed for compliance with normal distribution using the
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Kolmogorov-Smirnov test. For quantitative indicators, the
sampling distribution of which corresponded to normal, were
described using arithmetic means and standard deviations.
Confidence intervals (CI) for percentages were calculated using
the Clopper-Pearson method. Comparison of two groups for
quantitative indicators with normal distribution was performed
using the Student’s t-test for independent samples (Table 1)
and the paired Student’s t-test (Table 2). The odds ratio with
a 95% ClAs was used as a quantitative measure of the effect
when comparing relative indicators. A p-value < 0.05 was
considered statistically significant.

Results

To date, 100 patients have been enrolled in the study.
Eleven patients in the mHealth group were lost to follow-up
and did not complete the study. A total of 89 patients were
analyzed: 46 in the mHealth group (mean age 61.52 = 13.05
years, 34 men) and 43 in the control group (mean age 60.07 +
10.19 years, 27 men). Patients in both groups were overweight
(mean BMI 28.08 = 7.21 kg/m? in the mHealth group and
30.7 = 9.39 kg/m? in the control group). The control group
had a higher proportion of patients in NYHA functional class
-1V compared to the mHealth group: 25 patients (58%)
compared to 20 (43%). Overall cardiac contractility was
comparable in both groups. Detailed characteristics of the
groups are presented in Table 1.

All patients continued to receive prescribed drug therapy
for the underlying disease according to Russian clinical
recommendations, including ACE inhibitors/ARBs, -blockers,
mineralocorticoid receptor antagonists (MRAs) such as
spironolactone or eplerenone, angiotensin-neprilysin receptor
inhibitors (ARNIs) such as sacubitril or valsartan, and selective
inhibitors of sodium-glucose cotransporter type 2 (SGLT2)
such as dapagliflozin.

After six months, 46 patients in the mHealth group and

43 patients in the standard observation group completed
the study.
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Table 1 - Baseline characteristics of the patient groups

mHealth Control
group group p-value
(n=46) (n=43)
Age, years 61.52£13.05 60.07£10.19  0.607
Men, n (%) 34 (74%) 27 (63%)  0.259
BMI, kg/m? 28.087.21 30.7+9.39 0.053
NYHA functional class of HFZ
-II, n (%) 26 (57%) 18 (41%)  >0.05
111V, n (%) 20 (43%)  25(58%)  >0.05
LVEF, % 45.67£11.53  42.79£6.29 0.144
IHD, n (%) 27 (58%) 34 (72%) 0.117
Hypertonic disease 36 (78%) 37 (86%) 0.413
Type 2 diabetes 16 (35%) 11 (26%) >0.05
Obesity 17 (37%) 14 (33%) >0.05
Atrial fibrillation 26 (57%) 28 (65%) >0.05
iliz?b‘i’tfofs(if\RBs 36 (78%)  35(81%)  >0.05
Use of B-blockers 38 (82%) 34 (79%) >0.05
Use of ARNIs 10 (22%) 8 (19%) >0.05
Use of MRAs 35 (76%) 30 (70%) >0.05
ggiT"Zf inhibitors of 3 G50y 25(58%)  >0.05

BMI: body mass index; HF: heart failure; NYHA: New York
Heart Association; LVEF: left ventricular ejection fraction;
IHD: ischemic heart disease; ACE: angiotensin-converting
enzyme; ARB: angiotensin receptor blocker; ARNI: angiotensin-
neprilysin receptor inhibitor; MRA: mineralocorticoid receptor
antagonist; SGLT2: sodium-glucose cotransporter type 2.

The primary endpoint was defined as HF decompensation
leading to hospitalization, death from all causes, or the
administration of parenteral loop diuretics. In the mHealth
group, two patients (4%) reached the endpoint: one
was hospitalized due to HF decompensation against the
background of paroxysmal atrial fibrillation, and one died
three months after enrollment (this patient had very low
adherence to TeleMedBot). In the standard observation
group, seven patients (16%) reached the primary endpoint:
five were hospitalized due to decompensated HF, and two
died during the study.

