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Abstract

This study aims to identify the effects of m-Health interventions on physical activity (PA) level and sedentary
behavior (SB) in pre-hypertensive and hypertensive adults. Therefore, a systematic literature search was conducted
according to the guidelines defined by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA), in the scientific databases Web Of Science, MEDLINE/PubMed, SciELO, Scopus, and ACM Digital
Library. Eligibility criteria were: clinical trials; description of the functionalities of m-Health apps (reminders, goals,
wearables); description of the intervention characteristics (i.e., duration, expertise of professionals involved in the
supervision, and others) and blood pressure assessment. In the end, 1447 studies were identified, of which 147 were
duplicates. Through the screening by titles and abstracts, 43 studies were classified as relevant. However, only 12
studies met the eligibility criteria and were included in this systematic review. Most studies presented favorable results
with the use of m-Health apps to increase PA and reduce SB. In addition, increasing PA and reducing SB might be an
important non-pharmacological therapy to decrease blood pressure in hypertensive patients, when they follow the
minimum recommendations proposed by the PA guidelines of the World Health Organization (WHO). However,
further studies are still needed to assess the relationship between SB, PA and the use of m-Health interventions.
Keywords: Hypertension; Maobile applications; Sedentary behavior.

Resumo

Esse estudo tem como objetivo identificar os efeitos da utilizagdo de aplicativos m-Health no nivel de atividade fisica
(AF) e no tempo sedentario (TS) de adultos com diagnostico de pré-hipertensdo ou hipertensdo arterial (HA). Foi
conduzida uma revisdo sistematica da literatura de acordo com as diretrizes de declaracdo de Itens de Relatério
Preferenciais para Revisdes Sistematicas e Meta-Analise (PRISMA), nas bases de dados Web Of Science,
MEDLINE/PubMed, SciELO, Scopus e ACM Digital Library. Os critérios de elegibilidade foram: ensaios clinicos;
descricdo das funcionalidades dos aplicativos m-Health (lembretes, metas, vestiveis); descricdo do processo de
intervencdo (i.e. duracdo da intervencdo, profissionais envolvidos, entre outros) e avaliagdo dos valores pressoricos.
Foram identificados 1447 artigos, sendo 147 duplicados. Por meio da revisdo dos titulos e resumos, 43 estudos
mostraram-se potencialmente relevantes. No entanto, apenas 12 estudos atenderam aos critérios de elegibilidade e
foram incluidos para analise dos dados. Os dados demonstram que a maioria dos estudos apresentou resultados
favoraveis com a utilizacdo de m-Health no aumento da pratica da AF e na redugdo no TS. Além disso, identificou-se
que o aumento da AF e diminuicdo do TS pode favorecer a diminuigdo de valores pressoricos em pessoas com
diagnostico de HA, quando faziam o minimo das recomendacGes proposta pelas diretrizes de AF da Organizacdo
Mundial da Satde (OMS). Contudo, sdo necessarios mais estudos que avaliem a relagdo do comportamento
sedentario e a utilizagdo de m-Health.

Palavras-chave: Pressédo alta; Aplicativo mével; Comportamento sedentério.

1


http://dx.doi.org/10.33448/rsd-v11i5.27483
mailto:karla.goessler@usp.br

Research, Society and Development, v. 11, n. 5, 7611527483, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i5.27483

Resumen

Este estudio tiene como objetivo identificar los efectos de las intervenciones de m-Health en el nivel de actividad
fisica (AF) y el comportamiento sedentario (SB) en adultos prehipertensos e hipertensos. Por lo tanto, se realizé una
busqueda bibliografica sistematica de acuerdo con las pautas definidas por Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), en las bases de datos cientificas Web Of Science, MEDLINE/PubMed,
SciELO, Scopus y ACM Digital Library. Los criterios de elegibilidad fueron: ensayos clinicos; descripcién de las
funcionalidades de los apps m-Health (recordatorios, metas, wearables); descripcién de las caracteristicas de la
intervencion (es decir, duracion, experiencia de los profesionales involucrados en la supervision, y otros) y evaluacion
de la presion arterial. Al final, se identificaron 1447 estudios, de los cuales 147 eran duplicados. A través de la
seleccion por titulos y resimenes, 43 estudios fueron clasificados como relevantes. Sin embargo, solo 12 estudios
cumplieron con los criterios de elegibilidad y se incluyeron en esta revision sistematica. La mayoria de los estudios
presentaron resultados favorables con el uso de apps m-Health para aumentar la AF y reducir la BS. Ademas,
aumentar la AF y reducir la BS podria ser una importante terapia no farmacolégica para disminuir la presion arterial
en pacientes hipertensos, cuando se siguen las recomendaciones minimas propuestas por las guias de AF de la
Organizacién Mundial de la Salud (OMS). Sin embargo, aln se necesitan mas estudios para evaluar la relacién entre
SB, AF y el uso de intervenciones de m-Health.

Palabras clave: Presion alta; Aplicacion movil; Comportamiento sedentario.

1. Introduction
Current recommendations of the World Health Organization (WHO) indicate that all adults, aged between 18 and 64

years, should perform physical activity (PA), with at least 150-300 minutes of moderate-intensity or 75-150 minutes of
vigorous-intensity, to achieve substantial health benefits (Who, 2020). In addition, for the first time, WHO has been concerned
with alerting society about the need to reduce sedentary behavior (SB) at all ages.

SB refers to the time that an individual spends on activities of low energy expenditure (< 1.5 MET), such as those
performed when sitting, reclining, or lying down (Ekelund et al., 2016). The time spent in this type of activity is called SB.
Watching TV, using the computer, playing video games, or working in a sitting position are some examples of activities that
characterize SB.

