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1.Introduction 

Hypertension (AH) is defined by chronic non-transmissible, multifactorial clinical 

condition and characterized by sustained high levels, often associated with functional and/or 

structural alterations of the target organs (heart, brain, kidneys and blood vessels) and 

metabolic changes, with consequent increased risk of fatal and non-fatal cardiovascular events 

[1]. 

It is the most prevalent cardiovascular disease, reaching between 30% and 45% of the 

world's adult population [2]. In Brazil, different epidemiological studies show a prevalence of 

around 30% [3]. According to the Surveillance System for Risk and Protective Factors for Chronic 

Diseases by Telephone Survey (SURVETEL) of the year 2017, the prevalence of self-reported AH 

increased from 22.6% in 2006 to 24.3% in 2017 [4]. The disease tends to increase with age, 

reaching 60% among adults over 65 years of age, being higher among those with less schooling 

and among Afro-descendants [3].   

AH is responsible for 40% of infarctions, 80% of strokes and 25% of cases of end-stage 

renal failure in our country [3]. One of the main factors for the occurrence of complications in 

hypertensive patients is the lack of adequate control. Recent observations have shown that, 

regardless of which region of the world evaluated, whether from high- or low-income 

economies, or the level of sophistication of health care delivery, only about 40% of patients with 

hypertension are under treatment, and of these only 35% are controlled with BP < 140/90 mmHg 

[2]. 

Among the main causes of lack of control are the therapeutic inertia of the doctor, effect 

of the “white coat” and especially the lack of adherence of patients to the correct use of 

medication and healthy habits of life, especially to the restricted sodium diet and physical 

activity. Factors that contribute to a low adtake are multiple and at various levels. Barriers to 

treatment are barriers to the patient (multiple comorbidities, low level of knowledge of the 

disease, economic restrictions, lack of involvement in the decision-making process of the 

treatment) - in relation to the doctor (prescription of complex treatment regimens, 

communication barriers, lack of adequate information of adverse reactions, clinical inertia), and 

in relation to the health system (limitation of the time of medical consultations,  limited access 

to care, lack of multiprofessional approach and health information technology) [5]. 

Non-adhering to antihypertensive drugs is highly prevalent in patients with uncontrolled 

hypertension [6,7]. It is estimated that between 50% and 80% of hypertensive patients receiving 



prescription medication demonstrate suboptimal therapeutic adherence [8]. Other studies have 

shown that a quarter of patients who start newly diagnosed antihypertensive therapy fail to 

follow the initial prescription [9,10]. During the first year of treatment, most patients take the 

prescribed antihypertensive medication only 50% of the time, and only 1 in 5 patients have 

sufficient support to achieve the benefits observed in clinical trials (approximate 80% 

adherence) [11]. 

This relatively high proportion of non-adhering is due, at least partially, to the large 

number of pills to be taken, complexity of doses, presence of adverse reactions with multiple 

medication regimen, and the little insistence of physicians regarding better support when 

patients are consistently non-adherent [12]. 

However, the tendency to improve BP control rates (<140/90 mm Hg) among those on 

antihypertensive treatment to more than 70% suggests that recent strategies to improve 

hypertension and care with antihypertensive medication have been successful [13].  

In relation to healthy lifestyle habits, adhering to a more restricted sodium diet is one of 

the most difficult to achieve, despite several efforts to reduce sodium intake in the population. 

Two-thirds of the salt consumption by the Brazilian population comes from the salt added 

directly to the meal. The numbers show that Brazilians consume more than twice – almost 12 

grams (g) – of the amount recommended by the World Health Organization (WHO) [4]. Data 

from the Ministry of Health reveal that 90% of men and 70% of women consume more salt than 

the maximum recommended, 85.1% of adult Brazilians consider their salt consumption 

adequate [4]. Another important point between life habits is sedentary lifestyle, which can also 

contribute to the lack of adequate control of BP. There is much evidence that shows the benefit 

of physical activity to reduce BP, including providing the number of medications needed for 

control [3].  

Therefore, it is essential to help patients adopt healthy measures to assist in the daily 

control of BP. As the barriers to therapeutic adherence are complex and varied, solutions to 

improve adherence at the population level should be multifactorial [14,15]. 

Several systematic reviews and meta-analyses have evaluated the impact of 

interventions on patients' adhering to antihypertensive medications and their benefits [16, 17]. 

Most interventions to improve the quality of AH care, medication and healthy habits and 

BP control are care based on a multidisciplinary team [18]. Different patient-centered models 



with a multidisciplinary team showed an increase in the proportion of individuals with better 

blood pressure support and greater BP control [18,19,20,21,22].  

