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Aims This study aimed to evaluate the effect of remote monitoring using the Cardiovascular Risk Management
(CVRM)-Box on blood pressure control, weight management, medication prescriptions, and consultation fre-
quency in primary care patients at high risk of cardiovascular disease (CVD).

Methods In this matched cohort study, patients with a > 5% 10-year CVD mortality risk in primary care (2020-2024)
and results were compared to propensity score-matched controls over 12 months. The CVRM-Box included smart-
phone-connected devices (blood pressure monitor, weighing scale, activity tracker) linked to general practition-
er electronic health records.
Compared to controls, the intervention group showed modest reductions in office-measured systolic
{—=1.1 mmHg [95% confidence interval (Cl), —3.7 to -1.5]; P=0.39} and diastolic blood pressure
[-0.04 mmHg (95% CI, —1.6 to 1.5); P =0.96]. Sensitivity analyses yielded similar results. However, CVRM-
Box assessments showed reductions in systolic [-5.5 mmHg (95% Cl, —7.6 to —3.3); P < 0.001] and diastolic
blood pressure [-3.8 mmHg (95% Cl, —5.1 to —2.4); P < 0.001]. The intervention group also experienced greater
reductions in weight [-0.9 kg (95% Cl, —1.6 to —0.2); P = 0.01] and body mass index [-0.3 kg/m?* (95% ClI, —0.5
to —0.01); P = 0.007]. Additionally, antihypertensive medication use increased [0.12 (95% Cl, 0.06 to 0.23); P =
0.04], while consultation frequency decreased (rate ratio 0.82; P = 0.002).

Conclusion While office measurements showed no additional blood pressure reduction, CVRM-Box measurements demon-
strated significant decreases. The intervention also improved target blood pressure achievement, promoted
weight reduction, increased antihypertensive use, and reduced consultation frequency.

* Corresponding author. Tel: +31638922980, Email: m.m.rakers@lumc.nl
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Introduction

Although cardiovascular disease mortality has declined over re-
cent decades, rising obesity rates, an ageing population, and
healthcare staff shortages are increasing morbidity and health-
care burden.>? Therefore, exploring efficient and sustainable
methods for delivering (preventive) care, such as remote moni-
toring of blood pressure, weight, and physical activity, is essen-
tial. These approaches help mitigate cardiovascular risk factors,
including hypertension and overweight, while reducing strain on
the healthcare system.3=¢

Previous studies have shown that regular remote monitoring
provides a more accurate reflection of blood pressure than spor-
adic office-based measurements.”® Additionally, randomized
controlled trials (RCTs) have shown that remote monitoring
has been shown to significantly reduce blood pressure in pa-
tients with poorly controlled (> 140/90 mmHg) hypertension
compared to standard care.>® However, most eHealth interven-
tions for high-risk primary care patients have focused primarily
on hypertension management, overlooking other crucial aspects
of cardiovascular risk, such as body weight. Moreover, their im-
pact on healthcare provider workload is often not assessed.

The Cardiovascular Risk Management (CVRM)-Box repre-
sents a multi-component digital health infrastructure integrating
various eHealth devices with a dedicated smartphone app for
patients, securely connected to hospital and general practitioner
(GP) electronic health record (EHR). In hospital care, The Box has
successfully delivered high-quality, efficient care to patients

after myocardial infarction, coronary bypass surgery, corona-
virus disease-2019 (COVID-19), and other conditions.” ! This
study aims to examine the effect of remote monitoring using
the CVRM-Box in a primary care setting to improve blood pres-
sure control, weight management, medication prescriptions, and
primary care consultation frequency.

Methods
Study design and setting

This matched cohort study was conducted from June 2020 to June
2024 among six primary care practices in healthcare centres in the
Leiden region, The Netherlands. The healthcare centres are part of
the data-driven innovation environment ‘Gezonde zorg, Gezonde
regio’.}? The Medical Ethics Committee of the Leiden University
Medical Center approved this study. All patients provided written
online informed consent. All devices were CE medically certified.
This study adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guide-
line for cohort studies'® (see Supplementary material online,
Table S1).

