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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Research in hypertension management 

highlights a significant gap in the effectiveness, accessibility, 
and patient-centricity of existing approaches. This study aims 
to examine the effectiveness of digital health, telemedicine, 
wearable devices, and hybrid approaches in hypertension 
management, addressing short-term and long-term outcomes 
and identifying implementation challenges.

Methods: This study retrieved data from studies indexed in the 
Scopus, WoS, PubMed, and IEEE Xplore databases, “published 
between 2020 and 2025.” The search keywords included 
“hypertension diagnosis,” “therapy technologies,” namely 
“artificial intelligence” (AI), “telemedicine,” and “wearables.” 
Bias assessments followed the Cochrane Collaboration, 
STROBE, and NOS with high inter-observer reliability.

Results: This study included studies spanning multiple 
countries and revealed that digital health interventions, such as 
remote monitoring of blood pressure and artificial intelligence-
supported apps, show significant short-term blood pressure 
reductions and improved patient adherence. Telemedicine and 
wearable technologies demonstrated positive outcomes in blood 
pressure control and patient engagement. Hybrid approaches, 
including artificial intelligence-driven decision support, 
exhibited promising potential but had limited impact on visit 
attendance. Long-term effects were mixed, with digital health 
solutions like the iHEC-APP showing early signs of sustained 
blood pressure improvements but requiring further evaluation.

Conclusion: Hypertension interventions show promise, but 
long-term efficacy, scalability, gender-sensitive approaches, 
and patient engagement remain key challenges, necessitating 
further research and development.

Key words. Medical technologies, telemedicine, digital 
diagnostics, therapeutic strategies for hypertension, mobile 
health applications, artificial intelligence.
Introduction.

A significant worldwide health issue, hypertension, also 
known as high blood pressure, is thought to impact 1.28 billion 
persons between the ages of 30 and 79, with two-thirds of them 
residing in low- and middle-income nations [1]. Cardiovascular 
disorders continue to be the world’s top cause of mortality 
and have a significant role in both health loss and rising health 
system expenses [2]. Hypertension is an essential risk factor for 

cardiovascular diseases and was estimated to affect nearly 48% 
of adults in the United States [3].

Men are 50.8% more vulnerable than women to have 
hypertension, a significant risk factor for cardiovascular 
illnesses, which affects 47.7% of American adults. The 
prevalence increases with age: 23.4% among those aged 18 
to 39, 52.5% among those aged 40 to 59, and 71.6% among 
those aged 60 and above. Only 54% of adults with hypertension 
worldwide are aware that they have the condition, 42% are 
receiving treatment, and just 21% are keeping their blood 
pressure under control, according to the WHO [4]. Regional 
variations in hypertension prevalence show the lowest rate in 
men in South Asia, 26.4%, and the highest in Eastern Europe 
and Central Asia, 39.0%. For women, the lowest prevalence is 
in high-income countries, 25.3% and the highest in Sub-Saharan 
Africa, 36.3% [5]. According to recent research, hypertension is 
becoming more prevalent worldwide, particularly in low- and 
middle-income countries, where it remains a major cause of 
morbidity and mortality. By 2040, the prevalence is projected 
to increase to 28.4% in males and 30.1% in females, driven by 
ageing populations and lifestyle factors [6].

However, there are key challenges in the diagnosis and 
management of hypertension that are a matter of concern. Many 
patients with hypertension remain undiagnosed or inadequately 
treated, resulting in poor blood pressure control [7]. Ensuring 
that patients adhere to the treatment schedule has always been 
a challenge for longer-term blood pressure control. Standard 
blood pressure measurements obtained in the office are often 
affected by masked hypertension, resulting in unintended 
misdiagnosis and poor treatment [8,9].

Despite the pivotal role of hypertension management in 
preventing cardiovascular disease and mortality, the current state 
of evidence-based hypertension management is characterized 
by massive ineffectiveness, lack of access, and patient mistrust. 
These challenges are emerging with the integration of digital 
technologies, which is a promise that has been built for its 
solutions [10]. Conventional strategies to manage hypertension 
often do not offer continuous monitoring, which can result in 
inadequate blood pressure control. Digital health solutions, such 
as wearables and mobile apps, can help in this regard, especially 
in providing real-time data and enabling tailored care [11,12]. 
Digital interventions may also increase treatment adherence 
by enabling more interactive communication between the 
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patient and healthcare provider. Connected devices can also 
notify clinicians when a patient experiences a change in status, 
prompting an earlier clinical response to adjust the treatment 
plan accordingly [13].