The deleterious effects of SB on the individual's health, in different age groups, have already been discussed in the
literature (Biswas et al., 2015; Carson et al., 2016; Ekelund et al., 2016). In this perspective, studies have shown that reducing
SB has many beneficial effects on all-cause of mortality, cardiovascular mortality, cancer mortality, and incidence of
cardiovascular disease (Who, 2020). Additionally, the impact of SB on cardiovascular mortality is also associated with the
daily volume of moderate to vigorous PA (MVPA) (Ekelund et al., 2016).

However, most of the population does not meet the minimum recommended PA, with one in four adults and four in
five adolescents not practicing enough PA(Who, 2020). This is a recurrent concern of government agencies, as 1 to 3% of
national health expenditures are attributed to physical inactivity worldwide (Who, 2018). Previously, it was estimated that each
minute of MVPA is associated with five minutes of increased longevity (Singh & Keer, 2020).

The regular practice of PA, in addition to reducing cardiovascular morbidity and mortality, reduces cardiac events,
which consequently can be beneficial for primary and secondary prevention of arterial hypertension (AH) (Mazdn et al., 2019).
According to Brazilian Guidelines on Arterial Hypertension (Barosso et al., 2020), the AH is the top cause of death globally,
since it is associated with heart attack, coronary artery disease, chronic kidney disease, hemorrhagic and ischemic stroke.

Moreover, it was demonstrated that physically active hypertensive patients shows improvement in total cholesterol
and fractions, body mass index (BMI), and quality of life and decreased body pain, improvement in functional capacity, and
vitality (Cobo-Mejia et al., 2016). However, in addition to being poorly adherent to pharmacological treatment (~40 to 60% of
adherence) (Kitt et al., 2019), hypertensive patients are also less adherent to regular PA, when compared to their normotensive
peers (Singh & Keer, 2020), which can become a concerning issue for public health management.

In terms of costs to Brazil's unified health system (SUS), in 2018 reports estimated expenditures of US$ 523.7 million

with hospitalizations, outpatient procedures, and medication as AH consequence (Brasil, 2021). To reduce these costs,
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strategies must be developed focusing on prevention, treatment, monitoring, and encourage changes in SB in pre-hypertensive
and hypertensive patients (Bakris et al., 2019).

Previously, a projection study showed that pre-hypertensive patients with unhealthy lifestyle habits have 90% of
chance to develop AH at 55 years (Franklin et al., 2001). Another study highlighted that without any changes in healthy habits,
60% of the population with pre-hypertension might develop AH within four years (Donahue et al., 2014). These insights
concern health authorities and raise awareness about situations that could overload the health system and increase public health
costs.

Thus, strategies for engaging the patient in self-management of their own health might become a challenge (Debon et
al., 2019; Veiga et al., 2017). Among these strategies, the use of technology has been considered a rising alternative to
conventional treatments (Freene et al., 2020; Hamari et al., 2016). Technology as a component of health management might be
an adequate strategy to motivate changes in behavior and engage users to complete tasks and achieve goals more adequately
(Fiordelli et al., 2013). The use of mobile wireless technologies for public health, such as m-Health application (mobile health),
can assist healthcare professionals and support patient care.

Furthermore, m-Health is used to promote healthy diets (Senarath et al., 2019), improve medication adherence
(Senarath et al., 2019), and increase PA level (Sharma et al., 2019). In addition, WHO highlights that e-Health-based
interventions are a valid alternative to increase PA rates (WHO, 2015), but they need further investigation and more
consolidated results to validate the scientific evidence and assess their effectiveness.

Recently, it was demonstrated that m-Health interventions have the potential to promote short-term changes in PA and
SB in hypertensive individuals. In the literature, there is relevant evidence from systematic reviews with m-Health
interventions associated with SB, PA, and fitness in the elderly (Yerrakalva et al., 2019), and promising results on the
effectiveness of using m-Health in self-management of blood pressure (BP) (Alessa et al., 2019). However, systematic reviews
that directly address the effects of m-Health on the PA and SB levels in pre-hypertensive and hypertensive adults have not
been identified.

Thus, there is a need to investigate and find evidence to support the most appropriate theoretical principles that will be
used to propose these interventions. Furthermore, the relationship between the practice of regular PA and the reduction of SB
as a health benefit for patients with AH must be investigated. Therefore, this study aims to identify the effects of using m-

Health applications on the level of PA and SB in adults diagnosed with pre-hypertension or AH.

2. Methodology

This study is a systematic review of the literature conducted according to the guidelines defined by Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (Prisma, 2019).

2.1 Research Questions

The following research questions were defined according to the purpose of this study: Q1: Can m-Health modify the
PA and/or SB levels of people diagnosed with AH? Q2: What are the effects of using m-Health applications on the PA level?
Q3: Can m-Health modify SB? Q4: What features of m-Health applications can help change SB and/or PA level? Q5: Can m-

Health applications that encourage increased PA and/or decreased SB reduce blood pressure values?

2.2 Eligibility Criteria
Eligibility criteria for inclusion were defined as: (1) clinical trials; (2) detailed description of the m-Health features

and functionalities (reminders, goals, wearables); (3) description of the intervention characteristics (duration, type, health care
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professionals involved in the supervision) and (4) blood pressure data.

2.3 Scientific Databases

Scientific search was performed in the following databases: Web Of Science, Medical Literature Analysis and
Retrieval System Online (MEDLINE/PubMed), Scientific Electronic Library Online (SciELO), Scopus (Elsevier), and ACM
Digital Library were used to search for studies. The search was conducted until February 2021. The choice of databases was
based on a similar systematic review, which focused on the elderly25.

The search strategy included a combination of terms from the Medical Subject Headings (MeSH) and Health Sciences
Descriptors (DeCS). The search strings were organized based on the particularities of each database, using the Boolean
indicators AND and OR.

