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Abstract

Digital health refers to the use of novel information com-
munication technologies in healthcare. The use of these
technologies could positively impact public health and health
outcomes of populations by generating timely data, and facili-
tating the process of data collection, analysis, and knowledge
translation. Using selected case studies, we aim to describe
the opportunities and barriers in the use of technology

applied to health-related research.We focus on three areas:

strategies to generate new data using novel data collection
methods, strategies to use and analyze existing data,and using
digital health for health-related interventions. Exemplars from
seven countries are provided to illustrate activity across
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Resumen

La salud digital se refiere al uso de tecnologias de informacion
y comunicacion para el cuidado de la salud. El uso de estas
tecnologias puede tener un impacto positivo en la salud
publica y en la salud de la poblacion mediante la generacion
oportuna de datos, facilitando el proceso de recoleccion y
anlisis de informacion y la transferencia del conocimiento. El
objetivo es describir las oportunidades y barreras para el uso
de tecnologias aplicadas a la investigacion en salud utilizando
como ejemplos estudios de los autores. El estudio se enfoco
en tres dreas: estrategias para generar nuevos datos usando
métodos de recoleccion novedosos, estrategias para usar y
analizar los datos existentes e intervenciones en salud basadas
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Technology for health-related research

these areas.Although the use of health-related technologies
is increasing, challenges remain to support their adoption and
scale-up —especially for under-served populations. Research
using digital health approaches should take a user-centered
design, actively working with the population of interest to
maximize their uptake and effectiveness.

Keywords: digital health; health technology; artificial intelli-
gence; data collection; web-based intervention

en tecnologia. Se presentaron ejemplos de siete paises para
ilustrar actividades relacionas con las areas mencionadas. A
pesar de que el uso de tecnologias en salud se esta incremen-
tando, existen dificultades en su adopcion e implementacion
a gran escala, especialmente en poblaciones vulnerables. Las
investigaciones en salud digital deberian adoptar un disefio
centrado en la persona, trabajando activamente con las pobla-
ciones de interés para maximizar su aceptacion y efectividad.

Palabras clave: salud digital; tecnologia en salud; inteligencia
artificial; recoleccion de datos; intervencion basada en web

/ Digital health,” an umbrella term for the use of
a wide variety of information communication
technologies in healthcare, has a great potential to
contribute to the improvement of public health and
health outcomes for individuals.! Digital technolo-
gies can enable innovative approaches to the needs
of patients, professionals, and health managers. This
potential is greater when technologies are developed
under human-centered paradigms that consider the
specificities of human-technology interactions and are
comprehensively integrated into health systems.

Access to large volumes of data is now enabled
by a multitude of sources including internet sensors,
wearables, and smartphones, which enable fast, real-
time data capture. The use of data science and artificial
intelligence (AI) has made it easier to deal with the large
volume of structured and unstructured data collected
from traditional and novel collection methods. Both
interdisciplinary fields were designed to learn from the
data and to translate these findings into usable knowl-
edge and have grown in prominence in health research
in recent years.?

This paper describes the opportunities, barriers,
and challenges brought about by the use of digital
technologies in health-related research to generate new
data, utilize and analyze existing data, and deliver inter-
ventions using novel approaches. Working examples of
digital health are presented throughout the manuscript;
these examples were selected based on previous experi-
ences by the authors.

Technology in health-related research:
opportunities and barriers

Opportunities of using web-based data collection methods

Health-related research historically relied on tradi-
tional data collection methods, i.e., face-to-face, mail,
and phone interviews, to investigate the health of the
population. These methods generally require both inter-
viewers and participants to be present at the same time
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and place.* Although this remains the dominant mode
of data collection, it is time-consuming and logistically
complex, and generates substantial costs associated with
human resources, transportation, as well as printing and
posting costs.” Phone interviews can lower these costs
and logistics; however, they are often difficult to conduct
in settings where landline infrastructure has decayed or
where mobile plans are constantly changed.®”
Web-based data collection can, in some cases, sim-
plify and overcome these barriers. Web-based surveys
can be easily set up by researchers on their own, or via
a third party, using existing web servers to support
questionnaire design and data storage and analysis.
Logistics related to the recruitment of individuals for
research can be simplified if email and social media are
used to invite participants.” If the study targets a well-
defined population, invitations can be made using direct
messages, while an open snowball recruitment strategy
can also be conducted with public posts on social me-
dia if the aim is to reach the largest possible number
of participants. Given most social media platforms are
freely available and already familiar to users, the ma-
terial and transactional costs associated with their use
are minimal compared to traditional methods.® The use
of self-reported questionnaires also contributes to the
reduced personnel and operational costs, since salaries
and charges related to transportation of interviewers
will be substantially less.* Another advantage of web-
based research is that their acceptability could be higher
compared to other methods when investigating sensitive
subjects, e.g., drug use, domestic violence, sex-related,
since they rely on self-reported questionnaires or can
be approached by using alternative methodological
designs given the sensitivity of the subject matter.**10
Finally, web-based research makes the process of data
collection and analysis faster. Once the link to the
questionnaire is made available, participants can start
responding to the questionnaire and their responses
are automatically saved in a structured format. Also, if
questionnaires are designed featuring branching logic
and item validation, the time spent on data consistency
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checks is reduced -narrowing the time gaps between
collection, analysis and reporting.*

Barriers faced when using novel data
collection methods

Collecting health-related data using digital platforms
is still incipient in many parts of the world, and conse-
quently, their widespread use involves some challenges.
Most web-based studies are still conducted in countries
with high internet penetration using reliable, high-speed
broadband or mobile infrastructure. Such infrastructure
is highly variable in many low- and middle-income
countries, particularly in rural and remote areas which
also experience high levels of inequalities in health care
access.”! Compounded with the limitations in infrastruc-
ture, the socioeconomic adversities related to education
and literacy, particularly digital literacy, and experience
with self-administered tools may also hamper the reach
to disadvantaged groups.!?