It is an evolving discipline that uses Information and 
Communication Technology (ICT) to improve the management 
of hypertension. This involves telehealth, wearables and mobile 
health apps enabling patients to monitor their health [14]. 
Digital platforms not only assist in medication management but 
also provide tools for lifestyle changes and patient education. 
Previous research suggests that patients receiving digitally-
enabled management have superior blood pressure control in 
comparison to control patients receiving usual care [15]. No 
immediate investment cost is suggested for the implementation 
of digital solutions. In the long term, investments are most 
likely to be cost-saving due to improvements in cardiovascular 
health and decreases in the incidence and complications of 
hypertension-related diseases [16,17].

Hypertension management will be based on patient 
individualization supported by the use of technologies. That 
includes using AI to make treatment effectiveness more 
effective through data analysis and predictive modelling [18]. 
Despite their limited use in primary care, emerging evidence 
suggests digital interventions related to health can effectively 
improve blood pressure in populations with health disparities, 
implying their role in equity regarding healthcare accessibility 
and outcomes. Therefore, addressing the current research 
issues in hypertension management through the use of digital 
technologies remains a priority in clinical practice and research.

Purpose of the Study.
To assess and compare relevant innovations in the management 

of hypertension, primarily related to digital health technology, 
telemedicine, wearable devices, and hybrid approaches, to 
evaluate the short-term and long-term effectiveness of these 
interventions on blood pressure control, patient engagement, 
and overall health outcomes. Through analysis of existing 
challenges, the study aims to uncover obstacles to the 
implementation and scaling of these interventions in diverse 
populations.
Research Question.

1.	 How effective are digital health technologies, 
telemedicine, wearable devices, and hybrid approaches in 
managing hypertension in the short and long term?

2.	 What demographic factors influence the success of 
hypertension management interventions?

3.	 What are the current challenges faced in implementing 
and scaling these interventions across different populations?
Materials and Methods.

Study design: A systematic review from 2020 to 2025.
Search strategy:
PRISMA flow diagram shows the search strategy in 

Figure 1 for the systematic review. The identification phase 
involved searching four databases: Scopus 2,880, WoS 774, 
PubMed 19,554, and IEEE Xplore 1,758. These records 
were retrieved based on keywords (“Hypertension diagnosis 
technology” OR “Hypertension treatment innovation” OR 
(“Artificial intelligence” AND “hypertension management”) 

Figure 1. PRISMA Flow Diagram.
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Trials (RCTs) and had low RoB in multiple domains. Individual 
and overall RoB were summarized using Figures 2A and 2B, 
respectively. For non-randomized controlled trial studies (e.g., 
cross-sectional and cohort studies), the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
and Newcastle-Ottawa Scale (NOS) were applied, as shown in 
Table 1. The risk of bias assessment was low in all studies, with 
careful attention given to sampling, data collection, confounding 
and reporting.
Ethical Considerations.

This study used secondary published data. So, there is no 
ethical concern. However, all included studies adhered to ethical 
standards as evidenced by institutional review board approvals 
and informed consent from participants.
Results.

Table 2 summarizes the included studies, showcasing diverse 
study designs, countries, and demographics. The studies span 
multiple regions, including China, the United States, Sweden, 
Ethiopia, Jordan, Thailand, Singapore, Nepal, Iran, and India. 
The sample sizes range from 120 to 178,562 participants, aged 
18 to 85 years. Gender distribution varies, with studies typically 
including both males and females, with some showing a higher 
percentage of one gender, such as 77.6% female in Maimaitiaili 
et al. (2022) [32] and 98.1% male in Aubert et al. (2021) [37].

Figure 3 illustrates the distribution of study designs included in 
the research. Randomized Controlled Trials (RCTs) constitute 
the largest proportion at 50%, followed by Cross-sectional 
studies at 25%. Observational studies account for 15%, while 
Cohort studies represent the smallest share at 10%. This 
depiction underscores the methodological diversity across the 
selected studies.

This chart highlights the various approaches used in the 
research.

Figure 4 illustrates the gender distribution across various 
studies. The percentage of male and female participants varies 
widely among the studies. For instance, some studies, like 
the one from 2023, show a significant gender imbalance with 
99.4% male participants, while others, such as a 2022 study, 
have a higher proportion of female participants (77.6%). The 
table highlights the diversity in gender representation across the 
included studies, showing the varying balance between male 
and female participants.