2.4 Search Strategy

The search strategy was based on the PICO methodology. For population (P) the following descriptors were included:
hypertensive, hypertension, prehypertension, prehypertensions, pre-hypertension, “pre hypertension”, pre-hypertensions,
“blood pressure high”, “blood pressures high”, “high blood pressure” and “high blood pressures”; for intervention (I) the terms
used were: m-health, “mobile health”,mhealth, “tele health”, ehealth, “mobile health”, app, smartphone, “application mobile”,
“applications mobile”, “mobile application”, “mobile apps”, “app mobile”, “apps mobile” and for the outcome (O), the
following terms were used: exercise, exercises, “physical activities”, “physical activity”, “physical fitness”, “behavior
sedentary”, “sedentary behaviors”, “sedentary behaviour”, “sedentary behavior”, “sedentary behaviours”, “sedentary
lifestyle”, “lifestyle sedentary”, “physical inactivity”, “inactivity physical”, “sedentary time”, “sitting time” and “screen time”.

Selection Process

The study selection process was divided into three stages:

1) Identification: search string performed in the selected databases;
2) Screening: title and abstract of studies reviewed as a preliminary analysis to determine if they contained relevant
information to the research questions;

3) Eligibility: full reading to verify the eligibility criteria, resulting in the studies included in this review.

A researcher performed the selection process and imported the studies to Mendeley (Mendeley Ltda), a reference
management software. Two independent researchers (AOM and KG) reviewed the selected studies and assessed the eligibility
criteria. Disagreements between both reviewers were discussed and resolved by consensus.

A PRISMA flow diagram of the literature search and selection is summarized in Figure 1. The search returned 1447
studies, of which 147 were duplicates. Through the review of titles and abstracts, were identified 43 studies that were relevant

to this review. However, only 12 studies met all the inclusion criteria and underwent data extraction.
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Figure 1: PRISMA flow diagram for studies screening.
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Font: Adaptation of Prism diagram (Prisma, 2019).

3. Results

Twelve studies met the eligibility criteria and were included in this systematic review. A total of 1240 subjects
allocated to m-Health intervention and 948 subjects to control groups were analyzed. Table 1 describes intervention and
control group characteristics. Overall, studies were carried out between 2014 and 2020, in different countries: United States (5)
Lv et al., 2017; Persell et al., 2020; Staffileno, Tangney, Fogg, 2018; Kim et al., 2016; Dorough et al., 2014), Canada (1)
(Petrella et al., 2014), Argentina, Peru, Guatemala (1) (Rubinstein et al., 2016), Japan (1) (Okura et al., 2016), Korea (1) (Cho
et al., 2020), Australia (1) (Mainsbridge et al., 2018), Canada, England, United Kingdom (1) (Liu et al., 2020) and Asia (1)
(Jahan et al., 2020). Sample sizes ranged from 12 to 287 individuals per group, with higher prevalence for women participants.

Intervention’s characteristics and outcomes measurement are detailed in Table 2.
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Table 1: Characterization of subjects in studies

N°  Study Subject characteristics (Intervention Group) Subject characteristics (Control Group)
1 Lv etal. (2017) N=149 (M/F); 62,2+9,5 years; hypertensive. -
2 Petrella et al. (02014) N=75 (M/F); 55,74£10,1 years; BP > 135mmhg, N=74 (M/F); 57,848,7 years; BP >
85mmHg. 135mmhg, 85mmHg.
3 Persell et al. (2020) N=144 (M/F); 59,6+12,4 years; BP > 135mmhg, N=153 (M/F); 58,3 +13,2 years; BP >
85mmHg. 135mmhg, 85mmHg
4 Rubinstein et al. (2016) N=266 (M/F); 43,6+8,4 years; prehypertensive. N=287 (M/F); 43,2484 years;
prehypertensive.
5 Stpafileno; Tangney; Fogg N=14 (F); 35,348,1 years; prehypertensive. N=12 (F); 35,1£1,6 years; prehypertensive.
(2018)
6 Kim; Wineinger; Steinhubl N=52 (M/F); 57,5+8,6 years; hypertensive. N=43 (M/F); 57,78,7 years; hypertensive.
(2016)
7 Okura et al. (2016) N=69 (M/F); hypertensive. -
8 Cho et al. (2020) N=43 (M/F); 48,9£7,8 years (application group + N=45 (M/F); 49,275 years (application
personalized coaching); BP > 135mmhg, group)
85mmHg. N=41 (M/F); 49479 years; BP >
135mmhg, 85mmHg.
9 Dorough et al. (2014) N=12 (M/F); 54,3 years; prehypertensive. N=15 (M/F); 54,3 years; prehypertensive.
10  Mainsbridge et al.(2018) N=94  (M/F); 4514105 years: N=32 -
(normotensive), N=37 (prehypertensive); N=25
(hypertensive).
11  Liuetal. (2020) N=100 (M/F); 57,2 years; hypertensive. N=97 (M/F); 58 years; hypertensive.
12 Jahan et al. (2020) N=209 (M/F); 46,4+8,3 years; hypertensive. N=211 (M/F); 47,8+8,6 years;
hypertensive.
M=male, F=female, BP= blood pressure. Source: Authors.

Table 2: Intervention’s characteristics and outcomes of included studies in pre-hypertensive and hypertensive patients.
Duration of | m-Health Features and BP PA/SB | BP 1 PA | SB Health care
intervention | Functionalities measurement | measure professionals
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5 v v v v v v v I/

6 v v 7/ v v v v v v v
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8 v v / v v v v v
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10 v | v/ v v v v - v

11 v v / v v v v v v /7 v

12 v v v v v v v v

v * only SBP change. BP= blood pressure; PA= physical activity; SB= sedentary behavior. Source: Authors.

