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Abstract

Background: As the population ages, the prevalence of chronic diseases such as arterial hypertension (AH) and type 2
diabetes (T2D) is increasing, posing challenges for effective management in primary care settings. Although mobile health
(mHealth) home telemonitoring offers promising support, evidence regarding its clinical impact on older patients is limited.

Objective: The objective of this paper was to evaluate the impact of 12-month telemonitoring on clinical outcomes in older
individuals with AH and T2D compared to standard care in a primary care setting.

Methods: In a multicenter, open-label, randomized controlled trial, individuals aged 65 years and older with AH and T2D
were randomly assigned in a 1:1 ratio to either a telemonitoring group or a standard care group. The telemonitoring group
received mHealth support in addition to standard care. Over 12 months, participants measured blood pressure (BP) twice
weekly with 2 consecutive readings each morning and evening, using the second reading as valid. Blood glucose (BG) was
measured monthly, both fasting and 90 minutes after meals. Abnormal results triggered a 7-day BP or 1-day BG profile or
a teleconsultation with a general practitioner. Meanwhile, the control group received routine care based on integrated care
protocols at community health centers. Primary outcomes were the differences between groups in the change in systolic blood
pressure (SBP) and HbA | levels at 12 months after inclusion from baseline. Secondary outcomes included changes in diastolic
blood pressure, fasting BG, lipid profile, body mass index, appraisal of diabetes, and behavioral risk factors.

Results: Initially, 128 patients were enrolled, with 117 (91.4%) completing the 12-month follow-up. The mean age was 71.3
(SD 4.7) years, with a mean SBP of 136.7 (SD 14.1) mmHg and mean HbA . of 7.2% (SD 1.0%). There were no significant
sociodemographic or clinical differences between groups at baseline. At 12 months, the telemonitoring group experienced
significant reductions in SBP (-9.7 mmHg, 95% CI —12.6 to —6.8; P<.001) and HbA . (-0.5%, 95% CI —-0.8 to —-0.3; P<.001),
whereas the control group exhibited nonsignificant changes in SBP (-2.8 mmHg, 95% CI -5.9 to 0.2; P=.07) and HbA . (0%,
95% CI -0.3 to 1.9; P=.75). The difference between groups at 12 months was significant for both SBP (-6.9 mmHg, 95% CI
—11to -2.7; P=.001) and HbA . (-0.5%, 95% CI -0.8 to —0.2; P=.002), with no significant differences observed in secondary
outcomes.

Conclusions: Telemonitoring effectively improves AH and T2D control in older people but has no impact on other cardiovas-
cular risk factors and diabetes-related quality of life. Future research should explore combining educational and behavioral
interventions with telemonitoring to enhance overall health outcomes. However, complex interventions may pose challenges
for the elderly, suggesting the need for careful patient selection to ensure that benefits outweigh potential burdens.
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Introduction

The growing challenges in managing chronic diseases,
specifically arterial hypertension (AH) and type 2 diabetes
(T2D), highlight the need for innovative solutions. Recent
changes in age distribution, health care approaches, and
technological integration, along with projections of increased
prevalence, particularly among the elderly, underscore the
importance of developing effective strategies to address these
health issues [1,2].

In response to these challenges, health care providers are
increasingly adopting telemonitoring as a strategic approach
to optimize integrated care processes and extend patient care
beyond traditional health care settings. This approach entails
the use of medical devices for the real-time collection of
physiological data, including metrics such as blood pressure
(BP) and blood glucose (BG) [3-6].

When coupled with teleconsultations, telemonitoring
facilitates seamless communication, enabling timely
adjustments to treatment plans. By emphasizing a proactive
and collaborative paradigm, this approach contributes to
the development of a well-informed and engaged patient
population. This, in turn, has the potential to improve
adherence to treatment plans and lifestyle modifications,
ultimately leading to better health outcomes [4,7,8].

Combining telemonitoring and teleconsultations for at
least 12 months optimizes outcomes in controlling BP and
BG. After 12 months of telemonitoring, individuals with
AH experienced additional mean reductions in systolic blood
pressure (SBP) ranging from —4.7 to —9.7 mmHg and mean
reductions in diastolic blood pressure (DBP) ranging from
—1.3 to —=5.1 mmHg [9-12]. For individuals with T2D, mean
reductions in HbA . levels ranged from —0.03% to —0.33% at
the 12-month mark [13-20]. However, the impact on lipid
profile, body mass index (BMI) and quality of life was
considered clinically irrelevant [13,15-18].

A notable limitation of previous research lies in the
oversight of the central role of primary care in managing
chronic diseases, overseeing nearly 80% of all cases of AH
and T2D [6,21]. Clinical pathways, typically developed for
larger clinical settings, have often overlooked the potential
impact on smaller health centers. In addition, research studies
have primarily focused on younger, motivated individuals
dealing with isolated AH or T2D, neglecting older multimor-
bid patients [22].

Consequently, there is limited evidence on the clinical
effectiveness of telemonitoring among the elderly in primary
care. Older people face challenges such as multimorbidity,
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cognitive impairment, visual impairment, limited mobility,
environmental dependency, and reluctance to adopt modern
technologies, which may reduce its effectiveness [2,5,23,24].
Considering demographic shifts, it is imperative to evaluate
the benefits of telemonitoring in this age group and to adapt
interventions to address the specific needs of older people.

The objective of this study was to assess the impact of
a 12-month telemonitoring intervention on clinical outcomes
in older individuals with AH and T2D, comparing it with
standard care in primary care settings.

Methods
Study Design

We conducted a multicenter, prospective, open-label, parallel,
randomized controlled study as part of the SCUBY (Scale
up an integrated care package for diabetes and hypertension
for vulnerable people in Cambodia, Slovenia, and Belgium)
project between March 2021 and June 2023. The study
adhered to the published protocol [4] and was registered in
the ISRCTN registry.

Ethical Considerations

The study followed the ethical standards of the Declaration of
Helsinki, with ethical approval granted by the Medical Ethics
Committee of the Republic of Slovenia (0120-219/2019/4)
before initiation. Informed written consent was obtained
from all participants before enrollment, encompassing both
primary and secondary analyses. Participants were informed
of their right to withdraw from the study at any time without
consequence. To safeguard privacy and confidentiality, all
data were fully anonymized, with each participant assigned a
unique identification code upon enrollment. No compensation
was offered for participation.

Study Setting

The research was conducted in 3 primary health care centers
(PHCs) in Slovenia, each representing a different devel-
opment context. PHC Ljubljana, serving a population of
approximately 300,000 residents, presented an urban profile
with a Gross Domestic Product (GDP) of 108% of the EU
average in 2021. In contrast, PHC Trebnje and PHC Slovenj
Gradec, serving approximately 50,000 residents in Eastern
Slovenia, represented a rural setting with a GDP of 74% of
the EU average in 2021 [25].
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Study Population, Sampling Strategy,
and Randomization

The study enrolled participants aged 65 years and older
with both AH and T2D. Convenient sampling was used,
with patients invited by their general practitioners (GPs)
during regular checkups. Upon agreement, participants were
randomly assigned in a 1:1 ratio to either the telemonitoring
or standard care group. Randomization was performed by a
third party independent of the study.

The inclusion criteria were (1) =65 years of age, (2)
confirmed diagnosis of AH with a 7-day mean home BP
values =135/85 mmHg, (3) confirmed diagnosis of T2D with
fasting BG value =7 mmol/l or venous plasma glucose =11.1
mmol/l 2 hours after glucose tolerance test with 75 g glucose
intake or any random opportunity, (4) diagnosis of AH and
T2D for at least a year, and (5) ability to use telemonitoring
equipment.

The exclusion criteria were (1) <65 years of age, (2)
T2D requiring insulin treatment at inclusion, (3) gestational
diabetes or type 1 diabetes, (4) dementia, and (5) inability to
use telemonitoring equipment for various reasons.

Standard Care

In Slovenia, a team comprising a GP and a registered nurse
delivers integrated care for patients with AH and T2D at
the primary care level. The care follows established chronic
integrated care protocols. Annual check-ups encompass
physical examinations, laboratory tests, disease assessments,
and treatment adjustments overseen by the GP. The nurse
conducts screenings for complications, provides education on
nonpharmacological measures, and refers patients to health
promotion activities within health education centers staffed
by nurses, nutritionists, psychologists, and kinesiologists. At
least once a year, patients are also screened for diabetic
retinopathy at retinopathy screening centers [4,26,27].

Telemonitoring Intervention

We supported standard care by introducing a telemonitoring
intervention, detailed in another paper [4]. At enrollment,
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each patient received an hour of training from a nurse on
the measurement protocol and how to use the telemonitor-
ing package. The package included an LG K22 smartphone
and monitors for BP (A&D 651 BLE) and BG (Contour
Next One). Data from these sensors were transmitted to a
mobile app through Bluetooth technology, acting as a central
hub. The application then transferred results to the telemedi-
cine cloud platform using a 4G or 5G mobile standard. All
received data were encrypted and adhered to the General Data
Protection Regulation (GDPR).

The telemedicine center was coordinated by a GP who
reviewed the recorded values and acted as a link between
included patients and their GPs. Patients were managed
according to recent guidelines [1,28], aiming for home BP
<135/85 mmHg, fasting BG <7 mmol/l, and postprandial BG
<10 mmol/l, with treatment goals adjusted for the elderly.