One of the best and most effective models includes decision support systems (treatment 

algorithms), collaboration between team and patient, medication adherence, home BP 

monitoring, and patient self-care [23,24].  

Recently, support systems such as electronic health records, remote monitoring based 

on new technologies and self-care support tools, can increase and intensify efforts based on the 

multidisciplinary team approach [25,26,27,28]. 

In this sense, some studies are being conducted on the use of mobile technology to 

control hypertension, aiming at greater access to the patient, education and awareness of the 

disease, as well as the patient's engagement in their care [29,30,31,32,33]. In a previously 

developed study, it was seen that virtual distance or face-to-face teaching, through "e-learning", 

helps to reduce the effect of the white coat and the anxiety of hypertensive patients, with an 

improvement in adherence to treatment [34]. 

However, it is not yet known the best technological tools to help hypertensive patients 

to improve treatment adhering to healthy life habits and, and consequently avoid the 

complications of AH. In addition, this tool needs to be feasible to be used by patients or 

caregivers, regardless of social class, preserving their intimacy, privacy and still obtaining the 

desired health improvement results. 

Based on these arguments, the hypothesis of the proposal is that the use of an 

application developed by artificial intelligence adapted to individual needs and customs can help 

improve therapeutic adherence and provide better BP control in patients with uncontrolled 

hypertension. 

2. Primary objective 

To evaluate the effectiveness of an artificial intelligence application developed for home 

monitoring compared to institutional standard follow-up in patients with uncontrolled 

hypertension in the following parameters:  

a) To obtain adequate control of blood pressure (< 140/90 mmHg) of the office and of the blood 

pressure ambulatory monitoring (< 135/85 mmHg at wakefulness) 

b) Improving adherence to drug treatment assessed by a validated questionnaire 



 c) Reduce dietary sodium intake and 24-hour urinary sodium  

d) Increase the performance of physical activity evaluated by number of daily steps 

 e) Reduction of body weight and abdominal circumference 

2.1. Secondary objective 

a) To evaluate the effects of the use of the monitoring application on: quality of life of patients 

with uncontrolled hypertension through WHOQOL questionnaire; sleep quality assessed by the 

Pittsburg questionnaire; anxiety level assessed by the HADS questionnaire; food consumption 

assessed by consumption questionnaires and food recall: 

b) Assess the ability of patients with uncontrolled hypertension to use the application 

3. Methodology 

3.1. Study design 

Randomized study with patients with uncontrolled hypertension followed at the 

Outpatient Clinic of the Hypertension Unit of the Heart Institute (InCor-HCFMUSP), for the use 

of an application for monitoring and engagement to antihypertensive treatment - compared to 

the standard follow-up of the institution in a 12-month follow-up.  

The study involves the direct participation of an institutional multidisciplinary team with 

an international partnership and a national institution of advanced technology in artificial 

intelligence. The hospital's team includes physicians, nurses, nutritionists, psychologists, 

physical educators and biomedicals, supported by the institution's own innovation team. The 

international team includes all members of the Inavya Ventures LTd.  

Will be included 100 patients diagnosed with primary arterial hypertension under drug 

treatment, with at least 3 classes of antihypertensivedrugs in an optimized dose, aged 20 to 65 

years, and who present clinic BP ≥ 140 and/or 90 mmHg, and wakefulness BP in ambulatory BP 

monitoring ≥ 135/85 mmHg. Patients or their caregivers should also be able to use mobile 

phones and apps.  

Patients with stroke sequelae or those with significant cognitive dysfunction will be 

excluded. 

Randomization will be done in the 1:1 form using electronic randomization system, 

without knowledge by the team involved in the study. There will be two groups in the project, 



so that, patients will be randomized to intervention group (application use) or control group 

(standard follow-up of the institution).  

In the intervention group (N= 50), patients will receive a cellular device (by donation 

consigned by a telephone company) for the exclusive use of the application within 12 months. 

In this mobile device will be installed, with the guidance of the multidisciplinary team, the AVATR 

application developed in partnership with the company Inavya Ventures Ltd., where they will be 

digitized with individualized code for each patient, personal data, including age, gender, 

behavioral patterns and lifestyle habits (walks, type of diet, quality of sleep, etc.), and daily 

medications used. 

The data will be allocated in a dedicated cloud and protected by cutting edge encryption. 

All this part of data capture and storage is in accordance with the rules of the General Data 

Protection Law (GDPL) as well as the General Data Protection Regulation (GDPR), the uk 

regulation. 

