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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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” (Al), “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
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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 Al 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”)

[ Identification of studies via databases ]
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g Records identified from: Records apply filters before screening
E Databases (n =4) 2020-2025 records (n = 14126)
8 Scopus 1 (n = 2880) » Document type (article only) records (n = 2990)
= Web of Science 2 (n=774) Language (English only) records (n = 2925)
S PubMed 3 (n = 19554) All OA records (n = 2228)
= IEEE Xplore 4 (n = 1758) Duplicate records removed (n = 415)
S
h 4
Records screened > Records excluded irrelevant title.
(n=1817) (n=1378)
o
=
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Figure 1. PRISMA Flow Diagram.
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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 Al, 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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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 Al-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 (Al-
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



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

Studies Study Design Risk of Bias Tool Assessment Criteria Risk of Bias
. . Sampling, Data collection, Bias,
Sagaro et al., 2023 [21] Cross-sectional STROBE Checklist Confounding factors, Reporting Low
Chen et al., 2023 . . Sampling, Data collection, Bias,
[22] Cross-sectional STROBE Checklist Confounding factors, Reporting Low
Rojanasumapong et al., g . Sampling, Data collection, Bias,
2021 [27] Cross-sectional STROBE Checklist Confounding factors, Reporting Low
Ni et al,. 2020 . . Sampling, Data collection, Bias,
[31] Cross-sectional STROBE Checklist Confounding factors, Reporting Low
Eze et al., 2024 [33] Cross-sectional STROBE Checklist Samphng,.Data collection, B.l as, Low
Confounding factors, Reporting
Persell et al., 2022 [24] Cohort Newcastle-Ottawa Scale Selection, Comparability, Outcome Low
(NOS) assessment
Agnihothri et al., 2021 [26] Cohort Newcastle-Ottawa Scale Selection, Comparability, Outcome Low
(NOS) assessment
Confounding, Selection bias,
Davoudi et al., 2020 [30]  Observational ROBINS-I Measurement bias, Outcome Low
assessment
Confounding, Selection bias,
ggjn ctal., 2022 Observational ROBINS-I Measurement bias, Outcome Low
assessment
Confounding; Selection bias;
Aubert et al., 2021 [37] Observational ROBINS-I Measurement bias; Outcome Low
assessment
Table 2. Demographic and Study Design Summary of Included Studies on Hypertension Diagnosis and Treatment.
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 o
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
Alsager 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+154 46% male
207]]21 nasumapong etal., 2021 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
V) V)
Favaretti et al., 2024 [38]  India RCT 388 487+11.4 1611651?) female. 33.5%
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Table 3. Short-Term Effectiveness of Interventions in Hypertension Management.

Intervention Author’s / Year

Jiang et al., 2024 [19]

Alsager et al., 2022 [23]

Persell et al., 2022 [24]

Digital Health

Prendergast et al., 2021 [28]

Davoudi et al., 2020 [30]
Eze et al., 2024 [33]

Andersson et al., 2023 [34]
Bozorgi et al., 2021 [35]

Sagaro et al., 2023 [21]
Telemedicine Chen et al., 2023 [22]
Maimaitiaili et al., 2022 [32]
Hermansson-Borrebaeck et al.,
Wearable & Mobile 2025 [20]
Tech Agnihothri et al., 2021 [26]
Ni et al., 2020 [31]
Pharmaceutical Aubert et al., 2021 [37]
Approach
Wang et al., 2021 [25]
Rojanasumapong et al., 2021
Hybrid (Mixed [27]
Approaches)

Chen et al., 2022 [36]

Favaretti et al., 2024 [38]

Sub-Type Short-Term Efficacy
Intelligent hypertension excellence centers

(iIHEC) with remote blood pressure monitoring and
Al follow-ups

4 Mobile health apps + Public health nursing
intervention

Remote patient monitoring RPM with digital tracking
and physician alerts

Educational & Empowerment (E2) + Mobile blood
pressure self-monitoring

Automated remote blood pressure monitoring via text
Remote blood pressure monitoring, mHealth,
Electronic Health Record (EHR)

Web-based self-management with blood pressure

Blood pressure reduction
Enhanced self-care

Improved blood pressure control
Better self-management
Increased engagement

Better adherence

monitoring

Mobile blood pressure Management App

Telemedicine-based hypertension risk prediction Early identification and early
mHealth technology for decision-making and health intervention

tracking Better patient-provider interaction

Single-pill-combination (SPC-based) telemedicine
titration therapy + blood pressure monitoring
Electronic Health (e-Health) self-management system
with daily blood pressure monitoring

mHealth app for blood pressure monitoring with
Electronic Medical Record (EMR) integration
Volunteer-led mHealth screening and education
Antihypertensive Treatment Intensification — Adding Blood pressure reduction but
a New Medication vs. Maximizing Dose lower treatment adherence
Telehealth system with Al-driven decision support

eHealth-based integrated care model with Al decision |Blood pressure control,

Improved self-efficacy,
Increased hypertension detection

support adherence, and lifestyle changes
Electronic health literacy in hypertension High accuracy in predictive model
management no effect on visit attendance

Machine-learning-based risk prediction

Table 4. Long-Term Effectiveness of Interventions in Hypertension Management.