Table 3 summarizes the short-term efficacy of various 
interventions in hypertension management. Digital health 
interventions, including remote blood pressure monitoring, 
mHealth apps, and AI-supported systems, showed significant 
blood pressure reductions and improved patient adherence. 
Telemedicine and wearable tech also demonstrated 
improvements in blood pressure control and patient engagement. 
Hybrid approaches, such as Artificial Intelligence-driven (AI-
driven) decision support and machine learning models, showed 
promising potential for enhancing hypertension management, 
while some interventions, like WhatsApp reminders, had 
minimal impact.

Table 4 presents the long-term effectiveness of various 
interventions in hypertension management. Digital health 

OR (“Telemedicine” AND “hypertension”) OR (“Wearable 
devices” AND “blood pressure monitoring”) OR (“Personalized 
medicine” AND “hypertension therapy”)). After applying the 
initial filters, 14,126 records from 2020 to 2025 were retained. 
The search was further narrowed to 2,990 journal articles, with 
only English-language records considered, resulting in 2,925 
articles. Additionally, 415 duplicate records were removed. 
In the screening phase, 439 unique studies were evaluated for 
eligibility. Thus, from the 2,221 identified studies, 419 were 
excluded for the following reasons: insufficient study design or 
lack of significant data related to the review. As a result, 20 
studies [19-38] were considered suitable and incorporated into 
the final review.
Inclusion Criteria:

This review includes studies published from 2020 to 2025, 
employing innovative technologies for hypertension diagnosis 
and treatment via artificial intelligence, telemedicine, wearable 
devices, and personalized medicine. Studies published in 
both open-access and non-open-access journals are included. 
Only peer-reviewed journal articles containing substantial 
information pertinent to hypertension management and 
technological interventions are considered. The eligible studies 
must be original research articles, systematic reviews, or clinical 
trials using valid and reproducible data.
Exclusion Criteria:

The exclusion criteria for this review include studies 
published before 2020, non-English language articles, and 
duplicate records. Studies unrelated to hypertension diagnosis 
or management, or those that do not focus on technological 
approaches (such as AI, telemedicine, or wearable devices), are 
excluded. Studies with poor or invalid data, or those lacking 
a relevant study design, are also excluded. Additionally, non-
peer-reviewed articles, including opinion pieces, conference 
abstracts, and editorials, as well as studies not specifically 
focused on hypertension management, are excluded.
Data Extraction:

Extraction of data was performed in a systematic manner by 
two independent observers in order to ensure accuracy and 
reduce bias. The two observers Dr. Umar Ghafoor and Dr. 
Muhammad Usman screened the studies by title, abstract, and 
keywords to determine their relevance to inclusion/exclusion 
criteria. Using the final list of eligible articles, each observer 
independently extracted relevant data from the articles retained. 
This data consisted of both study design and sample size, used 
technologies and outcomes of hypertension diagnosis and 
treatment. The Kappa value was calculated to evaluate inter-
observer reliability, which quantifies the agreement between 
two observers. A Kappa value of more than 0.80 was considered 
strong agreement, and <0.60 indicated moderate agreement. 
Differences between the readers were discussed, and in cases of 
uncertainty, the study was reviewed again until a consensus was 
reached. This approach captured all relevant data without bias and 
handled data interpretation inconsistencies in a timely manner.
Risk of Bias Assessment:

Assessments of risk of bias were undertaken using the 
Cochrane Risk of Bias (RoB) tool for Randomized Controlled 
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Studies Study Design Risk of Bias Tool Assessment Criteria Risk of Bias

Sagaro et al., 2023 [21] Cross-sectional STROBE Checklist Sampling, Data collection, Bias, 
Confounding factors, Reporting Low

Chen et al., 2023
[22] Cross-sectional STROBE Checklist Sampling, Data collection, Bias, 

Confounding factors, Reporting Low

Rojanasumapong et al., 
2021 [27] Cross-sectional STROBE Checklist Sampling, Data collection, Bias, 

Confounding factors, Reporting Low

Ni et al,. 2020
[31] Cross-sectional STROBE Checklist Sampling, Data collection, Bias, 

Confounding factors, Reporting Low

Eze et al., 2024 [33] Cross-sectional STROBE Checklist Sampling, Data collection, Bias, 
Confounding factors, Reporting Low

