
Original Paper

Pandemic-Related Impairment in the Monitoring of Patients With
Hypertension and Diabetes and the Development of a Digital
Solution for the Community Health Worker: Quasiexperimental
and Implementation Study

Christiane Correa Rodrigues Cimini1, MD, MSc, PhD; Junia Xavier Maia2, MD; Magda Carvalho Pires3, BA, MSc,

PhD; Leonardo Bonisson Ribeiro2, BA; Vânia Soares de Oliveira e Almeida Pinto1, MD, MSc; James Batchelor4,

BA; Antonio Luiz Pinho Ribeiro5, MD, PhD; Milena Soriano Marcolino2, MD, MSc, PhD
1Medical School and Telehealth Center, Universidade Federal dos Vales do Jequitinhonha e Mucuri, Teófilo Otoni-MG, Brazil
2Telehealth Center, Hospital das Clínicas, Faculdade de Medicina, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil
3Department of Statistics, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil
4Clinical Informatics Research Unit, Faculty of Medicine, University of Southampton, Southampton, United Kingdom
5Telehealth Center and Cardiology Service, Hospital das Clínicas, Faculdade de Medicina, Universidade Federal de Minas Gerais, Belo Horizonte,
Brazil

Corresponding Author:
Christiane Correa Rodrigues Cimini, MD, MSc, PhD
Medical School and Telehealth Center
Universidade Federal dos Vales do Jequitinhonha e Mucuri
Rua do Cruzeiro, 01
Bairro Jardim São Paulo
Teófilo Otoni-MG, 38803-371
Brazil
Phone: 55 33988900906
Email: christiane.cimini@gmail.com

Abstract

Background: The restrictions imposed by the COVID-19 pandemic reduced health service access by patients with chronic
diseases. The discontinuity of care is a cause of great concern, mainly in vulnerable regions.

Objective: This study aimed to assess the impact of the COVID-19 pandemic on people with hypertension and diabetes mellitus
(DM) regarding the frequency of consultations and whether their disease was kept under control. The study also aimed to develop
and implement a digital solution to improve monitoring at home.

Methods: This is a multimethodological study. A quasiexperimental evaluation assessed the impact of the pandemic on the
frequency of consultations and control of patients with hypertension and DM in 34 primary health care centers in 10 municipalities.
Then, an implementation study developed an app with a decision support system (DSS) for community health workers (CHWs)
to identify and address at-risk patients with uncontrolled hypertension or DM. An expert panel assessment evaluated feasibility,
usability, and utility of the software.

Results: Of 5070 patients, 4810 (94.87%) had hypertension, 1371 (27.04%) had DM, and 1111 (21.91%) had both diseases.
There was a significant reduction in the weekly number of consultations (107, IQR 60.0-153.0 before vs 20.0, IQR 7.0-29.0 after
social restriction; P<.001). Only 15.23% (772/5070) of all patients returned for a consultation during the pandemic. Individuals
with hypertension had lower systolic (120.0, IQR 120.0-140.0 mm Hg) and diastolic (80.0, IQR 80.0-80.0 mm Hg) blood pressure
than those who did not return (130.0, IQR 120.0-140.0 mm Hg and 80.0, IQR 80.0-90.0 mm Hg, respectively; P<.001). Also,
those who returned had a higher proportion of controlled hypertension (64.3% vs 52.8%). For DM, there were no differences in
glycohemoglobin levels. Concerning the DSS, the experts agreed that the CHWs can easily incorporate it into their routines and
the app can identify patients at risk and improve treatment.

Conclusions: The COVID-19 pandemic caused a significant drop in the number of consultations for patients with hypertension
and DM in primary care. A DSS for CHW has proved to be feasible, useful, and easily incorporated into their routines.
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Introduction

The COVID-19 pandemic severely hit health care systems
worldwide, challenged their responsiveness, and forced them
to redistribute human and material resources to emergency
services and intensive care units dedicated to COVID-19 patients
[1]. This emergency reorganization had a negative impact on
monitoring people with noncommunicable chronic diseases
(NCDs), such as hypertension and diabetes mellitus (DM),
which need continuous follow-up [2].

Mortality from NCDs in low-income and medium-income
countries is high due to the limitations of health systems in
providing treatment for these diseases [3]. Hypertension is the
main modifiable risk factor, with an independent association
with cardiovascular disease, chronic kidney disease, and
premature death [4] and risk factors for severe COVID-19 and
COVID-19 mortality [5,6]. Social restriction intensified risky
behaviors, including increased sedentary lifestyles, time in front
of screens [7], ultraprocessed food consumption, and number
of cigarettes smoked [8]. These habits contribute to weight gain
as well as uncontrolled blood pressure (BP) and glucose levels
of individuals with hypertension and DM, respectively [9].

This global impact of COVID-19 is especially favorable for the
adoption of digital solutions in response to the challenges that
the pandemic has imposed. They can be used not only to follow
people with suspected or confirmed of COVID-19 but also to
monitor patients with other diseases and provide essential health
care services at the community level. Therefore, the pandemic
has led to rapid development and utilization of mobile health
(mHealth) apps [10,11], although these tools have been available
for a long time.

Since June 2017, our group has been conducting a study that
follows up people with hypertension and DM in Northeastern
Minas Gerais, Brazil, a resource-constrained region called Vale
do Mucuri (Mucuri Valley). Until October 2018, the HealthRise
project, funded by the Medtronic Foundation, aimed to improve
the screening and disease control of people with hypertension
and DM [12]. The main activities were (1) training the
multidisciplinary family health team, (2) organizing the flow
of spontaneous and scheduled consultations, (3) expanding
rational access to complementary exams, (4) supporting group
activities, (5) sending text messages to patients’ cell phones,
and (6) developing and implementing a clinical decision support

system (CDSS). Nurses and physicians applied
recommendations from evidence-based guidelines in their work
routine providing the patient with up-to-date treatment.
Community health workers (CHWs) received tablets to enroll
patients in the screening phase. These devices were also useful
to improve CHWs’ work routines, facilitating the entry of data
into the Ministry of Health's information system [13].

There was a 2-month transition between the end of the
HealthRise project and the beginning of the next project, the
Charming Project (Control of Hypertension and Diabetes in
Minas Gerais). This transition lasted until December 2018, and,
in early 2019, the intervention restarted as the Charming Project,
maintaining all the previous components and activities in the
same territory.

In the pandemic scenario, which puts at risk the monitoring of
those patients in the primary care setting, the purpose of this
study was to assess the impact of the COVID-19 pandemic on
the frequency of consultations for patients with hypertension
and DM and the control of both diseases in a vulnerable region.
Additionally, to mitigate the negative impact that the pandemic
may have had on these patients, this study evaluated the
implementation of a simple and efficient mHealth strategy for
CHWs that was used during home visits, to prioritize the
in-person consultation of patients with uncontrolled disease.

Methods

Study Design
This mixed methods study was a substudy of the Charming
Project that took place in 34 primary health care centers
(PHCCs) in 10 municipalities of Mucuri Valley: Ataléia, Catuji,
Crisólita, Frei Gaspar, Itaipé, Ladainha, Novo Oriente de Minas,
Ouro Verde de Minas, Setubinha, and Teófilo Otoni [13].
Mucuri Valley is part of the Northeast Macro-Region of Minas

Gerais, Brazil, with a territorial extension of 24,781.5 km2 and
a population of 516,073 inhabitants, marked by drastic
socioeconomic contrasts, high rates of illiteracy and poverty,
and low rates of control of hypertension and DM [14].

This study was performed in 4 steps, according to the Medical
Research Council framework (Figure 1): (1) identification of
gaps in usual care, (2) identification of the components of the
intervention through discussions with experts, (3) software
development and validation, and (4) pilot testing [15].
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Figure 1. Flowchart of the study methodology. DSS: decision support system. PHCC: primary health care center.

