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Abstract

Background: Hypertension and Diabetes Mellitus (DM) are prevalent chronic conditions and major risk factors for
cardiovascular diseases. Adequate control of these conditions is challenging, and lifestyle changes are crucial to achieving
better management.

Objectives: To evaluate the effectiveness of a multifaceted and multidisciplinary intervention to improve the control of
hypertension and DM in the primary care setting.

Methods: This cluster randomized clinical trial focuses on lifestyle modifications for managing hypertension and DM,
addressing gaps in current non-pharmacological interventions. Primary care professionals are trained to promote health
education on physical activity and nutrition. Support is provided through a telementoring program, including messaging app
communication, biweekly online meetings (teletutoring), and asynchronous teleconsultations. Primary care professionals
conduct twice-weekly group activities with structured intensity adjustments and biweekly health education sessions using
interactive methods like conversations, games, and group dynamics. For patients unable to join group activities, brief
counseling and guidance on unsupervised physical activity are offered.

Results: The primary outcomes are blood pressure and glycated hemoglobin values. The innovative intervention program aims
to empower primary care professionals and reduce barriers to care through lifestyle changes, improved health education, and
support systems for both supervised and unsupervised interventions. Conclusions: Supporting primary care professionals
through education and remote assistance can enhance the effectiveness of lifestyle interventions, contributing significantly to
the control of hypertension and DM in primary care settings. Trial registration: Previously registered with ClinicalTrials.gov.

Keywords: Hypertension; Glycemic Control; Exercise; Healthy Diet; Primary Health Care.

Cardiovascular Diseases (CVD) remain a leading cause of
mortality globally and in Brazil, contributing to nearly one-
third of all deaths, imposing considerable social and financial
burdens.'? It disproportionately impacts the most vulnerable
segments of the population, characterized by significant
challenges in accessing high-quality healthcare services.
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Among the primary contributors to CVD, hypertension and
Diabetes Mellitus (DM) stand out as major modifiable risk factors,
both categorized as primary health care sensitive conditions.?
However, recent evidence has highlighted inadequate indicators
regarding the quality of care for these conditions.* In addition to
hypertension and DM, other modifiable factors like dyslipidemia,
poor dietary habits, and sedentary lifestyles play significant roles
in the escalating number of deaths linked to CVD,” mainly among
individuals with limited financial resources.’

Regular physical activity contributes to a reduction in mortality
from cardiovascular diseases and improves glycemic and blood
pressure control.® Engaging in any amount of PA is beneficial
if meeting the minimum requirement of 150 min/week is
challenging. However, a 2018 study conducted in a national
sample of Brazilian adults showed that socioeconomic disparities
significantly affected leisure-time physical activity.”
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Protocol is a cluster randomized clinical trial evaluating a multifaceted, multidisciplinary intervention to improve hypertension and diabetes

control in primary care.

It is also crucial to reduce sedentary behavior, defined as
prolonged periods of sitting or lying down with energy expenditure
of less than 1.5 MET (metabolic equivalent of task).® The low
muscular activity associated with sedentary behavior affects glucose
and triglyceride metabolism, potentially leading to greater systemic
inflammation and vascular dysfunction, thereby increasing the risk
of CVD,” and small and regular interruptions in sedentary behavior
could potentially mitigate its impact on CVD mortality.®

The eating habits can also contribute to hypertension and DM
control. Dietary risks were among the five leading health risk factors
worldwide, accordingto the 2021 Global Burden of Disease (GBD)
Study, and it was estimated that 37.6% of the global population
was exposed to these risks. Causal relationships between dietary
risk factors and hypertension, DM, and CVD can be direct, such
as the higher risk of DM due to a diet low in vegetables, but can
also occur due to mediation, such as a diet low in fruits leading to
high systolic blood pressure, which in turn can lead to ischemic
heart disease. Diets high in healthier food groups, such asin natura
and minimally processed fruit, vegetables, nuts, legumes, fish, and
dairy, are consistently associated with lower risks of mortality, CVD,
myocardial infarction, and stroke.