Persell et al., 2022 [24] Cohort Newcastle-Ottawa Scale 
(NOS)

Selection, Comparability, Outcome 
assessment Low

Agnihothri et al., 2021 [26] Cohort Newcastle-Ottawa Scale 
(NOS)

Selection, Comparability, Outcome 
assessment Low

Davoudi et al., 2020 [30] Observational ROBINS-I
Confounding, Selection bias, 
Measurement bias, Outcome 
assessment

Low

Chen et al., 2022
[36] Observational ROBINS-I

Confounding, Selection bias, 
Measurement bias, Outcome 
assessment

Low

Aubert et al., 2021 [37] Observational ROBINS-I
Confounding; Selection bias; 
Measurement bias; Outcome 
assessment

Low

Table 1. Risk of bias assessment for other studies study design.

Studies Country Study Design Sample Size Age year Gender
Jiang et al., 2024 [19] China RCT 540 71.4 ± 3.7 38.3% female
Hermansson-Borrebaeck et 
al., 2025 [20] Sweden RCT 862 62.7 42.20% female

Sagaro et al., 2023 [21] Ethiopia Cross-sectional 4318 37.95 ± 10.32 99.40% male
Chen et al., 2023 [22] USA Cross-sectional 4,893 61 ± 13 53% female
Alsaqer et al., 2022 [23] Jordan RCT 120 60.37 56.4% male
Persell et al., 2022 [24] USA Cohort 2,451 65-85 65.4% female
Wang et al., 2021 [25] China RCT 402 18-80 -
Agnihothri et al., 2021 [26] USA Cohort 1,633 61.2 ± 15.4 46% male
Rojanasumapong et al., 2021 
[27] Thailand Cross-sectional 110 67 ± 5.23 57.3% female

Prendergast et al., 2021 [28] USA RCT 770 18-75 -
Bilger et al., 2021 [29] Singapore RCT 224 21-70 -
Davoudi et al., 2020 [30] USA Observational 201 18-75 70.6% female
Ni et al., 2020 [31] Nepal Cross-sectional 1113 56.3 ± 13.3 50% male
Maimaitiaili et al., 2022 [32] China RCT 358 43.9 77.6% female
Eze et al., 2024 [33] USA Cross-sectional 507 60 ± 14.7 60.4% female
Andersson et al., 2023 [34] Sweden RCT 949 62.9 42.9% female
Bozorgi et al., 2021 [35] Iran RCT 120 30-60 56.9% male
Chen et al., 2022 [36] China Observational 420 29 Pregnant women
Aubert et al., 2021 [37] USA Observational 178,562 75.8 ± 7.5 98.1% male

Favaretti et al., 2024 [38] India RCT 388 48.7 ± 11.4 66.5% female. 33.5% 
male

Table 2. Demographic and Study Design Summary of Included Studies on Hypertension Diagnosis and Treatment.
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Intervention Author’s / Year Sub-Type Short-Term Efficacy

Digital Health

Jiang et al., 2024 [19]
Intelligent hypertension excellence centers 
(iHEC) with remote blood pressure monitoring and 
AI follow-ups

Blood pressure reduction
Enhanced self-care
Improved blood pressure control
Better self-management
Increased engagement
Better adherence

Alsaqer et al., 2022 [23] 4 Mobile health apps + Public health nursing 
intervention

Persell et al., 2022 [24]  Remote patient monitoring RPM with digital tracking 
and physician alerts

Prendergast et al., 2021 [28] Educational & Empowerment (E2) + Mobile blood 
pressure self-monitoring

Davoudi et al., 2020 [30] Automated remote blood pressure monitoring via text

Eze et al., 2024 [33] Remote blood pressure monitoring, mHealth, 
Electronic Health Record (EHR)

Andersson et al., 2023 [34] Web-based self-management with blood pressure 
monitoring

Bozorgi et al., 2021 [35] Mobile blood pressure Management App

Telemedicine

Sagaro et al., 2023 [21] Telemedicine-based hypertension risk prediction Early identification and early 
intervention
Better patient-provider interactionChen et al., 2023 [22] mHealth technology for decision-making and health 

tracking

Maimaitiaili et al., 2022 [32] Single-pill-combination (SPC-based) telemedicine 
titration therapy + blood pressure monitoring

Wearable & Mobile 
Tech

Hermansson-Borrebaeck et al., 
2025 [20]

Electronic Health (e-Health) self-management system 
with daily blood pressure monitoring Improved self-efficacy,