Step 1: Identification of Gaps in Usual Care
Local health authorities confirmed the first case of COVID-19
in Mucuri Valley on April 22, 2020. However, as soon as the
World Health Organization (WHO) declared the COVID-19 a
global pandemic on March 11, 2020, there was a significant
drop in the number of consultations at the PHCC. At the
beginning of the pandemic, the Ministry of Health’s
recommendations were contradictory, and the role of CHWs
was not established [16]. In May, general guidelines from the
Ministry of Health suspended group activities and home visits,
and PHCCs were designated to receive people with respiratory
symptoms. Patients with chronic diseases were left in the
background, receiving only prescription renewal. Consequently,
there was a mischaracterizing of the work routine in the primary
care setting.

Quasiexperimental Study
The quasiexperimental study aimed to assess the impact of the
COVID-19 pandemic on the frequency of consultations.
Likewise, it also aimed to assess the impact of the pandemic on
the control of those patients. Therefore, 2 periods were
considered: the so-called period 1, from baseline (June 1, 2017)
to March 13, 2020, and period 2, from March 14, 2020 (12th
epidemiological week, when social restrictions were
intensified) to December 31, 2020. This assessment included
all patients followed by the HealthRise and Charming Projects
with hypertension and DM aged 30 years to 69 years at the
project's baseline [12], being monitored in the 34 PHCCs of 10
municipalities who had at least two consultations. The age range
was previously determined by the funder and described in the
public call for project submission.

Data were obtained through the usual medical and nursing
consultation procedures, recorded in the software developed in
the study [13]. Variables of interest were sociodemographic
data (age, sex, education, income), clinical data (hypertension,
DM, stroke, peripheral arterial disease, coronary artery disease,
heart failure, alcoholism, physical inactivity, smoking),
laboratory data (glycated hemoglobin [HbA1c]), physical
examination measures (systolic BP [SBP] and diastolic BP
[DBP]), and follow-up data (number of consultations
performed). HbA1c was assessed using laboratory tests of
peripheral blood samples and point-of-care tests.

Step 2: Identification of the Components of the
Intervention

mHealth Solution for CHWs
Since primary health care professionals had already used digital
solutions in the previous projects, an mHealth solution was
planned for CHW that could identify patients with uncontrolled
hypertension and DM at home. From the recognition of these
patients, the CHW could prioritize them for medical consultation
at the PHCC. The app was developed to run on tablets and
smartphones and has a DSS that indicates to the CHW whether
the patient’s disease is controlled. By entering simple data, the
CHW receives immediate feedback during the home visit,
providing prompt patient guidance.

The use of synchronous teleconsultations as part of this
intervention was considered. However, we detected many
barriers that impaired their implementation, such as a significant
proportion of illiteracy among the population, social and
economic vulnerability, poor internet connectivity in remote
areas, and lack of infrastructure.

Procedures
To assess patients with hypertension, the CHW used an
automatic arm BP monitor (OMRON HEM-7320). However,
in Brazil, CHWs’ basic training for their role does not include
performing nursing procedures, such as measuring capillary
blood glucose [17]. So, in cases of DM, they guided patients to
use dipsticks to assess glycosuria in an isolated urine sample.
It made screening the most uncontrolled cases (urine glucose
concentrations of ++ or more corresponds to blood glucose
above 250 mg/dL) possible. In addition, some patients with
uncontrolled DM received test strips and instructions to perform
glucose self-monitoring and improve the adjustments to the
insulin prescription. Using tablets, CHW entered all the
information obtained into the app, which consists of a simple
questionnaire and a DSS. When the DSS classifies the patient
as uncontrolled, a message advises the CHW to make a medical
appointment at the PHCC.

Evaluation of glycemic control by HbA1c, using a point-of-care
portable HbA1c analyzer, was available in many PHCCs for
testing just before the medical consultation, with immediate
results, and allowing prompt decision-making.
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Prioritization Criteria
Since it would not be possible to attend to all patients with
hypertension and DM, prioritization criteria were established
according to the findings expected in home visits. The following
patients were prioritized for in-person medical consultations at
the PHCC: people with hypertension and SBP ≥160 mm Hg or
DBP ≥100 mm Hg and/or people with DM and any capillary
blood glucose measurement ≥250 mg/dL or glycosuria result
++ or higher.

The intervention was centralized in the CHW because of their
close contact with the community through home visits, activities
in support groups, and performance of preventive actions. They
know about the families’health and social conditions, adherence
to treatment, and attendance at consultations at the PHCC
[17,18].

Step 3: Software Development and Validation

App Overview
The purpose of the app was to identify, in the home
environment, patients who were seriously decompensated or at
higher risk of decompensation and to prioritize them for medical
consultation at the PHCCs.

To ensure privacy, data are kept encrypted on the tablet. User
sessions expire whenever devices enter the sleep mode or
periodically (the shortest of times). User digital authentication
is secure. The app has features to operate in online and offline
modes. Due to the lack of internet connection in patients’homes
where data are collected and lack of 3G or 4G connection in
the tablets, it is necessary to store patient data used to promptly
generate decision support in the device. This information is
uploaded online and as soon as CHWs go back to the PHCC.

To develop the app, the developer team and stakeholders had a
round of meetings in order to define its scope. Bearing in mind
the prospective user profile, Android 4.4 or above (Api level
19, KitKat) was selected as the operating system. A prototype
was made and submitted for approval, upon which the
development phase began. Netbeans and Java for Android were
used together with the libraries Firebase Crashlytics, Analytics,
Volley Plus, and Realm Database, the latter for the local mobile

databank. REST was used for mobile-databank (POSTGRESQL)
communication. The development phase was incremental, and
each successive version was submitted to stakeholders for testing
and approval. The last submission included a test battery with
final users, the results of which were reported to the developer
team for error solution. Once a final submission was approved,
the app was released for production. The app can be downloaded
from Google Play Store. Support for installation and use was
provided by the local team.

The app is freely available in Google Play Store and can be
downloaded under the name Questionário Charming. At the
moment, only the Portuguese version is available.

App Content and Functionality
The app consists of (1) a log-in screen, (2) a patient search
screen, (3) a patient registration screen, (4) patient assessment,
and (5) decision support.

The login screen allows individualized access to the system
through the credentials (user and password) provided to each
professional. Once logged in, the professional has access to the
screen to search for registered patients (Figure 2).

If the patient was not registered before, the CHW can create a
new registration and input demographic data, address, telephone
number, and information on diagnosis of hypertension and DM.

After choosing a specific patient, the professional enters the
questionnaire screen, which includes BP levels, recent capillary
blood glucose levels, glycosuria result, questions about
adherence to drug treatment, reasons for nonadherence (if it
occurs), if the patient has an insulin prescription, and glucose
strip supplies (Figure 3). It is worth mentioning that the Brazilian
public health system (Sistema Único de Saúde [SUS]) provides
glucometer and blood glucose strips for people with DM who
use insulin.

The DSS provides personalized recommendations, generated
according to the data entered in the CHW evaluation. The
messages alert the CHW if glucose or BP levels are high and
suggests scheduling medical or nursing visits in the PHCCs,
delivery of drugs or supplies, and prescription renewal (Figure
4).
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Figure 2. Example patient search screen with fictitious information: patient’s name, registration number in the public health system, birth date, record
id, and priority, according to criteria explained in the text.
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Figure 3. Patient assessment screen, on which the community health worker easily inputs information obtained during the home visit: blood pressure
levels, glycosuria, medication adherence and access, insulin use, and presence of a glucometer at home.
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Figure 4. Decision support screen, which shows the best recommendation for the patient after the community health worker inputs and saves the patient
data.

Pretesting
In order to ensure that the system was operating as intended,
with no bugs, and that the recommendation results matched the
prespecified decision tree, the prototype was tested multiple
times through manual insertion of test cases. Medical students,
professors, and researchers took the tests several times.

Expert Panel Assessment
The expert panel consisted of 4 primary care physicians, 1 nurse,
1 pharmacist, and 1 CHW, all working in primary health care
and 2 of them (1 of the physicians and the nurse) also working
as health care managers. They were all recognized as technical
references and completely independent of the researchers and
implementation sites. The specialists tested the app for 1 week
by simulating the most different situations that the CHW might
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encounter during a home visit. At the end of the tests, they gave
their opinion through a questionnaire previously developed by
our group [19]. The first part of the questionnaire included the
following participant characteristics: sex at birth, age, education
level, time since graduation, profession, role in primary
care, prior knowledge of information technology (IT), ease of
use, and frequency of internet use, for how long during the day,
and for what reasons (personal, professional, or other). The
second part included Likert scale questions, varying from 1
(strongly disagree) to 5 (strongly agree), to assess feasibility,
usability, and utility. 

