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Real-world long-term effects on blood pressure and other 
cardiovascular risk factors for patients in digital therapeutics
Michael Willisa, Ghassan Darwicheb,c, Martin Carlssonb,d, Andreas Nilssona, 
Jonas Wohlinb and Peter Lindgrena

Purpose  Hypertension is a leading causeof premature 
death worldwide and a major public health problem. This 
study investigated the long-term effects (>1 year) of digital 
hypertension monitoring by home blood pressure (HBP) 
measurements in combination with individualized remote 
treatment via a Swedish Digital Therapeutics platform in a 
large patient population. 

Methods  The primary endpoint, HBP, and exploratory 
endpoints, BMI, alcohol consumption, stress level, physical 
activity, and smoking, were assessed every 3 months for 
540 and 360 days, respectively, in 7752 Swedish primary 
hypertension patients. Patients received individualized 
medical treatments and lifestyle advice via asynchronous 
text-based communication in an app. Changes from 
baseline in endpoints were calculated for the whole 
population and for subgroups defined by baseline SBP 
≥135 (high SBP), 125–135 (suboptimal SBP), 115–125 
(optimal SBP), and <115 mmHg (low SBP). 

Results  After 360 days of treatment, the whole 
population showed a significant increase of 57% (from 
37 to 58%) in the proportion of patients with controlled 
SBP (i.e. SBP of 115–135 mmHg). The largest reduction 
in SBP of 13.8 mmHg was observed for the high SBP 

subgroup, whereas for the low SBP subgroup, SBP 
increased by 13.4 mmHg. BP improved most in the 
first three months, and for both the high and low BP 
subgroups, the improvement continued during the 540-
day study period. Significant beneficial changes were also 
observed for some exploratory endpoints including BMI 
and smoking. 

Conclusions  In conclusion, the digital therapeutics 
platform was associated with significant improvement 
in BP control and associated risk factors, which were 
maintained over a longer period. Blood Press Monit 28: 
86–95 Copyright © 2023 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Introduction
Hypertension is the leading preventable risk factor for cardi-
ovascular diseases (CVDs) and premature death worldwide 
[1]. The financial burden attributed to high blood pressure 
(BP) was estimated to be around 370 billion US dollars glob-
ally in 2001 for inpatient and outpatient care, or about 10% 
of the global healthcare expenditure [2]. The global preva-
lence of hypertension (defined as SBP ≥140 mmHg or DBP 
≥90) was estimated to 30% in adults in 2010 [3].

In Sweden, approximately 1.8 million people are affected 
by hypertension [4] and the prevalence appears to be ris-
ing [5]. Andersson et al. found that hypertension was the 
most costly CVD-related diagnosis in Swedish inpatient 

care in 2019, costing 1.4 billion Swedish kronor (almost 
140 million Euro) [6]. Moreover, a study of Swedish regis-
try data covering the years 2010–2017 found that, despite 
the widespread availability of effective and afforda-
ble treatments in Sweden, only 10% of hypertension 
patients reached treatment targets for hypertension risk 
factors including controlled BP (i.e. office-based BP of 
<140/90 mmHg) and low-density lipoprotein cholesterol 
of <2.6 mmol/L, while also being non-smokers [7]. Several 
barriers may contribute to hypertension treatment failures 
including the requirement of long-term patient adherence 
to lifestyle recommendations or drug treatment in com-
bination with regular BP measurements and systematic 
follow-ups by caregivers [8,9]. Overcoming these barriers 
and increasing BP control in the population can contrib-
ute to better health and substantial cost offsets.