Over the 12-month period, participants measured their BP
twice a week and BG once a month. For BP, they took
readings in the morning and evening, after resting for 5
minutes while seated with back and arm supported. A total of
2 readings were taken with a programmed 1-minute interval
between them, with the second considered valid. For BG, they
took two readings: one in the morning on an empty stomach
and another 90 minutes after lunch.

The transmitted data were color-coded to indicate their
status (see Figure 1). Green signaled normal values with no
need to change the monitoring protocol. Yellow indicated
abnormal values, triggering more intensive monitoring to
better assess participants’ health. This included a 7-day BP
profile with morning and evening readings for AH or a 1-day
BG profile with 6 readings for T2D (values on an empty
stomach, 90 minutes after breakfast, before lunch, 90 minutes
after lunch, before dinner, and 90 minutes after dinner). Red
indicated critically abnormal readings that required immediate
teleconsultation with a GP, further evaluation, or a change in
treatment plan.

JMIR Mhealth Uhealth 2025 | vol. 13 1e59733 1 p. 3
(page number not for citation purposes)


https://mhealth.jmir.org/2025/1/e59733

JMIR MHEALTH AND UHEALTH

Mihevc et al

Figure 1. Mobile health care pathways for managing arterial hypertension and type 2 diabetes. BG: blood glucose; DBP: diastolic blood pressure;

GP: general practitioner; SBP: systolic blood pressure.
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Data Collection

Demographic and Behavioral Profile

Participants completed a structured questionnaire providing
information on demographic and behavioral characteristics,
including age, gender, education, marital status, smoking,
daily activity level, salt intake habits, daily number of meals,
daily vegetable consumption, and alcohol consumption.

For our study, we considered physical activity adequate if
it exceeded 150 minutes of moderate-intensity or 75 minutes
of high-intensity per week, aligning with the World Health
Organization (WHO) recommendations [4].

For alcohol consumption, we used the Slovenian version
of the Alcohol Use Disorders Identification Test (AUDIT-C)
to identify hazardous drinking habits. Scores over 6 points
for men and 5 points for women indicated hazardous drinking
habits [4].

Clinical History

Clinical history data included duration of AH and T2D,
current treatment regimen, and accompanying medical
conditions. Data were initially collected from patients and
later verified in medical records.

Chronic kidney disease was defined according to the
Kidney Disease Improving Global Outcomes (KDIGO)
criteria as abnormalities in kidney structure (ie, albuminu-
ria, urine sediment abnormalities, structural abnormalities
detected by imaging, and history of kidney transplantation)
or function (glomerular filtration rate [GFR] <60 ml/min/1.73
m?) that persist for at least 3 months and have significant
implications for health [29].

Obesity was defined according to the WHO criteria as
BMI =30 kg/m? [30].
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Type 2 diabetes protocol
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SBP and DBP values were measured at baseline, 6 months,
and 12 months using validated monitors (A&D 651 BLE).
Patients took BP readings every morning and evening, with
two readings 1 minute apart. The second morning and
evening reading was averaged over 7 days to establish
the reference value. For telemonitored patients, data were
automatically transmitted to the telemonitoring platform,
while the control group manually recorded their readings.
If data were missing, patients were contacted to repeat the
measurements.

Glycemic Control, Lipid Profile, and
Glomerular Filtration Rate

HbA | level, fasting BG value, lipid profile, and glomerular
filtrate rate values were determined from peripheral venous
blood sampling at baseline and after 12 months. In addi-
tion, fasting BG value was checked after 6 months using a
validated finger-stick BG monitor (Contour Next One).

Body Mass Index

Body mass index was assessed at baseline and after 12
months with the measurement of body weight and height.

Quality of Life

Diabetes-related quality of life was measured using the
Slovenian Appraisal of Diabetes Scale (ADS-S) at baseline
and after 12 months. This 7-item questionnaire assesses
distress, diabetes control, uncertainty, coping, and life
interference, with lower scores indicating a more positive
appraisal strategy [31].

Outcomes

The primary outcomes were the differences between groups
in the change in SBP and HbA|. levels at 12 months after
inclusion from baseline.
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Secondary outcomes were differences between groups in
a change in DBP, fasting BG, lipid profile, GFR, BMI, and
ADS score up to 12 months after inclusion from baseline.
In addition, we explored changes in selected behavioral risk
factors at 12 months after inclusion from baseline (explora-
tory analysis).

Sample Size and Power of the Research

Before the study began, we set a total sample size of
120 participants, with 60 in the intervention group, due
to limited telemonitoring equipment. Consequently, rather
than calculating the sample size required to demonstrate a
clinically significant reduction (10 mmHg in SBP and 0.5%
in HbA.), we determined the minimum detectable difference
between groups based on this planned sample size [4].

With this sample size, the study had 80% statistical power
at a 0.05 significance level to detect differences in SBP
changes between the telemonitoring and standard care groups
at 12 months from baseline using an independent samples ¢
test when the population mean difference between groups was
at least 6.2 mmHg, assuming an SD of 12 in both groups,
or 10.8 mmHg with a SD of 21 [10,17,32]. For changes in
HbA . at 12 months from baseline, this was true when the
population mean difference between groups was at least 0.7%
(assuming an SD of 1.3) or 1.2% (assuming an SD of 2.4)
[14,18,19,33].

Statistical Analysis

Initially, sample distribution characteristics were assessed
using the Shapiro-Wilks test. Numerical variables were
summarized with mean (SD), or with median (IQR) in case
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of an asymmetric distribution. Categorical variables were
summarized with frequencies and percentages. Between-
group differences were explored using the independent
samples ¢ test for numerical variables with a normal distri-
bution and the Mann-Whitney U-test for variables with a
non-normal distribution. For categorical variables, the XZ test
was used. Within-group differences were explored using the
paired-samples ¢ test for numerical variables and McNemar’s
test for categorical variables. We used the Holm method
to adjust P values for multiple comparisons when reporting
secondary outcomes.

Furthermore, we used mixed ANOVA analysis to examine
the influence of 2 key factors—time and group—on the
outcomes measured in 3 time points, namely SBP, DBP, and
fasting BG. This allowed us to explore how these variables
change over time within the same subjects (time factor)
and how these changes differ between telemonitoring and
standard care groups (group factor) within one model.

An (adjusted) P<.05 was considered as statistically
significant. All analyses were performed using IBM SPSS
Statistics for Windows (version 25.0).

Results

Randomization

Figure 2 shows the randomization process. Among the 128
patients assigned to either the telemonitoring or standard care
groups, 93.8% (120) attended the 6-month follow-up, and
91.4% (117) attended the 12-month follow-up.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram showing randomization process.
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Sample Characteristics

The study included 117 participants, with a mean age of 71.3
(SD 4.7 years; range 65-88), of whom 60.7% (71/117) were
male. Most patients had completed primary or vocational
school education, were married, engaged in regular physi-
cal activity, were nonsmokers, and did not report hazardous
drinking habits or a tendency to add extra salt at the table.
There were no significant differences between groups in
terms of their sociodemographic and clinical characteristics
(Table 1).

For the treatment of AH, most patients received ACE
inhibitors (64/117, 54.7%), followed by calcium channel
blockers (53/117, 45.3%), diuretics (51/117, 43.6%), beta
blockers (34/117, 29.1%), angiotensin II receptor blockers

‘ Analyzed (n=62)

(23/117, 19.7%), and alpha-1 antagonists (8/117, 6.8%).
Conservative measures were used in 10.3% (12/117) of cases.
There were no significant differences between the groups in
terms of their AH treatment (see Table 2).

For the treatment of T2D, most patients received metfor-
min (77/117, 65.8%), followed by sulphonyl urea (31/117,
26.5%), SGLT-2 inhibitor (17/117, 14.5%), DPP-4 inhibitor
(6/117, 5.1%), and GLP-1 agonist (3/117, 2.6%). Conserva-
tive measures were used in 26.5% (31/117) of cases. Patients
receiving standard care were significantly more commonly
treated with DPP-4 inhibitor compared to telemonitoring
group, whereas there were no significant differences in terms
of other treatment regimens (see Table 2).

Table 1. Baseline sociodemographic and clinical characteristics across groups.