In the mHealth group, two patients required intervention
due to red flags (increased BP and increased shortness of
breath). The physician contacted them shortly via phone call
after the red flag appearance, and adjustments were made
to their prescribed drugs, including an increase in the dosage
of optimal medical therapy (OMT).

Table 2 - Results of remote monitoring of the mHealth group
at baseline and after six months of follow-up (35 patients)

Baseline B p-value

months
LVEF, % 43.83+12.04  47.61£9.59 >0.05
LAV, mL 91.88£44.95 84.27+38.99  >0.05
PASP, mm Hg 33.47+10.91 29.73+11.58  >0.05

LVEF: left ventricular ejection fraction; LAV: left atrial volume;
PASP: pulmonary artery systolic pressure.

When assessing adherence to remote monitoring in the
mHealth group, we found that 35 patients (76%) consistently
responded to the prompts over the six-month period. Of
these, 18 patients (39%) responded regularly (daily), 17 (37%)
responded irregularly (2-3 times per week), while 11 (24%)
stopped filling out the questionnaire during the six-month
period and were excluded from the analysis. All patients in
the mHealth group continued their prescribed therapy, while
five patients in the standard observation group discontinued
SGLT2 or ARNIs during the six-month follow-up.

Based on the self-reported data via TeleMedBot, in the
mHealth group, three patients (16%) had an average BP of
less than 100/70 mm Hg, 11 (62%) had BP in the range of
100-120/70-80 mm Hg, and four (22%) had BP in the range
of 120-130/80-90 mm Hg. The average HR over the six-month
monitoring period was found to be 50-70 bpm in 11 patients
(61%), while seven (39%) reported an HR of 70-90 bpm.

Patients in the mHealth group were also re-evaluated for
EchoCG values after the six-month period, with a finding of an
increase in left ventricular ejection fraction (LVEF) from 43.83
+ 12.04% to 47.61 = 9.59% (p > 0.05). However, these
results should be treated with caution given the permissible
error in measuring the LVEF. The clinical significance of this
finding remains unclear (Table 2).

Discussion

This study aimed to confirm the possibility of using
remote monitoring via messaging applications for the
prevention and management of decompensation in patients
with chronic HF.

An integrated approach based on continuous, indirect
interaction between patients and doctors via custom-
developed software (TeleMedBot) enabled daily outpatient
monitoring of HF. TeleMedBot proved to be intuitive for
both parties, providing effective feedback and personalized
treatment for chronic HF, with necessary therapy adjustments
provided in a relatively short time (compared to the standard
observation approach) after the onset of worsening symptoms.
By actively involving patients in the remote monitoring process
by daily health status reports, self-awareness is boosted,
allowing for early detection of HF symptoms. As a result,
and due to the feedback provided, patient adherence to
pharmacological HF treatment also improves.