Patient selection

Patients enrolled in care programmes for CVRM or diabetes mellitus
(DM), indicating a high risk of cardiovascular disease (defined as
>5% 10-year mortality according to the SCORE Table),* or those
with established cardiovascular disease (acute coronary syndrome,
percutaneous coronary intervention, stroke, and peripheral arterial
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disease) were eligible to participate in this study. Additional inclu-
sion criteria included being 18 years or older, owning a smartphone,
having internet access at home, and being proficient in Dutch.
Exclusion criteria included pregnancy and unwillingness to sign in-
formed consent. A maximum of 270 participants could be selected
based on the availability of CVRM-Boxes within participating gen-
eral practices and patients’ willingness to participate.

Recruitment

Patients were recruited from six practices either during their annual
CVRM consultation, where healthcare providers introduced the
CVRM-Box, or through an information session at a local community
centres. In both cases, patients could complete informed consent
online and access detailed study information.

A control group was selected using propensity score matching in
the Extramural LUMC Academic Network (ELAN) database, a re-
gional integrative population-based data infrastructure.'®> ELAN is
a dynamic data infrastructure that integrates routine healthcare
data from GPs, hospitals, and mental health services with municipal
and national datasets from Statistics Netherlands. Established to
support research on integrated patient care and health outcomes,
ELAN covers 2.6 million residents of South Holland from 2007 on-
ward, representing both urban and rural populations. The dataset is
updated annually and retains key health information (e.g. mortality,
medication, morbidity) even after individuals relocate. It includes
coded data on clinical measures, laboratory results, diagnoses, pre-
scriptions, healthcare utilization, and referrals.'® Eligible patients
were enrolled in CVRM or diabetes care programmes, with correctly
recorded blood pressure and body mass index (BMI) in their elec-
tronic files. A 1:4 propensity score matching was performed using
logistic regression to calculate the propensity score and with near-
est neighbour matching (R-studio, Matchlt) based on several base-
line variables, including demographics (age, sex, social
demographic status), comorbidities (DM, stroke, myocardial infarc-
tion), clinical values (systolic and diastolic blood pressure, BMI, num-
ber of antihypertensives), and laboratory results (eGFR, HDL, LDL,
total cholesterol, HbA1c).

Intervention

Patients received the CVRM-Box containing connected devices, in-
cluding a blood pressure monitor (Wireless Blood Pressure Monitor;
Withings), a weighing scale (Smart Body Scale Analyzer; Withings),
and an activity tracker (Move, Withings). Measurements were im-
mediately shown in the patients’ Box app, directly transferred to,
and integrated into the EHR (Medicom, PharmaPartners) of the
GP practice. The practice nurse (PN) reviewed the patients’ average
readings every three months (Figure 1 and Supplementary material
online, Figure S1).

To support patients in using the CVRM-Box at home, consulta-
tions with a research assistant were provided. These sessions fo-
cused on (1) connecting the wearables to the patients’ phones, (2)
familiarizing them with the CVRM-Box app, and (3) answering any
questions. Patients received instructions on performing weekly
blood pressure and weight measurements and practical tips on re-
viewing their data. They could also set personalized weight and
step goals. Patients were advised to contact the PN if their blood
pressure readings exceeded 180 mmHg, if three consecutive read-
ings were over 140 mmHg, if they noticed consistently high read-
ings, or symptoms like dizziness, headaches, or chest pain.
Follow-up consultations were held within six weeks after the distri-
bution of the Box to address any technical issues.

Outcomes

The primary outcomes were CVRM-Box and office-based blood
pressure measurements over a 12-month period. Office-based
blood pressure was recorded by a PN using a calibrated blood pres-
sure monitor during the standard annual consultation. This included
a baseline measurement, a follow-up after 12 months, and any add-
itional measurements from interim consultations.

Secondary outcomes included the percentage of patients with
controlled blood pressure (<140 mmHg) at the GP office after 12
months, changes in body weight measured by the CVRM-Box and
at the GP practice, changes in physical activity measured by the
CVRM-Box, changes in antihypertensive prescriptions [number
and defined daily dose (DDD)], healthcare utilization measured by
consultation frequency (defined as consultations within CVRM
care) and the comparison of systolic blood pressure reduction be-
tween CVRM-Box and office-based measurements.