Increased hypertension detectionAgnihothri et al., 2021 [26] mHealth app for blood pressure monitoring with 
Electronic Medical Record (EMR) integration

Ni et al., 2020 [31] Volunteer-led mHealth screening and education
 Pharmaceutical 
Approach Aubert et al., 2021 [37] Antihypertensive Treatment Intensification – Adding 

a New Medication vs. Maximizing Dose
Blood pressure reduction but 
lower treatment adherence

Hybrid (Mixed 
Approaches)

Wang et al., 2021 [25] Telehealth system with AI-driven decision support
Blood pressure control, 
adherence, and lifestyle changes
High accuracy in predictive model
no effect on visit attendance

Rojanasumapong et al., 2021 
[27]

eHealth-based integrated care model with AI decision 
support

Chen et al., 2022 [36] Electronic health literacy in hypertension 
management

Favaretti et al., 2024 [38] Machine-learning-based risk prediction

Table 3. Short-Term Effectiveness of Interventions in Hypertension Management.

Intervention Type Author’s / Year Long-Term Effectiveness

Digital Health

Jiang et al., 2024 [19] Blood Pressure Control Improvement in Older Adults: Ongoing 
evaluation is needed to determine the sustainability of blood pressure 
control over an extended period.
Evaluation in Progress: Early trends show that blood pressure 
improvements may be sustained, but these findings depend on enhanced 
digital access for broader reach;
No Significant Difference at 12 Months: No notable difference in blood 
pressure control at 12 months, indicating the need for further validation 
beyond the 6-month mark;

Alsaqer et al., 2022 [23]
Persell et al., 2022 [24]
Rojanasumapong et al., 2021 [27]
Andersson et al., 2023 [34]

Bozorgi et al., 2021 [35]

Telemedicine

Sagaro et al., 2023 [21] Improve hypertension screening and prevention among seafarers;
Potential to improve hypertension control rates among racial/ethnic 
minorities needs further evaluation for sustained blood pressure control 
and racial disparities;

Chen et al., 2023 [22]
Prendergast et al., 2021 [28]
Maimaitiaili et al., 2022 [32]

Wearable & Mobile Tech

Hermansson-Borrebaeck et al., 2025 [20] No significant long-term impact on blood pressure control;
Blood pressure control sustained over 2+ years, improved self-monitoring 
adherence potential for integrating mobile health (mHealth) for 
hypertension management

Agnihothri et al., 2021 [26]

Ni et al., 2020 [31]

Pharmaceutical Approach Aubert et al., 2021 [37] -

Hybrid (Mixed Approaches

Wang et al., 2021 [25]
Potential to improve hypertension control and patient adherence with 
increased RBPM awareness;
No evidence of sustained behavior change.

Eze et al., 2024 [33]
Chen et al., 2022 [36]
Favaretti et al., 2024 [38]

Table 4. Long-Term Effectiveness of Interventions in Hypertension Management.
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Intervention Author’s / Year Current Challenges

Digital Health

Jiang et al., 2024 [19]
High device cost; Limited digital literacy in older patients; Potential regulatory 
hurdles; No direct blood pressure control effect; Gender differences in self-
efficacy impact; Multiple apps required; Limited adoption by primary care 
physicians; Electronic health literacy (eHL); digital divide; preference for 
traditional media; lack of reliable language online health resources; lack of long-
term adherence; scalability concerns.

Hermansson-Borrebaeck et al., 
2025 [20]
Alsaqer et al., 2022 [23]
Persell et al., 2022 [24]
Rojanasumapong et al., 2021 [27]
Andersson et al., 2023 [34]
Bozorgi et al., 2021 [35]

Elemedicine

Sagaro et al., 2023 [21] Self-Reported Hypertension May Underestimate Prevalence; Lack of Direct 
Blood Pressure Measurements; Occupational Stress; Long Working Hours; 
Digital Divide; Lack of Access to mHealth Tools Among Certain Racial Groups; 
Intervention Scalability; Participant Retention. 

Chen et al., 2023 [22]
Prendergast et al., 2021 [28]
Maimaitiaili et al., 2022 [32]

Wearable & Mobile Tech

Agnihothri et al., 2021 [26] Patient self-selection bias; digital literacy barriers; adoption hesitancy among 
providers; Limited impact in high-engagement users; lack of individualized 
intervention adjustments; Limited formal education; rural accessibility issues; 
Low awareness; lack of provider recommendation; preference for in-person 
visits.