Int J Cardiovasc Sci. 2025; 38:e20240187
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The results of our study show that regular remote monitoring
in HF patients over a six-month period leads to a reduction
in both the total number of hospitalizations and mortality
from all causes. However, it should be noted that patients
in the control group had a higher FC compared to those in
the remote monitoring group. Although the groups did not
differ statistically in NYHA class, this could have been the
reason for more frequent decompensations in the control
group. The effectiveness of remote monitoring post-discharge
for hospitalized HF patients was also investigated in the
BEAT-HF clinical randomized trial, conducted at six sites in
California, USA.' The observation period averaged 180 days.
Telemonitoring used electronic equipment to collect daily
data on BP, HR, symptoms, and body weight. The primary
endpoint was re-hospitalization for any reason within 180 days
of discharge, while secondary endpoints included re-admission
for all causes within 30 days, mortality from all causes after 30
and 180 days, and quality of life at 30 and 180 days. The results
indicated that there was no reduction in the frequency of 180-
day readmissions among patients hospitalized for HF who were
remotely monitored. Patient adherence was a major limitation
in this study, given that only about 60% of them followed the
recommendations more than half the time during the first 30
days. In our study, adherence was significantly higher at 76%,
which is comparable to most studies in the field of remote
monitoring. For example, in a similar study, BEAT-HF, 82.7%
of intervention participants used telemonitoring equipment.'®
Another randomized controlled multicenter trial, TIM-HF2,
showed promising results. HF patients of NYHA functional class
[I-11l were randomized 1:1 to either remote monitoring and
routine care, or routine care alone."" Patients were followed
for 12 months. The primary endpoint was the percentage of
days lost due to unplanned hospitalizations for cardiovascular
disease or all-cause mortality per 100 person-years, while the
main secondary endpoints included all-cause mortality and
cardiovascular mortality. The study found that patients in the
remote monitoring group had fewer days lost compared to
those receiving standard follow-up. However, cardiovascular
mortality did not differ significantly between the two groups.®”

In our study, only one patient in the mHealth group was
hospitalized due to HF decompensation during the six-month
follow-up, compared to five hospitalized patients in the control
group. Our hypothesis is that prevention of HF hospitalizations
may result from high treatment adherence of patients in the
mHealth group and timely medical intervention to optimize
drug doses. We conclude that the remote monitoring of HF
patients should not only include the assessment of signs of
hypervolemia (such as edema and shortness of breath), but also
the management of concomitant somatic pathology.

Increased patient self-awareness, facilitated by daily health
questionnaires, had a beneficial effect on adherence to current
therapy. All patients in the mHealth group continued their
prescribed pharmacological treatment for HF throughout the
six- month follow-up.

Eleven patients (24%) abandoned the prompts and did
not submit any responses to the questions provided by
TeleMedBot. This suggests that a continuous daily follow-up
period may be uncomfortable for some patients. Those who
stopped the observation did not differ in terms of gender,

Int J Cardiovasc Sci. 2025; 38:20240187

age, or functional class of HF. According to telephone contact,
the main reasons for discontinuation were the patients’
unwillingness to communicate with the subjective stabilization
of the condition, as well as technical inconvenience. At the
same time, patients in the mHealth group who were most
adherent to daily reporting showed some improvement in
structural and functional cardiac parameters as assessed by
EchoCG. However, these data were not statistically significant
(p > 0.05) and their clinical significance remains unclear, as
well as a higher level of adherence. It is likely that patients
who are highly motivated to actively participate in remote
monitoring tend to have a higher level of self-control, stronger
adherence to therapy, increased attention to their health, and
more consistent compliance with the recommendations of the
attending physician (Central illustration).

Limitations of the study: First, this was a single-center
study with a small sample size, which may affect the result.
Additionally, the control group consisted of patients with a
higher NYHA functional class of HF (although no statistically
significant differences between subgroups by NYHA functional
class were found). A second limitation is that patients in the
mHealth group had a statistically significantly lower BMI
compared to those in the standard observation group.

Further studies with larger samples sizes and more
complete patient data collection are needed to more
accurately assess the impact of remote monitoring on patient
adherence and prognosis.

Conclusion

The emerging number of patients hospitalized for
decompensated HF requires new approaches to their
management during the outpatient care. Remote monitoring
of HF patients based on the self-reporting via smartphone
messaging applications does not require specialized monitoring
devices, is user-friendly, and shows high patient adherence.
Such method may help detect early signs and symptoms of HF
decompensation, allowing treatment to be quickly adjusted to
prevent worsening. Patients who responded daily and adhered to
remote monitoring maintained good self-monitoring of vital signs,
were adherent to drug therapy. In the future, a more in-depth,
extensive and larger study is needed to evaluate the impact of
remote monitoring on the prognosis and survival of HF patients.
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