In recent years, new applications based on home BP 
(HBP) monitoring have been developed to facilitate sim-
ple and effective hypertension management for patients 
and healthcare providers [10]. HBP is a practical and 
less expensive alternative to office and ambulatory BP 
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measurements and is particularly valuable for long-term 
monitoring of patients treated for hypertension [11]. A 
meta-analysis of 46 randomized controlled trials (RCT) of 
home BP telemonitoring showed clinically important BP 
reductions in hypertensive individuals, with the largest 
reductions reported for studies that combined BP tele-
monitoring with case management (e.g. counseling and 
medication management) [12]. Extensive digitalization, 
including the wide use of smartphones, has provided new 
possibilities for remote HBP monitoring and hyperten-
sion management by digital therapeutics (DTx). With 
DTx, patients can receive effective healthcare services, 
including regular feedback from healthcare professionals 
based on BP readings sent electronically, without physi-
cal interaction between healthcare providers and patients 
[11]. Recent studies evaluating the use of digital interven-
tions for hypertensive patients have demonstrated favora-
ble effects on BP; a meta-analysis by Xu et al. including six 
RCTs of smart-phone based interventions showed a mean 
reduction in SBP of −2.28 mmHg over 3–12 months com-
pared to controls [13], and in another RCT, digital home 
BP monitoring in combination with guided self-manage-
ment of 622 hypertension patients resulted in a reduction 
in BP of 3.4/0.5 mmHg compared to usual care [14].

A DTx platform that manages hypertension using an 
in-house developed conformité européene (CE)-marked 
medical technology system combining regular HBP meas-
urements, structured anamnesis, and laboratory measure-
ments with virtual physician interactions that provide 
individualized patient supervision, education, and treat-
ment showed promising effects on BP in a pilot study; 
among 117 subjects with uncontrolled HBP at treatment 
initiation, SBP was reduced by 4.6 mmHg (P < 0.001) and 
DBP by 2.7 mmHg (P < 0.001) after using the DTx for 
3 months [15]. The objective of this real-world retrospec-
tive study was to investigate the long-term effects (up 
540 days) of the same DTx platform on HBP and other 
related clinical outcomes in a large population of Swedish 
primary hypertension patients (n = 7752).

Methods
Hypertension treatment by digital therapeutics

The DTx platform for treatment of hypertension and 
other risk factors related to CVDs evaluated in this study 
is under development by Blodtrycksdoktorn.se. The 
DTx platform is provided as part of the public health-
care system and is reimbursed by the county councils in 
Sweden per digital consultation by physician. The tech-
nical functions of the app are described in more detail in 
Supplementary Methods, Supplemental Digital Content 
1, http://links.lww.com/BPMJ/A184. Eligibility criteria for 
onboarding the DTx platform at the time of the study 
were age between 35 and 75 years old, a self-reported 
diagnosis of primary hypertension, an absence of diag-
nosed secondary hypertension, stroke history, myocardial 

infarction history, heart failure history, cardiac arrhythmia, 
severe renal failure (defined as estimated glomerular fil-
tration rate <30 mL/min/1.73 m²), and on-going pregnancy.

At onboarding to the DTx platform, the patient down-
loads the DTx smartphone app and receives, free of cost 
by mail, a validated and CE-labelled, Bluetooth-equipped 
oscillometric BP monitor with individually adjusted cuff 
size (Truly Instrument Limited, Hong Kong, China) that 
connects to the app via Bluetooth. Through the app, the 
patient uploads baseline HBP measurements (see sec-
tion ‘Study variables and endpoints’ below) and answers 
structured anamnesis questions. Patients are also asked 
to report any medication they may use and answer ques-
tions regarding medical compliance. Each patient is also 
asked to provide a blood and urine sample for analysis 
of fifteen routine pre-treatment screening tests including 
fasting blood glucose and lipid profile.

The intervention (treatment program) begins at onboard-
ing. At this point, the patient can communicate with a phy-
sician and receive feedback on his/her medical situation, 
including interpretations of HBP and laboratory values. In 
the case of patients with highly elevated BP, medication 
adjustments can be done, and new prescriptions can be 
made using asynchronous text communication and a web-
based digital tool for drug prescription (Alfa eCare Recept 
AB, Malmö, Skåne, Sweden), which enables e-prescrip-
tions reaching all pharmacies in Sweden. Moreover, all 
patients receive educational materials that focus on smok-
ing and moist powder tobacco cessation, salt and liquorice 
restriction, alcohol intake, the dietary approaches to stop 
hypertension (DASH) diet, weight reduction, physical 
exercise, and stress management. Additional educational 
materials discussing factors important for good BP control 
are provided via a weekly digital newsletter. Furthermore, 
patients who report risk factors (e.g. smoking, high salt- 
or liquorice intake, high alcohol consumption, and BMI 
>25 kg/m2 or waist circumference in women/men of 
>88/102 cm) of hypertension at onboarding, can receive 
individual education and advice around BP and lifestyle 
factors supported by gamification.