Patients will have a 15 days adaptation period to the use of the application, where they 

will receive virtual guidance by the multidisciplinary team for the correct use. After this period, 

patients will perform an evaluation by the medical and nursing staff, where clinical data (clinic 

blood pressure, weight, height and abdominal circumference) will be collected and patients will 

answer questionnaires on quality of life, anxiety, sleep quality, food intake and therapeutic 

adherence. In this same consultation, patients will receive an automatic blood pressure 

measurement device (described in the methods) to make household blood pressure 

measurement according to nursing guidance. Blood samples will also be collected for 

biochemical profile (total cholesterol and fractions, triglycerides, fasting glycemia, potassium, 

serum creatinine) and 24-hour urine sample for urinary sodium dosage, these tests will be 

collected at the Research Center and the analysis will be performed by the institute’s laboratory. 

 The application automatically receives input data from each patient, such as BP 

MEASUREMENTS by the device and also the steps walked recorded by own in a third-party 

application also installed on the mobile phone. This data is safely transferred to the cloud server 

and analyzed based on an algorithm developed with the help of healthcare professionals to 

generate a customized lifestyle modification program designed for each patient. The application 

has automatic messages for the time of medication, in addition to strengthening nutritional 

guidance, physical activity and emotional order through automatic motivating phrases and also 

by access to educational videos. Another important tool is speech recognition that allows the 

patient to send data by voice system when there is difficulty in typing communication. 



 The multiprofessional team will receive alerts by email or the application platform, 

according to pre-established limits of blood pressure or symptoms, allowing immediate contact 

of the team for the necessary guidance. The multidisciplinary team will contact patients in the 

digital intervention group every 4 weeks for guidance based on the insertions made by patients 

in the application during the period. The correct use of medication as well as the adoption of 

healthy life habits will be reinforced in this contact.  

The control group (N= 50) will perform the same initial evaluation and answer the same 

questionnaires as described above for the intervention group. In this evaluation will receive 

guidance regarding the adoption of life habits by the multidisciplinary team. The control group 

will receive reinforcement of guidance only in clinic face-to-face visits.  

The visits of the study after the pacient’s inclusion will take place every 12 weeks (Visits 

2, 3, 4 and 5), totaling 4 visits after the initial visit, with the final visit after 12 months. Patients 

will perform 24-hour ambulatory blood pressure monitoring (ABPM) at visits 2, 3 and 5. In visits 

2 to 5, the patient will have the measurement of blood pressure from the office, weight and 

abdominal circumference, and data on symptoms and events that occurred (hospitalizations, 

emergency room visits, symptoms) will be collected. In the last visit (12-month), in addition to 

these measures, the questionnaires performed on the first visit and laboratory dosages will be 

repeated.  

3.2. Blood pressure measurement in the clinic 

 Determination of systolic (SBP) and diastolic (DBP) blood pressure measured by an automatic 

sphygmomanometer (Omron   HBP 1100 ®), in the right upper limb, with the individual seated, 

after 10 minutes of rest. Three (3) measurements of systolic and diastolic pressure will be 

performed, with an interval of 1 minute between them and the average will be calculated later, 

following the recommendations of the Brazilian Guidelines on Hypertension 2020.35 

3.3. Measurement of weight and abdominal circumference in the office  

For anthropometric evaluation, weight and height will be measured using a Filizola® 

digital scale, and abdominal circumference will be measured using a standardized measuring 

tape. 

3.4. Ambulatory 24-hour blood pressure monitoring (ABPM)  

ABPM allows indirect and intermittent bp recording for 24 hours or more while the 

patient performs his usual activities in wakefulness and during sleep. The Spacelabs® Device will 



be used, and the following variables will be obtained: mean systolic, diastolic and pulse blood 

pressure in the periods of 24 hours, wakefulness and sleep, and considered the normality values 

according to the Brazilian Guidelines on Hypertension 202035. 

3.5. Blood Pressure Monitoring at Home 

Patients in the intervention group will be instructed to perform blood pressure 

measurement at home with a validated automatic device (Omron  ) that will be delivered on the 

day of the consultation after the training period. Patients will be instructed to take 

measurements as recommended by the recent guidelines 35, two measurements in the morning 

and two measurements at night, Monday to Friday, and will enter the values of the 5 days in the 

application. These values will be evaluated by the medical and nursing team, which will guide 

the appropriate conduct based on these measures.  

3.6. Measurement of capillary glycemia at home 

Patients in the intervention group will be instructed to perform capillary glucose 

measurement at home with a device that will be delivered on the day of the consultation, after 

the training period. Patients will be instructed to take measurements in the morning fasting, 

Monday to Sunday, and will enter the values in the application. These values will be evaluated 

by the medical and nursing team, which will guide the appropriate conduct based on these 

measures.  