Another important limitation of web-based stud-
ies is that response rates can be difficult to quantify, as
the denominator is often unknown, and typically are
lower compared to studies using traditional data col-
lection methods."® The potential for non-response bias
could therefore be greater, which could compromise
the external validity of the data collected. Web-based
samples may include participants who are younger,
wealthier, and more highly educated than those par-
ticipating in paper-based research.! Participation
and follow-up in web-based studies vary depending
on the method used to contact participants; however,
they can be boosted by providing incentives after
participation or by sending reminders using different
means of contact.!¥151

Another barrier that needs to be considered in low
resource settings is the lack of access to appropriate,
easy-to-use, open-source software to conduct web-
based research. Although this barrier is decreasing as
more software products and services become available,
researchers should be aware of potential data security,
privacy, and governance issues associated with software
policies. If a third-party service were to be used, all sen-
sitive information could be accessible to the company
that runs this service, and it might not be governed by
the same ethical standards in data protection and shar-
ing as is health research. In addition, depending on the
location of these servers, state or even country laws
might be contravened.'®

S$24

Cases of technology use in health-related
research

Building on our collective experiences in digital health
research in diverse country contexts, we discuss dif-
ferent uses of technology in the research environment,
focusing on three areas: generating new data, using and
analyzing existing data, and delivering digital health
interventions.

I. Data generation

coortesnaweb, longitudinal web-based research in Pelotas,
Brazil

The coortesnaweb is a gamified web-based platform
developed to conduct epidemiological research in the
context of the 1993 Pelotas birth cohort."” The original
birth cohort comprises 5 249 participants who were born
during 1993 in the urban area of Pelotas, a Southern Bra-
zilian city. In 2015, all members of the birth cohort were
invited to attend a research clinic as part of the 22-years
of age follow-up, and 3 810 members of the cohort were
interviewed face-to-face.’® Out of these, 3 537 (93%)
responded to the interview without the help of a third
individual and had Internet access, thus being eligible
for the coortesnaweb study.

During 2018, eligible individuals were invited to
register into the platform through e-mails and direct
messages using WhatsApp and Facebook.” Once reg-
istered, participants were approached with three ques-
tionnaires exploring anthropometric measures, alcohol
consumption, and physical activity. Five additional
questionnaires were made available in the coortesnaweb
platform inquiring about internet use, crime and vio-
lence, lactose and gluten consumption, sleep quality,
and smoking over a five-month period. Gamification
strategies were introduced into the platform to encour-
age participation and reduce dropouts. After responding
to each questionnaire, participants earned virtual points
and badges that could be used to unlock other features in
the platform, including access to personal results about
their health (e.g., level of physical activity, nutritional
status) and comparing their results to pooled estimates
from other participants.

A total of 1 307 individuals (1 307/3 537, i.e. 37%
of all eligible) registered on the platform; the response
rates for the eight questionnaires ranged from 31.2%
(408/1 307) to 69.4% (908/1 307), the range depending
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on the completion rate of the different modules used
(15). The overall participation on the web-based survey
was lower compared to face-to-face interviews, mainly
due to the lack of financial incentives in the online part
of the study. Engagement was higher for the first four
months of study and was perceived to decrease from the
fifth to the eight month of study. A new wave of data
collection will be conducted in 2021/2022, using both
self-reported questionnaires and passive data collection
using smartphone sensors. Other retention strategies
(e.g., financial incentives and gift cards) are being stud-
ied to increase participation and to reduce participant
dropout.

Simplified Cardiovascular Management (Simcard)
Study in rural Tibet, China

Simcard was a 12-month cluster randomized controlled
trial conducted between 2012-2014 in 27 rural villages
in Tibet, China.?’ The study aimed to evaluate the ef-
fectiveness of a simplified cardiovascular management
program delivered by community health workers with
the aid of a smartphone-based electronic decision
support system.” During the monthly follow-ups, the
smartphone-based application allowed the commu-
nity health workers to retrieve a participant’s record,
and enter their blood pressure, current lifestyle habits,
current medication use, previous medical history, new
conditions, contraindications, and side effects. All col-
lected information was locally stored on a smartphone
device. Information was then processed via an inbuilt
algorithm to provide decision support to community
health workers. The decision support was based on a
“2+2” model, two medication prescriptions (low-dose
diuretics and aspirin) and two lifestyle modifications
(salt reduction and smoking cessation). At the end of
each follow-up, all collected data and decisions were
uploaded onto a freely available, open-source central
medical record system that is used in many low- and
middle-income countries (OpenMRS).?!

The qualitative evaluation of the trial found that all
community health workers considered the smartphone-
based decision support system helpful to support the
regular patients’ follow-ups. The main challenges found
were related to unreliable mobile network coverage and
to the need for a simpler language in the user interface.”