Statistical analysis

Continuous data were presented as mean * standard deviation (SD)
or median with interquartile ranges (IQR) for baseline characteris-
tics. Categorical variables are described as frequencies and percen-
tages. Differences in proportions were tested for significance with
an X2 test.

For CVRM-Box measurements, the baseline was defined as the
average of the first two weeks of measurements, and 12-month va-
lues as the average of the last four weeks. A linear mixed-effects
(LME) (R-studio version 4.2, Ime4) model accounted for repeated
measures, with random intercepts for GP practices and patients,
and fixed effects for time and intervention. Covariates included
sex, baseline blood pressure, baseline BMI, age, and cardiovascular
disease history. An interaction term between time and intervention
assessed treatment effects, and missing CVRM-Box data were im-
puted using last observation carried forward (LOCF), assuming sta-
bility of blood pressure over time and preventing overestimation of
the Box's effect. For the activity tracker data, only patients with at
least four days of available measurements per week were in-
cluded.?® According to the literature,'” data should be considered
only when the device was worn for more than 10 h per day; there-
fore, a sub-analysis was conducted for HR Pulse users, as wear-time
information was not available for the Withings Move. An LME was
applied with time as a fixed factor, without additional covariates,
and missing values were handled using the LOCF method.

For office-based measurements, the same LME model was used
to compare the intervention and control groups. To assess the ro-
bustness of our findings, we conducted sensitivity analyses using
different approaches to handle missing data, including complete
case analysis, last observation carried forward (LOCF), and multiple
imputation by chained equations (MICE). Additionally, interaction
terms (time * intervention and subgroup) were used to evaluate
the intervention’s effect across subgroups: age (<70 vs. > 70 years),
sex, baseline office systolic blood pressure (<140/90 vs. > 140/
90 mmHg), and BMI (normal weight: BMI <25, overweight: BMI
25-30, and obesity: BMI >30).

For secondary outcomes, differences in weight and BMI between
baseline and one year were assessed using a similar LME model, with
adjustments for the same covariates, for both CVRM-Box and office
measurements. Changes in the number of antihypertensive prescrip-
tions and DDD from baseline to 12 months were analysed using lin-
ear regression. Consultation frequency was assessed with negative
binomial regression and group differences were reported as adjusted
rate ratios (RRs) with 95% Cl. An exploratory analysis compared
CVRM-Box and office-based measurements using a paired t-test in
patients with both measurements at TO and T12.

Results

Patient characteristics

Of the 2333 individuals assessed across six practices, 1832
(79%) were approached via email (89%) and during their yearly
consultation (11%). A maximum of 270 patients could participate
in the study. Among these, 26 (1%) withheld their consent (see
Supplementary material online, Figure S2) resulting in 244 allo-
cated to the intervention. The primary reasons for exclusion in-
cluded connectivity or technical problems, 17 patients), the
study being too burdensome (four patients), and no annual

920z Arenugad g uo Jasn Aleiqr] yied NL Ad +€98E 8/ L 0BeIZ/Z/ L /l01e/yplys/wod dno oiwspese//:sd)y Wolj papeojumoq


http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztag014#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztag014#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztag014#supplementary-data

N.E. van Hattem et al.

Q
g

Patient enrollment

Q

v

Distribution of the CVRM-Box by research assistant

Wireless Blood Pressure Monitor (Withings)
Smart Body Scale Analyser (Withings)
Activity Tracker (Move, Withings)

Onboarding and training session by research assistant

Connecting devices to patient's smartphone
Introduction to the CVRM-Box app
Guidance on data use and troubleshooting

v
Weekly measurements

setting personalised weight and step goals

v
Follow-up consultation after 6 weeks
To address any technical issues

Patient guida';ce and alerts
Blood pressure > 160mmHg
>3 consecutive readings > 140mmHg
Persistent high readings or symptoms (dizziness,
headache, chest pain)

© O 0

Figure 1 Flowchart intervention’s content and structure.

consultation at 12 months (seven patients). A total of 976
matched control patients were included for comparison.
Baseline characteristics after the propensity score matching
are summarized in Table 1 and the corresponding balance plot
is visualized in Figure 2. The mean (SD) age was 62.4 (11) years
in the CVRM-Box group and 63.2 (10.4) years in the control
group, with approximately 55% male participants. Mean baseline
blood pressure was similar between groups (140/85 mmHg).