Step 4: Pilot Testing
The IT team and researchers carried out the implementation,
through remote and in-person training. CHWs in the 10
municipalities received specific remote training about the (1)
correct use of personal protective equipment, (2) identification
of suspected cases of COVID-19 during home visits, (3) BP
measurement using an automatic arm BP monitor, (4) glycosuria
assessment in an isolated urine sample using reagent dipsticks,
and (5) identification of cases with uncontrolled hypertension
and DM during home visits. Depending on the clinical situation,
they had to measure BP and/or glycosuria and guide patients
with DM about how to measure capillary blood glucose at
home. They underwent a specific training session through a
web conference to clarify the expansion of restrictive measures
regarding the COVID-19 pandemic. In addition, CHWs received
supporting material about the software and instructions for use.
The IT team installed the app on the tablets that CHWs were
already using. During these visits to the PHCCs, they provided
hands-on training on how to use the app and answered CHWs’
remaining doubts. Later when devices, app incompatibilities,
and login-related issues arose, the IT team promptly solved
them remotely.

Statistical Analysis
Continuous variables were described by measures of central
tendency (mean or median), dispersion (SD or IQR), and
amplitude, according to the distribution assessed using the
Kolmogorov-Sminov test. Categorical variables were described
with measures of absolute and relative frequencies. Using the
Chow test, weekly consultations’ time series data were analyzed
to identify possible structural changes (ie, sudden changes in
the trend of the time series) related to the pandemic. Variables
were compared between periods 1 and 2 using Student t tests,
Mann-Whitney U tests, or Fisher exact tests, according to the

normality of the distribution and type of variable. Statistical
analysis was performed with R software (version 4.0.2) with
the strucchange and ggplot2 packages.

Ethical Review
The Federal University of Jequitinhonha and Mucuri Valleys’
Research Ethics Committee gave ethical approval for the study,
which is registered under the Certificate of Presentation of
Ethical Appreciation (CAAE) number 40479820.2.0000.5108. 

Results

Quasiexperimental Study
During the 183-week follow-up period ranging from June 2017
to December 2020, 17,345 consultations were carried out, with
a median number of 2 consultations per patient, except for those
with diagnoses of both hypertension and DM, who had a median
of 3 consultations. Physicians (10,199/17,345, 58.8%) performed
most of them. HbA1c was evaluated through laboratory tests
from peripheral blood samples and point-of-care tests. From
the 3488 HbA1c assessments, 1027 (29.4%) used point-of-care
tests. Between 2019 and 2020, there was a 74% reduction in
the number of HbA1c tests (977 vs 255) and a 62.5% reduction
in the number of BP measurements (3898 vs 1461). The overall
number of patients was 5202. There were 4936 (94.9%) with
hypertension and 1403 (27.0%) with DM. It is noteworthy that
DM and hypertension coexisted in 1137 patients (Table 1).

The beginning of the 12th epidemiological week, on March 14,
2020, is a milestone for this study, as it corresponds with the
moment of escalation of social restriction measures. The Chow
test confirmed the break point, which divided the timeline into
period 1 and period 2.

For the before-after assessment, 5070 patients were analyzed.
Of these, 4810 (94.9%) patients had hypertension, and 1371
(27.0%) had DM. Among them, 1111 (23.1%) patients had both
diseases. Most patients were female (3369/5070, 66.4%), with
median age of 56.0 (IQR 48.0-62.0) years and median BMI of

27.9 (IQR 24.6-31.6) kg/m2 (Table 2).

It is noteworthy that DM and hypertension coexisted in 1111
patients.

There was a significant reduction in the number of consultations,
BP measurements, and HbA1c dosage between period 1 and
period 2 (Table 3).
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Table 1. Consultations, procedures, and patient data.

By year, nOverall sample (n=17,345), n (%)Characteristic

2020201920182017

259364376325199017,345 (100)Number of consultations

Number of consultations by health care professional

105834504393130010,201 (58.8)Physician

1535298719326907144 (41.2)Nurse

780138973058914,584 (84.1)Total number of procedures, n (%)

Procedures, n (%)

2559776465832461 (16.9)HbA1c
a tests

5254128461027 (7.0)HbA1c POCb tests

146138984157158011,096 (76.1)Blood pressure measurements

15762833344417575202 (30.0)Total number of patients, n (%)

Number of patients with each disease, n (%)

5999139114911403 (27.0)DMc

14792674328816544936 (94.9)Hypertension

aHbA1c: glycated hemoglobin.
bPOC: point-of-care.
cDM: diabetes.
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Table 2. Characteristics at baseline.

Hypertension (n=4810)DMa (n=1371)Overall (n=5070)Characteristics

3203 (66.6)953 (69.5)3369 (66.4)Gender (female), n (%)

56.0 (48.0-63.0)57.0 (49.0-63.0)56.0 (48.0-62.0)Age (years), median (IQR)

27.9 (24.6-31.6)d28.5 (25.1-32.4)c27.9 (24.6-31.6)bBMI (kg/m2), median (IQR)

2.0 (1.0-5.0)3.0 (2.0-6.0)2.0 (1.0-5.0)Number of consultations, median (IQR)

HBA1ce tests

N/AN/Ag1.0 (1.0-3.0)-f-fNumber of HbA1c tests, median (IQR)

N/AN/A7.6 (6.4-9.6)h-f-HbA1c result (%), median (IQR)

N/AN/A409 (37.9)h-f-fNumber of HbA1c results <7%, n (%)

BPi measures

1.0 (1.0-3.0)N/AN/A-j-jNumber of BP measures, median (IQR)

130.0 (120.0-140.0)lN/AN/A-j-jSBPk (mm Hg), median (IQR)

80.0 (80.0-90.0)lN/AN/A-j-jDBPm (mm Hg), median (IQR)

1937 (48.7)lN/AN/A-j-jSBP <140 mm Hg and DBP <90 mm Hg, n (%)

aDM: diabetes mellitus.
bn=3961 (78.1%).
cn=1074 (78.3%).
dn=3759 (78.2%).
eHbA1c: glycated hemoglobin.
fOnly tested in those with DM, so the values would be the same as those reported under DM.
gN/A: not applicable.
hn=1079 (78.7%).
iBP: blood pressure.
jOnly tested in those with hypertension, so the values would be the same as those reported under hypertension.
kSBP: systolic blood pressure.
ln=3980 (82.7%).
mDBP: diastolic blood pressure.

Table 3. Weekly number of consultations, blood pressure measurements, and glycated hemoglobin (HbA1c) tests in period 1 and period 2.

P valuePeriod 2 (n=41) , median (IQR)Period 1 (n=142) , median (IQR)Overall (n=183), median (IQR)Characteristic

<.00120.0 (7.0-29.0)107.0 (60.0-153.0)83.0 (29.0-139.5)Consultations

<.00111.0 (4.0-19.0)68.0 (38.2-99.0)56.0 (22.5-89.5)BPa measures

<.0014.0 (0.0-22.0)16.5 (5.0-32.8)13.0 (3.5-29.0)HbA1c tests

aBP: blood pressure.

Over the 183 weeks of follow-up in the series, there were other
variations in the number of consultations in specific periods. In
2017, with the beginning of patient follow-up, there was a
progressive growth in the number of weekly appointments at
PHCCs. At the end of the year, there was an abrupt drop in the
number of consultations, which is systematically observed in
all years. In 2018, the number of consultations tended to remain
stable, but there was a sudden drop in October, which
corresponded with the transition between the HealthRise and
Charming projects, followed by the expected reduction in
attendance at the end of the year. In early 2019, when funding

was reinstated, the number of consultations rose again. In 2019,
the pattern of consultations presented the usual variations, and
in the first 2 months of 2020, activities in the PHCCs were
normal. However, at the beginning of the 12th epidemiological
week, there was a dramatic reduction in the number of
consultations at PHCCs. On April 22, 2020, the first COVID-19
case in the region was confirmed. Throughout 2020, a reduced
number of weekly consultations is clearly observed (Figure 5).