SMARThealth extend study: cardiovascular
disease risk screening and management in Indonesia

SMARThealth Extend involves the implementation

and evaluation of a digital-enabled primary health
care intervention in Malang district, East Java, Indo-
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nesia.” The study involved a cross-sectional baseline
survey, followed by delivery of a multifaceted digital
health intervention focused on better identification
and care for people at high cardiovascular disease
risk. A baseline household survey involved screen-
ing of all individuals aged 40 years and above in
eight villages representing urban, semi-urban and
rural areas in Malang District. A team of 25 enumera-
tors were trained to collect and enter information
for cardiovascular disease risk assessment into the
SMARThealth data collection application installed
on a seven-inch tablet device. The application stored
information on sociodemographic and economic
status, relevant medical history, smoking status,
and physical activity. It also allowed the recording
of anthropometric measurements, including height
and weight. Blood pressure was measured using a
bluetooth enabled digital sphygmomanometer that
allowed the readings to be wirelessly uploaded to the
application. Random blood glucose was measured
with portable glucometers and readings were manu-
ally entered into the application. At the end of the
interview, the inbuilt clinical decision support system
of the application identified individuals at high risk
of cardiovascular disease, or that had abnormal blood
pressure or glucose readings requiring referral to a
nearby doctor. Data were stored locally on the tablet
device and securely uploaded to a server hosted at
the coordinating research institute using OpenMRS.*!
This allowed the application to function in zones with
limited internet coverage and asynchronously update
data whenever an internet connection was available.
During household visits, which occurred from
January to March 2016, enumerators screened 22 093
individuals using this system, equating to 99% of the
target population. Several factors contributed to the high
response rate: i) the high acceptability of the enumera-
tor team within the community; ii) the ability to share
results with participants in real-time and to refer high-
risk patients to a nearby doctor; i) the logistical facilities
for participants to get their blood pressure and glucose
levels measured in the vicinity; iv) the user-friendly data
collection method using tablets with branching logic and
real-time item validation. The main technical limitations
included limited battery life on the devices, inability to
charge the tablets during long power cuts, glare on the
tablet screen when used in an outdoor environment,
and frequent Bluetooth unpairing between the tablet
and the sphygmomanometer. These challenges were
addressed with practical solutions such as providing
external power banks, using spike busters, and charg-
ing multiple devices with a backup generator, as well
as encouraging data collection inside the household.
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The WebCovid-19 follow-up of the 2019
Rio Grande birth cohort, Brazil

The WebCovid-19 is a series of web-based follow-ups
nested into the 2019 Rio Grande birth cohort.*? The
birth cohort interviewed at baseline almost all mothers
who had a baby in the city of Rio Grande, Southern
Brazil, reaching 99% coverage (n=2 314). After the Co-
vid-19 outbreak, in 2020, those women who participated
in the perinatal study and lived in the urban area of the
city were invited to participate in repeated web-based
surveys that investigated the impact of the pandemic
on their lives (2 051/2 314, 87% of the original cohort).

Thus far, two web-based follow-ups have been con-
ducted and, on both follow-ups, information has been
gathered on sociodemographic characteristics, lifestyle,
general and mental health, fears and worries, domestic
violence, and sleep patterns during the pandemic. The
Research Electronic Data Capture (Redcap) applica-
tion was used to develop and manage the survey.?#?
In the first and second follow-ups, approximately 50%
of women were located and approached, with a refusal
rate below 2%.24% The main challenge to follow-up was
outdated contact information for the participants, with
few of them using landlines and many with cellphone
numbers that have changed, which also meant that
contact via WhatsApp was not possible. Facebook was
often the most effective strategy for locating the women,
rather than reliance on mobile numbers as previously
proposed by others.’

The ACCISS study experience, Peru

The Addressing the Challenge and Constraints of Insu-
lin Sources and Supply (ACCISS) study aims to improve
access to insulin.? In 2020, a mixed-methods study was
conducted to study the impact of measures taken during
the Covid-19 pandemic -such as lockdown, social dis-
tancing, closure of international borders, and restrictions
of movement within the country including cancelation
of internal flights— on access to care for type 1 diabetes
patients as part of ACCISS activities in Peru.” The study
included web-based surveys and in-depth interviews
with patients and caregivers, healthcare providers, and
pharmacists who dispense insulin.*® The web-based sur-
vey was designed using Redcap, incorporating a patient
registry, error checking, and collecting digital signatures
for informed consent. Social media such as Facebook fan
pages and groups of diabetes associations, WhatsApp
groups of patients or health personnel, and Twitter were
used to disseminate the survey, with support from type
1 diabetes patients’ associations who promoted the
survey among their members for over a month. Despite
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this, the response rate was lower than desired —of the
1 000 patients with type 1 diabetes reported to belong
to a patient association, only 212 answered the survey,
of whom 155 were considered eligible according to the
inclusion criteria. For the interview component of the
study, fewer challenges were encountered. Most inter-
views were conducted through cellphone calls due to
variable internet access. There were a few difficulties
in establishing rapport with the interviewees over the
phone, perhaps due to their having found previous
phone interviews burdensome. Also, selection bias was
presentin the study, as most participants reported using
the private sector, while most of the Peruvian population
relies on the public health sector.

2. Use existing data

Understand patterns and behaviors using semantic analysis,
Brazil

In Brazil, a group of researchers developed an algorithm
using natural language processing and machine learn-
ing techniques to investigate patterns and analyze the
semantic content of messages.” The aim was to study
user engagement and evaluate if topics discussed by
users can presumably reflect motivation, attitudes,
and behaviors. The algorithm was applied to posts and
comments published between 2011-2014 by 110 000
one-time users of the online social network Reddit who
were participating in a web-based weight management
intervention. Findings highlighted that specific topics
of conversation, e.g., friendship, counting calories, self-
esteem, were associated with successful weight loss,
>5% loss from baseline weight?® This highlights that
semantic analysis of topics discussed in online social
communities can support the development of behavior
change interventions for weight loss. Moreover, most of
the topics identified by the semantic analysis are usually
not included in weight loss programs (e.g., friendship
and self-esteem) and, if included, could have higher
impact on behavior change and weight loss.