Primary outcome; CVRM-box and

office-based blood pressure measurements
Office-based measurements

After 12 months, the primary outcome data were available from
197 (81%) participants in the CVRM-Box group and 894 (92%) in
the control group. In the intervention group, the mean systolic
blood pressure measured at the primary office decreased from
139.8+16.8 mmHg at baseline to 134.6+15.0 mmHg at
follow-up. In the control group, systolic blood pressure de-
creased from 139.5+15.8 mmHg to 136.6 + 14.8 mmHg, re-
sulting in an adjusted mean difference of —1.1 mmHg [95% Cl:
3.7to 1.5; P =0.39] (Table 2). There was no significant difference
in the reduction of diastolic blood pressure between the
CVRM-Box group and the control group after 12 months of
follow-up [adjusted mean difference: —0.04 mmHg (95% ClI:

Every 3 months
Weekly blood pressure and weight measurements

579,
s

==f
ut- 1

Automatic data transfer
Measurements automatically uploaded and

............... >
integrated into the GPs EHR system
Online or physical appointment with practice nurse
ssnazarssnanceld Medication or lifestyle adjustment advice

-1.6 to 1.5); P=0.96]. Sensitivity analyses using complete
case analysis, LOCF, and MICE procedures yielded similar re-
sults (see Supplementary material online, Table S2).

However, the CVRM-Box group showed a larger improve-
ment in the proportion of patients with controlled blood pres-
sure compared to the control group over the 12-month period
with proportions increasing from 52% to 64% in the interven-
tion group and from 51% to 58% in the control group (P < 0.001).

Subgroup analyses based on office-based measurements
(Figure 3) indicated that women using the CVRM-Box experi-
enced a greater effect size [-5.1 mmHg (95% CI: —9.3 to —1.0)]
compared to men, who showed no benefit [1.4 mmHg (95% ClI:
—1.9 to 3.4); P = 0.02]. Patients with uncontrolled blood pressure
who received the CVRM-Box demonstrated a greater reduction
in systolic blood pressure [-3.5 mmHg (95% Cl: —7.5 to 0.5)]
compared to those with controlled hypertension [-1.3 mmHg
(95% Cl: —4.1 to 0.5)]. Exploratory analysis showed that the
mean difference of the measurements of the CVRM-Box was lar-
ger than the office-based difference in measurements over the
12-month period (see Supplementary material online, Table S3).

CVRM-box measurements

At 12 months, 144 patients (59%) continued measuring their
blood pressure through the final four weeks. Compared to base-
line, systolic blood pressure decreased from 138.9 + 15.4 mm

920z Arenugad g uo Jasn Aleiqr] yied NL Ad +€98E 8/ L 0BeIZ/Z/ L /l01e/yplys/wod dno oiwspese//:sd)y Wolj papeojumoq


http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztag014#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztag014#supplementary-data

Effectiveness of remote monitoring for patients with a high risk of cardiovascular disease 5

Table 1 Baseline characteristics in the propensity score-matched cohorts

Characteristics

(n=244)
Age, mean £ SD 624+11.0

Sex, n (%)

Male 137 (56.4)
Systolic blood pressure + SD 139.6+16.4
Diastolic blood pressure + SD 845+11.0
BMI (kg/m?), median (IQR) 30.2 (5.2)
Comorbidities, n (%)

Diabetes (type 2) 38 (15.6)

Stroke 12 (4.9)

Myocardial infarction 22(9.1)

Chronic kidney disease 21 (8.6)
Smoking, n (%)

Current smoker 23 (9.5)

Used to smoke 87 (35.8)

Never 130 (53.5)
Number of antihypertensives 1.00 [1.00, 2.00]

[median (IQR)]

Patients receiving the CVRM-Box

Matched controls (n = 976) Standardised mean difference

63.2+10.4 0.04
522 (53.4) 0.00
139.5+15.8 -0.01
845+9.1 0.04

29.7 (5.0)