Of the 5070 patients who were being followed since before the
pandemic, 4298 (84.8%) did not return for a consultation after
the social distancing measures were implemented. Of the 772
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(15.2%) individuals who returned, the median time between the
last consultation before the social distancing measures and the
first consultation after it was 233 days (Table 4).

It is noteworthy that DM and hypertension coexisted in 313
patients who returned for a consultation in period 2.

The proportion of patients who returned after period 2 was much
lower than the proportion observed during period 1 (772/5070,
15.2% vs 2565/5070, 50.6%; Table 5).

It is noteworthy that DM and hypertension coexisted in 1111
patients.

The characteristics common to the groups of those who did not
return for consultation in period 2 and those who did return
were compared. The median age of those who returned was
slightly higher—58.0 (IQR 51.0-65.0) years versus 56.0 (IQR
48.0-63.0) years (P<.001)—but there was no difference

regarding their sex. The median number of consultations in
period 1 was also higher in that population: median 5.0 (IQR
3.0-7.0) vs 2.0 (IQR 1.0-4.0). Lower median SBP levels—120.0
(IQR 120.0-140.0) mm Hg versus 130.0 (IQR 120.0-140.0) mm
Hg—and median DBP levels—80.0 (IQR 80.0-80.0) mm Hg
versus 80.0 (IQR 80.0-90.0) mm Hg—were found in patients
who returned for consultation, as well as a higher proportion of
patients with controlled hypertension (431/772 64.3% vs
1735/4298, 52.8%). However, among people with DM, there
was no difference in HbA1c levels between periods 1 and 2
(Table 6).

It is noteworthy that DM and hypertension coexisted in 798
patients who did not return and 313 patients who returned.

Since June 2017, 110 patients were discharged from the system:
35 due to formal withdrawal, 62 who moved, 12 who died from
a nontraumatic cause, and 1 from a traumatic cause.

Figure 5. Weekly number of consultations and variations between 2017 and 2020.

Table 4. Time between the last consultation in period 1 and the first consultation in period 2.

Hypertension (n=719)DMa (n=366)Overall (n=772)Measurement

238.0 (125.0-362.0)206.0 (114.0-306.5)233.0 (122.8-356.0)Time (days), median (IQR)

aDM: diabetes mellitus.
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Table 5. Comparison of returns for consultation at a primary health care center (PHCC) in periods 1 and 2.

Hypertension (n=4810)DMa (n=1371)Overall (n=5070)Characteristic

1660 (34.5)297 (21.7)1732 (34.2)No return, n (%)

2431 (50.5)708 (51.6)2566 (50.6)Return in period 1, n (%)

719 (14.9)366 (26.7)772 (15.2)Return in period 2, n (%)

aDM: diabetes mellitus.

Table 6. Comparison of the characteristics of patients between those who returned and did not return in period 2.

P valueReturned (n=772)Did not return (n=4298)Characteristic

.56520 (67.4)2849 (66.3)Gender, female n (%)

<.00158.0 (51.0-65.0)56.0 (48.0-63.0)Age (years), median (IQR)

Disease, n (%)

<.001719 (93.1)4091 (95.2)Hypertension

366 (47.4)1005 (23.4)DMa

.8827.8 (24.6- 31.8)d27.9 (24.7-31.6)cBMIb, median (IQR)

<.0015.0 (3.0-7.0)2.0 (1.0-4.0)Number of consultations before the pandemic, median (IQR)

BPe values

<.001120.0 (120.0-140.0)h130.0 (120.0-140.0)gSBPf (mm Hg)b, median (IQR)

<.00180.0 (80.0-80.0)h80.0 (80.0-90.0)gDBPi (mm Hg)b, median (IQR)

<.001431 (64.3)h1735 (52.8)gSBP <140 mm Hg and DBP <90 mm Hg, n (%)b

HbA1c
j

.807.6 (6.5-9.3)l7.6 (6.3-9.5)kHbA1c result (%), median (IQR)b

.28108 (33.8)l272 (37.3) kHbA1c <7%, n (%)b

aDM: diabetes mellitus.
bLast measure or test before the pandemic.
cn=3243 (75.2%).
dn=685 (88.7%).
eBP: blood pressure.
fSBP: systolic blood pressure.
gn=3286 (76.5%).
hn=670 (86.8%).
iDBP: diastolic blood pressure.
jHbA1c: glycated hemoglobin.
kn=730 (73%).
ln=320 (87%).

Validation: Expert Panel Assessment
All 7 experts who participated fully agreed that the app could
be used in primary care settings to improve care for people with
hypertension and/or DM. They also agreed that it could be easily
incorporated in work routines (median 4.0, IQR 4.0-5.0). All
believed that the app does not cause significant delays in the
daily routine. As for usability, the overall evaluation was good,
but all professionals claimed that the app was not intuitive and
previous training is necessary. As for utility, they believed that
the app might improve the treatment and care of people with

hypertension and DM. The characteristics of the experts and
the results of the feasibility assessment can be seen in
Multimedia Appendix 1 and Multimedia Appendix 2.

Pilot Testing
From November 2020 to May 2021, 211 CHWs from 10
municipalities received training to evaluate patients with
hypertension and DM during in-home visits. The implementation
was carried out progressively, and the first records were on
paper. With hands-on training in May 2021, CHWs started using
the app and entering data obtained from home visits. From May
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2021 to December 2021, there were 1314 records from CHWs’
in-home visits using the app: 1266 (96.4%) were patients with
hypertension, 245 (18.6%) were patients with DM, and 197
(15.0%) were patients with both diseases. They found 220
(220/1266, 17.38%) patients with high BP (≥160 mm Hg or
≥100 mm Hg); 34 (34/245, 13.9%) patients reported capillary
blood glucose level at any time in the last 20 days ≥250 mg/dL.
Regarding glycosuria, 40 (40/245, 16.3%) had a positive result
(Multimedia Appendix 3).

Discussion

Main Findings
We observed a significant reduction in the weekly number of
consultations, BP measurements, and HbA1c tests between
periods 1 and 2. There was a systematic reduction in PHCC
visits in all the last months of the years, regardless of the
pandemic, due to the December holidays and summer vacations.
The proportion of patients who returned for a medical
consultation at the PHCCs was also significantly lower during
the pandemic. Of those who returned, it was observed that they
were more assiduous in follow-up appointments before the
pandemic when compared to the period after isolation measures
were implemented. Lower SBP and DBP levels were observed
in patients who returned for consultation during the pandemic,
as well as a higher proportion of patients with controlled
hypertension. However, among people with DM, there was no
difference in HbA1c levels between periods 1 and 2.

The reduction in the number of consultations was observed
globally. According to a survey by the WHO, completed by
155 countries in May 2020, 53% of them had partially or
completely disrupted services for hypertension treatment and
49% for DM and DM-related complications at that time [20].
Another survey that included 202 health care professionals from
47 countries observed that DM was the chronic disease most
affected by the reduction in health care resources due to
COVID-19 [21]. A worldwide survey submitted from 909
centers performing cardiac diagnostic procedures in 108
countries found a 42% drop in the number of procedures from
March 2019 to March 2020 and a 64% drop from March 2019
to April 2020 [22].

In Germany, during the lockdown, there was a dramatic
reduction in the number of consultations with general
practitioners, independent of age, sex, and location (rural vs
urban areas) [23]. The immediate need for social restriction
forced health care systems to adopt telemedicine for ensuring
baseline and, in some selected cases, advanced health care
support [24]. As a result, the COVID-19 pandemic has
strengthened the use of telemedicine as an indispensable
resource to monitor the health conditions of people at home,
including those with hypertension [25]. In Italy, the number of
visits to general practitioners’ offices and tests dropped
markedly. At the same time, the number of home app users,
exchanging data between patients and doctors, significantly
increased. It thus resulted in significant improvement of BP
control [26]. Telemedicine with video consultations was a
significantly effective tool in the management of people with
hypertension, with high levels of patient satisfaction in the

United States [27]. Telemedicine consultations contributed to
maintaining care for 69% people with antineutrophil cytoplasmic
antibody–associated vasculitis, both in the United States and
the United Kingdom, allowing monitoring and identification of
deterioration at home [28]. With regards to DM, the role of
telehealth in the care of people with type 1 DM has expanded
dramatically during the COVID-19 pandemic [29]. Successful
experiences have been described in India and Australia, where
patients who attended through teleconsultations had slightly
better glycemic control than those in the pre-COVID-19 period
[30,31]. In the United States, although DM-related outpatient
visits and testing fell during the pandemic, there was no evidence
of a negative association with glycemic control. Telemedicine
may have prevented substantive disruptions in medication
prescribing [32].