Following baseline measurements at onboarding, partic-
ipants are asked to measure HBP on at least seven days 
in the morning (before breakfast) and at least seven days 
in the evening for the first two weeks after registration 
(onboarding). Physicians work in a combined patient record 
and clinical decision support system that leverages all the 
data from the patient to provide effective treatment based 
on medication and lifestyle intervention. The patient-re-
sponsible physician is alerted through automated notifi-
cations if HBPs become exceedingly high (>190 SBP or 
>115 mmHg DBP) or low (SBP <110 mmHg). Two weeks 
after the onboarding process, all patients are scheduled for 
a first treatment control, where they receive individual-
ized treatment programs by the patient-responsible phy-
sician, which includes initiation of lifestyle intervention 
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and medicine adjustment when needed, based on trends 
of their HBP during the first two weeks. If the initial 
mean BP values are above target (defined as mean HBP 
>135/85 mmHg), antihypertensive medications can be 
adjusted according to European Society of Cardiology 
(ESC) guidelines [9] and a follow-up is planned after two 
weeks. Patients can also be referred for extra laboratory 
tests if judged necessary following medication adjust-
ments. Patients can provide more than just the standard 
BP measurements to alert the physician about symptoms 
such as dizziness, palpitations, or headaches. BP measure-
ments performed without prior rest were not included in 
the mean BP measurement computed for this study (see 
‘Study variables and endpoints’ below). If SBP indicates 
hypotension (defined as SBP <110 mmHg), or if dizzi-
ness is reported, patients are asked to perform additional 
orthostatic BP measurements. If orthostatic hypotension 
is confirmed (defined as a decline of SBP ≥20 mmHg or a 
decline of DBP ≥10 mmHg within three min of standing), 
medication can be adjusted by the treating physician.

After the first treatment control, regular and standard-
ized follow-ups and treatment controls are performed by 
the physician based on regular HBP measurements per-
formed every three months following baseline BP meas-
urement. Laboratory values are scheduled for collection 
on a yearly basis, but participants can be referred for extra 
laboratory tests as necessary (though most patients chose 
not to be tested during the COVID-19 pandemic). As part 
of the care model, patients can contact their responsible 
physician at any time using a chat function in the app and 
the physician usually responds within 24 h on weekdays.

Study data
Study population
The date of onboarding to the DTx platform for the first 
patient was 28 June 2018, and the data were harvested on 
8 April 2021. During this period, 7922 subjects meeting 
the eligibility criteria for the DTx (see full list of eligi-
bility criteria above) initiated the treatment program and 
completed their 3-month follow-up measurement, which 
was an inclusion criterion for the study. No significant 
changes that could affect the study results were made to 
the application over the study period. No patient fee was 
paid by the study participants during the study period. 
Ethical approval was obtained for this retrospective anal-
ysis from the Swedish Ethical Review Authority (Dnr 
2021-06301-01) subject to providing an option for subjects 
to opt out of study participation. This resulted in a loss of 
170 patients who opted out and a final sample size of 7752.

On the basis of baseline HBP measurements, the study 
population was divided into four subgroups representing 
different grades of hypertension classified according to 
European Society of Hypertension/ESC Guidelines [9]. 
However, as HBP measurements (both SBP and DBP) 
are generally 5 mmHg lower compared to conventional 

office BP measurements [9], the BP thresholds were 
adjusted accordingly by 5 mmHg. Because SBP is the pri-
mary treatment focus for physicians, we maintained a rea-
sonable number of patient subgroups by defining groups 
based on SBP only (classifying by both SBP and DBP 
control would have led to four times as many categories). 
Age-dependent hypertension thresholds were not con-
sidered for group definitions to simplify the interpreta-
tion of the study results. The SBP-based subgroups were 
defined as follows:

	(1)	 High SBP; SBP ≥135 mmHg
	(2)	 Suboptimal SBP; SBP = 125−135 mmHg
	(3)	 Optimal SBP; SBP = 115−125 mmHg
	(4)	 Low SBP; SBP <115 mmHg.

Study variables and endpoints
Sex, age, height, weight, diabetes, country of birth (see 
supplementary methods, Supplemental Digital Content 
1, http://links.lww.com/BPMJ/A184 for further descrip-
tion of data collection), and timing of first medical treat-
ment for hypertension, were collected by self-reporting 
at baseline (i.e. through a structured anamnesis in the app 
at the time of onboarding the DTx platform).