145 (14.8) 0.05
47 (4.8) 0.06
82 (8.4) -0.04
88 (9.0) 0.01
95(9.7) 0.06

329 (33.7) -0.09

553 (56.6) 0.05

1.00 [1.00, 2.00] —-0.00

Hgto 131.8 £ 11.1 mm Hg [adjusted mean difference: —=5.5 mm
Hg (95% Cl, —7.6 to —3.3); P < 0.001]. Diastolic blood pressure
declined from 85.7 + 10.0 mm Hg to 81.5 + 7.0 mm Hg [adjusted
mean difference: —3.8 mm Hg (95% Cl, —5.1 to —2.4); P < 0.001]
(Table 2).

Secondary outcome: CVRM-box and
office-based weight measurements and
physical activity

Office-based measurements

A greater reduction in weight was observed in the intervention
group compared to the control group (reduction in weight
-1.1kg (-2.1 to -0.2), in the intervention group, - 0.3 kg
[0.0 to —0.6in de control group, adjusted mean difference:
-0.9 kg (95% Cl, —1.6 to —0.2); P=0.01]. Similarly, BMI de-
creased with -0.4 kg/m?(—0.7 to —0.1) in the intervention group
and -0.1 kg/m?(-0.2 to 0.0) in the control group, adjusted mean
difference: —0.3 kg/m* [95% CI, —0.5 to —0.01]; P = 0.007.

CVRM-box measurements

There was a reduction in weight from 90.0 + 16.7 kg at baseline
to 86.2+15.9 kg at 12 months [adjusted mean difference:
—1.1 kg (95% Cl, —1.7 to —0.5); P < 0.001]. BMI also decreased
from 29.5+5.0 kg/m” at baseline to 28.0+4.1 kg/m* at 12
months [adjusted mean difference: —0.5 kg/m?* (95% Cl, —0.7
to —0.2); P <0.001]. Steps per day decreased slightly over the
study period. Steps accounting for days tracked decreased
from 4622 [3185-6269] at baseline to 4063 [3128-6237] at
12 months [adjusted mean difference: 298 steps (—=597 to 20);
P =0.077]. When accounting for both days tracked and hours
worn, steps changed from 4610 [3266-5519] (n = 88) at base-
line to 3819 [2870-5175] at 12 months [adjusted mean differ-
ence: 48 steps (—442 to 590); P =0.855] (Table 2).

Medication changes

The CVRM-Box group demonstrated a greater increase in the
number of antihypertensive medications compared to the con-
trol group over 12 months (Table 3). At baseline, participants
in the intervention group used a mean of 1.44 + 1.08 antihyper-
tensive drugs per person, which increased to 1.56 + 1.10 at 12
months. In contrast, the control group had a mean of 1.15+
0.98 antihypertensive drugs at baseline and 1.17+£0.98 at 12
months, resulting in an adjusted mean difference of 0.12 [95%
Cl: 0.06 to 0.23]; P =0.04. Additionally, the defined daily dose
(DDD) of angiotensin-converting enzyme inhibitors and angio-
tensin Il receptor blockers increased more at 12 months com-
pared to the control group [DDD adjusted mean difference:
0.09 (95% Cl: 0.02 to 0.15); P < 0.001]. However, the DDD of
thiazide diuretics and beta-blockers significantly decreased
(DDD adjusted mean difference: —0.03 [95% CI: —-0.07 to
0.00]; P=0.04, and DDD adjusted mean difference: —0.11
[95% Cl: —0.17 to —0.05]; P <0.001, respectively), leading to
an adjusted mean difference in total DDD of: 0.03 [95% CI:
—0.01 to 0.06]; P=0.17).