In Brazil, the Ministry of Health has taken steps to ensure care
for people with respiratory syndrome throughout the SUS health
network, reinforcing primary care as the preferred gateway [33].
However, at the same time, the heterogeneity of the organization
of primary care in Brazil [34] as well as the restrictions imposed
by the pandemic [35] compromise the continuous monitoring
of patients with chronic diseases. CHWs were prioritized for
health surveillance and administrative actions within the PHCCs
and even issues that are not their responsibility, such as helping
with vaccination campaigns [16]. The problem was even more
serious in remote and resource-constrained areas, where patients
need to travel long distances to receive health care and
medication. As the management of COVID-19 cases has become
a priority for most health units, nonemergency medical services
or services not related to COVID-19 have been postponed
indefinitely, predisposing patients with hypertension and DM
to a high potential for increased risk of complications and a
worse prognosis [35].

The consequences of these changes can already be seen in
Brazil. In the 6 capital cities that had the highest number of
deaths from COVID-19, there was also an increase in the
number of deaths from cardiovascular diseases. These findings
were probably a consequence of the poor health services
infrastructure and reflects the increase in home deaths due to
the impaired access to health services [36]. Cardiovascular
diseases have a significant relationship with COVID-19, both
as risk factors and prognostic indicators and as complications
[37,38]. Nevertheless, despite this, the pandemic forced a
reorganization of health systems that compromised the provision
of adequate and timely health services [39,40] and negatively
affected mortality [41].

Facing the reality of patients at home and without proper care,
a strategy using mHealth for CHWs was planned and
implemented to identify patients at risk. These patients were
referred to the PHCCs for medical consultation. CHWs were
chosen as the central point of this intervention because they
represent the bridge between the health system and the users,
especially the most vulnerable, enabling the capillarity of the
SUS. They live in the same community for which they care and
ensure that the family health strategy is taken to the
communities. Their responsibilities include education and health
promotion, keeping records of individuals and families,
identifying those at risk, making regular home visits to monitor
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children's vaccinations or the well-being of chronic patients,
scheduling consultations with a maternal health specialist,
advising on the correct use of medications, and contributing to
mosquito control campaigns [42]. 

Although digital health was in use long before the pandemic,
the challenges of the current moment encouraged its escalation,
which is happening quickly. The options for digital tools are
vast, including video visits, email, mobile phone apps, chatbots,
voice interface systems, smartwatches, oxygen monitors, and
thermometers [11]. mHealth technology has been proven to
enhance the management of patients with chronic diseases [43]
and is associated with a reduction in BP and better medication
adherence for people with hypertension [44]. Also,
mHealth‐based interventions for patients with type 1 DM
significantly decreased HbA1c, improved life satisfaction, and
improved mental health [45]

The use of digital tools by CHWs has been successfully carried
out in several countries, not only to fight the pandemic but also
to minimize the impact of interruptions in patient follow-up
[46]. However, to be effective, digital health solutions for CHWs
need to be easy to use. Furthermore, there is a need to improve
their skills, improve accessibility, and ensure continuity of care
[47]. For this, challenges such as training on new mHealth
solutions, weak technical support, and issues of internet
connectivity must be overcome [10,48]. The app is an
easy-to-use digital tool, with objective questions and
yes/no/don’t know answers. Therefore, education level is not
an obstacle to using it. Likewise, we guarantee training and
support for the use of the app, solving doubts online in real time.

The expert panel assessment classified the app as feasible and
useful. However, they agreed that its use requires training. They
believe in the app's potential to contribute to the identification
of patients at risk and the provision of medication by health
managers. This information is important to obtain regardless of
the pandemic. The federal government guarantees the donation
of glucometers for people with DM who use insulin, but the
supply of strips is erratic. The app can provide important
feedback regarding municipal financing and logistics for
purchasing medicines. The measurement of BP by the CHW
using a digital monitor adds value to the home visit. The
professionals and the patients have accepted this innovation
without restrictions. 

The pilot test results reflect a short evaluation period as the
intervention itself is ongoing. The findings showed a low
percentage of patients with uncontrolled hypertension and DM
when evaluated at home. Medication adherence as well as the
supply of medications were satisfactory. The aim of measuring
BP, glycosuria, and blood glucose levels was to prioritize
in-person medical consultation for those at risk and not just to
identify people with uncontrolled disease. The major limitation
was that the PHCCs were designed to receive people with

respiratory symptoms as a priority. Therefore, it was not possible
to schedule a medical consultation for all patients with
hypertension and DM outside the control goals. As the app was
designed to be simple, the CHW does not enter the patient's BP
but only marks if it is ≥160 x 100 mm Hg. Therefore, people
outside the control target whose BP is <160 x 100 mm Hg will
not be referred to a PHCC, which can underestimate the number
of patients outside the control goals. The same is true for DM,
as only those with a change equivalent to blood glucose ≥250
mg/dL will be identified and referred for consultation. Another
aspect that needs to be considered is that patients who
participated in the pilot test are the ones who most frequently
attended the PHCC. The researchers did not interfere in the
choice of patients for the pilot test, but the CHW preferred to
visit those with greater adherence to treatment. This justifies
the finding of a low proportion of people with BP and glucose
levels high enough to warrant a medical consultation and
justifies the adequate supplies of medication.

Limitations
The cutoff BP, glycosuria, and blood glucose values to indicate
the need for a medical consultation were established to prioritize
those most in need, since the PHCC could not attend to all
patients. Therefore, the results cannot be seen as just a definition
of the proportion of patients with uncontrolled disease, as this
underestimates the real number of patients with uncontrolled
disease.

Next Steps
The integration of the CDSS with the current electronic medical
record of the Brazilian public health system software (e-SUS)
is a challenge, and we are currently working to overcome this
barrier. We are planning to expand the project to PHCCs in
other municipalities, even with the reduction of the
pandemic. Our team believes that this is a promising strategy
that values and expands the CHWs’ skills, strengthens their
relationship with the community, promotes the identification
and adequate referral of patients with uncontrolled disease, and
brings the users even closer to the SUS. We expect services to
be fully resumed in the near future, when we will be able to
review the cut-off levels of BP and glycosuria or glycemia to
refer to the PHCC. 

Conclusions
The COVID-19 pandemic caused significant impairment in the
follow-up of patients with hypertension and DM in a
resource-constrained region of Brazil, due to the reduction in
the number of medical and nursing consultations, BP measures,
and HbA1c assessments after the initiation of social restriction
measures. A DSS app has proven to be feasible and useful, and
CHWs are using it to identify patients with uncontrolled
hypertension and DM who are at home and at risk.

Acknowledgments
We would like to thank the municipalities that were part of this collaboration for supporting this project: Ataleia, Catuji, Crisólita,
Frei Gaspar, Itaipé, Ladainha, Novo Oriente de Minas, Ouro Verde de Minas, Setubinha, Teófilo Otoni. We also thank all the
clinical staff at the 34 primary health care centers who cared for the patients, especially the community health workers.