Characteristic All patients (n=117)  Telemonitoring group (n=55)  Standard care group (n=62) P value
Age, years, mean (SD) 713 (4.7) 70.6 (4.3) 72 (5) 12
Gender 81
Male, n (%) 71 (60.7) 34 (61.8) 37(59.7)
Female, n (%) 46 (39.3) 21(38.2) 25 (40.3)
Education 52
Primary care, n (%) 18 (154) 7 (12.7) 11(17.7)
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Characteristic All patients (n=117)  Telemonitoring group (n=55)  Standard care group (n=62) P value

Vocational school, n (%) 69 (59) 33 (60) 36 (58.1)

High school, n (%) 16 (13.7) 10 (18.2) 6(9.7)

Bachelor’s degree, n (%) 10 (8.5) 3(5.5) 7(11.3)

Master’s degree, n (%) 434) 2(3.6) 2(3.2)
Region 55

Urban, n (%) 54 (46.2) 27 (49.1) 27 (43.6)

Rural, n (%) 63 (53.8) 28 (50.9) 35 (56.4)
Marital status 53

Married, n (%) 86 (73.5) 41 (74.5) 45 (72.6)

Divorced, n (%) 8 (6.8) 2(3.6) 6(9.7)

Widowed, n (%) 5(4.3) 2(3.6) 3(4.8)

Single, n (%) 18 (15.4) 10 (18.2) 8 (12.9)
Duration of T2D? (years), mean (SD) 9.5(7.6) 9.8 (6.3) 9.2 (8.6) 67
Duration of AHP (years), mean (SD) 14.5 (10.6) 13.7 (10.6) 15.2 (10.6) 46
Systolic blood pressure (mmHg), mean (SD) 136.7 (14.1) 135.8 (14.9) 137.7 (13.1) A7
Diastolic blood pressure (mmHg), mean (SD) 76.5 (8.2) 75.6 (7) 77.2(9) 28
Glycated hemoglobin (%), mean (SD) 7.2 (1) 72(1.2) 7.1(0.8) 41
Non-HDL® (mmol/l), mean (SD) 32(0.9) 3.1(0.9) 33(0.9) 31
Body mass index (kg/m?), mean (SD) 304 (4.8) 30.2 (4.6) 30.5(5.1) .70
Glomerular filtration rate, (ml/min/1.73 m2), 779 (14) 80 (13.8) 76 (14.1) 13
mean (SD)
Chronic kidney disease, n (%) 24 (20.5) 9(164) 15(24.2) 30
Obesity, n (%) 56 (47.9) 26 (47.3) 30 (48.4) 90
Regular physical activity, n (%) 84 (71.8) 42 (76.3) 42 (67.7) 30
Current smoker, n (%) 14 (12) 9(16.3) 5(8) 17
Hazardous drinking habits, n (%) 16 (13.7) 10 (18.2) 6(9.7) 18
Salting at the table, n (%) 12 (10.3) 7(12.7) 5(8.1) 39
Appraisal of diabetes score, mean (SD) 15.8 (3.6) 15.8 (3.3) 159 (3.4) 84

4T2D: type 2 diabetes.
YAH: arterial hypertension.
“Non-HDL: non-high-density lipoprotein.

Table 2. Baseline treatment regimens across groups.

Standard care group

All patients (n=117) Telemonitoring group (n=55) (n=62) P value
Treatment of arterial hypertension, n (%)
ACE? inhibitor 64 (54.7) 28 (50.9) 36 (58.1) A4
Angiotensin II receptor 23 (19.7) 12 (21.8) 11 (17.7) 58
blocker
Diuretic 51 (43.6) 21(38.2) 30 (48.4) 27
Calcium channel blocker 53 (45.3) 23 (41.8) 30 (48.4) A48
Beta blocker 34 (29.1) 14 (25.5) 20 (32.3) 42
Alpha-1 antagonist 8 (6.8) 50.1) 3(4.8) .36
Conservative 12 (10.3) 8 (14.5) 4(6.5) 15
Number of antihypertensive 2 (1-3) 2 (1-3) 2 (1-3) 32
medication classes, median
(IQR)
Treatment of type 2 diabetes, n (%)
Metformin 77 (65.8) 36 (65.5) 41 (66.1) 94
Sulphonyl urea 31 (26.5) 13 (23.6) 18 (29) S1
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Standard care group

All patients (n=117) Telemonitoring group (n=55) (n=62) P value
GLP-1" agonist 3(2.6) 1(1.8) 2(32) 63
SGLT-2¢ inhibitor 17 (14.5) 8 (14.5) 9 (14.5) >.99
DPP-44 inhibitor 6(5.1) 0(0) 6(9.7) 02
Conservative 31 (26.5) 15 (27.3) 16 (25.8) .86
Number of antidiabetic 1(0-2) 1(0-2) 1(0-2) 45

medication classes, median

dQR)

4ACE: angiotensin converting enzyme.
PGLP-1: glucagon-like peptide-1.

CSGLT-2: sodium-glucose transport protein 2.
dDPP-4: dipeptidyl peptidase 4.

Primary Outcomes

The telemonitoring group demonstrated significant reductions
in both SBP and HbA ;. levels compared to the baseline
up to 12 months after enrollment (see Table 3). The mean
differences between telemonitoring and control group for
SBP change from baseline were —10.5 mmHg (95% CI —14.6
to —6.5; P<.001) at 6 months and —6.9 mmHg (95% CI —-11 to
—2.7; P=.001) at 12 months. For HbA . change from baseline,

Table 3. Change in primary outcomes over 12 months with effect sizes.

the mean intergroup difference at 12 months was —0.5% (95%
CI -0.8 to -0.2; P=.002).

Mixed ANOVA indicated significant temporal changes in
SBP across both groups (F7 114=26.93; P<.001; ?>=0.19). In
addition, a significant time-group interaction (/7 114=15.08;
P<.01; n?=0.12) highlighted differing effects on SBP between
telemonitoring and control groups.

Mean
Mean Mean 6- Mean
6- 12- month 12-
month month change month
change change betwee change
within within n between
groups  p, groups  p groups  p groups
95%  valu (95% valu (95%  valu (95%
Group Baseline 6 months 12 months CI) e CI) e CD e CD) P value
n  Mean (SD) n Mean (SD) n Mean (SD)
Systolic blood pressure (mmHg)
55 13538 55 1247 55 1262 -112 <00 -9.7 <0 -105 <00 -69 001
Interventio (14.9) (11.2) (10.4) (~14.1 1 12,6 01 (-14.6 1 (-11to
n to — to0 —6.8) to — -2.7)
8.3) 6.5)
Control 62 137.7 62 137.1(094) 61 1349(9.6) -0.7 66 2.8 07 N/A N/A
a
as.n (35 (5910
to 2.2) 0.2)
Glycated hemoglobin (%)
55 7.2(1.2) N/ N/A 55 6.7(0.8) N/A N/A 05 <0 N/A N/A 0.5 002
Interventio A (08 to 01 (-08 to
n -0.3) 02)
Control 62 7.1(0.8) N/ N/A 55 6.7(0.8) N/A N/A 0O 75 N/A N/A
A (-03to
1.9)

4N/A: Not assessed.

Secondary Outcomes

The difference between groups in fasting BG change from
baseline was —1 mmol/l at 6 months (95% CI -1.5 to
-0.4; P<.001) and —0.8 mmol/l at 12 months (95% CI -1.4
to —0.2; P=.006). However, after adjustment for multiple
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comparisons, the 12-month result narrowly missed statistical
significance with P=.06.

Although telemonitoring group demonstrated statistically
significant reductions in DBP at 6 and 12 months, they
were not substantial. The difference between groups in DBP
change from baseline was —3.4 mmHg (95% CI -6 to —0.9;
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P=.007) at 6 months and —1.7 mmHg (95% CI -4.2 to 0.7,
P=.15) at 12 months with adjusted P=.81.

In terms of other secondary outcomes, there was
a significant between-group difference in low-density
lipoprotein (LDL) levels after 12 months compared
to baseline (0.3 mmol/l, 95% CI 0.1 to 0.6), while
between-group differences in total cholesterol, high-density

Table 4. Change in secondary outcomes over 12 months with effect sizes.

Mihevc et al

lipoprotein, triglycerides, BMI, ADS score, and GFR were
not significant. However, after adjusting P values for multiple
comparisons, the difference in LDL was also not significant
(see Table 4).

Finally, in exploratory assessment of changes in behavioral
risk factors control there were no significant changes in either
group (Table 5).