Linkage of outcome data for the Salt Substitute and Stroke
Study, China

The Salt Substitute and Stroke Study is a recently com-
pleted five-year, cluster-randomized controlled trial in
rural China, which aimed to evaluate the effectiveness
of salt substitute on stroke, cardiovascular disease,
and mortality.? Six hundred rural villages across five
provinces were randomly allocated to be part of the
intervention or control group. Villages assigned to the
intervention group received free of charge salt substi-
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tutes. In order to be able to determine the effects of the
intervention on the outcomes of interest, a data linkage
approach was performed between routinely collected
data from the study and the New Rural Cooperative
Medical Scheme health claims data and mortality
surveillance system to identify both non-fatal and fatal
outcomes.® Although linking data to official statistics
is a low-cost alternative for outcome identification and
evaluation of large-scale randomized controlled trials,
the official statistics should have good quality in terms
of complete rates and coverage to be considered as a
valid alternative. The health claims data used by the
Salt Substitute and Stroke Study exhibited a limited
validity (approximately 60% sensitivity) and are still
under examination.’!

3. Digital health interventions

Interventions focused on behaviors: Studies from Brazil,
Argentina, Guatemala, and Peru

Web-based behavior change programs have the poten-
tial to reach many people while being affordable and
accessible anywhere and anytime according to personal
preferences. Despite the potential large-scale benefits,
results have been heterogeneous regarding their effec-
tiveness. A systematic review found clinically small and
comparable weight loss and dietary and / or physical ac-
tivity changes when comparing between web and offline
based interventions in overweight and obese adults.®
The results may be different for short-term (<6 months)
weight loss interventions, with web-based interventions
leading to greater weight loss than offline based ones.*

In Brazil, a randomized controlled trial comparing
the effectiveness of a web-based platform for weight
loss for 1 298 people found that personalization was
key to improved outcomes.® The groups that received
personalized feedback generated by a computer or by
an online dietitian coaching program resulted in greater
weight loss and usually showed more positive changes
in dietary and physical activity habits after six months
of the intervention. This suggests that web platforms
might be a good strategy for tackling overweight and
obesity through lifestyle habit changes in the short term.
This can be particularly useful in contexts in which the
demand for professionals to support people with ex-
cess weight cannot be met. Moreover, the personalized
intervention delivered by the online coaching also led
to high levels of user engagement, which in turn was
associated with a higher odds of clinically significant
weight loss.

In Argentina, Guatemala and Peru, a random-
ized controlled trial assessed the effectiveness of a
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one-year mHealth intervention, combining monthly
motivational interview calls and SMS text messages
to promote changes in diet and physical activity
among adults from low-income neighborhoods. The
study found small but significant reductions in body
weight and high-fat and high-sugar foods intake in
the intervention group.* Importantly, an assessment
done in the Peruvian participants four years after
the last follow-up found that those who received the
intervention still had lower body weight and BMI than
those in the control group. There was a dose-response
association with greater reductions among those par-
ticipants who received at least 50% of the scheduled
calls in the intervention.® Among the challenges
observed were the real-world difficulties to secure
appointments; therefore, the delays introduced meant
that not all participants were able to receive ‘higher
doses’ of the intervention, which were designed as
four-week periods to accommodate the motivational
interviews followed by weekly SMS messages. No-
tably, the recognition of baseline readiness to change
may be important to better target groups as needed
in future studies.®

Decision support tools for cardiovascular disease management
and linkage to electronic medical records and follow-up,
Australia

Evidence has shown that electronic decision support
systems (EDSS), especially in primary health care set-
tings, can lead to better quality care as well lower health
costs.”” Researchers at The George Institute for Global
Health developed its first EDSS platform in 2011. It pro-
vides clinical decision support tools for chronic disease
management and prevention in primary health care ser-
vices. In Australia, it was integrated with primary care
electronic medical record software systems which are
used by over 95% of general practitioners nationally and
was designed to help health professionals implement
recommendations from clinical guidelines and to make
it easier for patients to understand their risks of heart
disease and stroke.” Following this trial in Australia,
the concept was adapted for use on mobile devices in
resource-constrained primary health care settings. It has
since been upgraded to support the detection and ongo-
ing management of other non-communicable diseases
and related risk factors and has been adapted for imple-
mentation in six countries in the Asia-Pacific region. ¥4
Despite its potential, there remain challenges to fully
integrate the EDSS into the existing health systems. The
varying organization, structure and technologies used
in these systems may require different approaches to
integrate the EDSS.
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Technology to prevent diabetes complications, Peru

Diabetes care and diabetes complication prevention
need self-management strategies to reduce the burden
of health care systems. A systematic review found that
thermometry is an effective intervention to prevent the
incidence of diabetic foot ulcers.*! Based on this finding,
arandomized controlled trial in Peru implemented the
use of thermometry in 172 participants from two public
national hospitals and one study arm was supplemented
with a mHealth intervention involving SMS and voice
messages. It was found that 90% of the participants
who returned their logbooks reported adherence to
temperature measurement above 80%. However, the
mHealth arm was not effective to reduce the incidence
of diabetic foot ulcers.*?