The primary endpoint was HBP measured at baseline, 
initial assessment (two weeks after baseline), and there-
after every three months from baseline up to 540 days. 
Baseline BP level was calculated as the mean value of 
two registered measurements (i.e. four individual meas-
urements) during onboarding. In general, all registered 
BP measurements were based on the mean of two 
readings with a one-min interval performed in a sitting 
position after five min of rest. If the two measurements 
differed by more than 7 mmHg, one more measurement 
was performed, and HBP was calculated as the mean 
of the last two measurements. Secondary endpoints 
were DBP, pulse pressure (PP; defined as the difference 
between SBP and DBP in mmHg), and proportion of 
patients having HBP measurements within the target for 
controlled hypertension defined as SBP between 115 and 
135 mmHg.

Self-reported exploratory endpoints measured at base-
line and thereafter every three months up to 360 days 
included BMI (created from self-reported height and 
weight), physical activity level (physically active defined 
as self-reported levels of physical activity as ‘frequently 
active’ or ‘pretty frequently active’), high alcohol con-
sumption (based on self-reported consumption of more 
than 9/14 standard units of alcohol/week for females/
males), high-stress level (defined as the self-reported 
frequency of stressful episodes as ‘all the time’ or ‘most 
of the time’), and smoking (defined as self-reported 
‘smoking daily’ or ‘smoking but not daily’). Other patient 
characteristics and endpoints relevant to the dataset are 
described in Supplementary Methods, Supplemental 
Digital Content 1, http://links.lww.com/BPMJ/A184.
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Treatment effects
Exposure to the intervention was defined as starting at 
onboarding to the DTx platform and ending at discon-
tinuation of treatment or end of the study data (i.e. cen-
sored). The length of exposure varied across subjects. 
Subjects contributed data for the time they participated 
(i.e. no requirement for completion of the maximum fol-
low-up time). Treatment effects of primary, secondary, 
and exploratory endpoints were analyzed for the popu-
lation as a whole and for the four SBP-based subgroups 
separately. Treatment effects of primary and secondary 
endpoints were also analyzed in the following explora-
tory subgroups:

	(1)	Diabetes (self-reported or fasting plasma glucose 
≥7.0 mmol/L)

	(2)	Pre-diabetes (fasting plasma glucose ≥6.1 and 
<7.0 mmol/L)

	(3)	Overweight (defined as BMI 25.0−29.9 kg/m2)
	(4)	Obese (defined as BMI ≥30 kg/m2)
	(5)	Age >65 years
	(6)	Age <65 years
	(7)	High alcohol consumption (defined as self-reported 

consumption of more than 9 standard units of alcohol 
per week for females and 14 standard units for males)

	(8)	Low alcohol consumption (defined as self-reported 
consumption of less than 9 standard units of alcohol 
per week for females and 14 standard units for males).

Statistical analysis
Descriptive statistics
Descriptive statistics were computed for the baseline val-
ues of each study variable for the full study population as 
well as for the four SBP-based subgroups. The descrip-
tive statistics consisted of sample size, mean, and SD for 
continuous variables and sample size and proportion for 
categorical variables.

Mean change from baseline
Mean change from baseline was calculated for all end-
points at two weeks from baseline (first treatment con-
trol) and every three months from baseline up to 540 days 
for primary and secondary outcomes, and 360 days for 
exploratory endpoints. For primary and secondary end-
points, initial assessment at two weeks after baseline was 
also included as a time point. The mean change from 
baseline for each continuous endpoint was computed, 
together with P values and SEs. As there is no control 
arm, the patients served as their own control group. While 
this reflects treatment by the DTx platform in the real-
world setting, the ability to control for confounding fac-
tors (including patient self-selection into treatment and 
secular trends that may be ongoing before and during 
the study period) was limited. Because non-random sub-
ject attrition (e.g. due to death, goal attainment, or treat-
ment dissatisfaction but include censoring due to late 
study entry for otherwise ongoing treatment) can bias 

the comparison (i.e. informed censoring), we addition-
ally calculated mean values for the primary outcomes for 
completers and differences versus all subjects, by dura-
tion and SBP-based subgroup. Statistical significance 
was tested using t-tests performed on the sub-group of 
patients with complete follow-up data to the tested time 
point. The significance level was set to P < 0.05.