Mean
Mean Mean 6- Mean
6- 12- month 12- P value
month month change month (adjusted
change change betwee change for 12-
within within n between month
groups  p groups  p groups  p groups change
(95%  valu (95% valu (95%  valu (95% P between
Group Baseline 6 months 12 months CI) e CI) e CI) e CI) value groups?
n Mean n Mean n Mean
(SD) (SD) (SD)
Diastolic blood pressure (mmHg)
55 756 55 712 55 71.6(58) -44 <0 -4 <00 -34 007 -1.7 15 81
Interventio 7) 64) (5.7 01 (=54 to 1 (=6 to (—42 to
n to -3) -2.6) -0.9) 0.7)
Control 62 772 62 763 61 75(76) -09 38 23 02 N/A N/A
b
©®) ®.1) (-3 t0 (-42t0
1.2) -0.3)
Fasting blood glucose (mmol/l)
55 83 55 73 55 75106) -1 <0 -08 <00 -1 <0 -08 006 06
Interventio (1.5) (1.3) -13 01 (1.1 to 1 15 01 (-14to
n to -0.6) to -02)
-0.7) -04)
Control 62 79 60 8(19) 61 8(22) 0 91 +0.1 76 N/A N/A
a4 (-0.4 (-05to
to 0.4) 0.6)
Total cholesterol (mmol/l)
55 45(1) N/ NA 55 45(.1) N/A N/A 0 95 N/A N/A +0.3 12 81
Interventio A (-02to (0.1 to
n 02) 0.6)
Control 61 47(1) N/ NA 61 43() N/A N/A 04 002 N/A N/A
A (<0.6t0
-0.1)
Low-density lipoprotein (mmol/l)
55 25 N/ N/A 55 26Q) N/A N/A +0.1 48  N/A N/A +0.3 03 21
Interventio ©0.7) A (0.1 to 0.1t0
n 0.3) 0.6)
Control 60 2.7 N/ N/A 61 24(0.8) N/A N/A -0.3 002 N/A N/A
o7 A (=05 to
-0.1)
High-density lipoprotein (mmol/l)
55 14 N/ N/A 55 13(0.3) N/A N/A 0.1 <00 N/A N/A 0.0 .68 >.99
Interventio 0.3 A (-02 to 1 (0.1 to
n -0.1) 0.1)
Control 61 14 N/ N/A 61 13(04) N/A N/A -0.1 <.00 N/A N/A
05 A 1
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Mean
Mean Mean 6- Mean
6- 12- month 12- P value
month month change month (adjusted
change change betwee change for 12-
within within n between month
groups  p groups  p groups  p, groups change
95%  valu (95% valu (95%  valu (95% P between
Group Baseline 6 months 12 months CI) e CI) e CI) e CI) value groups?
n Mean n Mean n Mean
(SD) (SD) (SD)
(0.2 to
-0.1)
Triglycerides (mmol/l)
55 1.6 N/ N/A 55 15(0.7) N/A N/A -0.1 38 N/A N/A -02 29 >.99
Interventio 07 A (-02to (=05 to
n 0.1) 0.1)
Control 61 1.6 N/ N/A 61 17(1.3) N/A N/A +0.1 S54 N/A N/A
08 A (<02 to
0.3)
Body mass index (kg/m?)
54 302 N/ NA 54 30.6(49) N/A N/A +0.3 .10 N/A N/A +0.5 A2 81
Interventio “4.6) A (0.1 to (0.1 to
n 0.8) i
Control 59 305 N/ N/A 59 30449 NA N/A -0.1 56 N/A N/A
G.H A (-0.5to
0.3)
Glomerular filtration rate (ml/min/173 m2)
54 80 N/ N/A 55 785 N/A N/A -1.7 03 N/A N/A 0 98 >.99
Interventio (13.8) A (13.5) (3.1 to (~48 to
n -02) 49)
Control 61 76 N/ N/A 62 747 N/A N/A -15 049
(14.1) A (13.8) (<3 to
-0.1)
Appraisal of diabetes score
55 158 N/ N/A 55 159@3) N/A N/A +0.1 88 N/A N/A +02 .80 >.99
Interventio 33 A (=09 to (-12 10
n 1.1) L5)
Control 62 159 N/ N/A 60 159(34) N/A N/A -0.1 33 N/A
©4) A (-1to
0.8)

2Adjusted P values for multiple comparisons between groups at 12 months regarding all secondary outcomes in Table 4.
bNot assessed; indicates that at this time point the secondary outcome was not assessed. We assessed it only at baseline and after 12 months as

per study protocol.

Table 5. Change in behavioral risk factors over 12 months with effect sizes (exploratory analysis).

Relative 12-month change

Group Baseline 12 months within groups, % P value
n? (%) n®  n? (%) nP
Regular physical activity
Intervention 42 (76.3) 55 36 (65.5) 55 -10.8 11
Control 42 (67.7) 62 32 (54.2) 59 -135 07
Harmful drinking habits
Intervention 7 (13) 55 8 (14.5) 55 +1.5 =99
Control 5(8.1) 62 5(8.3) 60 +0.2 75
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Relative 12-month change

Group Baseline 12 months within groups, % P value
Salting at the table
Intervention 10 (18.2) 54 6(11.1) 54 -7.1 >.99
Control 6(9.7) 62 4(6.8) 59 -29 =99
Having 3-5 meals/day
Intervention 49 (89.1) 55 48 (87.3) 55 -1.8 =99
Control 59 (95.2) 62 56 (93.3) 60 -19 =99
Eating vegetables daily
Intervention 39 (70.9) 55 37 (67.3) 55 -3.6 .83
Control 44 (71) 62 38 (63.3) 60 =77 49
Smoking
Intervention 9(16.4) 55 11 (20) 55 +3.6 =99
Control 5(8.1) 62 8(13.3) 60 +5.2 =99

4 Represents the number of participants at inclusion.
PRepresents the number of participants remaining after 12 months.

Discussion

Principal Findings and Comparison With
the Existing Literature

The major finding of this study is that telemonitoring has
been found to be a valuable strategy for improving BP and
BG control in older people with AH and T2D in primary care
settings. However, there were no significant improvements in
control over other cardiovascular risk factors or diabetes-rela-
ted quality of life.

The difference in SBP change between groups was
significant with a decrease of —10.5 mmHg (95% CI -14.6
to —6.5) after 6 months and —6.9 mmHg (95% CI -11 to
—2.7) after 12 months compared to the control group. From a
clinical standpoint, a 6-month SBP reduction correlates with
a 20% lower risk of major cardiovascular events, whereas a
12-month SBP reduction correlates to a 10%-15% lower risk
of cardiovascular events [33]. The observed 12-month SBP
difference aligns with findings from previous studies, where
a similar difference at 12 months ranged from —4.7 to -9.7
mmHg in patients with AH [10,34] and from —0.2 to —8.2
mmHg in patients with AH and T2D [11,17,18].

In contrast, the difference in DBP change between groups
was significant after 6 months, with a decrease of -3.4
mmHg (95% CI -6 to —0.9) but became nonsignificant
after 12 months, showing a decrease of —1.7 mmHg (95%
CI -4.2 to +0.7). Similar patterns were observed in previ-
ous studies, where the DBP between-group difference at 12
months ranged from —-1.3 to —5.1 mmHg in patients with
AH [10,34], and from —0.4 to —0.7 mmHg in patients with
AH and T2D [17,18]. Clinically, both outcomes are consid-
ered irrelevant, failing to meet the 5 mmHg DBP decrease
threshold associated with a 20% reduction in the risk of major
cardiovascular events [35].

In terms of glycemic control, we found a significant
between-group difference in HbA|. change of —0.5% (95%

https://mhealth.jmir.org/2025/1/e59733

CI -0.8 to —0.2) after 12 months. In addition, a clinically
meaningful between-group difference in fasting BG of —-0.8
mmol/l (95% CI —1.4 to —0.2) was found after 12 months.
These findings contrast with previous studies, where HbA .
reductions at 12 months were less pronounced, ranging from
—0.03% to —0.32% in patients with isolated T2D [13-16,19]
and from +0.14 to —0.33% in patients with both AH and
T2D [11,17,18,36]. Recent meta-analysis also indicates that
telemonitoring in primary care produced a smaller HbA
reduction of -0.21% (95% CI —0.37 to —0.06) in patients
with AH and T2D after 12 months [37]. A 0.5% reduction
in HbA|. is clinically significant and is associated with an
estimated 17% reduction in cardiovascular disease risk. The
extent of risk reduction is, however, curvilinear and depend-
ent on baseline HbA | status and treatment regimens [38,39].

Furthermore, there were no significant differences between
groups in terms of lipid profile, BMI, and GFR after 12
months. This aligns with earlier studies in patients with T2D
and/or AH, where intergroup reductions for LDL ranged from
-0.16 to +0.04 mmol/l [13,15-18,36]; for triglycerides, it
ranged from —0.15 to +0.07 mmol/l [13,16-19]; for BMI, it
remained stable or slightly increased [15,17,18]; and for GFR,
it improved up to 3 ml/min/1.73 m? [40].

Ultimately, telemonitoring alone did not significantly
improve diabetes-related quality of life or lead to positive
lifestyle changes. This finding is important, as patients
achieved significant BP and BG control without making
meaningful lifestyle changes. The positive outcomes may be
attributed to other factors such as improved communication,
medication adherence, early detection of exacerbations, and
therapy adjustments based on accurate telemonitoring data
[5.8,41]. However, this finding should be interpreted with
caution as lifestyle changes were self-reported by partic-
ipants. In-depth interviews with 29 telemonitoring partici-
pants provided several examples of reported lifestyle changes
and a better understanding of how lifestyle choices affect
BG control [42]. Notably, our intervention lacked a health
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education cointervention. Previous studies incorporating such
interventions reported significant improvements in physical
activity, alcohol intake, and diet quality, while smoking
cessation rates remained unchanged [42-44].

Implications for Practice and
Sustainability

Establishing the Gold Standard for
Telemonitoring Frequency

In our study, patients monitored their BP twice weekly and
BG once monthly, with more frequent checks in case of
derailments, resulting in a significant reduction in SBP and
HbA | levels. Nevertheless, uncertainty persists regarding the
optimal telemonitoring routine. Low-intensity BP monitor-
ing, such as once weekly, boasts high adherence but offers
less significant long-term benefits [45,46], while high-inten-
sity BP monitoring, such as 5 to 6 times weekly, dem-
onstrates better long-term outcomes but lower adherence
[46-48]. When monitoring BG levels in insulin-naive patients,
1 measurement per week was found as effective as four
measurements per week to maintain HbA{. [49]. In a
previous feasibility study [6], we found that less frequent
monitoring (ie, 7-day BP profile and one-day BG profile
at baseline, 2 weeks, 3 months, 6 months) was clinically
irrelevant, leading to a more intensive approach in this study.
However, even in this study patients exceeded the expected
number of BP and BG measurements by 46.5% and 252.8%,
respectively, which resulted in total mean of 2.7 BP measure-
ments per week and 1.2 BG measurements per week [8].
Accordingly, based on results of this study and previous
studies, a regimen in which BP is measured two times weekly
with morning and evening readings and BG once weekly with
pre- and postprandial readings could be considered as one of
the standard regimens for future research.