Healthcare utilization

The CVRM-Box was associated with reduced healthcare utiliza-
tion (Table 4). The intervention group had fewer total consulta-
tions per person compared to the control group (3.1 [SE 0.06] vs.
3.8 [SE 0.04]; rate ratio [RR] =0.82 [95% ClI, 0.78 to 0.95], P <
0.001) and fewer short (<20 min) GP consultations (1.3 [SE
0.04] vs. 2.0 [SE 0.08]; RR=0.81 [95% Cl, 0.67 to 0.95], P <
0.001). The difference in long (>20 min) GP consultations was
small (1.2 [SE 0.04] vs. 1.0 [SE 0.01]; RR=1.09 [95% ClI, 0.96
to 1.22]). E-consultations (defined as digital written communica-
tions through a secure platform connected to the patient’s elec-
tronic medical record, which can be initiated by either the
patient or the doctor®) were lower in the intervention group
(0.6 [SE0.09] vs. 0.8 [SE0.10]; RR=0.76 [95% Cl, 0.56 to 0.96]).
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Discussion

To our knowledge, this is the first study for high-risk cardiovas-
cular patients in primary care to evaluate a multicomponent re-
mote monitoring intervention, the CVRM-Box, comprising a
blood pressure monitor, digital weight scale, activity tracker,
and smartphone app. Home measurements demonstrated a re-
duction in systolic blood pressure, whereas office-based mea-
surements showed no additional reduction compared to
matched controls. However, the CVRM-Box group had a signifi-
cantly higher proportion of patients with controlled blood pres-
sure and lower weight and BMI than those receiving usual care
at the end of follow-up. There was no change in physical activity
observed. Additionally, the CVRM-Box was associated with
fewer consultations for GPs and PNs.

Comparison with literature

Our findings are consistent with, yet also differ from, two recent
large RCTs evaluating remote monitoring for hypertension in
primary care.>® While both studies focused exclusively on pa-
tients with uncontrolled hypertension, resulting in higher base-
line blood pressure, our study included both controlled and
uncontrolled patients. By incorporating shared decision-making,
we aimed to provide equitable care for the entire CVRM popu-
lation. This broader approach may reduce unnecessary visits for
both groups, lowering healthcare workload and minimizing

0.6 03 1.0 3.0 10.0

Variance Ratios

patients’ waiting times, travel burdens, and consultation dura-
tions. Furthermore, unlike prior studies, self-titration was not
possible in our study; instead, the PN was responsible for this
task. Previous studies linked reductions in blood pressure to in-
creased use of antihypertensive drugs,®® we also observed
such an increase in our study. Remote monitoring might provide
earlier insights into blood pressure values, enabling timely inter-
vention and potentially preventing clinical inertia, which is esti-
mated to contribute to up to 80% of myocardial infarctions and
strokes.?° Additionally, the exploratory analysis revealed great-
er decreases in systolic blood pressure in CVRM-Box measure-
ments compared to office-based measurements, likely due to
white coat hypertension,?! where home measurements decline
more rapidly than office measurements. This finding supports
the recommendation of home blood pressure measurements
for optimizing blood pressure control as provided by the 2024
ESC Guidelines,?? as it minimizes variability and provides a
more reliable assessment of true blood pressure levels.?®

In recent years, remote weight monitoring has been a key
element in obesity management, consistently associated with
weight loss.?* However, most studies have focused on over-
weight and obese patients rather than those at high cardiovascu-
lar risk.2* One exception is an RCT involving 65 overweight or
obese patients with a high risk of cardiovascular disease, where
a 12-month intervention using a smart scale, accelerometer, and
web-based support led to a weight difference of —1.89 kg be-
tween the intervention and control groups.?> Our study, in
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Siibarsiis The Box Usual Care Swalis Difference in mean  Difference in blood-pressure
N N SBP (95% Cl) change from baseline (mmHg)

All Patients 218 973 0,39 -1.10 (-3.70 to 1.50) —_——
Sex 0.02 i

Male 127 522 1.40 (-1.90 to 4.70) %

Female 92 453 -5.10 (-9.30 to 1.00) }
Age 0.46 i

<70 yr 160 754 -0.80 (-3.90 to 2.30) —E

>70 yr 59 222 -2.90 (-9.70 to 1.90) i
Body-mass index 0.67 E

18.5-25 23 123 -2.70 (-9.70 to 4.20) { 5

25.30 79 446 -1.00 (-4.90 to 2.90) —_—r

> 30 95 463 -1.00 (-4.70 to 2.70) e
Baseline SBP 0.38 d

<140 132 588 -1.50 (-4.40 to 1.40) —i%

>140 87 387 -1.10 (-5.40 to 3.20) —

iy I

The Box Better Usual care Better

Figure 3 Forest plot of subgroup analyses for the change in systolic blood pressure from baseline to 12 months.