3.7. WHOQOL-BREF2 Quality of Life Questionnaire 

 The WHOQOL-BREF is a questionnaire that tends to evaluate the overall rate of "quality 

of life" and "satisfaction" with health. Participants answer questions about various aspects of 

their life in the present and circulate the number that best represents their feeling. The 

WHOQOL-BREF contains two types of questions: a "positive" where a high number means good 

quality or satisfactory, a "negative" where a low number or zero means a poor quality of life. 

Domain scores will be calculated and transformed into a scale ranging from zero to one hundred 

according to the algorithm.36 

3.8. Food consumption questionnaires 

 Two questionnaires will be applied to assess food consumption. A form of food 

consumption markers for individuals older than 5 years that is proposed by the Food and 

Nutrition Surveillance System. This tool aims to identify the frequency of pre-established food 

consumption in the last 7 days. The questionnaire has only ten items that are easy to understand 



and apply. From item 1 to 5 are foods where daily consumption is recommended. Items 6 to 10 

are foods that should be consumed eventually or should be avoided. The 24-hour Dietary Recall 

consists of a complete description of the interviewee's eating habits the day before the 

interview. The data to be obtained by the instrument is the type of food or preparation, quantity 

consumed, place and time of the meal. The participant will be asked to describe the part in 

homemade measures that will later be transformed into grams of the food. Nutritional 

information will be based on the Brazilian Food Composition Table. 3738 

3.9. 8-Stage Moriski Green - Adherence Questionnaire 

To evaluate treatment adherence, the Eight-Item Morisky Therapeutic Adherence Scale 

was used, consisting of eight questions regarding the use of medication. The degree of 

therapeutic adherence will be determined according to the score resulting from the sum of the 

answers of the MMAS-8 questionnaire: high adherence (8 points), average adherence (6 or 7 

points) and low adherence (<6 points).39 

3.10. Pittsburg Sleep Quality Questionnaire (PSQI) 

 The PSQI assesses the quality and sleep disorders during the period of one month, being 

a standardized questionnaire, simple and well accepted by patients. The instrument consists of 

19 questions in self-report and five questions directed to the spouse or companion of room. The 

19 questions are categorized into seven components, graduated in scores from zero (no 

difficulty) to three (severe difficulty). The components of the PSQI are: C1 subjective sleep 

quality, C2 sleep latency, C3 sleep duration, C4 habitual sleep efficiency, C5 sleep changes, C6 

use of sleep medications and C7 sleep day time dysfunction. The sum of the values attributed to 

the seven components ranges from zero to twenty-one in the total score of the questionnaire 

indicating that the higher the number, the worse the sleep quality. 40 

3.11. Anxiety Questionnaire - Hospital Anxiety and Depression Scale (HADS) 

The HADS scale contains 14 multiple choice questions composed of two subscales, for 

anxiety and depression, with seven items each. The overall score on each subscale ranges from 

0 to 21 and has been applied to patients in general without difficulty, with good clinical 

relationship.41 

3.12. Statistical analysis 

All analyses will be performed based on the complete population of the set of analyses, 

and all values of the clinic BP and the mean wakefulness of the ABPM will be included. The 



characteristics of the patient at the initial visit will be described using mean ± standard deviation 

or median deviation (quartiles) for continuous variables, or number (proportion in %) for 

categorical variables. To compare the main variables before and after using the application, the 

appropriate tests will be performed according to the type of the variable, that is, whether 

quantitative or qualitative. Thus, to compare the quantitative variables (blood pressure value, 

weight, body mass index, abdominal circumference, 24-hour urine sodium and questionnaire 

score), a comparative analysis of a paired t-test will be performed. For the nonparametric 

variables, the chi-square and kruskall wallis test will be used to compare them.  

4. Expected results 

The use of the artificial intelligence application for distance monitoring of patients with 

uncontrolled hypertension should provide greater engagement of patients and their families in 

treatment, and thus may lead to better blood pressure control, greater adhering to healthy 

lifestyle habits (decreased sodium intake, increased physical activity and improved quality of 

life) when compared to the follow-up currently performed at the institution. Better blood 

pressure control of these patients, who generally require a high number of medications, may 

consequently reduce the risks of complications and also the search for emergency services, 

which can harm the patient, and also encumber the health service. In addition, the integrated 

participation of a multidisciplinary team more actively ensures greater involvement with patient 

care, without the need for frequent returns to the Unit for better blood pressure control. 

5. Timeline 

Month Activity 

1st to 2nd month Selection of participants 

2nd to 3rd month Signature of the GDPL and training of patients with application 

5th to 6th month Consultation for data collection and delivery of the blood pressure 
measurement device 

7th to 12th month Monitoring patients by staff through the application 

7th to 12th month Consultation for data collection and delivery of the blood pressure 
measurement device 

****It will be validated after approval by the Ethics Committee**** 
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