Bridging Gaps in Knowledge and Long-Term
Lifestyle Modification

Our study aimed to improve BP and BG control through
telemonitoring, excluding health education training, which is
freely available at health education centers. Despite signif-
icant improvements in primary outcomes, there were no
significant changes in behavioral risk factors, highlighting
the need for a more comprehensive approach. Integrating
telemonitoring with tailored health education and behavioral
interventions such as group sessions, individual education, or
telehealth tools such as phone counseling, text messaging,
health applications, and web-based resources could increase
effectiveness [50]. In addition, peer support groups may be
a valuable alternative, allowing individuals to share experien-
ces, provide mutual encouragement, and foster a community-
based approach to health management [51].

Personalizing mHealth Interventions for Elderly
and Multimorbid Individuals

Telemonitoring introduces an external monitoring system that
may be perceived as burdensome by older patients and their
caregivers, potentially leading to unintentional dropouts. In
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our study, older participants encountered technical challenges
such as difficulty with touch screens, forgotten passwords,
and device pairing. To enhance the acceptability for this
demographic, telemonitoring devices should include larger
screens, clear icons, voice commands, and alternative login
options such as fingerprints or lock patterns. In addition,
transition to continuous glucose monitoring systems may be
beneficial for insulin-dependent patients [5,6,42].

For multimorbid patients, telemonitoring should take
a holistic approach that considers the interplay between
different conditions, medications, and treatments. Conduct-
ing an early patient assessment focused on health risks,
technological literacy, and personal preferences can help
tailor interventions and improve acceptability [5,6,23.42].
Integrating comprehensive monitoring of multiple health
metrics, such as weight and activity levels, along with
multidisciplinary support from professionals like nutritionists
and kinesiologists, could further improve patient outcomes
[52].

Optimizing Telemonitoring Costs for
Sustainable Health Care Integration

For the effective and sustainable integration of telemonitoring
in health care, optimizing key cost drivers is crucial. In our
parent study, we conducted a bottom-up analysis to identify
these factors and define variables for future cost-effectiveness
analyses [8].

To comprehensively assess costs, we considered both
health care provider and patient perspectives. For provid-
ers, this included infrastructure and operational costs, while
for patients, it involved participation costs and changes in
out-of-pocket costs. The telemonitoring intervention incurred
an annual infrastructure cost of €489.4 and operational costs
of €97.3 (95% CI 85.7 to 109) per patient. For patients,
annual participation costs amounted to €215.6 (95% CI 190.9
to 241.1), with average annual out-of-pocket costs for both
groups reported at €345 (95% CI 221 to 469). Notably, after
12 months, the telemonitoring group experienced signifi-
cantly lower out-of-pocket costs (€132 vs €545; P<.001),
largely due to reduced spending on food, dietary supplements,
medical equipment, and specialist checkups compared to the
standard care group [8]. All euro (€) amounts are based on
the exchange rate at the time of the study, with €1 equivalent
to approximately US $1.10.

One potential cost-reduction strategy involves shortening
the monitoring period to focus on critical periods without
compromising patient outcomes. In the 12-month follow-up,
significant BP and BG improvements were seen within the
first 6 months, with minimal changes afterward. This pattern
aligns with previous pilot study findings [6]. Furthermore,
patients reported monitoring fatigue due to regular measure-
ments [6,42,53]. For these reasons, we propose a future model
where telemonitoring is discontinued after 6 months and
replaced by a less intensive self-monitoring protocol, with
monthly nurse practitioner teleconsultations to review results
and restart telemonitoring if needed due to exacerbations
[6,10].
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Furthermore, establishing a national platform could
standardize infrastructure and reduce third-party costs.
Developing a health app that patients can download on their
personal phones, rather than providing them with additional
devices for telemonitoring could further reduce equipment
expenses while ensuring accessibility, however, this may
raise privacy and security risks [54]. Integrating artificial
intelligence into telemonitoring systems could improve data
analysis, automate routine tasks, and decrease staffing
requirements [55]. Finally, employing nurse practitioners as
telemedicine coordinators offers a more cost-effective option
than specialist-led models, allowing specialists to focus on
more complex cases [5,6.,8].

Strengths and Limitations

The strength of this study is highlighted by its multicen-
ter, randomized controlled design, the complexity of the
outcomes observed, and the novelty of the population studied.
In addition, we adapted the inclusion criteria to include
patients with varying degrees of difficulty and control of
their AH and T2D. This deliberate approach aimed to capture
a diverse population typically managed at the primary care
level, thereby increasing the transferability of our findings to
real-world settings.

However, it is important to consider limitations that may
affect the generalizability of our findings. These include
convenience sampling, the exclusion of patients requiring
insulin because they are not commonly treated in primary
care settings, and the reliance on self-reported behavioral
data, which may affect the reliability of lifestyle-related

Mihevc et al

outcomes. The inclusion criterion requiring participants to
operate telemonitoring devices may have introduced a bias
toward individuals with greater technical skills. How-
ever, despite training, some patients experienced techni-
cal challenges, suggesting possible limitations in practical
implementation. Next, we did not apply advanced imputa-
tion methods for missing data due to the dataset’s high
quality and minimal missing values. For full transparency, we
reported the actual sample size for each analysis and made the
dataset freely accessible online. Finally, the study primarily
focused on short-term outcomes, neglecting the importance of
long-term (>12 months) considerations for future expansion.

Conclusions

The 12-month telemonitoring intervention effectively
improved BP and BG control in older people with AH
and T2D. Despite this improvement, it did not lead to
better management of other cardiovascular risk factors or an
improvement in diabetes-related quality of life. To improve
overall health outcomes, future research should explore
integrating educational and behavioral components into
telemonitoring. Furthermore, there is a need to investigate
new models of remote care, such as combining short-term
telemonitoring with long-term self-measurement routines
while maintaining regular teleconsultations. However, the
complexity of these interventions may be challenging for
the elderly, highlighting the importance of careful patient
selection to ensure that the benefits outweigh potential
burdens.

Acknowledgments

The authors would like to thank the participating community health centers and health workers for their help in recruiting
patients and cooperating with the telemedicine center: Tatjana LekSan, Ana Perdih, Andrej gkrinjar, Tamara Fras-Stefan,
Andreja Beg Krasni¢, Barbara Mazej Poredos, Elizabeta Zlajpah, Spela Jenkole, Janja Glavan, Sonja Peternel, Branka Rajter,
and Mojca Krajnc. The research was financially supported by the SCUBY project (Scale up an integrated care package for
diabetes and hypertension for vulnerable people in Cambodia, Slovenia, and Belgium), an international research initiative
co-financed by the European Union through the H2020 - Health Program (H2020-SC1) and identified by contract 825432 -
SCUBY. The authors also acknowledge the financial support from the Slovenian Research Agency (research core funding

P3-0339).

Data Availability

The datasets generated or analyzed during this study are available in the Harvard Dataverse repository [56].

Conflicts of Interest
None declared.

Checklist 1

CONSORT eHeatlh checklist.
[PDF File (Adobe File), 1226 KB-Checklist 1]

References

1. Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical
practice. Eur Heart J. Sep 7, 2021;42(34):3227-3337. [doi: 10.1093/eurheartj/ehab484] [Medline: 34458905]

2. Miheve M, Virti¢ Poto¢nik T, Zavrnik C, Ster MP, Klemenc-Keti§ Z, Poplas Susi¢ A. Beyond diagnosis: investigating
factors influencing health-related quality of life in older people with type 2 diabetes in Slovenia. Prim Care Diabetes.

Apr 2024;18(2):157-162. [doi: 10.1016/j.pcd.2024.01.010] [Medline: 38320938]

https://mhealth.jmir.org/2025/1/e59733

JMIR Mhealth Uhealth 2025 | vol. 13 1e59733 | p. 13
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v13i1e59733_app1.pdf
https://jmir.org/api/download?alt_name=mhealth_v13i1e59733_app1.pdf
https://doi.org/10.1093/eurheartj/ehab484
http://www.ncbi.nlm.nih.gov/pubmed/34458905
https://doi.org/10.1016/j.pcd.2024.01.010
http://www.ncbi.nlm.nih.gov/pubmed/38320938
https://mhealth.jmir.org/2025/1/e59733

JMIR MHEALTH AND UHEALTH Mihevc et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Miheve M, Podgorsek D, GajSek J, et al. A remote care model for patients at high risk of hospital admission due to
COVID-19 deterioration: who makes it at home? - a multicenter follow-up case from Slovenia. Croat Med J. Jun 30,
2023;64(3):170-178. [doi: 10.3325/cmj.2023.64.170] [Medline: 37391914]

Miheve M, Zavrnik C, Mori Lukangi¢ M, et al. Telemonitoring of elderly with hypertension and type 2 diabetes at the
primary care level: protocol for a multicentric randomized controlled pilot study. Zdr Varst. Dec 2022;61(4):216-223.
[doi: 10.2478/sjph-2022-0029] [Medline: 36348965]

Mihevc M, Podgorsek D, Gajsek J, et al. The rise of telemedicine in primary care: understanding patients’ and healthcare
workers’ perspectives on acceptability of the COVID-19 remote care model. fmpcr. 2023;25(3):297-301. [doi: 10.5114/
fmper.2023.130091]

Miheve M, Puntar S, Peter Ster M. Telemonitoring of patients with arterial hypertension and/or type 2 diabetes in a
family medicine practice: results of a mixed-methods pilot project. Med Razgl. 2023;62(1):3-16.