Individuals with hypertension and/or DM should receive
counseling on healthy eating from their primary care providers.*
This nutrition counseling should include a variety of unprocessed
or minimally processed foods, moderate amounts of salt, fats,
and free sugars, and consideration of individual needs, cultural
aspects, and food availability.’® Nevertheless, in a study involving
a representative sample of Brazilian adults with hypertension
and Diabetes Mellitus (DM), the prevalence of healthy eating
habits was notably low, and counseling on healthy eating was less

frequently provided in public health services." In this context,
it is essential to reframe health promotion strategies in primary
care by leveraging the existing infrastructure and strengthening
local teams to deliver sustainable and integrated interventions
as part of routine care. It is also important to highlight the use
of structured telementoring and teletutoring strategies—these
activities are consistently focused on building local capacity
through remote mentorship, rather than direct patient monitoring,
as implied by “telemonitoring”. Telemonitoring, instead, can be
defined as “a sub-type of telehealth which uses audio, video, and
other telecommunications and electronic information processing
technologies to monitor patient status at a distance.'>'* Therefore,
the present study aims to describe the development and structure
of the lifestyle intervention component of the CHArMING protocol,
designed to promote physical activity, healthy eating, and health
education for patients with hypertension and DM in primary care
within a resource-constrained setting.

Methods/design

Study design

This study is a substudy of the CHArMING Project (Control
of Hypertension and Diabetes in Minas Cerais), a large-scale
implementation study designed to evaluate the uptake and
effectiveness of a multidimensional strategy for managing
hypertension and Diabetes Mellitus (DM) in Brazilian primary care.™

The present study describes in detail the development of the
component of the protocol focused on lifestyle change through
physical activity, healthy eating, and health education for healthier
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habits in the primary care setting, targeting physical activity
and healthy eating to improve hypertension and DM control.

This is a parallel-group randomized controlled trial (RCT)
with a 1:1 allocation ratio, designed to assess the superiority of
lifestyle interventions over standard care. Data will be collected
in community clinics across five underserved municipalities in
Minas Gerais, Brazil. Eligible participants are adults aged 18
years and older with diagnosed hypertension or DM, excluding
those with severe comorbidities or cognitive impairments.
The patient sample size was based on baseline hypertension
(33%) and DM (37%) control rates from an unpublished pilot
study, targeting a 6% improvement after one year (power
0.80, significance 0.05, intra-cluster correlation 0.026). This
required 34 primary care centers (17 per arm) with 148
participants each. With 35 centers across 5 municipalities, one
extra unit was added to the intervention arm. Accounting for
a 17.8% dropout rate, the expected sample size per unit is
180 participants. Recruitment will be supported by community
outreach and local healthcare partnerships, with additional
centers from nearby cities included if needed. Interventions
may be adjusted or stopped for adverse events or participant
requests. The study timeline and assessment schedule are
presented in Figure 1.

Multifaceted approach

Intervention includes physical activity, dietary counseling,
and health education over 12 months (Central lllustration).
The approach, developed by a diverse team of experts
(physicians, nurses, physiotherapists, registered dietitians,
physical education professionals, and psychologists),
encompasses a variety of strategies aimed at encouraging
physical activity, healthy eating, and educational initiatives
to foster healthy lifestyle habits. All participants continue
their usual antihypertensive and antidiabetic medications.
In the intervention arm, the decision-support system may
recommend adjustments to pharmacotherapy in response to
uncontrolled blood pressure or glycemic excursions. In the
control arm, clinicians are free to adjust medications according
to standard practice. No study-mandated medication changes
occur outside these clinically driven processes.

The strategy for lifestyle modifications is based on the
Transtheoretical Model of behavioral change, which considers
population and professional readiness to change, emphasizing
self-care and mental health to identify individual stages of
change and implement strategies for lifestyle modifications.'

The intervention for promoting healthy eating was based
on the Dietary Guidelines for the Brazilian Population and
the Framework of Reference of Food and Nutrition Education
for Public Policies, with adaptations for individuals with
hypertension and/or DM."® Two publications by the Brazilian
Ministry of Health also contributed to the healthy eating
protocol: the guides on group work methodology for nutrition
in primary care and collective obesity management in SUS."