contrast, showed a smaller reduction of —0.9 kg, likely due to the
absence of a dedicated weight loss programme and because not
all participants were overweight. Incorporating targeted weight
reduction programmes may improve outcomes.?42”

In contrast to previous studies, no significant change in phys-
ical activity was observed in our study.?®2? However, this find-
ing should be interpreted with caution due to the considerable
proportion of missing data, partly resulting from participants
using their own activity trackers or encountering technical is-
sues with Bluetooth connectivity. As shown in previous studies,
additional behavioural components such as targeted feedback
or coaching enhance engagement and increase daily step
counts.?’ This suggests that combining remote monitoring
with personalized behavioural support could further stimulate
physical activity. Future research should explore how these mo-
tivational elements can be sustainably integrated into digital car-
diovascular risk management programmes.

Our study showed a reduction in consultation frequency, spe-
cifically short consultations (<20 min) by the PN or GP. Unlike
previous studies that either overlooked healthcare utilization
or reported increased consultation rates,>2°732 our findings re-
vealed a significant decrease in both total and short consulta-
tions. This reduction likely from how the care pathway was
structured within the practice by the intervention, which in-
cluded limiting visits to one annually and additional visits only
for specific issues (e.g. elevated blood pressure or patient con-
cerns). Most queries were managed via email or research assist-
ant support, suggesting that remote monitoring optimizes
resource allocation and improves healthcare efficiency.

Lastly, subgroup analyses revealed a sex-specific difference,
with women using the CVRM-Box demonstrating a greater re-
duction in blood pressure compared with men, who derived
only minimal benefit. This observation aligns with previously re-
ported sex-related differences in hypertension management
and treatment response within primary care in the
Netherlands. This research showed that although men and

women receive a comparable number of antihypertensive pre-
scriptions, women are more frequently treated with g-blockers
and diuretics, tend to receive lower dosages, and more often
achieve target blood pressure levels.>® These variations in
pharmacological management and physiological response may,
at least in part, account for the more pronounced effect ob-
served among women in the present study.

Limitations

Several limitations must be considered when interpreting this
study. First, the mean age of participants is lower than that typ-
ically found in CVRM populations, which may impact generalis-
ability. The inclusion criteria, based on minimal technical skills
required for smartphone use, likely contributed to the younger
average age. Our consortium is conducting a follow-up study
with low-literate patients to evaluate the intervention’s effect-
iveness across different digital and health-related skill levels.
Second, while the intervention demonstrated short-term effi-
cacy, its long-term (10-year) impact on cardiovascular risk re-
mains uncertain, warranting further research. Thirdly, our
statistical approach—a linear mixed-effects model with arandom
intercept and fixed slope—may not fully capture within-patient
and practice variability due to the absence of a random slope.
However, this method was chosen based on the assumption of
consistent effects across practices with similar implementation
and educational investments. Notably, analysis showed no sig-
nificant differences between the models, suggesting the fixed ef-
fects were sufficient to accurately represent the data. Finally, it is
possible that the difference in observed events in the CVRM-Box
measurements can be partly explained by measurement artifacts
or regression to the mean.* In the absence of a randomized and
concurrent control group, the observed effects may reflect nat-
ural variability over time rather than true intervention effects.
Despite these limitations, the study offers valuable insights
into CVRM, underscoring the importance of cautious
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Table 3 Medication outcomes at baseline and 12 months

Baseline 12 months
mean * SD mean = SD
Number of antihypertensive drugs
Intervention group 1.44 +1.08; 1.5+1.10;
n=220 n=220
Control group 1.15+0.98; 1.17+0.98;
n=965 n=965
DDD overall
Intervention group 0.98 +0.98; 1.01+0.44
n=220 n=220
Control group 1.01+0.53; 1.01+0.52;
n=965 n=965
DDD beta-blocker
Intervention group 0.26 £0.39; 0.21£0.26;
n=220 n=220
Control group 0.46 £0.29; 0.46 £0.29;
n=965 n=965
DDD of thiazide and related diuretics
Intervention group 0.65+0.25 0.63+0.28;
n=220 n=220
Control group 0.63+£0.26; 0.64 £0.28;
n=965 n=965

mean difference
(95% ClI, P-value)