This study faced some challenges, including the
high proportion of people with diabetes that did not
know how to open an SMS message. Trying to overcome
this barrier, voice messages were also considered in the
study design. However, slightly more than half of the
sample (57%) said they preferred voice messages, while
the remaining ones stated they preferred SMS mainly
due to their flexibility on reading messages at their
own convenience. Sending SMS messages was also a
challenge, since the automated software used to send
intervention messages presented some failures, and,
therefore, only 50-75% of all messages were sent to a
fifth of the participants. Hence, using mixed methods
to deliver digital interventions was very beneficial to
minimize some drawbacks specifically related to a
particular method.

Challenges and the way ahead

Retaining user engagement in web-based research or
interventions is an important aspect of digital health.
Engagement, as a concept, refers to the effort expected
from the user and can be defined differently according to
the studied domain, depending on the desired outcome
of the interaction. For instance, engagement with adver-
tisements is expected to end when the user focuses or
clicks on the ad, whereas engagement with social media
is expected to last longer and remain beyond a particular
session, inviting users to return to the website in the
following days or weeks. Pragmatic trials have shown
that low engagement and adherence are usual in web
interventions, and this could impact the effectiveness of
the intervention.”® Apart from impacting the effective-
ness of interventions, if low participation is associated
to aspects related to exposures or outcomes of interest,
studies that focus on associations or causal relation-
ships might be hampered by selection bias. Hence, it
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is important that the design, logistics, and recruitment
process be carefully planned to reduce the probability
of selection or non-response bias and to achieve high
participation rates.

Another inherent challenge to digital health inter-
ventions or web-based research is the digital divide; this
refers to inequalities on Internet coverage or access to
electronic devices, which are usually lower among the
worse-off. Therefore, if the idea is to cover a represen-
tative sample of the population, or intervene similarly
on all subgroups of the population, it is important that
researchers take into consideration the digital divide
during the design of digital health research platforms.
For instance, oversampling specific groups of the popu-
lation might be a good strategy to overcome the digital
divide and to avoid widening the gaps between the
worse- and better-off.

A sense of reward, perceived usability, aesthetic
appeal, ability to attract user-focused attention, a sense
of novelty, i.e.,, curiosity and interest in the interactive
task, as well as the feeling of being “drawn in” and “hav-
ing fun” with the digital intervention are recognized as
determinants of user engagement.* These determinants
can potentially guide intervention development. Co-
design with end-users is pointed out as a key factor to
incorporate these determinants of user engagement in
the development of the intervention. Moreover, tailoring
the intervention to individual needs rather than using
“one size fits all” approaches seem to be more likely to
engage users more effectively.*® Also, interventions that
require less effort and dedication from the users are more
likely to be used for longer periods of time. Examples of
interventions requiring less effort by users are those that
are commonly used by populations and that incorporate
sensors and wearables enabling automatic data collec-
tion rather than constant requirements for data input
by the user.*

Closing remarks

With the increasing Internet coverage and access to con-
nected devices worldwide, using the Internet to support
health research is already a reality —as can be seen by the
use cases described in this manuscript. Importantly, the
exemplars provided are derived from pioneering studies
being conducted in the Latin America and Asia-Pacific
regions, thus advancing the field of health research
relevant for low- and middle-income countries, with
substantial contributions to the field of reverse innova-
tion.”” Taking advantage of the expanding capillarity of
these technologies, both private companies and Internet
communities are developing novel tools to collect, store,
and process and analyze health-related data. Although
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some key distinctive features related to the research
environment used between data collection and genera-
tion of results are different, the ultimate goal is similar
to previous approaches: to translate findings into health
interventions and policies to positively impact the health
of populations. However, there are still some challenges
in adopting technology for health research, especially
in low- and middle-income countries and in the more
disadvantaged subgroups of the populations. In this
review, we have visited opportunities, barriers and ex-
amples of digital health research, and we have learned
that the effectiveness of web-based surveys and inter-
ventions depends on the design and context in which
itis inserted, with emphasis on on-the-ground research
case studies. Studies using novel approaches should
be designed taking into consideration the profile and
background of the population of interest to maximize
their effectiveness, embracing the opportunities offered
by technology whilst being cognizant of the existing
barriers that may affect any given endeavor. The lessons
provided in this review are primarily related to the field
of non-communicable diseases but can well inform other
areas that would benefit from processes directly related
to digital health.

Declaration of conflict of interests. The authors declare that they have no
conflict of interests.

References

|.World Health Organization. Classification of digital health interventions
v1.0:a shared language to describe the uses of digital technology for
health. Geneva:WHO, 2018 [cited 2021 May]. Available from: http://apps.
who.int/iris/bitstream/10665/260480/ | /'WWHO-RHR- 18.06-eng.pdflua=1

2. Bhattacharyya O, Mossman K, Gustafsson L, Schneider EC. Using
human-centered design to build a digital health advisor for patients with
complex needs: persona and prototype development.| Med Internet Res.
2019;21(5):e10318. https://doi.org/10.2196/10318

3. Russell S}, Norvig P Artificial intelligence: a modern approach.
Englewood Cliffs: Prentice Hall, 1995.

4. Dillman DA, Smyth |D, Christian LM. Internet, phone, mail, and mixed-
mode surveys: the tailored design method. Hoboken:Wiley, 2014.