Evolution curves
All endpoints were plotted over time separately by SBP-
based subgroup from baseline and at every 3-month 
interval. Mean and 95% confidence interval at each time 
point were plotted. Categorical endpoints were described 
with bar charts for each point in time.

Results
Patient characteristics at baseline
A total of 7752 initiating on the DTx platform during 
the period 2018–2021 participated in the retrospective 
study. Baseline characteristics for the whole patient pop-
ulation, and for SBP-based subgroups, are presented in 
Table 1. Sixty-nine percent were born in Sweden, 12% 
in other European countries, and 19% outside Europe. 
All patients had a hypertension diagnosis for which they 
received treatment before initiating onboarding the DTx 
platform and 79 % of the patients had received previous 
medication for their hypertension. Moreover, 57, 36, and 
19% had had their first medication for hypertension ≥2, 
≥5, and >10 years, respectively, before enrolling in the 
study while 19% had not yet received medication for 
hypertension. The majority of the participants (58%) had 
SBP above the defined diagnostic target for uncontrolled 
SBP (i.e. SBP ≥135).

As expected, mean SBP/DBP differed between SBP-
based subgroups ranging from 149/92 in the high SBP 
subgroup to 109/72 in the low SBP subgroup. Some dif-
ferences in patient characteristics were observed between 
subgroups; the low SBP subgroup differed from the 
whole study population by having fewer male patients 
and a higher proportion of patients with a high-stress 
level, as well as a smaller proportion of patients with 
high alcohol consumption. With increased mean SBP, we 
also observed an increase in the proportion of males and 
people born in Sweden as well as an increase in BMI of 
approximately one unit between each subgroup.

Treatment effects
As per inclusion criteria, all 7752 study participants were 
represented in HBP measurements at three months after 
baseline. However, as the recruitment was continuous 
and data harvested at a fixed time point, the number 
of patients with HBP measurements declined for every 
additional three-month interval from baseline. Over the 
study period, there was also a small proportion of patients 
(7%) who were lost to follow-up (reasons included death, 
serious complications, drop-out, and moving abroad) and 
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8% of the patients were inactive on the platform (e.g. 
due to travel) at some point during the study period, 
which further contributed to a loss of sample sizes over 
time. The number of patients with HBP measurements 
at 180, 360, and 540 days after baseline were 6164, 
4827, and 3718, respectively (Supplementary Table S1, 
Supplemental Digital Content 1, http://links.lww.com/
BPMJ/A184). To evaluate the potential of systematic bias 
in HBP values over time due to declining sample sizes, 
we compared mean baseline HBP for those subjects with 
complete follow-up data at the end of each three-month 
interval, and only minimal differences (<0.4 mmHg) were 
observed between these groups.

The values for SBP, DBP, and PP over time are depicted 
in Fig. 1 separately for the four SBP-based subgroups. 
Supplementary Figures S1 and S2 (Supplemental 
Digital Content 1, http://links.lww.com/BPMJ/A184) 
present the same for the exploratory endpoints. Mean 
changes from baseline in primary, secondary, and 
exploratory endpoints after 360 days of treatment with 
the DTx platform for the whole patient population 

and for SBP-based subgroups separately are presented 
in Table  2. Mean values and change from baseline at 
all timepoints are presented in Supplementary Table 
S1 (Supplemental Digital Content 1, http://links.lww.
com/BPMJ/A184) for primary and secondary endpoints 
and in Supplementary Table S2, (Supplemental Digital 
Content 1, http://links.lww.com/BPMJ/A184) for explor-
atory endpoints. Mean values and change from baseline 
in primary and secondary outcomes for exploratory sub-
groups are presented in Supplementary Tables S3–S10, 
(Supplemental Digital Content 1, http://links.lww.com/
BPMJ/A184.)