The primary care professionals participated in workshops'®
in which we covered various subjects that should be addressed
with group participants, including the NOVA classification of
foods."® Additionally, the healthy eating protocol recommends
professionals identify obstacles and facilitators for changing
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eating habits among patients, pinpoint trustworthy sources for
healthy eating information, and integrate meal planning and
cooking as key strategies to initiate and maintain healthy eating
practices.'®2° Scripts for the group sessions dealing with food
and nutrition education were based on guidelines and official
publications by the Brazilian Ministry of Health."** Primary
care professionals were advised to adapt them according to
the local resources and participants’ needs.

The guidelines and activities related to physical activity
are based on guidelines and official publications by the
Brazilian Ministry of Health.® Adherence will be monitored
via attendance logs, participant diaries, and regular follow-up
calls. Regular follow-ups, engagement activities, and support
services will help maintain participant retention throughout the
trial. Data will be entered electronically with built-in validation
rules, securely stored, and encrypted to ensure confidentiality.

The main focus to enhance sustainability is on qualifying
primary care professionals, empowering them to lead
supervised group sessions for lifestyle changes, including
physical activity and food and nutrition education, as well
as to provide proper advice for unsupervised physical
activities.'62"%2

Evaluation of the patients’ eating habits, physical activity
level and sedentary behavior, and brief counseling on
physical activity

In-person data collection will be employed for assessing
participants’ eating habits, using a validated instrument
from the Brazilian Food and Nutrition Surveillance System
(SISVAN). Self-reported intake of in natura, minimally
processed, and ultra-processed foods will be assessed based
on the following food intake markers: (i) beans, fruit, and
vegetables (healthy); (i) burgers, sugar-sweetened beverages,
instant noodles, and cookies (unhealthy). Meals eaten on
a usual day (breakfast; lunch; dinner; snacks between
meals) and the habit of eating in front of screens will also
be assessed.

Telephone surveys will be used to assess physical activity
and sedentary behavior, and to reinforce adherence to the
non-pharmacological intervention among participants of
the intervention arm. Each interview will be conducted
by trained undergraduate medical or physical education
students, under the supervision of the multidisciplinary
team. The questionnaire is based on the VIGITEL 2023
survey.? covering physical activity in leisure, commuting,
occupational, and domestic domains, and screen time, which
is associated with sedentary behavior (Table 1). Participants
from the intervention group will also receive brief counseling
to promote their engagement with regular physical activity.

All participants will continue to receive standard care
as defined by the Brazilian National Primary Care Health
Policy. This includes routine medical check-ups, laboratory
tests, medication prescriptions, and other standard medical
treatments for hypertension and DM. Interventions may be
discontinued due to adverse events, participant requests,
or medical contraindications and modified for dose
adjustments, intervention intensity, behavioral needs, or
disease status changes.
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Months

©

®

Enroliment . . Final Assessments
. Midpoint Assessments
Baseline End of Study
Screening Blood pressure* Blood pressure*
Consent Glycated Hemoglobin** Glycated Hemoglobin**

Baseline and data
collection

Functional Performance

Anthropometric Data

Functional Performance

Anthropometric Data

Figure 1 - Study Timeline and Assessment Schedule. This figure shows the timeline for enrollment, interventions, assessments, and Visits.
Enrollment includes screening, consent, and baseline data collection. The 12-month intervention involves biweekly supervised physical activity
and monthly health education for the intervention group, while the control group receives usual care. Assessments at baseline, 6, and 12 months
include blood pressure®, glycated hemoglobin, functional performance, and anthropometric data. **All glycated hemoglobin measurements will
be processed in a single, centralized laboratory using standardized procedures to ensure consistency and reliability of the results.

Intervention Description:

Physical activity promotion

The non-pharmacological intervention comprises a
thorough assessment of the patients, conducted by the primary
care professionals, to identify any potential restrictions or
contraindications for performing physical activities. All patients will
undergo a medical evaluation and will have an electrocardiogram
locally recorded and remotely interpreted by the Telehealth
Network of Minas Gerais cardiology team.* The primary care
physicians received online training regarding this preparticipation
assessment and will have the opportunity to discuss any doubts
through teleconsultations with an experienced cardiologist.