5. Hardigan PC, Succar CT, Fleisher JM.An analysis of response rate and
economic costs between mail and web-based surveys among practicing
dentists: a randomized trial. | Community Health. 2012;37(2):383-94.
https://doi.org/10.1007/s10900-01 -9455-6

6. Blumberg S), Ganesh N, Luke JV, Gonzales G.Wireless substitution:
state-level estimates from the National Health Interview Survey, 2012.
Nat Health Stat Report. 2013;(70):1-16 [cited 2021 May].Available from:
https://www.cdc.gov/nchs/data/nhsr/nhsr070.pdf

7.Blumenberg C, Menezes AMB, Gongalves H,Assungao MCF,Wehrmeis-
ter FC, Barros AJD. How different online recruitment methods impact on
recruitment rates for the web-based coortesnaweb project: a randomised
trial. BMC Med Res Methodol. 2019;19(1). https://doi.org/10.1186/s12874-
019-0767-z

salud piiblica de méxico | vol. 64, suplemento 1 de 2022

8. Harris ML, Loxton D,Wigginton B, Lucke |C. Recruiting online: lessons
from a longitudinal survey of contraception and pregnancy intentions of
young australian women.Am | Epidemiol. 2015;181(10):737-46. https://doi.
org/10.1093/aje/kwv006

9.Tourangeau R,Yan T. Sensitive questions in surveys. Psychol Bull.
2007;133(5):859-83. https://doi.org/10.1037/0033-2909.133.5.859

10. Porter C, Favara M, Sanchez A, Scott D.The impact of COVID-19
lockdowns on physical domestic violence: Evidence from a list randomi-
zation experiment. SSM - Population Health. 2021;14:100792. https://doi.
org/10.1016/j.ssmph.2021.100792

I'l. Greenleaf AR, Gibson DG, Khattar C, Labrique AB, Pariyo GW. Building
the evidence base for remote data collection in low- and middle-income
countries: comparing reliability and accuracy across survey modalities. | Med
Internet Res. 2017;19(5):e140. https://doi.org/10.2196/jmir.7331

12. Couper MP.Web surveys: a review of issues and approaches. Public
Opinion Quarterly. 2000;64(4):464-94. https://doi.org/10.1086/3 18641

I3. Blumenberg C, Barros A|D. Response rate differences between web
and alternative data collection methods for public health research:a
systematic review of the literature. Int | Public Health.2018;63(6):765-73.
https://doi.org/10.1007/s00038-018- | 108-4

14. Cornesse C, Bosnjak M. Is there an association between survey
characteristics and representativeness! A meta-analysis. Survey Res Meth.
2018;12(1):1-13. https://doi.org/ 10.18148/srm/2018.v12i1.7205

I'5. Blumenberg C, Menezes AMB, Gongalves H,Assungao MCF,Wehrmeis-
ter FC, Barros FC, et al. The role of questionnaire length and reminders
frequency on response rates to a web-based epidemiologic study:a
randomised trial. Int ] Soc Res Methodol. 2019;22(6):625-35. https://doi.or
g/10.1080/13645579.2019.1629755

|6. Balter KA, Balter O, Fondell E, Lagerros YT.Web-based and

mailed questionnaires:a comparison of response rates and com-

pliance. Epidemiology. 2005;16(4):577-9. https://doi.org/10.1097/01.
€de.0000164553.16591.4b

17.Guo Y, Kopec JA, Cibere J, Li LC, Goldsmith CH. Population survey
features and response rates: a randomized experiment.Am ] Public Health.
2016;106(8):1422-6. https://doi.org/10.2105/ajph.2016.303 198

18. Mclnroy LB. Pitfalls, potentials, and ethics of online survey research:
LGBTQ and other marginalized and hard-to-access youths. Soc Work Res.
2016;40(2):83-94. https://doi.org/10.1093/swr/svw005

19. Gongalves H,Wehrmeister FC, Assungao MCF, Tovo-Rodrigues L, Oli-
veira IO Murray J, et al. Cohort Profile Update: The 1993 Pelotas (Brazil)
Birth Cohort follow-up at 22 years. Int ] Epidemiol. 2018;47(5):1389-90e.
https://doi.org/10.1093/ije/dyx249

20.Tian M, Ajay VS, Dunzhu D, Hameed S§, Li X, Liu Z, et al.A cluster-
randomized, controlled trial of a simplified multifaceted management
program for individuals at high cardiovascular risk (SimCard Trial) in Rural
Tibet, China, and Haryana, India. Circulation. 2015;132(9):815-24. https:/
doi.org/10.116/circulationaha.l 15.015373

21.OpenMRS Inc. OpenMRS [internet]. OpenMRS, 2021 [cited 2021 May
31]. Available from: https://openmrs.org/

22.Tian M,Yin X, Dunzhu D, Liu Z, Li C, Sun H, et al.A qualitative evalua-
tion of a simplified cardiovascular management program in Tibet, China.
Global Health. 2018;14(1):24. https://doi.org/10.1186/s12992-018-0342-0
23. Patel A, Praveen D, Maharani A, Oceandy D, Pilard Q, Kohli MPS,

et al. Association of multifaceted mobile technology—enabled primary
care intervention with cardiovascular disease risk management in rural
Indonesia. JAMA Cardiol. 2019;4(10):978-86. https://doi.org/10.100 | /jama-
cardio.2019.2974

24. Loret de Mola C, Blumenberg C, Martins RC, Martins-Silva T, Carpena
MX, Del-Ponte B, et al. Increased depression and anxiety during the
COVID-19 pandemic in Brazilian mothers: a longitudinal study. Braz
Psychiatry. 2021;43(3). https://doi.org/10.1590/1516-4446-2020- 1628

25. Loret de Mola C, Martins-Silva T, Carpena MX, Del-Ponte B, Blumen-
berg C, Martins RC, et al. Maternal mental health before and during the