JMIR Med Inform 2022 | vol. 10 | iss. 3 | e35216 | p. 14https://medinform.jmir.org/2022/3/e35216
(page number not for citation purposes)

Cimini et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


This study was supported in part by Medtronic Foundation - Fixed Obligation Grant number 47572, the Brazilian Ministry of
Health through Programa de Apoio ao Desenvolvimento Institucional do Sistema Único de Saúde (PROADI-SUS; Support
Program for Institutional Development of the Brazilian Public Health System), and the UK Medical Research Council (MRC;
MR/T02528X/1). ALPR is supported in part by Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq;
310679/2016-8 and 465518/2014-1), Minas Gerais State Agency for Research and Development (FAPEMIG; PPM-00428-17
and RED-00081-16), and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES; 88887.507149/2020-00).
The sponsors had no role in study design; data collection, management, analysis, and interpretation; writing the manuscript; and
deciding to submit it for publication. The authors had full access to all the data in the study and had responsibility for the decision
to submit for publication.

Authors' Contributions
All authors made substantial contributions to the conception or design of the work and critically revised the manuscript for
important intellectual content. CCRC, MCP, and MSM made substantial contributions to the acquisition, analysis, or interpretation
of data for the work. CCRC, MSM, and ALPR provided final approval of the version to be published. CCRM and MSM agree
to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Characteristics of Experts who validated the app (N=7).
[DOCX File , 16 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Feasibility, usability and utility assessment.
[DOCX File , 18 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Characteristics of the study patients.
[DOCX File , 22 KB-Multimedia Appendix 3]

References

1. Puntillo F, Giglio M, Brienza N, Viswanath O, Urits I, Kaye AD, et al. Impact of COVID-19 pandemic on chronic pain
management: Looking for the best way to deliver care. Best Pract Res Clin Anaesthesiol 2020 Sep;34(3):529-537 [FREE
Full text] [doi: 10.1016/j.bpa.2020.07.001] [Medline: 33004164]

2. Palmer K, Monaco A, Kivipelto M, Onder G, Maggi S, Michel J, et al. The potential long-term impact of the COVID-19
outbreak on patients with non-communicable diseases in Europe: consequences for healthy ageing. Aging Clin Exp Res
2020 Jul;32(7):1189-1194 [FREE Full text] [doi: 10.1007/s40520-020-01601-4] [Medline: 32458356]

3. Anjana RM, Mohan V, Rangarajan S, Gerstein HC, Venkatesan U, Sheridan P, et al. Contrasting associations between
diabetes and cardiovascular mortality rates in low-, middle-, and high-income countries: cohort study data from 143,567
individuals in 21 countries in the PURE study. Diabetes Care 2020 Dec;43(12):3094-3101 [FREE Full text] [doi:
10.2337/dc20-0886] [Medline: 33060076]

4. Barroso WKS, Rodrigues CIS, Bortolotto LA, Mota-Gomes MA, Brandão AA, Feitosa ADDM, et al. Brazilian Guidelines
of Hypertension - 2020. Arq Bras Cardiol 2021 Mar;116(3):516-658 [FREE Full text] [doi: 10.36660/abc.20201238]
[Medline: 33909761]

5. Pranata R, Lim MA, Huang I, Raharjo SB, Lukito AA. Hypertension is associated with increased mortality and severity of
disease in COVID-19 pneumonia: A systematic review, meta-analysis and meta-regression. J Renin Angiotensin Aldosterone
Syst 2020 May 14;21(2):1470320320926899 [FREE Full text] [doi: 10.1177/1470320320926899] [Medline: 32408793]

6. Huang I, Lim MA, Pranata R. Diabetes mellitus is associated with increased mortality and severity of disease in COVID-19
pneumonia - A systematic review, meta-analysis, and meta-regression. Diabetes Metab Syndr 2020 Jul;14(4):395-403
[FREE Full text] [doi: 10.1016/j.dsx.2020.04.018] [Medline: 32334395]

7. Sun S, Folarin AA, Ranjan Y, Rashid Z, Conde P, Stewart C, RADAR-CNS Consortium. Using smartphones and wearable
devices to monitor behavioral changes during COVID-19. J Med Internet Res 2020 Sep 25;22(9):e19992 [FREE Full text]
[doi: 10.2196/19992] [Medline: 32877352]

JMIR Med Inform 2022 | vol. 10 | iss. 3 | e35216 | p. 15https://medinform.jmir.org/2022/3/e35216
(page number not for citation purposes)

Cimini et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=medinform_v10i3e35216_app1.docx&filename=77cffbf2bf26407b4fdb755f085541de.docx
https://jmir.org/api/download?alt_name=medinform_v10i3e35216_app1.docx&filename=77cffbf2bf26407b4fdb755f085541de.docx
https://jmir.org/api/download?alt_name=medinform_v10i3e35216_app2.docx&filename=69b5a443f8e776621fb4dcbd59a4e5b1.docx
https://jmir.org/api/download?alt_name=medinform_v10i3e35216_app2.docx&filename=69b5a443f8e776621fb4dcbd59a4e5b1.docx
https://jmir.org/api/download?alt_name=medinform_v10i3e35216_app3.docx&filename=b94fbc2c81ce1ef6d2dc60f203670e79.docx
https://jmir.org/api/download?alt_name=medinform_v10i3e35216_app3.docx&filename=b94fbc2c81ce1ef6d2dc60f203670e79.docx
http://europepmc.org/abstract/MED/33004164
http://europepmc.org/abstract/MED/33004164
http://dx.doi.org/10.1016/j.bpa.2020.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33004164&dopt=Abstract
http://europepmc.org/abstract/MED/32458356
http://dx.doi.org/10.1007/s40520-020-01601-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32458356&dopt=Abstract
http://europepmc.org/abstract/MED/33060076
http://dx.doi.org/10.2337/dc20-0886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33060076&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2021000400516&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.36660/abc.20201238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33909761&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1470320320926899?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1470320320926899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32408793&dopt=Abstract
http://europepmc.org/abstract/MED/32334395
http://dx.doi.org/10.1016/j.dsx.2020.04.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32334395&dopt=Abstract
https://www.jmir.org/2020/9/e19992/
http://dx.doi.org/10.2196/19992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32877352&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Bakaloudi DR, Jeyakumar DT, Jayawardena R, Chourdakis M. The impact of COVID-19 lockdown on snacking habits,
fast-food and alcohol consumption: A systematic review of the evidence. Clin Nutr 2021 Apr 17:1 [FREE Full text] [doi:
10.1016/j.clnu.2021.04.020] [Medline: 34049747]

9. Bhutani S, Cooper JA. COVID-19-related home confinement in adults: weight gain risks and opportunities. Obesity (Silver
Spring) 2020 Sep;28(9):1576-1577 [FREE Full text] [doi: 10.1002/oby.22904] [Medline: 32428295]

10. Winters N, O'Donovan J, Geniets A. A new era for community health in countries of low and middle income? Lancet Glob
Health 2018 May;6(5):e489-e490 [FREE Full text] [doi: 10.1016/S2214-109X(18)30072-X] [Medline: 29653617]

11. Golinelli D, Boetto E, Carullo G, Nuzzolese AG, Landini MP, Fantini MP. Adoption of digital technologies in health care
during the COVID-19 pandemic: systematic review of early scientific literature. J Med Internet Res 2020 Nov
06;22(11):e22280 [FREE Full text] [doi: 10.2196/22280] [Medline: 33079693]

12. Flor LS, Wilson S, Bhatt P, Bryant M, Burnett A, Camarda JN, et al. Community-based interventions for detection and
management of diabetes and hypertension in underserved communities: a mixed-methods evaluation in Brazil, India, South
Africa and the USA. BMJ Glob Health 2020 Jun;5(6):1 [FREE Full text] [doi: 10.1136/bmjgh-2019-001959] [Medline:
32503887]

13. Marcolino MS, Oliveira JAQ, Cimini CCR, Maia JX, Pinto VSOA, Sá TQV, et al. Development and implementation of a
decision support system to improve control of hypertension and diabetes in a resource-constrained area in Brazil: mixed
methods study. J Med Internet Res 2021 Jan 11;23(1):e18872 [FREE Full text] [doi: 10.2196/18872] [Medline: 33427686]

14. Territorial Areas. Instituto Brasileiro de Geografia e Estatística. URL: https://www.ibge.gov.br/en/geosciences/
territorial-organization/territorial-organization/18092-territorial-areas.html?=&t=downloads [accessed 2022-03-07]

15. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions: the
new Medical Research Council guidance. Int J Nurs Stud 2013 May;50(5):587-592. [doi: 10.1016/j.ijnurstu.2012.09.010]
[Medline: 23159157]

16. Lotta G, Wenham C, Nunes J, Pimenta DN. Community health workers reveal COVID-19 disaster in Brazil. The Lancet
2020 Aug;396(10248):365-366. [doi: 10.1016/s0140-6736(20)31521-x] [Medline: 32659212]

17. Krieger MGM, Wenham C, Nacif Pimenta D, Nkya TE, Schall B, Nunes AC, et al. How do community health workers
institutionalise: An analysis of Brazil's CHW programme. Glob Public Health 2021 Jun 23:1-18. [doi:
10.1080/17441692.2021.1940236] [Medline: 34161201]

18. Santos ADFD, Rocha HAD, Lima MDLDD, Abreu DMXD, Silva A, de Araújo LHL, et al. Contribution of community
health workers to primary health care performance in Brazil. Rev Saude Publica 2020 Dec 12;54:143 [FREE Full text]
[doi: 10.11606/s1518-8787.2020054002327] [Medline: 33331421]

19. Silveira DV, Marcolino MS, Machado EL, Ferreira CG, Alkmim MBM, Resende ES, et al. Development and evaluation
of a mobile decision support system for hypertension management in the primary care setting in Brazil: mixed-methods
field study on usability, feasibility, and utility. JMIR Mhealth Uhealth 2019 Mar 25;7(3):e9869 [FREE Full text] [doi:
10.2196/mhealth.9869] [Medline: 30907740]

20. COVID-19 significantly impacts health services for noncommunicable diseases. World Health Organization. 2020 Jun 01.
URL: https://www.who.int/news/item/
01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases [accessed 2022-03-07]

21. Chudasama YV, Gillies CL, Zaccardi F, Coles B, Davies MJ, Seidu S, et al. Impact of COVID-19 on routine care for
chronic diseases: A global survey of views from healthcare professionals. Diabetes Metab Syndr 2020;14(5):965-967 [FREE
Full text] [doi: 10.1016/j.dsx.2020.06.042] [Medline: 32604016]

22. Einstein AJ, Shaw LJ, Hirschfeld C, Williams MC, Villines TC, Better N, the, INCAPS COVID Investigators Group.
International impact of COVID-19 on the diagnosis of heart disease. J Am Coll Cardiol 2021 Jan 19;77(2):173-185 [FREE
Full text] [doi: 10.1016/j.jacc.2020.10.054] [Medline: 33446311]

23. Schäfer I, Hansen H, Menzel A, Eisele M, Tajdar D, Lühmann D, et al. The effect of COVID-19 pandemic and lockdown
on consultation numbers, consultation reasons and performed services in primary care: results of a longitudinal observational
study. BMC Fam Pract 2021 Jun 23;22(1):125 [FREE Full text] [doi: 10.1186/s12875-021-01471-3] [Medline: 34162343]

24. Citoni B, Figliuzzi I, Presta V, Volpe M, Tocci G. Home blood pressure and telemedicine: a modern approach for managing
hypertension during and after COVID-19 pandemic. High Blood Press Cardiovasc Prev 2022 Jan;29(1):1-14 [FREE Full
text] [doi: 10.1007/s40292-021-00492-4] [Medline: 34855154]

25. Omboni S, McManus RJ, Bosworth HB, Chappell LC, Green BB, Kario K, et al. Evidence and recommendations on the
use of telemedicine for the management of arterial hypertension: an international expert position paper. Hypertension 2020
Nov;76(5):1368-1383. [doi: 10.1161/HYPERTENSIONAHA.120.15873] [Medline: 32921195]

26. Omboni S, Ballatore T, Rizzi F, Tomassini F, Panzeri E, Campolo L. Telehealth at scale can improve chronic disease
management in the community during a pandemic: An experience at the time of COVID-19. PLoS One 2021;16(9):e0258015
[FREE Full text] [doi: 10.1371/journal.pone.0258015] [Medline: 34587198]

27. Taylor P, Berg C, Thompson J, Dean K, Yuan T, Nallamshetty S, et al. Effective access to care in a crisis period: hypertension
control during the COVID-19 pandemic by telemedicine. Mayo Clin Proc Innov Qual Outcomes 2022 Feb;6(1):19-26
[FREE Full text] [doi: 10.1016/j.mayocpiqo.2021.11.006] [Medline: 34805763]

JMIR Med Inform 2022 | vol. 10 | iss. 3 | e35216 | p. 16https://medinform.jmir.org/2022/3/e35216
(page number not for citation purposes)

Cimini et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/34049747
http://dx.doi.org/10.1016/j.clnu.2021.04.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34049747&dopt=Abstract
http://europepmc.org/abstract/MED/32428295
http://dx.doi.org/10.1002/oby.22904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32428295&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(18)30072-X
http://dx.doi.org/10.1016/S2214-109X(18)30072-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29653617&dopt=Abstract
https://www.jmir.org/2020/11/e22280/
http://dx.doi.org/10.2196/22280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33079693&dopt=Abstract
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=32503887
http://dx.doi.org/10.1136/bmjgh-2019-001959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32503887&dopt=Abstract
https://www.jmir.org/2021/1/e18872/
http://dx.doi.org/10.2196/18872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427686&dopt=Abstract
https://www.ibge.gov.br/en/geosciences/territorial-organization/territorial-organization/18092-territorial-areas.html?=&t=downloads
https://www.ibge.gov.br/en/geosciences/territorial-organization/territorial-organization/18092-territorial-areas.html?=&t=downloads
http://dx.doi.org/10.1016/j.ijnurstu.2012.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23159157&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(20)31521-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32659212&dopt=Abstract
http://dx.doi.org/10.1080/17441692.2021.1940236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34161201&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-89102020000100300&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.11606/s1518-8787.2020054002327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33331421&dopt=Abstract
https://mhealth.jmir.org/2019/3/e9869/
http://dx.doi.org/10.2196/mhealth.9869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30907740&dopt=Abstract
https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases
https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases
http://europepmc.org/abstract/MED/32604016
http://europepmc.org/abstract/MED/32604016
http://dx.doi.org/10.1016/j.dsx.2020.06.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32604016&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(20)37869-4
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(20)37869-4
http://dx.doi.org/10.1016/j.jacc.2020.10.054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33446311&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-021-01471-3
http://dx.doi.org/10.1186/s12875-021-01471-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34162343&dopt=Abstract
http://europepmc.org/abstract/MED/34855154
http://europepmc.org/abstract/MED/34855154
http://dx.doi.org/10.1007/s40292-021-00492-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34855154&dopt=Abstract
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32921195&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0258015
http://dx.doi.org/10.1371/journal.pone.0258015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34587198&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-4548(21)00163-6
http://dx.doi.org/10.1016/j.mayocpiqo.2021.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34805763&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Kant S, Morris A, Ravi S, Floyd L, Gapud E, Antichos B, et al. The impact of COVID-19 pandemic on patients with ANCA
associated vasculitis. J Nephrol 2021 Feb;34(1):185-190 [FREE Full text] [doi: 10.1007/s40620-020-00881-3] [Medline:
33034038]

29. Kompala T, Neinstein AB. Telehealth in type 1 diabetes. Curr Opin Endocrinol Diabetes Obes 2021 Feb 01;28(1):21-29.
[doi: 10.1097/MED.0000000000000600] [Medline: 33332927]

30. Gopalan HS, Haque I, Ahmad S, Gaur A, Misra A. "Diabetes care at doorsteps": A customised mobile van for the prevention,
screening, detection and management of diabetes in the urban underprivileged populations of Delhi. Diabetes Metab Syndr
2019;13(6):3105-3112. [doi: 10.1016/j.dsx.2019.11.008] [Medline: 31790964]

31. Wong VW, Wang A, Manoharan M. Utilisation of telehealth for outpatient diabetes management during COVID-19
pandemic: how did the patients fare? Intern Med J 2021 Dec;51(12):2021-2026 [FREE Full text] [doi: 10.1111/imj.15441]
[Medline: 34227718]