Intervention Type

Digital Health

Telemedicine

Wearable & Mobile Tech

Pharmaceutical Approach

Hybrid (Mixed Approaches
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Author’s / Year

Jiang et al., 2024 [19]
Alsager et al., 2022 [23]
Persell et al., 2022 [24]

Rojanasumapong et al., 2021 [27]

Long-Term Effectiveness

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

Andersson et al., 2023 [34] improvements may be sustained, but these findings depend on enhanced

Bozorgi et al., 2021 [35]

Sagaro et al., 2023 [21]
Chen et al., 2023 [22]

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;

Improve hypertension screening and prevention among seafarers;
Potential to improve hypertension control rates among racial/ethnic

Prendergast et al., 2021 [28] minorities needs further evaluation for sustained blood pressure control

Maimaitiaili et al., 2022

[32] and racial disparities;

Hermansson-Borrebaeck et al., 2025 [20] No significant long-term impact on blood pressure control;
Agnihothri et al., 2021 [26] Blood pressure control sustained over 2+ years, improved self-monitoring

Ni et al., 2020 [31]

Aubert et al., 2021 [37]
Wang et al., 2021 [25]
Eze et al., 2024 [33]
Chen et al., 2022 [36]

adherence potential for integrating mobile health (mHealth) for
hypertension management

Potential to improve hypertension control and patient adherence with
increased RBPM awareness;
No evidence of sustained behavior change.

Favaretti et al., 2024 [38]



Table 5. Current Challenges in Hypertension Management Interventions.

Intervention

Author’s / Year

Current Challenges

Jiang et al., 2024 [19]

Hermansson-Borrebaeck et al.,
2025 [20]

Alsager et al., 2022 [23]

Digital Health

Persell et al., 2022 [24]

Rojanasumapong et al., 2021 [27]

Andersson et al., 2023 [34]

Bozorgi et al., 2021 [35]

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.

Elemedicine

Sagaro et al., 2023 [21]

Chen et al., 2023 [22]

Prendergast et al., 2021 [28]

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;

Maimaitiaili et al., 2022 [32]

Intervention Scalability; Participant Retention.

Wearable & Mobile Tech

Agnihothri et al., 2021 [26]

Patient self-selection bias; digital literacy barriers; adoption hesitancy among

Davoudi et al., 2020 [30]

providers; Limited impact in high-engagement users; lack of individualized

Ni et al., 2020 [31]

intervention adjustments; Limited formal education; rural accessibility issues;

Eze et al., 2024 [33]

Low awareness; lack of provider recommendation; preference for in-person
visits.

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;

Chen et al., 2022[36]

Regulatory approval needed; Limited generalizability; Integration into clinical

Favaretti et al., 2024 [38]

workflows; Limited engagement with intervention; Digital accessibility issues.

Notes: Challenges for each intervention include high costs, digital literacy barriers, scalability issues, adoption hesitancy, lack of direct
measurements, treatment discontinuation, and integration difficulties.
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Figure 4. Gender distribution of participants in the included studies.

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.

115

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



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, Al-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
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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
pressurecompared to the control group while alsoimproving 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



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 Al-enabled
systems, demonstrate promising short-term effectiveness in
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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 Al-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-termassessments, 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 Al 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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Abbreviations and Acronyms.

STROBE: Strengthening the Reporting of Observational
Studies in Epidemiology.

NOS: Newcastle-Ottawa Scale.

iHEC-APP: Intelligent Hypertension and Evidence-based
Care Application.

WHO: World Health Organization.

ICT: Information and Communication Technology.

Al: Artificial Intelligence.

IEEE: Institute of Electrical and Electronics Engineers.

PRISMA: Preferred Reporting Items for Systematic reviews
and Meta-Analyses.

RoB: Risk of Bias.

RCTs: Randomized Controlled Trials.

mHealth apps: mobile Health Applications.

EHR: Electronic Health Records.

RBPM: Remote Blood Pressure Monitoring.

eHL: Low eHealth literacy.

DTx: Digital Therapeutics.

BMI: Body Mass Index.

LMICs: Low- and Middle-Income Countries.
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