Bingham JM, Black M, Anderson EJ, et al. Impact of telehealth interventions on medication adherence for patients with
type 2 diabetes, hypertension, and/or dyslipidemia: a systematic review. Ann Pharmacother. May 2021;55(5):637-649.
[doi: 10.1177/1060028020950726] [Medline: 32815400]

Miheve M, Zavrnik C, Mori Lukangi¢ M, et al. Bottom-up analysis of telemonitoring costs: a case study in Slovenian
primary care. Zdr Varst. Mar 2024;63(1):5-13. [doi: 10.2478/sjph-2024-0002] [Medline: 38156340]

Margolis KL, Asche SE, Dehmer SP, et al. Long-term outcomes of the effects of home blood pressure telemonitoring
and pharmacist management on blood pressure among adults with uncontrolled hypertension: follow-up of a cluster
randomized clinical trial. JAMA Netw Open. Sep 7, 2018;1(5):e181617. [doi: 10.1001/jamanetworkopen.2018.1617]
[Medline: 30646139]

McManus RJ, Mant J, Franssen M, et al. Efficacy of self-monitored blood pressure, with or without telemonitoring, for
titration of antihypertensive medication (TASMINH4): an unmasked randomised controlled trial. Lancet. Mar 10,
2018;391(10124):949-959. [doi: 10.1016/S0140-6736(18)30309-X] [Medline: 29499873]

Wakefield BJ, Koopman RJ, Keplinger LE, et al. Effect of home telemonitoring on glycemic and blood pressure control
in primary care clinic patients with diabetes. Telemed J E Health. Mar 2014;20(3):199-205. [doi: 10.1089/tmj.2013.
0151] [Medline: 24404819]

Wakefield BJ, Holman JE, Ray A, et al. Effectiveness of home telehealth in comorbid diabetes and hypertension: a
randomized, controlled trial. Telemed J E Health. May 2011;17(4):254-261. [doi: 10.1089/tmj.2010.0176] [Medline:
21476945]

Bohingamu Mudiyanselage S, Stevens J, Watts JJ, et al. Personalised telehealth intervention for chronic disease
management: a pilot randomised controlled trial. J Telemed Telecare. Jul 2019;25(6):343-352. [doi: 10.1177/
1357633X18775850] [Medline: 29793387]

Steventon A, Bardsley M, Doll H, Tuckey E, Newman SP. Effect of telehealth on glycaemic control: analysis of patients
with type 2 diabetes in the Whole Systems Demonstrator cluster randomised trial. BMC Health Serv Res. Aug 6,
2014;14:334. [doi: 10.1186/1472-6963-14-334] [Medline: 25100190]

Tang PC, Overhage JM, Chan AS, et al. Online disease management of diabetes: engaging and motivating patients
online with enhanced resources-diabetes (EMPOWER-D), a randomized controlled trial. ] Am Med Inform Assoc. May
1,2013;20(3):526-534. [doi: 10.1136/amiajnl-2012-001263] [Medline: 23171659]

Lee JY, Chan CKY, Chua SS, et al. Telemonitoring and team-based management of glycemic control on people with
type 2 diabetes: a cluster-randomized controlled trial. J Gen Intern Med. Jan 2020;35(1):87-94. [doi: 10.1007/s11606-
019-05316-9] [Medline: 31512187]

Nicolucci A, Cercone S, Chiriatti A, Muscas F, Gensini G. A randomized trial on home telemonitoring for the
management of metabolic and cardiovascular risk in patients with type 2 diabetes. Diabetes Technol Ther. Aug
2015;17(8):563-570. [doi: 10.1089/dia.2014.0355] [Medline: 26154338]

Karhula T, Vuorinen AL, Réipysjirvi K, et al. Telemonitoring and mobile phone-based health coaching among Finnish
diabetic and heart disease patients: randomized controlled trial. J Med Internet Res. Jun 17,2015;17(6):e153. [doi: 10.
2196/jmir.4059] [Medline: 26084979]

Jia W, Zhang P, Zhu D, et al. Evaluation of an mHealth-enabled hierarchical diabetes management intervention in
primary care in China (ROADMAP): a cluster randomized trial. PLoS Med. Sep 2021;18(9):e1003754. [doi: 10.1371/
journal.pmed.1003754] [Medline: 34547030]

Ettehad D, Emdin CA, Kiran A, et al. Blood pressure lowering for prevention of cardiovascular disease and death: a
systematic review and meta-analysis. Lancet. Mar 5, 2016;387(10022):957-967. [doi: 10.1016/S0140-6736(15)01225-8]
[Medline: 26724178]

Hodgson S, Morgan-Harrisskitt J, Hounkpatin H, Stuart B, Dambha-Miller H. Primary care service utilisation and
outcomes in type 2 diabetes: a longitudinal cohort analysis. BMJ Open. Jan 31, 2022;12(1):e054654. [doi: 10.1136/
bmjopen-2021-054654] [Medline: 35105641]

https://mhealth.jmir.org/2025/1/e59733 JMIR Mhealth Uhealth 2025 | vol. 13 1e59733 | p. 14

(page number not for citation purposes)


https://doi.org/10.3325/cmj.2023.64.170
http://www.ncbi.nlm.nih.gov/pubmed/37391914
https://doi.org/10.2478/sjph-2022-0029
http://www.ncbi.nlm.nih.gov/pubmed/36348965
https://doi.org/10.5114/fmpcr.2023.130091
https://doi.org/10.5114/fmpcr.2023.130091
https://doi.org/10.1177/1060028020950726
http://www.ncbi.nlm.nih.gov/pubmed/32815400
https://doi.org/10.2478/sjph-2024-0002
http://www.ncbi.nlm.nih.gov/pubmed/38156340
https://doi.org/10.1001/jamanetworkopen.2018.1617
http://www.ncbi.nlm.nih.gov/pubmed/30646139
https://doi.org/10.1016/S0140-6736(18)30309-X
http://www.ncbi.nlm.nih.gov/pubmed/29499873
https://doi.org/10.1089/tmj.2013.0151
https://doi.org/10.1089/tmj.2013.0151
http://www.ncbi.nlm.nih.gov/pubmed/24404819
https://doi.org/10.1089/tmj.2010.0176
http://www.ncbi.nlm.nih.gov/pubmed/21476945
https://doi.org/10.1177/1357633X18775850
https://doi.org/10.1177/1357633X18775850
http://www.ncbi.nlm.nih.gov/pubmed/29793387
https://doi.org/10.1186/1472-6963-14-334
http://www.ncbi.nlm.nih.gov/pubmed/25100190
https://doi.org/10.1136/amiajnl-2012-001263
http://www.ncbi.nlm.nih.gov/pubmed/23171659
https://doi.org/10.1007/s11606-019-05316-9
https://doi.org/10.1007/s11606-019-05316-9
http://www.ncbi.nlm.nih.gov/pubmed/31512187
https://doi.org/10.1089/dia.2014.0355
http://www.ncbi.nlm.nih.gov/pubmed/26154338
https://doi.org/10.2196/jmir.4059
https://doi.org/10.2196/jmir.4059
http://www.ncbi.nlm.nih.gov/pubmed/26084979
https://doi.org/10.1371/journal.pmed.1003754
https://doi.org/10.1371/journal.pmed.1003754
http://www.ncbi.nlm.nih.gov/pubmed/34547030
https://doi.org/10.1016/S0140-6736(15)01225-8
http://www.ncbi.nlm.nih.gov/pubmed/26724178
https://doi.org/10.1136/bmjopen-2021-054654
https://doi.org/10.1136/bmjopen-2021-054654
http://www.ncbi.nlm.nih.gov/pubmed/35105641
https://mhealth.jmir.org/2025/1/e59733

JMIR MHEALTH AND UHEALTH Mihevc et al

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dugard A, Giraudeau B, Dibao-Dina C. Do patients with type 2 diabetes mellitus included in randomised clinical trials
differ from general-practice patients? a cross-sectional comparative study. BMJ Open. Apr 11, 2024;14(4):e077582. [doi:
10.1136/bmjopen-2023-077582] [Medline: 38604640]

Mao A, Tam L, Xu A, et al. Barriers to telemedicine video visits for older adults in independent living facilities: mixed
methods cross-sectional needs assessment. JIMIR Aging. Apr 19, 2022;5(2):e34326. [doi: 10.2196/34326] [Medline:
35438648]

Aidoud A, Gana W, Poitau F, et al. High prevalence of geriatric conditions among older adults with cardiovascular
disease.J Am Heart Assoc. Jan 17, 2023;12(2):€026850. [doi: 10.1161/JAHA.122.026850] [Medline: 36628962]

Gross domestic product by region. Statistical Office of the Republic of Slovenia. Dec 15,2023. URL: https://www stat.
si/StatWeb/en/News/Index/11537 [Accessed 2024-04-15]