32. Patel SY, McCoy RG, Barnett ML, Shah ND, Mehrotra A. Diabetes care and glycemic control during the COVID-19
pandemic in the United States. JAMA Intern Med 2021 Oct 01;181(10):1412-1414. [doi: 10.1001/jamainternmed.2021.3047]
[Medline: 34228043]

33. National Contingency Plan for Human Infection by the new Coronavirus (Plano de Contingência Nacional para Infecção
Humana pelo novo Coronavírus) COVID-19. Ministério da Saúde. 2020. URL: https://pesquisa.bvsalud.org/portal/resource/
en/biblio-1052499 [accessed 2022-03-07]

34. Engstrom EM, Melo EA, Giovanella L, Mendes AMM, Grabois V, de Mendonça MHM. Organização da atenção primária
à saúde no SUS no enfrentamento da covid-19. Organização do cuidado na pandemia de covid-19. Rio de Janeiro: Editora
Fiocruz; 2020 May 21. URL: https://www.arca.fiocruz.br/handle/icict/41404 [accessed 2021-12-03]

35. The impact of the COVID-19 pandemic on noncommunicable disease resources and services: results of a rapid assessment.
World Health Organization. 2020 Sep 03. URL: https://apps.who.int/iris/handle/10665/334136 [accessed 2021-12-06]

36. Brant LCC, Nascimento BR, Teixeira RA, Lopes MACQ, Malta DC, Oliveira GMM, et al. Excess of cardiovascular deaths
during the COVID-19 pandemic in Brazilian capital cities. Heart 2020 Dec;106(24):1898-1905 [FREE Full text] [doi:
10.1136/heartjnl-2020-317663] [Medline: 33060261]

37. Golemi Minga I, Golemi L, Tafur A, Pursnani A. The novel coronavirus disease (COVID-19) and its impact on cardiovascular
disease. Cardiol Rev 2020;28(4):163-176. [doi: 10.1097/CRD.0000000000000317] [Medline: 32427637]

38. Bonow RO, Fonarow GC, O'Gara PT, Yancy CW. Association of coronavirus disease 2019 (COVID-19) with myocardial
injury and mortality. JAMA Cardiol 2020 Jul 01;5(7):751-753. [doi: 10.1001/jamacardio.2020.1105] [Medline: 32219362]

39. Wadhera RK, Shen C, Gondi S, Chen S, Kazi DS, Yeh RW. Cardiovascular deaths during the COVID-19 pandemic in the
United States. J Am Coll Cardiol 2021 Jan 19;77(2):159-169 [FREE Full text] [doi: 10.1016/j.jacc.2020.10.055] [Medline:
33446309]

40. Wu J, Mamas MA, Mohamed MO, Kwok CS, Roebuck C, Humberstone B, et al. Place and causes of acute cardiovascular
mortality during the COVID-19 pandemic. Heart 2021 Jan 28;107(2):113-119 [FREE Full text] [doi:
10.1136/heartjnl-2020-317912] [Medline: 32988988]

41. Greenberg A, Pemmasani G, Yandrapalli S, Frishman WH. Cardiovascular and cerebrovascular complications with
COVID-19. Cardiol Rev 2021;29(3):143-149 [FREE Full text] [doi: 10.1097/CRD.0000000000000385] [Medline: 33758123]

42. Nunes J, Lotta G. Discretion, power and the reproduction of inequality in health policy implementation: Practices, discursive
styles and classifications of Brazil's community health workers. Soc Sci Med 2019 Dec;242:112551 [FREE Full text] [doi:
10.1016/j.socscimed.2019.112551] [Medline: 31622914]

43. Smith JC, Schatz BR. Feasibility of mobile phone-based management of chronic illness. AMIA Annu Symp Proc 2010
Nov 13;2010:757-761 [FREE Full text] [Medline: 21347080]

44. Xu H, Long H. The effect of smartphone app-based interventions for patients with hypertension: systematic review and
meta-analysis. JMIR Mhealth Uhealth 2020 Oct 19;8(10):e21759 [FREE Full text] [doi: 10.2196/21759] [Medline: 33074161]

45. Chin-Jung L, Hsiao-Yean C, Yeu-Hui C, Kuan-Chia L, Hui-Chuan H. Effects of mobile health interventions on improving
glycemic stability and quality of life in patients with type 1 diabetes: A meta-analysis. Res Nurs Health 2021
Feb;44(1):187-200. [doi: 10.1002/nur.22094] [Medline: 33368403]

46. Feroz AS, Khoja A, Saleem S. Equipping community health workers with digital tools for pandemic response in LMICs.
Arch Public Health 2021 Jan 04;79(1):1 [FREE Full text] [doi: 10.1186/s13690-020-00513-z] [Medline: 33390163]

47. Maciel FBM, Santos HLPCD, Carneiro RADS, Souza EAD, Prado NMDBL, Teixeira CFDS. Community health workers:
reflections on the health work process in Covid-19 pandemic times. Cien Saude Colet 2020 Oct;25(suppl 2):4185-4195
[FREE Full text] [doi: 10.1590/1413-812320202510.2.28102020] [Medline: 33027355]

48. Feroz A, Jabeen R, Saleem S. Using mobile phones to improve community health workers performance in
low-and-middle-income countries. BMC Public Health 2020 Jan 13;20(1):49 [FREE Full text] [doi:
10.1186/s12889-020-8173-3] [Medline: 31931773]

Abbreviations
BP: blood pressure

JMIR Med Inform 2022 | vol. 10 | iss. 3 | e35216 | p. 17https://medinform.jmir.org/2022/3/e35216
(page number not for citation purposes)

Cimini et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/33034038
http://dx.doi.org/10.1007/s40620-020-00881-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33034038&dopt=Abstract
http://dx.doi.org/10.1097/MED.0000000000000600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33332927&dopt=Abstract
http://dx.doi.org/10.1016/j.dsx.2019.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31790964&dopt=Abstract
http://europepmc.org/abstract/MED/34227718
http://dx.doi.org/10.1111/imj.15441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34227718&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2021.3047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34228043&dopt=Abstract
https://pesquisa.bvsalud.org/portal/resource/en/biblio-1052499
https://pesquisa.bvsalud.org/portal/resource/en/biblio-1052499
https://www.arca.fiocruz.br/handle/icict/41404
https://apps.who.int/iris/handle/10665/334136
http://europepmc.org/abstract/MED/33060261
http://dx.doi.org/10.1136/heartjnl-2020-317663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33060261&dopt=Abstract
http://dx.doi.org/10.1097/CRD.0000000000000317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32427637&dopt=Abstract
http://dx.doi.org/10.1001/jamacardio.2020.1105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32219362&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(20)37871-2
http://dx.doi.org/10.1016/j.jacc.2020.10.055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33446309&dopt=Abstract
http://europepmc.org/abstract/MED/32988988
http://dx.doi.org/10.1136/heartjnl-2020-317912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32988988&dopt=Abstract
http://europepmc.org/abstract/MED/33758123
http://dx.doi.org/10.1097/CRD.0000000000000385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33758123&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0277-9536(19)30545-3
http://dx.doi.org/10.1016/j.socscimed.2019.112551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31622914&dopt=Abstract
http://europepmc.org/abstract/MED/21347080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21347080&dopt=Abstract
https://mhealth.jmir.org/2020/10/e21759/
http://dx.doi.org/10.2196/21759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33074161&dopt=Abstract
http://dx.doi.org/10.1002/nur.22094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33368403&dopt=Abstract
https://archpublichealth.biomedcentral.com/articles/10.1186/s13690-020-00513-z
http://dx.doi.org/10.1186/s13690-020-00513-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33390163&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-81232020006804185&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/1413-812320202510.2.28102020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33027355&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-8173-3
http://dx.doi.org/10.1186/s12889-020-8173-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31931773&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


CDSS: clinical decision support system
CHW: community health workers
DBP: diastolic blood pressure
DM: diabetes mellitus
DSS: decision support system
HbA1c: glycated hemoglobin
IT: information technology
mHealth: mobile health
NCD: noncommunicable chronic disease
PHCC: primary health care center
SBP: systolic blood pressure
SUS: Sistema Único de Saúde (Brazilian public health system)
WHO: World Health Organization
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