Davoudi et al., 2020 [30]
Ni et al., 2020 [31]

Eze et al., 2024 [33]

Pharmaceutical Approach Aubert et al., 2021 [37]

Adding a new antihypertensive medication was associated with more frequent 
discontinuation, lower sustainability of treatment, and slightly larger reductions 
in SBP. Observational bias and the predominantly male population may limit 
generalizability. 

Hybrid (Mixed 
Approaches)

Wang et al., 2021 [25] Digital literacy barriers; Implementation feasibility in different regions; 
Regulatory approval needed; Limited generalizability; Integration into clinical 
workflows; Limited engagement with intervention; Digital accessibility issues.

Chen et al., 2022[36]
Favaretti et al., 2024 [38]

Table 5. Current Challenges in Hypertension Management Interventions.

Notes: Challenges for each intervention include high costs, digital literacy barriers, scalability issues, adoption hesitancy, lack of direct 
measurements, treatment discontinuation, and integration difficulties.

Figure 2B. Risk of bias summary of RCT studies.

Figure 2A. Risk of bias assessment of RCT studies.
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interventions, like iHEC-APP, show early trends of sustained 
blood pressure improvement but require further evaluation. 
Telemedicine, such as a study, shows potential for improving 
hypertension control among African American, Hispanic/Latino, 
and Native American populations but needs more research for 
sustained results. Wearable and mobile tech interventions, like 
those in another study, demonstrate sustained blood pressure 
control over two years with improved adherence. 

Hybrid approaches show the potential to improve hypertension 
control and patient adherence by increasing awareness of 
RBPM, but there is no evidence of sustained behaviour change. 

Hybrid approaches have shown potential, but evidence for 
sustained behaviour change is limited.

Table 5 outlines the current challenges faced by various 
hypertension management interventions. Key issues include 
high device costs, digital literacy barriers, and limited clinical 
validation, especially for digital health solutions like iHEC-
APP and mHealth apps. Telemedicine interventions face 
obstacles such as self-reported hypertension underestimation 
and the digital divide. Wearable tech struggles with adoption 
hesitancy and limited engagement. Hybrid approaches show the 
potential to improve hypertension control and patient adherence 

Figure 3. Distribution of research methodologies used in the included studies.

Figure 4. Gender distribution of participants in the included studies.
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by increasing awareness of remote blood pressure monitoring, 
but there is no evidence of sustained behaviour change. 
Additionally, hybrid approaches require regulatory approval, 
real-world validation, and integration challenges, while some 
interventions show low participant retention and scalability 
concerns.
Discussion.

The studies analyzed in the current systematic review span 
multiple countries, including China, the USA, Sweden, and 
Ethiopia, and cover multiple study designs. The sample sizes 
range from 120 to 178,562 participants, with a broad age range 
from 18 to 85 years. Gender distribution varied, with some 
studies showing a higher percentage of one gender. These 
variations provide diverse insights into hypertension diagnosis 
and treatment across different populations. The international 
nature of these studies emphasizes the need for universally 
adaptable solutions, as cultural, socioeconomic, and healthcare 
system differences may impact the effectiveness of interventions. 
A study highlights the role of technologies like smartphones and 
Bluetooth-enabled telemonitoring in improving hypertension 
detection and management, offering continuous monitoring and 
real-time data, especially beneficial for elderly and pregnant 
populations [39,40]. Furthermore, the integration of telehealth 
systems in low-resource settings shows promising potential 
for overcoming barriers like distance and limited access to 
care. Advancements in diagnostic techniques, such as machine 
learning, genomic sequencing, and nanotechnology, improve 
early detection and personalized management of hypertension-
related brain disorders, including through deep learning 
algorithms [41,42]. However, the widespread application of 
these techniques remains a challenge, especially in regions 
with limited infrastructure and expertise. Further, the wide 
range of study designs used in these analyses allows for broad 
insights into the diagnosis and treatment of hypertension. RCTs 
provide high-quality evidence generated through experimental 
conditions, and observational studies help define risk factors 
and outcomes in cohort studies. Cross-sectional studies give a 
snapshot of disease prevalence, and cohort studies offer an ideal 
framework for examining the evolution of such diseases [43].