Klemenc-Ketis Z, Stojni¢ N, Zavrnik C, et al. Implementation of integrated primary care for patients with diabetes and
hypertension: a case from Slovenia. Int J Integr Care. 2021;21(3):15. [doi: 10.5334/ijic.5637] [Medline: 34690619]
Zavrnik C, Stojni¢ N, Mori Lukan&i¢ M, et al. Facilitators and barriers to scaling-up integrated care for arterial
hypertension and type 2 diabetes in Slovenia: qualitative study. Zdr Varst. Mar 2024;63(1):38-45. [doi: 10.2478/sjph-
2024-0006] [Medline: 38156335]

Mancia G, Kreutz R, Brunstrom M, et al. 2023 ESH Guidelines for the management of arterial hypertension The Task
Force for the management of arterial hypertension of the European Society of Hypertension. J Hypertens (Los Angel).
2023;41(12):1874-2071. [doi: 10.1097/HJH.0000000000003480]

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 clinical practice guideline for
the evaluation and management of chronic kidney disease. Kidney Int Apr. 2024;105(45):S117-S314. [doi: 10.1016/].
kint.2023.10.018]

Lin X, Li H. Obesity: epidemiology, pathophysiology, and therapeutics. Front Endocrinol (Lausanne). 2021;12:706978.
[doi: 10.3389/fendo.2021.706978] [Medline: 34552557]

Miheve M, MiroSevi¢ S, Lukandi¢ MM, et al. Assessing the reliability and validity of the Slovenian version of the
Appraisal of Diabetes Scale (ADS-S) in type 2 diabetes patients. PLoS ONE. 2024;19(3):e0300797. [doi: 10.1371/
journal.pone.0300797] [Medline: 38527033]

Margolis KL, Bergdall AR, Crain AL, et al. Comparing pharmacist-led telehealth care and clinic-based care for
uncontrolled high blood pressure: the hyperlink 3 pragmatic cluster-randomized trial. Hypertension. Dec
2022;79(12):2708-2720. [doi: 10.1161/HYPERTENSIONAHA.122.19816] [Medline: 36281763]

Weinstock RS, Teresi JA, Goland R, et al. Glycemic control and health disparities in older ethnically diverse
underserved adults with diabetes: five-year results from the Informatics for Diabetes Education and Telemedicine
(IDEATel) study. Diabetes Care. Feb 2011;34(2):274-279. [doi: 10.2337/dc10-1346] [Medline: 21270184]

Margolis KL, Asche SE, Bergdall AR, et al. Effect of home blood pressure telemonitoring and pharmacist management
on blood pressure control: a cluster randomized clinical trial. JAMA. Jul 3, 2013;310(1):46-56. [doi: 10.1001/jama.2013.
6549] [Medline: 23821088]

MacMahon S, Peto R, Cutler J, et al. Blood pressure, stroke, and coronary heart disease. Part 1, Prolonged differences in
blood pressure: prospective observational studies corrected for the regression dilution bias. Lancet. Mar 31,
1990;335(8692):765-774. [doi: 10.1016/0140-6736(90)90878-9] [Medline: 1969518]

Shea S, Weinstock RS, Teresi JA, et al. A randomized trial comparing telemedicine case management with usual care in
older, ethnically diverse, medically underserved patients with diabetes mellitus: 5 year results of the IDEATel study. J
Am Med Inform Assoc. 2009;16(4):446-456. [doi: 10.1197/jamia.M3157] [Medline: 19390093]

Miheve M, Virti& Poto¢nik T, Zavrnik C, Klemenc-Keti§ Z, Poplas Susi¢ A, Petek Ster M. Managing cardiovascular risk
factors with telemedicine in primary care: A systematic review and meta-analysis of patients with arterial hypertension
and type 2 diabetes. Chronic Illn. Mar 2025;21(1):3-24. [doi: 10.1177/17423953241277896] [Medline: 39194352]
Fralick M, Colacci M, Odutayo A, Siemieniuk R, Glynn RJ. Lowering of hemoglobin A1C and risk of cardiovascular
outcomes and all-cause mortality, a meta-regression analysis. J Diabetes Complications. Nov 2020;34(11):107704. [doi:
10.1016/j.jdiacomp.2020.107704] [Medline: 32888788]

Chen J, Yin D, Dou K. Intensified glycemic control by HbAlc for patients with coronary heart disease and Type 2
diabetes: a review of findings and conclusions. Cardiovasc Diabetol. Jun 22,2023;22(1):146. [doi: 10.1186/s12933-023-
01875-8] [Medline: 37349787]

Ramallo-Farifia Y, Garcia-Bello MA, Garcia-Pérez L, et al. Effectiveness of internet-based multicomponent
interventions for patients and health care professionals to improve clinical outcomes in type 2 diabetes evaluated through
the INDICA study: multiarm cluster randomized controlled trial. JIMIR Mhealth Uhealth. Nov 2, 2020;8(11):e18922.
[doi: 10.2196/18922] [Medline: 33136059]

https://mhealth.jmir.org/2025/1/e59733 JMIR Mhealth Uhealth 2025 | vol. 13 1e59733 | p. 15

(page number not for citation purposes)


https://doi.org/10.1136/bmjopen-2023-077582
http://www.ncbi.nlm.nih.gov/pubmed/38604640
https://doi.org/10.2196/34326
http://www.ncbi.nlm.nih.gov/pubmed/35438648
https://doi.org/10.1161/JAHA.122.026850
http://www.ncbi.nlm.nih.gov/pubmed/36628962
https://www.stat.si/StatWeb/en/News/Index/11537
https://www.stat.si/StatWeb/en/News/Index/11537
https://doi.org/10.5334/ijic.5637
http://www.ncbi.nlm.nih.gov/pubmed/34690619
https://doi.org/10.2478/sjph-2024-0006
https://doi.org/10.2478/sjph-2024-0006
http://www.ncbi.nlm.nih.gov/pubmed/38156335
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.3389/fendo.2021.706978
http://www.ncbi.nlm.nih.gov/pubmed/34552557
https://doi.org/10.1371/journal.pone.0300797
https://doi.org/10.1371/journal.pone.0300797
http://www.ncbi.nlm.nih.gov/pubmed/38527033
https://doi.org/10.1161/HYPERTENSIONAHA.122.19816
http://www.ncbi.nlm.nih.gov/pubmed/36281763
https://doi.org/10.2337/dc10-1346
http://www.ncbi.nlm.nih.gov/pubmed/21270184
https://doi.org/10.1001/jama.2013.6549
https://doi.org/10.1001/jama.2013.6549
http://www.ncbi.nlm.nih.gov/pubmed/23821088
https://doi.org/10.1016/0140-6736(90)90878-9
http://www.ncbi.nlm.nih.gov/pubmed/1969518
https://doi.org/10.1197/jamia.M3157
http://www.ncbi.nlm.nih.gov/pubmed/19390093
https://doi.org/10.1177/17423953241277896
http://www.ncbi.nlm.nih.gov/pubmed/39194352
https://doi.org/10.1016/j.jdiacomp.2020.107704
http://www.ncbi.nlm.nih.gov/pubmed/32888788
https://doi.org/10.1186/s12933-023-01875-8
https://doi.org/10.1186/s12933-023-01875-8
http://www.ncbi.nlm.nih.gov/pubmed/37349787
https://doi.org/10.2196/18922
http://www.ncbi.nlm.nih.gov/pubmed/33136059
https://mhealth.jmir.org/2025/1/e59733

JMIR MHEALTH AND UHEALTH Mihevc et al

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Timpel P, Oswald S, Schwarz PEH, Harst L. Mapping the evidence on the effectiveness of telemedicine interventions in
diabetes, dyslipidemia, and hypertension: an umbrella review of systematic reviews and meta-analyses. J Med Internet
Res. Mar 18, 2020;22(3):e16791. [doi: 10.2196/16791] [Medline: 32186516]

Miheve M, Lukanci¢ MM, Crt Z, et al. Towards integrated care for the elderly: exploring the acceptability of
telemonitoring for hypertension and type 2 diabetes management. Int J Integr Care. 2024;24(2):16. [doi: 10.5334/ijic.
7621] [Medline: 38765055]

David CN, Iochpe C, Harzheim E, et al. Effect of mobile health interventions on lifestyle and anthropometric
characteristics of uncontrolled hypertensive participants: secondary analyses of a randomized controlled trial. Healthcare
(Basel). Apr 8,2023;11(8):1069. [doi: 10.3390/healthcare11081069] [Medline: 37107903]

Palmer M, Sutherland J, Barnard S, et al. The effectiveness of smoking cessation, physical activity/diet and alcohol
reduction interventions delivered by mobile phones for the prevention of non-communicable diseases: a systematic
review of randomised controlled trials. PLoS ONE. 2018;13(1):e0189801. [doi: 10.1371/journal.pone.0189801]
[Medline: 29304148]

Jo SH, Kim SA, Park KH, Kim HS, Han SJ, Park WJ. Self-blood pressure monitoring is associated with improved
awareness, adherence, and attainment of target blood pressure goals: prospective observational study of 7751 patients. J
Clin Hypertens (Greenwich). Sep 2019;21(9):1298-1304. [doi: 10.1111/jch.13647] [Medline: 31393062]