After 360 days from baseline, significant decreases in SBP, 
DBP, and PP were observed for the whole study popula-
tion and the proportion of patients with controlled SBP 
(defined as SBP ≥115 and ≤135 mmHg) increased from 37 
to 58% (Table 2, Supplementary Table S1, Supplemental 
Digital Content 1, http://links.lww.com/BPMJ/A184). 
Between SBP-based subgroups, the most profound 
changes in primary and secondary outcomes over the 
360 days were, as expected, observed for the high SBP 

Fig. 1

Changes in SBP, DBP, and PP over time for SBP-based subgroups. The graphs show mean values with confidence intervals. PP, pulse pressure.
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subgroup (Table 2). For this subgroup, there was a reduc-
tion in both mean SBP and DBP, particularly in the first 
months of the study period (Fig. 1). The largest reduc-
tion was observed for SBP which decreased by an aver-
age of 13.8 mmHg over 360 days of treatment of which a 
considerable proportion [mean (SE) change −6.5 (0.143) 
mmHg] occurred already in the period between baseline 
and initial assessment (Table 2, Supplementary Table S1, 
Supplemental Digital Content 1, http://links.lww.com/
BPMJ/A184). After Day 180, the values were largely sta-
bilized with SBP in the range of 121–123 mmHg (Fig. 1, 
Supplementary Table S1, Supplemental Digital Content 
1, http://links.lww.com/BPMJ/A184).

The decrease in DBP reached 8.0 mmHg at Day 360 
(Table 2). The large reduction in SBP over time resulted 
in a concomitant lowering of PP and was also reflected 
by a considerable increase, from 0 to 48%, in the propor-
tion of patients reaching controlled SBP after 360 days 
(Table 2).

In contrast to the high SBP subgroup, the low SBP sub-
group showed an increase in both SBP and DBP over 
time, particularly in the first months of the study (Fig. 1). 
After Day 180, the mean SBP stabilized at around 121–
123 mmHg for this group (Fig. 1, Supplementary Table 
S1, Supplemental Digital Content 1, http://links.lww.
com/BPMJ/A184), and after 360 days of treatment, mean 
SBP and DBP had increased by 13.4 and 6.7 mmHg, 
respectively (Table 2). As a result of the raised SBP in the 
low SBP subgroup, the proportion of patients with con-
trolled SBP increased from 0 to 74% after 360 days from 
baseline.

A small increase in mean SBP and DBP was also observed 
in the first months from baseline for the optimal SBP sub-
group, and after 180 days, the SBP stabilized in the range 
of 125–126 mmHg. At day 360, SBP and DBP showed a 
mean increase of 5.3 and 2.3 mmHg, respectively. For the 
suboptimal group, mean SBP and DBP remained rela-
tively stable over the 540-day period with SBP-values in 
the range of 129–130 mmHg; however, there was a small 
overall decrease of just over 1 mmHg for both SBP and 
DBP after the 360 days of treatment (Table 2). For the 
suboptimal and optimal BP subgroups, the percent of 
patients with controlled BP decreased over the 360-day 
treatment period by 30 and 24%, respectively.

Exploratory subgroups showed overall similar results 
as the main population (Supplementary Tables S3–S10, 
Supplemental Digital Content 1, http://links.lww.com/
BPMJ/A184), and for all subgroups, BP declined con-
tinuously with increasing time from baseline. However, 
a few differences were observed: Mean baseline DBP 
was lower for patients >65 years old (84 mmHg) com-
pared with those aged <65 years (88 mmHg). Mean 
baseline DBP was also somewhat lower for patients 
with pre-diabetes (83 mmHg) compared to those with 
diabetes (86 mmHg). Moreover, a higher baseline SBP Ta
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(142 mmHg) and larger reduction in SBP after 360 days 
(−7.8 mmHg) was observed for obese patients compared 
with overweight patients (137/−6.7 mmHg). For patients 
with high alcohol consumption at baseline, BP was sim-
ilar to those with low alcohol consumption at baseline 
(SBP of 139 mmHg and 138 mmHg, respectively) but the 
decline in BP for uncontrolled patients was higher for 
those with low alcohol consumption (−14.1 mmHg com-
pared to −13.2 mmHg after 360 days).