$29


http://apps.who.int/iris/bitstream/10665/260480/1/WHO-RHR-18.06-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/260480/1/WHO-RHR-18.06-eng.pdf?ua=1
https://doi.org/10.2196/10318
https://doi.org/10.1007/s10900-011-9455-6
https://www.cdc.gov/nchs/data/nhsr/nhsr070.pdf
https://doi.org/10.1186/s12874-019-0767-z
https://doi.org/10.1186/s12874-019-0767-z
https://doi.org/10.1093/aje/kwv006
https://doi.org/10.1093/aje/kwv006
https://doi.org/10.1037/0033-2909.133.5.859
https://doi.org/10.1016/j.ssmph.2021.100792
https://doi.org/10.1016/j.ssmph.2021.100792
https://doi.org/10.2196/jmir.7331
https://doi.org/10.1086/318641
https://doi.org/10.1007/s00038-018-1108-4
https://doi.org/10.18148/srm/2018.v12i1.7205
https://doi.org/10.1080/13645579.2019.1629755
https://doi.org/10.1080/13645579.2019.1629755
https://doi.org/10.1097/01.ede.0000164553.16591.4b
https://doi.org/10.1097/01.ede.0000164553.16591.4b
https://doi.org/10.2105/ajph.2016.303198
https://doi.org/10.1093/swr/svw005
https://doi.org/10.1093/ije/dyx249
https://doi.org/10.1161/circulationaha.115.015373
https://doi.org/10.1161/circulationaha.115.015373
https://openmrs.org/
https://doi.org/10.1186/s12992-018-0342-0
https://doi.org/10.1001/jamacardio.2019.2974
https://doi.org/10.1001/jamacardio.2019.2974
https://doi.org/10.1590/1516-4446-2020-1628

Blumenberg C y col.

COVID-19 pandemic in the 2019 Rio Grande birth cohort. Braz ] Psy.
2021;43(4). https://doi.org/10.1590/1516-4446-2020-1673

26. Health Action International. About ACCISS. Health Action Internatio-
nal, 2021 [cited 2021 Jan 17]. Available from: https://haiweb.org/what-we-
do/about-acciss/

27. Lazo-Porras M.Acciones para mejorar el acceso a Insulina en el Per(
—ACCISS Fase 2. Pert: Cronicas, 2020 [cited 2021 Jun 20]. Available from:
https://cronicas-upch.pe/acciones-para-mejorar-el-acceso-a-insulina-en-el-
peru-acciss-fase-2/

28. Pappa GL, Cunha TO, Bicalho PV, Ribeiro A, Couto Silva AP, Meira JW,
et al. Factors associated with weight change in online weight management
communities: a case study in the loseit reddit community. | Med Internet
Res.2017;19(1):el7. https://doi.org/10.2196%2Fjmir.5816

29.Neal B,Tian M, Li N, Elliott BYan LL, Labarthe DR, et al. Rationale,
design, and baseline characteristics of the Salt Substitute and Stroke Study
(SSaSS)-A large-scale cluster randomized controlled trial. Am Heart J.
2017;188:109-17. https://doi.org/10.1016/j.ahj.2017.02.033

30. Meng Q, Xu K. Progress and challenges of the rural cooperative medi-
cal scheme in China. Bull World Health Organ. 2014;92(6):447-51. https:/
doi.org/10.2471%2FBLT.13.131532

31.Huang L,Yu ), Neal B, Liu Y,Yin X, Hao Z, et al. Feasibility and validity
of using death surveillance data and SmartVA for fact and cause of death
in clinical trials in rural China:a substudy of the China salt substitute

and stroke study (SSaSS). | Epidemiol Community Health. 2021;75:540-9.
https://doi.org/10.1 136/jech-2020-214063

32. Beleigoli AM, Andrade AQ, Cangado AG, Paulo MN, Diniz MDFH,
Ribeiro AL.Web-based digital health interventions for weight loss and
lifestyle habit changes in overweight and obese adults: systematic review
and meta-analysis.] Med Internet Res. 2019;21(1):e298. https://doi.
org/10.2196/jmir.9609

33. Beleigoli A,Andrade AQ, Diniz MDF, Ribeiro AL. Personalized web-
based weight loss behavior change program with and without dietitian
online coaching for adults with overweight and obesity: randomized
controlled trial. | Med Internet Res. 2020;22(1 1):e17494. https://doi.
org/10.2196/17494

34. Rubinstein A, Miranda |}, Beratarrechea A, Diez-Canseco F, Kanter R,
Gutierrez L, et al. Effectiveness of an mHealth intervention to improve the
cardiometabolic profile of people with prehypertension in low-resource
urban settings in Latin America: a randomised controlled trial. Lancet
Diabetes Endocrinol. 2016;4(1):52-63. https://doi.org/10.1016/s2213-
8587(15)00381-2

35. Bernabe-Ortiz A, Pauschardt |, Diez-Canseco F, Miranda ). Sustainabi-
lity of mHealth effects on cardiometabolic risk factors: five-year results of
a randomized clinical trial.] Med Internet Res. 2020;22(4):e 14595. https://
doi.org/10.2196/14595

36. Carrillo-Larco RM, Jiwani SS, Diez-Canseco F, Kanter R, Beratarre-
chea A, IrazolaV, et al. Implementation tells us more beyond pooled
estimates: secondary analysis of a multicountry mHealth Trial to reduce
blood pressure. JMIR Mhealth Uhealth. 2018;6(1 I):e10226. https://doi.
org/10.2196/10226

S30

37.Kwan JL, Lo L, Ferguson J, Goldberg H, Diaz-Martinez |P, Tomlinson

G, et al. Computerised clinical decision support systems and absolute
improvements in care: meta-analysis of controlled clinical trials. BMJ.
2020;370:m3216. https://doi.org/10.1136/bmj.m3216