Intervention duration between included studies was 2,5 months (n=1) (Dorough et al., 2014), 3 months (n=1)
(Staffileno; Tangney; Fogg, 2018), 5 months (n=1) (Jahan et al., 2020), 6 months (n=4) (Cho et al., 2020; Kim et al., 2016; Lv
et al., 2017; Persell et al., 2020), 12 months (n=4) (Liu et al., 2020; Mainsbridge et al., 2018; Okura et al., 2016; Rubinstein et
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al., 2016) and 13 months (n=1) (Petrella et al., 2014). The sample was hypertensive patients (n=5) (Lv et al., 2017; Kim;
Wineinger; Steinhubl, 2016; Okura et al., 2016; Mainsbridge et al., 2018; Jahan et al., 2020), prehypertensive (n=3)
(Rubinstein et al., 2016; Staffileno et al., 2018; Dorough et al., 2014), and both pre-hypertensive and hypertensive (n=4)
(Petrella et al., 2014; Persell et al, 2020; Cho et al., 2020; Mainsbridge et al, 2018). Of the 12 studies included in this review,
most (n=7) reported the interventions were monitored by health professionals, such as nurses, pharmacists, nutritionists,
community health workers, and exercise specialists.

Regarding to interventions, different outcomes related to the m-Health functionality were observed, with a
predominance of change in BP levels (n=7) (Lv et al., 2017; Kim et al., 2016; Dorough et al., 2014; Petrella et al., 2014;
Mainsbrifge et al., 2018; Liu et al., 2020; Jahan et al., 2020) and another for change in SBP (n=1) (Okura et al., 2016). Most of
included studies (n=8) showed positive results following a m-Health intervention to reduce SB and increase PA level among
pre-hypertensive and hypertensive patients. Regarding to the method used among studies to measure PA and SB, some of
them used subjective, self-reported and validated tools (Lv et al., 2017; Staffileno; Tangney; Fogg, 2018; Kim; Wineinger;
Steinhubl, 2016; Petrella et al., 2014; Rubinstein et al., 2016; Okura et al., 2016; Cho et al., 2020; Mainsbridge et al., 2018; Liu
et al., 2020; Jahan et al., 2020) and others assessed these outcomes using pedometer and/or smartphone sensors (Lv et al.,
2017; Persell et al., 2020; Petrella et al., 2014; Okura et al., 2016; Cho et al., 2020).

Overall, m-Health interventions included different functionalities to measure PA levels and BP. In addition,
applications including chat directly the research team, text message with tips to have a healthy lifestyle and informative
handouts. Others studies also included feedbacks and users could also check their data and receiving alerts if they AF and/or

BP were not meeting the goals (Table 2).

4. Discussion
4.1 Effects of using m-Health applications on PA and SB:

Of the 12 studies included in this review, 8 showed positive benefits of use m-Health interventions to reduce SB and
increase PA levels. Of these 8 studies, 5 had informative material with content about patient care and health information, and
another 5 were monitored by a health care professional.

Our findings showed that the duration of the intervention might not be determinant for its effectiveness, since studies
with different durations had similar results. This finding was also found in a systematic review evaluating m-Health effects on
SB, PA, and physical fitness in elderly (Yerrakalva et al., 2019). The authors identified that interventions with m-Health
applications may be associated with SB reduction (SMD = —0.49), increases in PA (506 steps/day) and fitness (SMD = 0.31) in
interventions lasting 3 months or less, and increases in PA (753 steps/day) after 6 months or more of m-Health intervention.

This review also highlights the variety of features and functionalities. All interventions were composed by a
combination of features. The most common were feedbacks/goals and health information. The presence of these features
corroborates with a previous study (Alessa et al., 2018), demonstrating that most m-Health applications included basic
educational information about how healthy lifestyle habits can encourage an increase in PA and reduction in BP. As feedback
functionality, the authors highlight the use of feedback, either through self-care messages and notifications or through the
representation of data in different color codes to inform the user if the measurements diverged from the mean. In addition, it
was shown that applications with combination of features are potentially more effective (Alessa et al., 2019).

Although included studies have evaluated PA and SB through objective and subjective tools, similar results between
them were observed. From 4 studies that did not show an increase in PA level, 3 of them had only subjective assessments,
using self-report instruments (Kim et al., 2016; Rubinstein et al., 2016; Cho et al., 2020). Only one study (Perssel et al., 2020)

objectively accessed PA and also not identified any changes in PA level. Thus, the authors used a smartphone motion detector
/
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to monitor daily movements, in which the data had to be imported into the application by the user. In this application, users
could enter their PA manually but were instructed to consider at least moderate activities, without considering daily life
movement activities, an important indicator of sedentary behavior. It is important to highlight that applications that are user’s
dependent are limited regarding to reliability and higher chance to lost information in case of the user does not import the data.

Only one study directly assessed SB (Mainsbridge et al., 2018). The authors proposed an assessment of the possible
health effects associated with long sitting time, with strategies for taking short PA breaks at work environment. Every 45
minutes a visual prompt appeared on the subject's screen, as reminder to break the sedentary time with 10 minutes of light PA.
According to the authors, SB breaking SB with short bouts of light PA was effective in reducing blood pressure in
prehypertensive and hypertensive individuals.

Petrella et al. (2014) also indirectly addressed SB in the intervention. The authors encouraged the participants to have
small moments of movement and practice activities with low intensity during the day, lasting at least 10 minutes. The results
showed an improvement in PA and a decrease in blood pressure levels. This finding indicates that for those who are suffering
or at risk for cardiovascular disease but are unable or unwilling to participate in the exercise to meet the recommendations,
regular low-intensity movements may become a viable alternative. Although Cho et al. (2020) and Kim et al. (2016) used a
questionnaire to assess and monitor this issue, they did not address it in their discussions. Nevertheless, the deleterious effects
of SB on the individual's health, in different age groups, have already been proven in the literature (Biswas et al., 2015; Carson
etal., 2016; Ekelund et al., 2016).

From this perspective, the evidence shows that reducing SB can decrease the risk of all-cause mortality,
cardiovascular mortality, cancer mortality, and incidence of cardiovascular disease (Who, 2020). Additionally, the impact of
SB on cardiovascular mortality is also associated with the daily volume of moderate to vigorous PA (MVPA), since the
individual who performs little MVPA plus the time spent in a sitting position has a significant impact on CV2 mortality
(Ekelund et al., 2016).