Small but significant beneficial changes were also 
observed for some exploratory outcomes over the 360-day 
study period; there was an increase in the proportions of 
patients who were physically active (from 15 to 18%), and 
reductions were observed for BMI (mean reduction of 
0.46 kg/m2, corresponding to a mean reduction in weight 
of 1.6%) as well as for the proportions of smokers (from 
12 to 7%) and patients with high-stress level (from 37 to 
26%) (Table 2, Supplementary Table S2, Supplemental 
Digital Content 1, http://links.lww.com/BPMJ/A184). 
Undesirably, the proportion of patients with high alcohol 
consumption increased from 25 to 29%. Overall, these 
changes occurred across all SBP-based subgroups and 
began already in the first months of the study period 
(Table 2, Supplementary Table S2, Supplemental Digital 
Content 1, http://links.lww.com/BPMJ/A184). It should 
be noted that the response rates for exploratory outcomes 
decreased nearly 10-fold (from approximately 7500 to 
750) between baseline and day 360 (Supplementary 
Table S2, Supplemental Digital Content 1, http://links.
lww.com/BPMJ/A184).

Discussion
This is one of the first large studies to evaluate real-world 
treatment outcomes for an app-based DTx treatment 
strategy for chronic disease, and it is highly relevant for 
hypertension patients in Sweden. The combination of 
active patient engagement, education, and empower-
ment, continuous monitoring of health data with regular 
feedback, and early intervention by patient-responsible 
healthcare providers is a strong care concept that shows 
the way for future effective digital care models for the 
treatment of chronic disease. These features enable 
easily accessible, equal, and resource-efficient care of 
high quality for our largest patient groups. The study is 
an extension of an earlier pilot study by Wijkman et al. 
[14] in which 172 prospectively collected subjects were 
treated with the DTx platform’s app-based therapy for 
hypertension, and which found that BP control improved 
for both initially hypertensive and hypotensive patients 
over 90 days. Using non-randomized data for more than 
7500 DTx-treated patients followed for up to 540 days, 
we found significant beneficial effects on BP for patients 
with different degrees of hypertension (i.e. high and 
suboptimal BP subgroups) and for patients with hypo-
tension (i.e. low BP subgroup), and these benefits were 

maintained over time. The effects observed for the high 
and low SBP subgroups were of considerable magnitudes 
with a change from baseline in SBP/DBP of −14/8 mmHg 
and +13/7 after 360 days, respectively. As a comparison, 
meta-analyses of results from RCTs have demonstrated 
that a reduction in SBP of 10 mmHg or DBP of 5 mmHg 
is associated with a reduction in the premature death of 
10–15%, stroke of 35%, myocardial infarction of 20%, and 
heart failure of 40% [9,16–18]. A likely explanation for 
the long-term beneficial effects observed in this study is 
that the evaluated DTx provides regular and continuous 
contact with a caregiver in combination with encouraging 
patient empowerment. The latter is achieved by educa-
tion and gamification, which engages patients in their 
treatment and supports lifestyle improvements and self-
care. It should be noted that the intervention, in terms 
of medical treatment, differs between patient categories; 
for patients with high BP, medication will be increased 
to reduce BP, whereas for patients with hypotension, 
medication will be adjusted to increase BP. Thus, as BP 
changes for hypertensive and hypotensive patients may 
cancel each other out in the whole study population, it is 
more informative to evaluate the effect of the interven-
tion in subgroups defined by baseline BP.

That a large part of the change in BP appeared already 
in the two weeks between baseline and first assessment 
may be partially explained by improved compliance to 
medication and treatment among patients after being 
onboarded to the DTx platform. Adherence to pharma-
cotherapy is generally low among hypertension patients 
and typically reported at <50% one year after treatment 
initiation [19]. The possibility of informed censoring 
election effects related to sample attrition was assessed 
by analyzing complete follow-up data at the end of each 
period for the base case scenario and found to be small 
(results available upon request). Moreover, the small 
increase in BP observed in the first weeks for the opti-
mal SBP subgroup, and the reduction in the proportion 
of patients with BP control in the optimal and subopti-
mal subgroups, may be attributable to medical adjust-
ments at the beginning of the treatment period for older 
patients with BP below the higher recommended target 
for patients ≥65 years (i.e. SBP of 130–139 mmHg, equiv-
alent to home measured SBP of 125–135 mmHg [9]).