All primary care professionals from the intervention group
received comprehensive guidance on how to conduct physical
activity counseling.”! The physical activity plan was designed
to encompass two key components: 1. Supervised sessions
conducted by the local physical therapists and physical education
professionals; 2. Unsupervised activities performed under the
primary care professional’s advice. The unsupervised activities
allow the patients to engage and promote autonomy and empower
participants to incorporate physical activity into their daily lives,
encouraging long-term adherence and self-management of healthy
behaviors.

Supervised physical activities

The physical activity protocol includes aerobic, resistance,
and flexibility exercises. Sessions begin with blood pressure and
blood glucose checks (for insulin users), followed by a 10-minute

warm-up, 30 minutes of moderate-intensity aerobic exercise, and
15 minutes of resistance training. Resistance exercises consist of
three sets of 10 repetitions or two sets of six, targeting major muscle
groups in the lower limbs, upper limbs, and core, with T-minute
rests. The final 5 minutes focus on flexibility, balance, and cool-
down. Primary care professionals are encouraged to set gradual
goals to progressively advance the program. This program intends
to enhance the FITT principle (frequency, intensity, time, and type
of activity) for optimal results.

The proposed schedule for the supervised physical activity
sessions is shown in Table 2. The progression of supervised physical
exercise sessions will be based on the guidelines outlined, while
the progression of supervised resistance exercises (strength) can
be found in Supplementary Table 1. Professionals will be trained
in physical training principles: individual differences, overload,
reversibility, and specificity.>

To adjust the exercise’s intensity and complexity, professionals
will be trained to use the Rate of Perceived Exertion (RPE) scale
(adapted Borg scale, 0-10)* and/or the talk test.?” It allows
individuals to adjust their exercise intensity based on their ability
to hold a conversation comfortably.

For individuals with high cardiovascular risk, light to moderate
exercise intensity is recommended, determined in consultation
with a healthcare provider. Those with moderate risk can engage
in moderate to high intensity, with gradual adaptation leading to
increased repetitions or weight while maintaining a consistent
Borg scale rating (e.g., intensity level 3). Supervising professionals
must document adverse events to the local project committee for
review, risk mitigation, and continuous intervention improvement
to ensure participant safety.

Int ] Cardiovasc Sci. 2026;39:20250045
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Table 1 - Questionnaire for assessing physical activity levels

Leisure PA

"In the last three
months, have you
practiced any type of
physical activity?"

"What is the main type
of physical activity you
have practiced?"

"Do you engage in
physical activity at least
once a week?"

"How many days a
week do you usually
engage in physical
activity?"

"On the days you
engage in physical
activity, how long does

Commuting PA

"To go to or return
from your work, do you
walk or bike?"

"How much time do

you spend going and
returning on this route
(by walking or biking)?"

"Currently, are you
attending any course/
school or taking
someone to any
course/school?"

"To go to or return from
this course or school,
do you walk or bike?"

"How much time do
you spend going and

Occupational PA

"In the last three
months, have you
worked?"

"At your job, do you
walk a lot?"

"At your job, do you

lift heavy objects or

perform other heavy
activities?"

"In a normal week, on
how many days do you
perform these activities

at your job?"

"When performing
these activities, how
long do they usually

last?"

Domestic PA

"Who usually does
the cleaning in your
house?"

"The heaviest part of
the cleaning is done
by:"

"In a normal week,
how many days do you
clean your house?"

"And how long does
cleaning usually take?"

Screen Time

"On average, how many
hours a day do you
usually spend watching
television?"

"In your FREE TIME,
do you usually use a
compulter, tablet, or
cellphone to participate
in social networks
like Facebook, watch
movies, or play games
to distract yourself?"

"On average, how many
hours of your free time
(excluding work) does
this use of computer,
tablet, or cellphone
occupy per day?"

this activity last?" returning on this route

(by walking or biking)?"

Unsupervised physical activities

Participants will receive brief counseling”' and motivation
from primary care professionals. The recommendation
for unsupervised physical activities will be designed to
prioritize individuality and autonomy. This counseling will be
reinforced during consultations with healthcare professionals,
as well as during the domiciliary visits of the Community
Health Worker (CHW). Examples of unsupervised activities
may include home exercise suggested as “snacks exercise”,
domestic physical activities (housework, yard work, child
care), and active transport (walking or bicycling). The “snacks
exercises”?*?? advocates for the integration of brief, moderate
to high-intensity physical activities into daily routines,
enabling individuals in such areas to reap the benefits of
exercise despite the lack of conventional gym infrastructure
or certified fitness professionals.