4.2 Effects of using m-Health applications on BP:

The benefits of being regularly active for the prevention and treatment of AH are well documented (Mazon et al.,
2019). Moreover, according to Who (2020) recommendation adults individuals should engage in at least 150-300 minutes of
moderate-intensity physical exercise or at least 75-150 minutes of vigorous-intensity PA for substantial health benefits.
However, to have these benefits from PA, avoid SB is also important.

Thus, lifestyle changes in patients diagnosed with prehypertension and hypertension are extremely necessary, as
projections show that prehypertensive individuals without healthy habits have a 90% chance of being diagnosed with AH at 55
years of age (Franklin et al., 2011).

Four studies included in this review did not observed BP reduction (Persell et al., 2020; Staffileno et al., 2018;
Dorough et al., 2014; Rubinstein et al., 2016) and 3 of them also not found higher levels of PA following intervention (Persell
et al., 2020; Dorough et al., 2014; Rubinstein et al., 2016). Although Okura's (2016) study showed an increase in PA, the
values were still below those recommended by the current PA guidelines for substantial health benefits (Who, 2020), which
may have influenced no significative changes in BP. Additionally, PA levels below those recommended by the guidelines were
also observed in another study, which identified SBP reduction (Stefilling et al., 2018). In comparison, individuals who met the
recommendations by Who (2020) had decreased blood pressure values (Lv et al., 2020; Dorough et al., 2014; Petrella et al.,
2014), which confirms the importance of practicing the minimum PA recommended by the guidelines to improve

cardiovascular outcomes.
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In pre-hypertensive women, Staffileno et al. (2018) demonstrated BP maintenance and increase in PA following
intervention. Moreover, the intervention included a functionality to encouraged participants to decrease their SB in daily live
activities, through some key tips such as walking instead of driving, using the stairs instead of waiting for the elevator, and
getting up to move. These findings can be considered as positive results, as the increase in daily PA tends to contribute to a
better BP control, which can be explained by simple but substantial lifestyle changes®2.

Another prospective study adds that 60% of individuals with prehypertension developed hypertension within four
years when there were no healthy habits. Healthy habits include any activities or behaviors that can benefit the individual's
well-being, such as good nutrition, stress control, and regular PA practice (Debon et al., 2015). This evidence indicates that
changes in the lifestyle of the women evaluated in the study might have contributed to their health outcomes so that they have
less chance of developing AH in the future.

In individuals diagnosed with AH, being physically active is also important to BP reduction. Aerobic exercises (90 to
150 minutes per week) of moderate-intensity (65% to 75% of the reserve heart rate), such as walking, can result in a reduction
in SBP between -5 to -8 mmHg (Bakris et al., 2019; Perrier-Melo et al., 2020). Furthermore, there are reductions after
resistance training about -4mmHg and -2mmHg in hypertensive and normotensive individuals, respectively (Bakris et al.,
2019). In vigorous aerobic exercise (80% to 85% of the reserve heart rate) the reductions in BP values in hypertensive patients
might reach -10.1mmHg for SBP and -12.3mmHg for DBP, following 24h of monitoring (Dos Santos et el., 2015).

Cho et al. (2020) also did not observe any BP changes. The application was composed by a functionality were the
patient entered exercise duration and intensity, which allow the calculation of calories expended in each activity. Participants
received guidance through personalized coaching messages three times a week. Conversely, similar studies with telemonitored
guidance (Lv et al., 2017; Petrella et al., 2014; Kim et al., 2016; Douough et al., 2014; Mainsbridge et al., 2018; Liu et al.,
2020; Jahan et al., 2020) with free access to interact with health professionals showed improvement in BP rates.

Interventions with mobile health applications designed to improve lifestyle of patients diagnosed with chronic
diseases, such as AH, suggest that lifestyle changes are promotes improvements in patient’s clinical outcomes when users are
monitored by health professionals with a multidisciplinary team. This monitoring and follow-up guarantee better data
reliability and greater adherence to treatment during the m-Health intervention®®. Furthermore, the active support of the
professional team is essential when using m-Health technology to ensure better outcomes for patients with AH.

This systematic review has some limitations. The applications used in the studies have different m-Health
functionalities, with large variety and range of combinations, which can make it difficult to attribute the positive effects to a
specific functionalities. The different duration of interventions may also be a limiting factor. Furthermore, few studies that
included the assessment of SB were found.

The findings of this review show that systematic self-management can motivate individuals to be more engaged and
committed to their health and well-being, as long as they have the support of health professionals. Currently, this topic has
been little explored for this population. Therefore, SB must also be thoroughly investigated to control possible cardiometabolic

events, stimulating the reduction of these behaviors with the support of m-Health.

5. Conclusion

Based on the results presented in this systematic review, most studies showed favorable results with the use of m-
Health as a motivator to increase PA level and to reduce SB. In addition, this review identified that the increase in PA and
decrease in SB might be an important factor to decrease BP in hypertensive subjects.

Individuals who practiced the minimum regular PA recommended by current PA and exercise guidelines had benefits

in lowering blood pressure values, reducing health risks. However, few studies investigate the relationship between SB and m-
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Health. Therefore, more studies are needed to assess SB, since the literature shows that m-Health applications are a feasible
strategy to encourage and promote increase in PA and SB reduction, such as recommended by the PA guidelines to improve
several cardiometabolic outcomes.

Furthermore, healthcare professionals should not only focus on adopting and initiating innovative risk reduction
strategies but also on providing long-term maintenance of a healthy lifestyle, as the studies included in this systematic review

showed a promising trend in BP reduction that can be achieved with the use of technology.

Acknowledgments

This study was financed in part by the Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES) - Finance Code 001, 001, Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq) and by Sao
Paulo Research Foundation — FAPESP (grant #2019/18039-7).