Gazit T, Gutman M, Beatty AL. Assessment of hypertension control among adults participating in a mobile technology
blood pressure self-management program. JAMA Netw Open. Oct 1,2021;4(10):e2127008. [doi: 10.1001/
jamanetworkopen.2021.27008] [Medline: 34652447]

Kerby TJ, Asche SE, Maciosek MV, O’Connor PJ, Sperl-Hillen JM, Margolis KL. Adherence to blood pressure
telemonitoring in a cluster-randomized clinical trial. J Clin Hypertens (Greenwich). Oct 2012;14(10):668-674. [doi: 10.
1111/4.1751-7176.2012.00685 .x] [Medline: 23031143]

Ewald S, vor dem Esche J, Uen S, Neikes F, Vetter H, Mengden T. Relationship between the frequency of blood
pressure self-measurement and blood pressure reduction with antihypertensive therapy : results of the OLMETEL
(OLMEsartan TELemonitoring blood pressure) study. Clin Drug Investig. 2006;26(8):439-446. [doi: 10.2165/00044011-
200626080-00002] [Medline: 17163276]

Scherbaum WA, Ohmann C, Abholz HH, Dragano N, Lankisch M. Effect of the frequency of self-monitoring blood
glucose in patients with type 2 diabetes treated with oral antidiabetic drugs-A multi-centre, randomized controlled trial.
PLoS One. Aug 28, 2008;3(8):e3087. [doi: 10.1371/journal.pone.0003087] [Medline: 18769484]

Chatterjee S, Davies MJ, Heller S, Speight J, Snoek FJ, Khunti K. Diabetes structured self-management education
programmes: a narrative review and current innovations. Lancet Diabetes Endocrinol. Feb 2018;6(2):130-142. [doi: 10.
1016/S2213-8587(17)30239-5] [Medline: 28970034]

Virti¢ Poto¢nik T, Mihevec M, Zavrnik é, et al. Evaluation of a specialist nurse-led structured self-management training
for peer supporters with type 2 diabetes mellitus with or without comorbid hypertension in Slovenia. BMC Nurs. Aug
15,2024;23(1):567. [doi: 10.1186/s12912-024-02239-7] [Medline: 39148069]

Mannoubi C, Kairy D, Menezes KV, Desroches S, Layani G, Vachon B. The key digital tool features of complex
telehealth interventions used for type 2 diabetes self-management and monitoring with health professional involvement:
scoping review. JMIR Med Inform. Mar 13, 2024;12:e46699. [doi: 10.2196/46699] [Medline: 38477979]

Monahan M, Jowett S, Nickless A, et al. Cost-effectiveness of telemonitoring and self-monitoring of blood pressure for
antihypertensive titration in primary care (TASMINH4). Hypertension. Jun 2019;73(6):1231-1239. [doi: 10.1161/
HYPERTENSIONAHA.118.12415] [Medline: 31067190]

Chettri S, Wang V, Balkin EA, Rayo MF, Lee CN. Development of a mobile app for clinical research: challenges and
implications for investigators. JMIR Mhealth Uhealth. Apr 1, 2022;10(4):e32244. [doi: 10.2196/32244] [Medline:
35363154]

Deniz-Garcia A, Fabelo H, Rodriguez-Almeida AJ, et al. Quality, usability, and effectiveness of mhealth apps and the
role of artificial intelligence: current scenario and challenges. J Med Internet Res. May 4, 2023;25:e44030. [doi: 10.2196/
44030] [Medline: 37140973]

SCUBY mbhealth 12-month randomised controlled trial data. Harvard Dataverse. URL: https://doi.org/10.7910/DVN/
RJF2EK [Accessed 2025-04-26]

Abbreviations

ACE: angiotensin converting enzyme

ADS: Appraisal of Diabetes Scale

AH: arterial hypertension

AUDIT-C: Alcohol Use Disorders Identification Test
BG: blood glucose

https://mhealth.jmir.org/2025/1/e59733 JMIR Mhealth Uhealth 2025 | vol. 13 1e59733 I p. 16

(page number not for citation purposes)


https://doi.org/10.2196/16791
http://www.ncbi.nlm.nih.gov/pubmed/32186516
https://doi.org/10.5334/ijic.7621
https://doi.org/10.5334/ijic.7621
http://www.ncbi.nlm.nih.gov/pubmed/38765055
https://doi.org/10.3390/healthcare11081069
http://www.ncbi.nlm.nih.gov/pubmed/37107903
https://doi.org/10.1371/journal.pone.0189801
http://www.ncbi.nlm.nih.gov/pubmed/29304148
https://doi.org/10.1111/jch.13647
http://www.ncbi.nlm.nih.gov/pubmed/31393062
https://doi.org/10.1001/jamanetworkopen.2021.27008
https://doi.org/10.1001/jamanetworkopen.2021.27008
http://www.ncbi.nlm.nih.gov/pubmed/34652447
https://doi.org/10.1111/j.1751-7176.2012.00685.x
https://doi.org/10.1111/j.1751-7176.2012.00685.x
http://www.ncbi.nlm.nih.gov/pubmed/23031143
https://doi.org/10.2165/00044011-200626080-00002
https://doi.org/10.2165/00044011-200626080-00002
http://www.ncbi.nlm.nih.gov/pubmed/17163276
https://doi.org/10.1371/journal.pone.0003087
http://www.ncbi.nlm.nih.gov/pubmed/18769484
https://doi.org/10.1016/S2213-8587(17)30239-5
https://doi.org/10.1016/S2213-8587(17)30239-5
http://www.ncbi.nlm.nih.gov/pubmed/28970034
https://doi.org/10.1186/s12912-024-02239-7
http://www.ncbi.nlm.nih.gov/pubmed/39148069
https://doi.org/10.2196/46699
http://www.ncbi.nlm.nih.gov/pubmed/38477979
https://doi.org/10.1161/HYPERTENSIONAHA.118.12415
https://doi.org/10.1161/HYPERTENSIONAHA.118.12415
http://www.ncbi.nlm.nih.gov/pubmed/31067190
https://doi.org/10.2196/32244
http://www.ncbi.nlm.nih.gov/pubmed/35363154
https://doi.org/10.2196/44030
https://doi.org/10.2196/44030
http://www.ncbi.nlm.nih.gov/pubmed/37140973
https://doi.org/10.7910/DVN/RJF2EK
https://doi.org/10.7910/DVN/RJF2EK
https://mhealth.jmir.org/2025/1/e59733

JMIR MHEALTH AND UHEALTH Mihevc et al

BP: blood pressure

CONSORT: Consolidated Standards of Reporting Trials
DBP: diastolic blood pressure

DPP-4: dipeptidyl peptidase 4

EU: European Union

GDP: gross domestic product

GDPR: General Data Protection Regulation

GFR: glomerular filtration rate

GLP-1: glucagon-like peptide-1

GP: general practitioner

KDIGO: Kidney Disease Improving Global Outcomes
LDL: low-density lipoprotein

mHealth: mobile health

Non-HDL: non-high-density lipoprotein

PHC: primary health care center

SBP: systolic blood pressure

SGLT-2: sodium-glucose transport protein 2

T2D: type 2 diabetes

WHO: World Health Organization

Edited by Lorraine Buis; peer-reviewed by Abdul Nazer Ali, Gregor Stiglic, Nitchakarn Laichuthai; submitted 21.04.2024;
final revised version received 10.11.2024; accepted 17.03.2025; published 29.05.2025

Please cite as:

Miheve M, Mori Lukancic M, Zavrnik C , Virti¢ Potocnik T, RuZi¢ Gorenjec N, Petek Ster M, Klemenc-Ketis Z, Poplas Susi¢
A

Impact of 12-Month mHealth Home Telemonitoring on Clinical Outcomes in Older Individuals With Hypertension and Type
2 Diabetes: Multicenter Randomized Controlled Trial

JMIR Mhealth Uhealth 2025;13:¢59733

URL: hitps://mhealth.jmir.org/2025/1/e59733

doi: 10.2196/59733

© Matic Mihevc, Majda Mori Lukancic, Crt Zavrnik, Tina Virti¢ Poto¢nik, Nina RuZié Gorenjec, Marija Petek Ster,
Zalika Klemenc-Keti§, Antonija Poplas Susi¢. Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org),
29.05.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information, a
link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2025/1/e59733 JMIR Mhealth Uhealth 2025 | vol. 13 1e59733 | p. 17
(page number not for citation purposes)


https://mhealth.jmir.org/2025/1/e59733
https://doi.org/10.2196/59733
https://mhealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mhealth.jmir.org/
https://mhealth.jmir.org/2025/1/e59733

	Impact of 12-Month mHealth Home Telemonitoring on Clinical Outcomes in Older Individuals With Hypertension and Type 2 Diabetes: Multicenter Randomized Controlled Trial
	Introduction
	Methods
	Study Design
	Ethical Considerations
	Study Setting
	Study Population, Sampling Strategy, and Randomization
	Standard Care
	Telemonitoring Intervention
	Data Collection
	Outcomes
	Sample Size and Power of the Research
	Statistical Analysis

	Results
	Randomization
	Sample Characteristics
	Primary Outcomes
	Secondary Outcomes

	Discussion
	Principal Findings and Comparison With the Existing Literature
	Implications for Practice and Sustainability
	Strengths and Limitations
	Conclusions