Digital health interventions (e.g., remote blood pressure 
monitoring and mHealth apps) were associated with marked 
reductions in blood pressure as well as improved patient 
engagement and adherence. Interventions using telemedicine 
also resulted in better patient-provider interactions and earlier 
detection of risk for hypertension. Participants benefitted 
from increased hypertension detection, diagnosis, and self-
efficacy stemming from the wearables. These interventions 
also demonstrated a potential to improve health literacy and 
empower patients by providing immediate access to health data 
and feedback. Various details in types of hybrid models, for 
example, AI-driven decision support, demonstrated potential 
regarding blood pressure control and adherence, but their 
influence on visit attendance was seen as scarce, emphasizing 
the necessity to explore the potential of these strategies 
further. In support of this, another study concluded that digital 
therapeutics interventions also significantly lowered blood 
pressure and improved lifestyle-related metrics as compared 

to usual care. This supports digital interventions as a key 
strategy for hypertension management [44]. The scalability of 
these interventions, particularly in low- and middle-income 
countries, remains a key consideration for their widespread 
implementation. In a study, digital health interventions were 
effective in reducing systolic blood pressure and blood pressure 
control in adult patients with hypertension in low- and middle-
income countries. This demonstrates the global nature of the 
applicability of digital health solutions [45]. Furthermore, 
studies of telemedicine and home blood pressure monitoring 
indicate that these technologies can increase blood pressure 
control via the ability to personalize treatment and intensify 
adherence to therapy [46]. Research evaluating the use of mobile 
health technologies has consistently demonstrated they support 
long-term hypertension management by providing reminders, 
collecting biometric data, and enabling social support [47].

Digital health interventions, such as iHEC-APP, at best 
demonstrate early trends in sustained blood pressure 
improvement, but further evaluation is needed to attain durable 
effects. Thus, while there is the potential for telemedicine 
interventions to improve hypertension control in minority 
populations, literature requires further study to determine the 
long-term effects of these interventions. Wearable tech, e-Health 
self-management system, maintained blood pressure control 
for 2 years and improved of adherence. Despite the promise of 
hybrid approaches, a widespread understanding of long-term 
changes in behaviour post-intervention means they still struggle 
to prove sustainability and generate sufficient evidence of long-
term effectiveness. In the same way, another systematic review 
reported consistently that digital health interventions, including 
digital therapeutics (DTx) are effective in lowering both systolic 
and diastolic blood pressure relative to usual care and revealed a 
significant decrease in systolic and diastolic blood pressure with 
digital therapeutics (DTx) interventions [46]. A meta-analysis 
showed that digital therapeutics significantly reduced blood 
pressure compared to the control group while also improving BMI, 
physical activity, waist circumference, waist/hip ratio, and other 
risk factors [48,49]. Research suggests smartphone applications 
are effective for hypertension management, improving blood 
pressure control, medication adherence, and health knowledge. 
With rapid technological advancements, digital health’s 
role in hypertension care is crucial for future research [50]. 
Furthermore, a systematic review supports the use of digital 
health interventions in minority ethnic populations, addressing 
factors like beliefs, education, culture, and healthcare systems. 
Mobile and web-based interventions have proven effective in 
lowering blood pressure and improving health behaviours in 
LMICs [51], despite the need for further studies to overcome 
intervention heterogeneity and geographical variations. While 
promising, hybrid models are less successful in demonstrating 
sustained behaviour change and will require more evidence 
of long-term effectiveness. It is also encouraging, particularly 
in minority populations, but more studies are required to 
demonstrate long-term benefits [52,53]. In particular, there is 
a growing need for research into the specific contextual factors 
that affect the uptake and effectiveness of these interventions 
across diverse demographic groups. Factors such as cultural, 
socioeconomic, technological literacy, access to devices, health 



117

literacy, and healthcare system infrastructure play a critical 
role in determining the success of digital health interventions. 
Understanding the barriers to widespread adoption, such as 
cultural and socioeconomic factors, is essential for improving 
the scalability of digital health solutions. In conclusion, 
although early data suggest that digital health interventions 
hold promise for hypertension management, more long-term 
evidence is needed to establish their effectiveness in a variety of 
populations and delivery mechanisms. Moreover, it is critical to 
explore how personalized treatment plans tailored to individual 
needs can enhance the impact of digital interventions. A deeper 
understanding of patient preferences and behaviours is essential 
for optimizing these technologies for better outcomes.