References

Alessa, T., Abdi, S., Hawley, M. S., & Witte, L. de. (2018). Mobile apps to support the self-management of hypertension: Systematic review of effectiveness,
usability, and user satisfaction. In Journal of Medical Internet Research, 20(7), e10723. JMIR Publications Inc. https://doi.org/10.2196/10723

Alessa, T., Hawley, M. S., Hock, E. S., & de Witte, L. (2019). Smartphone Apps to Support Self-Management of Hypertension: Review and Content Analysis.
JMIR mHealth and uHealth, 7(5), €13645. https://doi.org/10.2196/13645

Bakris, G., Ali, W., & Parati, G. (2019). Diretrizes da hipertensdo arterial: ACC/AHA vs. ESC/ESH. Comparagao de diretrizes no JACC. JACC. Edigcao em
potugués , 01(08), 59-67. http://jacc.elsevier.pt/pt-diretrizes-da-hipertensao-arterial-acc-aha-articulo-X'Y735109719000980

Biswas, A., Oh, P. I., Faulkner, G. E., Bajaj, R. R., Silver, M. A, Mitchell, M. S., & Alter, D. A. (2015). Sedentary time and its association with risk for
disease incidence, mortality, and hospitalization in adults a systematic review and meta-analysis. In Annals of Internal Medicine. 162(2), 123-132.
https://doi.org/10.7326/M14-1651

Carson, V., Hunter, S., Kuzik, N., Gray, C. E., Poitras, V. J., Chaput, J. P., Saunders, T. J., Katzmarzyk, P. T., Okely, A. D., Connor Gorber, S., Kho, M. E.,
Sampson, M., Lee, H., & Tremblay, M. S. (2016). Systematic review of sedentary behaviour and health indicators in school-aged children and youth: An
update. In Applied Physiology, Nutrition and Metabolism 41(6), S240-S265. https://doi.org/10.1139/apnm-2015-0630

Cho, S. M. J,, Lee, J. H., Shim, J. S., Yeom, H., Lee, S. J.,, Jeon, Y. W., & Kim, H. C. (2020). Effect of smartphone-based lifestyle coaching app on
community-dwelling population with moderate metabolic abnormalities: Randomized controlled trial. Journal of Medical Internet Research, 22(10).
https://doi.org/10.2196/17435

Cobo-Mejia, E. A., Prieto-Peralta, M., & Sandoval-Cuellar, C. (2016). Efectos de la actividad fisica en la calidad de vida relacionada con la salud en adultos
con hipertension arterial sistémica: revision sistematica y metaandlisis. Rehabilitacion, 50(3), 139-149. https://doi.org/10.1016/j.rh.2015.12.004

Debon, R., Coleone, J. D., Bellei, E. A., & De Marchi, A. C. B. (2019). Mobile health applications for chronic diseases: A systematic review of features for
lifestyle improvement. In Diabetes and Metabolic Syndrome: Clinical Research and Reviews. 13(4), 2507-2512. https://doi.org/10.1016/j.dsx.2019.07.016

Donahue, R. P., Stranges, S., Rafalson, L., Dmochowski, J., Dorn, J., & Trevisan, M. (2014). Risk factors for prehypertension in the community: A
prospective analysis from the Western New York Health Study. Nutrition, Metabolism and Cardiovascular Diseases, 24(2), 162-167.
https://doi.org/10.1016/j.numecd.2013.06.006

Dorough, A. E., Winett, R. A., Anderson, E. S., Davy, B. M., Martin, E. C., & Hedrick, V. (2014a). DASH to wellness: Emphasizing self-regulation through
E-health in adults with prehypertension. Health Psychology, 33(3), 249-254. https://doi.org/10.1037/a0030483

Dorough, A. E., Winett, R. A., Anderson, E. S., Davy, B. M., Martin, E. C., & Hedrick, V. (2014b). DASH to wellness: Emphasizing self-regulation through
E-health in adults with prehypertension. Health Psychology, 33(3), 249-254. https://doi.org/10.1037/a0030483

Santos, R. Z., Bundchen, D. C., Amboni, R., dos Santos, M. B., Ghisi, G. L. de M., Herdy, A. H., & Benetti, M. (2015). Treinamento aerdbio intenso promove
reducdo da pressdo arterial em hipertensos. Revista Brasileira de Medicina do Esporte, 21(4), 292—-296. https://doi.org/10.1590/1517-869220152104139357

Ekelund, U., Steene-Johannessen, J., Brown, W. J., Fagerland, M. W., Owen, N., Powell, K. E., Bauman, A., Lee, I. M., Ding, D., Heath, G., Hallal, P. C.,
Kohl, H. W., Pratt, M., Reis, R., Sallis, J., Aadahl, M., Blot, W. J., Chey, T., Deka, A., & Yi-Park, S. (2016). Does physical activity attenuate, or even
eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of data from more than 1 million men and women. The
Lancet, 388(10051), 1302-1310. https://doi.org/10.1016/S0140-6736(16)30370-1

Fiordelli, M., Diviani, N., & Schulz, P. J. (2013). Mapping mhealth research: A decade of evolution. In Journal of Medical Internet Research (Vol. 15,
Numero 5). J Med Internet Res. https://doi.org/10.2196/jmir.2430

Franklin, S. S., Larson, M. G., Khan, S. A., Wong, N. D., Leip, E. P., Kannel, W. B., & Levy, D. (2001). Does the relation of blood pressure to coronary heart
disease risk change with aging?: The Framingham Heart Study. Circulation, 103(9), 1245-1249. https://doi.org/10.1161/01.CIR.103.9.1245

Freene, N., van Berlo, S., McManus, M., Mair, T., & Davey, R. (2020). A behavioral change smartphone app and program (ToDo-CR) to decrease sedentary