0.13 (0.04 to 0.21),
P<0.01
0.02 (-0.03 to 0.07), P=0.44

0.03 (0.00 to 0.11), P=0.37

—0.00 (-0.01 to 0.01), P=0.99

—0.05 (-0.11 to 0.01), P=0.12

—0.00 (-0.01 to 0.01), P=0.86

—0.02 (-0.07 to 0.03), P=0.45

—0.00 (-0.01 to 0.01), P=0.85

DDD of angiotensin-converting-enzyme inhibitors and angiotensin Il blockers

Intervention group 1.39 £0.80; 1.44 +£0.79;
n=220 n=220

Control group 0.98 £0.98; 0.98 £0.98;
n=965 n=965

DDD of calcium antagonists

Intervention group 1.31+£0.49; 1.35+0.51;
n=220 n=220

Control group 1.30+£0.52; 1.30+£0.52;
n=965 n=965

0.08 (-0.02 to 0.19), P=0.11

—0.01 (-0.01 to 0.03), P=0.41

0.08 (0.01 to 0.15), P < 0.03

0.01 (-0.01 to 0.02), P=0.35

Intervention vs. control
group [mean difference
(95% Cl), P value]

0.12 (0.06 to 0.23), P=0.04

—0.03 (-0.01 to 0.06), P=0.17

—0.11 (-0.17 to —0.05), P < 0.001

—0.03 (-0.07 to —0.00), P =0.04

0.09 (0.02 to 0.15), P < 0.001

0.09 (0.02 to 0.15), P < 0.001

Table 4 Consultation outcomes by study group

, P=0.002

Number of total consultations mean (per person per year)
Number of short (<20 min) GP consultations, mean (per person)
Number of long (20 min) GP consultations, mean (per person)
Number of e-consultations*, mean (per person)

Intervention group

(mean, SE)

(n =245)

3.1 (0.06) 3.8 (0.04)
1.3(0.2) 2.0 (0.08)
1.2 (0.04)

0.6 (0.09) 0.8(0.1)

Control group
(mean, SE)
(n=976)

1.0 (0.01)

Fully adjusted model
rate ratio (95% Cl), P

0.82(0.78 to 0.95
0.81(0.67 to 0.95
1.09 (0.96 to 1.22
0.76 (0.56 to 0.96

)
), P=0.01
)

), P=0.02

,P=0.167

*e-consultations: e-mail, telephone and video consultations

interpretation and further research to address these methodo-
logical issues. Its strong external validity enhances generalisabil-
ity to real-world primary care. Additionally, integrating the
intervention into a robust digital infrastructure enabled efficient
remote data exchange and direct EHR access for healthcare
providers.

Implications for research and practice

As remote monitoring becomes more integrated into clinical
practice and healthcare professionals recognize its benefits,®>
along with previous studies showing similar results,”32 our
current study provides evidence on clinical outcomes and
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healthcare utilization to support and expand its large-scale im-
plementation in daily practice. Our digital health infrastructure
fosters the creation of a Learning Health System (LHS), which le-
verages routine data for real-time feedback to enhance care
processes and personalize patient care, as we aimed to achieve
in our study.34” Moreover, by empowering patients to manage
their health with remote monitoring tools, we can alleviate some
of the burden on healthcare professionals. Finally, it is crucial to
assess whether the right patient populations are targeted to op-
timize implementation strategies and cost-effectiveness. Future
research should focus on refining remote monitoring interven-
tions to better meet the specific needs of different patient
groups. Currently, our research addresses these issues by allo-
cating different patient groups to tailored devices within the
CVRM-Box and testing its cost-effectiveness.

Conclusions

The CVRM-Box efficiently enhances CVRM in primary care. While
office-based blood pressure measurements showed no additional
decrease compared to the control group, the CVRM-Box measure-
ments revealed a reduction in blood pressure. Additionally, the
proportion of patients achieving controlled blood pressure in-
creased, and weight reduction was observed in both office-based
compared to the control group and CVRM-Box measurements.
The intervention also resulted in more prescribed antihypertensive
medications and fewer consultations.
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