Some critical challenges common across interventions are the 
high costs of devices, limited digital literacy and challenges 
with scale. Hence, hi-tech health solutions like iHEC-APP and 
mHealth apps experience issues of regulatory make-believe, 
lack of lifecycle validation, lack of an acceptable experimental 
model and poor implementation. Additionally, despite the 
growing popularity of wearables, there remains resistance 
among certain populations to fully embrace these technologies. 
Factors such as privacy concerns, perceived complexity, and 
scepticism about their effectiveness contribute to this hesitance. 
Self-reported hypertension underestimations have escalated 
with telemedicine interventions among races. Consumers 
hesitate to adopt wearable tech, and so do healthcare providers. 
Hybrid models involve regulatory approval and real-world 
validation, and maintaining engagement and retention among 
participants is still a challenge in some interventions that have 
not seen widespread success. Despite promising benefits, digital 
health innovation raises ethical concerns, including privacy risks 
and biases that may exacerbate health inequalities. Addressing 
these requires stakeholder commitment to reframe innovation, 
regulation, and co-creation in development [54]. They 
highlighted the lower prevalence of treated hypertension despite 
the better control of blood pressure owing to the advancements 
in antihypertensive drugs, emphasizing improvements in 
the management of blood pressure [55]. Another study also 
highlights that worldwide, the approach highlights lifestyle 
interventions, pharmacotherapy, and device interventions, yet 
progress is hindered by poor adherence and therapeutic inertia 
[56]. This is particularly evident in low-resource settings, where 
access to healthcare infrastructure and trained professionals 
is limited. Strengthening healthcare systems is essential for 
ensuring the effectiveness of digital health interventions on a 
broader scale. Another study highlights clear, comprehensive 
policies that address data protection, clinical, ethical, legal, 
and operational aspects, which should be established and must 
provide a structured framework for the adoption and effective 
use of digital health solutions.
Conclusion.

In summary, this study highlights the diverse interventions 
and challenges in hypertension management, focusing on 
digital health, telemedicine, wearable technologies, and hybrid 
approaches. According to the study, digital health solutions, 
including remote blood pressure monitoring and AI-enabled 
systems, demonstrate promising short-term effectiveness in 

lowering blood pressure and improving patients’ engagement. 
Yet these interventions need further appraisal to prove their 
long-term worth, particularly in older people and groups with 
poor digital connectivity. Similar telemedicine interventions 
show promise in increasing hypertension screening and control 
rates, especially in minority populations; however, limitations 
such as underreporting and the digital divide are barriers 
to implementation. Smart wearable & mobile technologies 
(e-Health self-management systems) presented sustained blood 
pressure control for long periods and better adherence, but with 
unclear long-term effects.

Hybrid models combining digital health and AI-driven 
decision support promise to improve blood pressure control 
and adherence but require more evidence regarding their long-
term efficacy and scalability. An important observation in this 
review is the notable variation in gender representation across 
the studies. This highlights the importance of considering 
gender differences in hypertension care, as men and women 
may experience varying prevalence rates, treatment responses, 
and engagement with interventions. Specifically, the rise in 
hypertension risk among women post-menopause emphasizes 
the need for tailored approaches. Future research should focus 
on achieving a more balanced gender representation to better 
understand these differences and refine treatment strategies 
accordingly. The study also identifies several common 
challenges, including high device costs, digital literacy 
barriers, limited clinical validation, and the need for regulatory 
approval. These challenges hinder the widespread adoption and 
effectiveness of these interventions.
Practical Recommendations.

Further healthcare research is needed to overcome these 
challenges, particularly long-term assessments, clinical workflow 
integration, and access for marginalized groups. More research 
is needed on the applicability of therapeutic health systems, 
especially in resource-poor countries that face infrastructural 
barriers. These studies require special focus to enable older 
adults and those with low internet usage to participate. 
Moreover, there is a gap in how hybrid models of AI and digital 
health intervention are implemented in clinical practice in ways 
that maintain long-term effectiveness. Innovation is needed to 
address the digital illiteracy gap and to facilitate the uptake 
of the technologies by clinicians and patients to broaden their 
impact. Lastly, regulatory barriers, along with adequate clinical 
safety evaluation of the technologies, need to be tackled in order 
to use the technologies freely and confidently.
Limitations.

This study, while offering valuable insights, is not without 
limitations. The sample size was relatively small and limited to 
a specific cultural and geographical context, which may affect 
the generalizability of the findings. Data were based on self-
reported experiences, which may carry biases such as selective 
memory or emotional filtering. Additionally, the cross-sectional 
design does not allow for causal interpretations.
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