10


http://dx.doi.org/10.33448/rsd-v11i5.27483

Research, Society and Development, v. 11, n. 5, 7611527483, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i5.27483

behavior in cardiac rehabilitation participants: Prospective feasibility cohort study. JMIR Formative Research, 4(11). https://doi.org/10.2196/17359

Gandapur, Y., Kianoush, S., Kelli, H. M., Misra, S., Urrea, B., Blaha, M. J., Graham, G., Marvel, F. A., & Martin, S. S. (2016). The role of mHealth for
improving medication adherence in patients with cardiovascular disease: A systematic review. In European Heart Journal - Quality of Care and Clinical
Outcomes (Vol. 2, Nimero 4, p. 237-244). Oxford University Press. https://doi.org/10.1093/ehjgcco/qcw018

Hamari, J., Shernoff, D. J., Rowe, E., Coller, B., Asbell-Clarke, J., & Edwards, T. (2016). Challenging games help students learn: An empirical study on
engagement, flow and immersion in game-based learning. Computers in Human Behavior, 54, 170-179. https://doi.org/10.1016/j.chb.2015.07.045

Jahan, Y., Moriyama, M., Rahman, M., Kazawa, K., Rahman, A., Shahid, A. S. M. S. Bin, Das, S. K., Faruque, A., & Chisti, M. J. (2020). Increasing
awareness and use of mobile health technology among individuals with hypertension in a rural community of Bangladesh: Protocol for a randomized
controlled trial. IMIR Research Protocols, 9(8). https://doi.org/10.2196/15523

Jahan, Y., Rahman, M. M., Faruque, A. S. G., Chisti, M. J., Kazawa, K., Matsuyama, R., & Moriyama, M. (2020). Awareness Development and Usage of
Mobile Health Technology among Hypertensive Individuals in a Rural Community of Bangladesh: A Randomized Controlled Trial (Preprint). Journal of
Medical Internet Research. https://doi.org/10.2196/19137

Kim, J. Y., Wineinger, N. E., & Steinhubl, S. R. (2016a). The influence of wireless self-monitoring program on the relationship between patient activation and
health behaviors, medication adherence, and blood pressure levels in hypertensive patients:a substudy of a randomized controlled trial. Journal of Medical
Internet Research, 18(6). https://doi.org/10.2196/jmir.5429

Kim, J. Y., Wineinger, N. E., & Steinhubl, S. R. (2016b). The influence of wireless self-monitoring program on the relationship between patient activation and
health behaviors, medication adherence, and blood pressure levels in hypertensive patients:a substudy of a randomized controlled trial. Journal of Medical
Internet Research, 18(6). https://doi.org/10.2196/jmir.5429

Kitt, J., Fox, R., Tucker, K. L., & McManus, R. J. (2019). New Approaches in Hypertension Management: a Review of Current and Developing Technologies
and Their Potential Impact on Hypertension Care. In Current Hypertension Reports (Vol. 21, NUmero 6). Current Medicine Group LLC 1.
https://doi.org/10.1007/s11906-019-0949-4

Liu, S., Tanaka, R., Barr, S., & Nolan, R. P. (2020). Effects of self-guided e-counseling on health behaviors and blood pressure: Results of a randomized trial.
Patient Education and Counseling, 103(3), 635-641. https://doi.org/10.1016/j.pec.2019.10.007

Liu, Y., Chen, W., Yang, Y., Chen, Y., & Tang, S. (2020). Exposure to electronic screen before nocturnal sleep increases the risk of hypertensive disorders of
pregnancy: A case—control study. Journal of Obstetrics and Gynaecology Research. https://doi.org/10.1111/jog.14588

Lv, N., Xiao, L., Simmons, M. L., Rosas, L. G., Chan, A., & Entwistle, M. (2017). Personalized Hypertension Management Using Patient-Generated Health
Data Integrated With Electronic Health Records (EMPOWER-H): Six-Month Pre-Post Study. Journal of Medical Internet Research, 19(9).
https://doi.org/10.2196/jmir.7831

Mainsbridge, C., Ahuja, K., Williams, A., Bird, M. L., Cooley, D., & Pedersen, S. J. (2018). Blood pressure response to interrupting workplace sitting time
with non-exercise physical activity results of a 12-month cohort study. Journal of Occupational and Environmental Medicine, 60(9), 769-774.
https://doi.org/10.1097/JOM.0000000000001377

Mazén, P., Marin, F., Cosin-Sales, J., Cordero, A., Roldan, I., Garcia-Moll, X., Suarez, C., Coca, A., Escobar, C., Barrios, V., Vidal, R., Diez-Villanueva, P.,
Bonanad, C., Esteban, A., Zuazola, P., Bertomeu, V., Abeytua, M., Alfonso, F., Ibafiez, B., ... Viana-Tejedor, A. (2019). Comments on the 2018 ESC/ESH
Guidelines for the Management of Arterial Hypertension. In Revista espanola de cardiologia (English ed.) (Vol. 72, Numero 2, p. 104-108). NLM (Medline).
https://doi.org/10.1016/j.rec.2018.12.001

Okura, T., Enomoto, D., Miyoshi, K. I., Nagao, T., Kukida, M., Tanino, A., Pei, Z., Higaki, J., & Uemura, H. (2016a). The Importance of Walking for Control
of Blood Pressure: Proof Using a Telemedicine System. Telemedicine and e-Health, 22(12), 1019-1023. https://doi.org/10.1089/tmj.2016.0008

Okura, T., Enomoto, D., Miyoshi, K. I., Nagao, T., Kukida, M., Tanino, A., Pei, Z., Higaki, J., & Uemura, H. (2016b). The Importance of Walking for Control
of Blood Pressure: Proof Using a Telemedicine System. Telemedicine and e-Health, 22(12), 1019-1023. https://doi.org/10.1089/tmj.2016.0008