To facilitate understanding, we have developed a set
of photos with straightforward guidance (Supplementary
Figure 1). This material will be printed and distributed, and
will also be available in a digital card format for mobile
phones or tablets.

Each participant will complete a monthly calendar
indicating daily physical activity, specifying the type (aerobic
or strength), duration, and perceived exertion using illustrative
drawings. The calendars must be submitted monthly to any
primary care team member, regardless of activity type, and
will be archived for later analysis by the local committee.

Int J Cardiovasc Sci. 2026;39:€20250045

Health education groups

The intervention consists of two 60-minute sessions per
week for one year, totaling 96 sessions. The topics will provide
participants with knowledge and practical advice to adopt and
maintain a healthy lifestyle. Of these, 24 will focus on food and
nutrition education, while the others will address healthy habits,
such as smoking cessation and alcohol abstinence.

Primary care professionals will lead the group sessions using
structured formats. Health professionals involved include nurses,
physicians, CHWs, registered dietitians, physical therapists, physical
education professionals, and social workers, all of them trained
through online and in-person courses. They will apply interactive
strategies such as conversation circles, games, group dynamics,
brainstorming, cooking demonstrations, taste tests, and case
discussions to ensure engaging and practical learning (Supplementary
Table 2)."7° These professionals will tailor activities to participants’
needs, provide continuous support, and ensure safety and
effectiveness throughout the intervention.

Nutrition education will address barriers and facilitators to
healthy eating, the NOVA food classification, food myths and
truths in hypertension/DM, mindful eating, hunger and satiety
cues, cooking skills, ingredient moderation (salt, sugar, oils), portion
sizes, and personalized action planning. Instead of individual meal
plans, the focus is on promoting autonomy and lifestyle changes.
General guidance on healthy eating will also be reinforced during
individual appointments and home visits.
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Table 2 - Opening meeting schedule of the supervised physical activities

Moment Description
* Reception of participants
Beginning ] ] ) ] o
+ Survey expectations regarding the physical and educational activities to be developed
Second + Pass around a list for participants to provide their names and telephone numbers
moment « Assist individuals with writing difficulties
« Establish a group contact: Participants deliberate on what should and should not be included in the collective
Third routine, addressing internal relationships, proper use of medication according to medical prescription,
moment clothes, hydration, creation of a virtual group, and absences. Emphasis on the importance of inclusion and
mutual support
* Explanation of the group's proposal by the professional
r:grl:::t  Guidance on using the subjective perception of exertion scale (Borg Scale) and the talk test
» Measurement of blood pressure (BP) and blood glucose levels (when indicated for patients using insulin)
» Warming up: Preliminary or preparatory physical activities to prepare the group physically and psychologically
Fifth for the main part of the exercise session
ift
moment + Suggestions: walking or stationary walking, followed by recreational games or dance/gymnastics with simple
movements as mentioned in the attached booklet, and static and dynamic stretching of lower and upper limbs
(totaling 10 minutes)
« Strength exercises: 15 minutes, with a more playful approach on the first day
+ Selection of 6 exercises targeting large muscle groups using bodyweight or materials provided by the project
Sixth (shin pads, dumbbells, elastic bands) or other available materials
moment + Exercises can be performed as a circuit, with active rest breaks.
* Perceived exertion assessed using the adapted Borg scale or speech test* during rest intervals, under
professional guidance
» Cooling down and conclusion: Active rest, participants instructed to engage in a light activity such as a
Seventh 5-minute walk to return heart rate to baseline values
moment « Facilitator identifies participants' perceptions and conducts an overall evaluation of the meeting - Planning for

future meetings

This intervention trains primary care professionals to promote
healthy eating and autonomy among participants with a person-
centered approach instead of developing individual dietary
prescriptions. Furthermore, all professionals were trained to
also provide general information on healthy eating during
individual appointments and home visits, and, if necessary,
refer the individual for personalized nutrition counseling by
registered dietitians when needed.