In addition to changes in BP, a selection of exploratory 
outcomes was evaluated. Although the response rate 
decreased considerably over time for these outcomes, 
small but significant beneficial effects were observed for 
stress level, physical activity, smoking, and BMI. The 
reduction in BMI corresponding to a decrease in weight 
of 1.6% may be close to clinical significance considering 
that improvement in triglycerides and SBP have been 
found among people with weight loss in the low inter-
val of between 2 and 5% [20]. We also observed a small 
and unexpected significant increase in the proportion of 
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patients with high alcohol consumption in the high SBP 
subgroup. A potential explanation could be less controlled 
alcohol intake associated with the COVID-19 pandemic 
that has been observed in high-income countries during 
the pandemic [21].

Strengths of this real-world study include the large study 
population and long study period. The results reflect 
actual clinical practice which often represents a higher 
heterogeneity with respect to population characteristics, 
treatment regimens, and patient adherence compared to 
RCTs [22]. Also, subject retention was generally good, and 
patients contributed data for all timepoints possible (i.e. 
no selection based on the requirement for completion of 
the maximum follow-up time to be included in the study). 
Moreover, uncertainty in the primary outcomes, SBP and 
DBP, was reduced by averaging multiple measurements 
and the use of app-based reporting of SBP values using 
the validated and CE-labelled Bluetooth-equipped BP 
monitor with individually adjusted cuff size. Furthermore, 
subjects were followed at 90-day intervals, which permit-
ted assessment of the robustness of the results over time.

A weakness of the study is the lack of a formal compar-
ator (dictating an uncontrolled change from baseline 
analytical design) and the associated risk that the results 
are influenced by confounding factors. For example, 
the study results may be influenced by regression to 
the mean because treatment is more likely to be sought 
after when BP control is poor [23]. However, it should be 
noted that the patients included in the study were previ-
ously diagnosed with high BP and that 79% had received 
medical treatment before being included in the current 
study. Despite this, the intervention resulted in signifi-
cantly improved BP control. Another limitation was the 
drop in sample size observed at the long-term follow-ups. 
However, for HBP, this drop related primarily to late-start-
ing patients who had not completed the longer follow-ups 
at the study end date, whereas the proportion of patients 
lost to follow-up over the study period was small. Also, 
minimal differences in mean baseline HBP and changes 
in HBP were observed between patient groups with data 
at the different follow-ups which reduces the risk of sys-
tematic bias over time (see Supplementary Table S1, and 
Supplementary Figures S3 and S4, Supplemental Digital 
Content 1, http://links.lww.com/BPMJ/A184). Another 
limitation was the loss of laboratory values as endpoints 
due to the difficulty of collecting sufficient sample 
numbers during the COVID-19 pandemic. However, 
it should be noted that particularly important blood 
sampling (e.g. when adjusting medication) was largely 
maintained throughout the pandemic. Moreover, the cre-
ation of subgroups was based on SBP only, thus ignor-
ing DBP. Although this simplified the interpretation of 
data and maintained power for the statistical analyses, it 
may have caused a loss of interesting findings. While not 
a limitation, the use of HBP measurements potentially 
limits the accuracy of comparisons with similar studies 

reporting clinic-based measurements. Additionally, with 
the available data it was not possible to evaluate changes 
in medication over time (i.e. increased or decreased med-
ication) as changes in medication occur continuously and 
can take different forms (e.g. dose adjustment, switching 
to or from combination therapies, and switching between 
classes of BP medicine). Finally, generalizability to the 
full Swedish population is limited by the exclusion of 
non-Swedish-speaking patients.

The significant reduction in HBP reported in this study 
was in line with observations from previously published 
studies of digital HBP monitoring interventions, includ-
ing the meta-analysis of smartphone applications by 
Xu et al. [12,13,24–26]. The reduction observed for the 
high SBP subgroup in our study (i.e. 14 mmHg) was 
on the higher end compared to the range of approxi-
mately 2.5–13.0 mmHg reported by previous studies. An 
important note is the considerable difference between 
previously published studies in study duration (range: 
3–12 months) and mean baseline SBP values (range: <140 
to >150 mmHg); larger effects on BP have generally been 
observed for studies with higher baseline SBP.

Conclusion
Digital remote hypertension monitoring by a virtual 
individualized online DTx platform was associated with 
beneficial effects on BP for both hypertensive and hypo-
tensive patients, and these effects were maintained over 
a long period. The results indicate that the present DTx 
care model for hypertension could lead to improved real-
world BP control.
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