Perrier-Melo, R. J., Costa, E. C., Farah, B. Q., & Costa, M. da C. (2020). Acute effect of interval vs. Continuous exercise on blood pressure: Systematic review
and meta-analysis. Arquivos Brasileiros de Cardiologia, 115(1), 5-14. https://doi.org/10.36660/abc.20190107

Persell, S. D., Peprah, Y. A, Lipiszko, D., Lee, J. Y., Li, J. J., Ciolino, J. D., Karmali, K. N., & Sato, H. (2020). Effect of Home Blood Pressure Monitoring
via a Smartphone Hypertension Coaching Application or Tracking Application on Adults With Uncontrolled Hypertension: A Randomized Clinical Trial.
JAMA network open, 3(3), e200255. https://doi.org/10.1001/jamanetworkopen.2020.0255

Petrella, R. J., Stuckey, M. 1., Shapiro, S., & Gill, D. P. (2014a). Mobile health, exercise and metabolic risk: a randomized controlled trial. BMC PUBLIC
HEALTH, 14. https://doi.org/10.1186/1471-2458-14-1082

Petrella, R. J., Stuckey, M. I., Shapiro, S., & Gill, D. P. (2014b). Mobile health, exercise and metabolic risk: A randomized controlled trial. BMC Public
Health, 14(1). https://doi.org/10.1186/1471-2458-14-1082

Prisma Transparent Reporting of Systematic Reviews and Meta-Analyses, 2019. http://www.prisma-statement.org/

Rubinstein, A., Miranda, J. J., Beratarrechea, A., Diez-Canseco, F., Kanter, R., Gutierrez, L., Bernabé-Ortiz, A., Irazola, V., Fernandez, A., Letona, P.,
Martinez, H., Ramirez-Zea, M., Alasino, A. A., Cuesta, L. L., Moscoso, B. N. B., Surichaqui, J. E., Estrada, L. P., Ramirez, C. M., de la Cruz, G. R., ...
Urtastn, M. (2016). Effectiveness of an mHealth intervention to improve the cardiometabolic profile of people with prehypertension in low-resource urban
settings in Latin America: A randomised controlled trial. The Lancet Diabetes and Endocrinology, 4(1), 52-63. https://doi.org/10.1016/S2213-8587(15)00381-
2

Saco-Ledo, G., Valenzuela, P. L., Ruiz-Hurtado, G., Ruilope, L. M., & Lucia, A. (2020). Exercise Reduces Ambulatory Blood Pressure in Patients With
Hypertension: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Journal of the American Heart Association, 9(24), e018487.

11


http://dx.doi.org/10.33448/rsd-v11i5.27483

Research, Society and Development, v. 11, n. 5, 7611527483, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i5.27483

https://doi.org/10.1161/JAHA.120.018487

Senarath, U., Katulanda, P., Fernando, D. N., Kalupahana, N. S., Partheepan, K., Jayawardena, R., Katulanda, G., & Dibley, M. J. (2019). mHealth nutrition
and lifestyle intervention (MHENAL) to reduce cardiovascular disease risk in a middle-aged, overweight and obese population in Sri Lanka: Study protocol for
a randomized controlled trial. Contemporary Clinical Trials Communications, 16, 100453. https://doi.org/10.1016/j.conctc.2019.100453

Sharma, A., Mentz, R. J., Granger, B. B., Heitner, J. F., Cooper, L. B., Banerjee, D., Green, C. L., Majumdar, M. D., Eapen, Z., Hudson, L., & Felker, G. M.
(2019). Utilizing mobile technologies to improve physical activity and medication adherence in patients with heart failure and diabetes mellitus: Rationale and
design of the TARGET-HF-DM Trial. American Heart Journal, 211, 22-33. https://doi.org/10.1016/j.ahj.2019.01.007

Singh, J., & Keer, N. (2020). Overview of Telemedicine and Sleep Disorders. In Sleep Medicine Clinics 15(3), 341-346.
https://doi.org/10.1016/j.jsmc.2020.05.005

Staffileno, B. A., Tangney, C. C., & Fogg, L. (2018a). Favorable Outcomes Using an eHealth Approach to Promote Physical Activity and Nutrition among
Young African American Women. Journal of Cardiovascular Nursing, 33(1), 62—71. https://doi.org/10.1097/JCN.0000000000000409

Staffileno, B. A., Tangney, C. C., & Fogg, L. (2018b). Favorable Outcomes Using an eHealth Approach to Promote Physical Activity and Nutrition among
Young African American Women. Journal of Cardiovascular Nursing, 33(1), 62-71. https://doi.org/10.1097/JCN.0000000000000409

Veiga, J., Rodriguez, J. P., Trevisan, B., Rebonatto, M. T., & De Marchi, A. C. B. (2017). Aplicagdes méveis com interagdo médico-paciente para um estilo de
vida saudavel : uma revisdo sistematica Mobile application providing doctor-patient interaction for healthy lifestyle : a systematic review Aplicaciones moviles
conteniendo la interaccion m. RECIIS — Rev Eletron Comun Inf Inov Sadde, 11(1), 1-9.

WHO. (2015). Physical activity strategy for the WHO European Region 2016-2025. Organizacion Mundial de la Salud, 1.

WHO. (2020). WHO  Guidelines  on  physical activity and  sedentary  behaviour. In World Health Organization.
https://apps.who.int/iris/bitstream/handle/10665/325147/WHO-NMH-PND-2019.4-
eng.pdf?sequence=1&isAllowed=y%0Ahttp://www.who.int/iris/handle/10665/311664%0Ahttps://apps.who.int/iris/handle/10665/325147

Yerrakalva, D., Yerrakalva, D., Hajna, S., & Griffin, S. (2019). Effects of mobile health app interventions on sedentary time, physical activity, and fitness in
older adults: Systematic review and meta-analysis. In Journal of Medical Internet Research. 21(11). https://doi.org/10.2196/14343

12


http://dx.doi.org/10.33448/rsd-v11i5.27483