Teletutoring

Support is provided through a teletutoring program, including
biweekly 60-minute videoconferences and communication
via messaging app. The sessions will be led by two tutors and a
research nurse from the CHArMING Project multidisciplinary team,
supporting each municipality’s staff in planning and conducting
intervention activities, as well as guidance about how to do “brief
counseling”.?" Participants will include a nurse and one additional
staff member (CHW or nurse technician) from each primary care
center, selected by local health managers. WhatsApp groups will
be created for each municipality. They will be used as a mentoring

tool and to share complementary materials, reminders, and
videoconference links, along with the tutoring schedule agreed
upon with municipal leadership.

Teleconsultation

An asynchronous teleconsultation service will be available for
additional support. Teleconsultation involves remote consultations
between health professionals using telecommunication tools to
address clinical, health-related, and work process questions.

Healthcare professionals from primary care centers (doctors
and nurses) will be able to access teleconsultation with specialists
via the “CHArMING Project DSS” software, redirecting them
to the https://telessaude.hc.ufmg.br/charming website. Primary
care professionals will be able to submit queries for clinical
decision-making or theoretical references. Physicians may consult
specialists in cardiology, endocrinology, nursing, and nutrition,
while nurses may consult nursing and nutrition specialists.
Responses will be provided within 72 hours. All data is encrypted
and accessible only to authorized personnel, adhering to data
protection laws.

Int ] Cardiovasc Sci. 2026;39:20250045
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Implementation of the intervention

This component of the CHArMING protocol intervention
will be implemented through online lectures and workshops.
Participants’ inclusion and exclusion criteria and intervention
outcomes were described in detail elsewhere.'

Strategies for intervention retention and sustainability

This evidence-based protocol was developed to support
sustainable lifestyle changes in PHC, including professional
training, biweekly mentoring, community events, and ongoing
monitoring. The intervention ends with a local exhibition and
dissemination of results through publications, conferences, and
an open-access brochure to ensure wide applicability.

Ethics

The study was approved by the Brazilian National Research
Ethics Commission (CAAE 55598822.0.0000.5149), registered
with ClinicalTrials.gov (NCT05660928), and adheres to
the WHO Trial Registration Data Set for transparency and
international compliance. All patients and primary care
professionals provided written informed consent to participate.

Statistical analysis

Statistical analyses will be performed to evaluate the primary
and secondary outcomes of the study, following the intention-
to-treat principle. Given the cluster-randomized design, analyses
will account for intra-cluster correlation using appropriate
methods, such as mixed-effects models or generalized
estimating equations, depending on the distribution and
structure of the data. Summary statistics (means and standard
deviations or medians and interquartile ranges for continuous
data, and proportions for counts) will be used to describe
baseline characteristics and outcome measures. Additional
analyses may include predefined subgroup comparisons
and sensitivity analyses, and missing data will be handled
using appropriate methods based on the observed patterns.
A significance level of 5% (p < 0.05) will be adopted for all
hypothesis tests.

Conclusion and outlook

The CHArMING protocol project seeks to improve the
management of patients with DM and hypertension in
underserved municipalities through a multifaceted intervention
that integrates lifestyle promotion, digital health tools, and
continuous professional and patient education in primary care.
By encouraging changes in lifestyle, the protocol seeks to reduce
blood pressure and glycated hemoglobin, ultimately improving
health outcomes in regions with low human development indices.

The intervention includes supervised and unsupervised
physical activities, health education, autonomy-focused
nutrition counseling, and telehealth strategies such as clinical
decision support systems, teleconsultations, and patient
messaging. This comprehensive approach fosters adherence,
empowers patients, and enhances provider decision-making.

Challenges are anticipated, including limited infrastructure,
low health literacy, and barriers to access in rural areas. To
address these, the protocol incorporates remote training,
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mentoring, and accessible educational resources for healthcare
teams and patients.

If effective, this model may serve as a scalable and sustainable
strategy for promoting healthy behaviors in vulnerable
populations. It offers practical tools to strengthen primary care,
reduce the burden of chronic diseases, and guide future public
health policies in similar settings.
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