38. Lewkowicz D,Wohlbrandt A, Boettinger E. Economic impact of clinical
decision support interventions based on electronic health records. BMC
Health Serv Res. 2020;20(1):871. https://doi.org/10.1186/s12913-020-
05688-3

39. Peiris D, Usherwood T, Panaretto K, Harris M, Hunt J, Patel B, et al.
The Treatment of cardiovascular risk in primary care using Electronic
Decision suppOrt (TORPEDO) study: intervention development and
protocol for a cluster randomised, controlled trial of an electronic
decision support and quality improvement intervention in Australian pri-
mary healthcare. BM) Open. 2012;2(6):e002177. https://doi.org/10.1 136/
bmjopen-2012-002177

40. Peiris D, Sun L, Patel A, Tian M, Essue B, Jan §, et al. Systematic medical
assessment, referral and treatment for diabetes care in China using lay
family health promoters: protocol for the SMARTDiabetes cluster ran-
domised controlled trial. Inplementation Sci. 2015;1 1(1):116. https://doi.
org/10.1186/s13012-016-0481-8

41. Crawford F, Nicolson DJ,Amanna AE, Martin A, Gupta S, Leese GP, et
al. Preventing foot ulceration in diabetes: systematic review and meta-
analyses of RCT data. Diabetologia. 2020;63(1):49-64. https://doi.org/10.10
07%2Fs00125-019-05020-7

42. Lazo-Porras M, Bernabe-Ortiz A, Taype-Rondan A, Gilman RH, Malaga
G, Manrique H, et al. Foot thermometry with mHeath-based supple-
mentation to prevent diabetic foot ulcers: A randomized controlled trial.
Wellcome Open Res. 2020;5:23. https://doi.org/10.12688/wellcomeopen-
res.15531.2

43.Andrade AQ, Beleigoli AMR, Silva TMS, de Fatima H, Diniz M, Ribeiro
ALP. Exploring the User Engagement Scale Short Form as a determinant
of adherence in digital health interventions. Stud Health Technol Inform.
2019;264:1901-2. https://doi.org/10.3233/shti1 90704

44. O’Brien HL, Cairns P, Hall M.A practical approach to measuring user
engagement with the refined user engagement scale (UES) and new UES
short form. Int | Hum Comput. 2018;112:28-39. https://doi.org/10.1016/j.
ijhcs.2018.01.004

45.Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, et al.
Understanding and promoting effective engagement with digital behavior
change interventions.Am ) Prev Med. 2016;51(5):833-42. https://doi.
org/10.1016/j.amepre.2016.06.015

46. Link MW, Murphy J, Schober MF, Buskirk TD, Hunter-Childs J, Langer-
Tesfaye C. Mobile technologies for conducting, augmenting and potentially
replacing surveys: executive summary of the AAPOR task force on emer-
ging technologies in public opinion research. Public Opinion Quarterly.
2014;78(4):779-87. https://doi.org/ 10.1093/poq/nfu054

47.Malodia S, Gupta S, Jaiswal AK. Reverse innovation: a conceptual
framework. ] Acad Mark Sci. 2020;48(5):1009-29. https://doi.org/10.1007/
s11747-019-00703-4

salud piiblica de méxico [ vol. 64, suplemento 1 de 2022


https://doi.org/10.1590/1516-4446-2020-1673
https://haiweb.org/what-we-do/about-acciss/
https://haiweb.org/what-we-do/about-acciss/
https://cronicas-upch.pe/acciones-para-mejorar-el-acceso-a-insulina-en-el-peru-acciss-fase-2/
https://cronicas-upch.pe/acciones-para-mejorar-el-acceso-a-insulina-en-el-peru-acciss-fase-2/
https://doi.org/10.2196%2Fjmir.5816
https://doi.org/10.1016/j.ahj.2017.02.033
https://doi.org/10.2471%2FBLT.13.131532
https://doi.org/10.2471%2FBLT.13.131532
https://doi.org/10.1136/jech-2020-214063
https://doi.org/10.2196/jmir.9609
https://doi.org/10.2196/jmir.9609
https://doi.org/10.2196/17494
https://doi.org/10.2196/17494
https://doi.org/10.1016/s2213-8587(15)00381-2
https://doi.org/10.1016/s2213-8587(15)00381-2
https://doi.org/10.2196/14595
https://doi.org/10.2196/14595
https://doi.org/10.2196/10226
https://doi.org/10.2196/10226
https://doi.org/10.1136/bmj.m3216
https://doi.org/10.1186/s12913-020-05688-3
https://doi.org/10.1186/s12913-020-05688-3
https://doi.org/10.1136/bmjopen-2012-002177
https://doi.org/10.1136/bmjopen-2012-002177
https://doi.org/10.1186/s13012-016-0481-8
https://doi.org/10.1186/s13012-016-0481-8
https://doi.org/10.1007%2Fs00125-019-05020-7
https://doi.org/10.1007%2Fs00125-019-05020-7
https://doi.org/10.12688/wellcomeopenres.15531.2
https://doi.org/10.12688/wellcomeopenres.15531.2
https://doi.org/10.3233/shti190704
https://doi.org/10.1016/j.ijhcs.2018.01.004
https://doi.org/10.1016/j.ijhcs.2018.01.004
https://doi.org/10.1016/j.amepre.2016.06.015
https://doi.org/10.1016/j.amepre.2016.06.015
https://doi.org/10.1093/poq/nfu054
https://doi.org/10.1007/s11747-019-00703-4
https://doi.org/10.1007/s11747-019-00703-4

